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1. No attempt has been made to issue corrections for errors in typing,
punctuation, etc., that do not affect your ability to answer the question or
guestions.

2. Make the following changes:

a.

Page 5-12, figure 5-10, add the following sentence to the figure
caption: “Lamp is lit when voltage is present.”

Page 5-12, figure 5-11, delete the existing figure caption and replace
the caption with “Second step in testing an outlet with a neon tester.
Lamp is 1lit only when voltage is present.”

Page 5-13, figure 5-12. Note these changes to the figure: The terminals
in figure 5-12 should be the same as in figure 5-13 (power input on the
bottom terminal and load on the top terminal). Consequently, the neon
tester lead should be on the top terminal and the tester lamp should be
OFF to indicate the condition set in the figure caption.

Page 5-14, figure 5-17, add the following sentence to the figure
caption. “Lamp should glow only when test lead is in the right side
outlet slot and voltage is present.”

Page 5-15, under the title Fuse, change step 1 to read as follows:

“1. First determine if voltage is present at the supply side of the fuse
by placing one of the neon tester leads on the top of one fuse and the
other lead to ground. Test the other fuse in the same manner. Glowing
lamp indicates that voltage is supplied to the fuse.”

Page 5-15, under the title Fuse, change step 2 to read as follows:

“2. Determine if voltage is present at the load side of the fuse by
placing one lead of the neon tester on the bottom side of the fuse and
the other lead to ground. Test the other fuse in the same manner. If the
tester lamp DOES NOT glow and voltage is present at the supply side of
the fuse, the fuse is defective.”

Page 5-16, delete figure 5-19 (all four views) .

Page 5-22, delete figure 5-28 and delete the first five lines of text in
the left column that apply to figure 5-28.

Delete topic on “Airfield Lighting” from page 6-28 through page 6-50.
This section on airfield lighting is deleted because airfield lighting
is no longer covered by occupational standards for Construction
Electricians.



j. Delete chapter 8 on “Alarm Systems.” This chapter is deleted because
fire alarms are no longer covered by occupational standards for
Construction Electricians.

3. Delete the following questions, and leave the corresponding spaces blank on
the answer sheet:

Questions

5-11 through 5-27
5-64 through 5-75



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.

1998 Edition Prepared by
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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

Construction Electrician Basic, NAVEDTRA 11038, replaGemstruction
Electrician 3and should be studied by those seeking advancement to Construction
Electrician Third Class. The major topics in the Basic TRAMAN are construction
support activities, drawings and specifications, power generation and distribution,
interior wiring, lighting and communication, and electrical appliances, test
equipment, motors, and generators.

CONSTRUCTION ELECTRICIAN INTERMEDIATE

This TRAMAN, replaceLonstruction Electrician 3&and should be studied
by those seeking advancement to Construction Electrician Second Class. Topics in
this book will be a continuation of information covered in @@nstruction
Electrician BasicTRAMAN. The major topics in this TRAMAN are construction
support, drawings and specifications, generators, electrical distribution, interior
wiring, fiber optics and lighting systems, electrical equipment, and alarm sytems.

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@onstruction Electrician Intermediate
TRAMAN.



SAFETY PRECAUTIONS

Safety is a paramount concern for all personnel. Many of the Naval Ship’s
Technical Manuals, manufacturer’s technical manuals, and every Planned
Maintenance System (PMS) maintenance requirement card (MRC) include safety
precautions. Additionally, OPNAVINST 5100.19 (seriddgval Occupational
Safety and Health (NAVOSH) Program Manual for Forces Aflaat
OPNAVINST 5100.23 (seriesNAVOSH Program Manuafyrovide safety and
occupational health information. The safety precautions are for your protection and
to protect equipment.

During equipment operation and preventive or corrective maintenance, the
procedures may call for personal protective equipment (PPE), such as goggles,
gloves, safety shoes, hard hats, hearing protection, and respirators. When specified,
your use of PPE is mandatory. You must select PPE appropriate for the job since the
equipment is manufactured and approved for different levels of protection. If the
procedure does not specify the PPE, and you aren’t sure, ask your safety officer.

Most machinery, spaces, and tools requiring you to wear hearing protection are
posted with hazardous noise signs or labels. Eye hazardous areas requiring you to
wear goggles or safety glasses are also posted. In areas where corrosive chemicals
are mixed or used, an emergency eyewash station must be installed.

All lubricating agents, oil, cleaning material, and chemicals used in
maintenance and repair are hazardous materials. Examples of hazardous materials
are gasoline, coal distillates, and asphalt. Gasoline contains a small amount of lead
and other toxic compounds. Ingestion of gasoline can cause lead poisoning. Coal
distillates, such as benzene or naphthalene in benzol, are suspected carcinogens.
Avoid all skin contact and do not inhale the vapors and gases from these distillates.
Asphalt contains components suspected of causing cancer. Anyone handling
asphalt must be trained to handle it in a safe manner.

Hazardous materials require careful handling, storage, and disposal. PMS
documentation provides hazard warnings or refers the maintenance man to the
Hazardous Materials User's Guide. Material Safety Data Sheets (MSDS) also
provide safety precautions for hazardous materials. All commands are required to
have an MSDS for each hazardous material they have in their inventory. You must
be familiar with the dangers associated with the hazardous materials you use in your
work. Additional information is available from you commantazardous
Material Coordinator.OPNAVINST 4110.2 (seriesHazardous Material Control
and Managementontains detailed information on the hazardous material
program.

Recent legislation and updated Navy directives implemented tighter constraints
on environmental pollution and hazardous waste disposal. OPNAVINST 5090.1
(series),Environmental and Natural Resources Program Manpatvides detailed
information. Your command must comply with federal, state, and local
environmental regulations during any type of construction and demolition. Your
supervisor will provide training on environmental compliance.

Cautions and warnings of potentially hazardous situations or conditions are
highlighted, where needed, in each chapter of this TRAMAN. Remember to be
safety conscious at all times.



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

vi

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

your assignment

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.

vil

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
NETPDTC (CODE N331)

6490 SAUFLEY FIELD ROAD
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 8 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, Generators,
Electrical Distribution, Interior Wiring, Fiber
Optics and Lighting, Electrical Equipment, and
Alarm Systems.
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CHAPTER 1

CONSTRUCTION SUPPORT

INTRODUCTION (ABIOL), OPNAV 41P3, is a detailed itemized line-
item printout of the material in each ABFC. Each
As a second class petty officer your duties andsystem command (SYSCOM)/bureau is responsible
responsibilities will increase in the area of con- for maintaining a detailed list of that portion of the
struction support. This chapter will discuss some ofaBIOL of an ABFC for which it has been assigned
these responsibilities, such as the Advanced Basgontributory responsibility.
Functional Components System, shoring and
excavation safety, project planning, network analysis, NAVFAC P-437
timekeeping, quality control, and hazardous materials.
The Facilities Planning GuideNAVFAC P-437,

ADVANCED BASE FUNCTIONAL is the basic document that identifies the structures and
COMPONENTS (ABFC) supporting utilities of the ABFC System. It consists of
two volumes.

The Advanced Base Functional Components _ _ ) _
(ABFC) System consists of two general-purpose __Volume | contains reproducible engineering
publications:Table of Advanced Base Functional drawings organized in three parts—Pai€omponent
Components with Abridged Initial Outfitting Lists, Site Plansindexed by component designation; Part 11,
OPNAV-41P3, andracilities Planning GuideVol- ~ Facility Drawings and Networksndexed by facility
umes | and 1l, NAVFAC P-437. number; and Part lllAssembly Drawingsndexed by

., assembly numbers.
The ABFC System was developed to provide 58 y s

support facilities to constantly changing tactical and ~ Volume Il contains the detailed data display for
strategic situations. A modular or building-block €ach component, facility, and assembly in the ABFC
concept was developed. Components were needed thadystem. It also has three parts. Part | quantifies and
would incorporate men, materials, equipment, anddescribes, by DoD category code, the facilities
facilities designed and developed to fulfill specific requirements for each component. Part Il quantifies
functions, no matter where the components wereand describes, by assembly number, the assembly
placed. The Navy ABFC System is based on the earlyrequirements for each facility. Part Il quantifies line-
experience in advanced base planning and shipmentem requirements, by national stock number (NSN),
used in World War Il with improvements brought for each assembly.

about by experiences learned in Korea, Vietham, and Other information used for planning, such as the

the Persian Gulf. : :
crew size, man-hours by skill, land area, and fuel
The Navy ABFC System is the quantitative necessary to make a component, facility, or assembly
expression and measurement of planning,operational is contained in the guide.
procurement, assembly, and shipping of material and . I
: : i The NAVFAC P-437 includes facilities and
ersonnel that is needed to satisfy facility support . .
P ! isfy facility supp assemblies that are not directly related to components

requirements. The basic groupings of the ABFC : :
System are (Lpomponent, a complete unit; (2) Shown in the OPNAV P-41P3. These predesigned
) facilities and assemblies give the planner alternatives

facility, a portion of a complete component; and (3 > _ i
assembly,a portion of a facility. These simple for satisfying contingency requirements when the

definitions and the interaction of these three units will callout of a complete component is not desired. For the
be fully explained later in this chapter. purpose of compatibility with other DOD planning
systems, the NAVFAC P-437 has been oriented to the
OPNAV 41P3 standard DOD category codes for classifying real
property of the Navy, as listed Department of the
The Table of Advanced Base Functional Navy Facility CodesNAVFAC P-72. The cardinal
Components with Abridged Initial Outfitting Lists category codes are shown in table 1-1.

111



Table 1-1.—Codes and Categories for Real Property USING THE P-437

When you are using the ABFC System, remember

CODES CATEGORIES that it is possible to tailor it to serve your specific
100 Operations and Training needs. Understand your exact requirements and mis-
200 Maintenance and Production sion. Choose components, facilities, or assemblies that
300 | Research. Development, and Evaluation fit or can be tailored to meet your desired goals. Verify
400 | Supply _ stock numbers and descriptions by using appropriate
500 | Hospital and Medical stock lists. Verification is done automatically when
600 Administrative _ components, facilities, or assemblies are ordered.

700 Housing and Community Support

800 | Utilities and Ground Improvements A sample from volume II of NAVFAC P-437

900 Real Estate shows the structure and type of information provided.

Figure 1-1 shows the P-25 component, Naval Mobile

. . _ Construction Battalion. The component containsa list-
A facility required for an electrical power plant ing of facilities by category code.

will be found in the 800 series, Utilities and Ground

Improvements. The assemblies contained within each ~ One such facility is the electric power plant diesel,
of these facilities consist of a grouping of line items at 2-200 kW without tank, facility, 811 10R. Figure 1-2
the national stock number level that, when assembledshows thisfacility. Note that within the facility the
will perform a specific function in support of the necessary assemblies are identified.

facility. These assemblies are functionally grouped in  Figure 1-3 shows an assembly from within facility
such a way that the assembly relates to the Seabee skillg11 "10R. The listing for assembly 32602, titled

required to install it. These groupings are shown in"pANELBOARD ASSY 1200A WEATHER-
table 1-2.

Table 1-2.—Assemblies Functionally Grouped to Seabee Skills

NUMBER SEQUENCE

DESCRIPTION START PG
Builder (BU) Oriented 10,000 19,999
Utilitiesman (UT) Oriented 20,000 29,999
Construction Electrician (CE) Oriented 30,000 39,999
Steelworker (SW) Oriented 40,000 49,999
Equipment Operator (EO) Oriented 50,000 54,999
Waterfront Equipment 55,000 57,999
Underwater Construction and Diving Equipment 58,000 59,999
Operational Supplies 60,000 62,499
NBC Warfare 65,000 67,499
Personnel-Related Supplies 67,500 69,999
Unassigned at Present 70,000 79,999
Shop Equipment including Maintenance Tools 80,000 80,999
Unique ABFC Tool Kits 81,000 81,999
NCF TOA Construction Tools and Kits (Power Tools) 82,000 82,499
NCF TOA Construction Tools and Kits (Electric) 82,500 82,999
NCF TOA Construction Tools and Kits (Miscellaneous) 83,000 83,999
NCF TOA Construction Tools and Kits (Rigging) 84,000 84,999
Shop Equipment (ABFC Unique) 85,000 87,499

1-2



COMPONENT P25 SEP 15 88
NAVAL MOBILE CONSTRUCTION BATTALION
PROVIDES PERSONNEL, ADMINISTRATION, SUBSISTANCE,
EQUIPMENT, AND MINIMAL HOUSING REQUIRED FOR THE
MOBILIZATION OF THE MOBILE CONSTRUCTION BATTALION.
SITE PLAN 6027643 MAJOR REV 06 11 85
FAQILUTY Qry COMPONENT WEIGHT CUBE DOLLAR  CONST EFFORT
FACILITY DESCRIPTICON CAPACITY CAPACITY SHORT TON MEAS TON VALUE MAN-HOURS
123 1QT POL STOR-DSPNSG FACIL 20000 GAL 1 DL 2 2 DL 38 9.0 51515 470
143 45AD ARMORY SMALL (TRICON) 100 SF 2 200 SF 0 0 Q 0
143 45AE ARMORY CONTAINERIZED-STANDARD 20 160 SF 2 320 SF 0 0 0 0
214 20N A CD AUTO /CONST EQUIP MAINT SHOP 4000 SF 2 8000 SF 72 16.0 54,146 210
219 10J B C AND D COMPANY SHOPS MINIMAL 5024 SF 1 5024 SF 42 10.1 30,143 85
219 10P CENTRAL TOOL ROOM 16x32 TENT 512 SF 4 2040 SF 20 6.8 18,539 32
441 108D STORAGE/SUPPLY / SPARE PRT 16x32 TENT 512 SF 5 2560 SF 20 7.0 11,858 30
530 10RD MEDICAL-DENTAL /FIRST AID 1024 SF 1 1024 SF 13 44 8,184 40
610 1OV ADMINISTRATION OFFICE TENT 512 SF 8 3027 SF 30 96 15,448 48
722 10RD GALLEY MESS FLD ROOM F/RAPID DEPL 800 MN 1 800 MN 83 25.6 85,791 265
723 20JA HEAD 4-HOLE BURN OUT W/LATRINE 336 S$F 17 5712 SF 272 459 17,570
723 61C  SHOWER BATH UNIT PORTABLE 9 HEAD 1 EA 4 4 EA 40 228 47,386 116
725 10AD AIR DET TENT CAMP FACILITY 4608 SF 1 4608 SF 107 29.9 50,571 334
725 10 TROOP HOUSING EMERGENCY 16x32 TENT 512 SF 53 27136 SF 265 84.8 136,448 424
730 40H LAUNDRY SKID-MOUNTED 280 SF 1 280 SF 4 17 21,217 8
811 10R ELEC PWR PLANT DSL 2-200KW W/Q TANK 400 KW 1 400 KW 7 13 2,737 5
812 30D0P DIST CTR PORT 480-208 / 120V 30KVA 10 7.0 120 129,628 30
812 30PE ELEC DISTR LINE 1000FT #6AWG 250 LF 2 500 LF 2 6 1,486 22
812 30PF ELEC DISTR LINE 1000FT #1 EXPED 250 LF 2 500 LF 2 A 2,401 40
812 30PG ELEC DISTR LINE 1000FT 250MCM EXPED 250 LF 10 2500 LF 7.0 90 31,017 670
812 30PK DISTR CTR PORT 208/120V 30A 3PH 4 A 12 9,053
812 30PL DISTR CTR PORT 480-208/ 120V 15KVA 4 20 48 56,922 8
841 30Z ELEC DISTR SPLC ENCL LARGE 2 6 34 4,260 58
841 10M  WATER TREATMENT FACILITY 1500 GPH 30 KG 2 60 KG 90 152 101,187 38
872 40E  WATER STORAGE PORTABLE 30000 GA 2 60000 GA 60 10.6 48,473 166
872 10R  SECURITY ANCHORING FOR TENTS 10 0 10 1,672 0
872 10Y SECURITY FENCE PARRIER (2000 FT) 2000 LF 3 6000 LF 93 8.1 6.720 216
872 10Z SECURITY FENCE PARRIER (2000 FT) 2000 LF 5 10000 LF 175 405 21,352 1,200
200 BUNKER COMMAND POST 1 EA 3 3 EA 31.2 336 19,035 2679
TOTAL NORTH (TEMPERATURE) 191.7 4153 1,004,769 7,200
TOTAL TROPICAL (BASIC) 181.9 3850 958,266 7,044
COMPONENT P25
FUEL GAL /30 DAYS
CONST LAPSED  LAND POWER KVA WATER SEWER HEATING PWR GEN
STD DAYS ACRES CONNECTED  DEMAND GPD GPD osL MOGAS DSL
INIT 6 5.0 276G 178 19,000 15,800 37884 698 0
SKILLS MAN-HOURS EA BU ut CE SwW ED cM NS
145 1,229 351 633 604 546 (] 3728
CEIF0101

Figure 1-1.—Mobilization component (P-25) for a mobile construction battalion.

PROOF," indicates by line items the national stockfacilities required to make the component operative are
numbers required to make the assembly operablelisted in numerical sequence by DOD category code.
Assembly listings indicate the installed or collateral The alpha suffix for each facility designator indicates

equ_ipment provided. Certain installed or collateral differences between sizes, types, or layouts of
equipment supplied by other SYSCOMs or bureaus arefacilities for the same functional purposes. Facility
not furnished with the facilities or assemblies listed in capacity is expressed in terms of the units of measure
the NAVFAC P-437. They must be ordered separately. used in the NAVFAC P-72. The component capacity is
a multiplication of the facility capacity and the

guantity. Weight and cube are measured in normal
units for export packing. Weight and construction

figure 1-1. is as follows: a brief header describing the C 10 &r¢ computed using The Seabee Planner's and

mission and capabilities of the component. The sitefjggﬁﬁézgﬁ CHOE;]%?t?O%%kAJEAVFAC dp_435' Average
lan pertaining to each component is depicted b assumed and computations

plan p 9 P p! ¥ %re based on normal Seabee skill levels

NAVFAC drawing number. However, drawings in '

volume 1, part 1,are indexed by component You compute the total of the weight, cube, and

designation, not drawing numbers. The wblONE dollar value columns by adding all facilities or

appears for components that have no site plans. Th@ssemblies required in both tropical and northern

COMPONENT P-25

A breakdown of the component P-25, as shown in

1-3



FACILITY 811 10R PLANNING FACTOR (0.4-1.5KW/MN SEP 15 88
ELECTRIC PWR PLANT DSL 2-200KW GEN W/ CESE
W/ QO TANK
PROVIDES UP TC 400KW OF POWER AT 416Y/ 240 VOLTS
OR 208Y /120 VOLTS 3-PHASE
NAVFAC DRAWING NUMBER NONE MAJOR REV. 06 14 88
WEIGHT cusic DOLLAR CONST EFFORTS
ASSEMBLY  DESCRIPTION IONE  QTY POUNDS FEET VALUE MANHOURS
32054 SUPPORT EQUIP F/200KW GEN ECC512801 2 48.6 13 14508 0
512801 GENERATOR 200KW 2 2100 0 988.80 0
32602 PANELBOARD ASSY 1200A WEATHERPROOF 1 11577 481 2153317 4
32604  PARALLELING CABLE F/GENERATORS 1 40 40 69.72 1
SHORT TON MEAS TON
TOTAL NORTH (TEMPERATURE) 7 13 14203 53.4 22.736.77 5
TOTAL TROPICAL (BASIC) 7 13 14203 534 22,736.77 5
FACILITY 811 10R PRIMARY UNIT OF MEASURE 400 KW SECONDARY UNIT OF MEASURE 0
CONST LAPSED  LAND POWER WATER TOT. WATER PEAK SEWER RECOV
STD DAYS  ACRES CONNECTED DEMAND VOLTS PHASE GPD PD GPD  CODE
INIT 2 00 2 0 0 0 ] ) ] A
FUEL (GA. /30 DAYS)
HEATING PWR GEN SKILLS MANHOURS
osL MOGAS  DSL EA 8U uT ce swW EQ CM NS
o 0 o o} 0 ) 4 o 1 ) 0
CEIF0102
Figure 1-2.—Typical listing of a facility, facility 811 10R.
ASSEMBLY 32602 ZONE
PANELBOARD WEATHERPROOF 480 VOLTS 3-POLE 3-WIRE
+200AMPERE TR
NAVFAC DRAWING NUMBER 6002625 32602
WEIGHT cuBIC DOLLAR
COG  STOCK NJUMBER DESCRIPTION ul QTy POUNDS FEET VALUE
G 5975-00-878-3791 ROD. GROUND. 3-3FT SECTIONS, 5/8N DIA, STEEL, COPPER EA 1 7.00 0840 15.42
1 CLAD. W/DRIVING STUD. GROUND WIRE CLAMP AND TERMINAL
1 LJUG AND 6FT NO.6 AWG BARE STRANDED COPPER WIRE
9N 5999-00-257-7C25  CLAMP GND 3/4 ROD 28 SOL EA 1 47 10100 a
2c 6110-00-213-8078  PANELBOARD, POWER DISTRIBUTION. PORTABLE, WEATHER- EA 1 500.00 420000 7.80000
8 PROOF. 400 KILOWATT, INPUT-480 OR 208 V., 3-PHASE,
8 4-POLE. 5WIRE. 60 HZ. BUS CAPACITY-1200 AMPS. 43 POLE
8 NPUT AND 8-3 POLE QUTPUT CIRCUIT BREAKERS.
8 APPENDKX E OF PD APPLIES T
9z 6145-00-120.9320  WIRE COP SC. 6 AWG SOFT BARE FT 15 120 025 225
9z €145-01-212:0272  WIRE ELECTRICAL #4/0 AWG EXPED 600 64800 6.0000 165000
ASSEMBLY 32602 TOTAL 115773 48 1365 945862
e !
N SKILLS MANHOURS CONST EFFORT
DSL MOGAS DSI EA BU uT CE SwW EO CH NS MANHOURS
0 0 c 0 0 0 3 0 1 0 0 4
NCTE .- CREW SIZE: 1 CE, 1 EO CEIFO103

Figure 1-3.—Typical listing of an assembly.

climates plus the unique requirements for either 2. Days of construction duration (lapsed days) are

tropical or northern areas. based on job requirements, optimum construction
Summary data located below the componentcrew size. and full-material availability.
facility listings lists the following: 3. Often the land requirements, in acres, based
1. Construction standards (const std) are groupedon the assumed plot plan, will not be followed
into two classifications: initial and temporary. exactly because of terrain or existing buildings. The
a. INITIAL (INIT)—Duration of requirement  idealized plot plan was developed to design sup-
less than 6 months. porting utility systems. The material contained in
b. TEMPORARY (TEMP)—Duration of the utility facilities has been increased to allow for
requirement from 6 to 60 months. variation in terrain.
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4. The connected electrical load in kVA has been described in NAVFAC P-72, is included. This is used,
computed based on knowledgeABIOL or Table of  for example, in the 700 series of facilities where the

Allowance (TOA) contents. A load diversity factor primary capacity is expressed in men, and the
has been applied to compute the kVA demand. Watersecondary in square feet.

and sewer demand are basedABIOL or TOA

contents and the utility systems designed to this  The recoverability code is a broad indication of
criteria. the relocatability or recoverability. The code "A"

indicates total recoverability, and "D" indicates a

> Compute 30-day requirements for installed disposable facility. Details are found in table 1-3,

engine-driven or fuel-fired equipment only. No |
allowance for automotive, construction, weight Recoverability Codes.
handling, and other jobsite support equipment fuel is

included. Fuel is not provided when facilities or ASSEMBLY 32602
assemblies are shipped. NAVSUP provides fuel as a

contribution when whole components are shipped. Figure 1-3 shows a typical entry for an assembly.

_ _ _ This assembly provides the necessary material for the
6. The skill requirements are designated by Seabegnstallation of a 200-kilowatt generator. Header
(OF-13) ratings and are expressed in man-hours ag,sqrmation is the same as that for a facility. Assembly

computed for each facility. line-item requirements are displayed by cognizance
FACILITY 811 10R symbol and national stock number. The unit of issue,
weight, cube, and dollar value are extracted from

Figure 1-2 shows atypical facility entry in part 2 of supply files once the requirement data is entered. This
volume I—electric power plant diesel 2-200 KW data changes often, but frequent changes will not be

generators, without tank, facility 811 10R. Adjacent to made in theFacilities Planning Guidefor stock
the facility number, the heading shows the JCS mbers with minor price-level changes.

planning factor applied. The header also describes the

basic capability of the facility. The NAVFAC drawing ORDERING

number is shown for reference purposes. All drawings

in volume |, part 2, are indexed by facility number. Components, facilities, or assemblies can be

The assemblies required to make the facility ordered. Components are usually ordered only under a
functionally operational are listed in assembly-number mobilization situation and requested through the CNO.
sequence. These numbers were derived from the priméd-acilities and assemblies can be ordered without CNO
trade involved in the construction. The 30,000 seriesapproval if reimbursement is provided. Requests for
indicates Construction EleCtriCianS; the 50,000, release are forwarded to NCBC, Port Hueneme. Atten-
Equipment Operators. tion is directed to th&acilities Projects Manual,

Following a brief description of the assembly is OPNAVINST 11010.20 (Series), regarding project
the zone code. For facilities or assemblies that areapprovals for peacetime use andPimcurement,
designed for use in both northern and tropical zones,| ease, and Use of Relocatable Buildings,
the zone column is usually left blank. However, opNAVINST 11010.33 (Series), (DODINST

assgmblies required for Arctic _oper_ation_ aré 4165.56), regardingthe relocatable building program.
designated code “N.” The quantity given is a

multiplier, indicating the number of assemblies to be |N\DEX OF FACILITIES
ordered.

Weight and cubic feet are measured in normal Suppose there is a requirement for an electrical
terms for export packing. Weight, cube, and dollar distribution system underground. To determine what is
value reflect totals for each line. Construction available in the ABFC System to satisfy the
estimates are computed in the same manner as amequirement, look in volume 2, part hdex of

components. Facilities, under the 800 series (Utilities and Ground

Summarized data is the same as that used fofmprovements), as shown in figure 1-4. If an
components with the following exceptions. In addition approximate 11,000-foot system is needed, facility
to primary facility capacity, secondary capacity, as 812 30AB can be used; see figure 1-5.
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Table 1-3.—Recoverability Codes

CODE DEFINITION

A. Relocatable: Designed for specific purpose of being readily erected, disassembled, stored, and
reused. includes tentage.

B. Pseudo-Relocatable: | Not specifically designed to be dismantled and relocated, but could be, with
considerable effort and loss of parts. Rigid-frame building included.

C. Nonrecoverable: A structure not designed to provide relocatability features or one where the cost
of recovery of the shelter exceeds 50% of the initial procurement cost. Bolted
tanks and steel bridges included.

D. Disposable: Those temporary structures having low acquisition and erection costs which are
not designed for relocation and reuse and may be left on site or destroyed, sych as

SEAHUNTS.
EXCAVATIONS AND SHORING members should not jump into trenches or use bracing

as a stairway.

a trenching or excavation iob can be dangerous. Th Banks more than 5 feet high must be shored or laid
9 J 9 - "M%ack to a stable slope, or some other equivalent means

following paragraphs will give you some of the ¢ o tion must be provided where crew members
accepted engineering requirements and practlcesmay be exposed to moving ground or cave-ins. Refer to
Think safety, not only for your workers but for the figure 1-6 as a guide in sloping of banks.

other persons that may encounter your work area.

Working in, working around. or directing a crew in

Sides of trenches in unstable or soft material, 5 feet

EXCAVATIONS in depth, are required to be shored, sheeted, braced,

sloped, or otherwise supported by sufficient strength to

Preplanning before starting any excavation will protect the crew members working within them.

save time and avoid costly mistakes. Give attention to
personal safety equipment, underground utility
installations, personnel/vehicular traffic interruptions,
security, and public safety. Make sure your crew is
aware of the safe working area around a specific piece
of excavating equipment. Set up daily inspections OfSHORING
excavations for possible cave-ins or slides. Moving
ground must be guarded by a shoring system, sloping
of the ground, or some other equivalent means.y,
Excavated or other materials must not be stored closef., .o evaluation of many features: depth or cut;

than 2 feet from the edge. possible variation in water content of the material

When crews are working in trenches 4 feet or more while the excavation is open; anticipated changes in
in depth, access into or exits out of excavations shouldmaterials from exposure to air, sun, water, or freezing;
be by ramps, ladders. stairways. or hoists. Crewloading imposed by structures, equipment, overlying

Sides oftrenches in hard or compact soil, including
embankments, must be shored or otherwise supported
when the trench is more than 5 feet in depth and 8 feet
or more in length.

The determination of the angle of repose and
sign of the supporting system must be based on
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INDEX OF FAQILITIES
ALPHABET N 15 %0

CAPACITY

FACLITY DESCRIPTION PRIMARY SECONDARY DRAWING  PAGE
$11 S0CN ELEC PWR PLANT DSL 1-100KW W/ PLWT NK 100 Xw 6027502
811 1DAA ELEC PWR PLANT DSL 1-15KW W/ PLWTNK 15 XKW 6139176
811 10AE ELEC PWR PLANT DSL 1-X0KW W /PLWTNK 30 Kw §139175
81t 10AJ ELEC PWR PLANT DSL 1-80KW W/ PLWTNK 60 XW 6139174
811 10TY ELEC PWR PLANT DSL 2-100KW W/ CESE 200 KW NONE
811 10AP ELEC PWR PLANT DSL 2100KW W/ PLWT NK 200 Kw 6139173
811 10AB ELEC PWR PLANT DSL 2-15KW W/ PLWTNX 0 Kw §139176
11 10R ELEC PWR PLANT DSL 2200KW W/O TANK 400 KW NONE
811 104U ELEC PWR PLANT DSL 22200KW W/ PLWY NK 400 XW 6139178
811 10AE ELEC PWR PLANT DSL 2-T0KW W /PLWTNK 80 KW 6139175
811 10AK ELEC PWR PLANT DSL 2-80KW W /PLWTNK 120 KW 6139174
811 10AR ELEC PWR PLANT OSL 3-100KW W /PUAT NK 300 KW 6139173
811 10CR ELEC PWR PLANT DSL 3-100KW W/ PLWT NK 300 KW 802758
811 10AC ELEC PWR PLANT OSL 3-15KW W /PLWTNK 5 XKW 6139176
811 10AV ELEC PWR PLANT OSL 3 200KW W/ PLWY NX 800 KW 813919
811 10AG ELEC PWR PLANT OSL 320KW W/PLWTNK 20 KW 8139475
011 10AL ELEC PWR PLANT DSL 3-60KW W /PLWTNK 180 KW 6139174
011 10AW ELEC PWR PLANT OSL 4200KW W/ PLWT NX 80 KW 8139179
011 108C ELECTRIC POWER PLANT DIESEL 1-10KW 10 XW NONE
811 10CA ELECTRIC POWER PLANT DESEL 1-15KW 15 KW 8027585
811 10CJ ELECTRIC POWER PLANT DIESEL 1-00KW 0 Kw 8027563
211 108D ELECTRIC POWER PLANT DIESEL 2-10KW 20 KW NONE
911 10CU ELECTRIC POWER PLANT DIESEL 2-200KW 400 KW 6027581
811 10CF ELECTRIC POWER PLANT DIESEL 2-30KW 0 Kw 8027504
811 1088 ELECTRIC POWER PLANT DESEL 2-5kw 10 Kw NONE
811 10CK ELECTRIC POWER PLANT DESEL 2-00KW 120 Kw 8027583
M 10CC ELECTRIC POWER PLANT DESEL 3-15KW 45 Kw 8027585
811 10CY ELECTRIC POWER PLANT DIESEL 3-200KwW 600 Kw 8027581
811 10CG ELECTRIC POWER PLANT DIESEL 3-30KW 0 Kw 8027504
811 10CL ELECTRIC POWER PLANT DIESEL J-80KW 180 KW 8027583
811 10CW ELECTRIC POWER PLANT DIESEL 4-200KW 800 XW 6027561
811 10CM ELECTRIC POWER PLANT DIESEL 450KW 240 Kw 6027583
811 10P ELECTRIC POWER PLANT DIESEL 5 200KW 1000 KW 2058 SF 8139179
819 10TA ELECTRIC POWER PLANT GED 5KwW 5 XKW NONE
Bt 454 ELECTRIC PWR PLANT 2-750KW DIESEL 1500 KW NONE
812 30AB ELECTRICAL DISTRIBUTION LINE-UGND 1000 LF NONE
812 30AD ELECTRICAL DISTRIBUTION LINE-UGND 4200 LF NONE
812 30U ELECTRICAL DISTRIBUTION LINES 250 LF

812 30CY ELECTRICAL DISTRIBUTION LINES EXPED 2000 LF NONE
812 30C2 ELECTRICAL DISTRIBUTION LINES EXPED 4000 F NONE
812 J0AE ELECTRICAL DISTRIBUTION LINES-UGND 3500 LF NONE
812 30AF ELECTRICAL DISTRIBUTION LINES-UGND 5000 UF NONE
812 30AT ELECTRICAL DISTRIBUTION LINES-UGND 1075 LF NONE
812 30AX ELECTRICAL DISTRIBUTION LINES-UGKD 125 LF NONE
812 308F ELECTRICAL DISTRIBUTION LINES-UGND %0 LF NONE
812 Y08G ELECTRICAL DISTRIBUTION LINES-UGND 500 \F NONE
812 308K ELECTRICAL DISTRIBUTION LINE S-UGND 5000 LF NONE
812 308K ELECTRICAL DISTRIBUTION LINES~UGND 4000 LF NONE
812 308M ELECTRICAL DISTRIBUTION LINES—UGND 2500 LF NONE
812 308S ELECTRICAL DISTRIBUTION LINE S-UGND 750 LF NONE
012 30CY ELECTRICAL DISTRIBUTION LINES—UGND 1000 LF NONE
812 W€ ELECTRICAL DISTRIBUTION LINES-UGND 2000 LF NONE
812 3 ELECTRICAL DISTRIBUTION LINES~UGND 05 LF NONE
812 30K ELECTRICAL DISTRIBUTION LINES-~UGND 750 LF NONE
812 30M ELECTRICAL DISTRIBUTION LINES—~UGND 2700 LF NORE
812 300 ELECTRICAL DISTRIBUTION LINES~UGND 4000 LF NONE
812 3H ELECTRICAL DISTRIBUTION LINES~UGND 50 WF NONE

CEIFO 104
Figure 1-4.—Alphabetical index of facilities.
material, or stored material; and vibration from PROJECT PLANNING

equipment, blasting, traffic, or other sources.. _
Throughout the life of a project, information that

reflects the complete history and requirements for that
project is being accumulated and updated. The project

Materials used for sheeting and sheetpiling,
bracing, shoring, and underpinning have to be in

good serviceable condition. Timbers must be SounOIpackage is the collection of all information required to
anq free f“’”.‘ large or loose kr_lots and must beplan, schedule, monitor, and execute a project. During
designed and installed to be effective to the bottom Ofthe construction phase of a project, inspection reports,
the excavation. field change reports, and numerous items of project

Cross braces or trench jacks must be placed ircorrespondence are added to the project package to
true horizontal position, be spaced vertically, and complete the project history file. This file is con-
be secured to prevent sliding, falling, or kickouts. tinually updated until the project is completed. The
Minimum requirements for trenching timbers are most critical part of this project package is the project
shown in figure 1-7. planning package.
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FACILITY 812 30AB PLANNING FACTOR NA
ELECTR'CAL DISTRIBUTION LINES -- JNDERGROUND 11000 FT

NAVFAC DRAWING NUMBER NONE MAJOR REV 04 14 78
WEIGHT cusBlC DCLLAR
ASSEMBLY  DESCRIPTION ZONE aTy POUNDS FEET VALUE
32200 ELEC CONODUCTOR BURIAL 10AWG 1000F™ 3 796.8 166 458.00
32203 ELEC CONDUCTOR BURIAL 1AWG 1500FT 3 1948 4 273 1161.63
32208 ELEC CONDUCTOR BURIAL 250MCM 1500FT 3 47580 772 687258
32227 SPLICE BOX FIBERGLASS wW/COVER 2 2781 331 1.064.82
SHORT TON MEAS TON
TOTAL NORTr (TEMPERATE) 39 39 77813 1542 9.558.13
TOTAL TROPICAL (BASIC) 38 39 77813 1642 9.558 13
FACILITY 812 30AB PRIMARY UNIT OF MEASURE 11000 LF SECONDARY UNIT OF MEASURE
CONST  LAPSED LAND POWER KVA WATER TOT WATER PEAK  SEWER RECOV
sTD DAYS ACRES CONNECTED DEMAND VOLTS PHASE GPD GPM CO0E
TEM® 0 00 2 0 0 0 0 ] e}
FUEL (GAL/300DAYS)
HEATING PWR GEN SKILLS MANHOURS
DSL MOGAS OsL EA 8u ut CE SW EO

©

¢ 0 0 0 0 0 311

SEP 15 88

CONST EFFORT
MANHOURS

(=]

99
144
267

14

524
524

NS
125

CEIFQ10S

Figure 1-5.—Assembly description of facility 812 30 AB, electrical distribution lines underground, 11,000 feet,
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Figure 1-6.—Approximate angle of repose.




TRENCH SHORING -- MINIMUM REQUIREMENTS

Size and spacing of members

Uprights Stringers Cross braces’
Depth of  Kind or condition of earth Maximum spacing
rench Width of trench

Mrimum  Maximum  Minimum
dmension  spacing dimension spacing

Up io 3 Jiob 6109 g o 12 12 o 15 Verbcal Horizontai
feet feet feet feet feet
Feet Inches Feet Inches Feet Inches Inches inches inches Inches Feet Feet
5 1o 10 Hard compact. . 3x4 or 2x6 6 L 2x6 4x4 4x6 Ex6 6x8 4 6
Likely o crack . Ix4 o0 2x5 3 4x6 4 2x6 4x4 4x6 6x6 6x8 4 6
Close .
Soft, sandy or filed ... .. 3x4 or 2x86 sheeting 4x6 4 4x4 4x6 6x8 6x8 8x8 4 6
Hydostabc pressure .. Ix4 o 2x6  sheang  3x8 4 ax4 axs 8x6 6x8 8x8 4 §
101015 Had S ... ... 3x4 0or 2x8B 4 4x6 4 4x4 4x6 Bx6 6x8 8x8 4 6
Likely to crack . 3x4 or 2x6 2 4x6 4 4x 4 4x6 6x6 6x8 8x8 6
Cl
Soft, sandy or filled . Ixd or 2x6 sheeggs 4x6 4 . 4x6 6x6 6x8 Bx8 8x10 4 6
Hydrostatic pressure . .. 3x4 or 2x6 sngg:; 8x10 4 4x6 §x6 5x8 8x8 8x10 4 €
Close
15 10 20 All xinds or conditons . .. 3x6 sheetn 4x12 4 4x12 6x8 8x8 8x 10 10x 10 4 6
Over 20 All kinds or condions . 3x6 e 8x8 4 axn2 §x8  8x10  10x10  10x10 4 6
Trench jacks may be used in lieu of or in combinalion with, cross braces. CEIF0107

Shoring is not required n solid rock, hard shate, or hard sl
Where desirabie, steel sheet piling and bracing of equal strength may be substituted for wood

Figure 1-7.—Trench shoring-minimum requirements.

PROJECT PLANNING PACKAGE prepare this type of project pack-age, to a certain
extent. This manual covers just a few aspects of the
The entire history of a Naval Construction Force project package folder. For more detailed information,
(NCF) project is documented in the standard five- you will need to study th&eabee Crewleader’s
section project package. A list of the contents of theHandbook, Operations Officer's Handboo&knd
project package (Seabee Project Package) is shown iiseabee Planner’'s and Estimator's Handbook,
Table 1-4. A flowchart showing the sequence of NAVFAC P-405 (Series).
planning steps is shown in figure 1-8. It is quite evident The basic principle of the project package is to
from looking at the contents of the project planning divide a project into smaller, controllable units and to
package and at figure |-8 that planning a project from set up a project history file. A project is usually
the beginning to the end is an involved process. As aeceived from the regiment level where it is divided
second class petty officer, you will be expected tointo master activities. The next step is to further

IDENTIFY

SPECIAL

TRAINING
ASSIGN CBTAIN o ROUGH GENERATE MANDAY &
pa REVIEW DEVELD LEVAL [~ CONSTRUETION DURATICN
STAFF PEANS & RS BARCHART ACTNITIES ESTIMATES

SPECS ACTIMTIES
TRACK UNTIL

1ENTIFY DEPLOYMENT

LEAD

TIMES

EVIEW REVIEW
Y COMPANY 8Y OPS

CEIFI138

PRECECENCE RESCURCE
DIAGRAM LEVELING

Figure 1-8.—Project planning flowchart.
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Table 1-4.—Seabee Project Package

SEABEE PROJECT PACKAGE

(*Required on All Projects)
(**Requirement may be waived in a contingency: operation)

SECTION #1 GENERAL INFORMATION AND CORRESPONDENCE

1A

1B

*Tasking Letter Correspondence
*Qutgoing Messages and Correspondence
*Incoming Messages and Correspondence

Project Scope Sheet

Project Organization

Project Planning Milestones

Project Package Sign-off Sheet
Deployment Calendar

Preconstruction Conference Summary
Predeployment Site Visit Summary
Joint Turnover Memorandum
Pre-BOD Inspection Request

SECTION #2 ACTIVITIES AND NETWORK

2A

2B

*Level Il Barchart

*Two Week Schedules

*Master Activity Listing

*Master Activity Summary Sheets
**__evel Il Precedence Diagram

Level Il Barchart
Construction Activity Summary Sheets (Recommended including filled out 1250-1 s.)

Construction Activity Summary Sheets on Completed Activities
Two Week Labor Summaries

SITREP Feeders
Other Computer Printouts/Reports

SECTION #3 RESOURCES

3A

3B

*30/60/90-Day Material List
*30/60/90-Day Material List Letter

*Bill of Materials
*Tool Requirement Summary
*Equipment Requirement Summary

List of Long Lead Items

Material Take Off Worksheets

Bill of Materials/Material Take Off Comparison Worksheets
Material Transfer Requests

Add On/Reorder Justification Forms

Add On/Reorder BMs

Borrow Log
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Table 1-4.—Seabee Project Package—Continued

SECTION #4 PLANS

4A *Quality Control Plan Cover Sheet
*Quality Control Plan
*Safety Plan Cover Sheet
*General Safety Plan
*Safety Plan
*Environmental Plan

4B Daily Quality Control Inspection Reports
Field Adjustment Request (FAR) Submittal Log
FARs
Request For Information (RFI) Submittal Log
RFls
Design Change Directive (DCD)
Concrete Placement Clearance Forms
Pre-placement Photos for Concrete Placements
Asphalt Pavement Clearance Forms
Utility Interruption Request
Excavation Request
Road Closure Request
Engineering Service Request
Minerals Products Request
Other QC Forms
Daily Safety Inspection Reports
Emergency Phone Numbers
Navy Employee Report of Unsafe or Unhealthful Working Conditions
Required Safety Equipment
Daily Safety Lecture Log
Accident/Near Mishap/Mishap Reports
Highlighted 29 CFR 1926
Hazardous Materials Inventory Sheet
Other Safety Forms

SECTION #5 DRAWINGS/SPECIFICATIONS

5A *Project Plans
**Highlighted Specifications

5B Site Layout
Shop Drawings
Detailed Slab Layout Drawings
Forming Plans
Rebar Bending Schedule
Other Sketches/Drawings
Technical Data

1-11




Table 1-5.—Information for a Precedence Activity
(Typical Activity Block)

ACTIVITY ACT'V'(T)Y

TR DURATION

(DUR)

ACTIVITY

EARLY DESCRIPTION EARLY
STEASRT ACTIVITY F”\é'EH
(ES) RESOURCES (EF)
LATE | TOTAL | FREE LATE
START | FLOAT | FLOAT | FINISH
(LS) (TF) (FF) (LF)

sequence of events from the beginning to the end and
will show the dependencies between the activities.
Table 1-5 shows an activity block that represents a
single construction activity.. This is the building block
on which the whole project will be planned and
controlled. The connection of these blocks and their
interdependence on each other makes up a network
diagram. The sum of these network diagrams is called
a network analysis.

NETWORK ANALYSIS

A network analysis is a method of planning and
controlling projects by recording their inter-
dependence in diagram form. This enables each funda-
mental problem involved to be undertaken separately.
The network diagram form is drawn in such a way that

break down the project into construction activities. each job is represented by an activity on the diagram,
This is normally done at the battalion level. From the as shown in figure 1-9. This network diagram is based
construction activities, you will develop a logic on the installation of the generators shown in
network that will link the activities together into a figure 1-10.

2 | o4
GENERATOR &
1.0|PANELBOARD 1.4
GROUNDING 32035
2 CE 0220 FOO06
2.0 24 5 03
CONNECT PANEL
2.4|80ARD 2.7
32602
2 CE 0220 10006
3 | 14 24 ™ ase |27
PLACE GEN. STA
1.0 32020 |24
2CE 0220
1 | 10 1.0[ 8254 1-0067 [*4
CONSTRUCT BERM 10
START 0 20004.1 : FINISH
T3850
0 10 p 06
TAY TANK &
1.0] CORNECT PIPING 1.6
20004.2
3 UT0710 1-0001
2.0 11826 2.7
TOOL KITS
0001  PLUMBERS KIT
0006 ELECTRICIANS KIT
0057 CRIMPING TOOL KIT (NCFSU)
5 | o6
INSTALL FU
EQUIPMENTS 1.0 O|LLIF3|P|N% & 1.6
1826 FORKLIFT (NAVSUP)
4850 TRACTOR CRAWLER 29| 4UT 071010001 15 7 T T T
8254 CRANE WHEEL MOUNT wow | BL AP TN {ar [aare [are

PROP SKILLS
NS NON SKILLED

CE ELECT POWER DIST SYSTEM
UT PLUMBING

CEIF0109

REvIZIONS

o tag asvy i, e oY PReEELAvns Omsead
[ CIVIL ENGINEER SUPPORT OFFICL

- 5 M SENTRATOS BTV D Wetie St mateiw, Cawonms |
1

= ELECTRIC POWER PLANT-
DIESEL 2- 200KW

e =
frasie =5 ———— ] CONSTRUCTION DURATION 3 DAYS
m"“'& — e S | RIS 6002626
800 S BNToAD
A Test 3w 3

Figure 1-9.—Network diagram for installation of two 200-kilowatt generators.
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LIST OF ASSEMBLIES

DESCRIPTION UNT]QTY

PILLOW TANK FUEL STORAGE

[CENERATOR STATION 1200 KW |
PANELBOARD WEATHERPROOF.

PILLOW TANK
ASSY. 20004

A
LT

¢~ FUEL PIPING
ASSY 20637

oleloln

EaEfE] |

7
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£ Oy
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1 1 I
~“.~..llvl"-l Lor Ienles
o s s
PANEL == m& TR AT
ASSY
32602 “'T;“,;,"'.‘ — TTTT 6002626
IR AT o3 XN S 'm'lL.—-:.u X0
] ] 1 ? I o |
CEIFO110
Figure 1-10.—Layout drawing for a 400-kilowatt electrical power plant.
Advantages tedious and an exacting task. Depending upon just

what the project manager wants as output, the number
Network analysis has many advantages. As aof activities that can be handled without a computer
management tool, it readily separates planning fromvaries, but the number is never high. If calculations are
scheduling of time. The diagram, a picture in terms of the sequence of activities only, a project
representation of the project, enables you to see thénvolving several hundred activities may be attempted
interdependencies between events and the overatanually. However, the chance for error is high. The
project to prevent unrealistic or superficial planning. time required for manual operation would become
Resource and time restraints are easily adjustable tgostly. Various alternative plans also may be
permit changes in the plan before its evaluation. impossible because of the large volume of work.

~ Because the_system splits th_e project into indi-  On the other hand, a standard computer program
vidual events, estimates and lead times are more accufor network analysis, CBCM 2.1, can handle project
ate. Deviations from the schedule are quickly noticed. plans and management and give the user the flexibility
Manpower, material, and equipment resources can beo select different alternatives from a list of available
easily identified. Since the network remains constantmenus.

throughout its duration, it is also a statement of logic . o

and policy. Modifications of the policy are allowed, | N€ project manager, NOT the computer, is still

and the impact on events is assessed quickly. responsible for planning and must make decisions

o N _ _ based on information supplied by the computer. Com-

Identification of the critical path is useful if the puter output is only as accurate as its input, which is

completion date has to be advanced. Attention can the’upplied by people.

be concentrated toward speeding up those relatively

few critical events. The network allows you to TIMEKEEPING

accurately analyze critical events and provide the basis

for the preparation of charts. This results in better  Timekeeping and labor reporting are of great

control of the entire project. importance to the operation of Seabee units. While

these are functions of both NCF units and public works

activities, the discussion in this chapter is limited to

NCF units. As a Seabee crew leader, you may be

The only disadvantage of network analysis as ainvolved in the preparation of daily time cards.
planning tool is that. when attempted manually, it is a Therefore, you should know the types of information

Disadvantages
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called for on time cards and understand the importanceJob Order Number
of accuracy in labor reporting. Although the forms
used for this purpose may vary slightly between NCF ~ Each project that is assigned to the NCF for
units, the discussion in this chapter will suffice ascompletion has a job order number (JON) assigned.
being typical. This identification number is required for labor
accounting and reporting purposes.
LABOR ACCOUNTING SYSTEM
Time Cards

To record and measure the number of man-hours
spent on various functions, a labor accounting system

< mandatorv. This svstem must permit the dav-bv.da Time cards are the most accurate way to record
! ry. 1his system must permit the day-by-day, i,a| man-days on a construction project. Cards allow
accumulation of labor utilization data in sufficient

detail and in a manner that allows ready compilation ofygurtgr;nOnggrr(;zeareefflﬁ'gg?;.in(ﬂ agcflsgt%?t'“.tny 0';_
information required by the operations department inYOU W ! yourreport input,

the management of the manpower resources and in th erefore, it is imperative that time cards are filled out
preparation of various reports. correctly and accurately.
REPORTING CREW SUPERVISOR’'S REPORT

All labor expended in carrying out assigned tasks _ . 1 he standard form used for timekeeping is the
and functions must be accounted for. This accountingPrime Time Card shown in figure 1-11. The time card
must include the work performed by the reporting unit iS Prepared by the crew leader for each phase of the
and, when applicable, work performed by civilian construction project. The time card provides a break-
labor and by military personnel of other activities. down by man-hours of the activities in the various
Labor expenditures must be accumulated under dabor codes for each crew member for any day on
number of reporting categories. This degree ofany project. Sub-contractor crew leaders will use
reporting detail is required to provide the managementthe Sub Time Card shown in figure 1-12. Refer to
data necessary to determine labor expenditures o©@OMSECONDNCB/COMTHIRDNCBINST 5312.1 for
project work. This data is necessary for calculation of more detailed information on timekeeping and filling
statistical labor costs and comparison of actualout time cards.
construction performance with estimating standards. It
also serves to determine the effectiveness of labor QUALITY CONTROL
utilization in performing administrative and support
functions, both for internal unit management and for ~ The purpose of quality control is to prevent
development of planning standards by others. discrepancies and ensure the quality of workmanship

PRIME TIME CARD

Crewlcader: ISi;unm: lCompany: ercw Size: ITnnsl'cts This Date:
Project Nuraber: |Project Titie: Date:
Direct Labor by Coastruction Activily Number ndirect Readiness and Tiaining
Crcw Member's Rate/Name Total Total Total |
L c— ~
Totals
CEIFO111

Figure 1-11.—-Prime Time Card.
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Projcct #

Project Titte

Prime Company _____ .

Sub Company Sub Time Card

Sub Crew Assigned Direct Labor by Construction Activity Number Indirect Readiness and Training
Rate / Name Total Total Total

—/\_ o \\ e ~
T~ | -

— N \ =N N T

Total

Prime Crewleader Signature Sub Crewleader Signature

CEIF0112
Figure 1-12.—Sub Time Card.

and materials meets the requirements in the plans anghust make sure they are met. Use the resources that are
specifications. The responsibility for quality available to you, and remember that projects are
construction rests with the crew leader and the chain ointended as training for your people. Teaching your
command. The quality control division of the crew the proper construction methods and techniques
operations department is responsible for conductingshould be high on your priority list.

tests and inspections to ensure compliance with the

plans and specifications e Ensure personnel awarenesdslo perform the

work satisfactorily, the crew must understand the
QUALITY CONTROL PLAN quality measures. Before beginning work on an activity,
you should brief all crew members about critical

The crew leader must develop and implement anmeasurements, inspection items, potential problems,

aggressive quality control (QC) plan. The crew leaderand each member’s responsibility for quality.

must plan quality into the project and avoid

discrepancies. The development of the QC plan can beDai

broken down into the following steps:

¢ Evaluation of work completedis recorded on a
ly QC Inspector’s Report shown in figure 1-15. The
purpose of this report is to document that the required
* Establish quality measures by reviewing the checks, tests, and inspections were accomplished, and
plans and specifications and identifying the quality work is being performed according to specifications.
criteria with which you must comply. The project QC
plan should include a list of checks, inspections, andRESIDENT OFFICER IN CHARGE OF
tests. You also need to address special requirementgONSTRUCTION (ROICC)
such as training, hazardous material, or personnel safety
pro-tection. See figures 1-13 and 1-14 for examples of The ROICC is responsible for inspection and
QC planning guides. surveillance on NCF projects and for reviewing daily
« Select construction methods that are safe andQC reports. The ROICC office also has to approve any
of high quality. You need to determine construction recommended. field changes or customer-requested
methods very early in the planning stage of the project,ChangeS' No field changes can be made without a
as they impact on equipment, tools, material, Iabor,request being forwarded through the QC department.
training, and safety requirements. Discuss construc-
tion methods with your crew, supervisors, and the QC

Inspecior. As a second class petty officer and crew leader,
« |dentify required training and equipment If you should be aware of the Navy’'s Hazardous Material
specialized training or qualifications are needed, you(HM) and Hazardous Waste (HW) programs.

HAZARDOUS MATERIAL
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PROJECT QC PLAN

. Project Number and Title:
Il. Project Location:

[ll. Prime Contractor:

Subcontractor: (a)
(b)
IV. Project Scope:

V. Types of Testing Required (soil. concrete, etc. ):
VI. Types of Associated Risk (fire, fumes, noise, etc.):
VIl Special Training Requirements:

VIIl. Special License Required:

IX. Engineering Controls (guard rails, welding curtains, etc.):

X. Testing Equipment Required (state how it is to be used):

XI.  Personal Protective Equipment Required for Testing:

Project Planner.

Print name, rate, and company/det

QC Chief: Approved/Disapproved

Reason for disapproval:

Figure 1-13.—Project QC plan.
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QUALITY CONTROL PLAN

PROJECT NUMBER:

PROJECT TITLE:

DATE:

ACTIVITY ACTIVITY SPECIFICATION -
NUMBER DESCRIPTION QUALITY CONTROL REQUIREMENT REFERENCE REMARKS / RESULTS
/——\__/_~ \—/ CEIFO114
Figure 1-14.—Quality control plan.
Route to |lnitialj Date Remarks
DAILY S3
S3C
QUALITY CONTROL $3QC
00S
INSPECTOR'S REPORT Prime
Sub
Date: l Time: Project No.: Report No.:
Prime Co.: Project Title:
Sub Co.: Weather:
Supervisor: llnspector:
Activity Rate | Description of Work Performed
Activities Started: Activities Completed:
QC Meetings Held: ____Yes No
Coastruction Inspection Plan Items Checked: Results:
Delays: Safety Hazards Present:
Remarks
Material Recetved:
1 certifiy all work performed this date is IAW plans and specifications.
Project Supervisor QC Inspector Reviewed (S3QC)
Dist: 1. ROICC 2. QC Flievia $3 3. Prime Contractor 4. Crewleader
CEIF0115

Figure 1-15.—Daily Quality Control Inspector’'s Report.
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Naval Construction Force Occupational Safety » For HM purchased locally, obtain an MSDS, or
and Health Program ManuaCOMSECONDNCB/  equivalent data sheet. at the time of purchase.
COMTHIRDNCBINST 5100.1, incorporates many I , ,
naval instructions into a single document to establish ~ * Maintain a complete file of MSDS on the matrials
policy, assign responsibility, promulgate, and used, and make the MSDS or a worker-oriented

implement the Naval Construction Force summary of the MSDS information available to the users
Occupational Safety and Health Program. Chapter 9y the HM.

of this instruction deals with the Hazardous Material _ _

Control Program (HMCP). This Navy-wide program * Use the Type of Storage Codes listed in OPNAV-
covers the proper storage, handling. usage. andNST 5090.1 to determine safe storage. handling, and use.

disposal of HMHazardous materialas used in this : .
instruction, follows the definition given for hazardous * Report HM mishaps according to OPNAVINST

chemicals in 29 CFR 1910.1200 and Federal StandarcP102.1, chapters 3 and 4, as appropriate.
313B. Every command in the Navy will have an  « Comply with all requirements for disposal of HM
fHO:\I’(')SWF;é” rgls%%i ;Qiﬂnii-ch command will have the 1o ¢ jired by OPNAVINST 5090.1; Title 40, Code of

' Federal Regulations, Parts 122 and 260-267; and state

e Issue local instructions that incorporate the and local regulations,

requirements of COMSECONDNCBICOMTHIRD- '
NCBINST 5100.1 and 29 CRF 1910.1200 into a writ- » Indicate the presence of any HM on all shore

ten hazardous communication program. equipment, tanks, pipes, or other stationary objects.

 Develop and update, on an annual basis, a The established uniform policy, guidance, and
complete inventory of all HMs used at the command. requirements for the life-cycle control and manage-
Include in the inventory the location, quantity, stock ment of HM are Navy policy, and you play an important
number, chemical or common name. shelf life where o i jts success. The safety of personnel is a vital
appropriate, and disposal requirements for each HM. ¢, 00 and is the responsibility of all supervisors.

* Develop and implement an HM information and Safety and health considerations for individuals are a
training program. fundamental element in the operation of all

« Have available for review an Material Safety construction, facilities, equipment, and training. Tight
Data Sheet (MSDS) as required in 29 CFR 1910.1200schedules and adverse working conditions must not be
for each HM used or stored. accepted as excuses for relaxation of safety standards.”
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CHAPTER 2

DRAWINGS AND SPECIFICATIONS

INTRODUCTION memorize them. Remember where you found them so
you can refer to these terms whenever you have to use
Working with drawings and specifications (specs) them.

is an essential part in your development as a . . . -
Construction Electrician. You must be able to Activity estimatesconsist of a listing of all the

interpret, plan, estimate, and schedule constructiorSt€Ps required to construct a given project. Activity
projects, using the information supplied by the gquantities provide the basis for preparing the material,
drawings and specifications. You will need to picture equipment, and manpower estimates. They are used to
the separate operations mentally as the workprovide the basis for scheduling, material deliveries,
progresses through the various stages of constructionequipment, and manpower.

You must use good judgment when determining what . . .
effect numerous factors and conditions have on Bill of _materla_l (BM) is a_tabulate_d statement .Of
he material required for a given project. It contains

project and what allowances should be made for eac h inf . K b it of i
of them. You must have ready access to informationSUch Information as stock numbers, unit of issue,

about the material, the equipment, and the labouantity, line-item number, description, vendor, and
required to perform various types of work under cost. Sometimes the bill of material will be submitted

conditions encountered as part of the NavalOn either material estimate sheets or material takeoff
Construction Force (NCF). In this chapter, we discusssheets; the two sheets contain similar information.
this important phase of your work, that is, working Usually, the takeoff sheet is an actual tally and
with drawings and specifications. checkoff of the items shown, noted, or specified on the

_ ~construction drawings and specifications.

Project concepts are developed by local activities. Constructi tiviti breakd ¢
Their supporting documentation for a construction onsfruction activities aré a breaxkdown o
project is forwarded to NAVFACENGCOM, Master activities. They identify functional parts of the
Engineering Field Division (EFD), for requirement Project and are often assigned to a particular company
validation, technical adequacy of the design solution, (Bravo/Charlie) or rating.
and reasonable cost estimate. Once a project has been petailed estimatesare precise statements of

designed, approved, and funded, it then must bequantities of material. equi
, equipment, and manpower
accepted by COMSECOND/COMTHIRDNCEB for required to construct a given project. Underestimating

tasking to the Seabee community. Your first e : . ;

encounter with a project that may have taken yearsquam'tIes can cause serious delays in co nstrucpon or

to develop and fund will be the drawings and can result in unfinished projects. A detal_led estlmare

specifications. must be accurate to the smallest detail to quantify
requirements correctly.

From the beginning (a facility deficiency) to the — pjrect Jabor includes all the labor expended
end (a deficiency corrected), an involved process takesdirectly on assigned construction tasks, either in the

place. As a member of the NCF, you are the person who: . : :
makes the needs and ideas of the naval communitggrlgplc;rti'onn tgfetr?:cérr)]’dtgi;[ dig?mbme directly to the

come to reality.
Equipment estimatesconsist of a listing of the

DEFINITIONS various types of equipment, the amount of time, and

the number of pieces required to construct a given

To be able to work with, and from, drawings and project.

specifications, you must know the terms commonly

associated with planning, estimating, and scheduling.  Estimating is the process of determining the

We have defined a few of the terms you will need to do amount and type of work to be performed and the
your job. Read them with care, but do not try to quantities of material, equipment, and labor required.
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Indirect labor includes labor required to support all parties who are working on or supplying material to
construction operations but does not. in itself. producea construction project. Specifications may be only a
an end product. few pages long and give general instructions and
specific information on materials. Short specifications
number of direct labor man-days required to complete®'€ common in small construction jobs. In heavy

construction. however. specifications may run

the various activities of a specific project. These
estimates may show only the man-days for eachhundreds of pages. Unless you understand how the

activity or they may be in sufficient detail to list the various parts of h_e speC|f|cat|(_)ns interrelate. the s_heer
. mass of the written material can be confusing.
number of man-days for each rating.

Specifications are composed of three major parts:

Manpower estimatesconsist of a listing of the

Master activities consist of a breakdown of a
complete project in sufficient detail to provide a
comprehensive description of the project. e General conditions

¢ Bid and contract forms

Material estimates consist of a listing and ¢ Technical specifications
description of the various materials and the quantities
required to construct a given project. Information for
preparing material estimates is obtained from th
activity estimates. drawings, and specifications.

As an electrician, you will be working with
specifications that deal with the technical areas related
o your job. You will be responsible for the general and

supplemental specifications. special conditions. and

Planning is the process of determining require- addenda or changes to conditions that may affect you.
ments and devising and developing methods and a
scheme of action for construction of a project. Good
construction planning is a combination of various

elements: the activity, _mat?rlal, 'eqw_pmelnt, and construction Specification Institute (CSI) has
ma?ppv;/ear le_zsnmatej. [;‘[)I’OjeCt. ainl:'[, %roée‘it 9cat'(|).?’developed a standard format that is widely followed to
material aelivery and storage, work Scheadules, quality yeye10n complete specifications. Bidding and contract

cor;tr(?[_l; §pe:{:|?ll tO(ZIIS required, tenlvl'rﬁlnrrfletzkr:tal requirements are covered in Division 0. Technical
protection. saf€ty, and progress control. 0 esespecifications are covered in Divisions 1 through 16.

elements depend upon each other. They must be takepyision 17, expeditionary structures, was established

into account in any well-planned project. specifically by, NAVFAC. As you can see from table
Preliminary estimatesare made from limited 2-1, the specifications are arranged in the sequence in

information. such as the general description of projectswhich the project will progress. starting with bidding

or preliminary, plans and specifications having little or and contract requirements.

no detail. Preliminary estimates are prepared to

establish costs for the budget and to program general CONSTRUCTION DRAWINGS

manpower requirements.

The technical specifications spell out exactly what
material is to be used. what standards are to be met. and
what work is to be done in all areas ofconstruction. The

. - The main basis for defining the required activities,
~Schedulingis the process of determining when an measuring the quantities of material, and making
action must be taken and when materials, equipmentaccrate estimates is the information contained in con-
and manpower will be required. It shows the sequence gy ction drawings. You should read all notes and
the time for starting, the time required for perfor- reterences carefully and examine all details and refer-
mance. and the time for completion. ence drawings thoroughly. You should check the ori-
entation of sectional views carefully. Verify the
SPECIFICATIONS Revision section near the title block to check whether
the indicated changes were in fact made in the drawing
itself. When inconsistencies are found between draw-
ings and specifications. the specifications should take
precedence.

Specificationsare written information about how a
building or project is to be built. They are prepared
under the direction of the architect and engineer. The
type and quality, of materials, workmanship, finish.
and final appearance are spelled out. The written  Drawings are generally categorized according to
specifications, along with the drawings. should give all their intended purposesgreliminary drawings. pre-
the information needed to complete any project. sentation drawings. working drawings.and shop
Specifications control the actions and performance ofdrawings.
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Table 2-1.—Technical Specifications

DIVISION # AREA OF CONSTRUCTION
¢ Division 0 Bidding and Contract Requirements
e Division 1 General Requirements
e Division 2 Site Work
e Division 3 Concrete
e Division 4 Masonry
e Division 5 Metals (Architectural and Structural)
e Division 6 Wood and Plastics
¢ Division 7 Thermal and Moisture Protection
¢ Division 8 Doors and Windows
¢ Division 9 Finishes

Division 10 Specialties

Division 11 Equipment

¢ Division 12 Furnishings

e Division 13 Special Construction

e Division 14 Conveying Systems

¢ Division 15 Mechanical

¢ Division 16 Electrical

Division 17 Expeditionary Structures

A building project may be broadly divided into a design, you will probably see this type of drawing
two major phases: the design phase and theonly as a cover sheet to a set of construction drawings.

construction phase. First, tipeeliminary drawings In the second phase, after approval has been given
are prepared during the design phase. They ardor construction, theworking drawings are
prepared by the EFD or by an architect's anddeveloped.Shop drawings are supplied by
engineer’s (A/E) firm. The preliminary drawings are manufacturers to show fabrication of building parts.
used for exploring design concepts between theAfter review by the architect and engineer, they
designer and the user (customer), making materiaP&coOme a part of the working drawings. Throughout
selection, getting preliminary cost estimates, angdyour career, you will hear working drawings referred

serving as a basis for preparing the finished workin to as blueprints, construction drawings, prints, or
drai 9 preparing gplans. Basically, these terms are all correct; they can be
rawings.

used interchangeably.

The presentation drawingsare developed to As mentioned earlier, the construction drawings
show the proposed building or facility in an attractive are developed from the preliminary drawings. With the
setting in its natural surroundings at the proposed site.collaboration of the EFD and the architect and the
Since these drawings are actually used to sell an idea oengineer, both the materials to be used and the
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construction methods to be followed are decided. The*S-BUILT DRAWINGS
engineer determines the loads that the supporting
structural members will be required to bear and
designs the mechanical systems. such as heatin
power. lighting, and plumbing.

Upon the completion of a facility, the crew leader
r project supervisor should provide marked prints that
ndicate any construction deviations. The information
required must show all features of the project as

As a crew member or a supervisor. you will find actually, built. As-built drawings should be reviewed
the construction drawings. the specifications. and theafter they are completed. This review assures that all

bill of material your main sources of information information appearing on the drawings shows the
during the construction and estimating phases of théayact as-built conditions.

project. _ _ _
From the as-built drawings, record drawings are

. Drawings are commonly indexed so you can easily prepared. These drawings are the original construction
find the sheet you need. The drawing index is lO(?a.tGd rawings, but they are corrected according to the as-
on the cover sheet or sheet 1 of the set. They are dIVIdeCEu”t marked print. They then provide a permanent
into eight categories and appear in the following order: record of as-built conditions. The final record
1. Plot and vicinity drawings must be kept up to date at all times. If this
maintenance requires a change to the record drawing,

. To understand the instructions and dimensions on
Plumbing a working drawing, you must be able to read and
Electrical understand the language of the prints not only for your
particular job but also for all the different phases.
Plans, specifications, and details go together. It is
WORKING SKETCHES impossible to use one successfully without the other.

Never overlook a reference note on a drawing. The

A working sketch is a drawing made from the pjueprints contain the information and directions that

working drawings to express a tasking clearly and torequire you to do your part of the total job as planned. It

provide a quick reference to job requirements. It isjs a150 important to follow all the instructions on a
drawn to help show actual conditions on the job, Whatblueprint faithfully. Any deviation on your part may

size pipe is to be installed, or where connections will be o1 a it impossible for fellow tradesmen to do their
made. The sketch should show as much detail a3,ork properly or successfully

possible to help your crew during installation or
troubleshooting. A working sketch will usually show  To read blueprints, you must understand the
the work you want your crew to accomplish in a meanings of all devices, such as various lines,
selected area and will provide ready reference tosymbols, conventions, abbreviations, and methods of
jobsite conditions. giving dimensions and working directions.

A crew should have a working sketch with them TYPES AND WEIGHTS OF LINES
while working. It will show them how, what, where, FOUND ON DRAWINGS
and when things happen in the sequence of the job.
Your first step in making a working sketch should be to ~ The types of lines the electrician should be able to
draw the symbols that represent all the fixtures orread and understand are given below. In figure 2-1
equipment that is to be installed and locate them withinthese lines are shown as they may appear on a drawing.
the room. Try to draw them in the sequence of  pym jine: a light, continuous line along which the
mstqllatlon and_ include measurements. The amount Ofracing is trimmed to square the sheet.
detail you use in a working sketch will be determined
by the crew’s experience, the complexity of the Border line: a heavy, continuous line that outlines
systems involved, and the need for cooperation withor borders the drawing. The drawing is complete
other trades working on the jobsite. within this lined border.

2. Landscape and irrigation o ,
_ P g then this information should be passed on and the
3. Architect record drawings updated.
4. Structural BLUEPRINT LANGUAGE
5. Mechanical
6.
7.

8. Fire protection
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1. TRIMLINE particular set. This schedule is usually placed near the
2. BORDER LINE title box on the plan of the first floor.
3. MAINOBJECTLINE Broken line: a line with wavy breaks in it, at
4. DIMENSIONLINE " intervals, used to indicate those parts that have been
§. EXTENSION LINE ' ‘ left out or that the full length of some part has not been
6. EQUIPMENT LINE drawn. The broken line is used in detail drawings
7. SYMBOL SECTION LINE where only a section of the object is to be shown.
8. BROKENLINE | Invisible line: a line that is made up of a series of
5. INVISBLELNE e . short dashes. It is used to indicate a hidden or an
10. CENTER LINE STTTTTTo - invisible edge or edges that are hidden under some
1. SECTIONLINE t $ other part of the structure.
12. STAIRINDICATOR LINE oo/ 2R ‘ . i . . .

‘ . BREAK LN A~ Center line: a line that is made up of alternating

long and short dashes and is used to indicate the center
of an object.

| S

CEIf0201

Figure 2-1.—Construction drawing lines. i . o
Section line: a solid line that has arrowheads at

_ _ _ _ each end that point in the direction in which the section

Main object line: a heavy, unbroken line used t0 s {5 pe taken. This line tells just where the section line
show visible outlines or edges that would be seen byyas peen cut through the wall or building. The sections
people looking at the article, house, or building. The 4.0 indicated, in most cases, by the lettess, B-B,
main object line is one of the most important lines gnq o forth, although numbers are sometimes used.
because it outlines the main wall lines on plans andpg not overlook these section lines on a plan. To obtain
sections. It shows clearly the important parts of theg clear picture of the construction at the particular point
construction and emphasizes the outline of thejndicated, always refer to the section detail called for
elevations. by the letter or number.

Dimension line: a light line drawing outside the Stair indicator line: a solid line with an
structure or detail to show the distance between twogrrowhead indicating the direction of the run. For
points. This line is drawn between extension lines with example, Up 12-R means that there are 12 risers from
an arrowhead on each end. Between the arrowheaddioor to floor and that the stairs go up. A riser is the
the distance will be given either at a break in the line orvertical part of the step; the flat part on which one steps
just above the line. On some drawings the scale and thes the tread. In most cases, the floor plan indicates only
distance between the two points may not agree; in suchhe run of stairs half the distance between floors. For
cases, the distance will be given in a dimension line. example, the ground floor indicates a broken line that

Extension line: a line that touches and is used with t€!lS you the steps continue up. The next floor plan
dimension lines. This line extends out from the edge orS.hOWS the stair indicator line half the distance to the
the point at which the dimension is to be determined. first floor, down.

Break line: a thin solid ruled line with freehand

Equipment line: a light, continuous, unbroken . _ : ;
line used to show the location of equipment, such ag/9229s used to reduce the size of a drawing required to
delineate an object and reduce detalil.

transformers, panels. and galley equipment. This line
is used to allow the electrician to install the necessaryABBREVIATIONS AND SYMBOLS
conduit in the proper location during rough-in work.

Blueprints show a small-scale drawing of a full-
size building. Since the blueprints are small in relation
o the actual buildingsome kind of shorthand is

eded to give the necessary building information.
bbreviations and symbols are used to show a large
mount of information in a small space.

Symbol section lineilines that are generally solid,
although, for certain conventions, dotted lines of the
same weight may be used. Section lines, evenI)I
spaced, are used to shade surfaces shown on a drawi
and by these means indicate the material used. Materia
section lines are standardized to a certain degree, bt
you will find some variations. A set of working While there is some standardization of symbols
drawings using these symbols would have a symboland abbreviations, a lot of variation still exists. A key
schedule key showing the various materials in thator legend is put on the blueprint to explain their uses.
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An abbreviation is a shortened form of a word. SCHEDULES
Sometimes the same abbreviation is used for different

words. The specific meaning of an abbreviation can be : o
determined by its use on the blueprint. Abbreviations notes and information in a tabular form for the purpose

are used in notes or as specific characters on th@f Making it easily accessible to the craftsman and

blueprints. The area referred to will give a hint to the SPECification writer. One example of a commonly used
meaning of the abbreviation. lighting fixture schedule is shown in figure 2-10.

_ Similar schedules such as the room finish schedule and
Symbols are used on blueprints to representhe mechanical equipment schedule (not shown) are

The schedule is a systematic method of presenting

materials, equipment, electrical. mechanical, plan.very helpful and also should be reviewed.
elevations, and sections (figs. 2-2 through 2-9). They
are used as a simple way of representing a fact. MosSCALE REPRESENTATION
drawings have a legend of symbols which, when

combined together with the specifications, describes a

building thoroughly.

An architect cannot make his drawings full size.
For convenience. he reduces all dimensions to some

LIGHTING OUTLETS

CEILNG WALL

SURFACE OR PENDANT INCANDESTENT, MER-
CURY-VAPOR OR SIMILAR LAMP FIXTURE

@) O

SURFACE OR PENDANT INDIVIDUAL FLUO-

RECENT FIXTURE
o] KON

SURFACE OR PENDANT CONTINUOUS- ROW
FLUORECENT FIXTURE

1@ JS I S

BARE-LAMP FLUORENSCENT

—————t——
SURFACE OR PENDANT EXIT LIGHT

JUNCTION BOX
@ ©

RECEPTACLE OUTLETS
GROUNDED UNGROQUNDED

SINGLE RECEPTICAL OJUTLET

-9 Ouws
DUPLEX RECEPTACLE QUTLET
= B
DUPLEX RECEPTICALE OUTLET-SPLIT WIRED
] Dune
SINGLE SPECIAL-PURPOSE RECEPTACLE OUTLET
.y Owe
RANGE OUTLET (TYPICAL)
E =) E =S
R ]

FLOOR DUPLEX RECEPTACLE OUTLET
& we
FLOOR TELEPHONE CUTLET [M]

APPLICATION EXAMPLE OF THE USE OF VARIOUS
SYMBQOLS TO IDENTIFY LOCATION OF DIFFERENT
TYPES OF OUTLETS OR CONNECTIONS FOR
UNDER-FLOOR DUCT OR CELLULAR FLOCR
SYSTEMS

SWITCK OUTLETS
SINGLE-POLE SWITCH S
DOUBLE-POLE SWITCH §2
S3
S4

THREE-WAY SWITCH
FOUR-WAY SWITCH
KEY-OPERATED SWITCH SK

SWITCH AND PILOT LAMP §p

SWITCH FOR LOW VOLTAGE SL
SWITCHING SYSTEM

SWITCH AND SINGLE RECEPTACLE
-s
SWATCH AND DOUBLE RECEPTACLE
s
DOCR SWITCH §D
TME SWTCH ST
RESIDENTIAL OCCUPANCIES
SIGNALING SYSTEM SYMBOLS FOR USE IN IDENT-
IFYING STANDARIZED RESIDENT AL TYPE SIGNAL
SYSTEM ITEMS ON RESIDENT LAL DRAWINGS

WHERE A DESCRIPTIVE SYMBOL LIST ISNOT
INCLUDED ON THE DRAWING

pusk BuTToN [8]

suzzer \[]

sew. (1

ANNUNCIATOR O_
INTERCONNECTION BOX [
BELL-RINGING TRANSFORMER [7]
INTERCONNECTING TEL EPHONE P4
rapio outLeT [2}

TELEVISION OUTLET [F]

PANELBOARDS, SWITCHBOARDS, AND
RELATED EQUIPMENT

FLUSH-MOUNTED PANELBOARD AND CABINET

NOTE IDENTIFY BY NOTATION

L)

SURFACE-MOUNTED PANELBOARD AND CABNET

]

SMTCHBOARD. POWER CONTROL CENTER, UNIT
SUBSTATIONS (SHOULD BE DRAWN TO SCALE)

A

FLUSH-MOUNTED TERMINAL CABINET
NOTE IN SMALL SCALE DRANINGS THE TC MAY
BE INDICATED ALONGSIDE THE SYMBOL

L

SURFACE-MOUNTED TERMINAL CABINET

e

MOTOR OR OTHER POWER CON‘TRQLLER

mm.. oom]
EXTERNALLY OPERATED DISCONNECTION
SWTCH

—

COMBINATION CONTROLLER AND DISCON:
NECTION MEANS fo— N

REMOTE CONTROL STATIONS FOR
MOTORS OR OTHER EQUIPMENT

PUSH BUTTON STATION IN GENERAL C—D
FLOAT SWITCH-MECHANICAL [Fl»

LWAIT SMITCH--MECHANICAL [T
PNEUMATIC SWITCH-MECHANICAL [
ELECTRIC EYE-BEAM SOURCE @:

ELECTRIC EYE--RELAY

THERMOSTAT ~)

CIRCUITING

WIRING METHOD IDENTIFICATION BY NOTATION
ON DRAWING OR IN SPECIFICATIONS

WIRING CONCEALED IN CEILING OR WALL

NOTE: USE HEAVY WEIGHT LINE TO IDENTIFY
SERVICE AND FEED RUNS.

WIRING CONCEALED N FLOOR

VARING EXPOSED

BRANCH CIRCUIT HOME RUN TO PANELBOARD

NUMBER OF ARROWS INDICATES NUMBER OF
CiRCUITS. (A NUMERAL AT EACH ARROW MAY
BE USED TO IDENTIFY CIRCUIT NUMEBER.)
2 1

———
NOTE: ANY CIRCU!T WATHOUT FURTHER IDENTIFH
CATION INDICATES A 2WIRE CIRCUIT. FORA
GREATER NUMBER OF WIRES INDICATE WITH
CROSS LINES

APPLICATIONS
— 3 WIRES
— Ll 4 WIRES ETC

UNLESS NDICATED OTHERWISE. THE WIRE SZE OF
THE CIRCUIT IS THE MINIMUM SIZE REQUIRED 8Y
THE SPECIFICATION

MNDICATE SIZE IN INCHES AND IDENTIFY OIFFERENT
FUCTIONS OF WIRING SYSTEM. SUCH AS SIGNALING
8Y NOTATION OR OTHER MEANS

WIRING TURNED LP

—o0

WIRING TURNED DOWN

ELECTRICAL DISTRIBUTION
OR LIGHTING SYSTEMS, UNDERGROUND

MANHOLE
HANDHOLE  [H]
TRANSFORMER PAD [T ]

UNDERGROUND DIRECT BURIAL CABLE

INDICATES TYPE, SIZE. AND NUMBER OF
CONDUC TORS BY NOTATION OR SCHEDULE
UNDERGROUND DUCT LINE

WDICATE TYPE. SIZE NUMBER OF DUCTS BY
CROSS SECTION IDENTIFICATION OF EACH
RUN BY NOTATION OR SCHEDULE. INDICATE

TYPE, SIZE AND NUMBER OF CONDUCTORS 8Y
NOTATION OR SCHEDULE

___-E:.__.

STREET LIGHT STANDARD FED FROM UNDER-

GROUND CIRCUIT /

CE 'f0202

Figure 2-2.—Electrical symbols.
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ELECTRICAL

(WIRING)
GENERAL SWITCHES
= (CROSS HATCH INDICATES =
—777—— = CONDUITEXPOSED (O HcH NI S = SINGLE-POLE SWITCH
——++A~_ = CONDUIT CONCEALED IN CEILING OR WALL So = DOUBLE-POLE SWITCH
_—H/#~_= CONDUIT CONCEALED IN OR UNDER FLOOR S3 = THREE-WAY SWITCH
—————— = UNDERGROUND DIRECT BURIED CABLE ® = CEILING-PULL SWITCH
F__TW = WIRE WAY SWP = WEATHERPROOF SWITCH (ETTERS DESIGNATE
BI'""TT = BUSDUCT
—————0 = CONDUIT-UP
————— = CONDUIT-DOWN
RECEPTACLES
=+ = GROUNDED WIRING
= =  DUPLEX RECEPTACLE
PANELS o =  DUPLEX RECEPTACLE, SPLIT-WIRED
ATTACH ADDITIONAL SYMBOL
@® = FLOOROUTLET {oRidteny tor o)
T___—T = SURFACE-MOUNTED PANEL —® =  SPECIAL-PURPOSE OUTLET (DESIGNATE)
= ——fF }— = UNDERFLOOR DUCT & JUNCTION BOX
FLUSH/RECESSED PANEL (DESIGNATE) (NUMBER OF LINES INDICATE NUMBER OF DUCTS)
BN - BRANCH CIRCUIT PANEL @ = JUNCTION BOX (LOCATE)
V0007 = DISTRIBUTION PANEL <« = TELEPHONE OUTLET
[""]= CONTROLLER (DESIGNATE) <] = INTERCOM OUTLET
%) = PULLBOX O = CEILING LIGHT OUTLET
& = WALL-MOUNTED OUTLET
[ O] = FLUORESCENTFIXTURE
CIRCUITS
— = PAGING SYSTEM DEVICES
= BASIC CIRCUIT - @WRE) ™ = MOTOR (APPLICATION)
—//7/—— = ADDITIONALWIRES - JROICATES NUMBER WITH [Fk = FIRE ALARM HORN
—+####—— = PRIMARY CIRCUIT [Fb = FIREALARMBELL
————> = HOME RUN BRANCH CIRCUIT TO PANEL [F] = FIRE ALARM SENDING STATION
2 (NO. OF ARROWS INDICATES NO. OF CIRCUITS & NO.
BELOW DESIGNATES CIRCUIT BREAKER TERMINAL)
CEif0203

Figure 2-3.—Additional electrical symbols.
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HEATER UNIT,
PROPELLER TYPE

d}

DucT
DIRECTION OF FLOW N

FLOOR DRAIN WITH

¥

VALLTYPE

HEATING PLUMBING
SYMBOL ITEM SYMBOL ITEM SYMBOL ITEM Asargﬁ SYMBOL ITEM
DISHWASHER ow SHOWER STALL
PLAN PLAN VENTILATOR ;I ORAN o AXX
RADLATOR, FLOOR T ANDARD ROOF DRINKING FOUNTAN™* DF
ﬁ FLOOR DRAIN o 6 WATER CLOSET
eleation Lo ROOF DRAN RD
GREASE TRAP GT -6—' WATER CLOSET.
b VENTILATOR END B A e ATER WALLHUNG
COWL: ROUND OVAL FREE INLET [: BATH B WH
DISHWASHER ow
EL@YW\N SIDE - LAVATORY ** L {‘gﬁ&ﬁ}("s“
RANGE R
SINK** s =
TEAM TABLE sT
P PLAN FAN, s ——
AN DAMPER. VOLUME CENTRIFUGAL -o@ m
e ELEgoN (O Semionr ou URINAL STALL TYPE
" HOT WATER TANK ~ HWT ORAS SPECIFIED
C  TRansrer surrace X DeFLEETNG COWN WATER HEATER wH
WASH FOUNTAIN WF
URINAL,
HEATER, DAMPER. W CORNER TYPE
T cowecron IE DEFLECTING UP 3 CLEANOUT co
GAS OUTLET G 3 URINAL,
HEATER UNIT T HOSE FAUCET HF TROUGH TYPE
[ﬁl CENTRIFUGAL FAN oueT " LAWN FAUCET LF v
HOSE BIB He
WALL HYDRANT WH 6 URNAL,

BACKWATER VALVE LAVATORY, CORNER
(T RADIATOR, WALL F
ANES '§N SHOWER HEAD LAVATORY. WALL
P ELEV.
VENTILATOR UNIT @€ SHOWER HEADS,
—] PLAN GANG ELECTRIC WATER
Iz cooiss
ELEVATION gt
—E}— HEATER, DUCT TYPE G GRILLE * STANDARD ABBREVIATION INCLUDED WITH
SYMBOL
e TYPE SHOULD BE GIVEN N SPECIFICATION
R REGISTER ORNOTEWHEN THIS SYMBOL IS USED
BEL & PIPE FITTINGS, VALVES | BELL & .
F_anair | screwes | spiao-|WELDED [300CERE2 || AND PIPING (CONT)  [FLANGED [S0REWED smgor|{WE.DED| SO.DZRED
ELBOW TEE i 1 T 1 )i( f 919
45 DEGREE STRAIGHT SZE ‘IL 1 1 o
96-DEGREE OUTLET LUP
o 0— |o—<|G— |G 1O+ HOHPOpO 000
TURNED DOWN OUTLET DOWN
TURNED UP . DOUBLE SWEEP
BASE T‘—l L L’ REDUCING b | > pe o e
DOUBLE BRAN CH I I SINGLE SWEEP I I
_.H.__ + -ﬂl.— -.P— PLUMBING SYMBOLS (o]
UNION CLEANOUT co
4| DG [ DI | <> ‘F:D
GATE VALVE DRAIN
Bt | Dt | e - | > o
GLOBE VALVE GREASE TRAP
SAFETY VALVE WATER HEATER [ WH
REDUCER ot o | T Ao e O
T
CONCENTRIC HOT WATER TANK| WAT
ECCENTING
o H---H| - |- R x| B0 CEIfO204

2-8

Figure 2-4.—Heating, plumbing and pipe fitting/value symbols.




SYMBOLS SAMPLE
ITEM ILLUSTRATED (THREADED) ITEM SYMBOL APPLICATION (S) ILLUSTRATION
PIPE SINGLE LINE IN N 2 perox
SHAPE OF PjPE- Cj.; 1o
90 ELBOWS reomcecmomcccce T Teccecmocomacn USUALLY WITH
ﬂ:ﬁ J NOMINAL SIZE \ Q
JOINT-
STRAIGHTTEE _ o _ooeeee ﬁ __________ | FLANGED DOUBLE LINE —H—
2
REDUCING TEE - oo oo n T L e oo SCREWED SINGLE LINE —_
k) L. P
SANITARY TEE —cwmmo e HZH ----------- )—Z—i BELLAND SPIGOT | CURVED LINE —— j
PIRAP e U Ul o =
OUTLET TURNED | CIRCLE AND DOT
uP
ATE AL oo e R <t O %’
OUTLET TURNED | SEMICIRCLE .
SHOWER HEAD - e cemm e e oo é _______________ ~
2 S b M
LAVATORY (SINKS) - cmm e o <, N ENLARGING FITTING
N ogd = ..
R e TRIANGLE >
BATH TUBS CONCENTRIC l]:ﬂ
ECCENTRIC TRIANGLE —iy
SHOWER STALL UNION l] {
SCREWED LINE —t— @
FLANGED LINE —— ®
SYMBOL
ITEM STRAIGHT | ANGLE ILLUSTRATION
> )
creckvave| &, X ‘@",‘
GATE VALVE-
PLAN o - STRAIGHT
ELEVATION — e} F— w ANGLED
Y _
GLOBE VALVE R ) STRAIGHT E .
ELEVATION e — _i 5ANGLED
FLOAT VALVE —-(>I<—E m
HOSE VALVE —ech OR
"%
PET COCK +—T T
TRY COCK | | Q@:D
NOTE' SYMBOLS ARE SHOWN FOR SCREWED FITTINGS-SYMBOLS FOR JOINTS
ARE ADDED FOR OTHER TYPES CEIf0205

Figure 2-5.—Mechanical and plumbing symbols.
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DOOR SYMBOLS

TYPE SYMBOL
SINGLE-SWING WITH THRESHOLD IN
EXTERIOR MASONRY WALL RTINS L = = A
SINGLE DOOR, OPENING IN ‘ )
i—// __//
™. . ™ -

DOUBLE DOOR, OPENING OUT

SINGLE-SWING WITH THRESHOLD IN T T
EXTERIOR FRAME WALL :
SINGLE DOOR, OPENING OUT — . s —
£ : ; L F - - =
AN i ' o
DOUBLE DOOR, OPENING IN ! S ; oS
REFRIGERATOR DOOR / j
A
WINDOW SYMBOLS
TYPE SYMBOL
WOOD OR METAL METAL SASH IN WOOD SASH IN
SASH IN FRAME MASONRY WALL MASONRY WALL
WALL

= 1= I = =20 =177 =

DOUBLE HUNG
= I 1 == = e = =
CASEMENT
N Ve P
(\ V. \(\ ETA
AS Tk ! S - 3
e [——— = == Ve —

DOUBLE, OPENING OUT

\!
,.zﬂla ,/\“ -

SINGLE, OPENING IN N/

=5 n— )/}

. CEMo206

Figure 2-6.—Architectural symbols for doors and windows.
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INDICATES DIRECTION
OF CUTTING PLANE

LETTER INDICATES
BUILDING SECTION

4 >

. A4| A5 ;
SHEET NUMBER /| ™~ SHEET NUMBER
WHERE SECTION WHERE SECTION
1S TAKEN IS DRAWN

BUILDING SECTION

NUMBER INDICATES
WALL SECTION

WALL SECTION

NUMBER INDICATES
ELEVATION—

ELEVATION

NUMBER INDICATES
DETAIL

N
_

DETAIL

LETTER INDICATES
BUILDING SECTION

ADDITIONAL SHEET
REFERENCES

NUMBER INDICATES
ELEVATION, WALL SECTION,
OR DETAIL

€1, E2 qp

NOTE: THESE SYMBOLS SHOULD ALWAYS
APPEAR AS PART OF THE TITLE.
PLACED UNDER THE TITLE.

CEIf0207

Figure 2-7.—Title symbols.
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SECTIONS ELEVATIONS

BRICK
E=d T
CONCRETE
EARTH ROCK SAND WATER ALL MATERIALS
EARTH, ETC.

b 7 ) | %

TILE GLASS  PLASTER TILE
GLASS, ETC.

ALUMINUM BASS, ETC. CASTIRON  STEEL
METALS

78 E=
CAST cut RUBBLE cuT
STONE

GLASS PLASTER

GRAIN FINISH SIDING
WOoOoD

CEIf0208

Figure 2-8.—Architectural symbols for plans and elevations.

scale. He selects some smaller dimension to represent shows _a_n_enlarged view of part of a I/4-inch scale.
foot and reduces all dimensions to this unit. A floor Each division on the scale equals 1 foot on the actual
plan or an elevation is often drawn at 1/48 the size ofbuilding. The small divisions to the right equal 1

the real building. A drawing 1/48th size would be inch on the building, thereby allowing more accurate
drawn at a scale of 1/4" = 1'0". Each I/4 inch on the measurement. This scale is read from right to left.

drawing equals 1 foot on the actual building. Different Architects and drafters use an architectural scale to
scales are used to show different areas of the drawingsdraw blueprints. Figure 2-13 shows how the scale is

While floor plans and elevations are commonly drawn rl:sedﬂt]o Cheﬁlkd"?‘ _m_easur(ir?hent_oRta quepri(?tt. Notte
I/4" = 10, detail drawings are drawn at a larger scale, ow the small divisions (at the right) are used to ge

usually 1" = 10. Sometimes full-scale drawings are EXaCt measurements; in this case, 8 feet 8 inches.
used to show a small detail. The scale is normally notedVODULAR DIMENSIONS

in the title block or beside each drawing on the print. Some blueprints are drawn so that features on the

Scaled drawings are made using an architect’sstructure fall within a set module or measure. A
scale (fig. 2-11). An architect’s scale has 11 scalesmodular system is based upon a grid with a set
(table 2-2). The numbers at each end of themeasure, normally 4 inches or a multiple of 4 inches,
architect’s scale designate the scale. Figure 2-12uch as 16. 24, or 48 inches. Walls, floor levels, and
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CEIf0208

Figure 2-9.—Plot plan, contours, and symbols.

openings are dimensioned to fall on 4-inch modularconstruction is used to develop complete, finishe
lines. This approach reduces building costs bypanels or rooms. This process allows standard-siz
taken to the building

coordinating building sizes with standard-sized building parts to be fabricated,
building materials. For example, studs with finish are Site, and erected into place.
approxmately 4 inches thick and are spaced on 16- OMIETRIC DIMENSIONS
24-inch centers. Plywood panels and drywall sheets

come in standard 4-foot by 8-foot sheets. Metric measurement is becoming more commor

in the United States on construction working drawings
: _ . e dimensions in both
used for a small residential building. The building is metric and English. The metric scale is used in place ¢
laid out in such a way that standard modular-basedhe architect's and engineer's scales when measur
building materials can be used. Often, modularments and dimensions are in meters and centimetet

Figure 2-14 shows a modular light-frame house NAVFAC drawings now have

2-13




LIGHTING FIXTURE SCHEDULE

MARK DESCRIPTION MTG |vOLT LAMPS REMARKS

A | ALKCO # EXPRC-210-26/120V/GREEN LETTER. ONCLEAR | CEILING 277 | ()8 WT5 WFLASHER

B | METALUX# SS 240-277-ES PENDANT 277 | (2F40WWRS! | Wi % HR BATT PACK
WM

C | ROBERTMFG # 72-240-277-ES SURFACE 277 | (QF4OMWWRS/ | WH %4 HR BATT PACK
WMI

D | METALUX # HR-2GP-ASR-3'40A-125-277-LE3 RECESSED | 277 | (3)F40MWWRS/ | BLDG STANDARDS
WM

E | CROUSE-HINDS # VXHB15GP WALL 120 | (1)150W/A21/
130v

F | METALUX# HR-2GP-ASR-340A-125-277-LE3 RECESSED | 277 | (3)F4OWWRS/ | BLDG STANDARDS WA %
WH HR BATT PACK

G | SURELITE #SWv-36 RECESSED |120/6 | SUPPLIEDW/ | WA % HR BATT PACK
FIXTURE

H | METALUX#SS 230-277-ES COVE 277 | (2)F4OWWRS/
WM

|| METALUX # SS 240-277-ES PENDANT 277 | 2)F20WWRS
WM

J | LIGHTOLIER # JAWO4iI WALL 120 | (1)B0W/G-4U/CL | BLACK W/CLEAN SPHERE

CEIf0210

Figure 2-10.—Commonly used lighting fixture.

Table 2-2.—Architect’s Scales

SCALE RELATION OF SCALE TO OBJECT
16 Full Scale
8 3"=1-0"

112 11/2"=1-0"
1 1"=1-0"
3/4 3/4" = 10"
/2 1/2"=1-0"
3/8 3/8"=1-0"
/4 /4" = 1'-0"

3/16 371" = 1-0"
/18 1/8" - 1'-0"
3/32 3/23" = 1'-0"
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OPPOSITE-BEVEL FOUR-BEVEL 16, 3/16 AND 3/32 SCALES ARE SHOWN.

16 SCALE IS SUBDIVIDED INTO SIXTEENTHS.
ALL OTHERS ARE SUBDIVIDED INTO TWELFTHS.

i |
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% ml“l l |]I[4||20|‘!4}IU8,!I3|2'|I é4qull9lf'4&] | l 1I2ll|116[201‘2l4|‘l|%
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3[R ETITETE] 0T 2 [T 6 felo] o4 | %l 71 lesl7ol I%Tye|7also|szla4|ssl ds|ole2| '] 5
48 44 42 40 38 36 34 12 10 8 6 4 2

READING SAMPLE SCALES

1'.3" SHOWN ON THE 16, 1, 1/2, 3/32, 3/16, 1/8, AND 1/4 SCALES.
ON 3/16, 1/4, AND 1 SCALES, READ BOTTOM NUMBERS.
ON 3/32, 1/8, AND 1/2 SCALES, READ TOP NUMBERS. CEIfozMm

*SCALE DESIGNATION

Figure 2-11.—Architect’s scale.

|

80
7

M)‘HH | 8|4I|| JO]IW‘T'"'\

Jz
11 6 5 4 1 0
~ EACH MARK = 1"
—1/8 SCALE ENCARYIT
CEIf0212

Figure 2-12.—Enlarged view of part of a I/4-inch scale.
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LINE STRUCTURE ADD INCHES FOR AN
FROM LEFT CORNER - ACCURATE MEASUREMENT
~C CORRESPONDING N THIS CASE IT1S
FCCT MARK 0 STUD WALL 8 INCHES

& 2

TOTE TR LT AR TITm

L
0009 8 T 6. 5 4 3 2 1 0 EACHMARK=1
£ mscace A VRPN cEI0213

Figure 2-13.—Using a scale to check a measurement on a blueprint.

CEIf0214

GABLE END

INTERIOR WALL

GYPSUM BOARD

SUBFLOOR

| WINDOW
3 AND FRAME
BEAM | un,
LK PANEL SIDING
TREATED POST |
(PIER) DOOR AND FRAME
FOOTING i
EXTERIOR END WALL EXTERIOR SIDE WALL

Figure 2-14.—Exploded view of a typical light-frame modular house.
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When you are using scales on a drawing, do not  Scales of 1:100 and 1:200 are common scales fo
confuse the engineer’s scale with a metric scale. Theymetric drawings. One millimeter on the drawing

are very similar in appearance. You will often find represents 100 or 200 millimeters on the actua
metric dimensions used on blueprints from Otherbuilding.

countries. Metric drawings are dimensioned in _ _ _ _
millimeters (mm). There are 25.4 millimeters to an ~ Metric blueprints developed in the United States
inch. A meter is 39.37 inches, a few inches longer thanare normally marked “METRIC.” In countries that

a yard measure. use metric, however, no metric notations are made.
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CHAPTER 3

GENERATORS

INTRODUCTION situations you may encounter. This chapter does not

include the automatic transfer aspect of switching to

As a Construction Electrician, you may have the backup power, since this task is performed by some-
responsibility for the installation, maintenance, andone with a Navy Enlisted Classification (NEC) code,
repair of electrical power generation equipment. In CE-5601 Uninterruptible Power Supply (UPS). For
time of war or national emergency, Advanced Baseour discussion in this section, we will be using the term
Functional Components (ABFC) will normally be emergency-the concepts involved are equally
used at temporary overseas bases. Even in peacetimapplicable to “standby” systems. Remember that the

generation equipment is used at remote bases or dsational Electrical Coa®erequires emergency and

emergency and backup power on most naval bases. standby systems to be kept entirely separate from all

other wiring and equipment. For more detailed

A power distribution system includes all parts . . . ) .
of an %Iectrical system bgtween the power Sourcénformatlon, see article 700 of the National Electrical

®
and the load. This chapter gives the correct procedure§:Ode '
for the operation and maintenance of power plants andsYSTEM DESIGN
distribution systems and presents technical informa-
tion for the selection and installation of power-
generating plants.

Whether you are designing and installing an emer-
gency backup system or operating and maintaining an
existing system, you must be completely familiar with

POWER GENERATION the installation requirements and the physical charac-
teristics of the equipment. The design, material, and

The characteristics built into naval electrical installation must comply with electrical safety
installations are simplicity, ruggedness, reliability, standards and codes.

and flexibility to permit continued service. It is the In general, when emergency power is discussed,
function of those who operate these plants to make fullit s assumed to be replacing “normal” power. The
use of the installation’s inherent capabilities and tochpjce of arrangement and the size and the type of
maintain, as far as possible, uninterrupted availabilityequipment depend in large measure on the loads to be
of electrical power where it is needed. To be able to dofaq from the emergency system. The system includes
this, operating personnel should possess the following: 4 devices, wiring, raceways, transfer switch, energy

« A thorough knowledge of how to operate and source, and other electrical equipment required to

maintain the components of an electrical plant Supply power to selected loads. These selected loads
will be determined by the available power from your

o A complete familiarity with the electrical plants emergency power source. Figures 3-1 and 3-2 show

distribution capabilities two possible arrangements for emergency/standby
e An understanding of the electrical system Power hookups.
operation of the base GENERATOR SELECTION
* The ability to apply electrical and electronic  \yhen an overseas base is first established and
principles to specific installations electrical power is required in a hurry, you will not
» The sizing and installation of secondary have time to set up a centrally located generating
conductors station; instead, you will spot a portable plant at each
important location requiring power. Table 3-1 lists
EMERGENCY/STANDBY POWER some of the standard alternating current (ac)

generators available. These standard generators are
When you set up an emergency/standby powercapable of meeting the power requirements of
system, numerous factors must be considered. Thadvanced bases and also those for permanent or
following text will cover a few of the possible portable emergency power.
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NORMAL SERVICE

N
AN

N ) ) ) NON-EMERGENCY
n LOADS
AUTOMATIC
TRANSFER EMERGENCY
SWITCH LOADS
GEN CER0301

Figure 3-1.—Single-transfer switch.

9 EMERGENCY
NORMAL
NORMAL o
— ||
TRANSFER
SWITCHES NON-EMERGENCY
I l LOADS
EMERGENCY
GEN LOADS CEW0302

Figure 3-2.—Multiple-transfer switches.

The electrical loads to be supplied power, volt- Power and Voltage Requirements
age, phase, frequency, and duty cycle requirements
govern the selection of generating equipment.
Probable load deviation, probable life of the

The selection of voltage is affected by the size, the
character, and the distribution of the load; length,

installation, availability of fuels, and availability of C2Pacity, and type of transmission and distribution
circuits; and size, location, and connection of

skilled personnel are other important factors. , SRR
generators. Practically all general-purpose lighting in
Electrical plants at advanced bases serve a varietthe United States and at United States overseas bases is
load of lighting, heating, and power equipment, most 120 volts. The lighting voltage may be obtained from a
of which demand power day and night. The annual three-wire, 120/240-volt, single-phase circuit or a
load factor (the ratio of average power to peak power) 120/208-volt, three-phase, four-wire circuit.

of a well-operated active base should be 50 percent or S . .
. . L mall motors can be supplied by single-phase ac at
more with a power factor (explained later in this
chapter) of 80 percent or higher. If the load is more normally 120 volts. Large three—phase,_ac motors
than a few hundred feet from the pOWer source aabove 5 horsepower generally operate satisfactorily at
high-voltage distribution system may be required ' “any voltage between 200 and 240. The use of combined
*light and power circuits will be accomplished by the
If several generators are to serve primary use of 240- or 208-volt systems.
distribution systems, they should generate the sam
voltage to avoid the need for voltage transformation.
The number of phases required by the load may differ ~ As mentioned earlier in this chapter, there are
from that produced by the generator. As loads usually various factors that must be taken into consideration in
can be divided and balanced between phases, moshe selection of the required generating equipment.
generators of appreciable size are wound for three-The following technical data will help you in
phase operation. computing the load.

eComputation of the Load
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Table 3-1.—Types of Portable Generators

Alternating current

Frequency 60-hertz

120/208
Voltage 120 120/208
240/416

Phase 1 [& 3 3

Wires 2 4* 4
Fuel G D G D G D

kW Rating
5 X X

10 X

15 X

30

x| X

60

X | <| x| x| x| x

>

100
200 X

G—Gasoline driven. D—Diesel driven.

*—Panel connections permit, at rated kW output: 120/208V
3-phase 4-wire, 120V 3-phase 3-wire, 120V single-phase
2-wire, 120/240V single-phase 3 wire.

Before any part of the system can be designed, the The ratio between the actual maximum demand
amount of power to be transmitted, or the electrical and the connected load is called the DEMAND
load, must be determined. Electrical loads are generallypaAcTOR. If a group of loads were all connected to the
measured in terms of amperes. kilowatts, or g,y source and drew their rated loads at the same

kilovoltamperes. In general, electrical loads are,.
seldom constant for any appreciable time, but fluctuate!Me: the demand factor would be 1.00. There are two
constantly. In calculating the electrical load, you must M&in reasons why the demand factor is usually less

determine the connected load first. The connected loadhan 1.00. First, all load devices are seldom in use at
is the sum of the rated capacities of all electricalthe same time and, even if they are, they will seldom
appliances, lamps, motors, and so on, connected to theeach maximum demand at the same time. Second,
wiring of the system. The maximum demand load is the some |oad devices are usually slightly larger than the
greatest value of all connected loads that are iNminimum size needed and normally draw less than

operation over a specified period of time. Knowledge ,, . . : .
of the maximum demand of groups of loads is of greatthe'r rated load. S'”_Ce_ the max_|mum demand is ong _Of
importance: because it is the group maximum demandhe factors determining the size of conductors, it is

that determines the size of generators, conductors, andmportant that the demand factor be established as
apparatus throughout the electrical system. closely as possible.
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The demand factor varies considerably for Sheltering of Generators
different types of loads. services, and structures. The
National Electrical Code Article 220. provides the Although advanced base portable generators are
requirements for determining demand factors. designed to be operated outdoors, prolonged exposure
Demand factors for some military structures are givento wind. rain. and other adverse conditions will
in table 3-2. definitely shorten their lives. If the generators are to
dremain on the site for any extended period of time, they

Example: A machine shop has a total connecte i .
load of 50.3 kilowatts. The demand factor for this type §hou|d be mounted on solid-concrete foundations and

of structure is taken at 0.70. The maximum demand is"Stalled under some type of shelter.

50.3 x 0.70 = 35.21 kilowatts. Presently, there are no predrawn plans for shelters

GENERATOR INSTALLATION for a sm.aII advanced base generating station. The

_ shelter will be an on-the-spot affair, the construction of
Generators are not permitted to be closer than 25yhich is determined by the equipment and material on

feet to a load; however, in setting up the generator, tryhand plus your ingenuity and common sense.

to place the equipment near points of large demand to

reduce the size of wire required: to hold the line losses _ B€fore a Builder can get started on the shelter, you
to a minimum. and to afford adequate voltage control will have to inform him of such things as the number of
at the remote ends of the lines. generators to be, sheltered; the dimensions of the

. . generators; the method of running the generator load
_Moving the generator may be accomplished by caples from the generator to the distribution system
lifting or pulling. The generator set comes equipped 4 iside the building; and the arrangement of the
Wf't{]ha I|fthg S“ng.?sﬁzﬁ”y storetd in the Stk'clj on thle Side exhaust system, radiator discharge, and cooling air.
of the unit opposite the operator's control panel. Installation specifications are available in the

Site Selection manufacturer’s instruction manual that accompanies

each unit. Be sure to use them. Appropriate

You should study a plot or chart of the area on : . : , .

. e g consultation with the Builder regarding these speci-
which the individual buildingsand facilities have been ¢~ = L - . .
plotted. The site you select should be large enough toflcatlons may help minimize various installation and

meet present and anticipated needs. Then select RPINg problems and costs.
location where there will be sufficient space on all The following hints and suggestions also will be
sides for servicing and operation of the unit. It should helpful:

be level. dry, and well drained. If this type of site is not 1. Ventilation is an important factor to consider

available, place the generator set on planks, logs, or . X L o
other material for a suitable base foundation. when you are installing the units inside a building.

Every internal combustion engine is a HEAT engine.
Although heat does the work, excess amounts of heat

Table 3-2.—Demand Factor must be removed if the engine is to function properly.
Heat can be removed by setting the engine radiator
Structure Demand Facto grille near an opening in the wall and providing another
opening directly opposite the unit. In this manner, cool
Housing 0.9 air can be drawn in and the hot air directed outdoors.
Aircraft maintenance facilities g These openings can be shielded with adjustable louvers
Operation facilities 8 to prevent the entrance of rain, sand, or snow. In
Administrative facilities 8 addition, when the engine is operating in extremely cold
' weather. the temperature in the room can be controlled
Shops 7 by simply closing a portion of the discharge opening.
Warehouses 5 Additional doors or windows should be provided in the
Medical facilities 8 shelter if the plants are installed in localities where the
Theaters 5 summer temperatures exceed 80°F at any time.
NAV aids 5 2. Working space is another consideration. Be sure
Laundry, ice plants, and bakefies 1.0 to provide sufficient space around each unit for repairs
or disassembly and for easy access to the generator
All others 9 control panels.

34



3. The carbon monoxide gas present in the exhaustwindings to give all specified output voltages. One end
of the engine is extremely poisonous. Under noof each coil of each phase winding runs from the
circumstances should this gas be allowed to collect in agenerator through an instrumentation and a static
closed room; therefore, means have to be provided t@xciter current transformer to the reconnection panel.
discharge the engine exhaust to the outdoors. Exhausthis routing assures current sensing in each phase
can be vented by exte‘ndilng the exhaust pipe through theregardless of voltage connection at the reconnection
wall or roof of the building. Support the e_xhaust pipe J)oard assembly. The changeover board assembly is
and make certain that there is no obstruction and avoi . . -

equipped with a voltage change board to facilitate

right-angle bends, ifpossible. Also, whenever possible, i
arrange the exhaust system so that the piping S|0pegonver3|on to 120/208 or 240/416 generator output

away from the engine. In this way, condensation will Voltage. Positioning of the voltage change board

not drain back into the cylinders. If the exhaust pipe CONNects two coils of each phase in series or in parallel.

should have to be installed so that loops or traps aren parallel, the output is 120/208; in series, the output is

necessary, a drain cock should be placed at the lowes240/416 volts ac. The terminals on the changeover
point of the system. All joints have to be perfectly tight; board assembly for connection to the generator loads
and where the exhaust pipe passes through the wall, yoare numbered according to the particular coil end of
have to prevent the discharged gas from returning alongeach phase of the generator to ensure proper
the outside of the pipe back into the building. Exhaustconnections.

piping inside the building has to be covered with

insulation capable of withstanding a temperature of ~Rémember that you are responsible for the proper
1500°F. operation of the generating unit; therefore, proceed

with caution on any reconnection job. Study the wiring

After the generating units have been set in place . ,
and bolted down, Builders then can proceed to erect thed|agrams of the plant and follow the manufacturer's

building, using the necessary information provided by instructions to the letter. Before you start the plant up
the CE37 and close the circuit breaker, double-check all

connections.

Generator Set Inspection GROUNDING.—It is imperative that you solidly
ground all electrical generators operating at 600 volts

or less.The ground can be, in order of preference, an
underground metallic water piping system, a driven
metal rod, or a buried metal plate. A ground rod has to

After setting up a portable generator, your crew
must do some preliminary work before placing the
generator in operation. First, they should make an

overall visual inspection of the generator. Have them " : P .
look for broken or loose electrical connections, bolts, have a minimum diameter of 5/8 inch if solid and 3/4 inch

and cap screws; and see thatgheund terminal wire if pipe, and it has to be driven to a minimum of 8 feet. A
(No. 6 AWG minimum ) is properly connected to the ~ ground plate has to be a minimum of 2 square feet and be
ground rod/grounding system.Check the technical  buried at a minimum depth of 2 /2 feet. For the ground
manual furnished with the generator for wiring diagrams, lead, use No. 6 AWG copper wire and bolt or clamp it to
voltage outputs, feeder connections, and prestarthe rod, plate, or piping system. Connect the other end of
preparation. If you find any faults, you should correct the ground lead to the generator set ground stud.

hem immediately. . . .
them immediately The National Electrical Codestates that a single

electrode consisting of a rod, pipe, or plate that does not
have a resistance to ground of 25 ohms or less will be

When you install a power plant that has a dual- augmented by additional electrodes. Where multiple rod,
voltage alternator unit, make certain that the stator coilpipe, or plate electrodes are installed to meet the
leads are properly connected to produce the voltageequirements, they are required to be not less than 6 feet
required by the equipment. apart.

Generator Connections

Proper grounding is also a necessity for personnel |t is recommended that you perform an earth
safety and for prevention of unstable, fluctuating resjstance test before you connect the generator to
generator output. ground. This test will determine the number of ground

INTERNAL LEADS. —The voltage changeover rods required to meet the requirements, or it may be
board permits reconnection of the generator phaseecessary to construct a ground grid.

3-5



Feeder Cable Connections beginning. Wire placed underground should be direct-

burial. rubber-jacketed cable: otherwise, it will not last

While the electric generator is being installed and long.

serviced, a part of your crew can connect it to the load.
Essentially, this connection consists of running wire or
cable from the generator to the load. At the load end
the cable is connected to a distribution terminal. At the
generator end, the cable is connected either to the 1. Dig the trench deep enough so that the cable can
output terminals of a main circuit breaker or a load be buried at least 18 inches (24 inches in traffic areas
terminal board. Before the wires are run and @nd under roadways) below the surface of the ground to

connections are made, it will be up to you to do the Prevent disturbance of the cable by frost or subsequent

Direct burying of cable for permanent installation
calls for a few simple precautions to ensure uninterrupted
'service. They are as follows:

following: surface digging.
1. Determine the correct size of wire or cable to 2. After laying the cable and before backfilling,
use. cover it with soil free from stones, rocks. and so forth.

That will prevent the cable from being damaged in the

2. Decide whether the wire or cable will be buried, eyent the surrounding soil is disturbed by flooding or
carried overhead on poles, or run in conduit.  frost heaving.

3. Check the generator lead connections of the

plant to see that they are arranged for the properGENERATING PLANT OPERATIONS
voltage output.

The information contained in the following When you are in charge of a generating station,
paragraphs will help you in these tasks. you will be reSp0n5|b|e for SChedU“ng around-the-

. clock watches to ensure a continuous and adequate
CABLE SELECTION. —If the wrong size con-  5mount of electrical power. Depending on the number
ductor is used in the load cable, various troubles may¢ operating personnel available, the watches are
occur. If the conductor is too small to carry the current evenly divided over the 24-hour périod. A COMMOnN
demanded by the load, it will heat up and possiblypractice is to schedule 6-hour watches, or they may be
cause a fire or an open circuit. Even though the con-gyretched to 8-hour watches without working undue
ductor is large enough to carry the load current Safel%hardship on the part of the crew members. Watches

its length might result in a lumped resistance thatgyceeding 8 hours, however, should be avoided unless
produces an excessive voltage drop. An excessiveémergency conditions dictate their use.

voltage drop results in a reduced voltage at the load

end. This voltage drop should not exceed 3 percent for e duties assigned to the personnel on generator

power loads, 3 percent for lighting loads, or 6 percentWa{ches can be grouped into three main categories: (1)
for combined power and lighting loads. operating the equipment, (2) maintaining the
_ equipment, and (3) keeping the daily operating log.

Select a feeder conductor capable of carrying 150Operating and maintaining the generating equipment
per cent of rated generator amperes to eliminate overwill be covered in the succeeding sections of this

loading and voltage drop problems. Refer to the chapter, so for the present you can concentrate on the
National Electrical Code tables for conductor importance of the third duty of the station

ampacities. These tables are 310-16, 310-17, 310-18pperator—keeping a daily operating log.
and 310-19. You also should refer to the notes to

ampacity tables following table 310-19. The number of operating hours are recorded in the

generating station log. The log serves as a basis for

CABLE INSTALLATION. —The load cable determining when a particular piece of electrical
may be installed overhead or underground. In anequipment is ready for inspection and maintenance.
emergency installation, time is the important factor. It The station log can be used in conjunction with
may be necessary to use trees. pilings, 4 by 4s, or otheprevious logs to spot gradual changes in equipment
temporary line supports to complete the installation.condition that ordinarily are difficult to detect in day-
Such measures are temporary; eventually, you willto-day operation. It is particularly important that you
have to erect poles and string the wire or bury itimpress upon your watch standers the necessity for
underground. If the installation is near an airfield, it taking accurate readings at periods specified by local
may be necessary to place the wires underground at th@perating conditions.
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Ensure that watch standers keep their spaces cleagontrols to bring the power of the generator onto the
and orderly. Impress on them the importance ofbus.
keeping tools and auxiliary equipment in their proper
places when not in use. Store clean waste and oil
waste in separate containers. OILY WASTE
CONTAINERS ARE REQUIRED TO BE KEPT
COVERED. Care given to the station floor will be
governed by its composition. Generally, it should be
swept down each watch. Any oil or grease that is
tracked around the floor should be removed at once.

Different manufacturers of generating plants

¥equire the operator to perform a multitude of steps

before starting the prime mover; for example, if a

diesel engine is started by compressed air, the operator

would have to align the compressed air system. This

alignment would not be necessary if the engine is of the

electric-start type. It is important that you, as the plant

supervisor, establish a prestart checklist for each

generating plant. The prestart checklist provides a

methodical procedure for confirming the operational
Setting up a power generator is only one phase otonfiguration of the generating plant; following this

your job. After the plant is set up and ready to go, you procedure assures that all systems and controls are

will be expected to supervise the activities of the properly aligned for operation.

operating personnel of the generating station. In this — rhe checkiist should include, but is not limited to

respect, your supervision should be directed towardthe following: ’ ’

one ultimate goal-to maintain a continuous and S

adequate flow of electrical power to meet the demand. 1 Align ventilation louvers.

That can be accomplished if you have a thorough 3 Check lube oil, fuel oil, and cooling water

knowledge of how to operate and maintain the levels.

equipment and a complete understanding of the _

station’s electrical systems as a whole. Obviously, a 3. Ensure battery bank is fully charged.

thorough knowledge of how to operate and maintain 4, Align electrical breakers and switches for

the specific equipment found in the generating station proper operation of auxiliary equipment.

to which you are assigned cannot be covered here;

however, general information will be given. It will be

up to you to supplement this information with the 6. Select the proper operating position for the

Plant Equipment

5. Check control panel and engine controls.

specific instructions given in the manufacturers’s following controls for single plant operation.
instruction manuals furnished with each piece of ,
equipment. e Voltage regulator switch to UNIT or SINGLE

osition.

Similarly, familiarity with the station’s electrical P _
system as a whole can be gained only by a study of ~ ® Governor switch to ISOCHRONOUS or
information relating specifically to that installation. SINGLE position.
This information can be found to some extent in the  NOTE: Adjust hydraulic governor droop position
manufacturer’s instruction manuals. You can obtainyg q.
the greater part of it from the station’s electrical plans
and wiring diagrams. Remember, however, to sup- e Voltage regulator control switch to AUTO
plement your study of the electrical plans and diagrams position.

with an actual study of the generating station’s system.  The prestart checklist should be completed in

In that way, the generators, switchgear, cables, andequence before you attempt to start the generating
other electrical equipment are not merely symbols on aplant,

plan but physical objects whose location is definitely _ _ _
known and whose functions and relation to the rest of ~ Start the generating plant and adjust the engine

the system are thoroughly understood. rpm to synchronous speed. Adjust the voltage
regulator to obtain the correct operating voltage. Set
Single Plant Operation the synchronizing switch to the ON position and close

the main circuit breaker. Adjust the frequency to 60
Connecting an electric plant to a de-energized bushertz with the governor control switch. Perform hourly
involves two general phases: (1) starting the diesebperational checks to detect abnormal conditions and
engine and bringing it up to rated speed under controlto ensure the generating set is operating at the correct
of the governor and (2) operating the switchboardvoltage and frequency.
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Parallel Plant Operation

If the load of a single generator becomes so large 100% '
that its rating is exceeded, you should add another :
generator in parallel to increase the power available for

the generating station. Before two ac generators can be
paralleled, the following conditions have to be SPEED
fulfilled:

1. Their terminal voltages have to be equal.
2. Their frequencies have to be equal.
3. Their voltages have to be in phase.

When two generators are operating so that the '
requirements are satisfied, they are said to be in 0 LOAD  50% 100%
synchronism. The operation of getting the machines R

into synchronism is called synchronizing. Figure 3-3—ISochronous governor curve.

Generating plants may be operated in parallel on
an isolated bus (two or more generators supplying
camp or base load) or on an infinite bus (one or more
generators paralleled to a utility grid).

One of the primary considerations in paralleling 4459,
generator sets is achieving the proper division of load.
That can be accomplished by providing the governor
of the generator with speed droop. That would result in
a regulation of the system. The relationship of
REGULATION to LOAD DIVISION is best
explained by referring to a speed versus load curve of
the governor. For simplicity,. we will refer to the
normal speed as 100 percent speed and full load as 100
percent load. In the controlled system, we will be
concerned with two types of governor operations:
isochronous and speed droop.

SPEED

The operation of the isochronous governor (0
percent speed droop) can be explained by comparing 0 LOAD 50% 100%
speed versus load. as shown in figure 3-3. If the CEI6304
governor were set to maintain the speed represented by
line A and connected to an increasing isolated load, the
speed would remain constant. The isochronous
governor will maintain the desired output frequency, infinite bus). Remember that the speed of the engine is
regardless of load changes if the capacity of the enging, longer determined by the speed setting but by the

Is not exceeded. frequency of the infinite bus. In this case, if we should
The speed-droop governor (100 percent speedthange the speed setting, we would cause a change in
droop) has a similar set of curves. but they are slantedload, not in speed. To parallel the generator set, we are
as shown in figure 3-4. If a speed-droop governor wererequired to have a speed setting on line A (fig. 3-4). at
connected to an increasing isolated load, the speeghich the no-load speed is equal to the bus frequency.
would drop (line A. fig. 3-4) until the maximum engine Once the set is paralleled. if we increase the speed
capacity is reached. setting to line B. we do not change the speed. but we
Now let’s imagine that we connect the speed-pick up approximately a half-load. Another increase in

droop governor (slave machine) to a utility bus so large speed setting to line C will fully, load the engine. If the
that our engine cannot change the bus frequency (agenerator set is fully loaded and the main breaker is

Figure 3-4.—Speed-droop governor curve.
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opened, the no-load speed would be 4 percent abovgjightly higher than that of the master machine to
synchronous speed. This governor would be defined asyssyre that the slave machine will assume a small
having 4 percent speed droop. amount of load when the main circuit breaker is closed.
Paralleling an isochronous governor to an infinite Adjust the voltage controls on the slave machine until
bus would be impractical because any difference inthe voltage is identical to that of the master machine.
speed setting would cause the generator load to chang&hus two of the requirements for synchronizing have
constantly. A speed setting slightly higher than the busbeen met: ‘frequencies are equal and terminal voltages
frequency would cause the engine to go to full-load are equal.
position. Similarly, if the speed setting were slightly ~ There are several methods to check generator
below synchronous speed, the engine would go to no-phase sequence. Some generator sets are equipped
load position. with phase sequence indicator lights and a selector
Setting speed droop on hydraulic governors isSWitch labeled “GEN” and “BUS.” Set the PHASE
accomplished by adjusting the speed-droop knobSEQUENCE SELECTOR SWITCH in the BUS
located on the governor body. Setting the knob toPosition, and the *1-2-3" phase sequence indicating
position No. 5 does not mean 5 percent droop. Each ofight should light. (The same light must light in either
the settings on the knob represents a percentage of theEN or BUS position.) If “3-2-1" phase sequence is
total governor droop. If the governor has a maximum indicated, the slave machine has to be shut down, the
of 4 percent droop. the No. 5 position would be 50 load cables isolated, and two of the load cables
percent of 4 percent droop. Setting speed droops orinterchanged at their connection to the load terminals.

solid_—state electronic governors is ac_comp_lished bY  Another method to verify correct phase sequence
placing the UNIT-PARALLEL switch in the g by ysing the synchronizing lights. When the
PARALLEL position. The governor speed droop is gynchronizing switch is turned on, the synchronizing
factory set, and no further adjustments are necessaryjighs will start blinking. If the synchronizing lights

ISOLATED BUS OPERATION.—In the blink on simultaneously and off simultaneously, the
following discussion, assume that one generator, calledvoltage sequences of the two machines are in phase.
the master machine, is operating and that a secondhe frequency at which the synchronizing lights blink
generator, called the slave machine, is beingon and off together indicates the different frequency
synchronized to the master machine. Governor con-output between the two machines. Raise or lower the
trols on the master ernogenerator should be set to thespeed of the slave machine until the lights blink on
ISOCHRONOUS or UNIT position. The governor together and offtogether at the slowest possible rate. If
setting on the slave generator must be set to thehe synchronizing lights are alternately blinking (one
PARALLEL position. on while the other is off), the voltage sequence of the

NOTE: The hydraulic governor droop setting is an two machin(_es is not in phase. Correct this condition by
approximate value. Setting the knob to position No. 5 will Intérchanging any two of the three load cables

allow you to parallel and load the generator set. Minor Connected to the slave machine.

adjustments may be necessary to prevent load swings  Some of the portable generators being placed in
after the unit is operational. the NMCB Table of Allowances (TOA) are equipped

When you are paralleling in the droop mode with \_/vith a permi_ssive paralleling relay. T_his relay, wired
other generator sets, the governor of only one set maynto the main breaker control circuit, prevents the
be in the isochronous position; all others are in theoperq@or from paralleling the generator until all three
droop position. The isochronous set (usually theconditions have been met.

largest capacity set) controls system frequency and  Now that all three paralleling requirements have

immediately responds to system load changes. Thgeen met, the slave machine can be paralleled and
droop generator sets carry only the load placed on themgaded.

by the setting of their individual speed controls. Both
voltage regulators should be set for parallel and
automatic operation.

If a synchroscope is used, adjust the frequency of
the slave machine until the synchroscope pointer
o ~ rotates clockwise slowly through the ZERO position

The slave machine is brought up to the desiredyelve o'clock). Close the main circuit breaker just
frequency by operating the governor controls. It is hefore the pointer passes through the ZERO position.
preferable to have the frequency of the slave machiner parallel using synchronizing lights, wait until the
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lamps are dark; then, while the lamps are still dark,operation, the cause of shutdown should be
close the main circuit breaker and turn off the investigated and corrected.

synchronizing switch. NOTE: It is important to check the safety controls at

After the main breaker has been closed, check andregular intervals to determine that they are in good
adjust the load distribution by adjusting the governorworking order.
speed control. Maintain approximately one-half load
on the master machine by manually adding orpgasic Operating Precautions
removing the load from the slave machine(s). The
master machine will absorb all load changes and The order that you post in the station for the
maintain correct frequency unless it becomesguidance of the watch standers should include a
overloaded or until its load is reduced to zero. general list of operating rules and electrical safety

The operator also must ensure that all generatingPrecautionsBE SURE YOU ENFORCE THEM!
sets operate at approximately the same power factor The important operating rules are relatively few
(PF). PF is a ratio, or percentage, relationship betweengnd simple. They are as follows:
watts (true power) of a load and the product of volts _ ,
and amperes (apparent power) necessary to supply the 1. Watch the switchboard instruments. They show

load. PF is usually expressed as a percentage of 10d!oW the system is operating; and they reveal overloads,
Inductive reactance in a circuit lowers the PF by MPToper division of kilowatt load or reactive current

causing the current to lag behind the voltage. Low PFSbetween generators operating in parallel, and other

can be corrected by adding capacitor banks to théPnormal operating conditions.
circuit. 2. Keep the frequency and voltage at their correct
yalues. A variation from either will affect, to some

this point, the voltage control rheostat has to pebXtent at least, the operation of the electrical equipment

adjusted on each generator to share the reactive Ioad)f the base. This result is especially true of such

This adjustment has a direct impact on the generatof duiPMent as teletypewriters or electrical clocks. An
current, thus reducing the possibility of overheatingdeancal clock and an accurate mechanical clock

the generator windings. should be installed together at the generating station so
that the operators can keep the generators on frequency.
PF adjustment was not discussed in the “Single
Plant Operation” section because a single generato
has to supply any true power and/or reactive load tha
may be in the circuit. The single generator must supply
the correct voltage and frequency regardless of th
power factor.

Since the inductive reactance cannot be changed a

3. Use good judgment when reclosing circuit
reakers after they have tripped automatically; for
example, generally the cause should be investigated if
the circuit breaker trips immediately after the first
Feclosure. However, reclosing of the breaker the second
time may be warranted if immediate restoration of

INFINITE BUS OPERATION. —Paralleling power is necessary and there was no excessive
generator sets to an infinite bus is similar to the isolatedinterrupting disturbance when the breaker tripped. It
bus procedure with the exception that all sets will beshould be kept in mind, however, that repeated closing
slave machines. The infinite bus establishes the gridand tripping may damage the circuit breaker as well as
frequency; therefore, the governor of each slavethe overload vault area, thus increasing the repair or
machine has to have speed droop to prevent constareplacement work.

load changes. 4. Do not start a plant unless all its switches and
breakers are open and all external resistance is in the
Emergency Shutdown exciter field circuit.

5. Do not operate generators at continuous
overload. Record the magnitude and duration of the
overload in the log; record any unusual conditions or
temperatures observed.

In the event of engine overspeed. high jacket water
temperature, or low lubricating oil pressure, the engine
may shut down automatically and disconnect from the
main load by tripping the main circuit breaker. In
addition, an indicator may light or an alarm may sound 6. Do not continue to operate a machine in which
to indicate the cause of shutdown. After an emergencythere is vibration until the cause is found and corrected.
shutdown and before the engine is returned toRecord the cause in the log.
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The electrical safety precautions that should bein the manufacturer’s literature. Some operator
observed by the station personnel are as follows: maintenance and routine checks include the following:

1. Treat every circuit, including those as low as 24~ — Bring oil level to the high mark on the dip stick.

volts, as a potential source of danger. _ I
Free movement of ventilation louvers.

2. Except in cases of emergency, never allow work
on an energized circuit. Take every precaution to
insulate the person performing the work from ground.
That may be done by covering any adjacent grounded — Maintain level of coolant.
metal with insulating rubber blankets. In addition,
provide ample illumination, cover working metal tools
with insulating rubber, station men at appropriate  — Check battery electrolyte level.
circuit breakers or switches so that the switchboard can
be de-energized immediately in case of emergency, and
make sure all personnel are qualified to render first aid — Drain water from fuel tank.
(including CPR) for electric shock.

— Drain water and sediment from strainers and
filters.

— Check radiator and coolant hoses for leaks.
— Check all switches for proper operation.

— Fill fuel tank as required with appropriate diesel

fuel.
POWER PLANT MAINTENANCE

— Check fuel tank for leaks.
_Inspection and servicing procedures covered in | g al| operator maintenance in the operations log
this chapter are rather general. In most cases, they cagook when it is completed.
be applied to any electrical power generator that you
install. You realize, of course, that there are otherPreventive Maintenance
special installation details that pertain only to the

gzg:&slzr(%iﬂeer;tgrny%lfﬁg?gﬁf ,P t%;)?)fw%rrt(g;gtgps' quarterly, semiannual, and annual maintenance checks
y yp 9 recommended in the manufacturer’s literature. The

g/%réz'gf'gztr:gf;gp: f;\r:reafgrpehcfobdesr?&?( dtgosnz(zﬁ'?ﬁemaintenance supervisor is responsible for establishing
manufacturer’s instruction manuals for these details. & maintenance schedule to ensure the preventive main-

tenance is performed. A maintenance log book should

Power plant maintenance can be divided into two be established for each generator plant and all mainten-
general categories: operator maintenance and prevenance checks recorded. The operation log book should
tive maintenance. be reviewed periodically to ensure that all preventive
maintenance recommended by engine operating hours
is scheduled; for example, the schedule of engine lube

Operator maintenance includes the hourly, daily, oil and filter replacement is normally based on hours of
and weekly maintenance requirements recommendedperation.

Preventive maintenance includes the monthly,

Operator Maintenance
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CHAPTER 4

ELECTRICAL DISTRIBUTION

INTRODUCTION SUBSTATION
__3“ SUBFEEDERS ,-E-/pmmnv FEEDERS

As a Construction Electrician second class, you _3“
may have to supervise the installation, maintenance,

and repair of overhead primary and secondary power —3|
distribution systems. This chapter will provide the
necessary information to enable you to calculate
electrical loads and perform fundamental tasks in the
selection, by size and type, of distribution equipment.

3
1

3
|

. LATERALS ~——,,
When you perform the above-mentioned tasks, W whe W udy
remember, your primary goal should be the safety of ~
your troops. : T T T T
. . . . TRANSFORMER
A power distribution system includes all parts of . SECONDARY
an electrical system between the power source and the Figure 4-1—Radial distribution system.

customer’s service entrance. The power source may be

either a local generating plant or a high-voltage _ _ .
transmission line feeding a substation that reduces the€rvice equipment must be de-energized to perform
high voltage to a voltage suitable for local distribution. routine maintenance and service.

At most advance bases, the source of power will be  Service on this type of feeder can be improved by

generators connected directly to the load. installing automatic circuit breakers that will reclose
the service at predetermined intervals. If the fault
DISTRIBUTION SYSTEMS continues after a predetermined number of closures,
CONFIGURATION the breaker will lock out until the fault is cleared and

, . o service is restored by hand reset.
The configurations of four distribution systems are

defined in the following paragraphs. These four LOOP/RING DISTRIBUTION SYSTEM
distribution systems — radial, loop (ring), network,
and primary selective — are briefly described. For
additional information, review thElectric Power
Distribution Systems OperationdAVFAC MO-201.

The loop, or ring, system of distribution starts at
the substation and is connected to or encircles an area
serving one or more distribution transformers or load
centers. The conductor of the system returns to the

RADIAL DISTRIBUTION SYSTEM same substation.

The loop system (fig. 4-2) is more expensive to

A representative schematic of a radial distribution build than the radial type, but it is more reliable. It may

system is shown in figure 4-1. You should note that the be justified in an area where continuity of service is of

independent feeders branch out to several distributionconsiderable importance, for example, a medical
centers without intermediate connections betweencenter.

feeders. In the loop system, circuit breakers sectionalize

The most frequently used system is the radialthe loop on both sides of each distribution transformer
distribution system because it is the simplest and leastonnected to the loop. The two primary feeder breakers
expensive system to build. Operation and expansionand the sectionalizing breakers associated with the
are simple. It is not as reliable as most systems unlesgoop feeder are ordinarily controlled by pilot wire
guality components are used. The fault or loss of arelaying or directional overcurrent relays. Pilot wire
cable, primary supply, or transformer will result in an relaying is used when there are too many secondary
outage on all loads served by the feeder. Furthermore substations to obtain selective timing with directional
electrical service is interrupted when any piece ofovercurrent relays.
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SECONDARY BUS . L . oo
T———{ OF DISTRIBUTION occurs in the distribution transformer, it is cleared by
}

SUBSTATION the breaker in the primary leads; and the loop remains
] o ‘ intact.
PRIMARY LOOP ¢} )
FEEDER CIRCUIT NETWORK DISTRIBUTION SYSTEM
TM) The network and radial systems differ with respect
to the transformer secondaries. In a network system (fig.
TanRBUTION LSEEESSQ%NG DISTRIBUTION 4-3) transformer secondaries are paralleled:; in a radial
= = & system, they are not.
’T\ r(r The network is the most flexible type of primary

CEIf0402

Figure 4-2.—Loop, of ring, distribution system. system,; it provides the best service reliability to the

distribution transformers or load center, particularly
. . . when the system is supplied from two or more

A faul_t in the primary loop is cleared by the_ distribution Zubstations. FI;power can flow from any
break_ers in the loop nearest the fault, and POWET 1S5 hstation to any distribution transformer or load
supplied the other way around the loop without conter i the network system. The network system is
interruption to most of the connected loads. Becausenre flexible with regard to load growth than the radial
the load points can be supplied from two or more  |5op system and is adaptable to any rate of load
directions, it is possible to remove any section of the growth, Service readily can be extended to additional
|00p from service for maintenance without CaUSing an points of usage with re|ative|y small amounts of new
outage at other load points. If a fault occurs in a section ¢gnstruction. The network system, however, requires
adjacent to the distribution substation, the entire load large quantities of equipment and extensive relaying;
may have to be fed from one side of the loop until therefore, it is more expensive than the radial system.
repairs are made. Sufficient conductor capacity mustFrom the standpoint of economy, the network system
be provided in the loop to permit operation without is suitable only in heavy-load-density areas where the
excessive voltage drop or overheating of the feederload center units range from 1,000 to 4,000
when either side of the loop is out of service. If a fault kilovoltamperes (kVA).

—— TRANSMISSION LINES
N y PRI MARY
NETWORK
PRIMARY NE TWORK @ UNIT
PARALLELS SECONDARIES v
OF NETWORK TRANSFORMERS — 1%
. PRIMARY
2,400/4,160V NETWORK
TIE FEEDER
DISTRIBUTION
fNSFORMER
SECONDARY

g e

Fels-

yd CEIt0403

Figure 4-3.—Network distribution system.
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The transformers of a secondary network either manually or automatically, to the alternate
distribution system are connected in parallel through asource. An interruption will occur until the load is
special type of circuit breaker, called a network transferred to the alternate source. Cost is somewhat
protector, to a secondary bus. Radial secondary feederfigher than the radial system because primary cable
are tapped from the secondary bus to supply loads. Aand switchgear are duplicated.
more complex network is a system in which the low-
voltage circuits are interconnected in the form of a grid
or mesh.

In laying out a distribution system for a base, you
should divide the base into a number of sections. These
sections should be chosen so that the load in each

If a primary feeder fails or a fault occurs on a section is close to one of the distribution centers. You
primary feeder or distribution transformer, the other take this action to keep the length of the mains as short
transformers start to feed back through the networkas possible and to keep the voltage drop low between
protector on the faulted circuit. This reverse power the distribution and the loads. The distribution or load
causes the network protector to open and disconnecgenters should be located as near as possible to the
the faulty supply circuit from the secondary bus. The glectrical load center.
network protector operates so fast that there is minimal
exposure of secondary equipment to the associated OVERHEAD CONSIDERATIONS
voltage drop.

In the construction and maintenance of Navy
PRIMARY SELECTIVE SYSTEM power distributions systems, you should be aware of
the overhead distribution pole locations and the types

In some instances, a higher degree of reliability of overhead distribution equipment used. An excellent
can be attained with a primary selective system.source of information on distribution systemsTse
Protection against loss of a primary supply can belLineman’s and Cableman’s Handbook.
gained through the use of a primary selective system
(fig. 4-4). Each unit substation is connected to two POLE LOCATIONS
separate primary feeders through switching equipment
to provide a normal and an alternate source. When the  Your decision on the location of poles is limited
normal source feeder is out of service for maintenancebecause either you will be replacing existing poles or
or a fault, the distribution transformer is switched, installing additional poles according to NAVFAC

SUPPLY SOURCE

) )4———circurr
BREAKER

| g . 1]

. J R
TRANSFER =——p
SWITCH

"Tﬂ ,.(TV\Q—TRANSFORMER ,‘.r,.‘ ,.(r,\

’ ; D e
>y ) ) ) ) > )y ) )
[T RERERE
LOAD CIRCUITS LOAD CIRCUTS
CEf0404

Figure 4-4.—Primary selective distribution system.
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drawings and specifications. You may be asked toinstall and maintain, such as poles, transformers,
submit information (fact-gathering package) on a new capacitors, interrupting and protective devices.
power distribution addition to the base. If so, the

following recommended actions need to be considered: Poles

EQUIPMENT

Install utility poles in the same location, Utility poles that support electrical lines must be
especially on upgrade projects. designed to support the conductors, insulators, and
shield conductors in a manner that provides adequate
Install power distribution systems underground electrical clearances. A safe clearance must be
whenever possible. maintained when the conductor temperature is
Conduct a survey using a map to chart the glevatgd as a reslult ofha Iarﬁe amount of current flowing
territory where the distribution lines are to be In a circuit qng aiso Vt;II en the conductors are ice coated
routed (for large areas, aerial photography is or strong winds are blowing.
faster and more accurate). The three most common types of poles that you will
be working with are wood, reinforced concrete, and
steel. Other types of poles in use are as follows:
aluminum, fiber glass, and polysil. As a Seabee
assigned to either a PWC or a battalion, you will be

_ responsible for ordering, installing, and maintainingthe
Select the straightest and shortest routeytjjity poles.

whenever possible. .

S _ Power lines supported by wood-pole structures are
Route the new distribution system near or in the generally considered to be the most economical. In the
general direction of future load demands. United States, the southern yellow pine, western red
Make the distribution system readily accessible cedar, and the Douglas fir are the most commonly used
for construction. inspection, and maintenance by species of tree. All wooden poles are given a
paralleling them to existing streets and highways. preservative treatment (normally pressure treated) to
prevent deterioration. The service life of the utility pole
can be doubled by preservative treatment. Many of the
older poles now in use were treated with creosote.

Ensure that the survey map is large enough to
clearly show all buildings. roads. streams, hills,
ridges. railroads. bridges. and any existing
power and communications lines.

Avoid crossing hills. ridges, and swamp areas
whenever possible to reduce the possibility of
lightning and wind damage. These areas also
increase costs because additional materials are

: . o CAUTION
needed and maintenance will be more difficult.

Coordinate with communication companies to Creosote is a toxic compound that irritates the
prevent the induction of interference with their skin and sometimes causes blistering. It is also
existing lines. carcinogenic and is being phased out because
of groundwater contamination problems.

Used creosote contaminated poles may not be
burned and must be disposed of in EPA

Select a route that is away from residential areas
and does not damage the environment.

Keep major traffic routes free from primary, approved landfills. You should use extra care
circuits. especially in nonindustrial areas. when working around poles treated with
Keep-distribution lines on the same side of the ~ creosote, avoid prolonged skin contact, and
road whenever possible. wash thoroughly after handling. Clothing

contaminated with creosote should be

Avoid blocking driveways, entrances. exits. and laundered separately from family clothing.

fire escapes when installing branch lines or guys.

Creosote oil, pentachlorophenol, and chromated
copper arsenates have been used to provide a
Finally. plan for future street-lighting circuits.  preservation treatment of wood poles. Newer poles are
now treated with less toxic chemicals and, therefore,
are safer to work with and also easier to climb (because

Locate poles 2 feet from the curb.

Many different types and makes of overhead the treatment softens the wood). They are
distribution equipment are in use today. This chapterenvironmentally acceptable because they do not
will cover some of the standard equipment you will contain materials that are toxic to mammals.
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Wooden utility poles are classified by the length, ] 1
circumference at the top of the pole, and the PRAANS f,
circumference measured 6 feet from the bottom of | evg N
the pole. Pole sizes begin at 25 feet and are increased - Z“P‘E"_.b_l
in 5-foot increments up to 90 feet in length. The pole ! popr | TRANSFORMER
top circumference increases 2 inches for every class of o ﬁ -

120
pole. There are 10 classes of wooden poles numbered v
from 1 to 10. Class 1 is the smallest and class 10 is the 24V |
biggest. The American National Standards Institute’s e Jev s § L
publication entitledSpecifications and Dimensions for * A
Wood PolegANSI 05.1) provides technical data for
wood utility poles. 1
PRIMARY 2
Distribution Transformers MAINS 3
2400V < N

For long-distance transmission, a voltage higher r{zf-ogq'-.
than normally generated is required. A step-up i E TRANSFORMER
transformer is used to produce the high voltage. Most 1 '150'\/'}_
electrical equipment in the Navy uses 120/208 volts. SECONOARY 2ov< ) " 1
The primary voltage distributed on Navy shore cErois (B) =

installations, however, is usually 2,400/4,160 and
13,800 volts. A distribution transformer (step-down) is
required to reduce the high-primary voltage to the
utilization voltage of 120/208 volts. The various types
of transformer installations are discussed later in this

chapter. Regardless of the type of installation c)rwound on each leg of the laminated iron core, and the

arrangement, transformers must be protected by fused’rmary coll is wound over the secondary coils. The

cutouts or circuit breakers; and lightning arresters primary leads pass through a steel tank and are

should be installed between the high-voltage line and'nsm"’ﬁed from the tank by porcelain bushings. The
the fused cutouts. secondary leads are connected to studs on a terminal

block. Copper straps on the secondary terminal block

Three general types of single-phase distribution permit connecting the two secondary coils in series or
transformers are in use today. The conventional typein parallel. From the terminal block, three secondary
requires a lightning arrester and fuse cutout on theleads pass through porcelain bushings to the outside of
primary-phase conductor feeding the transformer. Thethe tank. An oil-level line inside the tank marks the
self-protected (SP) type has a built-in lightning level to which the tank is filled with transformer oil.
protector; the completely self-protected (CSP) type
has the lightning arrester and current-overload devices
connected to the transformer and requires no separat
protective devices. You should review Module 2,
Navy Electricity and Electronics Training Series
(NAVEDTRA 172-02-00-91) for more information
on transformer theory.

Figure 4-5.—Single-phase transformer with secondary
windings connected in series and parallel.

In a distribution transformer, a secondary coil is

Several methods of cooling transformers are in use
oday, such as self-air cooling, air-blast cooling,
iquid-immersed self cooling, and liquid-immersed
water cooling. Self-air cooling types of transformers
are simply cooled by surrounding air at atmospheric
pressure; the heat is removed by natural convection
(normal dissipation of heat by cooling). The self-air

In primary and secondary windings construction, cooling transformer is called the dry type of
the change in voltage in a transformer depends on thearansformer.
number of turns of wire in the coils. The high-voltage
winding is composed of many turns of relatively small
wire, insulated to withstand the voltage applied to the
winding. The secondary winding is composed of a few : .
turns of heavy copper wire, large enough to carry high E\c;vAver transformers with ratings from 12,000 to 15,000
current at a low voltage. Figure 4-5 shows a single- '
phase transformer with secondary windings connected  The liquid-immersed self-cooling transformer has
in series and parallel. its coils and core completely immersed in transformer

The air-blast cooling transformer has the core and
windings encased in a metal enclosure through which
air is circulated by a blower. This type is used for large
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oil. In large transformers. the tanks have external tubes
or external radiators through which the oil circulates
by natural convection caused by the differences in oil
temperature.

The liquid-immersed water-cooling transformer is
sometimes used where a plentiful supply of cool water

precautions. Personal protective
equipment, such as impermeable gloves
and chemical splash goggles, are
mandatory.

» Avoid prolonged skin contact and
wash thoroughly after use.

is available. In this type, a coil of copper or brass pipe is
installed near the top of the tank in the cooling olil.
Water is circulated through this coil and carries away
the heat from the oil as it rises in the tank.

¢ Avoid breathing vapors.

*» When removing transformer oil,
wear respiratory protection. If you
discover PCB transformer oil spilled on
soil, immediately notify your supervisor
who must notify environmental
authorities and summons a trained
hazardous material spill clean-up team.

Insulating liquids have high-insulating qualities
and serve two purposes: first. they insulate the coil, and
second. they help dissipate the heat generated by the
resistance of the windings and eddy currents in the iron
core. If this heat were not removed. the transformer
would operate at excessively high temperatures,

\évr?'tﬂ; ::r;i'[lgrn, would damage or destroy the insulation impermeable gloves. Also wear splashproof goggles.
' Whenever liquid comes in contact with the skin, wash
Two common types of insulating liquids are it thoroughly with warm water and soap.

mineral oil and Askar&l Mineral oil is a nontoxic Ensure that the work space is properly ventilated

insulating quu_id. Itis ysed in different types of high- before working on transformers containing Askarel
voltage electrical equipment, such as circuit breakers,

switches. and transformers. Mineral oil must be kept in  Avoid breathing Askarél vapors. Wear an
an airtight container, or else sludge will form. This approved organic vapor cartridge respirator when
sludge will settle in the bottom of the tank and slow the Vapors are present. When removing AsKa
natural transfer of heat. Also the longer mineral oil is Which is contaminated with PCBs, air respirators may
left exposed to air, thgreater the loss of insulation De necessary.

properties. If a blueprint of a particular transformer

Askaref’ is a synthetic, nonflammable insulating installation is available to you, your job will be
liquid. It has other trade names, such as Pyfanol comparatively easy. All construction and electrical
Inertee. Chlorexirof. and Asbe’stf?l This liquid specifications will be worked out for you beforehand,

must be handled with care because of its toxic chemical@d all you have to do is convert this information into a
properties. Askar8lis used in special transformers finished product. However, in some instances, a

for applications where flammable liquids must be PlUeprint will not be available. Then it will be up to you
avoided. to determine the location and size of the transformer

and install it according to the latest specifications. You

Askaref’ may have an irritating effect upon the should be familiar with the rules and requirements of
skin. eyes, nose, and lips. It also may irritate skinthe most current electrical codes. Be sure to carefully
abrasions or tender areas between the fingersstudy any applicable code requirements before
Askaref may contain polychlorinated biphenyls installing a transformer.

: ic,carcinogenic oily liquid. . .
(PCBs): a toxic, 9 y la Transformers are mounted on poles in various

Tr&n;fggmerﬁ telztid antlj LoTnd totkt)e cotn_tgmlr;attheq/vays, such as suspended on a bracket bolted to the
wi S should have 1abels on he outside Of the,qa - sspended from a crossarm with brackets, or set

transformer warning of this hazard. on a platform mounted on an H-frame.

To protect yourself when handing Askdrelvear

Single-phase transformers are usually hung with a
through-bolt type of bracket or a cross-arm type of
bracket. Figure 4-6 shows a single transformer hung
known to be contaminated with PCBs, with cross-arm brackets. Figure 4-7 shows a bank of
see your supervisor for a Material Safety three transformers of 25 kVA capacity hung the same
Data Sheet (MSDS) for hazards and way.

WARNING

e If assigned to work on a transformer
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Figure 4-6.—Single transformer hung with crossarm
brackets.

, tf;% é? Z & [ - CElod0s

Figure 4-8.—Three 37.5 kVA transformers mounted with
through-bolt type of brackets.

The old method of mounting transformers on a
platform required an extra pole and the added cost of
building the platform. This method is still used when
installing large transformers and in special job
applications. Figure 4-9 shows the platform method of
mounting a bank of three single-phase, 25 kVA
transformers-Y-connected to obtain single-phase
and three-phase power.

\ 7@ / ; Grounding the distribution system helps to prevent
{ \ accidents to personnel and damage to property in the

[ e I ol event of insulation breakdown, accidental shorting of
Figure 4-7.—Three-phase bank of transformers hung on a high- and low-voltage lines, or a lightning strike.

crossafm. If a high-voltage line is accidentally shorted with a

Formerly, all banks of three transformers were low-voltage line, the current will flow through the
hung with crossarm brackets or mounted on a platform secondary coil of the transformer to the secondary
between two poles. Because of improved materials,ground that will then cause the primary protective
however, transformer capacities have been enlargedlevice to open the circuit. In this case, the primary
without increasing their size and weight. This protective device functions as the substation circuit
improvement means that banks of three large trans-breaker. An accidental shorting of the primary and
formers can now be hung on a pole with a through-bolt secondary windings in the transformer will cause the
bracket type of suspension, as shown in figure 4-8.  primary fuse to open.



Figure 4-9.—Three-phase 25 kVA transformers mounted on an H-frame platform.

If there are no ground connections, the primary Great danger will exist for everyone touching any
voltage will be impressed upon the secondary electrical equipment at this time.

conductors, which are usually, insulated for 600 volts, Ground resistance must not exceed 25 ohms to
and considerable damage to the equipment will occur. ground. This resistance can be measured with various
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portable ground-testing instruments, such as a meggerhigh-voltage and three low-voltage external terminals.
One procedure for measuring ground resistance with aConnect one high-voltage terminal to the adjacent low-
megger is shown in figure 4-10. voltage terminal, and apply a test voltage across the
two high-voltage terminals. If the voltage across the
unconnected high-voltage and low-voltage terminals
is less than the test voltage, the polarity is subtractive;

1. Drive additional rods. spacing them 6 feet apart, if it is greater than the test voltage, the polarity is

If the ground resistance is too high, it may be
lowered by one of the following methods:

and then connect them in parallel. additive. This test is shown in figure 4-11.
2. Use larger rods where low resistance soils are |.__ IQ;OG’T__.l
too far below the surface to be reached by Hyq H
ordinary rods.
. . w
When you are connecting transformers in parallel °§: 16
or in a three-phase bank, it is important to know the Q rD VOLTS
polarity of the transformer terminals or leads. In the = iyt
manufacturing of transformers, the ends of the w
windings are connected to the leads extending out %4 X3
through the case. The internal connection determines X2
the direction of current flow in the secondary terminal 240V I
with respect to the corresponding primary terminal. o meut—
The current may flow in the same direction or in the !
opposite direction. When the current flows in the W
primary and secondary windings in the same direction, s 264
the polarity of the transformer is said to be subtractive; Q Qn)sua%gon
and when the current flows in the opposite directions, = POLARITY
the polarity is said to be additive. S
Polarity may be further explained as follows: X3 Xz X CEIf0411A
imagine a single-phase transformer having two Figure 4-11.—Polarity tests.
INTERCONNECTED
GROUND 10 VOLTS
v
I/ GROUND /
CONDUCTOR
Zo
Ved
MEGGER OR SIMILAR
RESISTANCES MEASURING
INSTRUMENT (READS
DESIRED GROUND
RESISTANCE DIRECTLY)
ATLEAST i C2
| 25 i
3
GROUND ATLEAST DRIVE TWO ADDITIONAL
TO BE 25 REFERENCE GROUNDS
MEASURED P1C1 2 TO 3 FEET LONG

FOR TESTING

CEIf0410
Figure 4-10.—Measuring ground resistance where the ground wire is interconnected with the ground distribution neutral
connector.
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It is apparent that when the voltage indicated on the ~ Standard low-voltage terminal designations are
voltmeter is greater than the impressed voltage. it mustshown in figure 4-14.
be the sum of the primary and the secondary voltages:
and the direction of the two windings must be opposite. CAUTION
as shown in figure 4-12. Likewise, when the voltage _
read on the voltmeter is less than the impressed voltage, ~When you are making such tests. voltage must
the voltage must be the difference of the primary and  not be applied across the secondary side of the
secondary voltages, as shown in figure 4-13. When the ~ transformer because the primary voltage
terminal markings are arranged in the same numerical ~ Would then be equal to the applied secondary
order, HIH2 and X1X2 or H2H1 and X2X1. on each Voltage multiplied by the transformer turns
side of the transformer, the polarity of each winding is  ratio. This voltage would be dangerously high
the same (subtractive). If either is in reverse order, 0 personnel and would damage the voltmeter.
H2H1 and X1X2 or H1H2 and X2X1. their polarities Some important transformer installation rules are
are opposite (additive). The nameplate of a transformerjisted pelow.

should always indicate the polarity of the transformer.
1. One or more transformers may be hung on a

distribution transformers 200 kVA and below having

high-voltage ratings of 9.000 volts and below.

Subtractive polarity is standard for all single-phase
distribution transformers above 200 kVA irrespective 1 1
of the voltage rating.

Subtractive polarity is standard for all single-phase 1

transformers 200 kVA and below having high-voltage
ratings above 9.000 volts.

ADDITIVE SUBTRACTVE

H% H o

o

X

CEf0412 ADOITIVE SUBTRACTIVE

Figure 4-12.—Polarity markings and directions of voltages TWO-WIRE PARALLEL
when polarity is additive.

/\ L

B

) * VXZ '—{j

? > @—
X1 y
u ADDITIVE SUBTRACTIVE

THREE-WIRE SERIES

CE fCe12 CEINQ414
Figure 4-13.—Polarity markings and directions of voltages Figure 4-14.—Standard connections for low-voltage
when polarity is subtractive. distribution transformers.
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strength of the pole or the crossarms and boltsas the barracks, is noted. Lines representing the service
supporting them. leads are drawn between the pole and the building.

2. When more than one transformer is installed on Your next step is to determine the total connected
crossarms, the weight should be distributed equally onload of each service. It sounds complicated, but what it
the two sides of the pole. actually amounts to is summing up the power required
by the lights and motors in each barracks. This power

3. Single-phase distribution transformers of 100 demand is noted in each square representing a barrack
kVA or smaller are usually placed above the secondary(ﬁg 4-15)

mains if conditions permit. Those larger than 100 kVA

are usually platform or pad mounted. Next, figure out the kVA load per pole. In this
particular example, each pole services two barracks;

4. Lightning arresters and fused cutouts have to be therefore, the kVA load of a pole will be the sum of the

installed on the primary side of all distribution total connected loads of the two barracks served by that
transformers except the self-protected type. pole

5. Ground wires are required to be covered with o calculate the total maximum connected load
plastic or wood molding to a point 8 feet above the base y, the transformer. As you can see from figure 4-15,
of the pole. the total connected load is the sum of the kVA loads per

What is involved in the determination of the pole. It amounts to 35.05 kVA. This amount of 35.05
transformer size? Let's suppose you are given the jobkVA represents the amount of power that the
of installing a single-phase transformer in a certain transformer would have to supply if all the lights and
area of the base. This area contains 10 barracks thanotors were consuming power at the same time.
receive power from a 2,400-volt overhead primary Although that possibility exists, the time interval
main. The electrical equipment in the barracks consistswould be small compared to the length of time that
of single-phase lights or motors operating at eitheronly a portion of the total load would be on. Therefore,
110 or 220 volts. A three-wire overhead secondary it is necessary to calculate only the maximum demand
main distributes the secondary voltage alongside theload and then use this figure as a basis for determining
barracks. Service leads complete the connectiortransformer size.

between the secondary main and each building. An approximation of the maximum demand load
The first thing you should do is make a rough can be computed by multiplying the total maximum

drawing of the area. When you are finished, it should connected load by the demand factor listed in table 4-1.
look like figure 4-15. The location of each pole, as well In this example, the maximum demand is 35.05 times

NORTH
POLES KVA LOAD
< PER POLE
BLDG. A /‘\ BLDG. B
8 KVA skva | B 13kva
BLDG.C /\ BLDG. D
1.25 kVA sokva | B 425kvA
K
BLDG.E /\ BLDG. F
2.4 KVA askva | I 62kva
L
BLDG.G /\ BLDG. H
6 kVA 3.1 kKVA . 9.1 kVA
BLOG. | /.\ BLDG. J
5.3KVA sokva | B 142kva

CEIf0415
Figure 4-15.—Transformer size calculations.
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0.9 which equals 31.545 kVA. The transformer
capacity to meet this demand will be 37.5 kVA. The
next largest standard size transformer is 50 kVA, much
too large for this demand load, and the next smaller
size is too small. However, if the computed total
maximum load was 25.85 kVA times your demand
factor, this would give you 23.26 kVA; therefore, you
would need a 25 kVA transformer instead of the 37.5
kVA transformer.

Your next problem is to determine the most
suitable location for the transformer. That does not
mean finding the strongest pole but finding the pole
that is nearest to the electrical center of the area.

The electrical center is the point where a balance is
obtained between the total kVA spans to the north and
south of the location of the transformer. The kVA span
is the product of the number of spans times the kVA
load of the pole.

To begin with, assume that you are going to place
the transformer on pole K (fig. 4-15). Then figure the
total kVA spans to the north and south of this location.
A chart will simplify your calculation.

kVA Spans North of kVA Spans South of
Pole K Pole K
1x425 =425 x9.1 = 91
2x13 =26 2x142 =284
6.85 375
Total kVA spans north | Total kVA spans south
of pole K = 6.85 of pole K = 37.5

You can see that if you placed the transformer on
pole K, it would be at an imbalanced electrical center;
that is, it would be too far away from the heaviest loads.
So pick another pole. This time choose pole L and
make another chart.

kVA Spans North of kVA Spans South of
Pole L Pole L
1x6.2 =62 1x142 = 142
2x425 =85 .
3x13 =39 14.2
18.6 Total kVA spans south
Total kVA spans north  |Of pole L =14.2
of pole L = 18.6

Pole L is nearest to the electrical center of the area.
That is the pole on which you will mount the trans-
former.
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Table 4-1.—Demand Factor

Structure Demand Factor
Housing 0.9
Aircraft maintenance facilities T
Operation facilities 8
Administrative facilities 8
Shops T
Warehouses 5
Medical facilities 8
Theaters 3
NAV aids 5
Laundry, ice plants, and bakerigs 1.0
All others 9

Single-phase distribution transformers are
manufactured with one or two primary bushings. The
single-primary-bushing transformers can be used only
on grounded wye systems if they are properly
connected. Figure 4-16 schematically shows the
connections of a single-phase transformer to a three-
phase 2,400-volt three-wire ungrounded delta primary
voltage system to obtain |120-volt single-phase two-
wire secondary service. The connections for similar
systems operating at other primary distribution
voltages such as 4,800, 7,200. 13,200, and 34,400
would be identical.

Figure 4-17 shows the proper connections for a
single-phase transformer to a three-phase three-wire

1 2400 1 THREE-PHASE
2400  DELTA
{ 2400 | UNDERGOUNDED
+ SYSTEM
{ 120voLT
T SINGLE-PHASE
TWO-WIRE

CEIf0416

Figure 4-16.—Single-phase transformer connection for 120-
volt two-wire secondary service. Transformer secondary
coils are connected in parallel.



A
B t 2400 VOLTS
I 2400 VOLTS
[} -
Hq Hy
DISTRIBUTION
TRANSFORMER
X1
X
X2
a 120 VOLTS
N 240 VOLTS
b 120 VOLTS
CEIf0417 1. 3-WIRE SECONDARY

Figure 4-17.—Single-phase transformer connected to give

120/240-volt three-wire single-phase service. Transformer
secondary coils are connected in series.

ungrounded delta primary voltage system to obtain
120/240-volt single-phase three-wire service.
Normally the wire connected to the center low-voltage
bushing will be connected to ground. Grounding the
wire connecting to the center bushing limits the
voltage aboveground to 120 volts, even though the

line to neutral voltage is 2,400 volts, and the voltage
between phases is 1.73 times 2,400, or 4,160 volts.
This system is designated a4,160Y/2,400-volt
system. Other standard three-phase four-wire wye
grounded neutral primary system voltages are
8,320Y/4,800, 12,470Y/7,200, 13,200Y/7,620, an d
13,800Y/7,970.

The transformer connections to obtain 120,
120/240-volt secondary service are normally completed
inside the tank of the transformer (fig. 4-19). The

HIGH VOLTAGE
PLATE

wires connecting to the outside secondary bushings

have 240 volts between them.
Figure 4-18 schematically shows the single-phase

distribution transformer connections to a three-phase

four-wire wye grounded neutral primary system rated
4,160Y/2,400 volts to obtain 120/240-volt single-

phase secondary service. The three-phase four-wire
wye grounded neutral system has voltage between

P voL
A C B

!

o]

i
LOW VOLTAGE

phases equal to the phase or line to neutral VOItagq:igure 4-19.—Shows connections for 120/240-volt three-wire,

multiplied by 1.73. In figure 4-18, the primary system

240-volt three-wire, and 120-volt two-wire services.

A
g 4weovors |
. 4160 voLTS |
2400 voLTS |
N
DISTRIBUTION
TRANSFORMER
a 120 VOLTS
N 240 ouTs
b 120jvoLTs
3-WIRE SECONDARY
CEif0418 -

Figure 4-18.—Single-phase transformer connected to provide 120/240-volt three-wire single-phase service. Primary winding is
connected to neutral or ground.
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transformer nameplate provides information
necessary to complete connections. The voltagesa DELTA PRIMARY
should be measured when the transformer is energizeds
to ensure that the connections are correct before the
load is connected to the transformer.

Single-phase distribution transformers can be
connected to obtain three-phase secondary service
(fig. 4-20). There are four normal connections: the
delta-delta/A). the wye-wye (Y/Y). the delta-wye (
AlY), and the wye-delta (). Figure 4-21 shows the
proper connections for three single-phase

a

distribution transformers connected to a three—phaseN " Tr2ofvorts I -
three—W|_re ungrounded delta pnr_nary—voltage system | sofvorTs Zeolvors

to obtain three-phase three-wire delta secondary 2eqvoLrs
service. The illustration is for a 2,400-volt primary Erpar = DELTA SECONGARY

system and voltages would be connected the same.

Single-phase transformers with secondary windings

constructed for voltage of 240/480 should be used to Figure 4-21.—Three single-phase distribution transformers
obtain 480-volt three-phase secondary service. connected delta-delta.

Figure 4-22 shows the proper connections for three , ¥+ PRIMRY (4- WRE )
single-phase distribution transformers connected to a g
three-phase four-wire grounded neutral wye primary- ¢
voltage system to obtain 208Y/I20- or 480Y/277-volt n

4 4
Hy /\ H2 H1/—\ Ho H H
* ¢ 4
X1 X4 X1
X3 X3 X3
X2 X2 X2

, :
b 120 VOLTS 208JVOLTS
¢ 120 VOLTS 208lvoLTs  208|VQATS
N 120 voiTs |

= Y - (4-
E110422 = SECONDARY (4 -WRE )

Figure 4-22.—Three single-phase distribution transformers
connected wye-wye.

secondary service. Figure 4-23 shows the proper
connections for three single-phase distribution
transformers connected to a three-phase three-wire
ungrounded neutral delta primary-voltage system to
obtain 208Y/I120-or 480Y/277-volt secondary service.

Transformers must be constructed with the proper
windings for the primary-voltage system and the
desired secondary voltage. Properly manufactured
distribution transformers can be connected wye-delta
if it is desired to obtain three-wire three-phase
secondary voltages from a three-phase four-wire
Figure 4-20.—Cluster-mounted bank of transformers. ground neutral wye primary-voltage system. The

(WY
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A DELTA PRIMARY

A DELTA PRIMARY 5
8
¢ -
)% H2  Hy H2
X3 X1 X3
X1
X X
% X2 2
a
g 1 " 240vours 1
b 120 VOLTS wsfvors | b
R 120 VOLTS 208lvoLTs ZOGIVCLTS c 240 VOLTS 240}voLTs
120 VOLTS| CEIf0424 DELTA SECONDARY
B Figure 4-24.—Two single-phase transformers connected
CEN0423 =~ Y- SECONDARY (4-WRE )
= open-delta.

Figure 4-23.—Three single-phase distribution transformers

connected delta-wye. . . . .
and fall in value together in the same direction at the

[ame instant, the two are said to be "in phase," and the
power factor is unity or 1.0. This condition is shown in
figure 4-25.

The current and voltage waves are not in phase in
most cases. They do not rise and fall in value together,
nor do they have the same direction at the same instant;

standard secondary system three-phase voltages a
208Y/120, 240, 480Y/277, and 480 volts.

If one of the transformers from a delta connected
bank is removed, the remaining two are said to be open-
delta-connected. With one transformer removed, the

remaining two transformers will still transform the but instead. th i v | behind th it
voltages in all three phases and supply power to all three?U! INStéad, the current usually lags benhind the voltage.
phases of the secondary mains. The proper connections',:'gure 4-26 shows the usual condition in transmission

using two transformers to obtain three-phase service,
for a delta primary circuit are shown in figure 4-24. The +
capacity of the two transformers is now, however, only
58 percent instead of 66 2/3 percent of what it would
appear to be with two transformers. 0

The open-delta connection is often used where an
increase in load is anticipated. The third unit is added
when the load grows to the point at which it exceeds the -
capacity of the two transformers. Furthermore, if one ~ ceroszs
transformer of the three-phase bank should become
defective, the defective transformer can be removed
and the remaining two transformers continue to render
service to at least part of the load.

VOLTAGE WAVE
TIME
CURRENT WAVE (SECONDS)

1

Figure 4-25.—Voltage and current waves are in phase;
power factor is unity.

VOLTAGE WAVE

. . . . . CURRENT WAVE TIME

Power capacitors are used in distribution systems | /. ee===m=- (SECONDS)
1

to supply reactive voltamperes (Vars) to the system.
When applied to a system or circuit having a lagging °
power factor, you can obtain several beneficial results.
These results include power factor increase, voltage
increase, system loss reduction, and an increase of
electric system capacity.

POWER FACTOR.—When an alternating  Figure 4-26.—Current wave lagging behind the voltage wave,
voltage and the current, which it causes to flow, rise  usual condition in transmission and distribution systems.

Capacitors +

CE0426
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Table 4-2.—Power Factor of Various Types of Electrical Equipment

Equipment Power Factor Lagging/Leading
Incandescent lights 100% In phase
Heating devices (all types) 100% In phase
Induction motors (loaded) 80% Lagging
Induction motors (light load) 20% Lagging
Neon lights 30-70% Lagging
Synchronous motors (underexciteq) Varies Lagging
Synchronous motors (overexcited) Varies Leading
Static condensers 0% Leading

and distribution circuits. The current and voltage are have a strong tendency to lower the power factor. A low
now said to be "out of phase." The current drawn by system power factor can be increased by adding corrective
idle running induction motors, transformers, or equipment to the system. There are many devices used for
underexcited synchronous motors lags even more tharpower factor correction, including synchronous motors
the current shown in the figure. and power factor correction capacitors.

Occasionally, the current leads the voltage. An SYNCHRONOUS MOTORS—Any synchr-
unloaded transmission line, an overexcited synchronousonous motor may be used for power factor correction
motor or a static condenser takes leading current from theby overexcitation.

line. When the current leads or lags the voltage, the power  po\WER EFACTOR CORRECTION

in the circuit is no longer equal to volts times amperes but cApPACITORS. —For general use, the most practical

is calculated from the expression: and economical power factor correction device is the
Watts = voltsx amperesx power factor capacitor. Capacitors are used at power stations where

an elaborate and expensive synchronous condenser

installation is not justified. The following paragraphs

volts x amperes deal exclusively with power capacitors.

The “power factor” can thus be defined as the ratio  Capacitance is the direct opposite of inductance,
of the actual power to the product of volts times just as heat is the opposite of cold, and day is opposite
amperes. The latter product is generally called of night. Capacitance is a property of a condenser, and
voltamperes, or apparent power. The value of thea condenser is a combination of metal plates, or foil
power factor depends on the amount the current leadsstrips, separated from each other by an insulator, such
or lags behind its voltage. When the lead or lag is large,as air, paper, or rubber. The capacitance, or the
the power factor is small; and when the lead or lag iscapacity of the condenser to hold an electric charge, is
zero, as when the current and voltage are in phase, th@roportional to the size of the plates and increases as
power factor is unity. Unity is the largest value that the the distance between the plates decreases.

power factor can have. The power factor is usually  RATINGS. —Capacitors are rated in continuous
between 0.70 and 1.00 lagging. An average value often. 4, (kilovoltampere reactive), voltage, and
used in making calculations is 0.80 lagging. Table 4-2 frequency. They are designed to give not less than
gives the power factors of various types of electrical rateq and not more than 135 percent rated kvar when
equipment. operated at rated voltage and frequency. Capacitor

The cause of low power factor is an excessive Units are available normally in voltage ratings of 2,400
amount of inductive effect in the electric consuming Volts to 34,500 volts and kvar ratings from 15 kvar to
device, be it motor, transformer, lifting magnet, and so 300 kvar. Various manufacturers’ medium-voltage
forth. Induction motors, when lightly loaded, exhibit a units up to 200 kvar are interchangeable. Capacitors
pronounced inductive effect. Idle transformers likewise are generally rated at a frequency of 60 Hertz (Hz);

watts

Power factor =
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however, they also are suitable for operation atand off as needed. An underground capacitor bank may
frequencies below 60 Hz. There is no physical limit to be equipped with oil switches for energizing three to

the underfrequency operation of the capacitors. Thesix capacitors. The capacitor equipment may be
limit is economic, in that the capacitor kvar output iS installed in a 36-inch diameter vault.

directly proportional to frequency and applied voltage. ) _

If a capacitor is operated at a frequency lower than, FIXED CAPACITORS. —Fixed  capacitor

rated, its kvar rating is reduced. Since capacitors areinstallations are those that are continuously on the line.
installed in theory to use their rated capacity, Fixed capacitor banks are connected to the system

utilization at reduced frequencies is not economical, as through a disconnecting device that is capable of

the design rating of the unit can never be achieved. Interrupting the capacitor current, allowing removal of
the capacitors for maintenance purposes. Fixed

One method of raising the power factor is to add capacitor banks should be applied to give a voltage
capacitors to the circuit, since capacitance is thepoost to the system during heavy load periods. Caution
opposite of inductance and since too much inductance must be used, however, to ensure the boost will not be
is the cause of low power factor. Capacitors are excessive during light-load conditions. To isolate or
installed underground on underground distribution de-energize a fixed capacitor installation, you should
circuits or mounted on poles, as shown in figure 4-27. open the disconnecting switches with rapid positive
The pole-mounted three-phase bank capacitors shownaction. The successful switching of capacitors
in figure 4-27 are rated 1,200 kVA capacitance and depends, to a considerable extent, on the technique of
13,200Y/7,620 volts; this bank is complete with the operator and the speed of opening. It is more
switches, fuses, and lightning arresters. The capacitorsdifficult to de-energize a capacitor bank than it is to

can be directly connected to the circuit or switched on energize It, because the ease with Wh'Ch. capacitor
current is interrupted depends on the point on the

voltage wave when the switch contacts separate. If the
arc is reestablished and maintained with the

disconnecting device open, the switch should be
reclosed at once to avoid damage to the switch.
Another attempt should then be made to open the
disconnecting device. After the disconnecting device

has been opened, the capacitor installation is isolated
but still charged. The capacitors should be left open
from the line for at least 5 minutes before they are
returned to service. This precaution will prevent a
buildup of the line voltage above normal, which may

occur if a fully charged capacitor bank is closed on a
line.

CAPACITOR CONNECTIONS. —A typical
three-phase capacitor bank oil switch can be a three-
pole device or three single-pole devices that can be
controlled automatically to switch the bank in or out of
service to control the power factor or to regulate
system voltage. Fuses provide short-circuit protection.
If automatic switching is not required, the fuses can be
used as load-break switches by using a portable load-
break tool.

SWITCHED CAPACITORS. —Switched
capacitor installations are those where the capacitor
bank is switched in and out of service, depending upon
system operating conditions. They are usually
switched on when the load requirements are the
greatest and switched off during light-load conditions.

Figure 4-27.—Cluster-mounted bank of 4 three-phase - . ]
capacitors. Sometimes the capacitor banks are installed to enable
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incremental switching, depending on the system
reactive requirements and the amount of system ' i
voltage required. To remove a switched capacitor bank ‘ =
from service, you should open the control box and the i
automatic control lever. or control switch, should be
placed in the OFF position. The circuit breaker or the
switching device should then be tripped. To ensure the
circuit breaker or switching device remains open, you
should remove the fuses from the control circuit.
Before it can be assumed that the capacitor bank has
been de-energized, the position of the switching device
should be inspected. On a circuit breaker, the position
indicator should be checked. For oil switches, the
position of the operating handle can be checked with a
switch stick.

CAPACITOR PRECAUTIONS. —Capacitors
and transformers are entirely different in their
operation. When a transformer is disconnected from
the line, it is electrically dead. Unlike the transformer
and other devices, the capacitor is not dead
immediately after it is disconnected from the line. It o )
has the peculiar property of holding its charge because s e T
it is essentially a device for storing electrical energy. It ‘ =
can hold this charge for a considerable length of time.
There is a voltage difference across its terminals after
the switch is opened.

Capacitors for use on electrical lines, however, are
equipped with an internal-discharge resistor. This
resistor. connected across the capacitor terminals, will
gradually discharge the capacitor and reduce the
voltage across its terminals. After 5 minutes, the
capacitor should be discharged.

Figure 4-28.—Coupling capacitor.

To be perfectly safe, however, proceed as follows: . TYPES OF SWITCHING DEVICES. —Switch-

Before working on a disconnected capacitor, wait 5 N9 capacitors imposes severe duty on switching
minutes. Then test the capacitor with a high-voltagedévices because of the differences in phase

tester rated for the circuit voltage. If the voltage is zero, relationship between the current and voltage on a
short-circuit the terminals externally using hot-line capacitor circuit. When a capacitor bank is energized.

tools and ground the terminals to the case. Now youhigh transient overvoltages and high-frequency
can proceed with the work. transient inrush currents may be produced. The

COUPLING CAPACITORS. —Communication magnitude of the transient overvoltages easily may be

signals in the form of high-frequency voltages are three t[[mes the rated Il?]et%/oltar?e,tand tr_?n5|ent |tn(rjus£h
transmitted to the transmission lines through coupling CUTeNtS May approach the short-circuit current duty

capacitors. Some of the coupling capacitors arevalues. These factors are especially important when

equipped with potential devices that make it possible ON€ OF more capacitor banks already is energized and
to measure the voltage on transmission line circuits.@nother one at the same location is switched on to the

The coupling-capacitor potential devices are accuratePus. The methods for determining the values of inrush
enough to be used for supplying voltage to protective current, transient overvoltage, and resonant frequency
relays but, unless they are specifically compensatedof the circuit are discussed in more detail in ANSI
not accurate enough to supply voltage for metersC37.99.1EEE Guide for Protection of Shunt Capacitor
designed for billing purposes. Figure 4-28 shows aBanks.and ANSI C37.012Application Guide for
coupling capacitor. Capacitance Current Switching of AC High- Voltage
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Circuit Breakers Rated on a Symmetrical Current limitations are usually the governing factors.
Basis. Capacitors may be divided into two classes: primary

Switching devices, as discussed below, have acapamtors and secondary capacitors. Primary

separate capacitive switching rating for the reasonscapacitors are those rated 2,400 volts and above.

mentioned above; and the switching rating of the Secondary capacitors are those used on the low-

device must be at least 135 percent of the capacitorvonage side of distribution transformers or at motor

bank rating to which the switching device is connected. Eﬁrlm'?r?ls and arf normally rtated 60? volts and beIo_\t/v.
This 135 percent rating is a minimum specified by the € three most common types of power capacitor

National Electrical Code(NE@) and includes installation are as follows: pole mounted, metal

allowance for operation at overvoltage, allowance for enclosed, and open rack.

capacitance manufacturing tolerance, and allowance Pole Mounted—Pole-mounted capacitors are

for harmonic components above the fundamentalpackaged as a complete unit containing all necessary

frequency. items for a switched distribution capacitor bank
CONSTRUCTION. —A capacitor unit consists installation. The banks consist of an aluminum- or

of two aluminum foil strips, or plates, with a thin high- steel-mounting frame that supports the capacitor units,

grade insulating paper or a synthetic film placed Interconnecting wiring, and capacitor switches.
between them. The strips, or plates, are Comlo(,leﬂyOvercurrent, protection is usually provided by group
wound and connected in groups, each of which isfuses.

connected to a terminal. There is no contact between  Metal Enclosed—Metal-enclosed capacitor
the two metal surfaces. When these two surfaces ardanks consist of a factory-assembled group of
connected to a source of power, energy is stored in theindividual capacitor units mounted in a protective
capacitor. The capacitor remains charged at, or abovehousing complete with bus connections, controls, and
full-line voltage when disconnected from the source of protective and switching equipment within the
power until a discharge path is provided between theenclosure. Personnel safety and compactness are the
terminals. Capacitors have a built-in discharge resistormajor benefits. Each capacitor unit normally is
designed to drain off or reduce this residual charge.protected by an individual current-limiting fuse.

NEC" requires capacitors rated 600 volts or more to be
discharged to a residual voltage of 50 volts or less in 5
minutes. Since the built-in resistor has the

Open Rack—An open-rack capacitor installation
(fig. 4-29) is a field-assembled group of capacitor units
, , : : mounted in an open-rack structure without enclosing
disadvantage that it cannot be visually inspected for an plates or screens. Open-rack installations normally are

open circuit, it should not be relied upon for positive .
. . made up of several stack type of capacitors connected
drain off of the residual charge. The wound plates and in parallel to provide desired kvar capacity. All the

discharge resistor of a capacitor are enclosed ina_.. " . . ) _
. Units in a given stacking unit are normally connected in

welded sheet steel or stainless steel container, which '?)arallel with the steel frame forming one terminal and
hermetically sealed to protect the capacitor from . :
deterioration due to entrance of foreign material othe insulated bus forming the other. For open-rack

moisture. The contents are vacuum dried and arelns_ta_llations the capacitor units are protecte_d b_y
usually impregnated with a dielectric fluid. As of 1 't;]rg:grjal fuses, group fuses or relays, and a circuit
October 1977, dielectric fluids containing '

polychlorinated biphenyls (PCBS) can no longer ber CAPACITOR MAINTENANCE. —All
installed. The connecting leads from the capacitor areswitched capacitor banks should be inspected and
brought up through the bushings to a joint at the topchecked for proper operation once each year before the
directly under the brazed terminal. The bushingstime period when they are automatically switched on
supplied on capacitors are usually made of porcelain.and off to meet system requirements. A suggested
As of 1 October 1988, existing PCB capacitors in reading source for capacitor maintenancd he
unrestricted areas must be removed. Lineman’s and Cableman’s Handbook.

TYPES OF INSTALLATIONS. —The greatest Capacitor-bank oil switches should be maintained
electrical benefits are derived from capacitors on a schedule related with the type of on/off controls
connected directly at the loads. This connection installed at each bank. The maximum number of open
permits maximum loss reduction and released lineand close operations between maintenance of the
capacity. However,economics and physical switches normally should not exceed 2,500.
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Figure 4-29.—Capacitors, open-rack installation.

Experience has shown that the following schedule distribution system by the use of lightning arresters,
normally will keep the equipment operating properly: — cutouts, fuses, air switches, and oil switches.

LIGHTNING OR SURGE ARRESTERS.—A

TYPE CONTROL YEARS surge arrester is a device that prevents high voltages,
by providing a low-impedance path to ground for the
Time clock 3 current from lightning or transient voltages. and then
restores normal circuit conditions.
Voltage 3 . ,
Surge arresters perform a function on the electric
Dual temperature 5 system similar to that of a safety valve on a steam
boiler. A safety valve on a boiler relieves high pressure
Temperature only 8 by blowing off steam until the pressure is reduced to
normal. When the pressure is reduced to normal, the
Time clock and temperature 8 safety valve closes and is ready for the next abnormal

condition. When a high voltage (greater than the
The capacitors switches usually are removed from normal line voltage) exists on the line, the arrester
o _ ) immediately furnishes a path to ground and thus limits
the distribution line by the lineman and replaced with @ g4 drains off the excess voltage. Furthermore, when
spare unit during the season in which they normally are the excess voltage is relieved, the action of the arrester
not operated. The capacitor switches can be must prevent any further flow of power current. The
maintained efficiently in a distribution shop by the function of a surge arrester is, therefore,

lineman. twofold-first, to provide a point in the circuit at which
the overvoltage impulse can pass to earth without
Protective/Interrupting Devices injury to line insulators, transformers, or other

connected equipment and, second, to prevent any
A power distribution circuit, like any other follow-up power current from flowing to ground.

electrical circuit, requires the use of special devicesto  pD|ISTRIBUTION CUTOUT. —A distribution

provide control and to protect the system from internal cutout provides a high-voltage mounting for the fuse
or external influences that may damage the circuit. element to protect the distribution system or the
Overcurrent/overvoltage protection and personnelequipment connected to the system (fig. 4-30).
safety, requirements are provided in a power Distribution cutouts are used with installations of
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Figure 4-30.—Mounted distribution cutout with expulsion
fuse.

Figure 4-31.—Distribution cutouts installed for transformer
bank switching.

4-21

transformers, capacitors, cable circuits, and
sectionalizing points on overhead circuits (fig. 4-31).
Enclosed, open, and open-link cutouts are used for
different distribution circuit applications. Cutouts
normally use an expulsion fuse. An expulsion fuse
operates to isolate a fault or overload from a circuit.
The arc from the fault current erodes the fuse holder
tube producing a gas that blasts the arc out through the
fuse tube vent(s) thereby isolating the circuit.

The mechanical differences between enclosed,
open, and open-link cutouts are in their external
appearance and methods of operation. Enclosed
cutouts have terminals, fuse clips, and fuse holders
mounted completely within an insulating enclosure.
Open cutouts, as the name indicates, have these parts
completely exposed.

The construction of the cutout fuse holder can pro-
vide for non-dropout or dropout operation. Some of the
fuses are manufactured to provide indication that the
fuseis blown; other fuses may have an expendable cap.

ENCLOSED DISTRIBUTION CUTOUT. —In
an enclosed distribution fuse cutout the fuse clips and
fuse holder are mounted completely within an
enclosure. A typical enclosed cutout, as shown in
figure 4-32, has a porcelain housing and a hinged door
supporting the fuse holder. The fuse holder is a hollow
vulcanized-fiber expulsion tube. The fuse link is
placed inside the tube and connects with the upper and
lower line terminals when the door is closed. When the

PORCELAIN
HOUSING

A
FUSE CLIPS
(CONTACT CLIPS)

LINK LEADER

FLIPPER

FUSE HOLDER
(EXPULSION TUBE)

CEIf0432

Figure 4-32.—Enclosed primary cutout assembly.



fuse blows or melts because of excessive current  Standards specify the size of the fuse holder into
passing through it, the resultant arc attacks the walls ofwhich the link must fit freely. Links rated 1 to 50 amps
the fiber tube, producing a gas which blows out the arc. must fit into a 5/16-inch diameter holder, 60- to 100-
The melting of the fusible element of some cutouts amp links must fit into a 7/17-inch diameter holder,
causes the door to drop open, signaling to the linemanand 125to 200-amp links must fit into a 3/4-inch
that the fuse has blown. diameter holder. Links must withstand a 10-pound pull
while carrying no load current but are generally given a

Each time the fuse blows, a small amount of the
25-pound test.

vulcanized fiber of the expulsion tube is eroded away.
The larger the value of the current interrupted, the  Fusible elements are made in a wide variety of
more material is consumed. In general, a hundred ordesigns. Most silver-element fuse links use the
more operations of average current values can béhelically coiled construction. This construction

performed successfully before the cutout fails. permits the fusible element to absorb vibration as well

Enclosed cutouts can be arranged to indicate when@S thermal shock due to current surges and heating and

the fuse link has blown by dropping the fuse holder. cooling throughout the daily load cycle.
The enclosed cutout is designed and manufactured for FUSE LINK OPERATION. —When a fault
operation on distribution circuits of 7,200 volts and occurs, the fusible element is melted by the excessive
below. The standard current ratings of the cutouts arecurrent, and an arc forms across the open gap. The arc
50, 100, or 200 amps. is sustained temporarily in a conducting path of
OPEN DISTRIBUTION CUTOUT. —Open gaseous ioni;ed arc produc;ts._Gas pressure _builds
YpeS of cutous are simiar 0 he enclosed types S0, 1 e Meseie, sl n contrcton wih 3
?;ggpéftiagtgﬁ ?so%s;r;?gﬁegm;trt]%d rggmﬁ‘ a3§t)u rlgefgffﬁ rapidly ejects the fuse link leader, lengthening and

S : cooling the arc. For low values of fault current, the arc
distribution system voltages. The open type is made for : . -
100- or 200-amp operation. Some cutouts can beacts on the fuse link sheath, generating considerable

. amounts of deionizing gases. When the current passes
uprated from 100 to 200 amps by using a fuse tube . e
rated for 200-amp operation. through the next zero value, as it changes the direction

of flow, the arc is interrupted (fig. 4-34). As the voltage
PRIMARY FUSE LINKS. —A primary fuse link increases again across the opening in the fuse link, the
consists of the button, upper terminal. fusible element, arc attempts to reestablish itself. A restrike, however,
lower terminal, leader, and sheath. The button is theis prevented by the deionizing gases which will have
upper terminal and the leader is the lower terminal. rebuilt the dielectric strength of the open gap. For large
Fuse links for open-link cutouts are similar to the values of fault current, the sheath is rapidly destroyed,
primary fuse link except that open-link cutouts have and the arc erodes fiber from the inner wall of the
pull rings at each end. In either case, the sheath aids ircutout tube. generating large amounts of deionizing
the interruption of low-value faults, and it provides gas. During the fault interruption process, the cutout

protection against damage during handling. expels large amounts of gas under high pressure as well
ARCING
TIME
P
ARC VOLTAGE /“
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TIMFE CEf0434
Figure 4-34.—Diagram of voltages, current, and timing
CEIfC433 . :
reference recorded with an oscillograph to show fuse
Figure 4-33.—Open-distribution cutout. operation.
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as some fuse link particles. There also may be a veryAir switches are further classified as air circuit
loud report. Accordingly, when one is working in the breakers, air-break switches, and disconnects.

vicinity of a fuse cutout, care should be taken to stay Circuit Breaker.—A device used to complete,
clear of the exhaust path. In addition, when closing @y aintain, and interrupt currents flowing in a circuit
cutout, it is good practice to look down, away from the ynger normal or faulted conditions is called a circuit
discharge path, since there is always the possibility ofhreaker. The circuit breaker has a mechanism that
closing the cutout into a short circuit. mechanically, hydraulically, or pneumatically

RECOMMENDED SIZE OF PRIMARY operates the circuit breaker contacts. Insulating oil, air,

FUSE—Table 4-3 gives the recommended size of cOmpressed air, vacuum, or suhfur hexaﬂuor_ide gas iS
primary fuses to use with different transformer voltage and used as an arc-interrupting medium and a dielectric to

- - - insulate the contacts after the arc is interrupted. If the
kilovoltampere ratings. The table also gives the normal circuit is to open automatically during overload or

full-load primary current rating of the transformer. short circuit conditions, the circuit breaker is equipped
It is general practice not to protect distribution with a tripping mechanism to accomplish this. Thus,
transformers against small overloads. To do so wouldcircuit breakers normally are used where control of the

cause unnecessary blowing of the fuses and frequergircuit, as well as protection from overload, short
interruption of the service, both of which are circuit, and so forth is desired, such as at generating

. : . stations and substations.
undesirable. It is customary, therefore, to provide fuses

which have a higher current rating than the current AigBLeglk dSWitCQ-T'lt'_he aif-bLGE:;SS;NiL(i?h gggmh
rating of the transformer. ave both blade and stationary co quipp

~arcing horns. These horns are pieces of metal between
AIR SWITCHES.—As their names imply, air  which the arc forms when a current-carrying circuit is
switches are switches whose contacts are opened in airppened. As the switch opens, these horns are spread

Table 4-3.—Fuse Size for Transformer Installations

System | | | ‘
Nominal | 2,400 4,160 I 7.200 ‘ 12.000 | 13.800
Voltage ; | | 1
Transformer Y Full- | Fuse i Full- Fuse | Full Fuse 4‘ Fuli- Fuse S Full- | Fuse
kVA Load Amp ! Load Amp : Load Amp . Load i Amp I Load Amp
Rating Current Rating | Current Rating | Current Rating " Current | Rating Current Rating
SINGLE-PHASE TRANSFORMERS
5 T 3. L a2 3 L o7 Ty 04 | 3 1 o4 3
10 | 42 | 7L 24 s 143 08 3 07 3
15 63 Y 10 3.6 5 21 ’ 3 1.3 | 3 1.1 3
‘L 25 10.4 15 6.0 i 10 35 5 2.1 ‘I 3 18 3
; 375 I 15.6 25 9.0 15 5.2 10 3.1 ' 5 2.7 5
| 50 | 20.8 : 30 12.0 20 . 7.0 10 | l 4.2 ! 7 3.6 3
75 ( 313 i 50 ‘ 18.0 25 | 10.4 15 6.3 10 54 10
| 100 417 65 240 40 139 20 83 ! 15 72 10
[ 167 j 69.6 100 : 40.1 63 23.2 [ 40 B39 20 21 | 2
250 | 1042 150 601 | 100 1 48 50 20.8 30 | 18l 25
THREE-PHASE TRANSFORMERS
9 2.2 3 1.3 ‘ 3 ] 0.7 3 ! 04 ! 3 L 04 3
15 36 5 2.1 " 3 1.2 ; 3 0.7 3 i 0.6 | 3
30 ! 72 ; 10 4.2 7 | 24 5 i 1.4 3 1.3 Y 3
| 45 \ 10.8 I 135 ; 6.3 10 3.6 5 i 22 3 1.9 3
L 75 ' 181 " 25 ‘ 10.4 15 6.0 ; 10 36 3 3.1 S
‘ 112.5 ! 27.1 1 40 i 15.6 25 9.0 J‘ 15 54 10 4.7 7
: 150 ‘ 36.1 :L 50 [ 208 ‘ 30 12 T 20 | 7.2 10 ! 6.3 10
225 54.2 ’ 80 ' 31.3 50 18 25 10.8 15 ' 9.4 15
L 300 [ 723 % 100 ; 417 65 24 ‘ 10 14.5 20 126 ‘ 20
500 o200 | 200 o695 : 100 | 40 65 P24 40 210 | 30
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farther and farther apart, thereby lengthening the arc  Disconnect switches are used to complete a

until it finally breaks. connection to or isolate the following:
Air-break switches are usually mounted on 1. Two energized transmission or distribution
substation structures or on poles and are operated from lines

the ground level (fig. 4-35). In a three-phase circuit all
three switches. one in each phase. are opened and
closed together as a “gang,” as the system is called. The
switches can be operated by a handle connected to the 3. Substation equipment

rod extending from the switch to the base of the pole._ 4. A distribution feeder circuit and a branchcircuit
Remember, the opening of a three-phase gang switch is

a two lineman project. One lineman opens the switch; Disconnect switches are frequently used to isolate
the other lineman is for safety—he watches to ensure line or an apparatus, such as a transformer. to
that all phases open. Many of the air rods extendingcomplete maintenance work. In most circumstances, it
from the air-break switches are operated by is necessary to test the equipment for high voltage and,
mechanized equipment connected to the switch-if proved de-energized, to ground it before the
operating rod from a remote location. The automation maintenance work is performed.

ofdistribution circuits has resulted in the installation of OIL SWITCH. —An oil switch is a high-voltage

many mechanized operators for key break switches sogyich whose contacts are opened and closed in oil.
that they can be controlled from a central operationstna switch is actually immersed in an oil bath and
center. Switches for underground distribution circuits oniained in a steel tank. The reason for placing high-
usually are installed in pad-mounted switchgear. The o taqe switches in oil is that the oil will break the
switches are operated with the cabinet doors closed tOgyqit \when the switch is opened. With high voltages.
provide protection for the lineman or cableman. a separation of the switch contacts does not always
Disconnect Switch—A disconnect switch is an  break the current flow because an electric arc forms
air-break switch not equipped with arcing horns or between the contacts. If the contacts are opened in oil.
other load-break devices. The disconnect switchthe oil will quench the arc. Furthermore. if an arc
cannot be opened until the circuit in which it is should form in the oil. it will evaporate part of the oil
connected is interrupted by. some other means, such agecause of the high temperature and will partially fill
a portable load break tool attached to a hot-line tool. If the interrupters surrounding the switch contacts with
a disconnect switch is opened while current is flowing vaporized oil. This vapor develops a pressure in the
in the line. an arc is likely to be drawn between the interrupters which assists in quenching or breaking the
blade and the stationary contact where the arc mightarc by elongating the arc.
easily, jump across to the other conductor or to some
grounded metal and cause a short circuit. The hot arc
also could melt part of the metal. thereby, damaging
the switch.

2. Transmission or distribution lines from
substation equipment

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 (fig. 3-36): but if the voltage
of the line is high. the three poles of the switch are
placed in separate oil tanks. The poles are placed in
separate tanks to make it impossible for an arc to form
between any two phases when the switch is opened or
closed. An arc between phases would be a short circuit
across the line and would probably blow up the tank.

When an oil switch is to open the circuit
automatically because of an overload or short circuit. it
is provided with a trip coil. This trip coil consists of a
coil of wire and a movable plunger. In low-voltage
circuits carrying small currents. this coil is connected
in series with the line. When the current exceeds its
permissible value. the coil pulls up its plunger. The

Figure 1-35.—Gang-operated three-pole air-break switch with plunger trips the mechanism, and a spring opens the
arc interrupters (in the open position). switch suddenly_
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An oil circuit recloser is a type of oil switch
designed to automatically interrupt and reclose an
alternating-current circuit. It can be made to repeat this
cycle several times. Reclosers are designed for use on
single-phase circuits or on three-phase circuits.

A recloser opens the circuit in case of fault as
would a fuse or circuit breaker. The recloser, however,
recloses the circuit after a predetermined time (for
hydraulically controlled reclosers about 2 seconds). If
the fault persists, the recloser operates a predetermined
number of times (1 to 4) and “locks out,” after which it
must be manually reset before it can be closed again. If,
however, the fault was of a temporary nature and
cleared before lockout, the recloser would reset itself
and be ready for another full sequence of operations.

Temporary faults arise from wires swinging
together when improperly sagged, from tree branches
falling into the line, from lightning surges causing
temporary flashover of line insulators, and from
Figure 4-36.—Three-phase oil switch recloser. animals on the conductors short circuiting the
insulators.

In high-voltage circuits or in circuits carrying ) ) ) )
large currents, a current transformer is connected into A recloser is unlike a fuse link because it
the line and the secondary leads from this transformerdistinguishes a temporary from a permanent fault. A
supply the current to the trip coil of the oil switch (fig. fuse link interrupts temporary and permanent faults
4-37). Since there is a fixed ratio between primary and alike. Reclosers give temporary faults repeated
secondary currents of the current transformer, the coil chances, usually four, to clear or be cleared by a
can be adjusted to trip at any predetermined value ogubordinate device, like a fuse or sectionalizer. If the
current in the line. fault is not cleared after four operations, the recloser

recognizes it as a permanent fault and operates to lock

The use of the current transformer on such circuits out and leave the line open.

serves the dual purpose of providing a small current for
operating the tripping coil and insulating the coil from A recloser can be magnetically operated by a
the high voltage of the line. solenoid connected in series with the line. Minimum
trip current is usually twice the normal load current
rating of the recloser coil. The operations are

e ' performed by a hydraulic mechanism and a
JRIP COL__ mechanical linkage system. When the fault current
® reaches twice the normal line current, the increased
° magnetic field pulls the plunger down into the coil. As
the plunger moves downward, the lower end trips the

contact assembly to open the contacts and break the
circuit. As soon as the contacts are open, there is no
more current in the coil to hold them open, so a spring
closes the mechanism and reenergizes the line.

i PROTECTIVE GROUNDS

- Protection to the lineman is most important when a

CURRENT TRANSFORMER transmission or distribution line or a portion of a line is
CEff0437 removed from service to be worked on using de-
Figure 4-37.—Current transformer used to supply current to energized procedures. Precautions must be taken to be
the trip coil of an oil switch. sure the line is de-energized before the work is started

4-25



and remains de-energized until the work is completed.

The same precautions apply to new lines when

construction has progressed to the point where they &
can be energized from any source. e md

The installation of protective grounds and short-
circuiting leads at the work site protects against the
hazards of static charges on the line, induced voltage,
and accidental energizing of the line.

When a de-energized line and an energized line
parallel each other, the de-energized line may pick up a
static charge from the energized line because of )
proximity of the lines. The amount of this static voltage j

“picked up” on the de-energized line depends on the
length of the parallel, weather conditions, and many
other variable factors. However, it could be hazardous;
and precautions must be taken to protect against it by
grounding the line at the location where the work is to

be completed. Grounding will drain any static voltage

and protect the workman from this potential hazard.

When a de-energized line parallels an energized
line-carrying load. the de-energized line may have a
voltage induced on it in the same manner as the <3
secondary of a transformer. If the de-energized line is A Y
grounded at a location remote from where the work is \-'Q “ W S
being done, this induced voltage will be present at the
work location. Grounding the line at the work location
will eliminate danger from induced voltage.

Figure 4-38.—Grounding cluster installation.

Grounding and short circuiting protect against the UNDERGROUND CONSIDERATIONS

ha;ard of the_llne becqmlng engrglzed from elther Electric distribution circuits have been installed
accidental closing ofthe line or accidental contact with underground for many years. The conventional
an energized line that crosses or is adjacent to the de-underground systems employ the use of some, if not
energized line. all, of the following: conduits encased in concrete,
The procedures established to control the manholes, ducts and trenches, direct burial cable and

operation of equipment in an electrical system riser/potheads, underground power cables, and

: : - underground communication cables. After it has been
practically prevent the accidental energizing of a determined that the load density is high enough to

transmission or distribution line. Hold-off tagging justify the expenses associated with an underground
procedures have proven to be very effective. If a system, the system must be designed; and then
circuit should be inadvertently energized, the construction may begin.

grounds and short circuits on the line will cause the

protective relays to initiate tripping of the circuit MANHOLES

breaker at the source end of the energized line in a Manholes, handholes, and vaults will be designed

fraction of a second and de-energize the hot line., o stain all expected loads that may be imposed on
During this short interval of time, the grounds and the structure. The horizontal or vertical design loads
short circuits on the line being worked on will protect will consist of dead load, live load, equipment load,

the workmen (fig. 4-38). If it is not grounded, it is not impact, load due to water table or frost, and any other
dead! load expected to be imposed on or occur adjacent to the
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structure. The structure should sustain the combination obstructions, concrete is usually the cheapest and the
of vertical and lateral loading that produces the best material. But when only a few are to be
maximum shear and bending moments in the structure.constructed or when there are many obstructions, a
Manholes are necessary in a power distribution manhole Wit.h a concrlet?] bottom, bri;]:k sidesh, ?nd a
system to permit the installation, removal, splicing, concrete top is prpbabyt € best. Such a manhole can
and rearrangement of the cables. A manhole is merelybe constructed without having to wait for concrete to

' set before you can remove the forms. There is a

;;gbttgrra: r?ﬁirt] v?glté)rr mgi?nmaﬁ&anmgfiﬁé Sg;i'ﬁ:aesmgrowing use of precast concrete manholes that are
P prop P " shipped directly to the project site.

Arranged on the sides of the vault are devices that
support the cables. A manhole with brick walls is built by first pouring

The location of manholes is determined largely by the concrete floor and then building up the brick walls

the lavout of the base that is to be suoplied with power thereon. If the manhole is large, the roof can be either
Wher¥e\ljer 2 branch or Ia'leral extelljw%psl frovn\rl: thg ;’nvai'nOf steel-reinforced concrete or of brick set between
rails. Probably for installations in which only a few

subway, there must be a manhole; and there must bG, - ;1,165 are to be built, the brick-between-rails

manholes at intersections of subways. In general, ethod is the best. For a small manhole, no masonry

cables are not _made in lengths exceeding 400. to 6(.) oof is necessary, as the cast-steel manhole cover
feet; and as it is necessary to locate splices iNtrms the roof ’

manholes, the distance between manholes cannot

exceed these values. Furthermore, it is not advisable to ~ Cement mortar for building brick manholes or for
pull in long lengths of cable because the mechanicalconduit construction can be made by mixing together 1
strain on the conductors and sheath may then becoméart of cement, 3 parts of sand, and about 1/3 part of
too great during the pulling-in process. It is Wwater, all by volume.

recommended that manholes be located not more than A concrete manhole is built by first pouring the
500 feet apart. The lines should preferably be runconcrete floor and then erecting the form for the sides.
straight between manholes. In a self-supporting soil, the sides ofthe hole constitute

Manholes are made in many Shapes and sizes téhe form for the outside of the manhole. If the soil is not
meet the ideas of the designer and to satisfy locafelf-supporting, there must be an outer form of rough
conditions. An example of a typical manhole is shown Planks (plywood), which is usually left in the ground.
in figure 4-39. If there are obstacles at the point where a Steel reinforcing, such as old rails, must be placed in
manhole is to be located, the form of the manhole mustthe concrete top of a large manhole. All reinforcing
be modified to avoid them. The form approximating an Ste€l should be completely encased in concrete to
ellipse (fig. 4-40) is used so that the cables will not be Prévent corrosion.
abruptly bent in turning them around in the manhole. Manhole covers should always be made of cast

When the rectangular type of manhole is used (fig. steel and covers should be round so that they cannot
4-41), care must be taken not to bend the cables to@irop into the hole accidentally.

sharply. _
i So-called watertight covers are seldom used now,

The size of a manhole will vary with the as it is not feasible to make a satisfactory watertight
number of cables to be accommodated; but, in anycover at reasonable expense. A cover should not be
case, there must be sufficient room to work in the fastened down because if it is and accumulated gas in a
manhole. A 5- by 7-foot manhole is probably as large manhole explodes, the vault and cover will be
as will be required in isolated plant work, while a 3- by shattered. A ventilated cover should be used to allow
4-foot manhole is about as small as should be usedthe escape of gas. The newer types have ventilating
When transformers are located in a manhole, the sizeslots over approximately 50 percent of their area. Dirt
should be increased to allow for working space around and water will get into the hole, but the dirt can be
the transformer and for ventilation. About 2 or 3 feet of cleaned out and the water will drain out and no harm
volume should be allowed per kilovoltampere of will result. If ventilation is not provided, an explosion
transformer rating. of gas may occur and do great damage.

Manholes are built of either brick or concrete or of When feasible, a sewer connection should lead
both of these materials. When many manholes are to befrom the bottom of every manhole. The mouth of the
built of one size and there are no subterraneartrap should be protected by a strainer made of
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Figure 4-39.—Typical manholes.
noncorrosive wire. If a sewer connection cannot be WARNING

made, there should be a hole in the manhole floor so
that water can drain out. A pocket under the manhole ~ Before entering any manhole, the vault must

filled with broken rock will promote effective be ventilated to remove all toxic or explosive
drainage. gases and ensure adequate oxygen for

survival. Forced air ventilation, respiratory

INSIDE HEIGHT
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CEN0440 CEIf0441

Figure 4-40.—Elliptical type of manhole. Figure 4-41.—Rectangular type of manhole.
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protection, an observer on the surface, and a An underground installation usually consists of
safety harness and line may be required for  several duct lines. Joints between sections should be
safe entry. Consult your supervisor before staggered, so the joints in several lines do not all occur

entering any manhole. at the same place. To ensure staggering, use starting
sections of different lengths at the starting manhole.
DUCTS AND TRENCHES For duct set in concrete, there must be at least 3 inches

A duct line and manhole system provide the bestof concrete around each line of duct. Where concrete
available underground system. Such a system allowsncasement is specified, concrete should have a
for growth and permits cost-effective replacement of strength of not less than 2,500 pounds per square inch
existing cables or cable terminations damaged bywhen cured for 28 days. The 3-inch spacing is
faults or made obsolete by aging. Concrete encasementiccomplished by the use of spacers, like the one shown
provides the cables with minimum susceptibility to in figure 4-42. The upper lines of the duct must be a
damage and optimum safety to personnel. Severaminimum of 3 feet below the ground surface.

types of underground ducts are in general use, such as . . .
yp g g The location of the trench varies according to

fiber, wood, vitrified tile, iron pipe, asbestos o :

composition polyvinyl chioride (PVC). and concrete. grour)d condition. The trench should run as straight as

The most common type used today by the Navy igPossible from one manhole to the next. To ensure
drainage, slope the line downward about 1 foot but

PVC. never less than 3 inches every 100 horizontal feet.

CONCRETE When one manhole cannot be located at a lower level
than the other, the tine must slope downward from
about the midpoint both ways toward the manhole, as
shown in figure 4-43.

Dig the trench to the desired depth and tamp the
bottom hard to ensure a solid bed for the 3-inch bottom
layer of concrete. Spacers can be embedded in the
bottom layer of concrete for a depth of about 1 inch
before the concrete sets to ensure a solid base.

Burying cable directly in the ground is widely
done for installations of single circuits for which the
: L cost of duct construction would be prohibitive. Some
_________ ST of the more common applications of direct burial cable
""""" are as follows:

1. Street-lighting circuits, especially on a base
whose outlying sections are without ducts

CEIf0442

Figure 4-42.—Spacing fiber duct in concrete. 2. Connecting residences to mains
LEVEL GROUND SURFACE i
3 MINIMUM

__——% Q’\ I
DUCT RUN T

MANHOLE

CEIf0443

Figure 4-43.—Slope for duct run.
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3. Railroad yards, railway-signal circuits and
airport lighting

3. Lighting and power circuits for amusement
parks, baseball and football fields, and
industrial plants

5. Crossing under small lakes and streams

Both nonmetallic-armored cable and metallic-
armored cable (parkway cable) are used for direct
burial in the earth. The nonmetallic-armored types are
lighter in weight. more flexible, and easier to splice
and are not subject to rust, crystallization, induced
sheath power loss, or trouble from stray currents. On
the other hand, they do not give good protection
against mechanical injury,.

Direct burial of power cable is normally
accomplished with a backhoe digging a trench large
enough to permit bed preparation. Whereas
communications cable is laid in a small trench created
by a chain type of mechanical trencher. Cables are
installed at a minimum depth of 30 inches for power CEN0444
cables of 600 Vac or over and 18 inches for Figure 4-44 —Pothead.
communications cables. Cables installed at 30 inches

or ghfeéte{ hWi” be prt?tected against extreme p, js now done with special kits which provide
mechanical hazard, such as at street intersections Qfjastic molds to be placed over individually prepared
under roadways. The powercables should be placed ify2ces The molds are poured full of epoxy. The new

a 3_—inch-thick bed of sand. When b_ackfilling a d_irect way is much more efficient and clean. The new style
burial cable. you should place plastic streamers in thejg shown in figure 4-45
trench 12 to 18 inches above the cable. These streamers '

will alert future personnel conducting digging  The riser pole for underground distribution
operations to the presence of the buried cable. circuits should be inspected when overhead lines are

) . ) inspected and maintained (fig. 4-46). The inspection
At intervals of 200 feet and at turns in the buried shcl)ould include the discoﬁlr?ect svx)litches offused
cable, you also should place small-concrete markers, (s the lightning arresters, the operation of the

the buried distribution systems. The marker should cnqit or U-guard, and identification of the circuit
state the type of cable that is buried, such as power or,,4 pole conditions.
communications, and voltage or number of pairs.

Types UF and USE cables are code-designated
single-conductor or multiconductor cables suitable for
direct burial in the earth. THReEC® includes rules for
the protection of underground conductors when the
supply voltage exceeds 600 volts. These rules were
introduced to minimize the hazards of “dig-ins.”
Section 710-3(b) of thalEC® covers such rules.

RISERS/POTHEADS

For connection of underground distribution CONDUCTOR
circuits at any location. the end must be prepared for ' cEtDass
termination. In earlier times this preparation was  Frigure 4-45.—Diagram of a modern single-phase cable end
accomplished with a pothead. as shown in figure 4-44, termination kit.
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Figure 4-46.—Riser pole for underground distribution circuit.

UNDERGROUND POWER CABLES UNDERGROUND COMMUNICATIONS
CABLES

Underground cables have various types of
insulation and sheaths. Because higher voltages The most common types of underground

generate more heat, the amount of voltage carriedcOmmunications cables in use today are steel-armored

determines the composition of the insulation. with plastic insulation (STELPATH), plastic-
_ insulated with aluminum armor (PIC), and the new
Cables rated at 15 kilovolts and below usually shielded fiber-optic cables.

have rubber or varnished cambric insulation and a
PVC or rubber sheath. Those rated at 600 volts to 425PULLING CABLE

kilovolts have oil-impregnated paper insulation and a i . .
Preg pap When installing a new run of duct, you pull in

PVC sheath. “pulling wire,” usually a lo-gauge iron wire. With this
Cables rated at 5 kilovolts and above have metallic wire, you pull in a wire rope to which you attach the
tape shields between the insulation and sheath forcable for pulling in.

mechanical protection. Exceptions to this requirement  Sometimes, when the duct has been in the ground a
are for single-conductor (1/0) cable with a PVC sheath long time, the original iron pulling wire may be rusted
and three-conductor (3/0) belted type of cable. so that it is not strong enough to pull the wire rope
through. Also for a 400- to 500-foot run, it would be

~ Much of the new cable being installed is Cross- e 11 push a fish tape through the duct. The job
linked-polyethylene (XLP) or ethylenepropylene 4, he simplified by using an air compressor to blow a

rubber (EPR). These are called solid type of chalk line cord through the duct. To do this, take a
insulations. The size and number of conductors in the small cloth and tie the chalk line end to the four
cable depend on the job requirements. comers, so the cloth functions like a small parachute.
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With the air hose in the end ofthe duct and the cord free
to run out, you will be able to blow the cloth through to
the next opening, even on a long run of duct.

Cleaning ducts is accomplished by rodding.
Quick-coupling duct rods (about 1 feet long and 1 inch
in diameter) are connected together with a wire brush
or other duct rod leader at the head to facilitate
cleaning. The rods may be pushed through manually or
by means of power equipment. A 12-gauge galvanized
steel wire attached to the leader is left in the duct for the
cable pulling crew.

Moisture inside a cable causes deterioration of the
insulation; therefore. precautionary measures should
be taken to avoid the accumulation of moisture inside
the cables. Before pulling a cable. ensure that the cable
ends are sealed against moisture invasion.

RIGGING

Figure 4-47 shows a number of ways to rig
manholes for cable pulling. View A shows the cable
pulley attached to a timber block which, in turn, is
supported by a wedge. In view B, the pulley is shown
attached to the manhole wall by means of an embedded
eye. If you use this method. make sure that the lower
sheave is in line and level with the duct in which the
cable is to be pulled. To prevent injury, to the cable by
sharp edges. line the duct mouth with a shield.

Either of the above methods will probably be
satisfactory for most of the jobs you will handle.
Sometimes. however. more complex rigging is called
for, especially in cases when the cable requires heavy
pulling. For jobs of this nature, you will find the other
views in figure 4-47 helpful.

When pulling cables into a long duct. use a feeding

tube or bell for applying a lubricant at the duct mouth.
Make sure you use the lubricant specified by the
manufacturer of the cable.

Make a plank runway to support the reel for

movement over areas where dirt, cinders, or crushed=

stone might damage the cable. All cable reels ar
marked with an arrow. indicating the direction in
which they must be rolled. Comply with this arrow
when placing the reel at a manhole so that it turns in
the proper direction as cable is pulled from the reel.
Place the reel as near as practical to the manhole and
raise it on reel jacks just enough to clear the ground.
Figure 4-48 shows a reel in proper position over the
manhole so that the bend in the cable is not reversed as
the cable is unreeled. Notice the scuff boot at the edge
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of the manhole to prevent damage to the cable sheathof the cable remaining on the reel also must be sealed.
A section of an old tire casing can serve as a protective|n addition, check the seal on the end of the cable that
boot for this job. has traveled through the duct, and reseal it if it has been
The boards nailed to the two edges of the reel arebroken from the strain.

called lagging. When the reel is in place, remove the

lagging. You must be careful not to damage the cableDANGEROUS GASES
when you pry the lagging loose. Be sure to remove any
projecting nails from the edge of the reel before
starting to remove the cable. Next, you must release the
end of the cable from the reel, and you will then be
ready for the main part of the job.

Gases may be dangerous for several reasons. The
gas concentration may be explosive if it is made up of
methane, sewer gas, natural gas, concentrations of
spilled gasoline, or other liquid fuel vapors. As a
general rule, these gases are heavier than air and will
CABLE INSTALLATION concentrate in low areas, such as manholes and ducts.

They will remain there until they are dispersed. These

Assume that the winch line has been drawn into the gases are toxic as well as explosive. Other toxic gases
duct, as the test line was pulled out. A basket grip isare chlorine, ammonia, and a variety of the sulfide
now attached to the end of the underground cable oncombinations. Other gases deplete the oxygen in the
the reel. The end of the basket is secured to the cablgnanholes and duct systems. Lack of oxygen can be as
with a tight wrap of tape or wire. A swivel connection deadly as either the explosives or toxic gases. For these
is necessary between the basket and the pulling cableeasons, underground structures must be tested before
to relieve twisting of the rope. workers enter them. Figure 4-49 shows two common

If the cable reel is within sight of the winch, it will YPes Of test sets used for identifying carbon monoxide
take four people, in addition to the winch operator, to &1d combustible gases. View A shows a carbon
do the job safely. One person attends the reel to see thdonoxide tester and view B, an explosimeter. Only
the cable rolls off the reel properly. Another in the personnel who are specifically trained and certlfled
manhole guides the cable into the duct. Both inspectMay conduct tests for safe entry. Before entering any
the cable as it unreels and immediately signal “stopunderground structures the base confined space
pulling” when a defect appears so that a closermanager or the assistant must certify the area safe for
inspection can be made for possible damage to theentry.
sheath. A third, stationed in the other manhole at the
pulling end. signals “stop pulling” when the cable MAINTENANCE

appears. The fourth crew member, aboveground at the _ _ _ _
pulling-end manhole, relays signals to the winch Test equipment is essential for satisfactory power

operator. This procedure enables the winch operator toSYStém operation. Meters are needed to monitor

concentrate on his job of seeing that the winch line is System operation conditions and also to check
wound onto the reel properly. equipment before and after placing it in service.

Periodic checks are necessary to ensure that the

The speed for pulling cable into a duct varies with equipment remains in proper operating condition.

the length of the duct and cable sizes. A single cable
can be pulled in successfully at 75 feet per minute in a

clear. straight duct. When you are handling more than EéEgAMEQ)SI\IUSRING INSTRUMENT
one cable, reduce the speed to about 20 to 25 feet per
minute, so you can prevent the conductors from

crossing as they enter the duct. When using measuring instruments, you must

observe certain precautions. For example, it is
When the “stop pulling” signal is given, make sure especially important to be careful in using an ammeter
there is sufficient slack in both manholes for splicing pecause of its low internal resistance. If mistakenly
or terminating the cable. The slack can be adjustedp|aced across a V0|tage source, the meter can be
with the cable basket grip. Exercise care to preventjamaged. Always break the circuit and CONNECT
injury to the cable insulation. Remove the binding tape AN AMMETER IN SERIES with one meter lead going

and the basket grip from the cable. The cable is then cukg each point of the circuit breaker to measure an
to the desired length and the cutoff end in the manholeynknown quantity. Be sure to de-energize the circuit
is sealed unless splicing is done immediately. The endygfore making or breaking the connections.
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of placing the range selector switch in the highest
range position after you have finished using the
instrument.

OBSERVE POLARITY on all direct-current
measurements. Take care to connect the positive
terminal of the source to the positive terminal of the
meter and the negative terminal of the source to the
negative terminal ofthe meter. This action ensures that
the meter polarity matches the polarity of the circuit in
which the meter is placed.

HOLE FOR BREAKING
RUBBER CHECK VALVE OFF ~1PS OF TUBES

TUBE TIP BREAKER

FLOW CONTROL

ASPIRATOR BULB
20 FT HOSE

Be careful to avoid dropping a meter or subjecting
it to excessive mechanical shock. Such treatment may
FJ damage the delicate mechanism or cause the
CARBON MONOXIDE INDICATOR TUBE permanent magnet to lose some of its magnetism.

A. CARBON MONOXIDE TESTER Care must be taken to avoid connecting the
ohmmeter across circuits in which a voltage exists,
since such connection can result in damage to the
~) instrument. TO ENSURE THE REMOVAL OF ALL
VOLTAGE TO THE EQUIPMENT UNDER TEST,
DISCONNECT THE SOURCE OF THE INPUT
VOLTAGE BY REMOVING THE POWER PLUG.

UNFILLED END OF TUBE

INDICATING GEL

gpE—

0 S B Furthermore, ALL CAPACITORS MUST BE
B — DISCHARGED before the ohmmeter prods are
e — 2L : e g
— N connected in the circuit. Charges remaining on
e capacitors after the applied voltage has been removed
L N\ ___ssreerr ) can severely damage the instrument.

LD

Always turn ohmmeters OFF when finished. This
action will avoid discharge of the internal battery if the
test leads are shorted inadvertently.

It is important that you remember to USE A LOW-
VOLTAGE MEGGER TO TEST LOW-VOLTAGE
INSULATION. Application of high voltage may
initiate insulation breakdown. low-voltage meggers
should not be used to test high-voltage insulation
ASPRIRATOR BULB because an inaccurate reading may result from the
comparatively small output voltages available from
this instrument. Be careful whether using high or low
range meggers. Dangerous voltages exist at meter
terminals and leads.

RUBBER CHECK
VALVE

10' HOSE
B. EXPLCSIMETER

DIGITAL MULTIMETERS

CEf0449

Figure 4-49.—Underground gas-testing apparatus. There are a lot of different types and styles of

autoranging digital multimeters that are designed for

When using either ammeters or voltmeters: the professional at work in the field. These instruments
ALWAYS start at the HIGHEST meter range. Then stand up to the use and abuse of everyday service and

drop down to a lower scale range if necessary. Thiselectrically insulate the user from potential shock

practice protects the meter from injury if an attempt is hazards. They have electronic overload protection

made to read a high value in a low range. Damage toagainst accidental application of voltage to resistance

instruments also can be minimized if you form a habit and continuity circuits. These characteristics,
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combined with their rugged construction, make them e Connections become loose with age and must be
durable and re“able inStI’umentS. re_torqued to prevent hot spotsl

The maintenance and cleaning of these
instruments are easy. Maintenance consists of periodic _
cleaning, battery replacement, fuse replacement, and sagging.
recalibration. Calibration on these meters should be
performed every year. The exterior of the instrument INTERFERENCE ELIMINATION
can be cleaned with a soft, clean cloth to remove any
oil, grease, or grime from the exterior of the Another important area of maintenance is noise
instrument. Never use liquid solvents or detergents. Ifinterference elimination in the power distribution
the instrument gets wet for any reason, dry thesystem.
instrument using low-pressure “clean” air at less than . . :
25 psi. Use care and caution while drying around the ~ POWer lines may be a source of interference with
display protector and areas where water or air couldgradio communications. Conductors, insulators, and

In time, conductors stretch and require re-

enter the interior of the instrument. hardware contribute their share by means of spark
discharges, localized corona discharge, and cross
CAUTION modulation.

Spark Discharges
All resistance measurements should be taken

on de-energized circuits ONLY! Spark discharges occur when localized excessive
voltage stress exists. A conductor may become
partially insulated by corrosion products or an

insulator partially conductive because of cracks. A
third source of stress occurs when a conductor is
separated from another metallic part on a pole only by a

WARNING

When using compressed air for cleaning, wear
chemical splash goggles. Do not direct the air

toward eyes or skin. small air gap.
MAINTENANCE OF DISTRIBUTION Corona Discharge
EQUIPMENT

“Corona” is defined as the luminous discharge due

the cause of most damage to power distributionWhen the voltage gradient exceeds a certain critical
equipment. To repair these damages, the linemarvalue.

requires experience, a total commitment to safety, and _

the knowledge to accomplish repairs to the system asCross Modulation

quickly and economically as possible. _
Cross modulation (often the result of a corroded

dThe maintenance requweddpn Fge poles, timbers,.onnection that causes nonlinear rectification of
and crossarms in a power distribution system IS ., .yais) may occur when splices are made by twisting

minimal. Normally, this equipment lasts f_or a period of the conductors, rather than using a tighter mechanical
20 years or more. However, the following problems ~ . iy o
splice. Additionally, when conductors of dissimilar

may occur and create a need for maintenance action: - . .
metals are joined, corrosion occurs unless special

* A pole can settle and require straightening. connectors designed for the specific combination of
¢ Wood can shrink and cause all hardware to metals are used.

become loose and require tightening. Remedies for conductor, insulator, and hardware
» Over time, guys stretch and require re- interference are relatively simple. Remember, the
tensioning. condition for hardware interference is set up whenever
« Insulators get dirty and require cleaning, two pieces of hardware are not securely bonded to each

especially around sea water where there is salt inother or are permanently separated by too short an air
the air. gap.
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DISTRIBUTION SAFETY EQUIPMENT Rubber Sleeves

As the project supervisor or crew leader. you must While a lineman is working on high-voltage
review the work plan with all linemen before the start distribution circuits. rubber sleeves should be worn
of the project. This conference lets all crew members with rubber gloves to protect the arms and shoulders of
know what their responsibilities are and what the lineman. Rubber insulating sleeves must be treated
protective equipment and correct tools will be needed With care and inspected regularly, by the linemen in a
to safely and efficiently complete the assignment. manner similar to that described for rubber insulating
Some of the most common pieces of safety equipmentdloves.
that you may use to ensure that your project is  The rubber insulating sleeves should be
completed without incident are described below. thoroughly cleaned. inspected. and tested regularly by

competent personnel.
Rubber Gloves

. , , Rubber Insulating Line Hose
The most important article of protection for a

lineman or a cableman is a good pair of rubber gloves  Primary distribution conductors can be covered
with the proper dielectric strength for the voltage of the with rubber insulating line hose to protect the lineman
circuit to be worked on. Leather protector gloves from an accidental electrical contact (fig. 4-50). The
always must be worn over the rubber gloves to prevent line hoses are manufactured in various lengths with
physical damage to the rubber while work is being inside-diameter measurements that vary from 1 to 1
performed. When the rubber gloves are not in use, they 1/2 inches and must be tested to meet the required line
should be stored in a canvas bag to protect them fromvoltage. The lineman should be sure that the voltage
mechanical damage or deterioration from sunrays.rating ofthe line hose provides an ample safety factor
Rubber gloves always should be given an air test by the for the voltage applied to the conductors to be
lineman or cableman each day before the work iscovered.

started or whenever the workman encounters an object 4, line hoses should be cleaned and inspected

that may have damaged the rubber gloves. regularly. A hand crank wringer can be used to spread
The American National Standards Institute the line hose to clean and inspect it for cuts or corona

standard ANSI/ASTM D120Rubber Insulating damage.

Gloves, covers lineman’s rubber glove specifications. The rubber insulating line hose should be tested for
The proof-test voltage of the rubber gloves should Voltage according to the specifications at scheduled

not be construed to mean the safe voltage on which theintervals.

gloves can be used. In-service care of insulating line hose and covers

The maximum voltage on which gloves safely can is specified in ANSI/ASTM D1050 standard.
be used depends on many factors including the care
exercised in their use; the care followed in handling,
storing, and inspecting the gloves in the field; the
routine established for periodic laboratory inspection
and test: the quality and thickness of the rubber; the
design of the gloves: and other factors such as age,
usage. and weather conditions.

7~

Inasmuch as gloves are used for personal
protection and a serious personal injury may result if
they fail while in use. an adequate factor of safety
should be provided between the maximum voltage on
which they are permitted to be used and the voltage at
which they are tested.

Rubber insulating gloves should be thoroughly
cleaned. inspected. and tested regularly by competent Figure 4-50.—Rubber insulating line hose used to cover
personnel_ primary conductors.
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Rubber Insulating Insulator Hoods handles are knotted through holes in the overlap area of
the cover.
Pin type or post type of distribution primary
insulators can be covered by hoods. The insulator hoodRubber Insulating Blankets
properly installed will overlap the line hose, providing

the lineman with complete shielding from the  Odd-shaped conductors and equipment usually
energized conductors. can be covered best with a rubber insulating blanket.

. . . The blankets, like other protective equipment, must

Insulator hoods, like all other rubber insulating ocejve careful treatment. The rubber insulating
protective equipment, must be treated with care, Kepty|anyets are stored in canvas rolls or metal canisters to
clean, and inspected at regular intervals. Canvas bagsgrect them when they are not in use. The blankets can

of the proper size attached to a handline should be used,q peld in place by ropes or large wooden clamps.
to raise and lower the protective equipment when it is _ _ , _ B
to be installed and removed. In-service care of insulating blankets is specified

in ANSI/ASTM D1048 standard.

Conductor Covers
Safety Hat

A conductor cover, fabricated from high-dielectric )
polyethylene, clips on and covers conductors up to 2 Hard hats, or safety hats, are worn by linemen,
inches in diameter. A positive air gap is maintained by ca@blemen, and groundmen to protect the worker

a swinging latch that can be loosened only by a one-29ainst an impact from falling or moving objects and
quarter turn with a clamp stick. against accidental electrical contact of the head and

energized equipment. In addition, hard hats protect the
Insulator Covers worker from sunrays, cold, rain, sleet, and snow. The
first combined impact-resisting and electrical-
Insulator covers are fabricated from high- insulating hat was introduced in 1952. The hat was
dielectric polyethylene and are designed to be used indesigned “to roll with the punch” by distributing the
conjunction with two conductor covers. The insulator force of a blow over the entire head. This feature is
cover fits over the insulator and locks with a conductor accomplished’ by a suspension band which holds the
cover on each end. A polypropylene rope swings under hat about an inch away from the head and lets the hat
the crossarm and hooks with a clamp stick, thuswork as a shock absorber.

preventing the insulator cover from being moved  The hard hat is made of fiber glass, or plastic

upward by bumping or wind gusts. material, and has an insulating value of approximately
20,000 volts. New helmets are manufactured to
Crossarm Covers withstand a test of 30,000 volts without failure. The

actual voltage that the hat will sustain while being
worn depends upon the cleanliness of the hat, weather
conditions, the type of electrode contacted, and other
Siariables. The wearing of safety hats by linemen and
cablemen has greatly reduced electrical contacts.

High-dielectric-strength polyethylene crossarm
covers are used to prevent tie wires from contacting the
crossarm when conductors adjacent to insulators ar
being tied or untied. It is designed for single- or
double-arm construction with slots provided for the
double-arm bolts. Flanges above the slots shield the  Physical injuries to the head have been practically

ends of the double-arm bolts. eliminated as a result of workers on the ground wearing
protective helmets. The Occupational Safety and
Pole Covers Health Act of 1970 and most companies' safety rules

require linemen, cablemen, and groundmen to wear
Polyethylene-constructed pole covers are safety hats while performing physical work.
designed to insulate the pole in the area adjacent tdSpecifications for safety hats are found in ANSI
high-voltage conductors. The pole covers are available Standard Z89.1Protective Headwear for Industrial
in various lengths. Positive-hold polypropylene rope Workers-Requirements.
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CHAPTER 5

INTERIOR WIRING

INTRODUCTION influences when made of material judged suitable for
_ _ the condition or when provided with corrosion
This chapter will help you understand the protection approved for the condition.

principles of interior wiring. The requirements for
installing electrical systems are found in the current WET AND CORROSIVE INSTALLATIONS

edition OT theNational E'ec.tf'ca' Cod® .(NEC®)' Underground-feeder cable and branch-circuit
The requirements are specific and Qetalled, and theycable provide an economical wiring system for wet and
change somewhat as the complexity of the system, . qiye installations. Type UF two-conductor cable
INCreases. The_r efore, the C_:ode should be checked foFesembles Type USE service-entrance cable in general
proper installation of electrical systems. appg@arance.The insulation is a plastic compound.
NEC" statements with respect to its use are as follows:
INTERIOR SYSTEMS BELOW Underground-feeder and branch-circuit cable may be
GRADE used underground, including direct burial in the earth,
_ o _ as feeder or branch-circuit cable when provided with
~An electrical system that is m_stalled in concrete or oyercurrent protection not in excess of the rated
in direct contact with the earth is considered to be acyent-carrying capacity of the individual conductors.
system below grade. If single-conductor cables are installed, all cables of
Below grade conduit layout and direct buried cable the feeder circuit, subfeeder circuit, or branch circuit,
or other raceways must be installed to meet theincluding the neutral and equipment grounding
minimum cover requirements of table 5-1. Under conductor, if any, will be run together in the same
buildings, underground cables must be in a racewaytrench or raceway. If the cable is buried directly in the
that is extended beyond the outside walk of the€arth, the minimum burial depth permitted is 24 inches
building. Direct buried cables emerging from the if the cable is unprotected and 18 inches when a
ground will be in protected enclosures or raceways Supplemental covering, such as a 2-inch concrete pad,
extending from the minimum cover distance, required Metal raceway, pipe, or other suitable protection, is
by table 5-1, below grade to a point at least 8 feet aboveProvided. Type UF cable may be used for interior
finished grade_ There is no requirement for the wiIring in wet, dry, or corrosive locations under the

protection of direct buried cables in excess of 18 inches 'écognized wiring methods of the Code, and when
below the finished grade. installed as a nonmetallic-sheathed cable, it will

o o . conform with the provisions of the Code and be of a
‘Conduit in concrete buildings can be installed yjiconductor type. Type UF cable also must be of a
while the building is being erected. The outlets should mticonductor type if installed in a cable tray.
be attached to the forms, and the conduits between _ )
outlets should be attached to reinforcing steel with ~ 1yPe UF cable will not be used (1) as service-
metal tie wires so that the concrete can be pouredghtrance cable, (2) in commercial garages, (3) in
around them. When several conduits pass through gheaters, (4) in motion-picture studios, (5) in storage-
wall, partition, or floor, a plugged sheet-metal tube battery rooms, (6) in hoistways, (7) in any hazardous

should be set in the forms to provide a hole for them in 10€ation, (8) embedded in poured cement, concrete, or
the concrete. When a single conduit passes through &99regate except as provided in the Code, and (9)
wall, partition or floor, a nipple or a plugged sheet- where exposed to direct rays of the sun unless

metal tube can be set in the forms. identified as sunlight-resistant.

Ferrous or nonferrous metal raceways, cable MARKINGS
armor, boxes, cable sheathing, cabinets, elbows,
couplings, fittings, supports, and support hardware  Ungrounded conductors are available as single
may be installed below grade. These materials alsoor multiconductor cables. These cables are clearly
may be installed in areas subject to severe corrosivemarked to identify them as grounded and grounding
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Table 5-1.—Minimum Cover Requirements for 0 to 600 Volts (Burial in Inches)

Burial in Inches

Minimum Cover Requirements, 0 to 600 Volts,

Cover is defined as the shortest distance measured between a point on the top surface of any direct-§
conductor, cable, conduit or other raceway and the top surface of finished grade, concrete, or similar

Type of Wiring Method or Circuit

uried

COver.

See Note 1| See Note 2 See Note 3 See Note 4 See Note 5
Rigid Residential Circuits for
- Nonmetallic Branch Control
F‘ég'nddlmeg?l Conduit Circuits Rated | of Irrigation and
, . il Int diat Approved for 120 Volts or Landscape
Location of Direct Buria NErMEdIAte 1 pirect Burial Less Lighting Limited
Wiring Method Cables or Metal Without with GFCI to Not More
or Circuit Conductors Conduit Concrete Protection than 30 Volts
Encasement or| and Maximum | and Installed
Other Overcurrent with Type
Approved Protection of | UF or in Other
Raceways 20 Amperes | Identified Cable
or Raceway
All locations not 24 6 18 12 6
specified below
In trench below 2- 18 6 12 6 6
inch thick concrete o
equivalent
Under a building In raceway only Not used Not used In raceway only| In raceway only
Under minimum of 4- 18 4 4 4 inches for 4 inches for
inch concrete exteriof raceway and 6| raceway and 6
slab with vehicular inches for direct| inches for direct
traffic and the slab burial burial
extends not less than
6 inches beyond the
underground
installation
Under Streets. 24 24 24 24 24
highways, roads,
alleys, driveways. ang
parking lots
One and two family 18 18 18 12 18
dwelling driveways,
parking areas. and
other purposes
In or under airport 18 18 18 18 18
runways including
adjacent areas where
trespassingprohibited
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Table 5-1.—Minimum Cover Requirements for 0 to 600 Volts (Burial in Inches)—Continued

In solid rock wherg 2 inches, 2 2 2 inches, 2 inches,
covered by raceway only raceway only | raceway only
minimum of 2

inches concrete
extending down tg
rock

Note 1. For Sl units; one inch = 25.4 millimeters.
Note 2. Raceways approved for burial only where concrete encased will require concrete envelope ngt less
than 2 inches thick.
Note 3. Lesser depths are permitted where cables and conductors rise for terminations or splices or where
access is otherwise required.
Note 4. Where one of the conduit types listed in columns 1 through 3 is combined with one of the circpit
types in columns 4 and 5, the shallower depth of burial is permitted.

conductors. Ungrounded conductors will be completely enclosing type, usually having a
distinguished by colors other than white, natural gray, rectangular cross section. In the underfloor raceway
or green,or by a combination of color plus system, provision is made for outlets by means of
distinguishing marking. Distinguishing markings also specially designed floor-outlet fittings that are
will be in a color other than white, natural gray, or screwed into the walls of the ducts. When fiber ducts
green. and will consist of a stripe or stripes or a gre used, the duct system is laid in the floor with or
regularly spaced series of identical marks. Distin- without openings or inserts for outlets. After the floor
guishing markings will not conflict in any manner with has peen poured and finished as desired, the outlet

the surface markings required by the NEC fittings are installed into inserts or at any points along
the ducts at which outlets are required. The method of
UNDERFLOOR RACEWAY SYSTEMS installing outlet fittings is described in the next

paragraph. When steel ducts are used, provision for the
outlet fittings must be made at the time that the ducts
are laid before the floor or floor fill is poured. The steel

outlets for electrically operated office machiner "ducts are manufactured with threaded openings for
y op Y- outlet connections at regularly spaced intervals along

They provide a flexible system by which the location : ; :
of oﬁtlr;ts may be changgd easilyyto accommodate thethe duct. During the installation of the raceway and the

rearrangement of furniture and partitions. The REC floor, these outlet openings are closed W'.th speually_
allows their use when embedded in concrete or in theconstructed plugs whose height can be adjusted to suit

concrete fill of floors. Their installation is allowed the floor level. For telephone and similar circuits,

only in locations that are free from corrosive or Much wider ducts can be obtained.

hazardous conditions. No wires larger than the In general, underfloor raceways should be

maximum size approved for the particular raceway installed so that there is at least 3/4 inch of concrete or
will be installed. The voltage of the system must not wood over the highest point of the ducts. However, in

exceed 600 volts. The total cross-sectional area of allpffice-approved raceways, they may be laid flush with

conductors in a duct must not be greater than 40the concrete if covered with linoleum or equivalent

percent of the interior cross-sectional area of the duct. fioor covering. When two or three raceways are

An underfloor raceway system consists of ducts installed flush with the concrete, they must be
laid below the surface of the floor and interconnected contiguous with each other and joined to form a rigid
by means of special cast-iron floor junction boxes. The assembly. Flat-top ducts over 4 inches wide but not
ducts for underfloor raceway systems are made obver 8 inches, spaced less than 1 inch apart, must be
either fiber or steel. Fiber ducts are made in two covered with at least 1/2 inch of concrete. It is standard
types-the open-bottom type and the completely practice to allow 3/4-inch clearance between ducts run
enclosing type. Steel ducts are always of theside by side. The center line of the ducts should form a

Underfloor raceway systems are used in office
buildings for the installation of the wiring for
telephone and signal systems and for convenienc
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straight line between junction boxes. If the spacing the following: Standard Handbook for Electrical
between raceways is 1 inch or more, the raceway mayEngineersand theAmerican Electrician’s Handbook.
be covered with only 1 inch of concrete. All the joints

in the raceway between sections of ducts and aFONDUIT LAYOUT

junction boxes should be made waterproof and have  Follow the construction blueprints and speci-
good electrical contact so that the raceways will befication when laying out conduit runs. Remember,

electrically continuous. Metal raceways must be most prints will not show the direction of the conduit
properly grounded. run. They only direct you to install a circuit from the

. tablish outlets i  svst fter th distribution panel to a location where a electrical
0 establiSh Outiets in a preset system arter eapparatus will be serviced. When you install any

f|n|s_h Is in place, you have to determine th_e Iocatl(_)n of circuit, complete the service installation with the
the insert. Inserts can be located by using an inserf :

: . NN hortest route possible.

finder. Once inserts are located, the flooring is chipped _

down to expose the insert cap. The cap is removed and ~ Properly bent conduit turns look better than
a hole cut in the duct so the wires can be fished throughelbows and, therefore, are preferable for exposed work

_ _ chalk line as suggested in figure 5-2. The conduits can
The following procedures should be used to install

an outlet fitting at any point in a completely enclosed
underfloor fiber raceway:

1. Locate the duct line. 'y
L . ()
2. Cut a hole in linoleum or other floor covering. [ T )3
3. Chip a hole down to duct. --%p.
4. Cut a hole in the duct.
5. Screw insert into the. duct. .
6. Anchor the insert with grouting compound. =
7. Screw the outlet into the insert. l
U
The special tools, provided by the manufacturer, U@d cEroso!
for this purpose should be used to ensure satisfactory

workmanship.

Combination junction boxes accommodating the
two or three ducts of multiple-duct systems may be

used, provided separate compartments are furnished in &
the boxes for each system. It is best to keep the same
relative location of compartments for the respective
systems throughout the installation.

1
|
[}
i
All the joints in or taps to the conductors must be :
]
]
1
]

\OOUPLING

CONDUIT ELBOW

Figure 5-1.—Right-angle turns with elbows.

made in the junction boxes. No joints or taps should be

made in the ducts of the raceway or at outlet insert
points. o) _____
™\
INTERIOR SYSTEMS ABOVE GRADE : AN
- | | CHALK—~
An interior system above grade starts at the service . LINES

drop and covers all the conduit layouts (excluding in-
the-slab), communication, power, and lighting
circuits. You must be aware of the NE@liles that b
govern industrial and residential interior electrical CErese2
systems. To gain additional knowledge, you may read Figure 5-2.—Forming a conduit to chalk lines.
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be placed parallel at a turn in a multiple run, as shown conduit or a raceway. Service-entrance cable should be
in figure 5-3. If standard elbows are used, it is used for this purpose.

impossible to place them parallel at the turns. They will Armored cable or nonmetallic-sheathed cable

have an appearance similar to the one shown in figure o - i

5.1 should be used for the interior wiring of the building.
Except as discussed in the NE@netal raceways, GROUNDING

cable armor, and other metal enclosures for conductors

will be joined together into a continuous electric At each building, the wiring system must be

conductor and will be connected to all the boxes, grounded. This provision is in addition to the ground at

fittings, and cabinets to provide effective electrical the power pole. Grounds must be established at each

continuity. Raceways and cable assemblies will bepoint of entrance to each building; and, if possible, all

mechanically secured to boxes, fittings, cabinets, andthese grounds should be tied together on driven

other enclosures. This action ensures electricalgrounds. Also, for added safety, the water system

continuity of metal raceways and enclosures. should be tied at each building to the driven ground for
that building. A well-grounded wiring system adds to
WIRING OF BUILDINGS the safety of the entire installation.

Normally the power-distribution feeder from the WIRING SYSTEM GENERAL
power pole to a building is secured to the building with PROVISIONS
an insulator bracket. Brackets should be mounted high
enough so the power feeders are never suspended The following discussion applies to the types of
lower than 18 feet over driveways and 10 feet over wiring used for voltages up to 600 volts, unless
walkways. otherwise indicated. Each type of insulated conductor
Insulator bracket service-entrance conductors run 'S @PProved for certain uses and has a maximum
) o . operating temperature. If this temperature is exceeded,
down the su_je_ of the building to a point yvhere they the insulation is subject to deterioration. In recent
enter the building and _connect_to the §erV|c_e_-entranceyears, modified ethylene tetrafluoroethylene (2 and
panel. For commercial a_n_d md_ustrla_l wiring, _the ZW) and perfluoroalkoxy (PFA and PFAH) cables
greatest percentage of wiring will be installed in a have been allowed for high-temperature operations.
Each conductor size has a maximum current-carrying
capacity, depending on the type of insulation and
conditions of use.

Conductors of more than 600 volts should not

4\
B
{3\ ;
occupy the same enclosure as conductors carrying less
than 600 volts, but conductors of different light and
. {3\ power systems of less than 600 volts may be grouped
) ) 3 together in one enclosure if all are insulated for the
maximum voltage encountered. Communication
circuits should not occupy the same enclosure with
light and power wiring.
Boxes or fittings must be installed at all outlets, at
D

switch or junction points of raceway or cable systems,
and at each outlet and switch point of concealed knob-
and-tube work.

@/\’ d
2 PROVISIONS APPLYING TO ALL
@’*l RACEWAY SYSTEMS
\c b

The number of conductors, permitted in each size

CEIf0503 and type of raceway, is definitely limited to provide

ready installation and withdrawal. For conduit and

Figure 5-3.—Right-angle turns with bent conduit. electrical metallic tubing, refer to the NEC
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Raceways, except surface-metal molding, must bethe building where the final branch circuits which
installed as complete empty systems, the conductorssupply individual lighting, heating, and power outlets
being drawn in later. Conductors must be continuousoriginate. No limits are placed on the electrical
from outlet to outlet without splice. except in auxiliary capacity of feeders; but, for practical purposes, they
gutters and wireways. are limited in size by the difficulty of handling large
conductors and raceways in restricted building spaces,

Conductors of No. 8 AWG and larger must be : ) .
by voltage drop, and by economic considerations.

stranded. Raceways must be continuous from outlet to
outlet and from fitting to fitting and will be securely Each lighting fixture, motor, heating device. or
fastened in place. other item of equipment must be supplied by either a
branch circuit for grouped loads, by an individual

All conductors of a circuit operating on alternatin S A
P g g branch circuit, or by a motor branch circuit.

current, if in a metallic raceway’, should be run in one
enclosure to avoid inductive overheating. If, owing to

capacity, not all conductors can be installed in oneglszCEperﬁmng%iLFlg\éCE BRANCH-
enclosure, each raceway used should contain a

complete circuit (one conductor from each phase). In solving all installation problems with

Rigid-metal conduit, intermediate metal conduit, panelboards, the first consideration is to determine
and electrical metallic tubing are the systems generally whether the panelboard will be considered a lighting
used where wires are to be installed in raceways. Bothand appliance branch-circuit type. The NEGles are
conduit and tubing may be buried in concrete fills or much stricter for lighting and appliance branch-circuit
may be installed exposed. Wiring installed in conduit panelboards than for other types.

is approved for all classes of buildings and for voltages , N :
both above and below 600 volts. Certain restrictions . T_he Code defines a I|ght|n_g and appliance branch-
circuit panelboard as one having more than 10 percent

are placed on the use of tubing; refer to the REC : .
of its overcurrent devices rated 30 amperes or less for
LIGHTING AND POWER SYSTEMS which neutral connections are provided. For example,
if any panelboard with less than 10 overcurrent devices
Lighting and power systems start at the contains one overcurrent device rated at 30 amperes
panelboards. Refer to the NE@uring the installation  for which neutral connections are provided, it would be
of the lighting and power circuits for further guidance. considered a lighting and appliance branch-circuit
The wiring layout in each of these illustrations panelboard (¥ 9 = 11%).

determines how the component parts in the circuit will In another example, panelboards that supply loads

be connected to one another and where the wires will . : :
without any neutral connections are not considered

be routed. Careful planning in the wiring layout can lighti d i b h-cireuit t heth
result in substantial savings by eliminating long runs of lgt t'rr]‘g and app |a?(ée ranc 'C'g:g' ypes w el eror
excess wire. It should be pointed out that the wire runs 0! tN€ OVETCUITENL GEVICES are 59U amperes or 1ess.

that are shown in the actual construction illustration ~ When it is determined that a panelboard is a
may not be the most economical use of wire. Theselighting and appliance branch-circuit type, the
wire runs are laid out in a very smooth and definite following NEC® rules apply:

pattern to make the drawing easier to follow. In many 1. Individual protection, consisting of not more

cases, wire runs shown at right angles should be FUN 0 two main circuit breakers or sets of fuses having a
diagonally to conserve wire. When cable runs are b'W q tl ! l,:' ter than that fthu ”\J" gd
routed on the jobsite, shortening the runs will result in combined rating not greater than that of thé paneiboard,
- - is required on the supply side. This main protection may

lower installation costs. ) e :
be contained within the panelboard or in a separate
SERVICES AND FEEDERS enclosure ahead of it. Two exceptions to the Code rule

No limit is placed on the electrical capacity of 2'¢ 2 follows:

service conductors and service protection used in a. Individual protection is not required when
bringing the electric supply into a building, since only the panelboard feeder has overcurrent protection not
one supply should be introduced whenever possible.greater than that of the panelboard. For example, two
Near the point of entrance of the supply, the heavy-400-ampere panelboards can be connected to the same
service conductors are tapped by feeders that conducteeder if the feeder overcurrent device is rated or set at
the electricity to panelboards at various load centers in400 amperes or less.
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b. Individual protection is not required where
such existing panelboards are used as service
equipment in supplying an individual residential
occupancy. For example, take a split-bus panelboard in
which the line section contains three to six circuit
breakers or fuses, none of which are rated 20 amperes or
less. In such an arrangement, one of the main
overcurrent devices supplies the second part of the
panel that contains I5- or 20-ampere branch-circuit
devices. The other main overcurrent devices (over 20
amperes) supply feeders or major appliances, such as

225A

120/240 Volts

ﬁ ;\\__ Maximum Number of

N Vg N Overcurrent-device

—N\ £ ™ poles 42.

—3 - (NEC @ 384.15)
CEIf0505

Cooking equipment’ clothes dryers’ water heaters’ orFigure 5-5.—Typical arrangement that shows NEE rules for
lighting panelboards.

air-conditioning equipment (fig. 5-4). Thisarrangement
is permitted only for existing panelboards in existing
individual residential occupancies.

2. A lighting and appliance branch-circuit
panelboard is limited to not over 42 overcurrent devices
(excluding the main overcurrent devices) in any one
cabinet or cutout box (fig. 5-5). When such devices are
numbered, a single-pole circuit breaker is counted as
one overcurrent device; a two-pole circuit breaker, as
two overcurrent devices; and a three-pole circuit
breaker, as three overcurrent devices.

In addition, the panelboards will be provided with
physical means to prevent the installation of more
overcurrent devices than the panelboard was designed,
rated, and approved to handle. Figure 5-6 shows

suitable arrangement for overcurrent devices.

=
4_/\_

P N

| CEIf0S04

200A

120/240 Volts
3-Wire

o

100A(No 2

e

.

200A
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1A~ 154
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Figure 5-6.—Suitable arrangement for an existing 200-ampere

lighting panelboard used as service equipment for
individual residential occupancy.

A typical lighting panelboard is a circuit-breaker

type with a main 200-ampere circuit breaker and
thirty-two 20-ampere single-pole breakers. This type
of panel is used for a four-wire, three-phase, grounded
neutral system. The main breaker is three-pole.

Other NEC provisions that apply to all types of

panelboards are as follows:

1. Panelboards, equipped with snap switches rated

30 amperes or less, will have overcurrent protection not
in excess of 200 amperes. Circuit breakers are not
considered snap switches.

2. Panelboards that have switches on the load side

of any type of fuse will not be installed except for use as

panelboard.

Figure 5-4.—Typical arrangement of a split-bus lighting

S-7

service equipment. Panelboard equipment with the snap
switch is on the line side of the plug fuses and satisfies
the Code.



3. The total load on any overcurrent device, be large enough for the individual load supplied.
located in a panelboard, will not exceed 80 percent of its Overcurrent protection must not exceed the capacity of
rating. If in normal operation, the load will be the conductors or 150 percent of the rating of the
continuous (3 hours or more) unless the assemblyindividual load if the single-load device is a nonmotor-
including the overcurrent device is approved for operated appliance rated at 10 amperes or more. Only a
continuous duty at 100 percent of its rating. single outlet or piece of equipment may be supplied.

Pow_er-plist_ribution panels are similar to the MOTOR BRANCH CIRCUITS
feeder-distribution type. They have bus bars normally
rated up to 1,200 amperes at 600 volts or less and  Because of the peculiar conditions obtained during
contain control and overcurrent devices sized to matchthe starting period of a motor and because it may be
connected motor or other power circuit loads. subjected to severe overloads at frequent intervals,
Generally, the devices are three-phase. motors, except for very small sizes, are connected to
Special panelboards. containing relays and branch circuits of a somewhat different design from

contactors, can be obtained and installed when remotdhat previously discussed.
control of specific equipment is specified. A thorough cONDUCTORS
knowledge of all the available types of panelboards

aids in the selection and installation of the proper unit. The Code covers general requirements for
conductors and their type designations, insulations?

Service-equipment panelboards, for loads up tomarkings, mechanical strengths, ampacity ratings, and
800 amperes, containing six or fewer main fusedses. These requirements do not apply to conductors
switches, fused pullouts, or circuit breakers arethat form an integral part of the equipment, such as
available. These panels constitute service equipmeninotors, motor controllers, and similar equipment, or to

and frequently contain split buses that supply branchconductors specifically provided for elsewhere in the
circuit or feeder overcurrent devices installed in the cqge.

same enclosure (figs. 5-4 and 5-6).
(g ) Conductors must be insulated except where

~ Feeder distribution panels generally contain coyered or bare conductors are specifically permitted
circuit overcurrent devices rated at more than 30by the NEC. The Code covers the insulation of
amperes to protect subfeeders that extend to smallefeytral conductors of a solidly grounded high-voltage

branch-circuit panelboards. system. When stranded conductors are installed, the

Code states that stranded conductors installed in
BRANCH CIRCUITS FOR raceways must be a size No. 8 or larger with the
GROUPED LOADS following exceptions:

The uses and limitations of the common types of ~ Exception No. 1: When used as bus bars or in
branch circuits are outlined in the Summary of Branch- mineral-insulated, metal-sheathed cable
Circuit Requirements (NECtable 210-24). Lighting Exception No.2: When bonding conductors are
branch circuits may carry loads as high as 50 amperesygqyired
although florescent lighting is limited to use on circuits
of 15-ampere or 20-ampere rating. Such circuits areConductors in Parallel

extensively used in commercial and industrial Aluminum, copper-clad aluminum, or copper

occupancies. Branch cirpuits, supplying convenien_ce conductors of size 1/0 and larger, in each phase of the
outlets for general use in other than rnalnUfaCtu”ngcurrent; neutral; and grounded circuit conductors may

?.Lea‘? are ;Jsuallly I|m|t§d (tjofa mhax'”?“m of 2(.) amperes. yo connected in parallel (electrically joined at both
e type of outlet required for heavier capacity circuits o,q< to form a single conductor).

usually will not accommodate the connection plug _ o
found on portable cords, lamps, motor-driven office Exception No. 1: Conductors in sizes smaller than

machinery, and so forth. No. /0 AWG will be permitted to run in parallel to
supply control power to indicating instruments,
INDIVIDUAL BRANCH CIRCUITS contactors, relays, solenoids, and similar control

Any individual piece of equipment (except devices provided:

motors) also may be connected to a branch circuit 1. They are contained within the same raceway or
meeting the following requirements: Conductors must cable
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2. The ampacity of each individual conductor is 3. Marking the exposed insulation or covering
sufficient to carry the entire load current shared with green colored tape or green colored
by the parallel conductors adhesive labels

3. The overcurrent protection is such that the ~ Exception No. 2:  Where the conditions of
ampacity of each individual conductor will not maintenance and supervision assure that only qualified

) persons will service the installation, an insulated
be exceeded if one or more of the parallel ¢onqyctor in a multiconductor cable will be permitted,
conductors become inadvertently disconnected at the time of installation, to be permanently identified
as a grounding conductor at each end and at every point
where the conductor is accessible by one of the
following means:

_ _ 1. Stripping the insulation from the entire exposed
Bare, covered, or insulated grounding conductors
. . o : length
will be permitted. Individually covered or insulated _ _ .
grounding conductors will have a continuous outer 2. Coloring the exposed insulation green
finish that is either green or green with one or more 3 \Marking the exposed insulation with green tape

yellow stripes. or green colored adhesive labels

concs o o e, oo e e T folloing paragaphs discuss conductrs i
time of installation, to be bermanently identifiéd as a verthal condwf[s._You may not work very mu_ch with
grounding conducior at each end and at every poin multistory buildings but the knowledge s very

mportant. Conductors in vertical conduits must be

where the qonductor is accessible. Io_Ientlflcatlo.n will supported within the conduit system, as shown in table
be accomplished by one of the following means: 5.

1. Stripping the insulation or covering from the 1,0 ¢510wing methods of supporting cables wil
entire exposed length satisfy NEC requirements:

2. Coloring the exposed insulation or covering 1. Approved clamping devices are constructed of
green or use insulated wedges inserted in the ends of the

Equipment Grounding
Conductors

Table 5-2.—Spacing of Vertical Conductors Support

CONDUCTORS (IN FEET)
CONDUCTOR SIZE Aluminum or Copper
Copper-Clad Aluminum
Not greater than Not greater than
No. 18 through No. 8 100 100
No. 6 through No. 0 200 100
No. 00 through No. 0000 180 80
211,601 through 350,000 cmil 135 60
350,001 through 500,000 cmil 120 50
500,001 through 750,00 cmil 95 40
Above 750,000 cmil 85 35
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conduits (fig. 5-7). With cables having varnished- different types of electrical multimeters are available

cambric insulation, it also may be necessary to clampto assist you. Electrical circuits can be tested safely and

the conductor. inexpensively with a neon tester (fig. 5-9). Most
2. Junction boxes may be inserted in the conduit€lectrical problems can be solved just by determining

system at required intervals. Insulating supports of anthe presence or absence of voltage.

approved type must be installed in the junction boxes

and secured in a satisfactory manner to withstand theCHECKING FOR A DEFECTIVE

weight of the attached conductors. The boxes must beRECEPTACLE

provided with proper covers.
3 Th bl b ted in iunction b One of the most common tests made with a neon
- 1 N€ cables may De SUpported In JUnclion DOXES o g4 g determining whether a receptacle is

by deflecting them (fig. 5-8) not less than 90 degrees providing power. Figure 5-10 shows the first step in

and carrying them horizontally 1o a distance not IeSstesting a receptacle. Each lead of the tester is firmly

than twice the diameter of the cable. The cables may be di h e sl ¢ q
carried on two or more insulating supports and pressed Into the receptacle slots to form a goo

additionally secured by tie wires. When this method is electrical contact.
used, the cables will be supported at intervals not If voltage is present. the neon tester will glow
greater than 20 percent of those mentioned in thesoftly for a 110-volt circuit and more brightly for a

preceding table. 220-volt circuit. If the tester does not light, the
receptacle cover should be removed so that a second
TESTING ELECTRICAL CIRCUITS voltage check can be made at the terminals of the

_ _ . o receptacle (fig. 5-11). If voltage is present at the
In this section, you will find out how easy it is 10 terminals but not at the receptacle, the receptacle is
assist and train your crew in troubleshooting. Many defective and should be replaced. If voltage is not
present at either the receptacle or its terminals, the
problem lies in the overload protection or in the
electrical circuit leading to the troubled receptacle.

When the problem is in the electrical circuit
leading to the receptacle, check each splice or each
terminal point along the entire circuit for a break or a
loose connection.

’ CHECKING FOR A DEFECTIVE
SWITCH

Determining whether a switch is defective requires

. only a simple two-step procedure. You must determine
whether voltage is reaching the switch and whether
voltage is passing through the switch.

Figure 5-12 shows how you can position the neon
tester to determine if voltage is reaching the switch.

Remove pulling compound from wires. Figure 5-13 shows how you reposition the tester to

Place plug between the wires as determine if voltage is going through.

closg to the top of the body as

possible. Where more than one With a grounded system, you need only touch the
conductor size is used, care should L .

be taken to locate each wire in metal box and the terminals (figs. 5-12 and 5-13), or

the proper groove. cetoso? you may find it necessary to remove the wire nut from

the neutral wire and use the neutral as the other test
point. If voltage is not present at either switch terminal,
Figure 5-7.—Gable support screwed on the end of a conduit ~ the problem lies in the overload protection or in the
and the one piece plug type. electrical circuit leading to the troubled switch.
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Figure 5-8.—Supporting conductors in a vertical conductor run.

WARNING

Failure to secure power could result in a
fatal electrical shock. More people are killed
by normal household current than high
voltage. When energized circuits are being
worked on, the worker should be trained
according to 29 CFR 1910.333 and use the
protective equipment specified in 29 CFR
1910.335.

Remove the faceplate from the switch and unscrew
the switch from the junction box. Pull the switch away
from the metal box and position it so that no bare wires
/1 \\ CEM0500 can touch the box. When the switch is in a SAFE
position, power may be restored and the test procedure
started.

Figure 5-9.—Neon testers for 110/220-volt circuits.

When the problem is in the electrical circuit CHECKING FOR THE HOT WIRE
leading to the receptacle, each splice or terminal point
should be checked along the entire circuit for a break or In remodeling you may find it necessary to check
loose connection. Before this test procedure is started,which wires provide power to the circuit and which
be sure the power to the suspected switch has beewires merely continue on to feed other circuits. The
turned OFF. neon tester can simplify this procedure by individually
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Figure 5-10.—First step in testing an outlet with a neon tester.

CE"0511

- \
/1)
Figure 5-11.—Using the neon tester to check for a defective
receptacle.

identifying each pair of wires. The pair that is hot will
cause the neon tester to glow.

The grounded system is easiest to check because
only the potential hot wires need to be disconnected,

separated, and tested. Figure 5-14 shows how the wires Qne lead of the neon tester S.hOUId be he_:ld
%tatlonary on the ground terminal while the opposite

are separated and tested. The wire that causes the neqll_ itioned h olua slot. If th |
tester to respond is the hot lead. lead is repositioned on each plug slot. If the receptacle
is properly grounded, the neon light will light when
An ungrounded system can be checked just like aplaced in only one of the slots. If the light does not glow
grounded system? except the solderless connector musin either slot, the receptacle is not grounded.
be removed from the neutral wire and the neutral wire TESTING CIRCUIT BREAKERS AND

must be used as a reference, as shown in figure 5-15
Figure 5-16 shows how to determine if voltage is FUSES IN CIRCUITS

reaching a light fixture. With the switch in the ON When you are troubleshooting large electrical

position, the neon tester should light. systems, it is important to follow the systematic
approach: localize, isolate, and locate. It is never a

TESTING THE GROUND TERMINAL good procedure to make haphazard measurements in a

system hoping that luck will lead to the problem.
A simple test procedure, as shown in figure 5-17, Testing circuit breakers and fuses in the circuit first
may be used to check each receptacle for ground.  may eliminate unnecessary troubleshooting. Practice

5-12



- CEIf0513
0
Figure 5-13.—Checking a switch in the ON position for proper
operation.

If the neon tester remains lighted in both positions,
the breaker is shorted and should be replaced. If the
neon tester does not light in either position, the circuit
breaker is open and should be replaced. Remember to
reset the circuit breaker.

/! | W CEM0512

Figure 5-12.—Checking a switch in the OFF position for
proper operation.

safe habits. Remember that getting too friendly with
electricity can be a shocking experience.

Circuit Breaker

A circuit breaker operates much the same as a
switch-the breaker is either ON or OFF. The neon
tester lead is placed on the neutral bar and the other
lead is placed on the screw terminal of the circuit
breaker (fig. 5-18). If the breaker is good, the neon

-~

tester will light when the breaker is in the ON position = (40 cenost4
and will not light when the breaker is in the TRIPPED :
position. Figure 5-14.—Technique for determining which wire is hot.
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Figure 5-15.—Checking for the hot wire in an underground
system with neutral wire exposed.

CENf0S16

CEIf518

) ) o ) Figure 5-18.—Testing for proper operation of a circuit
Figure 5-16.—Technique for determining if voltage is breaker.
reaching a light fixture.
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Fuse hand pump. By using different sizes of bending dies at
different locations on the tie bar, you can use this
When a fuse is suspected of being defective, it may bender to bend several types and sizes of conduit. The
be checked with a neon tester using the four-partprocedures for making the different types of bends
procedure shown in figure 5-19. with power benders are very similar to those used with
manual benders. The main difference is that with the
power benders, the take-up for 90-degree bends and
the distance between bends for offsets will not be the
same. This difference occurs because you are dealing
2. Determine if the voltage is passing through the with larger sizes of conduit or the shoes of the bender
fuse. (If the neon tester fails to light, one or both fuses give a different radius of bend. Because there are so
are defective.) many different types and manufacturers of benders,
remember to check the manufacturer’s instruction
guide before doing any bending.

1. First determine if the voltage is present at the top
of the fuses from the incoming lines. (Light should
glow.)

3. Check the left fuse to see if the voltage is
present. If the light glows, the fuse is good; however, if
it fails to light, the fuse is defective. Shut off the power

and replace the fuse. BENDING FUNCTIONS AND SAFETY TIPS

4. Check the right fuse to see if the voltage is In the following paragraphs, we will discuss some
present. If the light glows, the fuse is good; however, if general information concerning power benders. This
it fails to light, the fuse is defective. Shut off the power information does not replace the manufacturer’s

and replace the fuse. instruction guide, but only acquaints you with some
basic functions and safety tips that you (as a crew
WARNING leader) must be aware of.

To prevent electrical shock, do not replace the _WWhen you are bending conduit, the bender must be

fuses unless the circuit is de-energized and then only" & horizontal position. When moving the bender any
with fuse pullers. distance, place the pipe supports and pins in a 4-inch to

5-inch hole position. Then stand up the bender and roll

BENDING CONDUIT It
When connecting the high-pressure hose to the
Bending conduit is an art. Like all forms of art, the female quick-coup|er on the end of the ram and the
more often it is done correctly, the more proficient the other end to the high-pressure pump female coupler,
artist becomes. It is recommended that you attend themake sure that the quick-coupler is clean before
SCBT 240.2 course that covers bending andmaking the connection. For the correct procedures for
installation of electrical conduits using mechanical removing all the air from the pump and hoses, refer to
benders. Keep in mind that practice will improve your the manufacturer’'s manual.
.Ski"s ar_1d alwgys read af.‘d follow the mqnufacturer’s Some mechanical benders have an electrical
instruction guide. Following the guide will normally

; ) (fower pump that is used to apply pressure on the ram.
assure that you make top quality bends in a safe angy this case, to operate the hydraulic pump, the motor
efficient manner.

must be running. Also, the quickest way to stop the
advance of the ram is to stop the motor of the power
pump.

Po_wer bender_s are u_sed for bending larger s!zes of WARNING
electrical metallic tubing (EMT), intermediate
metallic tubing (IMC), and rigid conduit. Power
benders come in many types and sizes. Some of the
common ones are the hydraulic one-shot, sweep, and
thin-wall benders. As for the mechanical benders, the
thin-wall and sweep benders are common. The
hydraulic benders use either a hand pump or an electric  Regardless of what hydraulic bender you use, you
pump to move a shoe that does the actual bendingmust always check the manufacturer’s charts and
Figure 5-20 shows a hydraulic sweep bender that uses dables for the minimum stub length. When the

POWER BENDERS

Read the pump operating instructions
before operating the pump. Always place the
control lever in the return position before
starting the electric motor pump.
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Figure 5-19.—Procedure used with a neon tester to isolate a defective fuse in a live circuit.
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PUMP HANDLE conduit size and offset in inches may restrict your
bend. Mark and bend your conduit according to the
benders manufacturers’ instructions, tables, and charts.

If you have access to a conduit pipe holder
(normally for 1 1/4-inch to 4-inch conduit), it will
simplify your work by keeping the pipe in perfect
alignment at all times, achieving an outstanding bend.
When offset bends are being made, the pipe holder
permits making the first bend and then reversing the

pipe end and making the second bend. The second bend
will then be 180 degrees opposite the first bend.

HYDRAULIC PUMP

)] TIE BARS

H routing requires. Remember that the maximum
A
1’!“!

CAUTION

Before using any pipe bender, make sure
the quick-lock pins are through the holes in the
bottom frame and the eccentric pin is turned
clockwise past the ball lock. Also, make sure

Figure 5-20.—Hydraulic sweep bender with hand pump.

manufacturer’s tables and charts are not available, the
conduit stub length must be equal to or greater than the the correct sides of the pipe support pins are in

minimum shown in table 5-3. the proper holes. Failure to ensure correct pin
When bending conduit up to 90 degrees with a  placement could result in damage to the
bender that has a ram travel scale, you should make conduit and/or the bender.

your bend according to the ram travel scale reading.
, Occasionally conduit will require more bending.
An offset bend requires two bends of the SAME |5 this case, place the conduit in the bender and

degree. To determine the distance between the tWo,ntine hending to the desired degree. This step is not

bends, you must first decide on the distance in inchespecessary when using the Bending Degree Indicator

of the offset and the degree of bend your conduit(ysed for exact bends and reduces the necessity to
correct bending caused by springback) or when using

Table 5-3.—Conduit Size/Deductions/Mininum the Bending Degree Protractor because the bend will
Stub Lengths be accurate.
CONDUIT DEDUCT  MINIMUM STUB When you are bending long lengths of conduit,
SIZE LENGTH conduit pipe holders are very useful. Check the
manufacturer’s instruction guide for tables and charts
1/2 1 15/16 10 that give vital information about conduit bending kit
3/4 112 10 attachments.
When you have to make a large sweep 90-degree
1 17/8 13 radius bend, you will need to get the operating manual
11/4 2 3/3 15 13/16 of the bender you are using and follow the suggested
procedures for marking the bend spacing and finding
1112 234 18 3/4 the necessary center location.
2 31/4 21 9/16 One of the benders that you may use in the field is
the Greenle®' 880 M2 Lightweight Hydraulic
2172 41/8 25 Bender. This bender is designed to make bends up to 90
degrees on rigid conduit from 1/2 inch to 2 inches
3 4 15716 28 I8 inclusive. The 15-ton ram, the bending shoes, and the
31/2 53/4 31 frame unit allow a complete 90-degree bend to be made
2 512 33 7/8 with one piston stroke. The units of the bender can be
rapidly and easily assembled for operation without any

tools. By using the bending instructions and the piston
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scale, you can make accurate bends. To assure easy In installing exposed conduit runs where there are
portabiliy, the manufacturer has designed the pipeseveral conduits in the run. it is usually better to carry the
supports for use as rollers; and parts are made of light-erection of all of them together. rather than to complete
but-strong aluminum alloy whenever possible. one line before starting the others. If all are carried

In the bending process, if the pipe is bent to the together. it is easier to keep all the raceways p_arallel.
correct scale reading, overbends will not result. particularly at turns. and chances are that the job will look
However: if you need to correct an overbend, you must Petter.
follow the manufacturer’s instructions that cover the Conduit can be supported on surfaces with pipe

bender that you are using. straps made in one-hole and two-hole types. On wooden
As mentioned earlier, bending conduit is an art. The surfaces, wood screws secure the straps in position. On
more you practice, the better you will be. Most bending masonry surfaces, machine screws that turn into lead
charts show information on how to make bends to 15°. €xpansion anchors can be used. Wooden plugs should
30°, 45°, 60°, 90°, 180° and offset bends. When degreesnever be used because no matter how well seasoned a
of bend other than these are required and it is importantplug appears to be, it usually will dry out to some extent
that the bend be accurate. the Bending Degree Indicatond loosen in the hole. When laying out multiple-conduit
should be used. The Bending Degree Indicator isruns, you must keep in mind the spacings between the
extremely accurate and is very easy to use. The indicatorconduits to permit proper placing of the straps. The
also should be used when making segment bends tgcrew-hole dimension (see table 5-4) enables you to order
center radii greater than those of the bending shoe. screws of the proper diameters to support the straps.

CONDUIT SUPPORTS AND LOCATION OF CONDUIT SUPPORTS
INSTALLATION METHODS
The Code states that rigid-metal conduit will be
To install conduit overhead and underground firmly secured within 3 feet of each outlet box,
properly, you need to review the appropriate articles ofjunction box, cabinet, or fitting. The Code permits this
the Code. Conduit should run as straight and direct asdistance to be increased to 5 feet where structural
possible. There should never be more than themembers do not readily permit fastening within 3 feet.
equivalent of four right-angle bends between outlets or Rigid-metal conduit will be supported at least every 10
fittings. feet; except that straight runs of conduit made up of

Table 5-4.—Spacings Requirements When Laying Out Multiple-Conduit Runs

Size of conduitf  Conduit. ~ Conduit, Width of Distance Diameter of| Size of wood screw
(inches) width of ~ height of | conduit strag between screw hole required
opening opening (inches) centers of (inches)
(inches) (inches) screw holg
(inches)
1/4 9/16 17132 5/8 1-9/16 0.20 No. 8 x 5/8"
3/8 11/16 21/32 5/8 1-3/8 0.20 No. 8 x 3/4"
112 7/8 25/32 5/8 I-5/8 0.20 No. 8 x 3/4"
3/4 1/18 1 3/4 2-1/8 0.22 No. 10 x 3/4"

I 1-3/8 1-11/32 3/4 2-3/8 0.22 No. 10 x 7/8"
1-1/4 1-3/4 -5/8 1-13/16 2-3/4 0.22 No. 10 x 1"
1-1/2 2 1-7/8 1-13/16 3 0.22 No. 10 x 1"

2 2-1/2 2-5/16 1 3-3/4 0.22 No. 10 x 1- 1/4"
2-1/2 2-3/4 2-15/16 7/8 4-3/3 0.25 No. 11 x 1- 1/4"

5-18



approved threaded couplings may be secured as show@ONDUIT HANGERS AND SUPPORTS
in table 5-5, provided such fastening prevents _ _
transmission of stress to terminations when conduitis A variety of conduit hangers and supports and several

deflected between supports. applications are shown in figure 5-21. U-channel
supports are ideal for supporting several runs of
Table 5-5.—Spacing of Rigid-Metal Conduit Supports conduits. In laying out these supports, consideration
should be given to future conduit runs as well as those

COE\III\?(L:JL'TE;IZE RIGID'Ml(EJéA‘é‘T?UPPORT to be installed initially. It is a simple_ matter to provide
U-channels or trapeze hangers with additional space
1/2 and 3/4 10 for future conduits. This procedure greatly reduces the
cost of installing new conduit at a later date. With the
1 12 U-channel system, as shown in figure 5-21, special
1-1/4 and 1-1/2 14 clamps are slipped into the channel slot, and the top
bolt of the clamp securely fastens the conduit to

2 and 2-1/2 16 the U-channel.
3 and larger 20 The U-channel can be directly fastened to a wall or

ceiling, or it can be attached to bolted threaded rod

Horizontal Wall
Mounting

Vertical
Rise
//
Trapeze ]//Ut
o
Beam ==
Clamp

- Rod
— Hanger

U-Channe! s
Support e

Figure 5-21.—Common conduit supports.
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hangers suspended from ceilings, roof structures, or
similar members.

Another excellent application for the U-channel is in
suspended ceilings that contain lift-out ceiling panels. In
modem construction, these lift-out panels provide ready
access to mechanical and electrical equipment within the
suspended-ceiling area. Accordingly, it is important that
conduits installed in such an area do not prevent the
removal of panels or access to the area. Rod-suspended
U-channels provide the solution to conduit wiring in such
areas.

Sections of the U-channel and associated fittings
are available in aluminum or steel types. Another type
of material that can be used for supports is slotted-
angle-steel units. Numerous prepunched slots allow
installers to bolt on rods, straps, and similar material
without drilling holes. Slotted steel has unlimited
applications in forming special structures, racks,
braces. or similar items.

A cable-pulling kit (80149) has everything needed
for any wire or cable-pulling job. Most large Public
Works and all battalions have the wire installation Kit.
The heavy-duty power wire/cable puller plugs into any
convenient 115-volt source. It pulls 15 feet of cable per
minute and can be used with various attachments for
almost any type of pulling job.

After a “fish” line has been blown or run through
the conduit, a rope that is provided with the power
cable puller can be pulled through the conduit. This
rope. used with a cable grip, makes the actual pull. The
power cable puller can be used in almost any
configuration. Figures 5-22 through 5-27 are examples
of the different setups.

SOLDERING AND SPLICING
PROCEDURES

As a CE project supervisor or crew leader, you
need to train your crew on the proper solderless
connector splices, soldering splices, and taping
splices. You will need to spot-check the connections to
ensure proper installation.

SOLDERLESS CONNECTORS

CEN0522

Figure 5-22.—Pipe adapter to exposed conduit.

Figure 5-23.—Power unit to the power adapter.

Solderless connectors (wire nuts) have almostinsulating cover for the wires. They are available in
completely eliminated soldering and taping for certain several sizes. The size of the solderless connector is
types of splices. They are designated to hold severaldetermined by the number and the size of the wires to
electrical wires firmly together and provide an be joined.
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NO.649
PIPE ADAPTER

SHEAVE

- v

CEM0526

POWER PULLER Figure 5-26.—Pulling in an overhead pull box with the puller

CEH0524 :
mounted independently for extra cable.

Figure 5-24.—“Up” pull, using exposed conduit.

NO. 640
4" CONDUIT POWER PULLER
SPLICES WITH 90° BENDS
An electrical splice is the joining of two or more \
electrical conductors by mechanically twisting them

together or by using a special splicing device. Since
splices can cause electrical problems, they must be made
carefully. Splices must be able to withstand any

reasonable mechanical strain that might be placed on the

! TOP VIEW

]
connection. They also must allow electricity to pass ,

;

1

|

OF PULLER

through as if the wire had never been broken. Some of the
more common splices are explained below.

‘o - bf :, - -

BN R

HOOK SHEAVE CEerosz7

Figure 5-27.—Setup for ground pull.

Pigtail Splice

Because it is simple to make, the pigtail splice is

Figure 5-25.—Down” pull, using exposed conduit probably the most commonly used electrical splice.
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Figure 5-28 shows how to make a pigtail splice. Note the on. Twisting the wires together first ensures that all the
two ways to end the splice. When the splice is taped. thewires are fastened together properly.

ends must be bent back so the sharp edges will not

penetrate the tape (fig. 5-28). When a solderlessVestern Union Splice

connector is used instead of tape. the ends are cut off (fig.
5-28). When more than two wires are joined in a pigtail _
splice, as shown in figure 5-29, they should be twistedthe connection must be strong enough to support long
together securely before the solderless connector is putengths of heavy, wire. In the past. this splice was used

ENDS ARE FOLDED
BACK WHEN SPLICE
IS TAPED

1/4"

(3)
(1)
WIRE
6 TWISTS SOLDER
(2)

ENDS ARE CUT OFF
WHEN SPLICE IS
SECURED WITHA
WIRE NUT

=

(5)

CEIf0528

Figure 5-28.—Simple pigtail splice.

CEN0S29

Figure 5-29.—Multiple-wire pigtail splice.
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The Western Union splice (fig. 5-30) is used when

to repair telegraph wires. If the splice is to be taped,
care should be taken to eliminate any sharp edges from
the wire ends.

T-tap

The T-tap (fig. 5-31) is a type of splice that allows
a connection to be made without cutting the main line.
This connection is one of the most difficult to make. A
certain amount of practice may be necessary to make
this connection look neat. Study figure 5-3 1 to
determine the proper technique in making this splice.

Portable Cord Splices

Cord splices are weak because there is no connector
to hold them together; therefore. they should be used for
emergency purposes only. If the cord must be saved, use
twist lock plugs and receptacles to rejoin the cord. Figure
5-32 shows how solid wires are spliced. The individual
splices are staggered to prevent a large bump when the
cord is taped. Additional strength may be added to this
splice by soldering each individual splice.

S

b=

C  Earzzzams )

CEf0530

Figure 5-30.—Western Union splice used where substantial
strain may be placed on the connection.
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Figure 5-31.—T-tap used to connect into an ongoing line.
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Solder usually comes in either bar or wire form and is

””””’-,,/,Z}/ﬁ:m melted with heat from soldering devices. such as a

soldering iron. soldering gun. or propane torch (fig. 5-34).

The electric soldering iron and soldering gun are
used when electrical service is available. The propane
torch is used to solder large wires or when there is no
electricity at the jobsite. Whatever method you use,
be sure to apply solder on the side of the splice
opposite the point where you apply the heat. Figure
Large stranded cables (fig. 5-33) are not often used °-3° shows the three methods of soldering. The

in residential wiring; however, they are used in other Melting solder will flow toward the source of heat.
situations. such as for battery jumper cables andThus, if the top of the wire is hot enough to melt the
welding cables. When jumper cables or welding cables Solder, the bottom of the wire closest to the heat

are broken, they can be temporarily repaired, as shownsource will draw the solder down through all the
in figure 5-33. wires. Allow the splice to cool naturally without

moving it. Do not blow on the joint or dip it in water to
Soldering Splices cool it. Rapid cooling will take all the strength out of a
solder joint. Once it is cooled, clean off any excess
Because solderless connectors (such as plastic endlux with a damp rag, then dry and tape it.
caps) are time-saving and easy to use. the electrician no

Figure 5-32.—Portable cord splices.

Cable Splices

longer needs to solder each and every splice. It not only WARNING

takes less time to make a solderless connection but also

requires less skill. However. soldering is still the most Avoid breathing the fumes and smoke from
reliable method of joining pieces of wire, and every hot solder. Some solder contains lead which if
electrician should learn how to solder. inhaled or ingested can cause lead poisoning.

Avoid prolonged skin contact with fluxes. Your

supervisor will give you a Material Safety Data
Sheet (MSDS) with the precautions for solder
and flux.

Once the decision is made to solder an electrical
splice and the insulation has been stripped off the wire,
the splice should be soldered as soon as possible. The
longer the splice is exposed to dirt and air. the more
oxidation will occur thus lessening the chance of a good Taping Splices
solder joint. Clean metal surfaces. free from oil. dirt. and o ) _
rust (oxidation) are necessary to allow the melted solder _ T@ping is required to protect the splice from
to flow freely around the splice. The surfaces may be oxidation (formation of rust) and to insulate against

cleaned by using light sandpaper or an emery cloth or by €lectrical shock. Taping should provide at least as
applying fiux to the joint agt is heated much insulation and mechanical protection for the

splice as the original covering. Although one wrap of
plastic (vinyl) tape will provide insulation protection

up to 600 volts, several wraps may be necessary to
provide good mechanical protection.
When plastic tape is used, it should be stretched as

it is applied. Stretching will secure the tape more
firmly. Figures 5-36 through 5-39 show the most
commonly used methods of taping splices.

ELECTRICAL SAFETY

Safety for the electrician today is far more
complicated than it was 20 years ago. But with proper

use of today’'s safeguards and safety practices, working
W on electrical equipment can be safe. Electricity must be
Cenes33 respected. With common sense and safe work

Figure 5-33.—Gable splices. practices, you can accomplish electrical work safely.

5-24



SETSCREW

REPLACEABLE
SOLDERING TIP

TRIGGER WITCH—"R

LIGHT

REPLACEABLE HEATING
ELEMENT AND TIP

\

CORK GRIP PLASTIC HANDLE

HEATING ELEMENT

{ .
<—|——H|| o)

—] < T

SOLDERING IRON

CEIf0534

Figure 5-34.—Sources of heat for soldering splices.

An electrician must know and be able to apply the a severe shock can cause the heart and lungs to stop
principles of electricity safely. If you disregard your own functioning. Also, because of the heat produced by
safety, you also disregard the safety of your fellow current flow, severe bums may occur where the current
workers. Remember that the time to prevent an accidententers and exits the bodly.

's before it happens. Respect for electricity comes from Prevention is the best medicine for electrical shock

understanding electricity. Whenever in doubt, always ask Respect all voltaaes and follow safe work procedures D6

your supervisor. Report any unsafe condition, unsafe P d ) P '
not take chances. CEs, with the exception of very few

equipment, or unsafe workpractices to your supervisor as rsonnel with [ trainina. are not qualified t o
soon as possible. personnel with special training, are not qualified to wo
on live circuits.

FUSES PORTABLE ELECTRIC TOOLS

Before removing any fuse from a circuit, be sure the Wh : ble electri s al "
switch for that circuit is open or disconnected. When h en usmgf portable eectr%tpo s,Ma\livays mahe Sure
removing fuses, use an approved type of fuse puller andhey are in a safe operating condition. Make sure there is a

break contact on the hot side of the circuit first. When third wire on the plug for grounding in case of shorts.
replacing fuses, install the fuse first into the load side of 1neoretically, if electric power tools are grounded and if
the fuse clip, then into the line side. art insulation breakdown occurs, the fault current should

flow through the third wire to ground instead of through
ELECTRICAL SHOCK the operator’s body to ground. Always use a ground-fault
circuit-interrupter (GFCI) with portable electric tools.
Electrical shock occurs when a person comes inNew power tools are double insulated eliminating the
contact with two conductors of a circuit or when his or her need for a ground prong; but for safety reasons, they still
body becomes part of the electrical circuit. In either case,should be used with a GFCI.
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OUT-OF-SERVICE PROTECTION

SOLDER

SOLDERING IRON

SOLDER

PROPANE TORCH

SOLDER

PASTE APPLIED

SOLDERING GUN
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Figure 5-35.—Three methods of heating a solder joint.

the job cannot be completed the same day. be sure the

source of electricity is still open or disconnected when

Before any repair is to be performed on a piece of yoy return to continue the work. Seabees have died
electrical equipment, be absolutely certain the source ofhecause they did not follow proper tag and lock-out
electricity is open and tagged or locked out of service. procedures. These procedures are a must. It takes time to

Whenever you leave your job for any reason or wheneverdo it, but it is worth your life.
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Figure 5-38.—Technique for taping a cord splice in an
emergency only.
I CEH0538

clothing and protective equipment requirements for
Figure 5-36.—Technique for taping a pigtail splice. Working around eIectricity

¢ Wear thick-soled work shoes for protection again
sharp objects, such as nails. Wear work shoes with

@ safety toes if the job requires.
e Wear electrically insulated gloves when there is

the slightest chance that you might come in contact

© g — o0 o Tase with energized parts.
"CAUGHT" HERE
EE o —] ] e Wear rubber boots in damp locations.

e Wear safety goggles for protection against

2 -STRETCHED" airborne particles, electrical sparks, and acid
splashes.

- Fiish e Wear a hard hat. Wear an approved safety helmet
2 ;”"“ when on a project site. Be careful to avoid placing

m your head too near rotating machinery.

e Wear gloves when handling sharp objects.

(®

)

— /) —

CEH0S37 Fire safety should always be of great concern to you
as a shop supervisor or leader. Furthermore, every
member of your crew should be concerned with fire
safety. The following fire safety information will help
you prevent or combat fires.

FIRE SAFETY

Figure 5-37.—Technique for taping a Western Union splice.

SAFETY COLOR CODES The chances of fire may be greatly decreased by

Federal law (OSHA) has established specific colors following rules of good housekeeping. Keep debris in a

to designate certain cautions and dangers. Table 5-§€Signated area away from the building. Report to your

shows the accepted usage. Study these colors and becomgUPErvisor any accumulations of rubbish or unsafe
familiar with all of them. conditions that are a fire hazard.

CLOTHING AND PERSONAL , . :
PROTECTIVE EQUIPMENT give an alarm. All workers on the job should be alerted;
the fire department should be called. In the time before
As a crew leader. you must be familiar with required the fire department arrives, a reasonable effort can be
safety equipment and the conditions under which the made to contain the fire. In the case of some smaller fires,
equipment is to be used for your crew to perform an portable fire extinguishers that should be available at the
assigned task safely. The following is a list of common site can be used.

If a fire should occur, however, the first thing to do is
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Table 5-6.—OSHA Safety Color Codes
OSHA SAFETY COLOR CODES

Red Fire protection equipment and apparatus: portable containgers of
flammable liquids: emergency stop buttons; switches

Caution and for marking physical hazards. waste containefs for
Yellow explosive or combustible materials; caution against stafting.
using. or moving equipment under repair: identification of the

starting point or power source of machinery

Dangerous parts of machines; safety start buttons; the exposed

Orange parts (edges) of pulleys, gears, rollers. cutting devices. and power
jaws

Purple Radiation hazards

Green Safety; location of first aid equipment (other than fire fighting

equipment)

sodium, titanium, zirconium, and lithium. The
extinguishing agent for this type of fire must be a dry-
powdered compound. The dry-powdered compound must
create a smothering effect. (Symbol: yellow star.)

Figure 5-40 shows the symbols that are associated
with the four classes. One or more of these symbols
should appear on each extinguisher. Because all fire
extinguishers cannot be used on all types of fires, the
electrician should be aware of how to identify which fire

Figure 5-39.—Technique for taping a solderless connector. extlngwsher should be used.

Always read the operator’s instructions before
fire. Each type of fire is designated by a class. electrical or chem|c§| fires. Water qlso_should r_lot be
_ _ _ used against gasoline, fuel, or paint fires, as it may
« Class A fires occur in wood. clothing, paper, have little effect and only spread the fire. Figure 5-41
rubbish, and other such items. This type of fire usually can shows some common fire extinguishers and their
be handled effectively with water. (Symbol: green yses.
triangle.)

CEHOS39

Fire extinguishers are normally red. If they are not

« Class B fires occur with flammable liquids, such as red, they should have a red background so they can be
gasoline, fuel oil, lube oil, grease, thinners, paints, and soeasily located.
forth. The agents required for extinguishing this type of
fire are those that will dilute or eliminate the air by
blanketing the surface of the tire. Foam.Céand dry
chemicals are used. but not water. (Symbol: red square.)

If the tire department is called, be ready to direct
them to the fire. Also, inform them of any special
problems or conditions that exist, such as downed
electrical wires or leaks in gas lines.
¢ Class C fires occur in electrical equipment and

facilities. The extinguishing agent for this type of fire must
be a nonconductor of electricity and provide a smothering
effect. CQ and dry chemical extinguishers may be used
but not water. (Symbol: blue circle.)

In this chapter we have discussed various aspects of
interior wiring (above and below grade), bending
conduit. conduit support and installation. soldering and
' splicing, and electrical and fire safety. Each of these areas

was briefly discussed and reference given to where you

e Class D fires occur in combustible metals. such as could find additional specific information. To understand
magnesium. potassium. powdered aluminum. zinc.the material discussed, you must study these references.
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Portable Fire Extinguishers Markings
and Capability

)

2-A 20- B:CI

LETTERS
INDICATE CLASS OF FUEL ON WHICH THE
EXTINGUISHER WILL BE EFFECTIVE

ORDINARY

COMBUSTIBLES

(@)

FLAMMABLE

uauins

( sosame )

ELECTRICAL COMBUSTBLE

EQUIPMENT METALS

( amete ()

INDICATE THE RELATIVE EFFECTIVENESS OF THE

NUMBERS
USED WITH LETTERS ON CLASS AAND CLASS B
EXTINGUISHERS ONLY; AND,

EXTINGUISHER.

A 2-A EXTINGUISHER WILL EXTINGUISH TWICE AS
MUCH FUEL AS A 1-A EXTINGUISHER.

A 20-B EXTINGUISHER WILL EXTINGUISH 20 TIMES
AS MUCH FUEL AS A 1-B EXTINGUISHER.

CEN0S4C

Figure 5-40.—Fire extinguisher markings and capabilities.
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Figure 5-41.—Selection of an effective and safe fire extinguisher.

The following listed handbooks are excellent examples

of references for further study.

¢ Standard Handbook for Electrical Enginedng

Donald G. Fink and H. Wayne Beaty.
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e American Electrician’s Handbooky Terrell Croft

and Wilford I. Summers.

e National Electrical Cod& by the National Fire

Protection Agency.







CHAPTER 6

FIBER OPTICS AND LIGHTING SYSTEMS

INTRODUCTION communications. Semiconductor optical sources have
_ _ _ _ the physical characteristics and performance
This chapter will expand on the information you properties necessary for successful implementations

learned in the CE Basic TRAMAN on fiber optics and of fiber-optic systems. Optical sources should do the
area lighting and also introduce you to airfield lighting following:

systems. ) o ) )
* Be compatible in size to low-loss optical fibers
FIBER OPTICS by having a small light-emitting area capable of
launching light into fiber.

The CE Basic TRAMAN taught _y0u'that a fiber- « Launch sufficient optical power into the optical
optic data link had three basic functions: fiber to overcome fiber attenuation and connection
« To convert an electrical input signal to an optical losses, allowing for signal detection at the receiver.

signal « Emit light at wavelengths that minimize optical

« To send the optical signal over an optical fiber fiber loss and dispersion. Optical sources should have a

e To convert the optical signal back to an electrical narrow speciral width to minimize dispersion.

signal » Allow for direct modulation of optical output

The fiber-optic data link converts afectrical ~ POWeT:

signalinto anoptical signal, permitting the transfer of * Maintain stable operation in changing
data along an optical fiber. The fiber-optic device environmental conditions (such as temperature).

responsible for that signal conversion is a fiber-optic
transmitter.Afiber-optic transmitter is a hybrid

device. The transmitter converts electrical signals into
optical signals and launches the optical signals into an
optical fiber. A fiber-optic transmitter consists of an Semiconductor optical sources suitable for fiber-
interface circuit, a source drive circuit, and an  optic systems range from inexpensive light-emitting
optical source. diodes (LEDs) to more expensive semiconductor
lasers. Semiconductor LEDs and laser diodes (LDs)
care the principal light sources used in fiber optics.

» Cost less and be more reliable than electrical
devices, thereby permitting fiber-optic communication
systems to compete with conventional systems.

The interface circuit accepts the incoming
electrical signal and processes it to make it compatibl
with the source drive circuit. Theource drive circuit
intensity modulates the optical source by varying the
current through the source. An optical source converts
electrical energy (current) into optical energy (light).
Light emitted by aroptical sourceis launched, or
coupled, into an optical fiber for transmission.

SEMICONDUCTOR LIGHT-EMITTING
DIODES AND LASER DIODES

Semiconductor LEDs emincoherent light.
Spontaneous emission of light in semiconductor LEDs
produces light waves that lack a fixed-phase

Fiber-optic data link performance depends on the relationship. Light waves that lack a fixed-phase
amount of optical power (light) launched into the relationship are referred to a&oherent light. LEDs
optical fiber. This chapter provides an overview of gre the preferred optical source for multimode systems
optical sources and fiber optic transmitters. because they can launch sufficient power at a lower

h [ I i LDs).
OPTICAL SOURCE PROPERTIES cost than semiconductor laser diodes (LDs)

Semiconductor LDs emitoherent light. Light

The development of efficient semiconductor waves having a fixed-phase relationship are referred to
optical sources, along with low-loss optical fibers, has as coherent light. Since semiconductor LDs emit more
led to substantial improvements in fiber-optic focused light than LEDs, they are able to launch optical
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power into both single mode and multimode optical LEDs generally produce light through
fibers; however. LDs usually are used only in single spontaneous emissiorwhen a current is passed
mode fiber systems because they require morghrough them. Spontaneous emission is the random
complex driver circuitry and cost more than LEDs.  generation of photons within the active layer of the
LED. The emitted photons move in random directions.
Only a certain percentage of the photons exit the
semiconductor and are coupled into the fiber. Many of

. : . \ the photons are absorbed by the LED materials and the
is not possible to couple all the available optical powergo oy s dissipated as heat. This process causes the
effectively into the optical fiber for transmission. light output from a LED to be incoherent, have a broad

The amount of optical power coupled into the fiber spectral width. and have a wide output pattern.
is the relevant optical power. It depends on the Laser diodes are much more complex than LEDs.

following factors: Laser is an acronym fotight Amplification by the
e The angles over which the light is emitted Stimulated Emission of Radiation.Laser diodes pro-
e The size of the light-emitting area of the source QUce light through stimulated emission Wher_1 a current
. : : is passed through then&timulated emission
relative to the fiber core size : o9 :
_ _ describes how light is produced in any type of laser. In
e The alignment of the source and fiber the laser diode, photons, initially produced by, spon-
« The coupling characteristics of the fiber taneous emission, interact with the laser material to
produce additional photons. This process occurs with-

Typically, semiconductor lasers emit light spread i, e active area of the diode called the laser cavity.
out over an angle of 10 to 15 degrees. Semiconductor

LEDs emit light spread out at even larger angles. ~ As with the LED, not all of the photons produced
Coup”ng |osses of Severa' decibe's (dB) can eas”yare em|tted from the Iaser d|0de.. Some of the phOtOI’lS
occur when coupling light from an optical source to a are absorbed and the energy dissipated as heat. The

Optical power produced by optical sources can
range from microwattguW) for LEDs to tens of
milliwatts (u W) for semiconductor LDs; however, it

fiber, especially with LEDs. emission process and the physical characteristics of
the diode cause the light output to be coherent, have a

SEMICONDUCTOR MATERIAL narrow spectral width. and have a narrow output
pattern.

Understanding optical emission in semiconductor ¢ js important to note that in both LED and laser
lasers and LEDs requires knowledge of semiconductoryjqqeg 4l of the electrical energy is not converted into
material and device properties. Providing a completeyyiica| energy. A substantial portion is converted to
description of semiconductor properties is beyond thepeq; pifferent LED and laser diode structures convert

scope of this text. In this chapter we will only discuss gitterent amounts of electrical energy into optical
the general properties of semiconductor LEDs andgpergy.

LDs.

Semiconductor sources are diodes, with all of the FIBER-OPTIC TRANSMITTERS
characteristics typical of diodes; however, their
construction includes a special layer, called the active
layer, that emits photons (light particles) when a
current passes through the layer. The particular . ; . . : )
properties of the semiconductor are determined by theSi9nals into an optical fiber. A fiber-optic transmitter
materials used and the layering of the materials within CONSISts Of an interface circuit, a source drive circuit,
the semiconductosSilicon (Si) and gallium arsenide gnd an optical source. The interface circuit accepts th_e
(GaAs) are the two most common semiconductor NCOMINg electrical signal and processes it to make it
materials used in electronic and electro-optic devices.Compatible with the source drive circuit. The source

In some cases, other elements, such as aluminum (Al)drlve circuit intensity modulates the optical source by

indium (In), and phosphorus (P), are added to the baLse\’/arying the current through it. The optical signal is

semiconductor material to modify the semiconductorCoumeqI into an optical fiber through the transmitter
properties. These elements are called dopants. CurrerfUtPUt interface.

flowing through a semiconductor optical source Although semiconductor LEDs and LDs have

causes it to produce light. many similarities. unique transmitter designs result

As stated previously, a fiber-optic transmitter is a
hybrid electro-optic device. It converts electrical
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from differences between LED and LD sources. the transmitter optical output connector. The optical
Transmitter designs compensate for differences insource also may couple to the output optical connector
optical output power, response time, linearity, andwithout an intermediate optical fiber. The optical
thermal behavior between LEDs and LDs to ensuresource is placed within the transmitter package to
proper system operation. Fiber-optic transmitterslaunch power directly into the fiber of the mating
using LDs require more complex circuitry than optical connector. In some casémsesare used to
transmitters using LEDs. more efficiently couple light from the source into the

Transmitter output interfaces generally fall into mating optical connector.

two categories: optical connectors and optical fiber OPTICAL DETECTORS AND EIBER-

pigtails (fig. 6-1).Optical pigtails are attached to the OPTIC RECEIVERS
transmitter optical source. This pigtail is generally

routed out of the transmitter package as a coated fiber
in a loose buffer tube or a single fiber cable. The pigtail
is either soldered or epoxied to the transmitter packag
to provide fiber strain relief. The buffer tube or single

A fiber-optic transmitter is an electro-optic device
capable of accepting electrical signals, converting
%hem into optical signals, and launching the optical
. . . signals into an optical fiber. The optical signals
flber_cable a!s_o is attac_hed to the transmitter package topropagating in the fiber become weakened and
provide additional strain relief. distorted because of scattering, absorption, and
The transmitter output interface may consist of adispersion. The fiber-optic device responsible for

fiber-optical connector. The optical source may converting the weakened and distorted optical signal

couple to the output optical connector through amback to an electrical signal is a fiber-optic receiver.

intermediate optical fiber. One end of the optical fiber A fiber-optic receiver is an electro-optic device
.that accepts optical signals from an optical fiber and

is attached to the source. The other end terminates N verts them into electrical signals. A typical fiber-
optic receiver consists of an optical detector, a low-
noise amplifier, and other circuitry used to produce the
output electrical signal (fig. 6-2). The optical detector
converts the incoming optical signal into an electrical
signal. The amplifier then amplifies the electrical

M | e L signal to a level suitable for further signal processing.
The type of other circuitry contained within the
el receiver depends on what type of modulation is used

and the receiver's electrical output requirements.

— \FIBER PIGTAIL J— A transducer is a device that converts input
energy of one form into output energy of another. An
optical detector is a transducer that converts an
optical signal into an electrical signal. It does this by

Figure 6-1.—Pigtailed and connectorized fiber-optic devices. generating an electrical current proportional to the

oPTiIcAL | .| CONTROL AMPLIFIER pilirdd ELECTRICAL
INPUT 7l CIRCUITRY v < >
PROCESSING OUTPUT
X
A
OPTICAL
DE TECTOR

CEIF0602
Figure 6-2.—Block diagram of a typical fiber-optic receiver.
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intensity of incident optical radiation. The relationship optic cables and the fiber-optic interconnection
between the input optical radiation and the outputequipment, including connectors, splices, and
electrical current is given by the detector responsivity. interconnection boxes. The fiber-optic cable and cable

plant installation standard consists of the following:

FIBER-OPTIC SYSTEM TOPOLOGY )
e Detailed methods for cable storage and

Most of the discussion on fiber-optic data links handling, end sealing, repair, and splicing
provided earlier in this chapter and in the CE Basic  « Detailed methods for fiber-optic equipment
TRAMAN refers to simple point-to-point links. A installation and cable entrance to equipment

point-to-point fiber-optic data link consists of an

optical transmitter, an optical fiber, and an optical
receiver. In addition. any splices or connectors used to
join individual optical fiber sections to each other and ¢ Detailed methods for installing fiber-optic

¢ Detailed methods to install fiber-optic cables in
cableways

to the transmitter and the receiver are included. Figure connectors and other interconnections, such as

6-3 provides a schematic diagram of a point-to-point splices

fiber-optic data link. o Detailed methods for testing fiber-optic cable
A common fiber-optic application is the full plant_s before, during, and after installation and

duplex link. This link consists of two simple point-to- repair

point links. The links transmit in opposite directions There are other standards that discuss fiber-optic
between the equipment. This application may besystem installation. Many of these standards incor-
configured using only one fiber. If configured with one horate procedures for repair, maintenance, and testing.
fiber. fiber-optic splitters are used at each end to coupleThe techniques developed for installing fiber-optic
the transmit signal onto the fiber and receive signals tOhardware are not much different than for installing
the detecior. hardware for copper-based systems: however. the
All fiber-optic systems are simply sets of point-to- primary precautions that need to be emphasized when
point fiber-optic links. Different system topologies installing fiber-optic systems are as follows:
arise from the different ways that point-to-point fiber- I
optic links can be connected between equipment, The ¢ Optical fibers or cables should never be bent at a
termtopology, as used here, refers to the configuration ra.d'.us of curvature !ess than a certain vglue,'called the
of various types of equipment and the fiber--optic minimum bend radius. Bending an o_pt|ca| fiber or
components interconnecting them. This equilomentcable ata radius smaller than the minimum bend radius
may be computers, workstations, consoles, or othefauses signal loss.
equipment. Point-to-point links are connected to e Fiber-optic cables should never be pulled tight or
produce systems with linear bus, ring, star, or treefastened over or through sharp comers or cutting edges.
topologies. Point-to-point fiber-optic links are the Extremely sharp bends increase the fiber loss and may
basic building block of all fiber-optic systems. lead to fiber breakage.
¢ Fiber-optic connectors should always be cleaned
SYSTEM INSTALLATION before mating. Dirt in a fiber-optic connection will

The Navy has a standard to provide detailed significantly increase the connection loss and may
. - - - damage the connector.
information and guidance to personnel concerned with

the installation of fiber-optic cables and cable plants. e Precautions must be taken so the cable does not
Thefiber-optic cable plant consists of all the fiber- become kinked or crushed during installation of the

/CONNECTOR SPLICE
DATA INPUT TRANSMITTER RECEIVER DATA OUTPUT
CEIF0603 OPTICAL CABLE

Figure 6-3.—A schematic diagram of a point-to-point fiber-optic data link.
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hardware. Extremely sharp kinks or bends increase thegroperties. The optical connection properties that are
fiber loss and may lead to fiber breakage. likely to change are connection insertion loss and
reflectance and return loss.

Field measurements require rugged, portable test
Fiber-optic data links operate reliably if fiber- €duiPment, unlike the sophisticated test equipment
optic component manufacturers and you perform thetSed In the laboratory. Field test equipment must pro-
necessary laboratory and field measurements, ManuYide accurate measurements in extreme environmental

facturers must test how component designs, materiaf®nditions. Since electrical power sources may not

properties, and fabrication techniques affect the@ways be available in the field, test equipment should

performance of fiber-optic components. These tests2/lOW battery operation. In addition, while both fiber
can be categorized as design tests or quality controfNds are available for conducting laboratory
tests. Design tests are conducted during the developMeasurements, only one fiber end may be readily
ment of a component. Design tests characterize th&vailable for f_|e|d measurements. Even if both f|per
performance of the component (optical, mechanical,ends are available for field measurements, the fiber
and environmental) in the intended application. Once®nds are normally located some distance apart, thereby
the performance of the component is characterized, thd€quiring two people to perform the measurements.
manufacturer generally only conducts quality control  The main field measurement technique involves
tests. Quality control tests verify that the parts pro-gptical time domain reflectometry. Asptical time
duced are the same as the parts the design tests weg®main reflectometer (OTDR)is recommended for
conducted on. When manufacturers ship fiber-optic conducting field measurements on installed optical
components, they provide quality control data detail-finers or links of 50 meters or more in length. An
ing the results of measurements performed during OI9TDR requires access to only one fiber end. An OTDR
after fabrication of the component. measures the attenuation of installed optical fibers as a

You, as the installer, should measure some of thesgunction of length. It also identifies and evaluates
parameters upon receipt before installing theoptlca_ll connection losses along a cable link and locates
component into the fiber-optic data link. These testsany fiber breaks or faults.
determine if the component has been damaged in the  sers also can measure fiber attenuation and cable
shipping process. In addition, you should measures|ant transmission loss, using an optical power meter
some component parameters after installing or repair-gng g stapilized light source. Use this measurement
ing fiber-optic components in the field. The values o cnnique when optical time domain reflectometry is
obtained can be compared to the system installation, i recommended. Measurements obtained with a
specifications. These measurements determine if theyapiiizeq light source and power meter are more accu-
installation or repair process has degraded periqio than those obtained with an OTDR. Measuring
formance of the component and will affect data link finer attenuation and transmission loss using a power
operation. meter and light source requires access to both ends of

the fiber or link. Anoptical loss test set (OLTS)
FIELD MEASUREMENTS combines the power meter and source functions into
Qpne physical unit.

FIBER-OPTIC MEASUREMENTS

Field measurements measure the transmissio
properties of installed fiber-optic components. You OPTICAL TIME DOMAIN
must perform field measurements to evaluate thos%&EFLECTOMETRY
properties most likely affected by the installation or

repair of fiber-optic components or systems. You use optical time domain reflectometry to
The discussion on field measurements is limited to characterize optical fiber and optical connection pro-
optical fiber and optical connection properties. Optical perties in the field. In optical time domain
fiber and optical connection field measurementsreflectometry, an OTDR transmits an optical pulse
evaluate only the transmission properties affected bythrough an installed optical fiber. The OTDR measures
component or system installation or repair. Becausethe fraction of light that is reflected back. When you
optical fiber geometrical properties, such as core andcompare the amount of light scattered back at different
cladding diameter and numerical aperture, are notimes, the OTDR can determine fiber and connection
expected to change, there is no need to remeasure thedesses, When several fibers are connected to form an
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installed cable plant, the OTDR can characterizecan produce mechanical splices with acceptable loss
optical fiber and optical connection properties along measurements even with single mode fibers.

the entire length of the cable plant fiber-optic In the strictest sense, a mechanical splice is a
cable plant consists of optical fiber cables, permanent connection made between two optical
connectors, splices, mounting panels, jumper cablesfibers. Mechanical splices hold the two optical fibers
and other passive components. A cable plant does noin alignment for an indefinite period of time without
include active components, such as optical movement. The amount of splice loss is stable over
transmitters or receivers. time and unaffected by changes in environmental or

The OTDR displays the backscattered and mechanical conditions.

reflected optical signal as a function of length. The ~ The types of mechanical splices that exist for
OTDR plots half the power in decibels (dB) versus Mechanical splicing include glass, plastic, metal, and
half the distance. Plotting half the power in dB and Céramic tubes; also included are V-groove, and rotary
half the distance corrects for round-trip effects. By deylpes:_Mate_rlaIs that assist mechan_lcal spllc_es in
analyzing the OTDR plot, or trace, you can measurespllcmg fibers include transparent adhesives and index

fiber attenuation and transmission loss between am}na_tchlng gels?l'ranspar_ent ad_hesweare Epoxy
; resins that seal mechanical splices and provide index
two points along the cable plant. You also can measure

. : . “matching between the connected fibers.
insertion loss and reflectance of any optical
connection. In addition, you use the OTDR trace t0 G| ASS OR CERAMIC ALIGNMENT TUBE
locate fiber breaks or faults. Figure 6-4 shows angp| |CES
example OTDR trace of an installed cable plant.
Mechanical splicing may involve the use of a glass
MECHANICAL AND FUSION SPLICES or ceramic alignment tube or capillary. The inner
) o _ _ diameter of this glass or ceramic tube is only slightly
Mechanical splicing involves using mechanical |grger than the outer diameter of the fiber. A
fixtures to align and connect optical fibers. transparent adhesive, injected into the tube, bonds the
Mechanical splicing methods may involve either two fibers together. The adhesive also provides index
passive or active core alignment. Active core matching between the optical fibers. Figure 6-5
alignment produces a lower loss splice than passivallustrates fiber alignment using a glass or ceramic
alignment; however, passive core alignment methodstube. This splicing technique relies on the inner
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Figure 6-4.—OTDR trace of an installed cable plant.
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Figure 6-5.—A glass or ceramic alignment tube for mechanical splicing.

diameter of the alignment tube. If the inner diameter is  V-grooved splices may involve sandwiching
too large, splice loss will increase because of fiberthe butted ends of two prepared fibers between a
misalignment. If the inner diameter is too small, it is V-grooved substrate and a flat, glass plate.

impossible to insert the fiber into the tube. Additional V-grooved devices use two or three
positioning rods to form a suitable V-groove for
V-GROOVED SPLICES splicing. The V-grooved device that uses two pois-

_ _ _ tioning rods is the spring V-grooved splice. This
Mechanical splices also may use either a groovedsplice uses a groove formed by two rods positioned
substrate or positioning rods to form suitable in a bracket to align the fiber ends. The diameter of
V-grooves for mechanical splicing. The basic the positioning rods permits the outer surface of
V-grooved device relies on an open-grooved substrateeach fiber end to extend above the groove formed
to perform fiber alignment. When you are inserting the by the rods. A flat spring presses the fiber ends into
fibers into the grooved substrate, the V-groove alignsthe groove maintaining fiber alignment. Trans-
the cladding surface of each fiber end. A transparentparent adhesive completes the assembly process
adhesive makes the splice permanent by securing they bonding the fiber ends and providing index
fiber ends to the grooved substrate. Figure 6-6matching. Figure 6-7 is an illustration of the
illustrates this type of open V-grooved splice. spring V-grooved splice. A variation of this splice

TRANSPAREN
ADHESIVE

OPTICAL FIBE

OPTICAL FIBER

OPEN V-GROOVE
SUBSTRATE

CEIF0806
Figure 6-6.—Open V-grooved splice.
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FLAT SPRING splice loss is a direct function of the angles and quality

of the two fiber end faces.
The basic fusion-splicing apparatus consists of

OPTICAL OPTICALFIBER AT SPRING two fixtures on which the fibers are mounted and two
FIBE : 4_/—_-3 electrodes. Figure 6-9 shows a basic fusion-splicing
@ apparatus. An inspection microscope assists in the

PGS TIONING RODS placement of the prepared fiber ends into a fusion-

POSITIONING RODS splicing apparatus. The fibers are placed into the

cEFoeT apparatus, aligned, and then fused together. Initially,

Figure 6-7.—Spring V-grooved mechanical splice. fusion splicing used nichrome wire as the heating

element to melt or fuse fibers together. New fusion-

uses a third positioning rod instead of a flat spring. The splicing techniques have replaced the nichrome wire
rods are held in place by a heat-shrinkable band owith carbon dioxide (C¢) lasers, electric arcs, or gas

tube. flames to heat the fiber ends, causing them to fuse
together. The small size of the fusion splice and the
ROTARY SPLICES development of automated fusion-splicing machines

have madeelectric arc fusion (arc fusion) one of the
In a rotary splice, the fibers are mounted into amost popular splicing techniques.

glass ferrule and secured with adhesives. The splice
begins as one long, glass ferrule that is broken in halMULTIFIBER SPLICES
during the assembly process. A fiber is inserted into
each half of the tube and epoxied in place, using an  Normally, multifiber splices are only installed on
ultraviolet cure epoxy. The end face of the tubes is thenribbon type of fiber-optic cables. Multifiber splicing
polished and placed together, using the alignmentechniques can use arc fusion to restore connection, but
sleeve. Figure 6-8 is an illustration of a rotary most splicing techniques use mechanical splicing
mechanical splice. The fiber ends retain their original methods. The most common mechanical splice is the
orientation and have added mechanical stability sinceribbon splice.
each fiber is mounted i_nto a glass fejrrule and alignment A ribbon splice uses an etched silicon chip, or
sleeve. The rotary splice may use index matching gely,oqved substrate, to splice the multiple fibers
within the alignment sleeve to produce 10w-l0Ss iy 4 flat ribbon. The spacing between the etched
splices. grooves of the silicon chip is equal to the spacing

between the fibers in the flat ribbon. Before you
FUSION SPLICES place each ribbon on the etched silicon chip, each
fiber within the ribbon cable is cleaved. All of the
|fibers are placed into the grooves and held in place
with a flat cover. Typically, an index matching gel is
used to reduce the splice loss. Figure 6-10 shows the
placement of the fiber ribbon on the etched silicon
hip.

The process of fusion splicing involves using
localized heat to melt or fuse the ends of two optica
fibers together. The splicing process begins by
preparing each fiber end for fusion. Fusion splicing
requires that all protective coatings be removed from
the ends of each fiber. The fiber is then cleaved, us;ingC
the score-and-break method. The quality of each fiber
end is inspected with a microscope. In fusion splicing,
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Figure 6-8.—Rotary mechanical splice. Figure 6-9.—A basic fusion-splicing apparatus.
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Figure 6-10.—Ribbon splice on etched silicon chip.

AREA LIGHTING SYSTEMS LIGHTING INTENSITY

Streetlighting at naval facilities usually need not The illumination and uniformity requirements are
produce as high a level of illumination as that required given in table 6-1. Note that the illumination level is
in many municipal areas. Because night activity by dependent upon the roadway classification and the
vehicles and pedestrians is low, only enough light is area classification that are defined in the following
supplied to permit personnel to identify streets and material.
buildings and to furnish sufficient visibility for local
security requirements. Requirements for security and
floodlighting systems will depend on the situation and

Streets are classified into three major categories:
major, collector, and local.

the areas to be protected or illuminated. e Major: The part of the roadway system that
serves as the principal network for through traffic flow.
STREET AND AREA CLASSIFICATION The routes connect areas of principal traffic generation

o _ _ and important rural highways entering the city.
Streetlighting requirements generally consist of a

minimum average maintained footcandle level and a _ *. %cf?_)r:bDistributor and coclll?ctorl roa((jjways
maximum allowable uniformity ratio for the instal- S€rving traific between major and local roadways.

lation. The authority for these requirements is the | 1€5€ are roadways used mainly for traffic movements
American National Standards Institute within residential, commercial, and industrial areas

(ANSI)/llluminating Engineering Society (IES) e Local: Roadways used primarily for direct
publication,Standard Practice for Roadway Lighting. access to residential, commercial, industrial, or other
Another publication that may prove helpful is abutting property. They do not include roadways
Informational Guide for Roadway Lightingublished  carrying through traffic.

by the American Association of State Highway and
Transportation Officials. The only significant dif-
ference between the two publications is that the latter
allows a 4 to 1 uniformity ratio instead of the 3 to 1 e Commercial: That portion of a municipality in a
uniformity ratio specified by IES. These uniformity business development where ordinarily there are large
ratios are defined as the ratio of the average footcandlenumbers of pedestrians and a heavy demand for parking
value divided by the minimum footcandle value. space during periods of peak traffic or a sustained high

The locality or area is also defined by three major
categories: commercial, intermediate, and residential.
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Table 6-1.—Roadway lllumination and Lamp Selection Guide.

FC/FC
Local 0.4 6:1
Residential Collector 0.6 3
Major 1.0 31
Local 0.6 3
Intermediate Collector 0.9 3
Major 14 3
Commercial Collector 1.2 3
Major 2.0 3

pedestrian volume and a continuously heavy demandheight. The lamp should be near the center of the street.
for off-street parking during business hours. A variation of this positioning (fig. 6-11b) is suitable for
intersections of two such roadways with the lamp at the

e Intermediate: That portion of a municipality _
approximate center.

which is outside of a downtown area but generally
within the zone of influence of a business or industrial e Type Il (fig. 6-11c) produces more spread than
development; characterized often by a moderatelydoes Type |. It is intended for roadways with a width of
heavy nighttime pedestrian traffic and a somewhatapout 1.6 times the lamp-mounting height with the lamp
lower parking turnover than is found in a commercial |ocated near one side. A variation (fig. 6-11d) is suitable
area. This definition includes military installations, for intersections of two such roadways with the lamp
hOSpitals, and neighborhOOd recreational centers. not near the center of the intersection.

« Residential: A residential development, or a o Type 11l (fig. 6-11€) is intended for luminaries

mixture of residential and commercial establishments, |ocated near the side of the roadway with a width of not
characterized by few pedestrians and a lower parkinggyer 2.7 times the mounting height.

demand or turnover at night. This definition includes

areas with single-family homes and apartments. * Type IV (fig. 6-11f) is intended for side-of-road

mounting on a roadway with a width of up to 3.7 times
SELECTION OF LUMINAIRES the mounting height.

o Type V (fig. 6-119) has circular distribution and

Luminaries are designed to provide lighting to fit o o iaple for area lighting and wide roadway
many conditions. For street and area lighting, five .

basic patterns are available, as shown in figure 6-11 Intersections. Types Il and IV can be sta_ggergd on
While many luminaries can be adjusted to produceqpp(_)‘c"te sides of the roadW?‘y for better uniformity in
more than one pattern, no luminaire is suitable for all lghting level or for use on wider roadways.
patterns. Care must be used, especially in repair an
replacement, to install the proper luminaire for theCMOUNTING HEIGHT AND SPACING
desired pattern, as specified in the manufacturer’s
literature. Even when the proper luminaire is installed,
gireen rg?:rt)ebr?y ﬁgg;ﬁoegfgéﬁct:ﬁ(?”d:gijésgnrfgjlstshav f minimizing direct glare from the luminaire and the
" need for a reasonably uniform distribution of
e Type | (fig. 6-11a) is intended for narrow illumination on the street surface. The higher the
roadways with a width about equal to lamp-mounting luminaire is mounted, the farther it is above the normal

There are two standards for determining a
referred luminaire mounting height: the desirability
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Figure 6-11.—Light distribution patterns for roadway lighting.

line of vision and the less glare it creates. GreaterThe “overhang” is defined as the dimension between the
mounting heights may often be preferable, but curb behind the fixture and a point directly beneath the
heights less than 20 feet cannot be considered goodixtyre.

practice. o
¢ A luminaire overhang should not exceed 25

terminology relating to how fixtures are located _
down a roadway. Figure 6-12 shows these *No attempt should be made to light a roadway
relationships graphically. The following that is more than twice the width of the fixture-
information will be useful when determining the mounting height. A roadway luminaire produces a
most appropriate mounting arrangements: beam in both longitudinal directions and is limited in its

« The “transverse direction” is defined as back 2Pility to light across the street.
and forth across the width of the road, and the e There are three ways that a luminaire may be
“longitudinal direction” is defined as up and down the positioned longitudinally down the roadway (fig. 6-12).
length of the road. Note that the spacing is always the dimension from one
» Modern roadway fixtures are designed to be fixture to the next down the street regardless of which
mounted in the vicinity of one of the curbs of the road. side of the street the fixture is located.
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Figure 6-12.—Luminaire arrangement and spacing.

e A staggered arrangement generates bettefixture or obtained from the manufacturer’s ordering
uniformity and possibly greater spacing than a one-sideinformation. A working knowledge of this information
arrangement. That is particularly true when the width of will assist you in selecting and installing the correct
the road becomes significantly greater than theluminaire to accomplish the job. Manufacturers
mounting height. When the width of the road starts provide technical literature for every luminaire they
approaching two mounting heights, an oppositemake. This literature includes utilization and isofoot
arrangement definitely should be considered. Thatcandle curves. These curves are important in
would, in effect, extend the two-mounting-height width calculating the lighting intensity of a particular
limitation out to four-mounting heights. lumunaire. Figure 6-14 is a sample of manufacturer’s

The classification of a road and the corresponding Iiterature for a 250- or 400-watt light fixture.

illumination !eve_ls desired m_fluer_mes the_spacmg Utilization Curve
between luminaries. On a residential road, it may be
permissible to exten_d the spacing SO that thg light The utilization curve (fig. 6-14A), a measure of
beams barely meet (.f'g' 6.'13)' For tr_afflq on.busmessluminaire efficiency, shows the amount of light that
roadways where uniformity of illumination is more falls on the roadway and adjacent areas. The amount of
important, it m irable to narrow ' . ) :

pora ay be desirable to narrow the spacing toIlght that is usable or actually falls on the area to be

rovide 50-to 100-percent overlap. . . .
P P veriap lighted is plotted as a percentage of the total light

MANUFACTURER'S LITERATURE generated in the luminaire for various ratios of

transverse distance (across the street from the

The performance specifications of each model, luminaire on both the house side and street side) to the
type, and size of luminaire are provided with the mounting height (fig. 6-15). The coefficient of
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Figure 6-13.—Pavement brightness.

utilization for any specific situation is obtained from elevation. Thus, at any point on the diagram (or

this curve. The utilization curve will determine the roadway), we know the magnitude and direction of the

amount of light that actually strikes the roadway illumination with respect to nearby points. To make

surface. This percentage of light has an impact on thethis data more universal, you are given both the top

spacing distance of the luminaries. horizontal and left vertical axes in terms of mounting-
height ratios.

Isofootcandle Curve It is sometimes convenient for you to replot the

isofootcandle data to the same scale as that used on a
drawing containing a lighting layout. By
superimposing this diagram, you can study the
distribution of light. Under the unity correction factor
The lines on this diagram connect all points having in the mounting-height table (fig. 6-14B), one can find
equal illumination, much as the contour lines on athe mounting height for which the data are calculated.
topographical map indicate all points having the sameThe numbers beside each line represent the initial

The isofootcandle diagram (fig. 6-14B) shows the
distribution of illumination on the road surface in the
vicinity of the luminaire.
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Figure 6-14.—Streetlight manufacturer’s literature.

footcandle values per 1,000 lamp lumens. EachMaintenance Factor

footcandle value must be multiplied by 50 to obtain the

correct footcandle value on the isofootcandle diagram. ~ Lighting efficiency is seriously impaired by
This ratio of actual lamp lumens divided by 1,000 is blackened lamps, by lamp life, and by dirt on the
known as the lamp factor (LF). Note that the lamp reflecting surfaces of the luminaire. Tocompensate
factor allows a curve to represent the distribution from for the gradual loss of illumination, you must apply
more than one lamp wattage; for example, from 250-a maintenance factor (MF) to the lighting
and 400-watt lamps. calculations.
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Figure 6-15.—Luminaire utilization.

Normally, each luminaire manufacturer can literature to determine the number of luminaries,
supply you with the maintenance factor for your lamp mounting height, and spacing required to produce the
model; however, when the manufacturer’s information desired illumination intensity.
is not available, a 0.70 maintenance factor is widely

i i Using the manufacturer’s literature supplied in
used in the industry. 9 pp

figure 6-14, let us solve this sample problem:
LIGHTING INTENSITY CALCULATIONS Find:

1. One-sided spacing required to provide specified

Achieving the most satisfactory solution for any i
illumination

given lighting problem requires sound judgment in
making necessary compromises of all factors 2. Uniformity of illumination

involved. Given: (fig. 6-16)
Selection of the luminaire can be influenced by  , street width. 50 feet
budget constraints, present stock levels in the Federal

Supply System, and availability. Once the luminaire is
selected, it is important that you use the manufacturer's ¢ Pole setback from curb, 2 feet

e Mounting height, 40 feet

’

) HOUSE |  STREET

/ SIDE SIDE
1 H9) (SS) | EE—
faz»'p— 10—l 0

CEIFOB16
Figure 6-16.—Streetlight sample problem.
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o Bracket length, 12 feet The uniformity of illumination is expressed in

e Required average maintained level of terms of a ratio of

illumination, 2 footcandles Average fc
e 400-watt luminaire (50,000 lamp lumens) Minimum fc
Solution: It has been determined that one-side spacing of

150 feet will produce an average of 2 footcandles on

1. Spacing. The equation to determine correctthe roadway surface. The point of minimum

spacing is illumination can now be determined from the
isofootcandle diagram.
Spacing (S) (LLMF)(CU) - J . o
(fc)(W) The minimum value of the illumination can be
wh found by studying the isofootcandle diagram and tak-
ere:

ing into account all luminaries that are contributing
significant amounts of light. Generally, the minimum

value will be found along a line halfway, between two
consecutively spaced luminaries. The minimum value
can be determined by. checking the minimum foot-

LL = rated initial lamp lumens

MF = maintenance factor

CU = coefficient of utilization candle values at points P1, P2, and P3. as shown in
o figure 6-18.

fe = illumination in footcandles The roadway surface can be plotted on the

W = street width. curb to curb isofootcandle curve by observing the 40-foot

mounting height to longitudinal and transverse

distance ratios. (See fig. 6-19.) Since Pl is located

The values are given for LL (50.000), MF (assume outside the 0.02 footcandle line. it is the lowest total
0.70). W (50). and fc (2). After a value for CU is footcandle value. This value would be 0.03 fc (0.015

determined, you can solve the equation for averagefootcandle from each luminaire).

spacing. Figure 6-20 shows a perspective view of the two
isofootcandle lines that are considered when

To determine the coefficient of utilization, determining the illumination value at P1.

calculate the amount of wasted light on the street side

(SS) and the house side (HS) where: The following factors are now applied to this
' “raw” footcandle value, as shown in the formula:

Transverse Distance 10 _ fc min = (fc) (LF) (MF) (CF)

Ratio of HS = : . =0. .
Mounting Height 40 Where:
fc min = minimum point footcandles
Transversel Distance 50-10 40 .
Ratio of SS= . . ¢ 0 =1.0 fc = raw footcandle from isofootcandle
Mounting Height 40 4 diagram
LF = lamp factor

From the utilization curve in figure 6-17, the ratio
of 1.0, street side,corresponds to 40 percent. and the
ratio of 0.25, house side, corresponds to3 percent. for a CF = mounting height correction factor
total of 43 percent CU.

Spacing can be determined as

MF = maintenance factor

The values are given for fc (0.03) and MF (assume
0.70). The value for LF was determined earlier as 50
S = (50,000) (0.70) (0-43) 150 feet for the_ 400-watt lamp. The_ CF factor can be

(2)(50) - ' qletermlned from the correction chart below the
isofootcandle curve in figure 6-14. The CF for a 40-
2. Uniformity. foot mounting height is 0.56.
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for a major, commercial roadway.

Figure 6-18.—Streetlight layout.

The minimum point footcandies are

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

CE'FO618

Therefore, the average-to-minimum ratio of uni-
formity would be

2 fc
0.58fc

=3.40

A uniformity ratio of 3.40 meets the ANSI/IES
recommended roadway illumination levels (table 6-1)

6-17

value is too low for any night activity requiring good
visibility. Figure 6-21 gives recommended
illumination intensities for specific night activities.
The following suggestions should be followed to
improve the efficiency of floodlighting systems:

» Select floodlight locations so beams strike the

surface to be illuminated as nearly perpendicular as
possible.

e When lighting irregular surfaces, use two or
more floodlights to reduce sharp shadows caused by
surface contour.

e For lighting extended horizontal surfaces, such
as work areas, mount floodlights high enough to
minimize glare.
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Figure 6-19.—Isofootcandle curve.

SELECTION OF LUMINAIRES

The National Electrical Manufacturer’s
Association (NEMA) has classified floodlighting
luminaries into four classes according to construction:

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

2. Class GP (General Purpose)—Enclosed with a
one-piece housing with the inner surface serving as a
reflector and the outer surface being exposed to the
CEIF0620 elements

3. Class O (Open)—One-piece housing without
cover glass

Figure 6-20.—Roadway perspective view.

« For lighting extended vertical surfaces, such as 4. Class Ol—Same as Class O except with an
smoke stacks or towers, mount floodlights so distance2UXiary inner reflector to modify the beam
between floodlights or groups does not exceed twice  The suffix letter “B” should be added to the above
the distance from the floodlight to the illuminated class designations to indicate when an integral ballast
surface. IS required.

¢ Use a smaller number of large floodlights Example: A heavy-duty floodlight with an integral
instead of a larger number of smaller floodlights. ballast would be designated as a Class HDB floodlight.
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MINIMUM AVERAGE
GENERAL APPLICATION RECOMMENDED FOOTCANDLES

BUILDING EXTERIORS CITYy SUBURBAN| RURAL
- Terra cofta, light marble or plaster 15 10 5
- Bedford or buff imestone, smooth buff face brick, 20 15 10

concrete, aluminum
- Smooth or medium gray brick, common tan or dark field

gray brick 30 20 15
- Brownstone, stained wooden shingles or other dark

surfaces 50 35 20
CONSTRUCTION
- General 10
- Excavation 2
INDUSTRIAL ROADWAYS
- Adjacent to buildings i 10
- Not bordered by buildings 05
INDUSTRIAL YARD / MATERIAL HANDLING AREA 5
LOADING / UNLOADING PLATFORMS, FREIGHT DOCKS 20
PARKING AREAS
- Industrial 10
- Shopping centers 2-5
- Commercial lots 2-5
SHIPYARDS
- General 5
- VVays 10
- Fabrication areas 30
* Outdoor recreational and sporting facilities shoud be based on llluminating Engineering Society
publications
All values are considered to be footcandles and are in terms of horizontal-plane. Higher levels of
illumination may be required for safety.

CEI0621
Figure 6-21.—Recommended intensities for specific night activities.

The beam spread can be described in degrees or bg vertical (V) designation. The horizontal value is
NEMA types (table 6-2). The beam spread is based oralways given first.
the angle to either side of the aiming point where the H V
candlepower drops to 10 percent of its maximum Example:NEMA TYPE7 X 3
value. The lamp and floodlight NEMA type is given in
the upper left-hand corner of each isofootcandleMOUNTING HEIGHT AND SPACING
diagram.
The NEMA type should only be used as a The size of the area to be illuminated has a direct

reference. It does not describe the shape of the ligheffect on determining the number and spacing of the
pattern the floodlight produces or the peak Poles. The suggested area that can be covered by a
illumination level (footcandles). Symmetrical single pole is four times the_mountmg height. That is
floodlights have the same horizontal and vertical beamknNoOWn as the “2X-4X" rule (fig. 6-22).

spread and are classified with one NEMA number.  Areas lighted from interior poles or other central
Asymmetrical beam spreads have a horizontal (H) andlocations (fig. 6-22A) can be more economical, but
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Table 6-2.—Luminaire Designations

Min. Beam Efficiency %
Beam Spread NEMA Type Beam Incandescent, High-Intensity
Degrees Designation Description Tungsten, Discharge
Halogen
10 up to 18 1 very narrow 38
18 up to 29 2 narrow 30 30
29 up to 46 3 medium narrow 46 34
46 up to 70 4 medium 50 38
70 up to 100 5 medium wide 54 42
100 up to 130 6 wide 56 46
130 and up 7 very wide 60 50

perimeter locations are also desirable to provideFLOODLIGHT AIMING

needed visibility at entrances and exits. in the case of _ o

perimeter poles (fig. 6-22B), if comer locations are not ~ When a fixture is aimed at the surface at an angle
used, the distance from any side location to the edge ofther than perpendicular, the maximum lighting level

the area should not exceed twice the mounting heightWill always occur behind the aiming point, or point of

If building-mounted luminaire locations are limited to maximum candela. That is important to know when the

only one side of the area to be lighted (fig. 6-22C), the fixtures are placed close to the base of a tall structure.
system will be effective for a distance of only two In this case, the highest lighting level will occur at the

mounting heights unless glare is not a determiningbase, even though the fixture is aimed at the top.

factor. For vertical aiming, the aiming point should be two
According to the 2X-4X rule, the spacing is thirds to three fourths of the distance across the area or

determined to be, from the corner to the first pole, two twice the mounting height, whichever is the lowest

times the mounting height(X). The next pole is set four value. Higher aiming angles will not improve

times this mounting height (X), and the CE will iilization and uniformity. (See fig. 6-23.)

continue in this manner until reaching the last pole,

which also is to be set two times the mounting height

from the far corner. This rule can be used to calculate

the minimum number of poles. For long, narrow areas, ~. : _

it is better to choose several short poles than one talfiMed to form approximately a three, four, five

one, especially since pole costs increase substantialljfiangle. (See fig. 6-24.) That is useful when

above 40 feet. It is wise to consider several determining pole height for area lighting or setback for
alternatives, however. to determine the system with thebuilding floodlighting.
lowest cost. Floodlights with NEMA 6 or 7 horizontal beams

If the pole is located inside the area to be lighted, will effectively light an area 45 degrees to either side of
there should be at least three floodlights or twothe aiming line. In figure 6-25, the perimeter pole
streetlights per pole. For one side perimeter mounting,needs at least two floodlights to cover the area in all
there should be two floodlights or one streetlight perdirections. Narrower beam floodlights require less
pole. separation to achieve uniform lighting.

The highest light level (vertical and horizontal) a
floodlight can produce at a distance from the pole
occurs when the maximum intensity or candlepower is
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A. INTERIOR POLES B. PERIMETER POLES

C. BUILDING MOUNTED

CEIF0822
Figure 6-22.—2X-4X mounting height rule.
.
FLOODLIGHT
VERTICAL
ILLUMINATION

MH 3
HORIZONTAL
ILLUMINATION
CEIF0623
4
CEIF0524
Figure 6-23.—Vertical aiming. Figure 6-24.—Maximum candlepower of illumination.
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NEMA HORIZONTAL SUGGESTED }
TYPE BEAM SPREAD MAX AIMING |
LINE SEPARATION }

|

2 180 . 290 120
3 2¢° . 4g° 240
4 a6° - 70° 400

| 5 70° - 1000 60°

] 6 100° - 130° 90°

‘ -

1 7 1300 1200

CEIF0825

Figure 6-25.—Horizontal aiming.

Select lighting fixtures with a beam spread greater ~ The initial footcandle level at the aiming point of
than the area being lighted. When several units aralifferent NEMA types varies a great deal; for example,
required, good lighting overlap occurs when the edgeassume that each luminaire is mounted at a 50-foot

of the beam of one fixture coincides with the aiming mounting height and aimed 100 feet (2 x MH) directly
point of the adjacent fixture. in front of its location. If you are using a NEMA Type 2

Bv examining the shape (beam spread) of thedistribution, the approximate initial footcandle level at
Iightinyg p);tterlnlegwitted by trr)le Eixture ygu carz begin that point woulld be 20; however, if you are using a
) ’ S NEMAT istribution, the initial foot le level
the process of selecting the NEMA type of floodlight ype 5 distribution, the initial footcandie leve

) L would be approximately 1.5.
best suited for the application. _ _ _ o
By understanding the intensity of the lighting

Horizontal and ver.tlcal lumen distribution is stated pattern, you can now appreciate the need for a range of
on each photometric test. Generally, the morejistribution patterns.

concentrated the luminous intensity (candela), the

tighter the beam spread:; for instance, the NEMA Type MANUFACTURER'S LITERATURE

2 Power Spdtfloodlight has a beam spread of 22 The performance specifications of each model,
degrees horizontal by 21-degrees vertical; whereas, aype, and size of luminaire are provided with the
NEMA Type 5 has a beam spread of 77-degreesfixture or obtained from the manufacturer’s ordering
horizontal by 77-degrees vertical. The isofootcandlecatalog. A working knowledge of this information will
diagrams shown in figure 6-26 compare 1,000-wattassist you in selecting and installing the correct
metal halide Power Sp%ﬂuminaries of NEMA Type floodlight to accomplish the job. Figure 6-27 shows a
2 and Type 5 when each luminaire is aimed out asample of manufacturer’s literature for a 250- to 1,000-
distance of twice its mounting height. watt light fixture.
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INITIAL FC TABLE
MOUNTING HEIGHT
4 ] 50 ! 60
A 0.16 0.1 0.07
B 0.31 0.2 014
c 078 05 0.35
D o 16 0 | 0.69
E 31 20 | 1.4
78 | 5.0 | 35
G 156 ‘ 10.0 g 6.9
| H 312 20.0 | . 139
1000 WATT METAL HALIDE NEMA 2 1000 WATT ME‘TAL HALIDE NEMA S
o s s //"\\ 6

A

Pt MmN i ‘\A

<IN _ N
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K] é o 4 4-5 4
3 3
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I AIMING POINT MH X 2 I l A|M|NGP3:‘TMHX2 I
CEIF0626
Figure 6-26.—Isofootcandle diagrams.
ISOFOOTCANDLE DIAGRAMS the side show the distance in line with the aiming

direction of the floodlight. The number 3, for instance,

Th? isofootcand_le diag_rams ShO.W wh_at the light represents 3 x 40, or 120, feet from a 40-foot mounting
level will be at any given point. The dimensions for the height

diagram are based on the mounting height (MH) of the
floodlight. The aiming pointA) is also based on the Each isofootcandle line shows where the
mounting height. Figure 6-27 provides a diagram for footcandle level is the same. These lines are identified
mounting heights of MH x 0.5, MH x 1, and MH x 2. by a letter, which is used with the initial footcandle (fc)
The grid pattern is also based on the mountingt@ble. The footcandle values between isofootcandle
height. The grid line values left and right give the lines do not change more than 2 to 1. That makes it
distance to either side of the floodlight. The values uppossible to approximate the level between lines.
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INITIAL FC TABLE INITIAL FC TABLE INITIAL FC TABLE
LU 250 watt LU 400 watt 1000 watt
30 40 50 30 40 50 40 50 60
A 005 033 0.02 A 0.10 0.06 0.04 A 016 01 0.07
8 011 0.06 0.04 8 0.22 013 0.08 8 0.31 62 0.14
c 0.31 017 0.11 c 0.56 0.31 02 c 078 25 035
D 061 0.34 0.22 D 11 063 04 [5) 18 10 069
E 12 0.69 044 E 22 1.3 08 E 31 22 14
3 31 17 11 3 56 31 20 £ 78 50 35
G 61 34 22 G 1.1 6.4 4.0 G 155 10.0 6.8
B 92 52 33 H 16.7 54 60 H 234 50 104
UTILIZATION DATA
2R 4 /- &A
AIMING DISTANCE MH / \
A 1 ~ B
%] / \
z s
— a0t 3 4 \
3 / = . LT~
2 Q
% j 10 / Y /\D
— 30f 4 —9-2 b
z z E
& 5 g '\
= 3 £
§ =, N \
—20t 2
>
20
— 10 ¢
5 -
0, o ) > 3 4 3 2 3 0 1 2 3
ISTANCE FROM THI AIMING POINT MH X 1
/-d-\
. e ™.
4 > Y \
8
—14 e \ \
—3 c
54 B 23 A B\
0 S I 2
L2 / v 7] /'\
==2 \ Z
z =y / ...E \
8 _§'L <
7 y
b g ( \
, \ i
)) 1 N (3 LV
—» o N\
1 4 3 2 1 0 1 2 3 4
3 2 2 AIMING POINT MH X 2
AJMING POIN’T MH X 0.5
CEIF0627

Figure 6-27.—Floodlight manufacturer’s literature.
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The initial footcandle table gives the footcandle compensate for the gradual losses of illumination on
value for each isofootcandle curve at a specific the lighted area.
mounting height. The values for each letter are the
same on each set of curves. That makes it possible Qig
compare diagrams directly and interpolate between
curves for different aiming distances.

The mounting heights given in the initial
footcandle table are representative of the wattage and ~ Open flood lamps, 0.65
beam pattern associated with the floodlight. To
convert to other mounting heights, use the following LIGHT INTENSITY CALCULATIONS

formula:

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

Enclosed flood lamps, 0.76

There are a number of ways by which to determine

OLD NEW luminaire requirements. Since most methods would

(FROM CHART) (FROM CALCULATION) require an engineering background, we will only
discuss the basic area lighting design considerations

(fc)(MH?) (fc)(MH?) that you, as a Construction Electrician, can perform in
the field if engineering assistance is not available. To
better understand how the calculations are performed,
solve this sample problem:

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

Determine the average, initial light level in a 160-

(5)(50) = (fc)(55)fc = 4.13 foot x 160-foot material storage yard using two NEMA

6 x 5 HLX 1,000-watt floodlights.
In figure 6-27 (aiming point MH x 2), the .
floodlight is aimed a distance of two mounting heights SPlution:
away from a point on the ground directly below the 1. Apply the 2X-4X rule (fig. 6-28) to determine
floodlight. That would be 80 feet for a 40-foot spacing and mounting height. A 40-foot mounting
mounting height. height provides MH x 2 or an 80-foot aiming distance.

UTILIZATION GRAPH _ __2. .The formula_ used to calculate the average,
initial light level (fc) is as follows:

_ The luminaire utilizatio_n_o_lata graph (fig. 6-27) fos (N)(LL)(CU)
gives the percentage of the initial lamp lumens that fall c= " AREA
into the area being lighted. Knowing this, you can
easily determine the average lumens per square foot, or

footcandles. | 2x »le—2x >

The number beside each curve identifies the & 3 £y
aiming point, so that the utilization curve can be
identified with the associated isofootcandle diagrams.
In the example, for instance, the floodlight aimed two
mounting heights away from the pole would have a
utilization of 35 percent if it were lighting an area three :
mounting heights wide. The same floodlight aimed at 160 Xi ax
one mounting height away from the pole would have a
utilization of 45 percent for the same area.

MAINTENANCE FACTOR

Lighting efficiency in floodlighting, as in

streetlighting, is seriously impaired by blackened X I X
lamps, by lamp life. and by dirt on the reflecting i‘ 160 q
surfaces of the luminaire. A maintenance factor (MF) CEIF0628

must be applied in the lighting calculations to Figure 6-28.—Material yard sample problem.
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Where: you should determine the maintained illumination
level. The following rules of thumb provide some

N = number of floodlights guidelines to help in these decisions.
LL = initial lamp lumens 1. From figure 6-21, you find that the minimum
CU = utilization of the floodlights average footcandles recommended for industrial

yard/material handling is 5.

2. Read up the left side of the graph in figure 6-29
'until you come to 5. Follow this line across until you
intersect the dark diagonal line representing Lucalox

From the utilization data (fig. 6-27), you can find
that the utilization for the HLX luminaire aimed at two
mounting heights across an area 160 feet or fou
mounting heights wide is 38 percent. The initial
lumens for the 1,000 watt lamp are 140,000 lumens, 3. By reading straight down from this intersection
obtained from the manufacturer’s literature. to the value at the bottom of the chart, you find 0.095
Substituting in the formula, lamp watts/square foot of the area is required to light the

(2)(140,000)(0.38) yard to 5 footcandles.
fc= (160)(160) =4.2fc 4. Area to be lighted is (160)( 160) = 25,600 square

feet.

The maintained light level is obtained by : —
multiplying the initial light level by the maintenance 5 Multiply 25,600 by 0.095 = 2,432 lamp waltts.

factor. 2.432 is more than two 1,000-watt Lucalox

fc = (4.2)(0.75) = 3.15 fc lamps

Using the isofootcandle diagram, we obtain point Eutgazlo% ?gﬁ]rgg imately equal to six 400-watt
by point footcandle values: for example, the center of
the area occurs just inside isofootcandle line E. From 2,432 is approximately equal to ten 250-watt
the initial footcandle table, the 1,000-watt HLX at 40 Lucalox’ lamps
feet produces 3.1 footcandles at line E and 7.8 atline F. ¢ By using the general layout considerations, you

Since the point is approximately one fourth of the ;i find that the most economical floodlight
distance between the two isofootcandle lines, the valuesiaiation will use the 400-watt Lucal%*amps
will be about 4.0 footcandles. With the two floodlights \ounted on 40-foot poles, as shown below. ’
contributing, the value in the center will be 8.0 ’

footcandles. Note that the corners of the area will have

very little light. That is why two or more floodlights are 2X + 2X = 4X = 160 feet

recommended at perimeter locations.

Another design method that will yield sufficient X = 160 feet —40feet MH
accuracy is the quick selector design method. The '
general layout considerations shown in figure 6-28
should be followed. The watts per square foot obtained SECURITY LIGHTING
from the graph in figure 6-29 produce an average
lighting level accurate to within 20 percent of desired Requirements for security lighting at activities
value. That is close enough, since the differencewill depend upon the situation and the area to be
between the luminaire requirement obtained from theprotected. Each situation requires careful study to
graph and the number that will actually be needed toprovide the best visibility that is practical for guard
satisfy the physical requirements of the job involve duties, such as identifying personnel and vehicles,
adjustments greater than 20 percent. It is not unusualpreventing illegal entry, detecting intruders, and
for instance, to need two poles instead of one or toinvestigating unusual or suspicious circumstances.

require three luminaries per pole instead of two. This The type of security lighting may be either the

e o e o s e o e v i S oMU o he andoy e, The cominuous e

be lighted as the name implies, is on all the time during the hours
: of darkness. The standby type is activated either

Before determining the number of luminaries, you manually or automatically when suspicious activity is

should work out the size of the area to be lighted. Also, detected.
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EXAMPLE: TO PRODUCE A MAINTAINED LEVEL OF 5.0 FOOTCANDLES OVERA
LARGE AREA, THE FOLLOWING WATTS-PER-SQUARE-FOOT WILL BE REQURED:
LUCALOX®- 0.085 MULTI-VAPOR - 0.155
MERCURY -0.22 INCANDESCENT - 0.54 CEIF0828
Figure 6-29.—Lamp watts per square foot chart.
SECURITY AREA CLASSIFICATION protective lighting system should be independent of

other lighting systems and protected from interruption
The installation of security lighting is set forth in in case of fire.
United States Navy Physical Security Manual,

OPNAVINST 5530.14. It provides specifications on The switches and controls of the system should be

: . : locked and/or guarded at all times. The most effective
searchlights and minimum footcandie reqUIrementSmeans is to have them located in a key guard station or

ggl?r?olrar?el\slegntf;rﬂ:?s:OQt?L.Jct-Il_Jrr]:s I!ﬁén;?:;sopnugf bcentral station similar to the system used in intrusion
D .’ ' Harm central station installations.
according to the security manual.

LIGHTING CONTROL ALTERNATE POWER SOURCES

In general, any security area provided with
protective lighting should have an emergency power
source located within that security area. The
emergency power source should be adequate to sustain

Multiple circuits may be used to advantage here.all security requirements and other essential service
The circuits are so arranged that the failure of any onerequired within the security area. Provisions should be
lamp will not darken a long section of the area. The made to ensure the immediate availability of the

Each security lighting system is designed to meet a
particular need of the activity. The design is such that it
provides the security required at maximum economy.
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emergency power in the event of power failure. AIRFIELD LIGHTING SYSTEMS

Security force personnel should be capale of operating S _ o

the power unit. If technical knowledge prevents this, ~ Airfield lighting systems are designed to aid pilots
plans must provide for responsible personnel toduring launch, recovery, and taxi operations. The
respond immediately in times of emergency. In reasons for these systems date back to the days of
addition, battery-powered lights and essentialsmuoIge pots and the burming of brush piles to help

communications should be available at all times at ke guide pilots into safe landings. Through the years, the
) - Ymethods of lighting airfields have become much more
locations within the secure area.

sophisticated. The lighting systems today have the
light properly distributed, have light controls, and also
have the ability to define certain areas by means of
different colored lenses and filters inside of the
lighting fixtures.

AIRFIELD LIGHTING

As a Construction Electrician second class petty
officer. you may be responsible for the installation of
expeditionary airfield lighting and any repairs or ~ The patterns and colors of the light, as well as the
maintenance required to the installation as well as tgnarkings, at each airfield are uniform to enable the

permanent advanced base launch and landing!lots to interpret what is seen and then to react almost
facilities. automatically. To ensure that airfield lighting standards

_ _ _ _ are met, the Federal Aviation Administration (FAA) has
Since the Seabees existence is based on being us@sken tasked with developing the standards and with the
in contingency operation, you should know the policing authority to ensure compliance within the
equipment and components of such a contingencyJnited States. In addition, FAA standards are used in
lighting system. The “Expedient Airfields Facility,” airfields constructed by the military overseas.
13610A, as taken from the Advanced Base Functional e design of airfield lighting systems must

Component Facility Listings, provides such provide for locating an obstructional warning system,
information. If the world situation should develop to a runway and approach markings, and taxiway and
point where the Seabees are alerted and tactical aparking facility markings.

support is required, such a kit would accompany you to

the forward area. For contingency operations, the typesAIRFIELD LAYOUT

of airfields used may be any of the following: ) o
The VTOL forward operating site is a portable

1. Vertical takeoff and landing (VTOL) airfields  ajrfield of minimum size designed for operations
2. Vertical short takeoff and landing (vSTOL) dependent upon logistic or tactical support by

airfields (600 and 1,800 feet) helicopters and other vertical takeoff or landing
. - aircraft. The field consists of a surface pad 72 feet
3. Expeditionary airfield (EAF) square, as shown in figure 6-30, view A, without

4. Strategic expeditionary landing field (SELF)  lighting, communications, or recovery systems.

The scope of this chapter is not to provide details A VSTOL facility is a portat_)le airfi_eld cgpable of
on the electrical systems used at each of the aboveproviding support to VSTOL fixed-wing aircraft as
mentioned airfields but rather to acquaint you with the Well as helicopters. The field consists of a surfaced

components of the systems and their functions for bothfunway 900 feet long and 72 feet wide and turnoff,
expeditionary and permanent airfields parking, and maintenance areas. The nature of the

aircraft to be serviced precludes the necessity for
Normally, the VTOL airfield is an installation arresting gear; however, a field lighting system and a
made of aluminum matting and is used as a forwardcommunications system are supplied to provide
landing field by either helicopters or Harrier type of suitable aircraft recovery capability. A VSTOL facility
aircraft; whereas, the VSTOL airfield, also an can readily be converted to a VSTOL air base.

forward operational facility. The EAF is used by high- capable of providing support for VSTOL fixed-wing

performance aircraft and is also used as a forward aigircraft as well as helicopters. The field consists of a
facility. The SELF is similar to the EAF, but with a surfaced runway 1,800 feet long and 72 feet wide and
longer runway. turnoff, maintenance, and parking areas to
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Figure 6-30.—Field arrangement direct installation.

accommodate up to 12 aircraft. From the VSTOL air communications system are incorporated to provide
base assets, plans are provided from which thresguitable aircraft support. A VSTOL air base readily
VSTOL FACILITIES can be constructed. The VSTOL may be converted to an expeditionary airfield (EAF).

air base can support at least one squadron of light 1he EAFE is a portable airfield that provides a

VSTOL attack aircraft and a number of helicopters. g faced runway 5,200 feet long and 96 feet wide, as
The nature of the aircraft serviced by the VSTOL air shown in figure 6-30, view D, and parking and

base precludes the necessity for arresting gearmaintenance areas for up to six squadrons of light-to-
however, a field lighting system, a Freshigns medium fighter/attack aircraft, in addition to a
optical landing system (FLOLS), and a complement of reconnaissance aircraft and
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helicopters. The field includes two M-21 aircraft board should be an open display and easily accessible.
recovery systems. two FLOLS, and field lighting and It should be a minimum of 1/2 inch thick and 4 by 4 feet
communications systems. An EAF may readily be in width and length. The color should be dark green
converted to a strategic expeditionary landing field with white letters and borders.

(SELF). On this board, some of the safety items you should
The SELF is a portable airfield that provides a have are as follows:

surfaced runway 8,000 feet long and 96 feet wide, as Lo - : -

shown in figure 6-30, view E. The SELF is a pre- L \(/)ariﬁtratmg instructions for the equipment in the

positioned war reserve (PWR) setup. The airfield

provides turnoff, maintenance, and parking areas to

accommodate up to six squadrons of light-to-medium

fighter/attack aircraft, a detachment of tanker aircraft, _ o

and various transient logistic support aircraft. The A first-aid kit

SELF configuration includes two M-21 aircraft A switch stick with a minimum length of 5 feet

recovery systems as well as two FLOLS and field and a 300-pound pull ability

lighting and communications systems.

Resuscitation instructions
A phone and a list of emergency phone numbers

o A~ w N

6. A hemp rope, I/2 inch thick, with a minimum

AIRFIELD LIGHTING VAULT length of 15 feet
. o _ 7. Insulated fuse pullers (for secondary cartridge
The beginning of the airfield lighting system is the fuses)

airfield lighting vault. The primary power feeder
enters the vault and supplies power to all of the major
components. These components, in turn, control and
operate the airfield lights. The vault houses the high-
voltage power cables, the current regulators, the relay 10
cabinets, and the control panels.

The control cables are installed between the vault
and the control tower or other control points. The high-

voltage cables are connected to the regulators and ruBlated electrodes, driven into the ground about 8 feet

O:i/tet?otg'; /llrgrkr]:gfe-rggnltlgor:t?fgtr?grgrgltelzjnin?rlﬁearsearl:]see? t%apart and connected in a loop with the vault or ground
9 1€ Sy : YP€cable part of the ground grid. This typical connection is
of remote control panel that is in the vault should also

be installed in the control tower. shown in figure 6-31.

The airfield lighting vault should be about 3,000 Power Supply
feet from the runway. This distance ensures that no
interference will occur with the operation of the  In many cases, the power supply will not be all
airfield, and still. it is not so far away that voltage drops high or low voltage. In fact, in many expeditionary
might cause a problem. The lengths of the controlairfields, the system may be a combination of high and
circuits between the control tower and the vault arelow voltage. However, if you are assigned to a naval air
limited by operational characteristics; for example, station, chances are that you may be required to main-
size of field, obstructions, and so forth. The minimum tain high-voltage airfield lighting systems. Basically,
distance is 350 feet; that is to prevent the equipment irfhe systems are identical, but because of safety require-
the vault from causing radio interference. If the control ments, the high-voltage systems will have a few
cable leads terminate into actuating coils of relays invariables. As an example, take the isolation trans-
the pilot relay cabinet, the maximum distance is 7,350former (IT) in the high-voltage system; it serves to step

8. A nonmetallic-encased flashlight marked with
luminescent tape to aid in its location in the dark

©

. A shorting stick
. Rubber gloves

For the safety of personnel, the airfield lighting
vault must be grounded. That may be accomplished by
using two 1/2-inch-diameter, 8-foot-long, copper-

feet. the voltage down, but its primary purpose is to prevent
an opening in the primary series loop when a lamp
Safety failure occurs. In a low-voltage system, the

transformer is usually a 2: 1 or 1: 1 ratio unit that serves
The airfield lighting vault should have certain to maintain a closed loop-the same function as the
items of safety equipment affixed to a board. Thisone in the high-voltage system. Even though we will
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power and, at the same time, disconnects the base
power source.

GROUND STUD GROUND

Emergency power can be supplied by a completely
automatic engine-driven generator; for example,
failure of the base power causes the engine to start. In a
matter of seconds, the changeover switch
GROUND automa_tically shifts to the emergency _position,
ROD connecting the generator to the airfield lighting bus.

ELECTRICAL
DISTRIBUTION
VAULT

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

2 CABLES

CEIF0631

Constant-Current Regulator

Figure 6-31.—Vault grounding arrangement. ] ) ] ]
Runway lighting systems are supplied from series

circuits served by constant-current regulators (CCRSs).
: . _ Each lighting circuit on the airfield has a separate
of th_e time, the functions of the components will apply regulator. The CCRs maintain the output current
to either system. throughout its rated output value, depending on the
In the 2,400/4,160-volt system, the four-wire wye load. Some of the regulators are equipped with
primary source is usually from the base electricalPrightness controls. These brightness controls adjust
system by means of either an overhead or arfhe brightness of _th_e_ _Iamps in _the lighting system to
underground line. Inside the vault, the lines areCompensate for visibility conditions.
connected to a suitable switch, then to a bus system The CCR uses solid-state devices to maintain a
consisting of heavy metal bars that are supported orgonstant-current level in its respective lighting system.
insulators. This bus system may be mounted on eithehe regulators are silicon-controlled rectifiers (SCRs)
the wall or the ceiling. in a feedback circuit to obtain a constant-current output
L _ _ instead of resonant circuits, moving transformer
The bus is divided into a high-voltage (2,400-volt) glements, or saturable reactors. The SCRs are
bus and a low-voltage (120/240-volt) bus for service ascgntrolled to vary the part of a cycle during which the
follows: the 2,400-volt bus supplies all of the 2,400- cyrrent is permitted to flow into the load circuit. In the
volt regulators and one or more distribution type ofload circuit, the current is maintained constant at any
transformers. The distribution transformers supplyvalue preset with the brightness control by means of a
240 volts to the low-voltage bus that is connected to thefeedback circuit as the load resistance is varied from
regulators operating from this lower voltage as well asmaximum to zero. The block diagram (fig. 6-32) shows
for light and power inside the lighting vault. the elements constituting the regulator. Load current is
. _ measured by the current transformer and the Hall unit,
~ Where an emergency power supply is available for -~ itiplier unit, that has an output voltage
airfield lighting, a changeover switch makes the ,5h0rtional to the square of the load current. The Hall
primary connection to the bus. This changeover switchynit, or multiplier, output is filtered and fed into the
in its normal position connects the bus to the basenput of an amplifier and compared with an input from
power source. Changing the switch to the emergencya brightness control potentiometer. The output voltage
operation position connects the bus to the emergencys a function of the difference between the two inputs.

be talking primarily about high-voltage systems most
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Figure 6-32.—Block diagram of constant-current regulator.

The output voltage is applied to the input of the gatethe regulators are set for remote operation, and the load
pulse generator that determines the condition angle ogwitches are in the ON position. The electrician must
the SCRs and changes it to bring the system toensure that the unit is installed properly and that the
equilibrium. Transient overload protection is provided gitferent levels of light intensity desired can be
for the semiconductor element of the Hall unit. Open- , piaved. Figure 6-33 is a typical view of a remote

circuit protection is provided when no current is drawn : : : .
by the load and the brightness potentiometer outputcomIrOI “'_"t that you may _enc_ounter in the installation
of a contingency airfield lighting system.

voltage is any value other than zero. Under these con-
The unit uses 120 volts as the control voltage with

ditions, the SCRs will be prevented from conducting,

and the output voltage to the load will be zero. low-burden pilot relays to compensate for the voltage
drop caused by the long distances usually found

Remote Control between the control tower and the vault. In this type of

The airfield lighting systems may be operated control system, the switches on the control panel

completely by the remote control panel assembly. Thea@ctuate Iqw—burden relays; these, in turn, actuate _the
only operation required at the electrical distribution power switches, contactors, and the relays controlling
vault is to ensure that all circuit breakers are engagedthe regulators that supply the airfield lighting circuits.
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Figure 6-33.—Typical remote control panel operating controls.

6-32



Both the tower and vault control panels are wired  The standard control cable is a No. 7 conductor,
into a double-throw “transfer-relay cabinet” located in 600-volt, insulated, polychloroprene-sheathed cable.
the vault. That is shown in figure 6-34 with a single line One conductor (black) is a No. 12 American Wire
representing the control cable. The transfer relay canGauge (AWG), and the remaining conductors are No.

connect either control panel to the pilot-relay cabinet. 16 AWG. The No. 12 conductor is the hot lead, and the
It can switch the system control from the tower to the no 16 the “switch legs.”

vault or from the vault to the tower. The transfer relay
has an eight-pole, double-throw, transfer-relay | |\GHTING CIRCUITS
assembly unit. This unit is actuated by a toggleswitch.

at a wide range of voltages lower than the designedields: runway edge lighting circuits, taxiway lighting
120-volt ac rating. The pilot relay can be actuated atcircuits, approach lighting circuits, obstruction ligh-

voltages from 50 to 90 volts ac. ting circuits, beacon lighting circuits, and the
120V
cra RV ol m 2RY 1 cpy
120V
CONTROL CABLE
PS
PILOT RELAY CABINET 240120V 240 V BUS 2400 V BUS
S 2400V
C120V < RUNWAY & THRESHOLD LIGHT:
Bl MC-1 | REGULATOR GROUP
BC 120V
ci10Vv MC-1 APPROACH LIGHTS
REGULATOR GROUP
BC 120V
S240V
» TAXIWAY LIGHTS
c1ov M-2 | REGULATOR GROUP
S 240V > TAXIWAY LIGHTS
M-1 REGULATOR GROUP
S240V »| BEA BEACON
S120V N
> w1 WIND INDICATOR LIGHTS
S 120V
oBS OBSTRUCTION LIGHTS
LEGEND
CP-1 CONTROL POINT, TOWER PS POWER SUPPLY
CP-2 CONTROL POINT, VAULT BC BRIGHTNESS CONTROL
TR TRANSFER RELAY C  CONTROL
S  SUPPLY CEIF0634

Figure 6-34.—Airfield lighting control system
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and the condenser discharge circuits. Each of thes@axiway Lights

circuits will be covered separately. Taxiway lights are used to show the pilot the width
Runway Edge Lights and direction of the “taxiing route.” The lights are

. _ aviation blue in color. They are basically the same as
Runway edge lighting is designed to show the runway lighting circuits.

width and length of the usable landing area; there are _
two rows of lights—one row on each side—that run the Approach Lights

length of the runway. The light they give off is aviation Runway approach light systems are used on high-
white (clear). The edge lights are installed not more intensity-equipped runways. The system starts at the
than 10 feet from the edge of the full-strength runway threshold and extends outward for 3,000 feet. When
paving. Both lines of lights will be the same distance the full length of the land cannot be used, the greatest
from the runway center line. It is best if the lines of length possible is used. Condenser discharge (strobe)
lights are located as close to the runway as the bastéghts that put out a high-intensity, bluish white light

mounting for the lights allows. The lights are equally start at the 3,000-foot mark and flash in sequence

spaced along the runway at distances not to exceed 20éoward the threshold. The system is used to help the
feet. (See fig. 6-35.) pilots land under low-visibility conditions. The

o condenser discharge lights are discussed in more detail
The runway lighting controls are set up so that the |ater in this chapter.

lights on intersecting runways cannot be on at the same The lihts of th h | q
time. Also. the controls must turn all the light systems . € lights of the approach system are located on an

of one runway on at the same time. The runway edge|mag|nary line that extends from the runway center

lights are controlled so all the lights are the same“ne' Each light bar is centered on this imaginary line

brightness. In a high-intensity system, threshold Iights?eneot| spaced the same distance apart for the entire 3,000

are one step higher than the runway edge lights except

when the runway edge lights are at full brightness. At The supply and control circuits of the approach

this time. both the runway edge lights and the threshold!i9hting systems are installed underground and are
lights are at full brightness. In a medium-intensity usually in conduit; howeve_r, in some cases, the last
runway lighting system, all lights (runway edge lights 2,000 feet of the approach lights can be above ground.

. ) In some cases, the supply cable from the series circuit
and threshold lights) are the same brightness. can be direct burial.

In some |_nstar_10es, itis a good practice to use Aboveground circuits may be used for approach
runway edge light f|xFures and _Iampg for the threshold lighting when the cables do not present a hazard to
lights, so that the difference is noticeable when theyehicylar traffic or are not accessible to unauthorized
threshold lighting configuration has to be stepped Up personnel and animals. The cable must be installed,
one brightness higher than the runway edge lights. Tonormally, a minimum of 22 feet above ground. Where
determine the number of circuits required for runway the area is completely closed off (fenced): a lower
edge lights, you need to determine the length of theground clearance is acceptable. Control circuits may
runway. You determine the number of lights on one use a small-size conductor when it is supported by a
circuit by considering not only the number of lights messenger cable. DO NOT USE ALUMINUM
connected to the circuit but also the voltage loss for theCONDUCTORS. Use standard overhead construction
circuit cables and the feeder cables from the vault to thepractices for series circuits. Use lightning arresters

runway. If this distance is long, you may need to adjustwhen the cables go from underground to overhead.
the number of lights in the circuit. Connect the ends of the circuits in the same way as

_underground cables.
Do not load the regulator less than one half of its

rated kilowatt (kW) output. If more than one regulator ~ Besides the basic runway light configuration, there

is required, each regulator should be equally loaded. &€ (_)ther airfield lighting qids to_help the pi_Iot n
landing and takeoff operations. Four such aids for

Each light circuit will be fed by a series loop. The |anding and taking off are the visual approach slope
current leaves one terminal of the CCR, goes throughindicators (VASI), the Fresnellens optical loading
the circuit to each light unit, and returns to the othersystem (FLOLS), the runway distance markers, and
terminal of the regulator. the threshold lights.
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Figure 6-35.—Typical airfield lighting layout.
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VISUAL APPROACH SLOPE INDICATORS fig. 6-37.) It also provides optical landing assistance
(VASI)—The VASI system provides the pilot with by indicating the correct glide slope angle to the pilot of
visual approach slope angle information while on final an approaching aircraft. This system contains two
approach. The VASI system is helpful during daylight groups of horizontal datum lights set perpendicular to
or night operations. There are three standard VASIthe approach path; two vertical bars of wave-off lights;
system configurations: VASI-4. VASI-12, and VASI- two double types of cut lights; and a source light
16. We will discuss the VASI-12 system as it will indicator assembly, consisting of five vertical cell
appear on most Navy airfields. assemblies. Each cell assembly contains source lights,
a Fresnél lens. and a lenticular lens. The arrangement

The VASI system consists of twelve light boxes . . . )
with three lights in each box. There is one completeOf these lenses gives the p||(_)t the glide slope. The unit
should be set up on the left side of the runway, from the

system for each end of the runway. There are two pairs’., .
of bars-one pair of bars on each side of the runway.p'IOtS perspective, about 10 feet from the edge of the
Each wing bar is composed of three light boxes (fig. pavement and 750 feet from the runway threshold.
6-36). The set of bars nearest the threshold is called the Power for the system is provided by an installed
downwind bars. and the other pair. the upwind bars.field lighting supply or by an auxiliary, power unit
Each light box projects a beam of light that is white capable of 20 kilowatt (kW). 60 hertz (Hz), three-
(clear) in its upper part and red in its lower part. The phase, 120 volts phase to neutral.

lights are arranged so that the pilot of an airplane,  p NWAY DISTANCE MARKER. —With the

during the approach. Sees all of the wing bar I|ghts_ aSyse of high-speed aircraft, the runway distance marker
red when b_elow the glide S'Op.e- When_ on the 9"‘?'6 system is needed to tell the pilots how much runway is
slope. the pilot sees the downwind bar lights as white ag 4 take off or to land. The distance information, in
and the upwind bar as red. When above the glide slopeq,qsands of feet, is given by numbers on the side of the
the pilot sees all the wing bar lights as white. marker. The numbers are on two sides of the signs, so
FRESNEL® LENS OPTICAL LANDING that the distance left can be shown for both directions.
SYSTEM (FLOLS).—Another system designed for There is one row of signs on each side of the runway.
continuous automatic operation is the FLOLS. (SeeEach row is the same distance from the runway center

700 +30C
-200°

<

PADAND REGULATOR, 15 KW, 6 6A
ON CONCRETE SLAB WITH WIRE
MESH FENCE

@DOWNWIND BAR
>
@\< S0 10

CEIF0636

RUNWAY THRESHOLD

Figure 6-36.—Visual approach slope indicators (VASI).
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Figure 6-37.—Fresne? lens optical landing system (FLOLS).

line. They are spaced 1,000 feet apart. The signs have THRESHOLD LIGHTS. —The threshold lights
painted numbers that are lit so they can be seen at nigh@re a part of the approach light system. Four sets of
and during periods of restricted visibility. light systems are used in the threshold light
_ _ configuration. These lights are as follows: inboard

The power supply for serving the runway distance {hreshold lights, winged-out threshold lights,
markers should be from a Sepal’ate series circuit. Do nOF)rethreshokj ng ba_rs’ and a terminating bar. These
have the markers supplied from circuits feeding eitherfour sets of lights are installed on both ends of the
the runway, threshold, or the approach lighting runway and are used to mark the beginning of the
circuits, since these circuits are operated at variousunway.

brightness steps, and the signs are operated at their full - |npoard Threshold Lights.—Inboard threshold
brightness at all times. Also, do not connect them tojights are installed in the area at the end of the runway
taxiway circuits because of the intermittent operation petween the two runway edge light lines. This line of
requirements. The cable used for the runway distanceights will be at a right angle to the runway center line.
marker circuit is a single conductor, No. 8 AWG, They arc as close to the full-strength paving as
stranded, 5,000 volts. possible but not more than 10 feet from it. The lights
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are spaced 10 feet apart. Their color is aviation greenthan 150 feet apart. This spacing indicates the general
(See fig. 6-35.) extent of the obstruction. Double lights are used at the

Winged-Out Threshold Lights—The winged- horizontal limits of the obstruction, and single lights

out threshold light bar is on the same light line as thedr® used for mterm_edlate lights. If two or more _eqlges_

inboard lights. These lights extend out from the end ofdre of the same height. the edge nearest the airfield is
each side of the inboard light bar. Each bar is 40 feet!'t'

long and has nine lights spaced 5 feet apart. The first On overhead wires, obstruction lights are placed at

light location is at the intersection of the runway edge intervals not exceeding 150 feet and at a level not

light line and the threshold light line. The color of these below that of the highest wire at each light location.

lights is also aviation green. (See fig. 6-35.) Obstruction lighting systems are served by, either a

Prethreshold Wing Bars—A prethreshold wing  series or a multiple circuit. The type of circuit used
bar is located on each side of the extended runwaylepends on the location of the obstruction and the type
center line 100 feet out from the threshold. The of lighting equipment installed. The six most common
innermost light of the bar is 75 feet from the center line. types of circuits that may be used for the obstruction
Each bar (14 feet long) has five aviation red lights lights are as follows:

spaced 3 /2 feet apart. (See fig. 6-35.) 1. Low-voltage multiple service from the vault
Terminating Bar.—The terminating bar is when the length of the circuit is less than 800

located in the overrun area. The light bar is at a right feet

angle to the runway center line and 200 feet out from 5 garies circuit when the load is less than 4

the runway _threshold (100 fee'_[ QUt fro'.“ th? kilowatts (kW) from a taxiway type of regulator

prethreshold lights). There are 11 aviation red lights in in the vault

the bar. The bar is 50 feet long and is arranged so that _
one half of the bar is on each side of the center line. The 3. Twenty-four hundred-volt service from the

lights are arranged in three groups: five lights spaced vault to a distribution transformer to serve a

3 /2 feet apart on a 14-foot bar in the middle and, on multiple circuit

each side, one | O-foot bar of three lights spaced 5 feet 4, Twenty-four hundred-volt service from the

apart. (See fig. 6-35.) vault to a CCR that serves a series circuit

Obstruction Lights 5. Control circuit from the vault that operates any
of the previously listed circuits by means of a

Obstruction lighting is a system of red lights used
to show the height and width of natural or man-made
objects that are hazardous to air flight. These lights are 6. Time clock or a photocell with a series or
for the safety of aircraft in flight. The lights must be multiple circuit for the lights

seen from all directions and are aviation red in color. Obstruction lights on objects that are more than
The obstruction lights are turned on during all 150 feet above ground or water must be on all the time

hours of darkness and during periods of restrictedor controlled by a photocell.

visibility. They are placed on all objects with an overall

height of more than 150 feet above ground or wate|Beacon Lights
within the airspace. The landing facility location is provided by the
aeronautical beacon. The beacon is a high candlepower

lamps) are located at the top of the obstruction. WhenﬂaSh'ng light visible throughout 360 degrees. It

the top of an obstruction is more than 150 feet abové).ro.videS the. pilot_a visual signal 0 Ioca?e and i.dentify
the level of the surrounding ground, an intermediatea'rf'elds during night operations or during periods of

light. or lights, is provided for each 150 feet. These restricted visibility, day or night.

lights are equally spaced from the top to the bottom. There are three functional types of beacons that we
Where obstructions cover an extensive horizontal will discuss: the airport beacon; the identification, or

plane, the top lights will be put on the point or edge of code beacon; and the hazard, or obstruction beacon.

the obstruction highest in relation to the obstruction-  The airport beacon is normally located within
marking surface. The lights should not be spaced more5,000 feet of the airfield. The rotatable unit will display

relay

At least two lights (or one light fixture with two
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alternate double-peaked white flashes and a singldanks, towers, stacks, and so forth. The beacon uses
green flash to identify the airfield as a military facility. white lenses with red filters and is manually controlled
The size of the unit is about 24 inches; a rigid drum from the tower. When automatic controls are desirable,
duplex type with a clear double-flasher spread-light a photoelectric control system may be used. Since the
lens on one end and a plain green lens on the otheibeacon does not rotate, a flashing system is
There is an automatic built-in lamp change in case olused-flashing 26 times per minute. The beacon lamps
lamp burnout. An illustration of a typical airport and motor require 120 volts for operation. Most of the
beacon is shown in figure 6-38. Beacon lights may betime, this unit is fed by a 120/240-volt or 120/208-volt,
manually controlled from the tower or from the three-wire service. You can use a 120-volt, two-wire
lighting vault. If the facility is not operated on a 24- Service, but it is not recommended. When the lighting
hour basis, an automatic control is possible with avault is less than 800 feet away from the beacon, a low-

photoelectric control that turns the unit ON or OFF Vvoltage service can be used. When the vault is more
automatically. than 800 feet away, high voltage (2,400 volts) from the

he identification b de b lighting vault is used to supply a distribution
_The dentification beacon, or code beacon, yansformer at the base ofthe beacon. You also can run
identifies an airfield where the airport beacon is more 5 ontrol wire from the vault to the beacon to operate a
than 5,000 feet away from the airfield or where two or ye |3y that, in turn, switches on the power from a local
more airfields are close enough to use the same airporty ;rce near the beacon. The last method works best
beacon. This nonrotatable unit can be seen from allynen the beacon is at a remote location from the
directions and is equipped with a flasher switch g fia|q.

operating at 40 flashes per minute with a range _

adjustment. The beacon has white lenses with green Because of the extreme hazard to life, an alternate
filters and is manually controlled from the tower but low-voltage source near the beacon is usually required.

may be controlled automatically. TYPES OF FIXTURES AND LAMPS

The third beacon, the hazard, or obstruction
beacon, furnishes visual identification of natural To meet different system requirements, you must
features or structures that are 150 feet above airfielchave different intensities of lighting. Along with these
elevation for on-station or off-station hazards; that is, systems, you need different kinds of fixtures to meet

DUPLEX LENS GASKET DRWMS

TURNTABLE

PARABOLIC
REFLECTOR
AUXILIARY REFLECTOR s
/ - : LAMP CHANGER
BEDPLA% 5
MOTOR HUB PLATE
MOTOR FUSE SLIP RINGS

TERMINAL BLOCK
CEIF0638

Figure 6-38.—Beacon with one door open and base pan dropped.
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the needs of designated locations. In each fixture, araft. Also, high-intensity lighting systems are required
certain type of lamp must be used to give off the rightduring low-visibility conditions.

kind of light. A runway light fixture, in a series loop
system, requires an isolation transformer (IT). TheseCONDENSER DISCHARGE
transformers must be matched to each lamp accordiné'IGHTING SYSTEM

to amperage and watts. Figure 6-39 provides you with ¢ condenser discharge lights are added to make
a pictorial view of the lighting fixtures used in o approach system complete. Because the lamps
contingency airfield operation; table 6-3 provides the fi55h on and off to give a stroboscopic effect, the term
Naval Air System Command part number of eachgtrope is used for these lights. From here on out, the
fixture plus the number of fixtures required per given term strobe will be used when referring to condenser
type of field installation. discharge lights.

Several different types of lights are used. The  The transformer and the master sequence timer
exact type used depends on the system. Not only areabinet are located in a small vault or pad near the
there different fixtures for different widths of runways, center ofthe approach system. The vault or pad should
but there are different intensities. In most cases, high-be secured so neither animals nor unauthorized per-
intensity lighting systems are used for high-speed air-sonnel can enter..

Table 6-3.—Airfield Lighting Equipment Required.

Component NAEC | ‘ Quantify Per Field \
Part VIOL | VSTOL EAF SELF
_ MNumber | oo | ysop 5200 | 8000

Approach Light Assembly | 505954-] ‘ 10 20 i 20 ) 20 ,
| Center-line Light Assembly i 613593-1 ‘ 17 34 n 86 51 '
; Circling Guidance Light Assembly ‘ 508233-1 i - 8 ‘T 16 . 16
" Electrical Distribution Vault ( 615220-1 | ] 1 i [ 1 .
"~ Floodlight Assembly S00W | els02 . 26 54 125 | 125 ‘

Floodlight Assembly 200W | 6155061 12 12 24 | 12
| ‘ or ‘

1 616324-1 ‘1

| Obstruction Light Assembly | 505956-1 10 : 10 ; 20 i 20
‘ Regulator Constant Current 4kW | *616040-1 | 2 2 4
I Regulator Constant Current 15kW i *614384-1 | 6 7 11 Z 11

Remote Control Assembly 1 614896-1 1 ‘ 1 1 i 1
| Rotating Beacon Assembly T 609990-1 Z - 3 1 ] 1 . 1 J
" Rotating Light Assembly ) 505954-2 I 4 - ! - |
| Runway Light Assembly L 615911-1 L 18 32 ! 64 66
: Status Light Assembly ‘ 409823-1 | - i 2 : 2 2
| | 409823-2 . ‘ 2 2 ‘ 2

Strobe Light Assembly 506208-1 10 ‘ 10 10 ‘ 10

Strobe Power Supply [ 610361-] ' 10 1 10 10 ; 10

Strobe Timer Assembly _610036-1 2 1 2 l 2

Taxiway Light Assembly L 615910-1 37 92 | 122 228

Threshold Light Assembly P 505954-3 | 8 ‘ 8 . -
‘ | 505954-4 | . ] 4 ‘[ 4
_ Wind Cone Assembly | 506054-1 I 2 2 | 2
' **Lamp Holder 4130211 10 | ] | ] ]
_**Adapter Bracket | 4230411 | 10 | ] f ] ]
| **Lamp MS24348-5 ‘ 10 | - i - -

*616040-1 and 614384 replaced with 618650 and 616360. respectively when supply is exhausted.
**Components of extended line-up light.
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1. Electrical distribution vault 9. Approach light 17. Status light

2. Remote control assembly 10. Strobe light 18. 500-W floodlight

3. 4-kW constant current regulator 11. Extended line-up light 19. 200-W floodlight

4. 15-kW constant current regulator 12. Strobe timer 20. Wind cone assembly

5. Center-line sight 13. Strobe power supply 21. Rotation light

6. Runway light 14. Obstruction light 22. Transformer - runway and approach
7. Threshold light 15. Circling guidance light 23. Transformer - taxiway

8. Taxiway light 16. Rotating beacon light 24. Transformer - work area

Figure 6-39.—Airfield lighting components.
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The major components of the condenser discharge  The strobe lights are controlled from the remote
lighting system are the elevated and semiflush strobecontrol panel. They can be turned on and off
light units, the master sequence timer cabinetindependently or so triggered that they come on when
(containing the local/remote control unit, the monitor the approach light switch is in either the third, fourth,
and control chassis, and the master sequence timerpr fifth brightness position. The brightness of the
and the tower control unit. strobe lights cannot be controlled.

The strobe lights put out a high beam of light that
peaks at 30 million candlepower. DO NOT LOOK

The strobe lights are installed on each center-lineINTO THE BEAM OF LIGHT WHEN YOU ARE
light bar starting 300 feet from the runway threshold NEAR ONE OF THE LAMPS OR YOUR EYES
and extending outward for the length of the system.COULD BE DAMAGED. The system we discuss here
The strobe light will be located on the center-line light is one of several different types manufactured. The
bar, midway between the center light and the next lightoperation is the same no matter who manufactures
on either the left or right side. They can be placed inthem. Your knowledge of one will give you an
front of the light bar but not more than 10 feet. No understanding of the others.
matter where they are placed, they must be in the same  gyrope lights are either flush mounted or elevated.
position on each light bar throughout the entire The gperation of the flush light is exactly the same as
approach system. that of the elevated light unit. The main difference

In the overrun area, the strobe lights are installed asbetween the units is the way in which the components
flush lights. Starting with the 1,000-foot bar (decision are arranged. We will be discussing the condenser
bar) and going out, an elevated type of strobe light is discharge strobe light unit (figure 6-41); the numbered
used. An elevated approach light bar looks like the oneareas in parenthesis will refer to the numbered items in
shown in figure 6-40. the figure.

Strobe Light System

e 9 @

CEIF0840 A—%

Figure 6-40.—Elevated approach light bar.

6-42



Each strobe light has four inputs from the rest of Master Sequence Timer Cabinet
the system: (1) 240 volts ac, (2) ground, (3) 120 volts
ac timing pulses at the rate of two per second, and (4) a  The master sequence timer cabinet has all of the
dc voltage connection to the monitor system. Thesecontrols for the strobe light system except the tower
inputs are plugged into a cable through a four-pincontrol unit. The cabinet is supplied from a 240-volt,
connector (No. 10). The unit steps up the 240-volt acphase-to-ground circuit. Our discussion of how the
input voltage to 1,460 volts ac with a transformer (No. system operates is keyed to the numbered items in
15) and passes this voltage through a full-wavefigure 6-42.

rectifier circuit of vacuum tubes (No. 13). The LOCAL/REMOTE CONTROL UNIT. —The
resultant 2,000 volts dc is applied to the electrodes of & remote control unit (No. 1) gives you a way to
flashtube and across the flash capacitor (No. 4). turn the system on locally or give control to the tower.

The xenon-filled flashtube will fire only when In the center of this unit is a control knob with three
ionization is initiated by a trigger pulse of about 5,000 positions: REMOTE/OFF/LOCAL-ON. There are
volts applied to its third electrode. This pulse istwo red indicator lights above the control knob and two
supplied by a trigger coil. At the same time that the green lights below it. When the control knob is in the
flash capacitor is storing its charge, the trigger LOCAL-ON position, the system is turned on, and red
capacitor is also being charged by the primary of thelights will glow to indicate that the system is on
trigger coil, which is an autotransformer, and cuts the LOCAL CONTROL. The green monitor lights should
bleeder resistors in series out of the circuit. When theburn unless there is a fault in the system; in which case,
I20-volt ac timing signal arrives, it is applied to the they will go out. When the control knob is placed in the
coil of the trigger relay (No. 9), thus closing the relay REMOTE position, the system can be turned on and off
contacts, allowing the trigger capacitor to dischargeat the tower control unit. The red indicator lights will
through the primary ofthe trigger coil. That generates go out, but the monitor lights will continue to work as
the necessary trigger pulse in the secondary of théefore. You should remember that the tower has no
trigger coil, the flashtube fires, and the flash capacitorcontrol except when the switch is in REMOTE.
discharges across the flashtube electrodes. The flash  \yoNITOR AND CONTROL CHASSIS. —The
capacitor discharges down to the deionizationyonitor and control chassis has several functions.
potential of the flashtube, at which point the tube They are as follows:

becomes a nonconductor. The light-producing arc _ o _
ceases, and the Charge Cyc|e begins again. 1.1t de-enel’glzes the monitor |IghtS In bOth Contr()l
_ . units when a set number of lights stop working.
The charge stored in the flash capacitor is a

potential safety hazard. To make sure that the 2. It has a step-down transformer to supply the
capacitor is discharged when the light unit is shut voltages needed for control and indication.
off, provide a discharge circuit by a series of bleeder 3. It has a diode rectifier that supplies direct cur-

relays. The bleeder relay (No. 5) closes this discharge rent for relay operation.

circuit when the power to the transformer is turned off.
4. It has the fuses that protect the master sequence

The current that charges the flash capacitor createsimer, the indicator circuits, and other components.

a pulse voltage in a surge resistor twice each second. A h _ ¢ in th : q
part of this voltage is applied to a silicon rectifier 1€ Main power transformer in the monitor an

through a tap-off of the surge resistor. The rectified control chassis is energized all the time from a Ioc_al
voltage is then filtered and applied to the monitor relay. 240-VOIt ac supply. The secondary voltage from this

The value of this voltage is sufficient to keep the transformer energizes the indicator lamp transformer
monitor relay energized when the unit is flashing and the transformer of the dc circuit. The indicator

normally. When the unit stops operating because of al_amp t_ransformer supplies 12 volts_ac to the indicator
component failure in the unit, the absence of the pulse“ghts in the local/remote control unit. The transformer
voltage at the surge resistor will allow the contacts of©" the dc power will supply 95 volts ac to a bridge

the monitor relay to close. This action completes ar?Ct'f.'er that supplies 120 volts dc to the dc monitor
circuit from the monitor connection through a monitor S"eUIt

resistor of 22 kilohms to ground. The monitor and  As long as the master control switch is on, power is
control chassis react to the ground by warning thefed to the tower csontrol unit no matter what position

operator. the local/remote control unit switch is in. When the
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Cabinet light (240 V) 11
Light switch and fuse 12.
Safety interlock switches 13.
Flash capacitor 14.
Capacitor bleeder relay 15.
Fuse and switch, 240-volt power 16.
Connector receptacle 17.
Monitor relay 18.
Trigger relay 19.

Four-pin connector

Tracks

Flashtube socket
Rectifier tubes

Plate caps
Transformer

Reflector

Glass

Door stop and bracket
Lightning arresters

Figure 6-41.—Condenser discharge strobe light unit.
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. Local/remote control 9.
. Elapsed time meter 10.
. Main relay and switch 11.
. Sensitivity rheostat 12.
. Sensitivity selector switch 13.
DC power supply 14.

. DC regulator tube 15.

Fuses

12-volt transformer
Terminal blocks
Lightning

Timer motor

Timer switches
Cabinet light (240 volts)
Fuse and light switch

Figure 6-42.—Master sequence timer and controls.
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flasher control switch in the vault control unit is slowly and stop as soon as the green lamps light. Check
closed, the dc power interlock relay closes andthis setting by slipping a piece of paper between the
energizes the monitor lights in the tower control unit. contacts of one of the timer switches. The monitor
The unit responds in the same way as if the systermamps should go out. Remove the paper and turn the
were in full operation and working well. For this control switch to OFF for a few seconds and then to
reason. the tower personnel must be notified when theON. The green lamps should now stay lit. Repeat this
switch in the local/remote control unit is in the OFF procedure for different lamps and shift the rheostat
position. When the flasher control switch on the slightly if you need to until you find a setting that will
local/remote control unit is in the OFF or LOCAL-ON operate for any of the approach lights.

position, the red indicator lights tell you that the tower

control unit is not in full operation. Change the sensitivity selector switch to the No. 2

_ _ _ _ UNIT position and repeat the procedure while
There is a monitor-sensing relay to monitor the piocking two ofthe switches with pieces of paper. That

operation of the strobe lights. When all the light units js Jike having two strobe light units out and should have

are working correctly, there will not be enough current the same results as before. Restore the monitor lights

through the coil ofthe monitor-sensing relay to actuate the same as before. Repeat the procedure with the

the relay. A variable adjustable resistor can be adjustedsensitivity switch in the No. 3 UNIT position while you

so that there will be 7,333 ohms of resistance betweery|ock three of the timer switches. Now, check the

the monitor-sensing relay and ground. A resistance Ofpperation ofthe monitor circuit with number 1, 2, and 3
7,333 ohms equals three 22-kilohm resistors in seriesgirope lights out.

The monitoring circuit in each light unit has a 22- _ _

kilohm resistor. So, if you take the three 22-kilohm ~ When you find the correct setting of the rheostat,
resistors out of the monitor control unit, the monitor- N0 further adjustments should be needed. When your
sensing relay actuates when at least three light unit9ase requires the selector switch to be on the No. 1

have ceased to work and their monitoring circuits are UNIT position, then, in proper operation, if one strobe
grounded, as described earlier. light fails, the alarm is silenced by just moving the

selector switch to the No. 2 UNIT position. The switch

The sensitivity selector switch lets you reduce the o in this position until the bad strobe light is fixed.

numt_)er of ma!functlonlng Ilgh_ts ”eed_ed to actuate theAt that time, the selector is returned to the No. 1 UNIT
monitor-sensing relay by increasing the current ition
flowing through its coil. There are three 22-kilohm position.
resistors in the monitor control unit. Each of these three ~ MASTER SEQUENCE TIMER.—The master
resistors simulates the effect of a grounded monitorsequence timer controls the order and rate of the
connection to one of the lights. triggering impulses to the light units. The timer has two
camshafts driven by a motor (No. 12) through a
reduction gear. The cams actuate 30 contacts (No.
| 13)—one for each light unit—staggered on the shafts
so that the contacts are closed in rapid succession as the
shafts turn. Note that although there are 30 contacts,
The adjustment for the sensitivity of the monitor only 28 are used. Each ofthe 28 contacts is electrically
system is made at the monitor and control chassis in th&onnected to one of the light units. Thus, when the
master sequence timer cabinet. motor is energized, the contacts are momentarily

With all of the strobe lights operating and the closed in a predeterm_ined sequence twice each second.
sensitivity selector switch in the No. 1 UNIT position, That provides a series of 120-volt ac pulses to the
the green monitor lamps should be on. If you turn the trigger relays in the lights. These pulses are known as
strobe light units on and the monitor lights do not come the timing circuit. Power for the 120-volt motor and the
on, you need to adjust the sensitivity of the variable 120-volt timing pulses comes from the monitor and
resistor (sensitivity rheostat). You need a smallcontrol chassis. An elapsed time meter (No. 2) is
screwdriver to fit the slot in the rheostat shaft (No. 4). mounted next to the timer to show the total time the
Turn the shaft clockwise as far as it will go (about half a equipment has been in use; thus it serves as a guide for
turn). The green lamps should now be lit. Now, turn the maintenance. Forty-five lightning arresters (No. 11)
rheostat counterclockwise slowly until the green are installed in the lower part of the cabinet to protect
lamps go out. Then turn the rheostat back clockwisethe equipment from voltage surges on any ofthe lines.

If the monitor-sensing relay is tripped, the monitor
lights on the local/remote control unit will go out. At
the same time. the monitor lights in the tower contro
unit go out and a buzzer sounds.
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Tower Control Unit necessary to open the main regulator tank. All covers
_ _ that are removed should be cleaned and then
The control switch on the tower control unit works ygjnstalled tightly. Cable and isolation transformer

only when the local/remote control unit in the timer ; : : -
T . ) connectors require close visual inspections for cuts,
cabinet is in the REMOTE position. The audible and bruises, or other mishandling; these conditions could

visible monitoring alarms, however, are operable ture failure to th ¢ Th i
whenever the system is in use, even if the local/remote~@4S€ Premature faiiure 1o the system. the mating

unit is at the LOCAL-ON position. Adjustments are surfaces of these molded rubber connectors must be

provided on the panel for regulating the brightness of¢lean and dry when they are plugged together. Either
the two green monitor lights and the loudness of thedirt or moisture prevents the mating surfaces from
buzzer. A push-button switch is used to test themaking complete surface contact asalises dailure
operation of the buzzer. at the connector. When connectors are plugged
together, trapped air can cause them to disengage
MAINTENANCE OF AIRFIELD partially. Wait a few seconds and push them together
LIGHTING SYSTEMS . :
again. Apply two or three turns of tape to hold them in

Regardless of the design of an airfield system,Place. When the connectors are clean, dry, and taped
maintenance is highly recommended to ensure thedroperly, th_e connection is equal or superior to a high-
operational dependency of the field. Routine voltage splice.
scheduled downtime is much better than unscheduled  ~pack light fixture connections for tightness.

downtime in the midst of an operation. Simple visual Look for cable bends that are too sharp; sharp bends

inspection plus periodic resistance readings of circuit an cause insulation breakdown or connector failure
devices, components, and cables reveal probabl8 '

trouble areas. Operational Check

Do not get caught in the “jury-rigged trap.” This
tendency to patch, bypass, piece together, or otherwise Once all components of the system have been
rig a system to work “just for a little while” can be as visually inspected for damage and the cable system has
dangerous as a coiled rattlesnake. That “temporanbeen checked with a megger and hi-pot, make an
fix” is just sitting there waiting to catch some operational check ofthe entire airfield lighting system.
uninformed individual sentut to work on the system.
This section covers routine maintenance for airfield
lighting and underground systems, troubleshooting
cable systems, and cable splicing and repair.

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

Routine maintenance includes, but is not limited each switch properly controls its corresponding circuit.

to, cleaning, adjustinglubricating, painting, and 2. Repeat this operation from the vault (alternate
treating for corrosion. Components and connectionscontrol panel) in the same manner, assuring that each
must be checked for condition and security. The switch position is reached twice.

insulation of the conductors should be checked for
good condition and burns, scrapes, breaks, cracks, OL it
evidence of overheating.

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

4. Operate each lighting circuit at maximum
Visual Inspection brightness for 6 continuous hours. Make a visual
inspection of all lights, both at the beginning and at the
During your visual inspection of an airfield end of this test to assure that the proper number of lights
lighting wiring system, you should check the constant- are operating at full brightness. Measure lamp terminal
current regulator (CCR) for chipped or cracked voltage on at least one lamp in each multiple circuit to
porcelain bushings, correct connections, proper fusesassure that this voltage is within £5 of the rated lamp
and switches, and relays for freedom of movement.voltage. Dimming of some or all of the lights in a circuit
Only relay panel covers should be removed. It is notindicates grounded cables.
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Condenser Discharge Light System In some areas, groundwater or dampness may
create some problems for underground systems by
Periodic maintenance of this system is fairly increasing rust or corrosion. Racks and splice boxes
simple.Remember,however, thahigh voltages exist  may require more painting and other rust or corrosion
in the components of the system and you must be extranaintenance. Look especially for rusted nuts on boxes
careful. One such area is thi@sh capacitor. This and rack hangers. They should be cleaned and painted.
capacitor may contain as much as 2,000 véltsione The manholes and vaults should be cleaned. These
working on the light fixture should make sure that  areas should not be used for storage or should trash be
this capacitor is discharged before working on the  allowed to collect in them.

light unit. The capacitor should bleed down through Check the manhole walls for evidence of cracks,

its resistor network in 5 seconds; however. the breaks, or other evidence of water seepage or leakage
capacitor should be shorted out before any work is : pag ge.

done inside the unit. In a flush unit short betweenCheCk empty ducts for plugs and evidence of water
terminals 7 and 10 ofthe terminal board with a shorting S€€P29€-

stick. In the elevated light, short the two contacts on the  You will find manholes with enough water in them
left side of the flashtube sockdthat must be done  to hamper or prohibit work operations. In such cases,
before any work is done inside the light unit, such as  bail the water out with a bucket and rope or pump it out

changing a flashtube or cleaning the reflector. with a manhole pump. Sometimes sump holes are built
into the floor of manholes, and these provide places to
WARNING bail from or to pump from the lowest places in the

) . manhole. When water runs into a manhole from
Anyone working on a condenser discharge  ynoccupied ducts, hard rubber plugs are provided to
light system must make sure that the capacitor  stop or slow the water. When the manhole pump is used,
is discharged before working on the light unit. place it in a position so the flow of water will be away

Since these are sealed units, cleaning the reflectordrom the manhole. That would be on the downhill side.

rarely should be required. When such cleaning isPlace the pump at least 10 feet from the manhole
required, be sure to use a nonabrasive cleaner. Th@Pening. The pump has a hose to be inserted in the
lenses in both the ‘elevated and flush units should bemanhole and an outlet hose to carry the water away from
cleaned periodicallydepending on the local the manhole. Check cables for proper racking, making
conditions. sure that they are trained in the proper direction and
ositioned so an ample cable radius is left for bends and
. . ) xpansion/contraction. This radius is basically 5 to 12
and making good contact. I hot, the stationary imeryimes the cable diameter, depending on the sheath type
contacts can be adju§ted. 'I_'he‘ timer gears ofthe Mastel, 4 the number of conductors. Make sure that 6 inches
sequence timer require periodic lubrication. Match the of straight cable exists for racking on each side of the

grease (o the ambient temperatures expected in yOLgplice. Check splices for evidence of leakage or
partlcule?]r_tare_zaNlleItER u”se a gl;?pf'{!t(—'l;)ﬁSEﬁ gt;rease, tracking. Look for scrapes, burns, cracks, corrosion, or
as graphite Is electrically conductive-heck 1o see any other evidence of cable insulation deterioration. See

that both pairs of green indicator lights will light. : e
When only one lamp is lit on either unit, the other bulb that all cables are properly tagged for identification.

has burned out. To replace one of these bulbs, remove Check potheads and terminations that are attached
the front panel, pull off the colored lens, push out the to risers for leakage, tracking, and evidence of
old bulb, and insert the new bulb from the front of the overheating or an overvoltage. Also, check the security
panel. Replace the lens and panel. of the mounting of the pothead and conduit.

Inspect the timer contacts to see that they are clea

Underground Distribution System TROUBLESHOOTING CIRCUITS

Normally speaking, underground systems that are ~ Troubleshooting of cable systems is much the
properly installed require little maintenance of the same as any other type of electrical troubleshooting.
routine type. Since both the equipment and the cablerou need a thorough knowledge of the system as well
are well protected from man and the elements, theas the ability to analyze problems. A review of the
system normally is not subject to the same problemshistory ofthe system provides clues to present or future
that overhead systems experience. troubles. Simply using your eyes and head is
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sometimes the most effective method of locating theinstallation. While the damage at the time it occurs
trouble. A knowledge of test equipment, an ability to may not be great enough to take the cable out of
read drawings or schematics, and an understanding d$ervice, it may be the starting point for a cable failure at
electricity are the key factors in locating electrical a later date. This failure may be either in the form of a

troubles. broken cable (open), cross type of short (two cables
touching), or a short to ground (cable in contact with
Types of Trouble earth ground). Any of these troubles can render the

circuit inoperative. The indication of the type of
The same basic types of trouble can occur in thetrouble that you have in the circuit and the point in the
airfield lighting cable system whether that system is in circuit where this indication appears should assist you
series or in multiple; however, the results of thesein locating and repairing the circuit.
circuit troubles can cause dramatic differences; for With ircuit. that pori £ the lighti
instance, a short circuit across the terminals of a ! baf‘ open C;.rcg't’) ﬁ poﬁt |on(<j) I§I '9 ‘”mg
distribution transformer supplying a multiple system is 5YSte™M Peing supplied by the efiected cable will not
. N gperate. A string of lamps that do not light, then, would
a dangerous overload; and the same short circuit across. 1.1 an onen cable
the output terminals of a CCR and series transformer is P '
a no-load condition. An open in the output circuit of a SHORTS—If lamps are lit when they are not
CCR, on the other hand, creates a dangerous overloadsupposed to be or if a circuit is affected by another
Burned-out lamps in the secondary of a series circuitcircuit, you most likely have a cross type of short
will not damage the transformer, but the secondarybetween the two circuits. The logical point to start
voltage will rise above normal and distort the wave looking for this trouble is where the two cables cross

shape ofthe primary current. When enough lamps bumorss where they are close to each other.

out. the primary current may rise high enough to  srRoUNDS—When a string of lights bums dim

shorten lamp life and possibly damage the regulator., yhen fuses blow on a circuit, you have a short to
These critical factors should tell you why you need t0 grqyng. The insulation on the supply cable is damaged.
know the circuit. This defect lets current pass directly from the

In the discussion above, all types of electrical conductor to the earth and prevents the lamps from

trouble were mentioned; for example, opens, shortsreceiving enough power to operate correctly; that is,
grounds, and improper power. some of the resistance of the circuit is being bypassed.

OPENS—A o . | The amount of resistance being bypassed in the circuit
ircuit. Sort " r(])pen E'rCU'F 'S.a?] mcombp etek. governs the effect of the short to ground. If enough
circuit. Somewhere the circuit has a break; oqistance is removed (bypassed), then the current rises

therefore, there is not a complete path for currenty 5 point that is sufficient to blow the fuses and thus
flow throughout the circuit. Because there is NoO yisconnect the circuit.

current flow, the circuit cannot operate. In analyzing
circuit trouble, if the lights are not burning, the ~ IMPROPER POWER.—Improper power can

motor is not running, and so forth, you need to look result when regulators or distr_ibution tr_ansformers are
for a break in the circuit. Usually this break will be at not connected properly. If the incorrect input voltage is
the unit(s) of resistance (burned-out lamp, brokenconnected or if the regulator has been purposely
resistor, motor burned out), but sometimes the breakconnected for an unusual load requirement, improper
will happen in the cable. When the cable breaks, thig?oWwer can be applied to the system and serious damage

break is most likely to happen at a splice or may result.
connection. Other cable breaks may be caused b
digging operations being done in the wrong place.
That occurs when base maps are not kept up to date Th d fi hio of th iinal
and when unauthorized digging operations take. e care and craftsmanship of the origina

lace. It is an excellent reason for installing and installation will, to a large extent, determine the life of
&aintéining direct burial cable markers 9 the system. Still, no system lasts forever. Even the best

installation and the most conscientious inspection and

Improper installation of cables can cause them tomaintenance program cannot prevent the aging and
fail. Cables may be damaged by kinking, bruised bygradual breakdown of a system. In almost all cases
rocks, crushed by wheels, or cut by shovels whenwhen an underground cable breaks down, it goes to
proper care is not exercised during handling andground. Where more than one conductor is enclosed in

)(Jnderground Lighting Problems

6-49



one sheath, the insulation within the sheath maycable runs may be quite long, and it would be
deteriorate so that a cross type of short occurs. Thigmpractical to replace the entire run. In this case, cable
contact almost always creates enough heat andault locators are used to locate the fault. Before
pressure to rupture the sheath and put the conductors irstarting to work, make sure that all power is off on the
contact with ground. circuits in the trench before you start digging or

Moisture is one of the most common causes of an repairing the cable.

underground system breakdown. Impurities in the  This chapter does not discuss detailed circuit
water help set up corrosion cells, break down troubleshooting because each system is different.
neoprene, and rot rubber. Only a trace of moisture,When you troubleshoot complex problems that
when superheated by the electrical power of the circuit involve airfield lighting, you should refer to the
and converted to steam, can cause an explosion thaollowing publicationsDefinitive Designs for Naval
will rip the cable to shreds. Groundwater contains Shore Facilities, NAVFAC P-272: General
enough minerals to provide an excellent conductor to Requirements for Shorebased Airfield Marking and
all other parts of the system. Some underground cables_ighting, NAVAIR 51-50AAA-2; andLighting and

are bonded together. The usual way to find out that anMarking Systems for Expeditionary Airfields.
underground power cable has a problem is to checkyavAIR 51-40ABA-7. Problems, such as improper

when the circuit opens. power connections, component connections, safety

In ducted systems, the maximum runs betweengrounding, cable splices, cable terminations, and cable
manholes are 500 feet. The normal method of repair isinstallations, are discussed in detail in these
to replace the cable. In direct burial cable systems, thepublications.
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CHAPTER 7

ELECTRICAL EQUIPMENT

INTRODUCTION breakers are the most common protectors used as
branch-circuit protective devices. These protective
As a Construction Electrician, you will encounter devices must be able to carry the starting current of the
many pieces of electrical equipment and manymotor. To carry this current, they may be rated 300 or
appliances. A solid background in electrical theory and 400 percent of the running current of the motor,
standards and a working knowledge of the componentsjepending on the size and type of motor.
and of the machines themselves will allow you to
install, maintain, troubleshoot, and repair a wide
variety of equipment and appliances.

Motor controllers provide motor protection
against all ordinary overloads but are not intended to

_ open during short circuits.
In one way or another, all machines use the same

technologies. The differences are in the complexity of ~ Motor-branch circuits are commonly laid out in a
their operation and the tasks they perform. Thighumber of ways. Figures 7-1 through 7-3 show three
chapter will not cover specific pieces of equipment or motor_—bram_:h circuits and how the circuit protection is
appliances but will concentrate on electrical used in various types of layouts.

components, motors, controllers, and circuitry that are  As mentioned before, the motor-branch-circuit
common to most equipment and appliances. short-circuit and ground-fault protective device must

In this chapter you will find many references to be capable o_f ca(rying the starting current of the motor.
articles, parts, and sections of the National ElectricalFOr motor circuits of 600 volts or less, a protective
Codé& (NEC®). You should have an NECook on device is permitted that has a rating or setting that does
hand while reading this chapter. The chapter text isnot exceed the values given in table 430-152 of the
written in general terms. Many of the exceptions given Code. An instantaneous-trip circuit breaker (without
in the NEC® are not included. Look up the sectionstime delay) may be used ONLY if it is adjustable and is
when they are referenced. The NE@n be quite  part of a listed combination controller, having motor
confusing, saead the articlesclosely and pay special overload and also short-circuit and ground-fault
attention to the notes and exceptions. protection in each conductor.

When values for branch-circuit protective devices,
as shown in the NEG table 430-152, do not

A motor-branch circuit is a wiring system correspond to tr_le s_tandard sizes or ratings of fus_es,
extending beyond the final automatic overload Nonadjustable circuit breakers, or thermal protective
protective device. Thermal cutouts or motor overload 9€ViCes, you may use the next higher size, rating, or
devices are not branch-circuit protection. These areS€tting.
supplementary overcurrent protection. The branch  The National Electrical Manufacturer’s
circuit represents the last step in the transfer of powerassociation (NEMA) has adopted a standard of
from the service or source of energy to utilization jdentifying code letters that may be marked by the

MOTOR-BRANCH CIRCUITS

devices. manufacturers on motor nameplates to indicate the
motor kilovoltampere input with a locked rotor. These
MOTOR-BRANCH-CIRCUIT SHORT- code letters, with their classification, are given in the
CIRCUIT AND GRO%ND'FAULT NEC®, table 430-7(b). In determining the starting
PROTECTION (NEC ™ 430, PART D) current to use for circuit calculations, use values from

The Code requires that branch-circuit protection table 430-7(b). Exceptions to the above are given in

for motor circuits must protect the circuit conductors, table 430-52.

the control apparatus, and the motor itself against When maximum branch-circuit protective device

overcurrent caused by short circuits or groundsratings are shown in the manufacturer's overload-relay
(sections 430-51 through 430-58). Fuses or circuittable for use with a motor controller or are marked on
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Figure 7-1.—Branch-circuit layout #1.
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Figure 7-2.—Branch-circuit layout #2.
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LAYOUT #3 MAINS

NO. 14 WIRE )
("(—15 AMP FUSE

HEATER

— —_—
gl
SMALL MOTORS

CEIf0703

Figure 7-3.—Branch-circuit layout #3.

equipment, you may not exceed them even if higher600 volts or less protected at not over 15 amperes if all
values are indicated in table 430-152 of the REC of the following conditions can be met:

however, you may use branch-circuit protective
devices of smaller sizes. If you use a branch-circuit
device that is smaller, you only need to be sure that it
has sufficient time delay to permit the motor-starting
current to flow without opening the circuit. e The full-load rating of each motor does not

Often it is not convenient or practicable to locate exceed 6 amperes.
the branch-circuit short-circuit and ground-fault ¢ Individual overload protection conforms with
protective device directly at the point where the section 430-32 of thalEC”.
branch-circuit wires are connected to the mains. In. 5 g, may connect two or more motors of any

such cases, the size of the branch-circuit wires betweer}ating to a branch circuit that is protected by a short-
the feeder and the protective device must be the sam@jrcuit and ground-fault protective device selected

(7.6 meters) or less. When the length of the branch-smgajlest motor.

circuit wires is not greater than 25 feet, the NEQes

allow the size of these wires to be such that they have 3 YO‘é ma;ly C?””SCt two or lr)nore rr‘not_ors_of_far;ly
an ampacity not less than one third of the ampacity of @iNg and other loads to one branch circuit if the
the mains if they are protected against physicalOVerioad devices and controllers are approved for group
damage installation and if the branch-circuit fuses or circuit-

breaker rating is according to section 430-52 of the
Figure 7-4 gives you an example of branch-circuit NEC®.

conductor sizing, using the figures found in MEC®

e The rating of the branch-circuit short-circuit and
ground-fault protective device marked on the
controllers is not exceeded.

tables 430-152 and 430-7(b). MOTOR FEEDER SHORT-CIRCUIT
AND GROUND-FAULT PROTECTION
SEVERAL MOTORS OR LOADS ON (NEC® 430, PART E)

ONE BRANCH CIRCUIT
Overcurrent protection for a feeder to several
You may use a single-branch circuit to supply two motors must have a rating or setting not greater than the
or more motors or one or more motors and other loadslargest rating or setting of the branch-circuit protective
according to section 430-53 of the Code. Somedevice for any motor of the group plus the sum of the
examples are as follows: full-load currents of the other motors supplied by the

1. Several motors, each not exceeding 1 €de"

horsepower, are permitted on a branch circuit protected  Protection for a feeder to both motor loads and a
at not more than 20 amperes at 120 volts or less, or atighting and/or appliance load must be rated on the
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Figure 7-4.—Branch-circuit conductor sizing.

basis of both of these loads. The rating or setting of the
overcurrent device must be sufficient to carry the
lighting and/or appliance load plus the rating or setting

e For a stationary motor rated at one-eighth
horsepower or less that is normally left running
and is constructed so that it cannot be damaged

of the motor branch-circuit protective device. by overload or failure to start.

e For a portable motor rated at one-third
horsepower or less, the controller may be an
attachment plug and receptacle.

MOTOR CONTROLLER PROTECTION
(NEC® 430,PART G)

A controller is a device that starts and stops a motor  The controller may be a general-use switch having
by making and breaking the power current flow to the an ampere rating at least twice the full-load current
motor windings. A push-button station, a limit switch, rating of a stationary motor rated at 2 horsepower or
or any other pilot-control device is not considered aless and 300 volts or less.
controller. Each motor is required to have a suitable A branch-circuit breaker, rated in amperes only,
controller that can start and stop the motor and performmay be used as a controller. When this circuit breaker
any other control functions required. A controller must is also used for short-circuit and ground-fault and/or
be capable of interrupting the current of the motoroVerload protection, it will conform to the appropriate
under locked-rotor conditioneNECf@ 430-151) and provisions of theNECf'@ governing the type of

) protection afforded. Figure 7-5 will help you to
must have a horsepower rating not lower than th

_ _ _ €understand controller definitions.
rating of the motor, exceptions as permitted. .
Generally, each motor must have its own

Branch-circuit fuses or circuit breakers are ingjvidual controller. The exception is for motors rated
considered to be acceptable controller devices unde600 volts or less; a single controller rated at not less
the following conditions: than the sum of the horsepower ratings of all of the



MOTOR CONTROLLER RULE RULE EXCEPTION

~%— BRANCH CIRCUIT FEED

GENERAL-USE SWITCH
Horsepower-rated switch or
circuit breaker, except if 2
OVERCURRENT DEVICE hp or less and 300 volts or
less, may be general-use switch.
Motor Controller For disconnects of motors over
Horsepower NOT 100 hp, a general-use or isolating

qn—@

less than motor hp switch must be marked "Do Not
rating Operate Under Load.”

Motor Less than
2 horsepower

RULE EXCEPTION

Certain stationary motors up to 1/8 horsepower
may be controlled by the branch circuit
protective devices.

Circuit breaker MUST BE
)4— LOCKED in open position
and rated in Amps only.
Every disconnect means a
RULE EXCEPTION motor circuit will comply
with the NEC.

) [y~ o

[<¢—RECEPTACLE

=)=

-4¢— Elactrical plugs may serve
as a controller for motors

up to 173 hp. CEIf0705

Figure 7-5.—Motor controllers basic rules and exceptions.

motors of the group should be permitted to serve the distance of morghan 50 feet (15.3 meters) is
group of motors under any one of the following considered equivalent to being out of sight.
conditions:

DISCONNECTING MEANS, MOTORS, AND
 Where a number of motors drive several parts of CONTROLLERS (NEC® 430, PART H)
a single machine or a piece of apparatus, such as
metalworking and woodworking machines,
cranes, hoists, and similar apparatus.

Each motor, along with its controller or magnetic
starter, must have some form of approved manual
disconnecting means, rated in horsepower, or a circuit
« Where a group of motors is under the protection breaker. This disconnecting means, when in the OPEN
of one overcurrent device, as permittedNEC” position, must disconnect both the controller and the
section 430-53(a). motor from all ungrounded supply conductors. It must
plainly indicate whether it is in the OPEN or the
¢ Where a group of motors is located in a single CLOSED position and may be in the same housing as
room within sight of the controller location. A the controller.
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For motor circuits of 600 volts or less, the selected to trip at no more than the following percentage
controller manual disconnecting means must be withinof the motor nameplate full-load current rating:
sight and not more than 50 feet away from the location

of the motor controller. There are two exceptions in the MOTOR PERCENT
Code rule requiring a disconnect switch to be in sight
from the controller: Motors with a marked service 125

1. For motor circuits over 600 volts, the controller | factor not less than 1.15

disconnecting means is permitted to be out of sight from|  Motor with a marked tempera-
the controller, provided the controller is marked with a | tyre rise not over 40°C
warning label giving the location and identification of
the disconnecting means, and the disconnecting mean
can be locked in the OPEN position.

2. On complex machinery using a number of  For a multispeed motor, each winding connection
motors, a single common disconnect for a number ofmust be considered separately. Modification of these
controllers may be used. This disconnect may be out ofalues is permitted. See section 430-34.

sight from one or all of the controllers if it is adjacent to 2. A thermal, protector, integral with the motor, is
them. approved for use with the motor that it protects on the
The Code also stipulates that a manualbasis that it will prevent dangerous overheating of the
disconnecting means must be within sight and notmotor caused by overload and failure to start. The
more than 50 feet from the motor location and thePercentages of motor full-load trip current are given in
driven machinery. The exception to this rule is that the Séction 430-32 (a-2).
disconnecting means may be out of sight if it can be 3. A protective device. integral with the motor,
locked in the OPEN position. See figure 7-5 for other that will protect the motor against damage caused by
exceptions and basic rules. failure to start is permitted if the motor is part of an
approved assembly that does not normally subject the
dnotor to overloads.

125

All other motors 115

vJ

TheNEC® rules allow a single switch to be the
disconnecting means of a group of motors under 60
volts. Also, manual switches or circuit breakers rated ~ Nonportable, automatically started motors of 1
in horsepower can be used as a disconnecting meart¥rsepower or less must be protected against running

and the controller for many motor circuits. overload current in the same manner as motors of over
1 horsepower, as noted in section 430-32 (c).
gOTOROAND B%AN%H'(C):'RCUW Motors of 1 horsepower or less that are manually
NVEECR®L 43A(\)DP?AFI;TTCE TION started, within sight of the controller location and not
( : ) permanently installed are considered protected by the

Each continuous-duty motor must be protectedbramh'c'rcu't protective device.

against excessive overloads under running conditions- jses FOR MOTOR-OVERLOAD

by some approved protective device. This protectiveproTECTION (NEC® 430, PART C)
device? except for motors rated at more than 600 volts,

may consist of fuses, circuit breakers, or specific  If regular fuses are used for the overload protec-
overload devices. Overload protection will protect the tion of a motor, they must be shunted during the
branch circuit, the motor, and the motor control starting period since a regular fuse having a rating
apparatus against excessive heating caused by motaf 125 percent of the motor full-load current would

overloads. Overload protection does not include faultsbe blown by the starting current. Many dc-motor and
caused by shorts or grounds. some wound-rotor-induction-motor installations are

Each continuous-duty motor rated at more than 1 exceptions to this rule. Aside from these exceptions, it

: is not common practice to use regular fuses for the
horsepower must be protected against overload by ON&\erload protection of motors. Time-delay fuses

of the following means: sometimes can be used satisfactorily for overload pro-

1. A separate overload device that is responsive totection since those rated at 125 percent of the motor
motor current. This device is required to be rated orfull-load current will not be blown by the starting
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current. In fact, the manufacturers of these fuses c. By elevation 8 feet (2.4 meters) or more over
recommend that for ordinary service. fuses of a smaller the floor
rating than 125 percent of the motor full-load current 2. If the live parts of motors or controllers,

be used. operating at more than 150 volts to ground, are guarded
Even time-delay fuses may not be satisfactoryagainst accidental contact only by location, as specified
unless they are shunted during the starting periodn paragraph |, and if adjustment or other attendance
because the 125 percent value cannot be exceeded. may be necessary during the operation of the apparatus,
suitable insulating mats or platforms must be provided

OVERLOAD DEVICES OTHER THAN so that the attendant cannot readily touch live parts
FUSES (NECf'a 430, PART C) without standing on the mats or platforms.
The NEC (table 430-37) indicates the number EQUIPMENT GROUNDING

and location of overload protective devices, such as _ )

trip coils, relays, or thermal cutouts. These overload AN equipment ground refers to connecting the
devices are usually part of a magnetic motor controller.noncurrent-carrying metal parts of the wiring system
Typical devices include thermal bimetallic heaters, OF €quipment to ground. Grounding is done so that the
resistance or induction heaters, and magnetic relaygnetal parts a person might come into contact with are
with adjustable interrupting and/or time-delay always at or near ground potential. With this condition,

settings. Overload devices can have a manual ofhere is less danger that a person touching the equip-
automatic reset. ment will receive a shock.

THERMALLY PROTECTED MOTORS GROUNDING EQUIPMENT FASTENED
(NEC™ 430, PART C) IN PLACE OR CONNECTED BY

Thermally protected motors are equipped with PERMANENT WIRING METHODS
built-in overload protection, mounted directly inside (FIXED) (NEC® 250, PART E)

the motor housing or in the junction box on the side. , , , .
, The wordfixed, as applied to equipment requiring
These devices are thermally operated and protecte rounding, now applies to equipment fastened in place

against dangerous overheating caused by overload 5 o
failure to start, and high temperatures. The buiIt-in(')r connected by permanent wiring, as shown in figure

; ; , 7-6. That usage is consistently followed in other Code
protector usually consists of a bimetallic element

connected in series with the motor windings. When sections also.

heated over a certain temperature, the contacts will The Code requires that all exposed noncurrent-
open, thereby opening the motor circuit. On somecarrying metal parts, such as equipment enclosures,
types, the contacts automatically close when cooled, oboxes, and cabinets, must be grounded. Equipment
a reset button must be operated manually to restart thenust be grounded where supplied by metallic wiring

motor. methods; in hazardous locations; where it comes into
contact with metal building parts; in wet, nonisolated

PRO'I(’@ECTION OF LIVE PARTS locations; within reach of a person who is in contact

(NEC™ 430, PART K) with a grounded surface; and where operated at over

The NEC requires that live parts be protected in a 150 volts.
manner judged adequate to the hazard involved. Thq\/IETHODS OF GROUNDING

following rules apply: (NEC® 250, PART F)
L. Exposed live parts of motors and_ controllers Section 250-51 sets forth basic rules on the effec-
e s Ao o o oo eness f rounding. T e defines he pivase
location as follows: effeqtlve grounding path_ and estabhshes manqlqtory
: requirements on the quality and quantity of conditions

a. By installation in a room or enclosure acces- in any and every grounding circuit. The three required
sible only to qualified persons characteristics of grounding paths are very important

b. By installation on a suitable balcony, gal- O Safety:

lery. or platform so elevated and arranged as 1. That every grounding path is permanent and
to exclude unqualified persons continuous. The installer can ensure these conditions by
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If the equipment is not fastened
to the floor, wall, shelf, or other
support and is fed by permanent
wiring it is called "fixed equipment.”

Bolted, screwed
or nailed to the
structural surface

%%

¢
)

The equipment that

is fastened in place
is considered “fixed
equipment”, whether

it is fed by permanent
wiring or a cord and
plug.

CEIf0706

Figure 7-6.—Definition of fixed equipment.

proper mounting, coupling, and terminating of the grounded at the service equipment as well as at the
conductor or raceway intended to serve as theutility transformer secondary supplying the service. At

grounding conductor. The installation must be made so(B), the service equipment enclosure is grounded by
that it can be inspected by an electrical inspector, theonnection (bonding) to the grounded neutral, which

design engineer, or any other authority concerned. Aitself is grounded at the meter socket and at the supply
continuity test with a meter, a light, or a bell will assure transformer. These same types of grounding
that the path is “continuous.” connections may be made for cabinets, auxiliary
gutters, and other enclosures on the line side of the

capacity to conduct safely any fault current likely to be ser\;ice ent;ancel,; discon_nectdr_neans, including the
imposed on it. Refer back to the section of the Code tha€NClosure for the service disconnect. @),

specifically establishes a minimum required size offduiPment is grounded to the neutral on the line
grounding conductor. (supply) side of the first disconnect fed from a step-

o down transformer (a separately derived system).
3. That the path to ground has sufficiently low

impedance to limit the voltage to ground and to
facilitate the operation of the circuit protective devices

2. That every grounding conductor has the

Aside from the permission given in the five
exceptions to the rule of part(b) of section 250-61, the
Code prohibits connection between a grounded neutral

in the circut and equipment enclosures on thad sideof the

USE OF GROUNDED CIRCUIT service. So bonding between any system grounded
CONDUCTOR EOR GROUNDING conductor, neutral or phase leg, and equipment
EQUIPMENT (NEC®, SECTION 250-61) enclosures is prohibited on the load side of the service

(fig. 7-8). The use of a neutral-to-ground panelboard or

Part (a) ofNEC®, section 250-61, permits the other equipment (other than specified in the
grounded conductor (usually the neutral) of a circuit to exceptions) on the load side of service equipment
be used to ground metal equipment enclosures anwould be extremely hazardous if the neutral became
raceways on theupply sideof the service disconnect. loosened or disconnected. In such cases, any line-to-
Figure 7-7 shows such applications. (&), the neutral load would energize all metal components
grounded service neutral is bonded to the meteiconnected to the neutral, creating a dangerous
housing by means of the bonded neutral terminal lug inpotential for electrocution. Hence such a practice is
the socket. The housing is thereby grounded by thisprohibited. This prohibition is fully described in figure
connection to the grounded neutral, which itself is 7-9.
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A FEED C
*—
BONDING ', & |
= JUMPER \\ g i
METER 3w { r\‘ GROUNDING ‘lNEUTRAL;
(R GROUNDING ‘z
{111 sono CONDUCTORL l
o SERVICE
" EQUIPMENT
GROUNDING
BOND
-
METER
GROUNDING
BOND —Jo-4

Fiex conduit is not suttable
as an squpment grounding

B connection
ll‘ ~\l
METER '\ 7 — MAIN
1 DISCONNECT
L PANEL
old SERVICE
& EQUIPMENT NEC 250 - 61 {a) (3,
GROUNDING BOND Service equipment ~————J
grounding bond s
- MAIN DISCONNECT permited as a ground for
the enclosure by bonding
the grounded neutral of =
the supply feeder from the
transformer.
CEIf0707

Figure 7-7.—Equipment housing ground connections (line side).

NEUTRAL

?DER CONDUCTOR

Neutrai bus bar/block
must not be bonded
to the enclosure to —
provide grounding of
the enclosure. |

[SH= erouNDING FOR ALL
1® CIRCUIT WIRING

rh...._

/ Feeder or branch circuits in

non-metallic cable or conduit
containing equipment grounding
conductors must use an approved
grounding block or bus bar and

be bonded to the enclosure. (384-27).

LOAD CIRCUITS

CEIf0708
Figure 7-8.—Equipment housing ground connections (load side).

Although this rule of the Code prohibits neutral cord or run with the circuit conductors. The conductors
bonding on the load side of the service, sectionsmay be bare or insulated. The insulated conductors
250-50(a) and 250-53(b) clearly require such bondingmust have a continuous outer finish of green or green
at theservice entrance. with one or more yellow stripes.

The circuit conductors used for equipment  When the equipment grounding is to be
grounding must be within the same raceway, cable, oraccomplished by the protective device of the circuit
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v -g— SERVICE PANEL

) ~a— equipment enclosure. This ensures that all
interconnected metal raceways and enclosures
are grounded.

WATERPIPE ON

—#E]ROUND RODS

Because of the bond in the service panet
the current flows over both the neutral
conductor and the metal raceways. This
makes two parallel cumrent paths. If the
DISTRIBUTION neutral becomes open, the raceway/condui
PANEL will be the only current retum path.

} Neutral conductor is bonded to the service

Bonding not required at this
neutral bar and terminal

-~ SUBPANE L

et— Neutral bar and terminal with bonding screw. This
provides a connection between the neutral and the
entire system of metal enclosure through the metal
panels.

e~ CIRCUIT OUTLET
LOAD

A HAZARD CONDITION EXISTS:

CONDUIT
—- NEUTRAL WIRE

|~ SUBPANEL

|- When the neuiral wire is open inside a
service conduit or the sefvice neutral-wire is
bonded poorly at the subpanel and when the
neutral terminal is bonded to the enclosure.
the panel enclosure and other connection raceways
to panel are HOT,

j
I

When the neutral wire is open at any point
between the subpanel and the service, and
because of the high impedance locknut
connection or an open in the conductive
raceway cumrenl path, a dangerous voltage
could be placed on the enclosure of a bonded
subpanel.

CENQ709

Figure 7-9.—Subpanel bonding hazards.
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conductors, it must be rigid metal conduit, The elements of a control circuit include all the
intermediate metal conduit, electrical metallic tubing, equipment and devices concerned with the function of
flexible metal conduit, type AC cable, or the combined the circuit: conductors, raceway, contactor-operating
metallic sheath and grounding conductors of type MC coil, source of energy supply to the circuit, overcurrent
cable. protective devices, and all switching devices that

Flexible metal conduit is permitted as an equip- govern energization of the operating coil.
ment grounding conductor if the following conditions Typical control circuits include the operating-coil
are met: the length of the flex does not exceed 6 feetCircuit of magnetic motor starters, magnetic
the circuit conductors within are rated at 20 amperes orcontactors, and relays. Control circuits include wiring
less, and the connectors are fittings listed for ground-between solid-state control devices as well as between
ing. If the 6 feet of flex is exceeded, a bonding jumper magnetically actuated components. Low-voltage relay
wire, run inside the flex, must be used. switching of lighting and power loads also are
classified as remote-control wiring.

CONTROL CIRCUITS A control circuit is divided into three classes:

The subject of electric control circuits is quite e Class 1 system may operate at any voltage that
broad. The following text will cover a few of the basic does not exceed 600 volts. They are, in many cases,
control circuit requirements and controls. For more Merely extensions of light and power systems, and, with
information, refer to special books devoted to this & feyv exceptions, are subject to all the installation rules
important phase of motor circuitry. Two such books fOr light and power systems.
are Electric Motor Controlby Walter N. Alerich and ¢ Class 2 and Class 3 systems are those systems in
Electric Motor Repairby Robert Rosenberg and Which the current is limited to certain specified low

August Hand. These textbooks provide an excellentvalues. This limiting may be accomplished by fuses or

insight on how to understand, select, and design conCircuit breakers, by transformers that deliver only very
small currents, or by other voltages at which the system

trol circuits. -

operates from 5 milliamps or less. All Class 2 and Class
CONTROL CIRCUITS GENERAL (NEC® 3 circuits must have a power source with the power-
430, PART F and ARTICLE 725) limiting characteristics described in NEC®, table

725-31(a). These requirements are in addition to the

A control circuit is a circuit that exercises control Overcurrent device.
over one or more other circuits. These other circuits  Conductors for any Class 1 control circuit must be
controlled by the control circuit may themselves be protected against overcurrent. Number 14 and larger
control circuits, or they may be “load” circuits that wires must generally be protected at their ampacities.
carry utilization current to a lighting, heating, power, (Review NEC®, table 310-16.) Number 18 and
or signal device. Figure 7-10 clarifies the distinction Number 16 control wires must always be protected at 7

between control circuits and load circuits. and 10 amperes, respectively.
GROUNDED
NEUTRAL THREE-PHASE POWER
= 2, L3
= STOP
FEEDER 1
L. (c)--"—-_—-_-"—-_"<=
ot
—
This is a remote startstop TINT2 T3
control circuit.
MOTOR

CEI0710

Figure 7-10.—Defining a control circuit.
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Any number and any type of Class 1 circuit CONTROL SYMBOLS
conductors may be installed in the same conduit,

raceway, box, or other enclosure if all conductors areéy,q+ conform to the standards established by the National
insulated for the maximum voltage at which any of the g6 ctrical Manufacturer's Association (NEMA). Where
conductors operates and the wires are functionally\gya standards do not exist, American Standards
associated with each other. Association (ASA) standards are used; however, not all
Class 1 circuit wires may be run in raceways by manufacturers use these established symbols. In spite of the
themselves according to thEC®. The number of ~ lack of standardization, knowledge of the symbols
conductors in a conduit must be determined frompresented in this unit will give you a firm basis for

In figures 7-11 and 7-12, you see the electrical symbols

tables 1 through 5 in chapter 9 of tKEC"). interpreting variations found in the field.
PUSH BUTTONS PILOT LIGHTS
MOMENTARY CONTACT MAINTAINED CONTACT INDICATE COLOR BY LETTER
SINGLE CIRCUT[DOUSLE GIRCUIT yusHrooM| woBsLE TWO ONE _ |NON PUSH-TO-TEST| PUSH-TO-TEST
ILLUMINA et
N.O NC N.O NC HEAD sTicK | [LLUMINATED 322‘5} E D%LR'?LE
_ 0.0 |euo | ol oo E ST | o9 %ﬁ}g—— :\—K@g—d
coleo|oo|loo Qo L’)
0O 0
ZONTACTS cons OVERLOAD RELAYS | INDUCTORS
INSTANT OPERATING AC;IgNEDRg?&TEg.SV;’SEO&\I?gI s SHUNT SERIES | THERMAL MAGNETIC | IRON CORE
WTH BLOWOUT | WITHOLT BLOWOUT ENERGIZED DE-ENERGIZED
NO NC. N.O N NO. NC NO NC Y
_Dj J_ ° T ° T _O_ —J\,— K g AIR CORE
- = T -
SPST. N.O. SPST. N.C. SPDT TERMS
SINGLE DOUBLE SINGLE DOUBLE
BREAK BREAK BREAK BREAK SINGLE BREAK DOUBLE BREAK | oot _ ook POLE
= SINGLE THROW
a—ea SPDT - SINGLE POLE
°—2 o o T a_—a ° o o DOUBLE THROW
DPST - DOUBLE POLE
DPST, 2N. O. DPST, 2 N.C. DPDT SINGLE THROW
DPDT - DOUBLE POLE
SINGLE DOUBLE SNGLE DOUBLE SINGLE BREAK | DOUBLE BREAK DOUBLE THROW
BREAK BREAK N.O. — NORMALLY
OPEN
o0
N.C. — NORMALLY
-2 5] o T aro °"./: ol o CLOSED
— !
OJ\O Py 5 o+ Q. L0 O/I) al.a
o o o
PRESSURE & TEMPERATURE FLOW SWITCH
VACUUM SWATCHES UQUID LEVEL SWITCH ACTJATED SWITCH (AIR, WATER, ETC.)
N O N C N O N.C N O N.C. N.© N.C
0: [} T O; [+] O—C" © EO 0? C\Eo o'l °
FUSE STANDARD DUTY SELECTOR HEAVY DUTY SELECTOR
POV‘:?ER 2 POSTION 2 POSTION 3 POSITION 2 PCS SEL PUSH BUTTON
Q
CONTROL o/o A N - -
. NS 2i0 » Jas] - 'a.ﬂf — IO, = —— -
3Posrr°wom o oo : o 0 afa - o o 3 EEESR
T o— L IOWTACT SLCSED CLOONTATT CLO3ED '»‘.:O;"C' Sose
=]
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Figure 7-11.—Standard wiring diagram symbols.
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SWITCHES
RCUIT BREAKERl  LIMIT SWITCHES FOOT SWTCHES
CIRCUIT  |ciRCUIT BREAKERICRCUIT BREAKER|S!
DISCONNECT WITHERMAL AND
INTERRUPTER | WTHERMAL O L [WMAGNETIC O.L.| 1 ~orr ™ 0= T UORMALLY | NORMALLY | NO | NC.
OPEN CLOSED
UL LT S 1 34 | 9 T
)—')“_ )'—)— o Q=T
) oo o
| 1] =~ :
HELD CLOSED| HELD OPEN
WIRING ICONNECTIONS RESISTORS CAPACITORS
RIN ADJ BY | RHEOSTAT
OON:%T:TEU CONNECTED] POWER |CONTROL | (ARNS | MECHANICAL]  gixep FIXED FOT OR FIXED ADJ
TAPS ADJ TAP
o ————————
l GROUND |MECHANICAL| {RES
‘- N e — = |
= -==p-=---| HEATING t
ELEMENT
SPEED (PLUGGING) | ANTI-PLUG HORN METER |HALF WAVE | FULL WAVE
( ) BELL | BUZER |gRenETc| METER | SHUNT | RECTIFIER | RECTIFIER | BATTERY
F F F INDICATE
a A TYPE BY
o~ O\T\o — v LETTER AC
+
| -
D DC|+ —
s - > —@— ‘F— _II | [
1 1
1
o+ | oo | oga | I 1 AC
R R
TRANSFORME RS A.C. MOTORS D.C. MOTORS
3 PHASE COMM OR
AUTO IRON CORH AIR CORE |CURRENT] DUAL SINGLE WOUND SHUNT SERIES
volaGe | PHASE | SQURREL | ROTOR |ARMATURE| Figip | FiELD | OQMPENS
(SHow4 | (sHows | (sHow2
LOOPS) | WOOPS) | LooPs)
CElf0712

Figure 7-12.—Standard wiring diagram symbol—Continued.

The control-circuit line diagram of figure 7-13 line diagrams to develop the ability to interpret the
shows the symbol of each device used in the circuit andtable quickly and use it correctly; for example, refer to
indicates its function. The push-button station wiring figure 7-14 and the three-phase column of table 7-1.
diagram on the right of figure 7-13 represents theNote that the control circuit switching is connected to
physical control station and shows the relative positionline 1(L1) and the contactor coil is connected to line 2
of each device, the internal wiring, and the connections(|_2)
with the motor starter.

Control Wiring
Control and Power Connections
Control wiring can be very confusing. A single

The correct connections and component locationsoperation of an electrical circuit is usually not
for line and wiring diagrams are shown in table 7-1. complicated; however, a sequence of operations, one
Compare the information given in the table with actual depending on the other, in a complex circuit can be
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»
Depressing button opens
upper contacts ‘eieasing
tutton -eturns contacts
t¢c the normal condtion

CONTACTOR CQL

L1 START L2

L3__.|

I —"

L1

P:LCT LIGHT

oL
—i4

/
/

Contacts operate when the
Kart button (s depressed.
the ncrmally open (NOj)
contacts close. normally
dosec {NC) contacts open
when coil M s energzed

—e
\ Idertfied reference point that

\ Pibt kght ndicates when
the motor 18 NOT runnig

corresponds with the number shown
on the push button start-stop
staton diagram

L2

!

Wiring diagram for the push butn
stant-stop staton

CEIf0713

Figure 7-13.—Control circuit components.

I_ 2 L3
CEIf0714
M
Figure 7-14.—Three-phase motor controller diagram.

difficult to understand. As you already know, most

your skills in reading and understanding electrical

diagrams. If the diagrams are too complex, break them
down to a more elementary diagram. These diagrams
are your key to understanding how a machine operates
and how to repair it when it breaks.

TWO-WIRE CONTROL. —Two-wire control
provides no-voltage release or low-voltage release.
Two-wire control of a starter means that the starter
drops out when there is a voltage failure and picks up as
soon as the voltage returns. In figure 7-15, the pilot
device is unaffected by the loss of voltage. Its contact
remains closed, ready to carry current as soon as line
voltage returns to normal.

The phrasesio-voltagerelease andwo-wire

electrical circuits are represented as a wiring diagramcontrol should indicate to you that an automatic pilot
or a line diagram. Work through the examples given device, such as a limit switch or a float switch, opens
throughout this chapter. This practice will improve and closes the control circuit through a single contact.
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Table 7-1.—Power and Control Connections for Across-the-Line Motor Controllers/Starters

DIRECT SINGLE THREE

CURRENT PHASE PHASE
Line markings for. L1&L2 L1&L2 L1, L2, & L3
Overload relay heatersin . . .......... L1 L1 T1,T2,&T3
Contactor coil connectedto . .......... L2 L2 L2
Overload relay contactsin............. L2 L2 L2
Control circuits connected to . . .. ......... L1&L2 L1&L2 L1 & L2
Control circuit switching connected to. . . . .. L1 L1 L1
Reversing interchange lines. . . ........... N/A N/A L1&L3
Requiring grounding. . ... ............... Lalisays L1 isalways L2

ungrounded ungrounded

POSSIBLE CONTROL DEVICE

PRESSURE SWITCH

FLOAT SWITCH

THERMOSTAT L1 2 L3

maintaining a started-closed position. Such a circuit is
called a maintaining circuit: a sealing circuit, or a

I |3"

CENf0715

\:‘_ Il

Jd1

holding circuit.

The phrases no-voltage protection and three-
wire control should indicate to the electrician that the
most common means of providing this type of control
is a start-stop push-button station.

The main distinction between the two types of
control is that in no-voltage release (two-wire control),
the coil circuit is maintained through the pilot-switch
contacts; in no-voltage protection (three-wire
control), the circuit is maintained through a stop
contact on the push-button station and an auxiliary

Figure 7-15.—Two-wire control circuit.

THREE-WIRE CONTROL. —The three-wire
control involves the use of a maintaining circuit. This
method eliminates the need for the operator to press
continuously on the push button to keep the coil
energized. Refer to the elementary control circuit
diagram in figure 7-16. When the START button is
pressed, coil M is energized across L1 and L2. This
action closes contact M to place a shunt circuit around
terminals 2 and 3. the START button. A parallel circuit
is formed with one circuit through push-button
terminals 2 and 3 and one circuit through contact M.
As a result. current will flow through the M coil. If
pressure is removed from the START button, terminals
2 and 3 open. The other circuit through contacts M
remains closed. supplying current to coil M and

7-15

(maintaining) contact on the starter.

L11 L2 L3
| START s I
1 [
PUSH-BUTTON 3
STATION

CElf0716
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T1

Figure 7-16.—Three-wire control circuit.



LOW-VOLTAGE CONTROL. —Sometimes it TROUBLESHOOTING
is d.esirable to operate push buttons or other control By using a snap-around type of voltmeter-
devices at some voltage lower than the motor voltage.ohmmeter or individual instruments, you can conduct
in the control system for such a case. a separate sourcemany of the tests needed to determine opens, shorts,
such as an isolating transformer or an independengrounds. and continuity in just a short time. You can
voltage supply, provides the power to the control test malfunctioning circuits for shorted coils; open

circuit. This independent voltage is separate from theCOil_S;t grour?clled Colitls; or_)?]n r:esi?ttancgs; shorted
main power supply for the motor. resistances; low voltages; high voltages: excessive

amperes; broken, loose, or dirty connections; and
One form of separate control is shown in figure many other problems with comparative ease. This

7-17. When the thermostat calls for cooling and thetesting is true of all motors. as well as starters.
high-low pressure control is activated, the com-  yoy should follow a systematic procedure when
pressor motor starter coil M is energized through thetroubleshooting controls.
step-down isolating transformer. When coil M is
energized, power contacts in the 240-volt circuit
close to start the refrigeration compressor motor. , ,

. R You must exercise extreme caution when test-
Slncg the cont_rol C|_rCU|t is separated from the POWEr ing live components. Always use the one-hand
circuit by the isolating control transformer, there is rule to avoid completing the circuit between the

WARNING

no electrical connection between the two circuits.  live component and a metal sur-face. Always
For this reason, the wire jumper attached to L2 on a  have a second person standing by when work-
starter should be removed for different voltages;  ing on energized equipment and ensure the

person is qualified in CPR. When working on
anything that should have the power off, always
shut the power offourself. Most disconnects
have allowances for a padlock to be used to
keep the power from being turned back on. This
safety precaution is called “LOCKOUT.” The

In this section it is assumed that the motor and fuse =~ NAVOSH Manual, OPNAVINST 5 100.23,
provides guidance on the Lockout/Tag out pro-

are in good condition. To make certain that the motor is S ;

t at fault, connect a voltmeter at the motor terminals ~ J.o at shore activi-ties according to OSHA
no . _ ) regulations. It is extremely important to take
and determine whether voltage is available when the  thjs precaution. Controls with voltage over 240
contacts of the controller are closed. If there is no  volts should never be energized when you are
voltage, the trouble probably, lies in the controller. troubleshooting.

Lz—_]_ ]
24%/
COMPRESSOR x2|
PRIMARY 3”? 2,08 24

however, the overload relay control contact must be
included in the separate control wiring.

TROUBLESHOOTING AND TESTING
CONTROLLERS

— T

PRESSURE CONTROL
HGHLOW

SECONDARY
X1
THERMOSTAT
TEMPERATURE -ACTIVATED
SWITCH

u—_r L1

Figure 7-17.—Low-voltage control circuit.
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Because there are so many different kinds and makes b. Wrong connection of station to the con-

of controllers, we will outline a genera! procedure for troller.
locating the source of trouble. 4. If a fuse blows when the START button is
1. If the motor does not start when the main con- Pressed, the trouble may be as follows:
tacts close, the trouble may be as follows: a. Grounded circuits.
a. Open overload heater coil or poor b. Shorted coil.
connection.

. _ _ c. Shorted contacts.
Main contacts not making contact. It is not . . .
unusual for one or more contacts to wear to 5. If the magnet is noisy in operation, the trouble

the degree that they will not make when May be as follows:

closed. This fault will also occur if the a. Broken shaded pole causing chattering.
contacts become dirty, gritty, or burned. .
b. Dirty core face.

Broken, loose, or dirty terminal connection. 6. If the magnet coilis burned or shorted, the

Loose or broken pigtail connection. trouble may be as follows:

Open resistance units or open autotrans- a. . Overvoltage.

former. , .
_ _ b. Excessive current due to a large magnetic

Obstruction of the magnet core, preventing gap caused by dirt, grit, or mechanical

the contacts from closing. trouble.

Mechanical trouble, such as mechanical c. Too frequent operation.

interlocks, gummy pivots, and poor spring

tension. TESTING COMPONENT CIRCUITS

2. If the contacts do not close when the START

button is pressed, the trouble may be as follows:

The example used here is a control that is operated
by a remote switch, such as a float switch. It is assumed

a. Open holding coil. This can be tested by con- that the device being controlled (a three-phrase motor)

g.
h.

3. If the contacts open when the START button is
pressed, the trouble may be as follows:

necting a voltmeter across the coil terminals i in good working order but is not receiving power.
When the START button IS pressed. If there Figure 7-18 ShOWS SUCh a Circuit_

is voltage when the START button is pressed
but the coil does not become energized, the coil
is defective.

The first thing you should check is the line voltage.
To do this check, remove the cover of the control box
and test each line with a voltmeter. You should take the

. Dirty START button contacts or poor contact. yolt readings between L1 and L2, L2 and L3, and then

Open or dirty STOP button contacts. If more between L3 and L1 . If full voltage is found, you should
than one station is connected to the sameVisually check the power circuit for loose connections.
controller, each station should be checked. If These terminals include L1, L2, L3, T1, T2, and T3.
FORWARD-REVERSE stations are used LO0ok for signs of heating at these connections. When a
and they are interlocked, check all contacts. connection becomes loose, the terminal becomes very
hot;, and the screw, wire, and terminal become

Loose or open terminal connections. discolored or charred. Check all terminals and tighten
Open overload-relay contacts. them if necessaryyou should only do this checking
and tightening with the power OFF.
Low voltage.
. Next, check the control circuitry within the
Shorted coil. controller. Do this check by looking at the control
Mechanical trouble. circuit shown in figure 7-18. The external controls, the

magnetic holding coil, and the normally closed
overload contacts are always located between line 1
and line 2. Unless the control has been altered, line 3 is

a. Contacts that do not close completely or are not part of the control circuit. Check also that the

dirty, pitted, or loose. externally located controlling switches, such as the
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replace the coil. If there is a voltage on both terminals
of the holding coil, the coil and the overload contacts
can be assumed to be in working order. To double-
check these components, short out line 1 and the
terminal marked 3 with a piece of wire. This action will
bypass the external control, and then the holding coil
should close the contacts. You can use a current-
limiting resistor in place of a w-ire. If the control
functions, the problem is in the external controlling
device.

Solid-state controllers have very complicated
circuitry; thus, troubleshooting these units requires a
good background in electronics and electric motors.
These controllers have repair instructions with them as
well as a list of parts that should be stocked for repair
purposes. Repairs consist of replacing boards or
modules that plug into the circuity.

L1 L2 L3

FLOAT
SWITCH

COMBINATION STARTERS

A combination starter consists of a magnetic
starter and disconnect switch mounted in the same

FLOAT ca718 enclosure. These starters are supplied with either a
SWITCH fused disconnect switch or a circuit breaker. The fuses
Figure 7-18.—Three-phase starter controlled by a float (OI’ circuit br_eaker) p_rowde short-qlrcu_lt protection by
switch. disconnecting the line. A combination starter and

circuit breaker will prevent single phasing by

push button, the float, the pressure, or the limitsimultaneously opening all lines when a fault occurs in

switches, are connected between line 1 and the holding@ny one phase. This type of starter can be quickly reset
coil. The normally closed overload contacts are alwaysafter the fault has been cleared. Figure 7-19 shows a
located between the holding coil and line 2. A wiring fused combination starter. Figure 7-20 shows a
diagram usually can be found in the cover of the combination starter and a thermal-magnetic circuit

controller. Now it has been established that the motorbreaker.

and line voltage are in working order. This checking

has narrowed the problem to the control circuit and thePUSH-BUTTON-STATION CONNECTIONS

chance that some components are open. , o
We will now show you a number of control circuits

You can locate opens in the control circuit with @ yith various combinations of push-button stations. A!!
voltmeter. Connect one lead of the voltmeter to line 1, of these diagrams use one type of magnetic switch, but
and touch the other lead to first one terminal or thegihers can be used. Figure 7-21 shows a magnetic
holding coil and then the other terminal. There should g\yitch that is operated from any of three stations.
be the same voltage reading that is read between line ]Figure 7-22 shows a straight-line diagram of the
and line 2. If the control circuit voltage is supplied With qniro) circuit of three start-stop stations. Figure 7-23
a transformer. the voltage read should be that of thegq\ys the control circuit of two start-stop stations. In
transformer.outpu'g. If there is no voltage on either side o diagrams, the START buttons are connected in
of the holding coil, the overload contacts are 0pen.narajjel and the STOP buttons are connected in series.
Pushing the RESET button should close the overloadthege pytton connections must be done regardless of
contacts. If they do not close after they have had time Ohe number of stations. Note that the maintaining
cool. they may be defective. In this case. they should becontact is always connected across the START button.
replaced. All STOP buttons are connected in series with one

If there is a voltage on one terminal of the holding another and in series with the holding coil, so the motor
coil but not the other, the coil is open. You must then can be stopped from any position in case of emergency.
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Figure 7-19.—Combination starter with a disconnect switch.

! l ‘) MOTOR MAINTENANCE
SRS W &

: ) Modern methods of design and construction have
S made the electric motor one of the least complicated
and most dependable forms of machinery in existence
1 and thereby have made the matter of its maintenance

3 WIRE one of comparative simplicity. This statement,
CONTROL T however, should not be taken to mean that proper
; maintenance is not important; on the contrary, it must

B be given careful consideration if the best performance
T, and longest life are to be expected from the motor. The
> WIRE two major features, from the standpoint of their effect
CONTROL upon the general performance of the motor, are those

of proper lubrication and the care given to insulation.
Lubrication and insulation protect the most vital, and
probably the most vulnerable, parts of the machine.

CElf0720

Figure 7-20.—Combination starter with a thermal-magnetic
circuit breaker.

LUBRICATION
START-STOP STATION WITH A The designs of bearings and bearing housings of
PILOT LIGHT motors have been remarkably improved. However,

this advance in design can cause problems. The bear-
Sometimes it is advisable to have a pilot light on ings of modem motors, whether sleeve, ball, or roller,
the push-button station to indicate whether the motor isrequire infrequent attention. In the case of older
running. The lamp usually is mounted on the stationdesigns with housings less tight than on modem
and is connected across the holding coil. Such a conMachines, oiling and greasing are done frequently. The

nection is shown in figures 7-24 and 7-25. Figure 7-26 perpetuation of this habit causes the oiling and

Shows a control circuit with the pilot liaht on when the greasing of new motors to be overdone. The result is
ws reuit wi priotlig w that oil or grease is copiously and frequently applied to
motor is stopped. Normally closed contacts are needegne ot-side, as well as the inside, of bearing housings.

on this starter. When the motor is running, these con-Some excess Iubricant is carried into the machine and
tacts are open. Contacts are closed when the motor ifodges on the windings where it catches dirt and there-
stopped, and the pilot light goes on. by hastens the ultimate failure of the insulation.
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Figure 7-21.—Magnetic switch controlled by three start-stop stations.
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Figure 7-22.—Control circuit for three start-stop stations.

8]

L1 4. Freedom from abrasive matter, acid, and alkali

In greasing a motor, you must take care not to add
too much grease. Overgreasing will cause too high an

STOP  sTOP — oL operating temperature with resulting expansion and
M - leaking of the grease, especially with large bearings
CEIf0723 operated at slow speeds.

Figure 7-23.—Control circuit for two start-stop stations.

CAUTION

Greasing Ball Bearings Always review the Material Safety Data Sheet

Only a high grade of grease with the following ~ (MSDS) for greases, oils, lubricants, and other
general characteristics should be used for ball-bearing ~h@zardous materials before use. Avoid pro-
lubrication: longed skin contact with lubricants. Dispose of

_ ) _ waste materials in an environmentally
1. Consistency, a little stiffer than that of responsible manner.

petroleum jelly, maintained over the operating
temperature range Pressure-Relief Systems

2. Melting point preferably over 150°C The following procedures are recommended for

3. Freedom from separation of oil and soap undergreasing ball-bearing motors equipped with a
operating and storage conditions pressure-relief greasing system.
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Figure 7-24.—Push-button station with a pilot light.

L With a clean screwdriver or similar tool, free the
START L2 relief hole of any hardened grease so that any excess
sToP ale oL grease will run freely from the bearing. With the motor
— @ & running, add grease with a hand-operated pressure gun
r. until it begins to flow from the relief hole. This
| 1 C procedure tends to purge the housing of old grease.
CEIfo725 PILOT LIGHT WARNING

Figure 7-25.—Control circuit with a pilot light.
It might prove dangerous to lubricate the motor

L 2 while it is running; follow the procedures with
srop :’f" oL the motor at a standstill.
'_"L'_T" H—@-}f-}ﬂf—-‘r After adding the grease, allow the motor to run
¢ ° long enough to permit the rotating parts of the bearing
i to expel all excess grease from the housing. This very
a AA important step prevents overgreasing of the bearing.
CEI0727 PALOT LIGHT Stop the motor and tightly replace the relief plug with
Figure 7-26.—Pilot light indicates when motor is not running. a wrench.

) _ o Motors that are not equipped with the pressure-gun
Before pumping grease into the grease fitting, fitting and the relief plug on the bearing housing
wipe it clean to prevent the grease from carrying dirt cannot be greased by the procedures described. Under
into the fitting and bearing housing. Always remove average operating conditions, the factory-packed
the relief plug from the bottom of the bearing before grease in the bearing housings of these motors is
using the grease gun. This action prevents applyingsufficient to last approximately 1 year. When the first
excessive pressure, which could rupture the bearing/ear of service has elapsed and once a year thereafter
seals inside the bearing housing. (or more often if conditions warrant), you should
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remove the old grease and lubricate the bearings withMOTOR STORAGE

new grease. To do this. disassemble the bearing

housings and clean the inside of the housings and Motors should be stored in a dry, clean place until
housing plates or caps and the bearings with a suitablgeady for installation. Heat should be supplied,
solvent. When you have thoroughly cleansed them ofespecially for larger high-voltage machines, to protect
old grease. reassemble all parts except the outer platefiem against alternate freezing and thawing. This
or caps. Apply new grease, either by hand or from aadvice is equally applicable to spare coils.

tube, over and between the balls. The amount of grease  \15t0rs that have been in transit in a moist

yr?” should ulse varies with the t)r/]pe land framel Sizﬁ ohtmosphere or have been idle for an extended period
the particular motor. You should consult the ot heat to prevent the accumulation of moisture
instruction sheet that accompanied the motor for thissp g4 pe dried out thoroughly before being placed in
information. service. Machines also may become wet by accident.

You should add enough grease to fill the bearingor they may sweat as a result of a difference between
housing one-third to one-half full. Do not use more their temperature and that of the surrounding air. This
than the amount specified. After reassembling thecondition is harmful particularly in the case of large or
motor, you should refill any V-grooves that are found important motors, and should be prevented, by keeping
in the housing lip with grease (preferably a fibrous. them slightly warm at all times.

high-temperature-sealing grease) that will act as an v, can pass current at a low voltage through the
additional protective seal against the entrance of dirt Orwindings, use electric heaters, or even use steam pipes

foreign particles. for protective purposes. During extended idle periods,
Roller Bearinas you can stretch tarpaulins over the motor and place a
9 small heater inside to maintain the proper temperature.

The technique for greasing motors equipped with i 3 motor should become wet from any cause, you
roller bearings is quite similar to that used for ball gy dry it out thoroughly before operating it again.
bearings. However, you should follow specific The most effective method is to pass current through
instructions fo_r the |nd_|V|duaI deS|gr_1 becau_se Morehe windings, using a voltage low enough to be safe for
frequent greasing or slight changes in technique mayihe winding in its moist condition.

sometimes be necessary.
y You can apply heat externally by placing heating

Sleeve Bearings units around or in the machine and cover the machine
With the motor stopped, you periodically should with canvas or some other covering, and then leave a

check the oil level in the sleeve-bearing housings. IfVent at the top to permit the escape of moisture. You

the motor is equipped with an oil-filler gauge, the can use small fans to help circulation. You should not

gauge should be approximately three-quarters full af/low the temperature of the windings to exceed 100°C
all times. for Class A insulated motors.

If the oil is dirty. drain it off by removing the drain PERIODIC INSPECTION
plug, which is usually located in the bottom or side of
the bearing housing. Then flush the bearing with clean
oil until the outcoming oil is clean.

A systematic and periodic inspection of motors is
necessary to ensure best operation. Of course, some
machines are installed where conditions are ideal; and
Fractional-Horsepower Motors dust, dirt, and moisture are not present to an
In fractional-horsepower motors, there may be no appreciable degree. M.OSt motors, how_ever, are Io_c ated
means of checking the oil level as’ all the oil may beWherPT some sort of .dlrt acc_umulates in the _vvmdlngs,

' owering the insulation resistance and cutting down

held in the waste packing. In such cases, a good general : , .
rule for normal motor service is to add 30 to 70 drops of reepage distance. Dusts are highly abrasive and

: ; . ctually cut the insulation while being carried by
oil at the end of the first year and to reoll at th_e end Of\{J/‘entilating air. Fine cast-iron dust quickly penetrates
each subsequent 1,000 hours of motor operation.

most insulating materials; hence, you can see why
Most fractional-horsepower motors built today motors should be cleaned periodically. If conditions
require lubrication once a year. Small fan and agitatorare extremely severe, open motors might require a
motors often require more frequent lubrication with certain amount of cleaning each day. For less severe
3-month intervals between oilings. conditions. weekly inspection and partial cleaning are
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desirable. Most machines require a complete WARNING

overhauling and thorough cleaning out once a year. _ _ _
Use care not to come into contact with moving

BRUSH INSPECTION parts.

Essential for satisfactory operation of brushes isRECORDS
free movement of the brushes in their holders. Uniform  The electrical shop should have a record card for
brush pressure is necessary to assure equal curreglery motor. As a minimum, the information on the
distribution. Adjustment Of erSh hOlderS Sh0U|d be Setcard ShOU|d inc|ude inspections’ repair Work, age’ and
so that the face of the holder is approximately onereplacement stock number.
eighth of an inch up from the commutator; any distance
greater than this will cause brushes to wedge, resultingcLEANING

in chattering and excessive sparking. About once a year or more often if conditions
Check the brushes to make sure that they will notwarrant, motors should be cleaned thoroughly.

wear down too far before the next inspection. Keep anSmaller motors, the windings of which are not easily

extra set of brushes available so that replacements cafccessible, should be taken apart.

be made when needed. Sand in new brushes, and run  girst, remove the heavy dirt and grease with a

the motor without a load to seat the brushes. heavy, stiff brush; wooden or fiber scrapers; and
Make sure that each brush surface in contact withcloths. You can use rifle-cleaning bristle brushes in the
the commutator has the polished finish that indicatesdir ducts. You can blow-dry dust and dirt off, using
good contact and that the polish covers all contactdry-compressed air at a moderate pressure, perhaps
surfaces of the brush. Check the freedom of motion 025 to 50-psi pressure at the point of application, taking
each brush in the brush holder. When replacing &are to blow the dirt out and away from the windings. If
brush, be sure to put it in the same brush holder and irthe dirt and dust are metallic? conducting, or abrasive,
its original position. It will be easier for you to replace using air pressure is not as satisfactory as using a
the brush properly if you scratch a mark on one side ofsuction system.
the brush before you remove it.

Check the springs that hold the brushes against the

commutator. Improper spring pressure may lead to  \hen cleaning motors with compressed air,

heating may have annealed the springs, in which case Dispose of lubricants and contaminated
you should replace them and correct the cause of materials in an environmentally responsible
overheating. manner.

COMMUTATOR INSPECTION You can easily remove grease, oil, and sticky dirt

Inspect the commutator for color and condition. PY @PPlying cleaning liquids specifically designed for

The part where the brushes ride should be clean an{'® PUrbOSe. These liquids evaporate qwc_kl_y and, if

smooth and should be a polished brown color. A bluish Nt @pplied too generously, will not soak or injure the

color indicates overheating of the commutator. insulation. If you do use one of these liquids, be sure to
follow the manufacturer’s direction for use.

CAUTION

You should remove any roughness on the
commutator by sandpapering or stoning. Never use an MOTOR START-UP
emery cloth or an emery stone. For this operation, run
the motor without load. If you use sandpaper, wrap it ~ After new motors and controls are installed, they
partly around a wooden block. The stone is essentiallyshould be checked for operation under load for an
a piece of grindstone, known to the trade as a com-initial period of at least 1 hour. During this time, the
mutator stone. With the motor running without load, electrician can observe if any unusual noise or hot
press the stone or sandpaper against the commutatgpots develop. The operating current must be checked
with moderate pressure and move it back and forthagainst the nameplate ampere rating. This check
across the commutator surface. If the armature is veryrequires skill in the proper connection, setting, and
rough, it should be taken out and the commutatorreading of a clamp-on ammeter. The nameplate
turned down in a lathe. ampere reading multiplied by the service factor (if any)
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sets the limits of the steady current. This value should e LOOKING may reveal contacts stuck and hung

NOT be exceeded. up, thereby creating open circuits.

Check the power supply against the nameplate e LISTENING may indicate loose parts, faulty
values; they should agree. Most motors will operate bearings, excessive speed, and so forth.
successfully with the line voltage within 10 percent o SMELLING may indicate burning insulation or
(plus or minus) of the nameplate value or within 5 a coil failure.

percent of the frequency (hertz). Most 220-volt motors
can be used on 208-volt network systems but with
slightly modified performance. Generally, 230-volt

motors should not be used on 208-volt systems. Using this seemingly oversimplified procedure to
locate a problem may save you many hours of labor.

To reconnect a QUaI-vo!tage motor to a des'.redConsider the length of time it would take to become
voltage, follow the instructions on the connection thoroughly familiar with a complicated schematic

diagram on the nameplate. diagram, compared with locating a few contacts that
Motor-starter-overload-relay heaters of the proper are stuck by merely LOOKING.
size must be installed. The motor will not run without However, finding a problem in an installation is

them. Sizing information is found inside the control ot ysually this easy. An orderly, step-by-step
enclosure cover. The starting fuses should be checkedypproach is required. Circuit operation is separated
in a similar manner. The selection of the correct fusejnto |ogical parts. Circuits and components are then
size must be according to tMeEC® or local  divided into smaller parts to determine their
requirements. functions, the relationships to one another, and the
If the motor has not been installed in a clean, well- ffect that they have on each other in the overall
ventilated place, clean the area. Good housekeeping‘?ontm' system operation. Each step leads closer to the

as well as direct accident and fire-prevention >0urce of the difficulty, finally pinpointing the
techniques, must be emphasized. problem. This procedure may require the use of a

voltage tester, ammeter, multimeter, jumper wires,
Check the motor mounts to be sure that they areand other tools.

secure and on a firm foundation. If necessary, add
grout to secure the mounts.

e TOUCHING may reveal excessive motor shaft
play, vibration, or normal heat.

Check the power supply to see ifitis on and if it is
correct. Test all protective devices. If a coil does not
Rotate the end shields to place grease fittings energize (fig. 7-27), connect a jumper wire from L1 to
plugs, or any openings in the best, or most accessibleterminal 3 of the control circuit. By jumping across
location. Oil or grease the bearings, if necessary. the contacts of the limit switch and push buttons, you
have separated the circuit operation into logical parts.
EQUIPMENT TROUBLESHOOTING If the starter coil is now energized, the problem may
be in the limit switch or STOP or START push
In troubleshooting motors, the first step is to shut puttons. You now can test smaller circuits and com-
down the machine and lock it out for repair or ponents by “jumping” around them individually. Test
adjustment. The most valuable troubleshooting asset ishe limit switch, for example, then go to the control
your ability to apply common sense when analyzing astation, if necessaryBy an orderly process of
control operation. Also, experienced Construction elimination accomplished by testing all possible fault
Electricians learn to use sensory functions to diagnoseareas, you can locate the problem accurately and

and locate trouble. efficiently.
L1 L2
START
. 2 ._L. 3 0.L.
Tl —(@HHH
L L J
LIMIT TOP
SWITCH STO ——
M
cEp727 ¢

Figure 7-27.—Start-and-hold control circuit.
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WARNING used in this instance. If an ohm-meter is used to
test a coil for continuity, the power must be

Indiscriminate jumping, however, should not be OFF.
practiced because of the danger of short circuits. _ _ _ .
For example, a jumper should never be placed Table 7-2 is provided as an aid to servicing elec-

across a power-consuming device, such as a tric control equipment. Refer to the table to find the
contactor coil; voltage or onmmeters testers are ~ possible causes of a controller symptom.

Table 7-2.—Controller Troubleshooting Tips

Controller Symptoms Possible Causes and Recommended Items to Investiggte

Arcing and burning of contacts Should handle very little current and have sealing circpit;
misapplied

Bellows distorted (on thermally operated devicgsMechanical binding; temperature allowed to pass cortrol
limits

Blowout coil overheats Overcurrent; wrong size of coil; loose connections on
stud or tip; tip heating; excess frequency

Breakage, distortion and wear Overheating; mechanical abuse; severe vibration; shock

Breakdown (of static accessories) High temperature; moisture; overcurrent; overvoltage

corrosive atmosphere; mechanical damage; overload} ac
on dc capacitor; continuous voltage on intermittent types

Broken flexible shunt Large number of operations; improper installation;
extreme corrosive conditions; burned from arcing

Broken pole shader Heavy slamming caused by overvoltage; weak tip
pressure; wrong coil; mechanical overload; low
frequency

Bulbs distorted (on thermallv operated devices)| Liquid frozen in capillary tube

Burning and welding of control contacts and Shorts circuits on control circuits with too large
shunts protecting fuses; severe vibration; dirt; oxidation

Coil failure Moisture; overvoltage; high ambient temperature; faillre
of magnet to seal in on pickup; too rapid duty cycle;
metallic dust; corrosive atmosphere; chattering of
magnet; wrong coil; holding resistor not cut in;
intermittent coil energized continuously; mechanical
failure; mechanical overload; mechanical underload;
handling fluid above rated temperature

Contact opens prematurely Dirt in air gap; shim too thick; too much spring and tip,
pressure; misalignment; not enough capacitance; not
enough resistance

Contact takes longer than normal too open Shim too thin; weak spring and tip pressure; gummy
substance on magnet faces; too much capacitance; tpo
much resistance

Contact-tip troubles

a. Filing or dressing Do not file silver tips; rough spots or discoloration will
not. harm efficiency
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Table 7-2.—Controller Troubleshooting Tips—Continued

b. Interrupting excessively high current

Check for grounds, shorts, or excessive motor curren

c. Excessive jogging

Install larger device rated for jogging service

d. Weak tip pressure

Replace contacts and springs; check carrier for damage

e. Dirt on surfaces

Clean contacts; reduce exposure

f. Short circuits or ground fault

Remove fault; be sure fuse/breaker size is correct

g. Loose connection

Clean then tighten

h. Sustained overload

Check for excessive motor current or install larger
controller

Corrosion

Excess moisture; salt air; acid fumes

Excess wear or friction

Abrasive dust; high inertia load; excess temperature

Failure to break arc

Too much current; too much voltage (dc);
misapplication; too much inductance

Failure to hold load

Worn parts; out of adjustment; misapplication; failure
use recommended substitute parts

Failure to make contact

Mechanical damage; dirt; corrosive; wear allowance
gone

Failure to open or close

Low voltage; coil open; mechanical binding; mechanid
overload; no voltage; wrong coil: shorted turns;
excessive magnet gap: mechanical binding; gummy
substance on magnet faces: air gap in magnet destroy
contact tip welded; voltage not removed; corrosion;
scale; dirt; operating above rated pressure; damaged
motor

[72)

[o

al

ed;

Failure to operate properly

Coils connected wrong; wrong coil; mechanical bindin

Failure to release

Improper adjustment; coil not energized; mechanical
binding: low voltage or current; coil open; shorted turn

[%2)

Failure to reset overload relay

Mechanical binding; worn parts; dirt; broken mechan
corrosion; worn parts; resetting to soon

sm;

Failure to set overload relay

Improper adjustment; mechanical binding; coil not de-
energized; worn parts

Failure to time out (on motor operated relays)

Mechanical binding; worn parts; motor damaged; no
voltage to motor; dirt

Failure to trip (during overload conditions)

Heater incorrectly sized; mechanical binding; relay
previously damaged by short circuit current; dirt;
corrosion; motor and relay in different ambient
temperatures

Fast trip (on overload relays)

High temperature; wrong heaters

Flashover Jogging; short circuits; handling too large motor;
moisture; acid fumes; gases; dirt
Heating Overcurrent; loose connection; spring clips loose or

annealed; oxidation: corrosion
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Table 7-2.—Controller Troubleshooting Tips—Continued

High trip

Mechanical binding; wrong or shorted coil; assembleg
wrong

i

Insulation failure

Moisture; acid fumes; overheating; accumulation of d
on surfaces; voltage surges; short circuits; mechanica
damage; overvoltage

rt

Leaks and mechanical failure (on pneumatic an

hydraulic controllers)

| Corrosion; mechanical damage; excessive pressure; \
seat; solid matter in seat/strainer

orn

Low trip

Wrong coil; assembled wrong

Mechanical wear or failure

Abrasive dust and dirt; misapplication; mechanical
damage;excessive operatingpeed

Noisy magnet

Broken pole shader; magnet faces not true as result (
wear or mounting strains; dirt on magnet faces; low

much pressure or incorrect lever ratio)

pf

voltage; mechanical overload; improper adjustment ({oo

Overheating

Incorrect heat rating; running on starter resistor;
overload; overvoltage; intermittent-rating device
operating too long

Pitted, worn, or broken arc-chutes

Abnormal interrupting duty; excessive vibration or
shock; moisture; improper assembly; rough handling

Premature blowing of protective fuses

Extra heating from outside; copper oxide on ferrules §
clips; high ambient temperature

nd

Resistor failure (on static accessories)

Overcurrent; moisture; corrosive atmospheres

Short contact life

Jogging; handling abnormal currents; lack of lubricati
where recommended; abrasive dirt

Slow trip (of overload relays)

Mechanical binding; dirt; low temperature; wrong
heaters

Sticking

Dirt; worn parts; improper adjustment; corrosion;
mechanical binding

Too slow blowing (of fuse)

Wrong size fuse for application

Trips too low (on overload relay)

Wrong heater; relay in high ambient temperature (mo

or)

Various mechanical failures

underload

Overvoltage; heavy slamming; chattering; abrasive diist;

Wear on magnet

Overvoltage; broken pole shader; wrong coil; underlo
weak tip pressure; chattering; load out of alignment

hd;

Wear on segments or shoes (of a rheostat)

Abrasive dust; very heavy duty; no lubrication
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CHAPTER 8

ALARM SYSTEMS

INTRODUCTION installing a system. If you encounter a problem,

o _ contact the NAVFAC alarm systems coordinator.
Many buildings and complexes being constructed

today are equipped with some type of intrusion TYPES OF FIRE-ALARM SYSTEMS

detection and fire-alarm systems. You, as a

Construction Electrician, will be challenged to install, Building alarm systems may be local or local with
troubleshoot, and maintain these systems. Numerousase alarm system connections. They may be coded or
detection and fire-alarm systems are in existencenoncoded and may operate either on line-voltage or

today. In this chapter, we will discuss the function and jq,y.yoltage electric power. Their characteristics are
operation of a typical detection system and variousyascribed in the following paragraphs

fire-alarm systems. When you are in charge of the
installation or maintenance of either a detection or acoded Alarm Systems
fire-alarm system, you should acquire reference
material, such as manufacturer’s literature. If such A coded alarm system has audible or visual alarm
material is unattainable, refer to Maintenance of Fire signals with distinctive pulsing or coding to alert
Protection System$yAVFAC MO-117, that provides  qceypants to a fire condition and the location or type of
an excellent description of several fire-alarm Systems. yavice that originated the alarm. Coding the audible
Commercial Intrusion Detection Systems (IDS), . o :

. i T .’ appliances may help personnel to distinguish the fire-
Design Manual 13.02, provides descriptions ofvarious _ . .

alarm signal from other audible signals. Clear and

intrusion detection systems. - i
early recognition of the signal should encourage a
. : ) more orderly and disciplined evacuation of the
protect life or property or to detect an intrusion. Alarm building. A h teristic of coded al
systems are set up to (1) give early warning so utiding. A common characteristic ot coded alarm

occupants may evacuate the building and (2) notify theSYStems, especiglly of selective coded a.nd mgltip!ex
fire department and/or security so they can react a§oded systems, is that the coded alarm identification
soon as possible. provided by the audible alarm signals is not repeated

This chapter will increase your knowledge about CONtinuously. Normally, after four complete
securityfiire-alarm system installation techniques, "ePetitions of the coded signal, the coding process

operations, and maintenance. ends.

The purpose of any alarm system is either to

INSTALLATION TECHNIQUES Noncoded Alarm Systems

Before the installation of a security/fire-alarm A noncoded alarm system has one or more alarm-
system is started, a sketch of the building should beindicating appliances to alert the building occupants of
prepared or the original blueprints should be obtained.a fire but does not tell the location or the type of device
This sketch should be drawn to scale and should showhat has been activated (manual alarm or automatic
the location of all windows and doors, chases, Closetsvprotection equipment). The audible or visual alarm

anql so forth. A simple riser diagram showing the appliances operate continuously until they are turned
various components, such as smoke and heat sensors

control panel, and alarm signals, should also appear or?ﬁ' untll.a predetermined time has passgd, or until the
the sketch. When this is completed, the installer carSYStém is restored to normal. The location or type of

begin the design of the security/fire-alarm system. As adevice originating the alarm condition can be
Seabee, it is important to check all supportingdetermined by using an annunciator system. An
documents in the manufacturer's manual beforeannunciator is a visual-indicating device.
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NATIONAL ELECTRICAL CODE 5. Fire-protectile signaling circuits and

REQUIREMENTS FOR SECURITY/ equipment will be grounded according to Article 250,
FIRE-ALARM SYSTEMS except for dc-power limited fire-protective signaling

circuits that have a maximum current of 0.03 amperes.

Because of the potential fire and explosion hazards 6. The power supply of nonpower-limited fire-
caused by the improper handling and installation ofygtective signaling circuits will comply with chapters

electri_cal wiring. ce_rtain rules in the _selection of 1 through 4 and the output voltage will not be more than
materials and quality of workmanship must be gog volts, nominal.

followed as well as precautions for safety,. The
National Electrical Cod® (NEC®) was developed to
standardize and simplify these rules and provide som
reliable guide for electrical construction.

7. Conductors of No. 18 and No. 16 sizes will be
eoermitted to be used provided they, supply loads that do
not exceed the ampacities given in table 402-5 and are
installed in a raceway or a cable approved for the
The NEC® is published (and frequently revised) purpose. Conductors larger than No. 16 will not supply
by the National Fire Protection Association (NFPA), loads greater than the ampacities given in tables 310-16
Batterymarch Park. Quincy, MA 02269. It contains through 310-109.

specific rules and regulations intended to help in the 8. When only nonpower-limited fire-protective

practical sgf_eguardlng of persons anql property fr_om signaling circuits and Class 1 circuits are in a raceway,
hazards arising from the use of electricity,, including y,q n mper of conductors will be determined according
low voltage. used in the majority of security/fire-alarm 1, saction 300-17. The derating factors given in Note 9
systems. to tables 310-16 through 310-19 will apply if such

Article 725 of the NE& covers remote-control.  conductors carry continuous loads.

signaling, and power-limited circuits that are not an g \where power-supply conductors and fire-

integral part of a device or appliance. TKEC®  protective signaling circuit conductors are permitted in

(section 725-1) states: a raceway according to section 760-15, the number of
The circuits described herein (Article 725) are conductors will be determined according to section

characterized by usage and electrical power ~ 300-17. The derating factors given in Note 8 to tables
limitations that differentiate them from light 310-16 through 310-19 will apply as follows:
and power circuits and. therefore. special a. For all conductors when the fire-

consideration is given with regard to minimum  protective signaling circuit conductors carry

wire sizes, derating factors, overcurrent  continuous loads and the total number of conductors
protection, and conductor insulation is more than three.

requirements.
9 b. For the power-supply conductors only when

Personnel assigned to install security/fire-alarm the fire-protective signaling circuit conductors do not
SyStemS should become familiar with Article 725 of carry continuous loads and the number of power-supp|y
the NEC as well as Article 760, “Fire Protective conductors is more than three.

Signaling Systems.” This article covers the
installation of wiring and equipment of fire-
protective signaling systems operating at 600 volts or
less.

OtherNEC” articles of interest to security/fire- UNDERSTANDING BASIC
alarm installers include the following: INSTALLATION OF SECURITY/
1. Section 300-21, ‘Spread of Fire or Products ofFIRE-'A‘L'A‘FWI SYSTEMS

Combustion.” The installation of a protective security/fire-alarm

2. Articles 500 through 516 and Article 517, Part G circuit should always start at the protective-circuit

(dealing with installations in hazardous locations). ~ energy source, as if it were an end-of-line battery-a
battery. remote from the control panel-even though it

3. Article 110, “Requirements for Electrical . .
A ' OV ., may actually be a power supply installed in the panel.
Installations™ and Article 300. “Wiring Methods. A pair of wires is run from this power source to the first

4. Article 310. -“Conductors for General Wiring.” contact location, but just the positive wire is cut and

10. When fire-protective signaling circuit
conductors are installed in cable trays. comply with
sections 318-8 through 318-10.
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Figure 8-1.—Contacts are connected into the positive wire
only. Break positive wire only at door contacts.

A simple circuit of the wiring connections just
described is shown in figure 8-2. Obviously, the
system would operate with just a single-wire,
positive-leg circuit run from contact to contact, with
the negative power-supply terminal connected
directly to the negative protective-circuit terminal
within the cabinet. However, manufacturers
discourage this practice since troubleshooting a
single-wire circuit can be extremely time consuming.
and the single wire is more vulnerable to defeat by an
intruder with no trouble symptoms occurring to warn
the user of the loss of protection.

An exit/entry delay relay is sometimes used on

connected to the two contact terminals, as shown insecyrity systems so that authorized personnel may
figure 8-1. The neutral or common wire is not cut but oyit and enter (using their door keys) without

continues on in parallel with the positive or “hot” wire.

activating the alarm. However, a shunt switch is more

The pair is then run on to the next contact-a door,ften preferred (fig. 8-3). The purpose of the shunt
window, or sensor-and again only the hot wire is |5ck js to enable an authorized person with a key to
connected to the contacts. This procedure is repeateghnt out the contacts on the door used for exit/entry,
until all contacts are wired in series, and then the pair obllowing him or her to enter or leave the premises
wires is run from the last contact device on the system toyyithout causing an alarm when the alarm system is
the protective-circuit terminals in the panel. Although {,rmed on. The shunt lock does extend outside the

the markings will vary from manufacturer to

protected premises; however: it is a potential weak

manufacturer, the terminals for the starting connectionsjjnk in the system. Following the two procedures

will read something like LOOP POWER OUT, while
the terminating terminals will read IN, or a similar term.

ENERGY
SOURCE

PROTECTIVE CIRCUIT
IN TERMINALS

- +

CEIF0802

Figure 8-2.—Negative conductor is run with a positive
conductor to all contacts, even though the system would
operate with just a single-wire, positive-leg wire run from
contact to contact.

PERIMETER
ENTRY
DETECTOR

INSIDE
TIMER
SWTCH

PERIMETER
INTRUDER
DETECTION
LOOP

L o oy
ot

suggested below makes defeat of the shunt lock much
more difficult:

1. Install the shunt lock at the door that is most
brightly illuminated and most readily visible to
passershy.

2. Wire the shunt lock switch to the magnetic
contact terminals, as shown in figure 8-4. This
arrangement traps the lock so that any attempt to pull it
out to gain access to its terminals will break the
positive side of the protective circuit and cause an
alarm to sound.

Contacts used to signal the opening of doors,
windows, gates, drawers, and so forth are usually
mounted on the frame of the door or window, while

TAMPER
SWITCH

PERIMETER INTRUDER
DETECTION LOOP

QUTSIDE
$§4VéngRATE° CEIF0803

Figure 8-3.—Typical shunt switch circuit.
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SHUNT LOCK patching is necessary. In most cases, this means giving
AND KE special consideration to the routing of conductors.
Unlike the wiring of a new building where the installer

o \ would try to conserve as much material as possible, the
EXIT/ ENTRY i ithi i
DOGR CONTACT PANEL amount of material used (within reason) is secondary
in existing buildings. The main objective in

CEIF0804 . . . . . . ..
security/fire-equipment installations in existing

buildings is to install the wiring in the least amount of
time with the least amount of cutting and patching of
the existing finishes of the building.

Figure 8-4.—Wire the shunt lock switch to the magnetic
contacts as shown.

the magnet unit is mounted on the door or window
(moving part) itself. The two units should be Before any actual work on an existing building is
positioned so that the magnet is close to and paralletarted, the contractor or the installers should make a
with the switch when the door or window is closed. complete survey of the existing conditions in the areas
This keeps the shunt lock actuated, but opening thewhere the security system will be installed. If the
door or window moves the magnet away and releasesmajority of the work can be done in exposed areas (as
the switch mechanism. in an unfinished basement or attic), the job will be

As long as the faces of the switch and magnet are'€latively simple. On the other hand, if most of the
parallel and in close proximity when the door or Wiring must be concealed in finished areas, there are
window is closed, they may be oriented side-to-side, Many problems to be solved. The initial survey of the
top-to-top, or top-to-side. Mounting spacers may be building should determine the following:

used under the units if necessary to improve their 1 The best location for the alarm control panel.

alignment and proximity. _ _
g P y 2. The type of construction used for the exterior

Terminal covers are available for most makes ofgnd interior walls, ceilings, floors, and so forth.
door contacts to give the installation a more finished
look and also to protect the terminal connections
against tampering.

3. The location of any chases that may be used for
routing the conductors and the location of closets,

. o _especially those located one above the other for possible
The wiring of any alarm system is installed like yse in fishing wires.

any other type of low-voltage signal system; that is, _ .
one must locate the outlets, furnish a power supply. 4. The material used for wall and ceiling
and finally interconnect the components with the finishes—plaster, drywall, paneling, and so forth.

proper size and type wire. 5. Location of moldings, baseboards, and so forth,

ALARM SYSTEMS INSTALLED IN that may be removed to hide conductors.
EXISTING BUILDINGS 6. Location of decorations or other parts of the

Many changes and advances in developingbu”dmg structure that cannot be disturbed.

complete security/alarm systems for building 7. Location of any abandoned electrical raceways
operation and protection have taken place in the pagihat new alarm system wires might be fished into. Do
few years. Numerous existing buildings are currently not overlook similar possibilities. For example, an old
having security and fire-alarm systems installed eitherabandoned gas line can be used to fish security-system
to replace their obsolete systems or to providewires in an old building.

protection they never had. 8. The location of all doors and windows, coal
The materials used for installing a complete alarm chutes, and similar access areas to the inside of the

system in an existing building are essentially the samebuilding.

as those used in new structures. However, the methods  ag indicated previously, the most difficult task in

used to install the equipment and related wiring cangnning wires in existing buildings is the installation of

vary tremendously and require a great deal of skill and¢ncegled wiring in finished areas with no unfinished

ingenuity. Each structure is unique. areas or access to them. In cases like these. the work is
When concealed wiring is to be installed in a usually performed in one of two ways. First by

finished existing building. the installation must be deliberately cutting the finished work so that the new
planned so that the Least amount of cutting andwiring can be installed. Of course. these damaged
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areas must be patched once the wiring is installed. The ~ When cutting holes in ceilings for outlets, you

second way is to remove a small portion of the finished should spread a drop cloth or paper underneath to catch
area (only enough to give access to voids in walls,all dust and dirt. Sometimes an old umbrella can be
ceilings, etc.) and then fish the wires in. The removed opened and hung upside down under the spot in the

portions of the finished area are then replaced after thes€iling where the hole is being made to catch the debris
wiring is complete. and keep it off the rugs and furniture.

Where outlet boxes are used, they should be = Holes for wires and components can be cut through
designed for installation in the type of finish in the P/aster with a chisel, through wood with a keyhole saw

area. Means of securing the boxes to some structura"f‘ﬁer first drilling two or four pilot holes, and in brick or

member-like mounting ears or holding other masonry with a masonry chisel or rotary
devices-should be given consideration. hammer. To locate th_e exact spot to cut these openings,
first cut a small hole in the center of the spot where the
Another method of providing outlets in a finished larger one will be made. This hole may then be used to
area is to remove the existing baseboard and run théocate the area between studs or--in the case of very old
conductors in the usual groove between the flooringbuildings--the cracks between the plaster laths. It is
and the wall and then replace the baseboard. Thighen possible to shift the mark for the outlet openings
method requires less work (cutting and patching) thanso that all obstacles can be avoided and the outlet box
most other methods when disturbing a finished area 0 component can be properly anchored.

There is also a type of metal baseboard on the market  There are a number of ways to pull and fish wires
that may be installed along the floor line and used as dnto walls and openings in finished buildings and, with
raceway. Most types are provided with two a little ingenuity and careful thought, workers should
compartments for wires: one for power and one forbe able to solve almost any problem of this kind that
low-voltage wiring. Using this metal baseboard they may encounter.

provides a simple means of routing wires for  \ypen yoy are pulling wires into spaces between
security/fire-alarm systems with very little cutting or 6 joists in walls, a flashlight placed in the outlet box
patching. In most cases, wires can be fished from they|e js often a great help when feeding the wires in or
outlets are less than 3 feet (0.9 m) above the floor.under no circumstances should a candle or other open
However, if this is not practical, matching surface flame be used for this purpose. If one must see farther
molding can be installed to blend in very nicely with up or down the inside of a partition, a flashlight and a
the baseboard. mirror used in combination, as shown in figure 8-5, is a
great help. Many installers like to make their own
mirror by gluing a small 2- by 3-inch (5- by 8-cm)
compact mirror on a handle, resembling a wooden
tongue depressor. Any type of small flashlight may be

When a lot of cutting and patching is required in a
finished area, many installers will have a carpenter do
the work. The carpenter may know some tricks that
will help the alarm-system installers get the system in
with the least amount of difficulty. Also, any cutting or
patching will be done in a professional manner.

Before doing any actual cutting on an existing =
building to install security/fire-alarm components, the
installer should carefully examine the building
structure to ascertain that the wires may be routed to
the contacts and other outlets in a relatively easy way.
It is possible that a proposed outlet location, for
example, could be moved only a foot or two to take
advantage of an existing chase. Perhaps a smoke
detector or similar component was originally located
in a ceiling with insulation, which would make the
fishing of cables very difficult. If the detector could be CEIFe0S
located on a ceiling containing no insulation, the job Figure 8-5.—A flashlight and mirror used in combination are
would be greatly simplified. useful for viewing conditions inside of partitions.
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NEW TECHNIQUES FOR INSTALLING The shaft should not be bowed any more than

SECURITY/FIRE-ALARM SYSTEMS IN absolutely necessary to accomplish the job. Excessive

EXISTING BUILDINGS bowing will decrease the life of the flexible shaft. Drill

motors, of course. should be adequately grounded or

Presently available are tools that make it muchelse have insulated handles.

easier to install security/fire-alarm systems in existing

buildings. You may now attach a drill bit to a long, PUTTING NEW TECHNIQUES INTO

flexible spring steel shaft. This makes it possible toPRACTICAL APPLICATIONS

Complox ntallaion manewvers in exiting buildngs,  ASSUMe that an outet box for an infrareq

There are some other tools that are helpful with Cabl'ephotoelectrl_c dete(_:tor s 10 be installed above a

. ) ) countertop in a residential kitchen to sense entry of

installation. An alignment tool may be used to hold the ,n4\thorized persons through the kitchen door. If.

bit and shatft steady while drilling. Line recovery \5qn investigation of the space inside of the partitions,

devices grip the holes located in the shaft end of thet is found that a 2- by 4-inch (5- by 10-cm) wood

drill, thus, allowing one person to quickly fish wires or member (fire stop) blocks the route from the outlet

cables through partitions and shaft extensions. hole to the basement area where the alarm control
Where it becomes necessary. to removeStation is located, an alignment tool must be used.

floorboards during a security/fire-alarm installation. it The flexible shaft, containing a drill bit. is placed
should be done with the greatest of care so that théhrough a cut outlet-box opening and then the special
edges are not split. On the finished job, when thealignment tool is attached to the shaft, as shown in
boards are replaced, split edges make a poofigure 8-6. The shaft will bow back toward the operator
appearance Special saws may be purchased for cuttingy keeping the alignment tool in the same position to
into floors or other surfaces without having to drill the shaft and by lifting the handle. As the bit is lowered
holes to start the saw. Then if the tongue (on tonguelnto the wall cavity, the operator can feel the bit strike
and-groove boards) is split off with a thin, sharp chisel the inside wall. When the bit is aligned correctly on the
driven down in the crack between the boards, the boardV00den member, the alignment tool is removed while

from which the tongue was removed can be pried upkle_epin% dfovvlnward p(rjetssurﬁ (|)n .th% t.)lilt (sjotrt]hat ithWi" f_not
carefully without damaging the rest of the floor. Slip out of place, and the NOIE IS drified through a fire
stop. This hole will then act as a guide for drilling

NEW TECHNIQUES AND PROCEDURES through the floor plate, as shown in figure 8-7.

FOR OPERATING EQUIPMENT
If at all possible. a reversible drill motor should be o,

used to withdraw the bit from the wall. The motor S FLEXIBLE
should be running only when the bit is actually passing e swe
through a wood member. When you are drilling, force /A”%&ENT
Is exerted in one direction. When the bit is being
removed. it is removed at a different angle and force is
exerted from a different direction. This is why the
reverse is used. If the flexible shaft is being used with
drill motors with no reverse, it would be better to exert
force to pull the bit from the hole with the motor
running because chances of an easy recovery without

damage are much better with the motor running. .!

When you are drilling from an attic or crawl space,
be certain not to select an area directly above or below
a door since this will result in property damage. It is =
also good to keep a slight tension on the wire when it is 1 CEIF0806
being pulled from overhead so that it will not get Figure 8-6.—The alignment tool is attached to the shaft, ready
tangled with the bit and become damaged. for operation.
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Figure 8-7.—The first hole cut acts as a guide for drilling
through the floor plate. Figure 8-9.—Bit has penetrated into basement area.

CEIF0809

In the case of a wall cavity without tire stops or and pulling the wire up to the outlet location-all
purlins, the alignment tool is used to snap the bit backwithout damage to existing finishes.

to the inside wail (fig. 8-8) at which time downward Figure 8-10 shows how the recovery grip is

pressure on the drill motor will keep the bit point in 4oched to the bit tip eyelet. The swivel, located

place and cause the shaft to bow. Power and pressur ween th le and the h f the arip. brevents th
are then transmitted from the back wall that aIIowsSe een the cable and the head of the grip, prevents the

oroper angle drilling to miss the joint boxing. \;)vrl(r)igsrscable from becoming twisted during the fishing
After the bit has penetrated into the basement area, Figure 8-11 shows the grip after it has been

as shown in figure 8-9, the operator has access to thgttached to the bit tip with the line inserted, ready for
hole in the drill bit itself for attaching the recovery grip recovery. The operator uses the drill motor in reverse
and applies a slight pull. The wire then can be pulled
easily through the holes because of the reverse cutting
action of the bit. If desired, the drill motor can be
removed from the shaft and a recovery grip attached to
the chuck end of the shaft for pulling the wires
downward toward the basement. While this example
shows the method of routing wires or cables from an
outlet to a basement, the same procedure would apply
for drilling from an outlet opening to an attic space.

To install contacts on windows for a burglar-alarm
system, drill from the location of the contact through
the casement, lintels, and plates with a 3/8-inch (0.9-
cm) shaft. Attach a recovery grip to the end of the bit,

insert the wire to keep the grip from becoming tangled,
» reverse the drill motor, and bring the wire toward the
l operator as the bit is being withdrawn.
Ehm Burglar-alarm contacts or door switches installed
] at doors are simple projects when one uses the flexible

Figure 8-8.—Alignment tool used to snap the bit back to the shaft. First cut or drill the entrance hole in the normal
inside wall. manner and then insert the flexible shaft with bit into
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Figure 8-10.—Recovery grip attached to the bit tip eyelet.

CEIFO811

Figure 8-11.—Grip attached to the bit tip with the line
inserted, ready for recovery

the entrance hole, slanting the bit as much as possible
in the desired direction of travel. Continue by drilling
through the door casing and floor jamb into the cavity
of the wall, as shown in figure 8-12, view A. A similar
procedure is followed when drilling for window
installation as shown in figure 8-12, view B. The drill
is then stopped until it strikes the next stud that will
deflect the bit either up or down, depending on the
direction of the drilling. Continue to push the bit until it
strikes the top of the bottom plate and then drill
through the plate into the basement or attic. The
recovery grip is then attached to the bit and the wire or
cable may be drawn back toward the operator by
reversing the drill motor and keeping a slight tension
on the wires, as they are being pulled to prevent
tangling.

With conventional tools, the routing of wires from
one outlet to another, as shown in figure 8-13, requires
either channeling the wall; using wire mold; or running
the wires down to the baseboard, removing the
baseboard, and then installing the wires behind it.
Instances like these occur when the crawl space is too
shallow for workers to crawl into or the house is built
on a concrete slab. However, with the flexible shaft, it
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Figure 8-12.—Dirilling through the doorjamb (A) and window casing (B) into the cavity of the wall.
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is possible to drill through the wall horizontally If it becomes necessary to install wiring in an attic
through several studs (if the operator is careful) andand run cable from this area to the basement, the
then pull the wires back through the holes to theinstallation can be greatly simplified by using a
openings. flexible shaft. First drill through the top plate into the

The installation of an outside annunciator underWall cavity, making sure that the drilling is not being
the eave of a house with an extremely low pitch to thedone above a window or doorway or any other
roof would cause several problems in getting wires toobstruction, such as existing wiring, ductwork, and so
the outlet. With the flexible shaft, a hole can be drilled forth. Once through the top plate, the drill motor is
through the boxing, as shown in figure 8-14. As soon asturned off and the bit is pushed into the cavity of the
the bit penetrates the boxing, it is pushed into the atticwall as far as it will go. If no fire stops are encountered,
as far as it will go. A recovery grip is then attached to the bit is pulled back and an extension is attached to the
the bit, the wire or cable inserted, and then pulledshaft. With the extension installed, the bit is again
backward toward the outlet opening. The outlet boxlowered into the wall cavity until a fire stop is
and annunciator (horn, bell, etc.) are installed underencountered. The bit is then positioned and used to drill
the eave and the other end of the cable is connected tthrough the wooden member. Once the wooden
the alarm system. Also, because the flexible shaft isnemper is penetrated, the drill motor is again stopped
more rigid than the conventional fish tape, it will 414 the bit is lowered further until the bottom plate is
penetrate attic insulation if any exists. reached. Continue drilling through the bottom plate in

the basement or crawl space. Fasten the appropriate
recovery grip, insert the wire or cable, and pull up the
| wire with the flexible shaft. The drill motor should be
' reversed only when the bit is passing through one of the
" wooden members.

Those who use the flexible shaft device often are
] certain to discover many other useful techniques for

\
P I

:: installing wiring in existing structures.
e TE\ COMPONENTS OF SECURITY/FIRE-
1 1] ALARM SYSTEMS
I 1 —
n Wire sizes for the majority of low-voltage systems
range from No. 22 to No. 18 AWG. However, when
CEIF0813 larger-than-normal currents are required or when the
Figure 8-13.—How wires must be routed when one uses distance between Fhe ‘?Utlets IS Iong, It may be
conventional tools. necessary to use wire sizes larger than specified to

prevent excessive voltage drop. Voltage-drop
calculations should be made to determine the correct
wire size for a given application even on low-voltage
circuits.

The wiring of an alarm system is installed like any
other type of low-voltage system. The process consists
of locating the outlets, furnishing a power supply, and
finally interconnecting the components with the
proper size and type of wire.

Most closed systems use two-wire No. 22 or No.
24 AWG conductors and are color-coded for
identification. A No. 18 pair normally is adequate for

CEIF0a14 connecting bells to controls if the run is 40 feet (12 m)
Figure 8-14.—Method of drilling a hole through boxing by or less. Many electricians, however, prefer to use No.
using a flexible shaft. 16 or even No. 14 cable.
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Some of the various components for a typical are usually inside the locked door of the control unit. If
security/fire-alarm system are shown in figure 8-15. the switches are key-operated, they may be on the
control unit cover, rather than inside the cabinet.
CONTROL PANEL
POWER SUPPLIES
This is the heart of any security system. It is the
circuitry in these control panels that senses a broken Power supplies vary for different systems; but, in
contact and then either sounds a local bell or horn ogeneral, they consist of rechargeable 6-Vdc power
omits the bell for a silent alarm. Most modem control supplies for burglar-alarm systems. The power packs
panels use relay type of controls to sense the protectiveisually contain nickel-cadmium batteries that are kept
circuits and regulate the output for alarm-soundingcharged by 12-Vac input from a plug-in or otherwise
devices. They also contain contacts to actuate otheconnected transformer to a 120-volt circuit. Better
deterrents or reporting devices and a silent holduppower supplies have the capability of operating an

alarm with dialer or police-connected reporting armed system for 48 hours or more without being
mechanism. charged and still have the capacity to ring an alarm bell
The control unit also continuously. monitors the for 30 minutes or longer. Power supplies are obviously
condition of the alarm-initiatin —a)r/{d—indicatin _ used in conjunction with a charging source and supply
S i g-and-indicating power for operation of the alarm system through the
circuit wiring and provides a trouble indication in the
o control panel.
event of an abnormal condition in the system, such as

an ac power failure or a wiring failure. Many older local alarm systems are powered by

. , alternating current (ac) power only with no provision
The control unit is usually housed in a sheet-metal for standby, battery power. In these cases, two separate

giﬂgﬁzi(ggbr?_t?)'s-irhr?afson(ttrglllilrimt V%i‘é?gy grz\i”dne; ac circuits (usually 120/240 Vac) are used: one to

- 9 9 9 power the fire-alarm system operating circuits and
originates). : : i

o ~another to power the trouble-signaling circuits of the

Because all circuits end at the control unit, it is a system. Low-voltage alarm systems, especially, those

convenient test location. Test switches (if provided) provided with battery standby power. are most often
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Figure 8-15.—Various components for a typical security/fire-alarm system.
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CEIF0816
Figure 8-16.—Control unit with annunciation.

found where some form of automatic fire detection or

automatic fire extinguishing is connected to the alarm

technology, means that the most recent installations
are of the low-voltage type.

The power supply of the system refers to the
circuitry and components used to convert the ac line
voltage to low-voltage ac or dc for operating the alarm
system and for charging standby batteries. If the
system is an older one with a dry cell, nonrechargeable
standby battery (no longer permitted by NFPA
standards), the lower supply probably contains a
switching arrangement for connecting the battery to
the system when ac power fails. Figure 8-17 is a
simplified diagram of a typical dc power supply for
powering a low-voltage dc alarm system and for
charging a rechargeable standby battery.

Transformer T drops the line voltage from 120
volts ac to a voltage in the range of 12 to 48 volts ac.
The low ac voltage is rectified by diode bridge D, and
the resulting dc voltage powers the alarm system
through relay contacts S1 and charges battery B
through the current limiting resistor R. When normal
ac power is available energizing relay coil S, contacts
S1 are closed. If ac power fails, S1 opens and S2 closes,
connecting the battery to the alarm system. Fuse F1
protects against a defect in the power supply or the

system. However, recent conversion by most alarma|arm system during normal ac operation. Fuse F2
system manufacturers to solid-state electronic designprotects against alarm circuits defects that would cause

which is essentially a low-voltage direct-current (dc)

a battery overload during dc-powered operation.

S1
F1 ¥ —
R
AC POWER
SOURCE S 1152
110-125V s
DC POWER
F2 TO ALARM
SYSTEM
<+
— B
I S
F1 AND F2 - OVERCURRENT PROTECTIVE FUSES
S -~ AC POWER SENSING RELAY COIL(CONTROLS CONTACTS S1 AND S2)
T - VOLTAGE STEP-DOWN TRANSFORMER
D - FULL-WAVE RECTIFER BRIDGE
B - RECHARGEABLE STANDBY BATTERY
R - CHARGE CURRENT LIMITING RESISTOR
St - CLOSED CONTACT WAITH RELAY S ENERGIZED
S2 -~ OPEN CONTACT WATH RELAY S ENERGIZED CEIFC817

Figure 8-17.—Typical dc power supply and battery charger.
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Removal of resistor R eliminates the battery-chargingshut, they may be oriented side-to-side, top-to-side, or
feature and allows the use of a dry-cell battery that sitstop-to-top.

idle until ac power fails. At that time, S1 pens and S2 _

closes, connecting the battery to the alarm system. Surface-Mounted Magnetic Contacts on Doors

There are many variations of this basic power  \yhere appearance is not the most important
supply design. These variations add such features aggnsideration, the use of a surface-mounted switch (on

voltage regulation, current limiting, and automatic the doorframe) and a magnet (on the door) will simplify
high-rate/low-rate charging, controlled by the state ofnstallation (fig. 8-19)

the battery charge. All designs normally provide

current and voltage meters, pilot lamps, and switchesRecessed Magnetic Contacts in Doors and
for manual control of charging rate. Casement Windows

ENTRY DETECTORS Where the appearance of surface-mounted systems
_ _ _ Is objectionable, recess-mounted magnetic protectors

The surface magnetic detector is the most versatilemay he used. These detectors are more difficult to install
entry detector for residential alarm systems and shouldyq require greater care on the installer's part, but few

be considered first as a method of protecting anyproplems develop if the following precautions are
movable door or window. These detectors can begken.

mounted on wood, metal, and even glass, if necessary.

They can be mounted with screws, double-sided tape, ~ 1. Be careful not to damage or destroy any
or epoxy. Obviously, the tape and epoxy are useful onWeatherproofing seal around windows, doors, or other
glass, aluminum, or any other surface where screw$’P€NINGSs.

cannot be used. However, when applying tape or 2. If a recessed-mounted entry detector is installed
epoxy, make certain that the surface is clean, dry,n the windowsill, you must prevent water seepage to
smooth. and at least 65°F (18°C). the switch by applying a sealant under the switch flange

_ and around the switch body.
Surface-Mounted Magnetic Contacts on .
Double-Hung Windows 3. When drilling holes to accept each half of the

detector, be sure the holes line up. Holes are drilled in

A S‘f[VitChtE mo_ur:jted on the winc(;ljow casing ;’Vith t?] the door and in the casing, one directly across from the
magnet on the window casing and a magnet on the . . e
window (fig. 8-18). As long as the switch and magnet other, and a pair of wires from the positive side of the
are parallel and in close proximity when the window is SURFACE-MOUNTED

MAGNETIC CONTACTS

SURFACED-MOUNTED
SWITCH AND MAGNET o
A
S
—a
P lmi
7z
Z E“ﬂ
o
= o)
CEIF0820 B —
Figure 8-18.—Double -hung window with surface-mounted CEIF0823
magnetic contacts. Figure 8-19.—Surface-mounted magnetic contacts on door..
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protective circuits is run out through the switch hole Complete Glass-Door Protection

(fig. 8-20). There should be no more than 1/4-inch (0.6 _

cm) space for windows and 1/8-inch (0.3 cm) for doors A glass door with a glass transom may be protected
between the two sections of the detector. by a combination of magnetic contacts and foil (fig. 8-

24).

4. Be certain there is enough space between the
window and its frame (or door and its frame) when each Recessed Plunger
is closed,; that is, there must be enough space (usually
equaling 1/16 inch or 0.16 cm) for the protrusion of both The recessed plunger detector shown in figure 8-
sections when they meet. 25 is mounted so that the door or window will contact
the plunger at the tip and push the plunger straight in.
Therefore, the area of the window or door that
depresses the plunger should have no slots, cutouts, or
step-downs into which the plunger might slip. The area
also should be hard and free of rubber or vinyl that
?night be weakened by the plunger and consequently
allow the plunger to open. For protecting doors,
plunger type of detectors should be mounted only in
the doorframe on the hinge side of the door.

5. A switch and magnet are installed preferably in
the top of the window and underside of the upper
window casing, where they will be least noticeable (fig.
8-21). If the window frame is not thick enough to accept
the magnetic section of the detector, the detector can b
mounted in the side frame.

Conductive Foil on Glass Doors

A self-adhesive foil block (terminator) on the door
Is connected to a similar unit on the doorframe by a
short length of flexible cord to allow for door

movement (fig. 8-22). The foil is connected in the ; ,
positive conductor of the protective circuit and is door by mounting any of the direct type of detectors, the

adhered to the glass parallel to and about 3 inches (7_651r_ea_dire_ctly“inside”the door or window can be protected
m) from the edge of the glass, using recommended’v'th interior “space detectqrs, su_ch as afloor-mat detec-
vamish. Breaking the glass breaks the foil and opend?' (fig- 8-26) or an ultrasonic motion detector (fig. 8-27).
the circuit. A double circuit of foil may be taken from Floor-mat detectors are easily concealed under
the foil block to provide more coverage. Coiled, rugs at doors, windows, top or bottom of stairways, or
retractable cords are available for use between foilany other area onto which an intruder is likely to step.
blocks to allow for sliding-door travel. Light pressure on the mat triggers the alarm.

Conductive Foil on Picture Window There are also rolls of super-thin floor matting that
can be cut to any desired length. These rolls can be used

Where a window does not open, a single run of foil on stair treads and in areas near sliding glass doors or
is connected to a foil block on the glass, frame, or wall other larger glass areas, entrance foyers, and so forth.
(fig. 8-23). When the foil crosses over a frame In households with unrestricted pets, these mats are
member, a piece of plastic electrical tape should bealmost useless since the pets roam around the home
used to provide an insulated crossover surface for theand are certain to step on one of the mats and trigger the
folil. alarm.

Space Detectors

In cases where it is difficult to protect a window or

HOLES DRILLED
415 DOOR AND JAMB g WSWITCH AND

AGNET INSTALLED

CEIF0820

N

Figure 8-20.—Recessed magnetic contacts in door.
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RECESSEQ Swrer long, by 20 feet (6 m) wide, by 5 feet (2 m) high for
MAGNET (N Jnoow To® most residential models. When an intruder moves
within the secured area, movement interrupts the
established pattern of sound waves and sounds the

alarm.

— .l Some designs of motion detectors can be rotated
/1 up to 180° for maximum coverage of the area being
monitored. as shown in figure 8-28.

Another type of motion detector is the audio
detector (fig. 8-29). This type senses certain sharp
/ sounds known to be present in forced entry, such as
wood splintering or glass breaking. When these sounds

are received through the miniature microphone of the

Lt
unit, the detector triggers the control unit to sound an
— alarm.
Figure 8-21.—Recessed magnetic contacts in casement Audio detectors are best utilized in areas that are
window. seldom used, such as an attic, a garage, or a closed-off

_ _ ~wing. They can be used in other areas, but when such

Other space detectors include ultrasonic motiongreas are subject to much daytime activity, it is

detectors, audio detectors. and infrared detectors. Cargecommended that the detector only be armed at night

must be used with any of these units because theyvhen the business is closed or the family retires or is
protected area is limited both in width and away from home.

depth--depending upon the particular unit. Infrared detectors are another type of motion

The ultrasonic motion detector can be used in large detector. A combination transmitter-receiver is used to
glass-walled rooms that might otherwise be difficult to project an invisible pulsating beam at a special bounce-
protect and in hallways or entries or in virtually any back reflector on an opposite wall. Any interruption of
area an intruder would have to pass through in movingthe beam activates the system alarms. Infrared detectors
about a home or business. They are especially useful agan be wired to either the perimeter or interior circuit;
added protection (when conventional detectors arebut for faster response, it is recommended that it be
used also) to monitor a “valuables” room or area. connected to the interior circuit.

Most ultrasonic motion detectors are designed for  Infrared detectors are designed for indoor areas,
mounting on either the wall or ceiling. It emits such as entries, hallways, rooms, and so forth. Most
inaudible high-frequency sound waves in an elliptical cover a span from 3 feet (1 m) to 75 feet (23 m), so it
pattern that ranges from 12 feet (4 m) to 5 feet (11 m)may be used in practically any indoor area or room.

\ ‘/ DOOR
——% \
X
FOIL
BLOCKS 5 /
o FOIL

RETRACTABLE
CORD

Tt~ FLEXIBLE

CORD
/ FOIL
\

Figure 8-22.—Conductive foil on glass doors.

CEIF0822
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FOIL BLOCK PICTURE WINDOW Some factories maintain a security fence euipped
with fence-guard detectors. This type of dectector will

detect climbing, cutting, or any other penetration of the
N 1 fenced area. Most of these detectors operate on
/ FoIL standard closed-circuit controls as described
/ previously.
// Fence-guard detectors use a vertical-motion
detector that is sensitive to movement created by
\ climbing or cutting the fence. Normal side motions,
CEIFO823

such as wind or accidental bumping, do not affect the
Figure 8-23.—Conductive foil on picture window. detector and cause false alarms. The detectors are

normally mounted about midway up the fence and

every 10 feet (3 m) of fence length. Most of these
TRANSOM devices set off the alarm if they are tampered with or if
the wire is cut. They may be connected to a control
panel and the alarm will sound in the form of a bell or
9 horn, or it will silently dial the local law-enforcement

agency.

Another type of detector that is used is the outdoor
|~ SURFACE microwave detector. This detector is used for pro-
CONTACTS . . .

tecting large outdoor areas like car lots, construction

sites, and factory perimeters. In operation, a solid,
—— FoIL circular beam of microwave energy extends from a
transmitter to the receiver over a range of up to 1,500
feet (457 m) for some brands. Any movement inside of
this beam (fig. 8-30) will activate the alarm.

Thermistor Sensors

The continuous linear thermal sensor is a small-
QL diameter coaxial wire that is capable of sensing
CEFoe24 S —— temperature changes along its entire length. The sensor
is made up of a center conductor and an outer stainless
steel sheath. The center conductor is electrically
insulated from the outer sheath by a ceramic thermistor

Figure 8-24.—Complete glass-door protection.

ADDITIONAL COMMERCIAL/ material, as shown in figure 8-31.
INDUSTRIAL COMPONENTS OF Since the thermistor has a negative coefficient of
SECURITY/FIRE-ALARM SYSTEMS resistance, the electrical resistance between the center

wire and the outer sheath decreases exponentially, as

Industrial security/fire-alarm systems are the surrounding temperature increases (fig. 8-32).
essentially the same as those used for residential

applications. There are, however. a few additional
components that are used mostly in industry.

The changing resistance is monitored by one of
several control panels that then can actuate
extinguishing systems or any other electrically
Vibration detectors are often used on industrial controlled devices.

buildings to detect vibrations caused by forced entry. Such sensors have a diameter of approximately
Such detectors have been used on a variety 0f,080 inch (0.2 cm) and, therefore, have a small mass
construction materials. such as hollow tile, plaster andthat permits them to sense changes in temperature
lath, brick, concrete. metal ceilings, and wood. Oncerapidly. They can sense temperatures from 70°F
mounted in place, they may be adjusted with a setscrew(21°C) up to 1200°F (649°C) if the thermistor material
for the desired sensitivity. is properly selected.
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Figure 8-25.—Various components of a residential security/fire-alarm system.

6Q\\

\

.

Figure 8-26.—Floor-mat detector.

CEIF0826

Since electrical resistance is measured across two .
wires (center and sheath), the sensor has the ability to
detect a high temperature on a short wire as well as a

lower temperature on a longer one. CEIF0827
Figure 8-27.—Ultrasonic motion detector.

The elements are mounted by clamps spaced along
their lengths and the detectors, being all solid stateyJjtraviolet-Radiation Eire Detectors
have only two electrical failure modes: open circuit
and short circuit. Both of these conditions can be  Ultraviolet-radiation fire detectors combine large-
caused only by mechanical means and are minimizedscale integration circuit techniques with an ultraviolet
by rigid mounting. Figure 8-33 shows the construction detection assembly to form a simple, yet flexible, fire-
and mounting details. detection system.
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Figure 8-29.—Audio detector.

Welding arcs and lightning strikes, however, will
generate radiation to which the detectors are sensitive
and precautions must be taken to minimize these
effects.

The ultraviolet-radiation detector’s focus of
sensitive points is a 60-degree spherical cone whose
apex lies at the detector tube. Figure 8-35 indicates the
relationship between viewing angle and relative
sensitivity. The sensitivity of the detector tube is a
characteristic of its cathode material and is fixed, but
‘ its voltage-pulse output rate varies both with flame size
@ and flame viewing distance. The pulse output rate is

directly proportional to flame size; that is, it increases
when larger flame fronts are presented to the detector.
The pulse output rate is also inversely proportional to
the distance of the flame front from the detector
tube-the pulse output rate decreases as the distance
from the detector tube to the flame front increases.

CEIF0828 To illustrate, a I-foot (0.09 f hydrocarbon fire
Figure 8-28.—Motion detector rotating up to 180° for will cause a pulse output rate of 3 pulses per second at a
maximum coverage. viewing distance of 30 feet (8 m). This same fire will

cause a tube pulse output rate of 20 pulses per second at

The basis of this type of system is a gas-detectiona viewing distance of 20 feet (6 m). In a like manner, 1-
tube using the Geiger-Mueller principle to detect foot (0.09 ) flame front must be located at a distance
radiation wavelengths extending from 2000 to 2450 of 5 feet (1.5 m) to create a pulse output rate of 30
angstroms (&) (1 A = 1dcm). Figure 8-34 displays  pulses per second: a 16-foot (1.4)rfire will create the
the radiation sensitive area of the tube and comparesame pulse output rate at a distance of 25 feet (7.6 m),
this area to other forms of radiation. It should be noted gnd so forth.
that visible radiation does not extend into the sensitive
area of the detector. Similarly, radiation from artificial
lighting sources does not extend into the sensitive area A schematic wiring diagram of a typical telephone
of the detector. dialer is shown in figure 8-36. The two cooperating

Telephone Dialers
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Figure 8-30.—A solid, circular beam of microwave energy extends from a transmitter to the receiver

over a range of up to 1,500 feet (457 m).

CEIF0832

CENTER
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CERAMIC
<4+-THERMISTOR
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STAINLESS
<+—STEEL
SHEATH

RESISTANCE

CEIF0831
| N I S I
TEMPERATURE

. . .. - Figure 8-32.—Curve showing relationship of resistance to
channels of the dialer permit two distinct dialing and temperature.

message programs. Although labeled as, and most

commonly used for, separate burglar and fire alarms theransmission of the vital fire-alarm program (or other

two channels can be connected and programmed for anyyiority program on the FIRE channel) in three ways.

application: medical emergency, heating-system _ _ _

failure, freezer warmup, and water-pressure failure. 1. If the dialer is already operating on the
It is important to understand the priority BURGLAR channel when the FIRE channel is

relationship between the two channels before makingtriggered. the dialer immediately switches to FIRE-
trigger connections. The priority arrangement ensureschannel transmission

Figure 8-31.—Structure of a heat-sensor cable.
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Figure 8-33.—Using connectors to supply desired length of sensor cable.
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Figure 8-36.—Schematic wiring diagram of a typical telephone dialer.
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2. When FIRE-channel priority seizure has momentary or sustained. In either case, the dialer
occurred, the dialer overrides its normal end-of-cycletransmits its full program, then stops and resets itself.
stop and runs for another full cycle. This ensuresAn input that is still present when the dialer stops must
transmission of the entire priority program, even if the be removed briefly and then applied again to restart
FIRE-channel take-over occurred near the end of aransmission on that channel. A sustained input does
BURGLAR-channel cycle. not make the dialer transmit or interfere with normal

3. Even if the dialer has stopped after transmitting Us€ of the telephones, nor does it interfere with
the full BURGLAR-channel program and the burglar- triggering and operation of the dialer on its other
alarm input is still present, an input on the FIRE channelchannel.
causes immediate transmission of the FIRE-channel \yhen available, an appropriate dry-contact
program. closure should be used instead of a switched voltage

Each of the channels of the dialer can be triggeredfor the dialer-trigger input. Figure 8-37 shows the
by a switched dc voltage, a dry-contact closure, or apreferred connections for a typical telephone
dry-contact opening. The trigger inputs may be eitherdialer.

—
BELL
—
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Figure 8-37.—Preferred connections for a typical telephone dialer.
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Where the contacts of a police-connect panel aretrigger wires directly from the dialer input terminals
needed for polarity reversal, the contacts may be used tdo control the panel terminals. Do not run the wires
provide a switched-voltage trigger for the dialer, asfrom the dialer inputs to the bell, horn, or siren
shown in figure 8-38. This hookup lets the panel’s locations; and do not route the sounding-device wires
BELL TEST feature be used without causing any dialerthrough the cabinet. Figure 8-39 shows the correct
transmission. wiring for this hookup. In this hookup, dialer

terminals 2, 5, and 6 are connected together within

When using the bell output of an alarm panel as athe dialer. This permits a simplified three-wire
switched-voltage trigger for the dialer, always run thetrigger connection from the control panel.

BELL
&

é_ 5-@.&).;;.@.@._{ l_.(:) ;4©-@.

6-12 Vdc
PHONE LINE
POVWER
SUPPLY

CEIF0838

PHONE *
LINE <——oI

Figure 8-38.—A switched-voltage trigger connected to a telephone dialer.

FIRE — BURGLAR
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. —— ——
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+ -1 - +
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Figure 8-39.—Wiring diagram for a switched-voltage trigger.
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APPENDIX |

REFERENCES USED TO DEVELOP
THE TRAMAN

Although the following references were current when this TRAMAN
was published, their continued currency cannot be assured. When
consulting these references, keep in mind that they may have been revised
to reflect new technology or revised methods, practices, or procedures. You
therefore need to ensure that you are studying the latest references.

Chapter 1

Code of Federal Regulation, Title 29art1926; Title 40,Parts 122 and 260-267; U.
S. Government Printing Office, Washington, DC, 1997.

Department of the Navy Facility Category Coddg&VFAC P--72, Naval Facilities
Engineering Command, Alexandria, VA, 1984.

Environmental and Natural Resources Program ManQ&NAVINST 5090.1 B,
Chief of Naval Operations, Washington, DC, 1994.

Facilities Planning GuideYolumes 1 and 2, NAVFAC P-437, Naval Facilities
Engineering Command, Alexandria, VA, 1990.

Facilities Projects ManualDPNAVINST 11010.20F, Chief of Naval Operations,
Washington. DC, 1996.

Hazardous Material Control and Management (HMC&M)PNAVINST
5090.1B, Chief of Naval Operations, Washington, DC, 1989.

Mishap Investigation and Reportin@PNAVINST 5102.1C, Chief of Naval
Operations, Washington, DC, 1989.

Naval Construction Force Occupational Safety and Health Program Manual,
COMSECOND/COMTHIRDNCBINST 5100.1, Commander, Naval
Construction Battalions, U.S. Pacific Fleet, Pearl Harbor, HI, and Commander,
Naval Construction Battalions, U.S. Atlantic Fleet, Norfolk, VA, 1996.

Naval Mobile Construction Battalion Operations Officer's Handbook
COMSECOND/COMTHIRDNCBINST 5200.2A, 1989.

Operation and Organizational Maintenance ManubIAVFAC P-8-628-12, Naval
Facilities Engineering Command, Alexandria, VA, 1984.

Procurement. Lease, and Use of Relocatable Build@§AVINST 11010.33B,
Chief of Naval Operations, Washington, DC, 1988.

Seabee Crewleader’'s Handbodke Civil Engineer Corps Officer’'s School
(CECOS) CBC, Port Hueneme, CA, 1997.

Seabee Planner’'s and Estimator's HandboNVFAC P-405, Naval Facilities
Engineering Command, Alexandria, VA, 1994.

Table of Advanced Base Functional Components with Abridged Initial Outfitting
List, OPNAV 41P3C, Chief of Naval Operations, Washington, DC, 1996.
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Chapter 2

Blueprint Reading and SketchingAVEDTRA 12014, Naval Education and
Training Program Management Support Activity*, Pensacola, FL, 1994.

Policy and Procedures for Project Drawing and Specification Preparaltitbin-
HDBK-1006/1A, Chesapeake Division, Naval Facilities Engineering
Command, Washington DC, 1995.

Putnam, RobertConstruction Blueprint Readingnglewood Cliffs, NJ, 1985.
Chapter 3

Croft, Terrell and Wilford I. Summerdémerican Electrician’s Handbool,2th ed.,
McGraw-Hill, New York, 1992.

Electric Power Distribution Systems OperatioN&VFAC MO-201, Naval
Facilities Engineering Command, Alexandria, VA, 1990.

Electric Power Supply and DistributiomM-5-811-1/AFM 88-9, Chapter 1,
Department of the Army and Air Force, Washington, DC, 1984.

Facilities Engineering-Electrical Exterior Facilitie$yAVFAC MO-200, Naval
Facilities Engineering Command, Alexandria, VA, 1979.

Generator Set, Diesel Engine Drive, Tactical Skid MoN#tyYFAC P-8-628-12,
Naval Facilities Engineering Command, Alexandria, VA, 1984.

Introduction to Alternating Current and Transformelavy Electricity and
Electronics Training Series, Module 2, NAVEDTRA 172-02-00-91, Naval
Education and Training Program Management Support Activity, Pensacola,
FL, 1991.

Introduction to Solid-State Devices and Power Supphiesyy Electricity and
Electronics Training Series, Module 7, NAVEDTRA, 172-07-00-92, Naval
Education and Training Program Management Support Activity, Pensacola,
FL, 1992.

McPortland, J. F., and Brian J. McPortlaM#tional Electrical Cod@ Handbook,
22nd ed., McGraw-Hill, New York, 1996.

National Electrical Cod® National Fire Protection Association, Quincy, MA,
1996.

Chapter 4

Application Guide for Capacitance Current Switching of AC High- Voltage Circuit
Breakers Rated on a Symmetrical Current Basiserican National Standard
Institute, Inc.,ANSI C37.012-1979(R1989he Institute of Electrical and
Electronics Engineers, Inc., New York.

Electric Power Distribution Systems OperatioN&VFAC MO-201, Naval
Facilities Engineering Command, Alexandria, VA, 1990.

Electric Power Supply and DistributionM-5-811-1/AFM 88-9, Chapter 1,
Department of the Army and Air Force, Washington, DC, 1984.

IEEE Guide for Protection of Shunt Capacitor Banksjerican National Standard
Institute, Inc., ANSI C37.99, The Institute of Electrical and Electronics
Engineers, Inc.. New York, 1990.
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Introduction to Alternating Current and Transformek&vy Electricity and
Electronics Training Series, Module 2, NAVEDTRA 172-02-00-91, Naval
Education and Training Program Management Support Activity, Pensacola,
FL, 1991.

Introduction to Solid-State Devices and Power Supphesyy Electricity and
Electronics Training Series, Module 7, NAVEDTRA, 172-07-00-92, Naval
Education and Training Program Management Support Activity, Pensacola,
FL, 1992.

Kurtz, Edwin B., and Thomas M. ShoemakEne Lineman’s and Cableman’s
Handbook,8th ed., McGraw-Hill, New York, 1996.

McPortland, J. F., and Brian J. McPortlah&tional Electrical Cod@ Handbook,
22nd ed., McGraw-Hill, New York, 1996.

National Electrical Cod® National Fire Protection Association, Quincy, MA,
1996.
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A Construction drawings-Continued
as-built drawings, 2-4
Advanced Base Functional Components (ABFC) blueprint language, 2-4
assembly 32602, 1-5 dimensions, metric, 2-13
component P-25, 1-3 dimensions, modular, 2-12
facility 811 10R, 1-5 lines, types and weights, 2-4
index of facilities, 1-5 scale representation, 2-6
NAVFAC P-437, 1-1, 1-2 schedules, 2-6
OPNAYV 41P3, 1-1 working sketches, 2-4
ordering, 1-5 Control circuits
Airfield lighting, 6-28 control symbols, 7-12
circuits, 6-33 general, 7-11
condenser discharge system, 6-40 Controllers
fixtures and lamps, 6-39 combination starters, 7-18
layout. 6-28 push-button-station connections, 7-18
systems, 6-28 start-stop station with a pilot light, 7-19
vault, 6-30 testing component circuits, 7-17
Airfield lighting systems, maintenance, 6-47 troubleshooting, 7-16
routine, 6-47

troubleshooting circuits, 6-48
Alarm systems, 8-1
components, 8-9
components, commercial/industrial 8-15
control panel, 8-10
entry detectors, 8-12
equipment operation, new techniques, 8-6
fire-alarm systems, 8-1 E

installation, basic, 8-2 Electrical distribu i fiauration. 4-1
installation in existing buildings, 8-4 ectrical distribution systems configuration, 4-

D

Drawings and specifications, definitions, 2-1
Drawings, construction, see Construction
drawings

: o - P : loop/ring, 4-1

mstgl_lgﬂon in existing buildings, new techniques, network, 4-2

installation techniques, 8-1 primary selective, 4-3
radial, 4-1

NEC® requirements, 8-2
power supplies, 8-10
techniques, new, practical application, 8-6
Area lighting systems, see Lighting, area
systems
As-built drawings, see Construction drawings

Electrical distribution systems maintenance,
4-33
digital multimeters, 4-34
interference elimination, 4-35
maintenance of distribution
equipment, 4-35

C measuring instrument precautions, 4-33
safety equipment, 4-36
Circuits, motor branch, see Motor branch Electrical distribution systems overhead
Conduit, bending, 5-15 considerations
functions and safety, 5-15 equipment, 4-4
power benders, 5-15 capacitors, 4-15
Conduit, supports and installation, 5-1 8 poles, 4-4
hangers and supports, 5-19 protective/interrupting devices, 4-20
location of supports, 5-18 transformers, 4-5
Construction drawings, 2-2 pole locations, 4-3
abbreviations and symbols, 2-5 protective grounds, 4-25
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Electrical distribution systems underground
considerations
cable installation, 4-33
communication cables, 4-31
dangerous gases, 4-33
ducts and trenches, 4-29
manholes, 4-26
power cables, 4-31
pulling cable, 4-31
rigging, 4-32
risers and potheads, 4-30
Electrical safety, 5-24
clothing and protective equipment, 5-27
fuses, 5-25
out-of-service protection, 5-26
portable electric tools, 5-25
safety color codes, 5-27
shock, 5-25
Emergency/standby power, 3-1
generating plant operations, 3-6
generator installation, 3-4
generator selection, 3-1
power plant maintenance, 3-11
system design, 3-1
Equipment grounding
fixed, 7-7
grounded circuit conductor, use of, 7-8
methods, 7-7
Equipment troubleshooting, 7-24
Excavations and shoring
excavations, 1-6
shoring, 1-6

F

Fiber-optic measurements, 6-5
field measurements, 6-5
optical time domain reflectometry, 6-5
Fiber-optic receivers, see Optical detectors
Fiber-optic system installation, 6-4
Fiber-optic system topology, 6-4
Fiber-optical splices, mechanical and fusion 6-6
fusion, 6-8
glass or ceramic alignment tube, 6-6
multifiber, 6-8
rotary, 6-8
v-grooved, 6-7
Fiber optics, 6-1
optical source properties, 6-1
semiconductor LEDs and LDs, 6-1
semiconductor material, 6-2
transmitters, 6-2
Fire safety, 5-27
Fire-alarm systems, see Alarm systems

Floodlights, 6-17

G

aiming, 6-20

intensity calculations. 6-25
isofootcandle diagrams. 6-23
luminaires, selection of. 6-18
maintenance factor, 6-35
manufacturer’s literature. 6-22
mounting height and spacing. 6-19
utilization graph. 6-25

Generators, see Power generation
Grounding equipment. see Equipment grounding

H

Hazardous material, 1-15

Interior wiring above grade, 5-4

branch circuits for grouped loads. 5-8

building wiring, 5-5

conductors, 5-8

conduit layout, 5-4

general provisions. 5-5

grounding, 5-5

individual branch circuits, 5-8

lighting and appliance branch circuit panelboards,
5-6

lighting and power systems, 5-6

motor branch circuits, 5-8

raceway system provisions, 5-5

services and feeders, 5-6

Interior wiring below grade, 5-1

L

markings, 5-1
underfloor raceway systems, 5-3
wet and corrosive installations. 5-1

Lighting. airfield, see Airfield lighting
Lighting, area systems, 6-9

intensity, 6-9

intensity calculations. 6-15
luminaires, selection of, 6-10
manufacturer’s literature. 6-12
mounting height and spacing. 6-10
street and area classifications, 6-9

Lighting, security, see Security lighting

M

Motor-branch circuits, 7-1
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Motor-branch circuits-Continued

controllers, 7-5
fuses for motor-overload protection, 7-6

motor controller protection, 7-4

motor-feeder short-circuit and ground-fault

protection, 7-3
overload devices, 7-7
overload protection, 7-6
protection of live parts. 7-7
several motors or loads, 7-3
short-circuit and ground-fault
protection, 7-1
thermally protected motors, 7-7

Motor maintenance, 7-19

brush inspection, 7-23
cleaning, 7-23

commutator inspection, 7-23
lubrication, 7-19

periodic inspection, 7-22
records, 7-23

Q

Quality control
quality control plan, 1-15
resident officer in charge of
construction (ROICC), 1-15

S

Safety, electrical, see Electrical safety

Safety, fire, see Fire safety

Security lighting, 6-26
alternate power sources, 6-27
area classification, 6-27
control, 6-27

Soldering and splicing, 5-20
solderless connectors, 5-20
splices, 5-21

Specifications, 2-2

Splices, see Fiber-optical splices

storage, 7-22
Motor start-up, 7-23 T

0 Testing electrical circuits, 5-10

Optical detectors and fiber-optic receivers, 6-3 circuit breakers and fuses, 5-12

Optical fiber splices, see Fiber-optical splices defective receptacle, 5-10
defective switch, 5-10

P ground terminal, 5-12
hot wire, 5-11

Timekeeping, 1-13
crew supervisor’s report, 1-14
labor accounting system, 1-14
reporting, 1-14

Power generation, 3-1

Project planning, 1-7
network analysis, 1-12
project planning package, 1-9
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Assignment Questions

Information: The text pages that you are to study afe
provided at the beginning of the assignment questions.







ASSIGNMENT 1

Textbook Assignment!Construction Support,” chapter 1, and “Drawings and Specifications,”

chapter 2.

1-1.

1-4.

The ABFC system was developed to
provide support facilities to constantly
changing tactical and strategic
situations.

1. True
2. False

. Which of the following publications is

a detailed, itemized line-item printout
of the material in each ABFC?

1. NAVFAC P-405
2. OPNAV 41P3B
3. NAVFAC P-437
4. NAVFAC P-72

. Which of the following publications is

the basic document that identifies the
structures and supporting utilities of
the ABFC system?

1. NAVFAC P-405
2. OPNAV 41P3B
3. NAVFAC P-437
4. NAVFAC P-72

What Facilities Planning Guide gives
you planning information, such as crew
size, man-hours, land area, and fuel?

1. NAVFAC P-437, Vol. |, part IlI
2. NAVFAC P-437, Vol. I

3. NAVFAC P-72, Vol. I

4. NAVFAC P-72, Vol. |

1-5.

1-6.

1-7.

1-8.

Which of the following ABFC series
provides the facility code for an
electrical power plant?

1. 200
2. 700
3. 800
4. 900
The Construction Electrician Oriented

Assemblies are grouped into which of
the following numbered groupings?

1. 10,000 - 19,999
2. 20,000 - 29,999
3. 30,000 - 39,999
4. 40,000 - 49,999

Verification of stock numbers is
automatically done when components,
facilities, or assemblies are ordered.

1. True
2. False

The facility 811 10R athe
mobilization component P25 has two
fuel tanks for two 200 kW generators.

1. True
2. False

. Which of the following time frames is

the duration of the construction
standard classified as temporary?

1. less than 6 months
2. 6 to 60 months
3. 61 to 65 months
4. 66 to 70 months



1-10.Days of construction duration are

based on job requirements, optimum
construction crew size, and full-
material availability.

1. True
2. False

1-11.An assembly designated code “N” is

suitable for which of the following
temperate zones?

1. North
2. Tropical
3. South
4. Arctic

1-12. Which of the following facility

recoverability codes indicate a total
recoverability?

N S
o0 w>

1-1 3. Trench-excavated materials must NOT

be stored closer than which of the
following minimum distances from the
excavated trench edge?

1. 10 feet
2. 2feet
3. 6feet
4. 4feet

1-14. When exiting or entering an excavated

trench 4 feet or deeper, which of the
following methods should be used?

1. Ladder

2. Stairway

3. Hoist

4., All of the above

1-15.Trenches of soft material must be

shored if the depth exceeds what
minimum depth?

8 feet
6 feet
5 feet
4 feet

W

1-16. Which of the following features should

you be concerned with when
determining the angle of slope or the
material required for safe trench
shoring?

1. Physical condition of the crew

2. Depth or cut of the trench

3. Anticipated changes in material
from exposure to air, sun, and water

4. Both 2 and 3 above

1-17.The project package is the collection of

all information required to plan,
schedule, monitor, and execute the
project.

1. True
2. False

1-18. Which of the following elements is the

most critical part of the project
package?

1. Field change documentation

2. Project history package

3. Project planning package

4. Inspection reports and material
availability supply documentation

1-19. After the regiment divides the project

into master activities and assigns the
project to the battalion, the battalion
breaks down the project into
construction activities.

1. True
2. False



1-20.Network analysis is used for which of
the following purposes?

1. As a management tool

2. As a method of planning

3. As a method of controlling a project
4. All of the above

1-21. As a management tool of network
analysis, what advantage is there in
seeing the interdependencies between
events and the overall project?

1. Time restraints are easily adjustable
to permit changes in the plan

2. Prevents unrealistic or superficial
planning

3. Both 1 and 2 above

4. Enables the crew to complete the
project on schedule

1-22. The identification of which of the
following events is useful if the project
completion date has to be advanced?

1. Critical path

2. Manpower scheduling
3. Material scheduling
4. Equipment scheduling

1-23.Which of the following disadvantages
is common in network analysis of large
projects?

1. Requirement for a computer

2. Chance for error is high when
manually attempting to calculate
events

3. Needs to be revised daily

4. Difficult to follow project progress

on a day-to-day basis

1-24. Who is responsible for project
planning?

1. Project crew leader

2. Project crew

3. Planning and estimating department
4. Project manager

1-25. Timekeeping and labor reporting are
only important to NCF units.

1. True
2. False

1-26. Labor accounting records are
mandatory for man-hours spent on
various project functions.

1. True
2. False

1-27.The accountability for labor expended
includes work performed by which of
the following personnel?

1. Military
2. Civilian
3. Both 1 and 2 above

1-28.Quality control serves which of the
following purposes?

1. Prevents discrepancies

2. Ensures the quality of workmanship

3. Ensures material meets specification
requirements

4. All of the above

1-29. Who has responsibility for the quality
of the construction project?

1. Crew leader only

2. The chain of command only
3. Crew leader and the chain of
command

4. Project supervisor



A. Personnel awareness
‘B. Construction methods

'C. Quality control measures
D. Work evaluation

E. Training and equipment requirements

Figure 1A

IN ANSWERING QUESTIONS 1-30

THROUGH 1-34, REFER TO FIGURE 1A,

AND SELECT THE STEP THAT IS
DESCRIBED IN THE QUESTION.

1-30. In what quality control development
step would you address special
requirements, such as training,

hazardous material, or personnel safety

protection?

W g
o0 w>

1-31.In what quality control development

step would you address concerns about

project impact on equipment, tools,
materials, labor, training, and safety
requirements?

PwN R
mow >

1-32. In what quality control development
step would you address specialized
training and special qualifications?

Ll A e
moO W@ >

1-33.In what quality control development
step would you brief all crew members
about critical measurements and
inspection items?

PWONPE
o0Oo>

1-34. In what quality control development
step would you judge that the work is
being performed according to
specifications?

ESY PN
moO®

1-35. Who has the final approving author-i
for NCF project field changes?

1. Quality control department
2. Quality control chief
3. Quality control officer
4. Resident officer in charge of
construction

1-36.Tight work schedules and adverse
working conditions are acceptable
reasons for relaxation of safety
standards.

1. True
2. False

1-37. Project concepts are normally
developed by which of the following
activity/activities?

1. NAVFACENGCOM

2. Local activities

3. Engineering Field Divisions

4 COMSECOND/COMTHIRD NCB



1-38.For which of the following reasons 1-43. Construction drawings are the main

is/are supporting documentation for a basis for defining the required

construction project forwarded to activities, measuring the quantities of

NAVFACENGCOM? material, and making accurate
estimates.

1. Requirement validation

2. Technical adequacy of the design 1. True

3. Reasonable cost estimate 2. False

4. All of the above
1-44.Building projects are broadly divided

1-39.Project activity quantities provide the into how many major phases?
basis for preparing which of the
following estimates? 1. One
2. Two
1. Material 3. Three

2. Equipment 4. Four
3. Manpower
4. All of the above

1-40. Which of the following information is
NOT provided on a project bill of
material statement?

1. Project stock numbers

2. Material quantities and line items

3. ldentification of the location of
where the material will be used

4. Description, vendor’'s name, and
cost THIS SPACE LEFT BLANK

INTENTIONALLY.
1-41. Which of the following items contains
a precise statement of quantities of
material, equipment, and manpower
required to construct a given project?

1. Activity estimate
2. Bill of material
3. Detailed estimate
4. Master activity

1-42.The specifications are arranged in the
sequence in which the project will
progress.

1. True
2. False



A. Working

B. Shop

C. Presentation
D. Preliminary
E. As built

Figure 1B

IN ANSWERING QUESTIONS 1-45
THROUGH 1-49, REFER TO FIGURE 1B,
AND SELECT THE DRAWING THAT IS
DESCRIBED IN THE QUESTION.

1-45.What drawing is prepared during the
design phase?

PwbdpE
o0 w>

1-46. What drawing shows the proposed
building or facility in an attractive
setting?

PO
mo @ >

1-47. What drawing is developed after
approval has been given for
construction?

PoODdNE
o0Ow>

1-48.What drawing is supplied by
manufacturers to show fabrication of
building parts?

PR
mo w >

1-49. What drawing provides marked prints
that indicate any construction
deviations?

PwbdE
mo @ >

1-50. The drawing index is commonly
divided into how many categories?

1. 10
2. 8
3. 6
4, 4
A. Border G. Extension
B. Main object H. Symbol section
C. Trim I. Center
D. Dimension J. Section
E. Broken K. Invisible
F. Equipment

Figure 1C

IN ANSWERING QUESTIONS 1-51
THROUGH 1-61, REFER TO FIGURE 1 C,
AND SELECT THE TYPE OF LINE
DESCRIBED BY THE QUESTION.

1-5 1. What construction drawing line is a
light, continuous line along which the
tracing is trimmed to square the sheet?

POONE
oO0Ow>

1-52. What construction drawing line is a
heavy, continuous line that outlines the
drawing?

PWONE
o0Ow>»



1-53. What construction drawing line

outlines the main wall lines on plans
and sections?

PwbdpE
OO0 wW>

1-54. What construction drawing line is

drawn between extension lines with an
arrowhead on each end?

W
OOw>

1-55. What construction drawing line

extends out from the edge or the point
at which the dimension is to be
determined?

SN
IOTm

1-56. What construction drawing line is a

light, continuous, unbroken line used
to show the location of transformers,
panels, etc.?

PN
IoTm

1-57. What construction drawing line is used

to shade surfaces shown on a drawing
and by these means indicate the
material used?

PLODNpP
IGmm

1-58. What construction drawing line is used

in detailed drawings where only a
section of the object is to be shown?

PONE
«TemMm

1-59. What construction drawing line is used

to indicate an edge(s) that is/are hidden
under some other part of the structure?

HON PR
X< —m

1-60. What construction drawing line is

made up of alternating long and short
dashes and is used to indicate the
middle of an object?

m

AWN R

|
J
K

1-61. What construction drawing line has

arrowheads at each end that point in
the direction in which the section is to
be taken?

PR
X< T m

1-62. Where on a drawing would you find

the meaning of any nonstandard
symbol(s)?

1. Title block

2. Legend

3. Notes

4. Bill of material



1-63. Which of the following drawing scales
is most commonly used to draw floor
plans and elevations of construction
projects?

1. 1 inch =1 foot
2. I/2 inch = 1 foot
3. /4 inch =1 foot
4, I/8 inch = 1 foot



ASSIGNMENT 2

Textbook Assignment: “Generators,” chapter 3.

2-1. The National Electrical Code NEC®

requires emergency generators and
standby generator systems to be kept
entirely separate of all other wiring and
equipment.

1. True
2. False

2-2. When designing an emergency

generator backup system, which of the
following must comply with electrical
safety standards and codes?

1. Design

2. Material

3. Installation

4, All of the above

2-3. When emergency power replaces

normal power, which of the following
load requirements is powered?

1. Full load

2. Maximum capacity of the generator
3. Selected loads

4. 50% of normal power

2-4. A well-operated active base should

have a minimum of which of the
following (a) annual load factors and
(b) power factors?

1. () 25% (b) 95%
2. (a) 45% (b) 90%
3. (a) 50% (b) 80%
4. (a) 50% (b) 75%

2-5.

2-7.

2-8.

Lighting circuits will be powered by
240 or 208 volt systems.

1. True
2. False

. When calculating a generator’s

electrical load, which of the following
factors must be determined first?

1. Generator size

2. Amount of ampere fluctuation in the
system

3. Connected load

4. Both 2 and 3 above

The electrical power group maximum
demand determines the size of which
of the following pieces of equipment?

1. Generator

2. Conductors

3. Electrical apparatus
4. All of the above

Which of the following terms is/are
known as the ratio between the actual
maximum demand and the connected
load?

1. Group maximum demand
2. Required supply demand
3. Demand factor
4. All of the above



2-9. The demand factor is usually less than

1.00 for which of the following
reasons?

1. All load devices are seldom in use
at the same time

2. All load devices will seldom reach
maximum demand at the same time

3. Some load devices are usually
larger than the minimum size
needed and draw less than their
rated load

4, All of the above

2-10.The total connected load of your repair

shop is 60 kW, while the maximum
demand is 40 kW. What is the demand
factor?

1. 26%
2. 50%
3. 66 %
4. 715%

2-11.Because of noise levels, fire hazards,

and air circulation, regulations prevent
you from locating a generator closer
than a minimum of how many feet to a
load?

1. 25
2. 20
3. 15
4. 10

2-12.A generator supplying power for an

advanced base should be located at the

1. barracks site

2. edge of the base

3. points of small demand
4. points of large demand

10

2-13.Assume you have the responsibility of

providing shelter for advanced base
generators. Before the shelter can be
constructed, you must give the builder
all EXCEPT which of the following
information?

1. Electrical power load

2. Number of generators to be
sheltered

3. Size of the generators

4. Arrangement of the exhaust system

2-14.0ne way to get rid of excess engine

heat in and around a generator set that
is installed inside a building is by

1. providing suitable exits for exhaust
gases

2. opening all the doors and hatches
on the generator set

3. providing large louvered openings
in the side of the generator set

4. providing large louvered openings
in the building walls at the front and
back of the generator set

2-15.When installing a generator exhaust

system you must make sure that there
are no more than three right-angle
bends and that the piping is level.

1. True
2. False

2-16.Which of the following minimum

generator exhaust pipe insulation
temperature ratings should you install?

500°
1000°
1200°
1500°

rwWN -



2-17.Which of the following minimum

generator ground terminal conductor
size should you use for your generator
installation?

2-2 1. When grounding a generator with a

grounding plate, you must ensure that
the ground plate complies with which
of the following requirements?

1. 4 AWG 1. Has a minimum of 2 square feet of
2. 6 AWG surface area

3. 8 AWG 2. Is buried at a minimum depth of

4. 10 AWG 2 1/2 feet

3. Both 1 and 2 above
2-18.The generator change board facilitates 4. Is a minimum of 6 inches thick

conversion of which of the following

voltages? 2-22. The NEC® states that if you are using
a single ground rod to ground a

1. 120/208 only generator set, it must have what

2. 240/480 only maximum resistance to ground?

3. 120/208 or 240/480

4. 120/208 or 240/416 1. 25o0hms
2. 30 ohms

2-19.Positioning of the voltage charge board 3. 35 ohms
connects two coils of each phase in 4. 40 ohms

series or in parallel.
2-23. When installing multiple rods or plate
1. True electrodes, they should be installed at
2. False what minimum distance apart to meet
NEC® requirements?
2-20.When grounding a generator with a

solid metal rod, you must ensure that 1. 5feet
the ground rod complies with which of 2. 6 feet
the following requirements? 3. 8feet

4. 10 feet

1. Is embedded below the permanent
moisture level
2. Has a minimum diameter of 5/8

2-24. When installing a generator, which of
the following tests will determine the

inch required number of ground rods?
3. Is driven to a minimum depth of 8
feet 1. Conductivity

4. Both 2 and 3 above 2. Static saturability
3. Earth resistance

4. Either 2 or 3 above

11



2-25.Which of the following factors must be

determined before the installation of a
generator feeder cable?

2-30.Which of the following duties are

performed by personnel on generator
watch?

1. Operating generator equipment

2. Whether conductors will be direct 2. Maintaining generator equipment
burial, overhead, or installed in 3. Keeping the generator operating log
conduit 4. All of the above

3. Proper voltage output

4. All of the above

1. The size of conductors

2-31.In which of the following logs should
the number of generator operating
2-26. Concerning generator cable loading, hours be recorded?
voltage drop should NOT exceed
which of the following percentages for

combined power and lighting loads?

1. Generator fuel log
2. Generating station log
3. Generator inspection log

1. 6% 4. Generator maintenance log

2. 2%

3. 3% 2-32. One purpose for keeping a generator
4. 5% station log is to help determine when a

particular piece of equipment needs
2-27.Feeder conductors are capable of preventive maintenance.

carrying which of the following

percentage of rated generator amperes? 1. True

2. False
1. 100%
2. 125% 2-33. Which of the following requirements
3. 150% applies to oily cleaning rags in and
4. 200% around the generator spaces?

2-28.In a traffic area, what is the minimum 1. They must be stored outside
burial depth for a cable? 2. They must be stored in a wooden
box that has wooden chips to absorb

1. 18 inches any olil
2. 24 inches 3. They must be stored in an oily
3. 36 inches waste container that has a cover
4. 48 inches 4. Either 2 or 3 above

2-29. Electrical cable may be covered with
backfill (earth) that is free of rocks.

1. True
2. False

12



2-34.As a generating plant supervisor, you 2-38.Which of the following actions should
are responsible for which of the you take if the load of a single
following actions? generator becomes so large that its
rating is exceeded?

1. Supervising the activities of the

operating personnel 1. Secure the feed to unnecessary loads
2. Maintaining a continuous and 2. Install a generator near the greatest
adequate flow of electrical power load demand
3. Supplementing your knowledge of 3. Add another generator in parallel
the electrical plans and diagrams 4. Implement electrical ration hours
with an actual study of the
generating station’s systems 2-39.Before two generators can be operated
4. All of the above in parallel, they must be brought into
synchronism. when they are in
2-35.Connecting an electric plant to a de- synchronism, which of the following
energized bus involves which of the conditions must exist?

following actions?
1. The terminal voltages must be equal

1. Starting the diesel engine and 2. The frequencies must be equal
bringing it up to rated speed 3. The voltage sequences must be in
2. Operating the switchboard controls phase
3. Both 1 and 2 above 4. All of the above
4. Aligning the compressed air system
on all electric-start engines 2-40. Which of the following terms describes
the operation of getting a generator
2-36. Which of the following documents into synchronism?
contains the procedure that assures that
all systems and controls are properly 1. Synchronizing
aligned for operation? 2. Balancing
3. Paralleling
1. Prestart checklist 4. Equalizing
2. Operator maintenance manual
3. Intermediate maintenance manual 2-41. Which of the following factors is a
4. Shutdown checklist primary consideration in paralleling

generator sets?

2-37.Which of the following 1. Proper division of the load
devices/switches adjusts the generator 2. Proper division of the speed
frequency? 3. Proper regulation of the speed

4. Both 2 and 3 above
1. Voltage regulator
2. Governor control
3. Synchronizing switch
4 Frequency switch

13



2-42.1sochronous and speed droop are the

two types of governor operations you
should be concerned with when
paralleling generators.

1. True
2. False

2-43.The isochronous governor will
maintain which of the following
generator actions?

1. Load regulation

2. Generator capacity
3. Output frequency
4. Load division

2-44.The number setting on the speed droop

knob of a hydraulic governor indicates

the percentage of droop.

1. True
2. False

2-45.0n a solid-state electronic governor,
when, if ever, are speed droop
adjustments necessary?

1. As the load increases

2. As the load decreases

3. Both 1 and2 above

4. No adjustments are necessary

2-46. When paralleling four generators in the
droop mode, how many generator sets

would be in the isochronous position?

1. One
2. Two
3. Three
4. Four
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2-47. Concerning generator paralleling, it is

preferable to have the frequency of
which of the following generators
slightly higher than the other
generators?

1. The largest generator
2. The master generator
3. Either! or 2 above

4. The slave generator

2-48.Which of the following actions should

you take if the phase sequence
indicating light lights 1-2-3 on the
master generator and 3-2-1 on the slave
generator?

1. Commence paralleling operations
2. Interchange two of the load cables
3. Speed up the master generator
4. Slow down the slave generator

2-49.When the synchronizing lights blink

ON and OFF simultaneously, this
action indicates which of the following
generator conditions?

1. Out of phase

2. In phase

3. Speed is too fast
4. Speed is too slow

2-50.The frequency at which the

synchronizing lights blink ON and OF
together indicates which of the
following circumstances?

1. The frequency of the master
generator is out of sync

2. The frequency of the salve generator
is out of sync

3. One generator is out of sync and
one generator is in sync

4. The different frequency output
between the two generators



2-51.Conceming generator paralleling 2-55. Capacitors may be used to improve the

operations using a synchroscope, you power factor of the system when the
should adjust the frequency of the reduced power factor has been caused
slave generator until the synchroscope by effects of which of the following
pointer slowly rotates in (a) what electrical factors?

direction and to (b) what position?
1. Inductive reactance

1. (a) Counterclockwise 2. Capacitive reactance
(b) through the zero position 3. Pure resistance
2. (@) Clockwise 4. All of the above
(b) through the zero position
3. (a) Clockwise 2-56.You can divide the reactive load
(b) through the six o’clock position between two generators by adjusting
4. (a) Counterclockwise the

(b) through the six o’clock position

1. speed of the generators
2-52.While paralleling using the 2. voltage of the generators
synchronizing light, you should close 3. speed droop of the generators
the main circuit breaker during which 4. capacitance-reactance of the voltage
of the following conditions? regulators
1. When lamps are dark 2-57. Which of the following conditions may
2. When lamps are bright shut down the generator automatically
3. When one lamp is bright and the and disconnect it from the main load?
other dark
4. Either 2 or 3 above 1. Engine overspeed
2. High jacket water
2-53.The master generator will absorb all 3. Low lubricating oil pressure
load changes and maintain correct 4. All of the above
frequency unless it becomes
overloaded or until its load is reduced 2-58. What is the purpose of installing both a
to zero. mechanical clock and an electric clock
at the power plant?
1. True
2. False 1. To ensure correct generator output
frequency
2-54. The power factor of an electrical load 2. To compensate for power failure
is determined by dividing the 3. To ensure correct generator output
voltage
1. true power by the peak power 4. To indicate improper division of
2. true power by the apparent power reactive load

3. apparent power by the peak power
4. peak power by the average power

15



2-59.Which of the following is NOT a
recommended time frame for the
generator operator maintenance
program?

1. Hourly
2. Dalily
3. Weekly
4. Monthly

2-60. Of the following maintenance checks,
which one is NOT performed by the
operator?

1. Checking the level of the coolant
2. Greasing the fuel transfer pump
3. Draining water from the fuel tank
4. Adding oil to the crankcase

2-61. Which of the following is NOT a
recommended time frame for the
generator preventive maintenance
program?

1. Weekly

2. Monthly

3. Quarterly

4. Semiannually



ASSIGNMENT 3

Textbook Assignment: “Electrical Distribution,” chapter 4, pages 4-1 through 4-33.

3-1. What distribution system configuration

3-2.

3-3.

3-4.

is the simplest and least expensive to
build?

1. Radial
2. Loop

3. Network
4. Primary

The loss of which of the following
components in a radial distribution
system will result in an outage on all
loads served by the feeder?

1. Cable

2. Primary supply

3. Transformer

4. Each of the above

Service to a radial distribution system
can be improved by the installation of
which of the following components?

Hand reset circuit breakers
Automatic circuit breakers
Auto-protected transformers
Additional lightning protective
devices

PN

Inthe loop distribution system, how
many sectionalizing breakers are
installed near the distribution
transformers to open each primary
cable?

1. One
2. Two
3. Three
4. Four
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3-5.

3-6.

3-7.

A network system and a radial system
differ in what respect?

1. The ‘type of transformers used

2. The type of fuses used

3. The way the secondaries are
connected

4. The way the primaries are
connected

If a new primary feeder system must be
flexible because of probable future
growth, what type of system should
you recommend?

1. Network
2. Radial
3. Loop

Which of the following books is an
excellent source of information on
electrical distribution systems?

1. American Electrician's Handbook

2. Standard Handbook for Electrical
Engineers

3. The Lineman's and Cableman's
Handbook

4. National Electrical Code®



3-8. Which of the fallowing concerns may

3-9.

be addresssd when installing a new
power distribution addition?

1. Select the straightest and shortest
route

2. Route the system in the general
direction of future load demands

3. Make the system readily accessible
for construction, inspection and
maintenance

4. All of the above

What type of pole is considered to be
the most economical for power line
support?

1. Fiberglass

2. Steel

3. Wood

4. Reinforced concrete

3-10. Which of the following means of

disposal should you use for a creosote-
treated wooden pole?

1. Burning

2. EPA approved landfill
3. Burying

4. Either 2 or 3 above

3-11. Which of the following means is used

to classify a wooden pole?

1. Length

2. Circumference at the top of the pole

3. Circumference measured 6 feet
from the bottom of the pole

4. All of the above
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3-12.

Lightning arresters for a distribution
transformer should be located between
which of the following areas?

1. Primary mains and fuse cutouts

2. Primary and secondary sides of the
transformer

3. Fuse cutouts and the secondary
bushings of the transformer

4. Secondary side of the transformer
and the service drop

3-1 3. Which of the following types of

3-14.

3-15.

distribution transformers require the
installation of external protective
devices?

1. Conventional

2. Self-protected

3. Both 1 and 2 above

4. Completely self-protected

What feature does the completely self-
protected (CSP) type of transformer
have that differs from the other types?

1. A built-in circuit breaker

2. A fuse cutout mounted to the
outside of the transformer

3. A beeper that sounds when there’s
trouble within the transformer

4. Two tap changers: one primary and
one secondary

How much oil should be putin a
transformer?

1. Fill up to the rim

2. Standard 5 gallons

3. Fill up to the oil-level line

4. Add as much oil as needed to cover
the secondary coils only



A. Liquid-immersed water-cooling
B. Liquid-immersed self-cooling
(C. Air-blast cooling

D. Self-air cooling

Figure 3A

IN ANSWERING QUESTIONS 3-16
THROUGH 3-19, REFER TO FIGURE 3A,
AND SELECT THE TRANSFORMER
DESCRIBED IN THE QUESTION.

3-16. This transformer has a cooling method

3-17.

that cools by surrounding air at
atmospheric pressure.

PN
0O w>

This transformer has a cooling method
that has the core and windings encased

in a metal enclosure through which air
is circulated by a blower.

BN
OO w>

3-18. This transformer has a cooling method

that has water circulated through coils
and carries away the heat from the oll
as it rises in the tank.

PN
o0 w>
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3-19.

3-20.

3-21.

3-22.

3-23.

This transformer has a cooling method
that has its coils and core completely
immersed in transformer oil.

POONPE
OO w>

Which of the following types of
transformers would you find in a major
substation?

1. Completely self-protected (CSP)
2. Current

3. Air-blast-cooling

4. Auto

Old transformers may contain which, if
any, of the following dangerous
chemical elements?

1. COR,
2. PCBs
3. COH,
4. None

Which of the following safety
precautions will protect you when
handling Askarel® oil?

1. Wearing impermeable gloves

2. Wearing splashproof goggles

3. Properly ventilating the work space
4. All of the above

When removing Askarel® oil that is
contaminated with PCBs, an air
respirator may be necessary,

1. True
2. False



3-24. The ground resistance between the 3-29. When determining the size of a

ground wire and the ground transformer for a certain load, how

distribution neutral should read no should you calculate the approximate

more than how many ohms? maximum demand load?

1. 10 1. Divide the total maximum

2. 25 connected load by the demand

3. 50 factor

4. 66 2. Divide the demand factor by the
total maximum connected load

3-25. Which of the following actions will 3. Multiply the total maximum

lower ground resistance? connected load by the demand
factor

1. Drive additional ground rods 4. Multiply the total maximum

2. Connect additional ground rods in connected load by the power factor

parallel
3. Use larger ground rods 3-30. Power capacitors are used in
4. All of the above distribution systems to supply what

electrical factor?
3-26. Which of the following terminal

markings is correct for a transformer 1. Capacitive reactance
with additive polarity? 2. Inductive reactance
3. Reactive voltamperes
1. H2H1-X1X2 4. Impedance
2. H1H2-X2X1
3. Both 1 and 2 above 3-31. When voltage and current waves do not
4. H1IH2-X1X2 have the same direction at the same

instant they are said to be
3-27. Transformers larger than 100 kVA are

usually mounted on which of the 1. in phase
following places? 2. out of phase
3. lagging phase
1. Pad or platform 4. leading phase
2. Pole below the secondary mains
3. Pole above the secondary mains 3-32. When current and voltage in a circuit
4. Cluster mount above the primary rise and fall in value together, in the
mains same direction at the same instant,

what is the power factor in that circuit?
3-28. At what height above the base of the

pole are ground wires required to be 1. Zero

covered with plastic or wood molding? 2. .75
3. .80

1. 6 feet 4. 1.0

2. 8feet

3. 10 feet

4. 12 feet
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3-33. What is the unit of measurement for
apparent power?

1. ohms 1.
2. Watts 2.
3. Voltamperes 3.

4. Watts per voltamperes

3-34. What is the cause of low power factor
in an electrical circuit?

3-38. What happens when a capacitor is
operated below its rated frequency?

kvar rating is reduced
kvar rating is increased
Current is reduced

4. Voltage is reduced

3-39. Other than for power factor correction,
a capacitor in an electrical distribution

system can be used for which of the

1. High load resistance
2. Low impedance

3. High amount of inductance 1
4. Low inductive reactance 2.
3
3-35. Which of the following electrical
components is used for power factor 4.

correction?

1. Booster transformer
2. Filter resistor
3. Inductive filter
4. Synchronous motor

3-36. What device is most economical to 1
correct a low power factor? 2.
3.
1. Synchronous motor 4,
2. Capacitor
3. Inductor

4. Filter resistor

following purposes?

. Current boost during heavy loads

Voltage boost during heavy loads

. Current boost when the power

factor is low
Voltage boost when the power
factor is low

3-40. After a capacitor has been
disconnected from an energized circuit,
how long should you wait before
connecting it back to the circuit?

1 hour
1 1/2 hours
5 minutes
15 minutes

3-41. Before shorting the terminals of a
capacitor, which of the following

precautions should you follow?

3-37. Capacitance is the opposite of what

electrical factor? 1.
2.

1. Resistance

2. Impedance 3.
3. Conductance
4. Inductance 4
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Wait 15 minutes

Make sure the capacitor voltage is
zero

Make sure the terminals are
grounded to earth

. All of the above



3-42.

3-43.

3-44.

3-45.

When a capacitor is installed to switch
a circuit on and off, the switching
device should be rated at what
percentage of the capacitor rating?

1. 80%
2. 100%
3. 125%
4. 135%

Capacitors rated at 600 volts or more
with built-in discharge resistors are
required by théNational Electrical
Code®to be discharged in 5 minutes
to what minimum voltage?

1. 5 volts
2. 15volts
3. 50volts
4, 100volts.

Primary capacitors used in distribution
systems are rated at what minimum
voltage?

600 volts
1,000volts
2,400 volts
3,000 volts

P

Capacitors installed in an open-rack
configuration are normally connected
in which of the following manners?

1. Delta
2. Parallel
3. Series
4. Wye
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3-46.

3-47.

3-48.

3-49.

3-50.

After a capacitor bank has been
installed, it should be inspected and
checked at what minimum interval?

1. Once a week
2. Once a month
3. Twice a month
4. Once a year

Maintenance for an oil switch
operating a capacitor bank should be
performed after the switch has been
operated on and off for what maximum
number of times?

1. 500
2. 1,500
3. 2,500
4. 3,000

A surge arrester performs which of the
following functions?

1. Allows follow-up currents to flow
to ground
2. Drains off excess voltage through
the capacitor banks
3. Drains off excess voltage to ground
4. Drains off excess current to ground

Enclosed cutouts are designed to
operate at what maximum voltage?

1. 2,400volts
2. 5,000 volts
3. 7,200 volts
4. 10,000volts

Primary fuse links with no electrical
load must withstand what minimum
pound pull?

1. 5
2. 10
3. 15
4. 25



3-51.

3-52.

3-53.

3-54.

3-55.

For an electrical distribution system to
be safe, distribution transformers are
protected against the slightest overload.

1. True
2. False

What is the minimum number of
lineman required to open a ganged
three-way switch?

One
Two
Three
Four

W e

Opening a disconnect switch in a
circuit where current is flowing could
cause which of the following
conditions?

1. Circuit overload

2. Circuit overcurrent
3. Circuit overvoltage
4. Short circuit

The oil in an oil switch serves which of
the following purposes?

1. Lubricant for the moving parts

2. Extinguishing agent for the
electrical arc

3. Coolant during heavy loads

4. Insulator for the live parts

When an oil switch opens a circuit
automatically because of an overload
or short circuit, which of the following
components should be installed with
the oil switch?

1. Fuse

2. Magnetic relay
3. Overload relay
4. Trip coill
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3-56. What is the purpose of a recloser in a

distribution circuit?

1. It opens the circuit in case of a
fault, locks the switch in the open
position, then recloses the circuit
immediately after the fault is
corrected

2. ltrecloses an open circuit

automatically after the circuit has
the sufficient amount of power

3. It recloses an open circuit only

when it is signaled remotely by the
substation operator to close

4. It opens the circuit in case of a

temporary fault and recloses the
circuit a few times until the fault is
corrected

3-57. A recloser could be set to re-close at

what maximum number of times?

1. One
2. Five
3. Three
4. Four

3-58. Which of the following statements

describes a difference between a fuse
link and a recloser?

1. Afuse link has a lower ampere
rating

2. A fuse link has a higher voltage
rating

3. A fuse link can distinguish between
temporary and permanent fault

4. A fuse link cannot distinguish
between temporary and permanent
fault



3-59. When a de-energized line runs parallel

to an unloaded energized line, which of
the following electrical characteristics
could be picked up?

1. Capacitance
2. Static current
3. Static voltage
4. Induced voltage

3-60. When a de-energized line runs parallel

to a loaded energized line, which of the
following electrical characteristics
could be picked up?

1. Capacitance
2. Static current
3. Static voltage
4. Induced voltage

3-61. When working with de-energized

power lines, which of the following
precautions is the best way to avoid
accidentally energizing the lines?

1. Post a watchstander by the power
switch

Put a lock on the power switch
Install short circuiting and
grounding: leads to the lines

All of the above

2.
3.

4.

3-62. What is the maximum recommended

distance between manholes?

1. 400feet

2. 500feet

3. 600 feet

4. 1,000feet

3-63. What is the smallest allowable size of a

manhole?

1. 2- by 3-foot

2. 3- by 4-foot

3. 5-by 7-foot

4. 6- by 6-foot
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3-64.

3-65.

3-66.

3-67.

3-68.

When determining the size of manhole
to be used for transformers, how many
cubic feet should you allow per
kilovoltampere rating of the
transformer?

1 toll/2
2 to3
31/2t04
41/2 to5

AN

Uppermost ducts installed on a
manhole should have a minimum of
which of the following depths from the
ground?

1. 18 inches
2. 30 inches
3. 3feet
4, 4 feet

Communication cables installed
underground should be buried at what
minimum depth?

1. 18inches

2. 2 feet

3. 3 feet

4. 30inches

Before you completely bury an
underground cable, what should you
place above the cable?

1. Concrete markers
2. Plastic streamers
3. Three-inch layer of sand
4. Each of the above

A 600-volt direct burial cable should
be installed at what minimum depth?

12 inches
18inches
24 inches
30 inches

D



3-69. Which of the following means should
be used for water drainage from a
manhole?

1. Ducts that slope down from the
manhole

2. Pumps installed in the manhole

3. A central drain hole, a dram line,
and a sump for the manhole

4. A series of drainage holes bored on
the deck of the manhole

3-70. When a duct line is set in concrete,
there should be a minimum of how
many inches of concrete around each

line of duct?
1. 6
2. 9
3. 3
4, 12

3-71. Which of the following methods is
used to clean ducts?

1. Wiping

2. Vacuuming

3. Rodding

4. Each of the above

3-72. You are pulling multiple cables
through a duct. You should pull the
cable at what rate?

1. 25 feet per minute
2. 35 feetper minute
3. 50 feetper minute
4. 75 feetper minute

3-73. Before you enter an underground
structure, which of the following
people must certify it as being safe?

1. Safety chief

2. Safety officer

3. Confined space manager
4. Commanding officer
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ASSIGNMENT 4

TextbookAssignment: “Electrical Distribution,” chapter 4, pages 4-33 through 4-37, “Interior
Wiring,” chapter 5, and “Fiber Optics and Lighting,” chapter 6, pages 6-

1 through 6-8.

4-1.

4-2.

4-4,

An ammeter has which of the
following electrical characteristics?

1. High internal resistance
2. High power consumption
3. Low internal resistance
4. Low voltage rating

When an ammeter is connected across
a voltage source, which of the
following conditions will occur?

1. The circuit will be overloaded

2. The circuit will consume excessive
power

3. The ammeter will be damaged

4. The ammeter will read the current in
the reverse direction

. Before breaking a circuit connection

for an ammeter, what should be your
first step?

1. Set the meter at its highest range
2. Energize the circuit

3. De-energize the circuit

4. Set the meter at its lowest range

When taking measurements on a
direct-current circuit you should
connect the ammeter to the correct
polarity.

1. True
2. False
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4-5.

4-6.

4-7.

4-8.

Before connecting an ohmmeter into a
circuit, what step should you do first?

1. Place the meter to its highest range

2. Check the polarity of the meter

3. Make sure current is in the circuit

4. Make sure there is no voltage in the
circuit

Before placing the test leads of an
ohmmeter into the terminals of a
capacitor, what step should you do
first?

1. Ground the case of the capacitor
2. Charge the capacitor

3. Discharge the capacitor

4. Ground the ohmmeter

You should not use a low-voltage
megger to test high-voltage insulation
breakdown for which of the following
reasons?

1. The megger will be damaged

2. The megger will not read accurately

3. The insulation will be damaged

4. The megger will not indicate any
reading

To dry a wet digital multimeter, you
should use low-pressure clean air at
what maximum pounds per square inch

(psi)?

1. 10
2. 20
3.25
4. 30



4-9. Cross-modulation interference is

caused by which of the following
conditions?

1, lonized air in the vicinity of power

lines
2. Localized excessive voltage stress
3. Corroded connections in distribution

lines
4. Cracked power line insulation

by which of the following conditions?

1. lonized air in the vicinity of power

lines
2. Corroded connection in distribution

lines

4-13.What action should you take to protect

rubber gloves from mechanical
damage?

1. Leave the rubber gloves inside the
cotton gloves

2. Leave the rubber gloves inside the
leather gloves

3. Store the gloves inside a canvas bag

4. Store the gloves in dry storage

4-10.Spark-discharge interference is caused 4-14.Besides mechanical damage, rubber

gloves should be protected from which
of the following conditions?

1. Moisture
2. Dryness
3. Sunlight

3. Cracked power line insulation 4. Chemical exposures

4. Both 2 and 3 above
4-15.A rubber insulating insulator hood is

used to cover what distribution system

4-11. When working on distribution lines,
component?

what action should you take to protect

your high-voltage rubber gloves?
1. Bare conductor

2. Suspension insulator
3. Strain insulator
4. Post insulator

1. Wear cotton gloves over them
2. Avoid handling sharp objects
3. Wear leather gloves over them
4. Use them only on de-energized

circuits 4-16. If a direct burial cable is installed

underneath a four-inch concrete slab, it

4-12.How often should rubber gloves be should be buried at what minimum

given an air test? depth?

1. Yearly 1. 6inches

2. Monthly 2. 18inches

3. Weekly 3. 24 inches
4. 30inches

4. Each day, before using the glove
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4-17.1f a direct burial cable is installed 4-22. If an interior wiring system is not
underground without covering, it installed underground, where is the
should be buried at what minimum starting point located?

depth?
1. At the service entrance

1. 6inches 2. At the watt-hour meter

2. 12inches 3. At the panel board
3. 18inches 4. At the service drop
4. 24inches

4-23. Power feeders should never be
suspended less than what minimum

4-18.Type UF cable can be used in what
distance above a walkway?

location?

1. A service entrance 1. 10feet
2. Embedded in concrete 2. 12 feet
3. A wet location 3. 18feet
4. In a storage-battery room 4.20feet

4-19. An electrical wiring system installed in ~ 4-24.Communications circuits should be
an underfloor raceway should have installed in what enclosure?

what maximum voltage?
1. In the same enclosure with light

1.110V circuits

2.220V 2. In the same enclosure with power

3.440 V circuits

4. 600 V 3. In an enclosure all by itself
4-20.Underfloor raceway ducts should be 4-25.Conductors installed in raceways that

filled with conductors up to what are No. 8 AWG or larger should be

maximum percentage of its cross configured in which of the following

sectional area? ways?

1. 90% 1. Solid

2. 80% 2. Stranded

3. Securely fastened to the raceway

3. 50%
4. Groundedto the raceway

4. 40%

4-26. If an overcurrent device or circuit

4-21.For general installation, underfloor
breaker is located in a panel board and

raceways should be installed at least

how many inch(es) below the surface rated at 80 amperes, it should have a

of a floor? load that does not exceed how many
amperes?

1.1 inch

2.2 inches 1. 60

3. 1/2inch 2. 64

4. 3l/4inch 3. 80
4. 100
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4-27.The insulation of an equipment-

grounding conductor should have what
outer color?

1. White
2. Green with yellow stripes

3. Gray

4. Gray with yellow stripes

4-28.You have a conductor with black
insulation that you want to use as an
equipment ground conductor. What
should you do with the wire before
installing it?

1. Put a yellow stripe on the insulation

2. Color the exposed insulation white

3. Mark the exposed insulation with
gray tape

4. Strip the insulation from the entire
exposed length of the wire

IN ANSWERING QUESTIONS 4-29 AND
4-30, REFER TO TABLE 5-2 IN
CHAPTER 5.

4-29.When a No. 2 AWG copper wire is
installed vertically in a multistory
building, it should be supported at
what intervals?

1. Every 200 feet
2. Every 180 feet
3. Every 100 feet
4. Every story

4-30. When a No. 6 copper conductor is
installed vertically in a multistory
building and supported by the
deflection method, it should be
supported at what intervals?

1. Every 100 feet
2. Every 200 feet
3. Every 50 feet
4. Every 20 feet
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4-31.An electrical circuit can be tested

safely and inexpensively using which

of the following test equipment?

1. Digital multimeter
2. Line-voltage tester
3. Light bulb tester
4. Neon tester

4-32.When you use a power bender, what
procedures should you follow?

1. The same procedures as manual

benders

2. The procedures recommended by the

conduit manufacturer

3. The procedures recommended by the

bender manufacturer

4. The same procedures as any other

power bender

IN ANSWERING QUESTION 4-33,
REFER TO TABLE 5-3 IN CHAPTER 5.

4-33. When bending with power benders and

the manufacturer’s chart is not
available, what should be the minimum
stub length of a 1 -inch conduit?

1. 17/8 inches
2. 2 3/8 inches
3. 10 inches
4, 13 inches

4-34. Before turning the motor of a power

bender to bend a conduit, what safety
check should you make?

1. Make sure the power is on

2. Make sure that the bender is
perfectly leveled to the floor

3. Make sure the lock pins are properly
engaged

4. Make sure the conduit is g-rounded



4-35.A conduit run from one outlet to the

next should only have what maximum

number of bends?

1. Seven
2. Six

3. Five
4. Four

4-36.Wooden plugs should never be used as

anchors for which of the following
reasons?

1. They cure in a short time
2. They might stain the wall

3. They eventually loosen in the hole

4. Each of the above

IN ANSWERING QUESTION 4-37,

REFER TO TABLE 5-4 IN CHAPTER 5.

4-37. You are installing two 1/2 inch conduit

runs parallel to each other. What is the
proper spacing between the conduits?

1. 1 5/8 inches
2. 7/8 inch
3. 5/8 inch
4. 25/32 inch

IN ANSWERING QUESTION 4-38,

REFER TO TABLE 5-5 IN CHAPTER 5.

4-38. A 1 1/2-inch rigid conduit installed in a
straight run should be supported at

what maximum interval?

10 feet
12 feet
14 feet
16 feet

HOON -

4-39. Which of the following wire splices is

simple to make?

1. Western Union

2. T-tap

3. Portable chord splice
4. Pigtail

4-40. Which of the following wire splices is

the most difficult to make?

1. Western Union

2. T-tap

3. Portable chord splice
4. Pig tall

4-41. When soldering wires, you should not

leave the unsoldered splice exposed to
the air for a long period of time for
which of the following reasons?

1. The exposed splice will oxidize
2. The exposed wire will collect dirt

3. The exposed splice will collect

moisture
4. All of the above

4-42. What means should you use to cool a
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soldered splice?

1. Dip it in water

2. Blow on it

3. Allow it to cool naturally
4. Apply a damp rag to it

4-43. Which of the following tools should
you use to remove a fuse from a switch

box?

1. Electrician’s pliers
2. Needle nose pliers
3. Fuse puller

4. Each of the above



4-44. Which of the following methods
should you use to replace a fuse?

1. Install the fuse first into the line side
of the fuse clip, then into the load
side

. Install the fuse into the load side and
line side fuse clips at the same time

. Install the fuse first into the load side
of the fuse clip, then into the line
s i d e

4, Each of the above

4-45. Which of the following statements is
correct about the use of portable
electric tools?

1. Make sure all tools you use have a
third plug

2. Make sure all tools are double
insulated

3. Make sure all tools are grounded

4. Make sure you use GFCI on any tool

IN ANSWERING QUESTIONS 4-46 AND
4-47, REFER TO TABLE 5-6 IN CHAPTER

5.

4-46. What OSHA safety color code is used
to indicate a cutting device?

1. Purple
2. Orange
3. Yellow
4. Red

4-47. What OSHA safety color code is used
to designate emergency stop switches?

1. Orange
2. Yellow
3. Red

4. Green
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4-48. What is the very first thing you should

do when you discover a fire in your
work place?

1. Make a reasonable effort to put out
the fire

2. Call the fire department

3. Pull the fire alarm and alert all
workers in the work place

4. Contact your immediate supervisor

4-49. A fire in an electric motor is designated
as what type of fire?

1. Class A
2. Class B
3. Class C
4, Class D

4-50. Fire in a paint locker should be
extinguished with what which of the
following agents?

1. Water

2. Carbon dioxide

3. Dry chemicals

4. Both 2 and 3 above

4-51. The best extinguishing agent for
electrical fires is water.

1. True
2. False

4-52. What fiber-optic device converts
electrical signals to optical signals?

1. Transducer
2. Converter
3. Transmitter
4. Inverter



4-53. What fiber-optic transmitter
component receives incoming
electrical signals?

1. Receiver

2. Source drive circuit
3. Coupler

4. Interface circuit

4-54 What is the difference between a
semiconductor LED and an LD?

1. An LED emits coherent light while
an LD does not

2. An LED has a fixed-phase
relationship while an LD lacks this
relationship

3. An LED is more economical to
operate than an LD

4. An LED is more expensive to
operate than an LD

4-55. Semiconductor lasers emit light at a
spread of what angle?

1. 2to 4degrees
2. 5to 7 degrees
3. 10to 15 degrees
4. 16to 20degrees

4-56.Which of the following is the most
common material used to produce a
semiconductor?

1. Silicon

2. Indium

3. Aluminum
4. Phosphorus

4-57. Light from a laser is produced through
what process?

1. Spontaneous emission
2. Simulated emission
3. Simultaneous emission
4. Stimulated emission
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4-58.Which of the following statements is

correct concerning electric energy in
the operation of an LED and an LD?

1. All electrical energy is converted to
optical energy

2. A small amount of electrical energy
is converted to heat energy

3. A substantial amount of electrical
energy is converted to optical energy

4. A substantial amount of electrical
energy is converted to heat energy

4-59.What component is used to more

efficiently couple light from a light
source to an optical connector?

1. Optical pigtail
2. Coupler

3. Lens

4. Transducer

4-60. Which of the following fiber-optic

components converts the weakened
and distorted optical signal back into
an electrical signal?

1. Transmitter
2. Amplifier
3. Receiver
4. Coupler

4-61. Which of the following is the purpose

of an optical detector?

1. To generate an optical pulse
proportional to the input current

2. To convert an optical signal into an
electrical signal

3. To convert an electrical signal into
an optical signal

4. To amplify the optical output signal



4-62. What type of fiber-optic link consists 4-67.What was the first heating element
of two simple point-to-point links used for fusion splicing?

transmitting in opposite directions?
1. Gas flame

1. Simplex 2. Chrome wire

2. Composite 3. Carbon-dioxide laser
3. Full duplex 4. Nichrome wire

4. Opposite

4-63. What instrument is recommended for
taking field measurements on an
installed optical fiber cable that is 100
feet long?

1. Optical loss test reflectometer

2. Digital multimeter

3. Optical time domain reflectometer
4. Optical time domain refractometer

4-64.What fiber-optic cable splice is
considered a permanent splice?

1. Adhesive splice
2. Mechanical splice
3. Welded splice

4-65. In a V-groove splice, what material or
component completes the assembly
process by bonding the ends of the
fiber-optic cable?

1. The substrate

2. The flat spring
3. The transparent adhesive
4. The alignment sleeve

4-66.Which of the following techniques is
the most popular technique used for

fusion splicing?

1. Carbon-dioxide-laser fusion
2. Nichrome-wire fusion

3. Electric-arc fusion

4, Gas-flame fusion
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ASSIGNMENT 5

Textbook AssignmentFiber Optics and Lighting Systems,” chapter 6, pages 6-9 through 6-50;
“Electrical Equipment,” chapter 7; “Alarm Systems,” chapter 8.

5-1. In street lighting, streets are classified 5-5. What technical information does a

into how many categories? luminaire isofootcandle curve show?
1. Five 1. The distribution of illumination on
2. Two the road surface in the vicinity of
3. Three the luminaire
4. Four 2. The amount of light generated
within the luminaire
5-2. Which of the following 3. The amount of light that falls on
measurements should NOT be used the roadway and adjacent areas
as a mounting height for a lighting 4. The magnitude and direction of the
luminaire? light coming from the luminaire
1. 18 feet 5-6. When performing lighting
2. 20 feet calculations, what factor should you
3. 25 feet include to compensate for the gradual
4. 30 feet loss of illumination that is due to
accumulated dirt on the luminaire
5-3. A luminaire overhang should not surface?
exceed what percentage of its
mounting height? 1. Power factor
2. Correction factor
1. 25% 3. Maintenance factor
2. 30% 4. lllumination factor
3. 35%
4. 40% 5-7. Floodlighting luminaries have what
total number of National Electrical
5-4. What technical information does a Manufacturer’'s Association (NEMA)
luminaire utilization curve show? classifications?
1. The distribution of illumination on 1. Five
the road surface in the vicinity of 2. Two
the luminaire 3. Three
2. The amount of light generated 4. Four

within the luminaire
3. The amount of light that falls on
the roadway and adjacent areas
4. The magnitude and direction of
light coming from the luminaire
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5-8. A general-purpose floodlight, with an

5-9.

integral ballast, has what NEMA
classification?

1.GP
2. GPB
3. HD
4. HDB

A NEMA Type 5 floodlight has a
horizontal and vertical beam spread
of how many degrees?

1.21
2. 22
3. 45
4. 77

5-10. You are performing lighting

calculations and the manufacturer’s
information is not available for an
enclosed floodlight. What

maintenance factor should you use in

the calculation to compensate for the

gradual loss of illumination?

1.0.76
2.0.70
3. 0.65
4. 0.55

5-1 1. What types of airfield is/are best

suited for helicopter operations?

1.VTOL
2.VSTOL

3. Both 1 and?
4. SELF

5-12. What type(s) of airfield can

accommodate the landing of high-
performance aircraft?

1. VSTOL

2. SELF

3. EAF

4, Both 2 and3
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5-1 3. What airfield lighting standards are
followed by U.S. military airfields
overseas?

1.
2.

3.
4.

NAVFAC standards

The host nation’s aviation
standards

FAA standards

U.S. Air Force standards

5-14. The SELF has how many sets of
FLOLS and field lighting systems?

1.
2.
3.
4,

Five
Two
Three
Four

5-15. In an airfield lighting control circuit,
the hot lead is what size of wire?

5-16. |

.No. 6 AWG
.No. 7AWG
.No. 12 AWG
.No. 17 AWG

n an airfield lighting control circuit,

what color is the hot lead?

1. Red

2.
3.
4.

Blue
Black
Orange

5-17. Runway edge lights should be
installed at what maximum distance
from the edge of the runway paving?

o

5 feet
2 feet
10feet
15 feet



5-18. When approach lighting circuits are
to be installed above ground and the
airfield area is not fenced, the circuit
should be installed at what minimum
height?

1. 8feet
2. 10 feet
3. 12 feet
4. 22feet

5-19. The power supply for a runway
distance marker light should be the

same as the power supply for
approach lights.

1. True
2. False

5-20. In an obstruction lighting system,
what color are the lights?

1. Orange
2. Yellow
3. Blue
4. Red

5-2 1. There are how many types of
functional beacons?

1. Five
2. Two
3. Three
4. Four

5-22. Which of the following beacons uses
a flashing light instead of a rotating
light?

Airport beacon

Identification or code beacon
Hazard or obstruction beacon
Both 2 and 3

el NS
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5-23. When you are working very near
airfield strobe lights during an
airfield operation, what safety
precaution should you follow?

1.
2.

3.

4.

5-24.

Wear sunglasses

Do not look directly at the light
beam

Cover the strobe lights to block
their light

Turn off the power to the strobe
lights

When, if ever, does the control tower

have any control over the airfield
strobe lighting?

1. Only when the local/remote control

unit in the sequence timer cabinet
is in the local-on position

2. Only when the local/remote control

unit in the sequence timer cabinet
is in the remote position

3. Never

5-25.

When you are performing an
operational test during routine
maintenance on an airfield lighting
system, you should leave the light on
for at least how many hours?

PwNp
o NP

5-26.

What will happen in an airfield
lighting circuit when the output
terminals of a constant-current
regulator (CCR) in the circuit are
accidentally shorted?

1. The circuit will be overloaded

2. There will be a short circuit

3. The CCR will have a no-load
condition

4. The CCR will be damaged



5-32. An approved disconnecting means

5-27. What will happentoa CCR ina
for a motor circuit should have what

lighting circuit if its secondary

terminals are left open without a kind of rating?

load?
1. Ampere

1. 1t will be overloaded 2. Horsepower

2. 1t will be shorted 3. Kilowatt

3. It will have a no-load condition 4. Voltage

4. There will be no significant effect

to the CCR 5-33. The Code permits a motor
disconnecting means to be out of
5-28. NEW® requirements for motor- sight if what condition can be met?

branch circuit and ground fault

protection can be found in what part 1. It can be locked in the ON position

of Article 4307 2. It can be locked in the OPEN
position

1.A 3. It can not be locked in the ON

2.B position

3.C 4. It can not be locked in the OPEN

4. D position

5-29. Motor-branch circuit protection must 5-34. A motor overload protection should

protect which of the following circuit be capable of protecting the motor
from which of the following circuit

components?
condition(s)?
1. The motor
2. The control apparatus 1. Short circuit
3. The conductors 2. Ground fault
4. All of the above 3. Excessive circuit heat

4. All of the above
5-30. Which of the following devices can

be considered a motor controller? 5-35. What must be done to a regular fuse
used as an overload protection for a

1. Pilot control device motor during the motor’s starting

2. Circuit breaker period?

3. Push button station

4. Limit switch 1. It must be grounded
2. It must be shunted

5-31. The NEC® considers a motor 3. It should be outfitted with a time-
controller to be out of sight when the delaying device
controller is more than how many 4. None of the above

feet from the motor?
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5-36. Which of the following non-current 5-41. In a class 1 control circuit, a number

carrying metal parts of a motor 18 wire should be protected at how
circuit is/are required to be many amperes?
grounded?
1. 7
1. Cabinets 2. 10
2. Boxes 3. 16
3. Equipment enclosures 4. 18

4. All of the above
5-42. In a two wire control circuit, what

5-37. Flexible metal conduit is permitted to component opens and closes the
be used as an equipment grounding circuit?
conductor provided its length does
not exceed how many feet? 1. Circuit breaker
2. Start-stop button
1. 6 3. Toggle switch
2. 10 4. Automatic pilot device
3. 15
4. 20 5-43. In a three-wire control, what is the

function of the maintaining circuit?
5-38 When flexible metal conduit used as a

grounding conductor exceeds its 1. To maintain the voltage of the

permitted length, you should install circuit

what component in the conduit? 2. To maintain the current of the
circuit

1. A neutral wire 3. To maintain power to the circuit

2. An additional hot wire 4. To eliminate the need for the

3. A bonding jumper wire operator to press constantly on the

4. A connector listed for grounding start button to keep the controller

coil energized
5-39. A flexible metal conduit used as an
equipment grounding conductor 5-44. Which of the following is another
should have circuit conductors within term for a maintaining circuit?

it rated at what maximum amperes?
1. Control circuit

1. 10 2. Sealing circuit
2.15 3. Holding circuit
3.20 4. Both 2 and 3
4.25

5-40. A control circuit is divided into how
many classes?

1. Five
2. Two
3. Three
4. Four
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5-45.

5-46.

5-47.

5-48.

5-49.

Which of the following components
is commonly used to open and close
the circuit?

1. Limit switch

2. Circuit breaker

3. Push button station
4. Float switch

A low-voltage control uses a separate

low voltage source from which of the
following components?

1. Adjustable resistor
2. Rectifier

3. Isolation transformer
4. Small generator

The low-voltage control's supply
voltage should come from the same
power supply as the motor it is
controlling.

1. True
2. False

Lockout guidance is provided by
what instruction?

1. OPNAVINST 5010.23
2. OPNAVINST 5001.23
3. OPNAVINST 5100.32
4. OPNAVINST 5100.23

If a motor does not start when the
main contacts of the controller close,
which of the following conditions
is/are the possible cause(s)?

1. Dirty start button contacts
2. Open holding coil
3. Open overload heater coil
4. Each of the above
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5-50.

5-51.

5-52.

5-53.

5-54.

If the controller contacts do not close
when the start button is pressed,
which of the following conditions is a
possible cause?

1. Defective load
2. Grounded circuit
3. Over voltage

4. Shorted coil

If the controller contacts open when
the start button is pressed, which of
the following conditions is a possible
cause?

1. A shorted coill

2. Wrong connection of the push
button station

3. Over voltage

4. An open overload relay

If & magnetic coil is noisy while in
operation, which of the following
conditions is a possible cause?

1. Shorted contacts

2. Shorted coil

3. Grounded coil

4. Broken shaded pole

Grease used for lubricating motor
bearings should have a melting point
not less than how many degrees?

1. 150°F
2. 212°F
3. 100°C
4. 150°C

What is the most common lubrication
problem on newer motors?

1. Infrequent greasing
2. Overgreasing

3. Undergreasing

4. Grease melting



5-55. When using an external heating unit

5-56.

to dry moisture from a Class A
insulated motor, you should not allow
the motor windings to exceed what
temperature?

1. 150°C
2. 100°C
3. 150°F
4. 100°F

What condition indicates an
overheated commutator?

1. A polished brown color on the
surface of the commutator

2. A bluish color on the surface of the
commutator

3. An uneven wear on the
commutator

4. A worn out commutator brush

5-57. After you install an electric motor,

how long should you initially leave
the motor running with a load for
observation?

1. 1 hour
2. I/2 hour
3. 5 minutes
4. 15 minutes

5-58. Which of the following reasons is/are

the purpose of a building alarm
system?

1. To protect property
2. To detect an intrusion
3. To protect life

4. All of the above

5-59. What is an annunciator?

1. A public address system

2. An audible indicating device
3. A visual indicating device

4. A coding device
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5-60. What Article in the NEC® covers the

installation of wiring and equipment
of fire-protective signaling systems?

1. 607
2. 670
3. 706
4. 760

5-61. In a security wiring circuit, what

component allows an authorized
person to leave and enter the premises
without causing an alarm when the
system is on?

1. Tamper switch

2. Key-operated timer
3. Shunt lock

4. Tuner switch

5-62. Which of the following types of

installation for fire and security
wiring systems is the most difficult to
accomplish in an existing building?

1. Surface mounted conduit
2. Wire molding

3. Concealed wiring

4. Exposed wiring

5-63. Which of the following drills is

recommended for drilling holes using
a flexible shaft?

1. Low-speed
2. High-speed
3. High torque
4. Reversible



5-64.

5-65.

5-66.

5-67.

5-68.

In the installation of burglar alarm
wiring through a window casement,
what size of flexible shaft is
recommended?

1. 1/4 inch

2. 5/16 inch

3. 3/8 inch

4. 1/2 inch

While pulling a wire with a flexible
shaft attached to a drill, when, if ever,
should you reverse the direction of
the drill?

1. All the time while pulling the wire

2. Only when the wire is hard to pull

3. Only when the bit is passing
through a wooden member

4. Never

Security and fire alarm systems’
wiring ranges from what AWG sizes?

l. No. 10 to No. 8
2. No. 14 to No.12
3. No. 20 to No.16
4. No. 22 to No.18

What component is the heart of any
security system?

1. Bell

2. Horn

3. Control panel
4. Switchboard

A good rechargeable power supply
should be able to operate an alarm
system for how many hours without
being recharged?

1. 8 hours
2. 12 hours
3. 24 hours
4. 48 hours
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5-69.

5-70.

5-71.

5-72.

5-73.

A non-rechargeable standby battery
power supply for fire alarms is still
permitted for use by the NFPA.

1. True
2. False

Surface magnetic detectors can be
mounted by using which of the
following materials?

1. Epoxy

2. Double-sided tape
3. Screws

4. All of the above

When installing a detector on
windows, the two sections of the
detector should be no more than how
many inches apart?

1. 1/4inch
2. 3/8inch
3. 1/2 inch
4. 5/8inch

The conductive foil in an alarm
system is connected to what
conductor?

1. Neutral
2. Ground
3. Positive
4. Negative

What type of motion detector is used
to detect sounds caused by an
intruder?

1. Infrared detector

2. Ultrasonic detector
3. Sound wave detector
4. Audio detector



5-74. Which of the following detectors is
used to protect large areas such as
construction sites?

1. Infixed

2. Audio

3. Microwave
4. Vibration

5-75. The proper performance of an
ultraviolet-radiation fire detector
could be affected by which of the
following factors?

1. Sunlight

2. Welding arc
3. Lightning

4. Both 2 and 3
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