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Preface to the 32nd edition

['his bouk has been written for people who want to learn how to ir
wiring so that the inished job will be both practical and safe. The i
comply with the Nattonal Flectrical Code®. Then the fimshed job

able to electrical inspectors, power suppliers, and others having |8

the matter.

Electrical wiring cannot be learned by skimming theough this or 58

for 153 minutes; neither showld the book be considered a“Ouwick Any

Mevertheless, careful study of this book should enable vou to windg
farm su that it will be acceptable to everyone concerned. Howeverg

any wiring, learn how to do the job correctly.

The author hopes this book will alse be of considerable value in pladg

iob, t0 enable vou to write sensible specifivations thal will lead w

maximurm usefulness from electric power—now, and 10 vears laten €

will avoid later changes that usually cost several times as much as

i the original plans

Throughout this book 1 have emphasized the reasons why thing
a particular way. This will help vou to understand not anly the ¢
discussed, but will also help you o solve other problems as the
wiring of all kinds.

The first edition of Wiring Simplihed appeared in 1932, This 32nd

prepared by W. Creighton Schwan, who is especially well qualificd 8

very grateful to hum for undertaking this project

H. It Richter

Preface to the 39th edition

The ahility of H, B Richter to reduce a complex subject to simple, casy o understand
terms is rare. Matching that ability is improbable, but it 15 a challenge 1 seriously
accept, This 39th edition reflects revisions made necessary by the many changes
in the 1999 Nato
i previous editions.

nitl Flectrical Code® and by materials and methods not covered

—W, Creighron Schwan

Preface to the 40th edition

Il is indeed an honor to carry this book forward. W, Creighton Schwan did an
sutstanding joh maintaining the continuity of this work from the 32nd edition,
which reflected the developments in the 1975 NEC, through the 39th edition
based on the 1994 NE(C. My hope is to achieve what my predecessors managed so
admirably in keeping an increasingly complex field accessible to a broad audience
I'his 40th edition reflects the extensive changes in the 2002 NEC, These changes are
heith substantive and, 10 a degree not scen perhaps since the 1959 NEC, editorial.
The 2002 NEC has completely reorganized its Chapter 3 covering wiring methods
| riveaning almost all wiring methods have new article designations ), and it now refers
tovits internal sections and appendices ina different manner than betore, In addition,
miany articles have been completely rewnitten, Any reader attempting to apply prior
editions of this book to the 2002 NEC will be very confused as a result.

Ihis edition, as ahways, responds to many helpful sisggestions by its readers, and
further comments and suggestions for improvements are greatly appreciated. For
contact information, see page X

Frederic P Hartwell
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.- GETTING STARTED—THE BASICS

CHAPTER1
Standards, Codes, and Safety

WE DEPENTION ELECTRIC POWER so extensively in our homes and husinesses,

on our farms, and in industry that it would be difficult to list all its uses, Flectric

power serves i countless ways while normally presenting little danger, and we

often take 1t for granted. Yet when not used properly electric power can cause fire,

= Ly . I
and even cause death

dEsTToy '-."'?n.'ll,"\.'n'l'.-..-\.I.'Flllll'\::. inpure pent

STANDARDS

Electric power is safe for us to use only when it Is under control. We control it by using

wiring and electrical equipment that is of dependable quality. Equally important

the wiring and electrical equipment must be properly installed and maintained.

Flectrical parts and devices are manofactured according to specific safely stan-

dards. They should be installed using methods that are uniform throughout all the

states—the methods proved by experience to be both practical and safe.

Product listings Heputable retailers and manufacturers sell onlv merchan

dise that is listed by a qualified electrical testing laboratory. The oldest ar

1 sl
commonly recognized testing organization is Underwriters Laboralones (L1
When a manufacturer submits its product to such an organization, the product is

Investigal +d and subjected to pertormande lests. It it meets the sabety standards. it 15

then “listed by {name of laboratory).” Many people say “approved by ... " but that 1s

not correct terminology. To determine that the product continues to meet regu

ments in the product standards, trained field representatives periodically vis

factory where the product is made to audit production controls. Additionally, the

testing laboratory regularly tests factory and store samples, If these samples meet
the requirements, the product continues to be listed and will bear a histing mark.
Some 1tems [wire, laree swilg hes, Axtures, conduit) have a I\Ii'lg.'_ miark simalar to
those shown in Fig, 1-1 on each coil or plece. Cord sets [extension cords ) have labels
ole switches carrv the name of 1 nderwriters

1 the wiord LISTED mlded o siamped on

s, outlet boxes, and toasters

rs the h
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Fig. 1-3. Each piece is marked in some way so that the inspector or purchaser can

wlentity the manufacturer by referring to a directory listing manufacturers that b VL
proved thewr product meets the applicable requirements. The listing mark on the

Prodiuct indicates l.l'."l":}"ii.'li'la.'l.. In addmion 1o UL, other certihcation laboratories

{ : i [
include ETL Testing Laboratories, Inc. (now part of Intertek Testing Services

Factory Mutual (FM ), a

anadian Stands

- rds Assocabion (LSA); however

UL is the most widely used.

“Listed” usage requirements | Te term “listed
|

IICALES e Merchnandise 15

sade of wsedd for the purpose and under the ©o 15 for whach 1t was

FLUORESCENT
FIXTURE
LISTED
LISTED C i

Al O DAME LOCATIONS
ENCLOSED INDUSTRIAL CONTROL PANEL
Mo.

Y

TAELE

f @ INSULATED ENCLOSED

WIRE SWITCH
LISTED LISTED

ISSUE NO. Nis

500 FT,

FRINTED M |

Fig. 1-1 Examples of labels applied on merchandise fisted by Underwriters Laborataries Inc,

- Fig. 1-2 Lis
E'd-l]ug] cords and appliance cords) are tagged

ith a flag fabel

I cord sets (extension

LISTED

15 A LISTED

125 ¥.
1875 W,

E-40091

Fig. 1-3 If&
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o ireriectors wll s w listed merchandise i imorooers .
. Flectrical inspectors will turn down bisted merchandise if improperly usec

| armored cable used 1n a bart

For example, the inspector wall refuse toaccept list

if the barn is a corrosive location, because armored cable s tor use only In perma-

T 1 1 " I . . [URB

nently dry locations, Listed lamp cord will be turned down it used tor permanent
b v v £301 EMOYE bl TLI T IT T

wiring hecause such cord 15 listed omlv tor usc on I ortable cquipment

are of the

3 B . i 3 h
isting by UL does not mear 31 b similar mercha

SATe |,'|l_|_=_i|'_'. It mernety indicates that both preces meet the L'L 5 equirements

meets

One piece may far surpass those requirements, while the other just bar

For example, of two brands of switches, one may average 25,000 on3

i o 3k \ b ik
d the orher only 6,000, Use vour own

[ ..|-. I'::_ down

viour choitce among listed brands just as you would o

selecting other mere handise.

CODES, PERMITS, AND LICENSES

Listed electrical parts of high quality that are carelessly or improperly installed might

still present a risk of both shock and fire, s rudes have been des cloped regulating
the installation of wiring and electrical devices
National Electrical Code®  For a safe installation, listed devices must be installed

as required by the Natinal Electrical Code (abbreviated NEC), The NEC is simply

a sel of rules specifving the installation and wiring methods that over a perind of

le, The NEC permits installations

manv viears have been found to be safe and sensit
to be made in several different ways, but all wiring must be done in one of the ways
described inthe NFC. A revised edition of 1he Narional Electrical Code is published

every three vears, with the next edition te appear in 2005, Every reader is urged to

obain a copvof the NEL and 1o use it as a relerence. It contains detailed !r.:'__",llln'l

tions and extensive tables. Because the NEC is almost 706 pages long, unly its most

important general points can be included in W

s ) Tho e e
rence 1o NEC seclion numbers will be 1o sections i the 2001

[n this book, all r
NEC, which contains a large number of changes from the 199% edition. Note

2 g

fective with the 12 NEC the word “section” is no longer used to reter to

specific provisions of the NEC. All refer- e o |
National Electrical Code® and NEC® |
are registered trademarks of the :
National Fire Protection AssocCiation, |
Inc., Quincy, Massachusetts. Every
section number have been converted to @ | reader is urged 1o study the NEC
dot e Lon&ist o (@) You can obtain a copy by sending
$59.50 plus $6.95 shipping and
handling to:

: 1 i i i
ernces Formerly written as “Section 9 -1,

ww simply reference "SI

for example

The familiar hyphens between article and

everywhere, Other chang

FEMLMITETIN

text, so that the only change is i the number
mbering a4 section National Fire Protection Association

Batterymarch Park, MA 02263-9101

with chanmsges i the Text, sometumes O I

it often of maor importance; and or by calling 1-800-344-3555. It is also
seetion numbers covering mutterial not in the carried in many large book stores
| Tl st S e Ask for NEC 2002
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numper mentioned in this book may or may not be about the topic covered by the
same section number in an earlier or later NFi Vertical hines in the ma rEInms Ot Soime
NEL Pages indicate material that differs from the previows gdition. |-iL-g:_-|'g|'||;‘:-;-_ wilh
this edition, the vertical lines denote ; :

Il changes, including deleted material. The

marginal bullets that used 1o indicate deleted material are no loneer used,

All methods described in this book are in strict accorda

with the latest Nafiomal

| R Py,
Elevtrial as interpreted by the author. Every effort has been devoted 1o makine

all statements in the book correct, but the final authorty on the NFC s vour local
'S ATy

13451

mspector, This book covers only the wiring of houses and farm build

staternent that some particular thing is “always” required by the NEC means “always
so far as the type of wiring described in this book is concerned.”

Study of the NEC is necessary and helpful, but the NEC alone will not teach vou
how to wire buildings, Fead NEC 99,1 for the exact wording of its purpose, '-xHi-.‘t
15 essentially the ]-"fnhﬂia:.u safeguarding of persons and property from harzards
arising from the use of electricity. These hazards are fire and clectric shack, The
WEC contains provisions considerad necessary for safery. Compliance with the NEGC
together with proper maintenance will result inan installation essentially free from
hazard bt not necessarily eflicient, convenient, or adequare lor zood service or

future expansion. The NEC is not intended as a specification for design, nor is it

I fur the inexperienced, A lay reader picking up
a copy of the NFC without specialived training wil jii-gcl:u.' be hopelessly confused.

intended as an INstruction manu

Electricians gencrally spend at Jeast four yearsin training, includi ng cxtensive wirrk
with code instructors, before they wark in the field without SUPCTVISion.

Legal aspects Neither the NEC nor the product standards as enforced by the
testing laboratories have the force of law, However, most states {and/or munici
palitics it so authorized by the state legislature ] pass laws requiring that all wiring
must be in accordance with the Natfonal Electrical

Code. Usually power suppliers
will not furnish power to buildings that have not been properly waric i Tk
ance companics may refluse to issue policies on buildings not properly wired, In
addition, faulty work may complicate insurance reimbursements in the event of 2
loss. You have no choice except to follow the law, and in doing so conscientiouslv
you will automatically produce a safe installation. h

Local codes

codes or ordinances. which seldom differ from the national code in general terms

Ihe National Electrical Code is sometimes supplemented by local

but which |]'L'C||J;."!!'|E'. amend CHATAS ihic rr!';'-'l.'|-',in;l|:k_ ] ||r.\}”-,m:"lr_.,|r||'r:-'.~-|_| cable wiring

is one method permitted by the NEFC but snmetimes pre
Local permits
irr stake authorities before a wiring job can be started. The fees charged for permits

generally are used 1o pay the expenses of

il ] ] I
subited by local codes

I many places it is necessary to get a permut from citv, county

& whionke

lectrical inspector ks leads to

safe, properly installed jobs, Power s ppliers usually will not furnisk

rower untnl

an inspection certificate has been turned in
Local licenses

of electrica

Many areas have laws that no one mav ¢ i1 the business

winng without being lcensed. Does that o tvou canna clo

1T
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AT O T PTEITNSES '.\'_-T|=_-.'-'_i', |_‘u,'||!:.\_; licensed? 1n some localities

electrical work o
thi law 15 interpreted that way, but not in others. Consult your power supplier or
local authornies.

Remember that if @ permnt is required, you must get one before proceeding w ith

your wark. Betore applving for a permit, be sure vou understand all problems in

connection with vour job so that vour wiring will meet national an I code
requirements. it does not, the inspector must tiern down your job until any errors

have been corrected,

SAFETY PRACTICES

Llectrical svstems m buildings must be installed in such a way tha

they present
the least possible hazard 1o the occupants or the property. Any unigue conditions
and uses, such as encountered on farms, must be carefully evaluated for wiring
requirements that promote safety for people, animals, equipment, and buildings. In
addition, the work itself must be pertormeed safely for the protection of the installer.
Unless vou tecl confident that vou can sansfy these safery objectives, it would be
st that vou use this book as a suide o understanding your wiring system and
. At the very least, this book will allow

leave the actual installation to a professiona

cation with vour electrical contractor, and

vol to have 4 more intelligent com
get moTe for your money.

Protect your eyes For vour personal satety whenever vou are doing any clec-
trical work, protect vour evesal all limes by wearing safety glasses, Bits of copper
can flv oul when cutting wire, and hot solder, flux, and plaster dust have 4 way
of making right for the eyes. It an arc is inadvertently started when you must test

o0 an energized circunt, molten metat can be thrown out too quickly for you Lo
cscape i

Be aware of electrical fire hazards  Short circuits, overheating, and the arcing
or active flow of electricity through an onized path in the air or other gas {and
usually where it doesn't belongl—these are hazards that can result from fauley
wirin

considerably above that on the surface of the sun. Be carelul to use wires w

g and cause fire. Electrical arcs, for example, typically run ai temperatures
3

the proper ampacity (explained in Chapter 4] and check tor wires or cords with

damaged insulation, In Chapter 7 you will find a thorough discussion of the essen-
tials of proper grounding. Protecting your electrical installation through the use of
owercurrent devices—uses and circuit breakers—is the focus of Chapter 5. Limiting
vulnerability to lightning damage is a special concern for rural residents and 1

ractices for fire prevention

Tarm Wiring.” Safe wiring

discussed in( |'I.:.P'|\.'I' V7.
are emphasized throughout the book,
Take advantage of hazard warning detectors  Faulty wiring 15 just one of

nany possible sources of fire or other hazards m a home. Installing appropriate

alarm cauipment is 2 relatively small investment that can save lives. Regularly check

that vour warning alarms are fundct

!_.

R

ecbir Or L0
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ur clocls to standard ome. Remember that modern designs

red detdctors usually depend on battery backup.

1ed smaoke detectors that sound an alarm when

ustion procucts are sensed have been credited with saving
“upants early Enougn for them Ly escape friom a fire. Smoke

equired by local building codes, There are three types of

especially effective at detecting fast-flaming fires

1ble materials such as burmng PAPCT OF grease

ffective at detecting slow, smoldering tires such

na cogeh, which mav take hours before bursting into

ction, install both types or select the third kind

bines Both features. Building codes in each communiry
tions byt generally not the tvpe of alarm, In general, never
here thd¥ will be subiect to nuisance alarms. For example,
aced ngar a bathroom door will likely go into alarm when

ber. Some local codes require a smoke detecior in
br above the stairway leading to bedreoms on an
s require a detector in cach bedroom, the kitchen,
lling,

rect-wired smoke detectors are available, Battery-

acceplable in an existing dwelling, but in new construction

nnection to the electrical source, with a battery
rconnected by wires so that it one respends, they
i is on the ceiling, or on the wall not more than

place the detector in the path of ventitation tha
r faster than in other parts of the room, To install
i circuit with often-used lights on it such as the
cuit could not be ofl without being noticed. Wire

l'\-'l.'l CIFCLUY wWires, il'::‘_-'n:l_(hi_"d_

rs  Many local ordinances also require perma-
electors with battery backup toalert occupants o

rless, deadly gas. Check with your huilding oificial

fic requgrements, CO detectors are highly recommended

wal cond
T0res 11

ol

s, Battery-only styles are available. CO detectors
tar the smoke detectors.

nstallation practices are emphasized throughour

cudental How of electric current through the body—is the

n resulf from unsafe practices. Observing the following

o inpgry

Whengver possible, work should be done only on circuits

ed [ disdonnected from the source of pHwer I the discon

ight fro

m the work location, you must take positive steps

Chapter 1 Standards, Codes, and Safety 7

such as taping the switch to the OFF position or removing the fuse, to make sure
someone else cannot inadvertently energize the circuit while you are working on
it, Some testing can be done only on energized arcuits. Be extremely careful when
testing that vou do not contact live parts. As explained on page 63, receiving a shock
i5 T m]'._' dangerous when the victim is standing in water or a damp location than

on a drv surface. For vour protection, stand on dry boards or a rubber mat and be

sure that netther viou nor the Roor is wet. Remember that elecrricity and water are
A L‘I..,'l:‘l'_'\.::rlll::‘- L'l"l'll'll.rlurilln.

Avoid shocks from small appliances  Even when a bunlding has been wired in
strict accordance with the NEC, shocks can still occur trom the use or misuse of
appliances. Fatal shocks have occurred in bathtubs or showers when an appliance
such as 4 radio or hair dryer has accidentally fallen into the water. In that situa-
tion, even an appliance that is not defective can cause a fatality. Touching a detec-
tive radin or heater or other appliance while in a tub or shower can also be fatal.
A chilil might chew on the cord of a lamp or appliance; in doing so, it the child
punctures the insulation of the cord for if the cord is defective} while he or she
is also touching a grounded obiect such as a radiator or plumbing, a [aral shock
can result. A person using a defective appliance while touching a grounded part of
plumbing can easily receive a shuck.

A toaster can present extreme danger if the toast sticks rather than popping up when
it is done because when that happens people sumetimes use forks to release their
torast, Don't do it without first unplugging the toaster. The live heating elemenls are
exposed in the toaster. It vour fork touches a heating element and vou are touchiny
a2 grounded object (such as-a water faucer or a sink) at the same time, you could
receive 2 dangerous or even fatal shock, Unplug the toaster before reaching inside
it for any PrUrposs, O st wirnden tongs to extracl the toast.

Know how to help shock victims safely 1t vou discover a shock victim, the most
important point is to be-carcful not 1o become a secomel victim vourself, This book
cannot possibly give vou all the needed information, but it can give you a few hinls.

We'll first discuss shocks caused by the ordinary 120/240-volt wiring in a house
or a farm building, If vou find a victim and it appears that the shock was caused
hy an app“_d._-“_-u or siilar equipment, disconnect that cquipment. If it has a wall

do not touch the

switch, turn it off, If it doesn't, pull the plug out of its receptacle:

cord because it may be defective, but rather grasp the plug and pull it out. Do not
touch the appliance itself

In caséss where the source of the shock is not apparent, hurry and open the main

switch of the building, or throw the main circuit breaker to OFF if your building Is
eqquipped with breakers, Then turn your attention to the victim, [fthe victim is uncon
scions o appears not to be breathing, phone 41 1 or the emiergency seTvice in your area

fior assistance. If vou know CPR ...I!-'i|"'r nlmonary resuscitation |, start using i while

vou are waiting for medical help. { You'll be better prepared for emergenicies i vou hav

taken a class in CPR. Contact vour local Red Cross chapter for information
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CHAPTER 2
Planning Your Electrical Installation

IHE PREVIOUS CHAPTER on stancards and codes discussed the importance

NEC) strictly in order

rical (o to produce a safe

wiring installation. This chapter outlines how careful planning will help you

1t & convement, efficien practical msrallation. 1 d the charac-

teristics of an ade = wiring mstalkation, the

id NEC

or locating lights, switches, and

CONSIDER PRESENT AND FUTURE NEEDS

PMan vour electrical installation so vou will still be pleased with it in the years ahead

s, mwall hes

xtures, and circuits later usually costs several times tnore than it would o include

mp on Lthe original installation, Adding nutlets, recep

hern i the original job,

Look ahead 1o the equipment you are going tn be using five or even fifteen years

from nonw. Besides the basics of electric couking, water heat Mg, and air conditio 1ng,

comsider items such as computers, entertanmeaent centers

t.and even ances not yet or

business Ll.'|l.i'.‘

wires and extra circuits now vou will have adeguate wiring i

A good mvestmend

Install large service entrance

through the service entrance wires v

with a service entrance that i
1n mind that | g WITE 1
(e 14 v of the s

Presch

Benefit from larger circuit wires
R | i A 14 ALaly

B by

S1FE
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the installation and will prove a good investment. NEC requirements for various
types of Circunts are discussed starting on page 46, Special circuits requiring |2 AWG

wire are explamed under “Special small-appliance areuits” on {748,

Mote that the NEC now uses the more technically cormect term “AWG (as in 12 AWG

standing for “American Wire Gauge") instead of the old term “No.” ( for “Number’
as i No. 12, and this book reflects the new practice; Wire gauge numbers (now
expressed as*__ AWGT) apply for wirin
bk, Wire

MO0 crrcular muds (written 300 konl ),

to 470 AW, which covers almos)

hawve that size are ||:"'-'-‘II!I!._I!_;_'|.| by

all wiring within the scope of

their actual cross-sectional a

the usual size for @ 400-amp service conductor

LOCATION OF LIGHTING, SWITCHES, AND OUTLET RECEPTACLES

An adequately wired home is well lighted. The lighting will be from floor and table
amps in some rooms and from permagently instafled fixtures in others. Lighting
fuctures do not need to be expensive or elaborate, but you must have outlets for
fctures located o

provide sufficient light where needed. In addition, pléenty of

switches and recepracle outlets are essential for convenience and safety,

Height from floor for switches and receptacles There is no NEC reguire
ment setting how high switches and receptlacles must be trom the floor The
typical range is 4# to 32 inches for switches and 12 to 18 inches for general-use
receptacles. | Peaple with physical disabilities may require switches 1o be lower and
receptacles higher than usual.) Kitchen recepracles are located in the backsplash
ahove the counters, In the laundrey roon and the workshe

p a convenient heig
for plugging in washer, iron, and toolks is 36 to 48 inches above the floor. In new
construction make the heights uniform throughout. Ina remodel or addition
match the existing heights

NEC requirements for lighting and switches NI 210,700 A) requires the

tollowing areas (o have some lighting controlled by a wall switch: every hahit

able room of a house; bathrooms; hallwavs; stairwavs | switches at hath end

=1l
comprised of at least six risers); attached garages, and detached parages if wired;

attics, underfloor spaces, utility roomes, and basements used for sto

j=Ll -.CZIEI':.!iI'II-"I:.'_
arr-conditioning, heating, or other equipment requiring servicing. [n kitchens and
bathrooms the switch must control permanently installed lighting fixtures. In other
rooms the switch may control one or more recepracle outlets into which tloor or

table lamps can be plugged, Fach entranc

II__'hr controlled by a switch mnside the house

n adequatelv wired house will have wall switches

Regardless of NEC requirements, a

located so vou can come i through any entrance and move throughout the house
from tioor to floor without ever being in darkness or leaving
VoL, A w

Switch

hts turned on behind

switch (sh

wr i Fig. 2-11 costs more than a pull chain, but the wall

iT MOore CONvVEmLenD Ty 1se, ar

A g T Wit agamst

stumbling while iooking fora pull cham m the dark. Inst

Ce-WaY

switches so 3 hight can beturned on o off frorm two e boliom

o
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jgbe switch. The “plaster ears” on

Fig. 2-1 Typic:

the strap are a great convenience in mounting the Swit

et

and top of 3 staircase for example, as now often required )

le switch and is well

costsonly a few dollars more than a sin
3 v and convenienoe

Providing convenient switches for Lighring also helps to

worth the differenice in terms of

CONSETYE EOCTEY SITICE W are less likely to leave ||:._'.i'l*- aniar
it 15 easy o turn them oft when they are not needed
NEC requirements for receptacles NIC 2105204

requires receptacle outlets in each kitchen, family room,

<@

- hadroom, recreation room, or similar rooms {or areas, as

dining room, living room, parlor, library, den, sun room,

4 -".'E in the case of an open floor plan} of dwelling units 1o be

- ) installed so that no point along the Aoor line in any wall

— space (including spaces behind door swings) is niore than
& feet measured hortzontally from an outlet in that space, including any wall space
2 feer or more in width and the wall space occupied by fixed glass panels in exte-
rior walls. The wall space provided by fixed room dividers, such as free standing
counters or railings, is to be included in the 6-foor measurement, Hallways T feet
or more in length must have at least one receptacle outlet.
Hasements are required Lo have at least one receplacle outlet in addition o any
autlets for laundry equipment. Attached garages—and detached garages having
clectric power—are also required 1o have at least
one receplache outlet. Every house is required by
NEC 210,52 F) 10 have at least two outdoor recep
acles— one on the front of the dwelling and one on
the hack— for vard tools, apphances, holiday lighting,

et Thev must be no more than & feet 6inches above
grade level. See page 71 for locations where GFCI
protection for personnel is reguired, ‘\ | F
An adeguately wired house has enough receptacles 1

shown in Fig. 2-2) so that you will never need an

acle rated at 20 amps, 125 volts.The

Fig.2-2 Aduplexre .
miare comman 13-amp version s identical in configuration

eycept It does not have the horzontal siots extending to
thie right. The duplex receptache has two terminal scraws on

gach side, plus one green grounding screw [in this case atthe

upper right and not visi

or copper color the s

=l

are for the gr

i webitE Firis b (B & SevrmoT rand
ey while 1 i & B yTTIOU 3
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extension cord for a lamp, clock, or similar equipment. Extension cords are useful
as temporary devices, but they should never be used to permanently carry power
from a receptacle to lamps or other equipment. If there are circumstances where you
cannot avoid using an extension cord, don't invite a fire by running the cord under
a rug or carpet. Never run one across open floor space— stepping on it could resuli
in ddm:lgt' and fire, and tr ipping on it could lead to injury. Never tack or f-l.:]ph.‘ a
cord to a wall. Tt is best to reserve extension cords only for temporary use.

Fixtures and receptacles room by room  The following list details both the
required and the recommended lighting, switches, and outlets to be installed in
each room plus the garage and any accessory buildings.

Living room  Suit yourself ahout whether to have a fixture in the center of the
celling or on a wall. Some homes depend entirely on floor and table lamps for
living room light. If this is the case, it will b& convenient to have one or two wall
switches control all the receptacles into which the lamps are plugged so they don't
have to be turned on and off individually. You might choose to have just the bottom
or top halves of several duplex receptacles in a room controlled by a switch (see
pages 114-113).

No matter how small the room, there should bea minimum of five receptacle outlets
for uses such as TV, stereo, radio, and lamps. Locale one receptacle where it will
always be completely accessible for the vacuum cleaner regardless of the furniture
arrangement. Many living rooms will be larpe enough to require more than five
receptacles based on the "6 foot” rule. Regardless of room size, consider the probable
arrangement of the furniture and place receptacles so they will not be difficult to
reach. This may require an extra receptacle or two, but will be worth it.

Dining reom  One ceiling outlet for a fixture should be provided; it must be
controlled by a wall switch. Locate this fixture abave the center of the dining room
table rather than the center of the room. The “6 foot” rule usually will require at
least four receptacle outlets. One receptacle should be always accessible from the
dining room table for use with items like eleciric coffee makers, electric woks, and
electric knives,

Kitchen Abundant wiring is required in the kitchen. First, it should be well lighted
because it is often the center of activity. A ceiling fixture controlled by a wall switch
must be provided for general lighting. ( The 2002 NEC has adopted the international
term “luminaire” to replace former references to fixtures, but untl that term is in
more general use this book will continue the traditional usage.) If there are two
entrances to the kitchen, use a pair of three-way switches to control the light from
either door, Another light above the sink is necessary so a person does not have to
work in his or her own shadow. Consider other kitchen work areas that may need
specific lighting.

All fixtures with exposed conductive parts must be grounded. If there is no equip-
ment ground available, you will have to provide one, generally through rewiring
the circuit. Otherwise you can use only porcelain- or plastic-bodied fixtures, and
this category has very little in the way of variety. These are safety measures. An
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ungrounded metal fixture or metal pull chain could become energized through a
fault in the fixture and make a serious shock possible.

The NEC requires two special circuits to handle only receptacle outlets for small
appliances (including refrigeration equipment ) in kitchen, pantry, dining room, and
breakfast room (and similar areas). Both of these required small-appliance branch
circuits must appear at the kitchen counter outlets (meaning all counter outlets
taken collectively, not necessarily both circuits present at each outlet), because that
is where the majority of appliances are connected. Install one outlet for the refrig-
erator, and place the others 6 to 10 inches above the counter in the backsplash. A
counter space 12 inches wide requires one receptacle; and others are required so that
no point along the counter space is more than 24 inches from a receptacle outlet.
Spaces separated by a sink or range top are considered as separate spaces. Because the
lack of a backsplash makes receptacle placement at counter peninsulas and islands
difficult, the spacing requirement is relaxed to require only one receptacle outlet
per counter: Be aware that where receptacles are located in the face of the cabinet
within 12 inches below the counter top, cords will be draped over the counter edge
providing children a ready means to pull over an appliance that might cause them
njury. See page 72 for locations where GECI protection is required.

Install a range receptacle (discussed on pages 163—164) in the beginning, because
instafling it later will be much more costly and difficult.

Bedrooms Some people want 2 ceiling light in each bedroom; others do not. If
you install a ceiling light, have it controlled by a wall switch near the door. I there
will be no ceiling light, be sure some of the receptacles are controlled by a wall
switch. The “# foot” rule will probably require at least four receptacles, Plan loca-
tion carefully; one should be permanently accessible for the vacuum cdeaner, and
another near the bed for items such as reading lamp, clock radio, and heating pad.
If the overhead outlet will be used to suppart a paddle fan, use the special boxes
covered under this topic in Chapter 9,

Closets Don't overlook closet lights: Install the fixture on the ceiling or on the
wall above the door so it is separated from the storage space by 12 inches, defined
as at least 12 inches out from the walls, or the actual width of a shelf if greater than
12 inches, all the way to the ceiling. This is a safety measure, Many fires have been
traced to clothing touching bare lamps in closets. The temperature of the glass bulb
ofan incandescent lamp is often higher than 400° E In no case can a pendant fixture
or an incandescent lamp without an enclosure be installed in a closet. If the fixture
is a recessed incandescent with a solid lens, or a surface-mounted or recessed fluo-
rescenl fixture, the distance from the storage space may be reduced to 6 mches,

Bathrooms A ceiling light controlled by a wall switch is essential. One additional
light above the mirror at the basin is often installed, but that is not good lighting.
Two lights—one on each side of the mirror—are needed for applying makeup or
for shaving. Fluorescent brackets are ideal for the purpose. Pendant fixtures, ceiling
paddle fans, and track lighting are prohibited in the area within 3 feet horizontally
and 8 feet vertically of the tub or the shower area. A GFCl-protected receptacle
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Um wiring in a garage is a receptacle l"'m a light controlled only by

switch in the garage, fed by a pair of wires from the house. Most people will want

1 light that can be controlled from both the garage and the house, requird
three-wav switch at each end.
y have at least one GFCl-protected

NEC 2HRSHG) reguires every garage (1 wired ) to

receplacico ou tlet. More than one mav be desirable for a battery charger, tools, etc

In garages and accessory buildings, receptacle outlets that are not required to be
GFC-protected include outlets that are not accessible, such as a ceil ng vutlet
fur a garage door opener. and outlets Tor appliances1n dedicated space, such asa
freezer. Here too, only a single receptacie can be available without GFC protec-
tion, in this case the one for the appliance. All athers must be GFCI-protected. In
a garage. 1t 15 very convenient 1o have receptacle outlets that are always five rather
than recepracles that are turned off with the garage light. With receptacles perma-
nently on, you can plug in a battery charger and have it work all night without
having the garage |

for detached

it on, See pages 117-120 for procedures and wiring diagrams

volldings,
E

CHOOQSING LIGHTING FIXTURES

Good lighting requires not anly sulficient light but also proper distribution of light

throgl

et the room, [t is casicr to read in the shade of a tree than in direct sunlight
evien il thereds less light in the shade: In direct sunlight, the light all comes from one
point—the sun. In the shade of a tree, it comes from all directions. Similarly, fxtures
with e it fronm one point, causing sharp shadows and glare
that make reading or sewing or uther close work ditficule. Provide well-diffused
“shade of the tree” light by using fxtures that do not have exposed lamps,

wsed lamps produce i

._1.

For best highting, ceilings should be a light color. A white ceiling reflects most of

the light thrown against it. Ivory is not quite as good for the purpose, A flat finish
is better than 2 glossy finish.

Some fixtures provide good illumination and others are primarily decorative. [f
vou have good floor and table lamps to provide plenty of lighting where people
sit, there is no reason why fixtures in the same room cannot be the decorative kind
that provide some general lighting but not enough for exacting work. When ceiling

fixtures are to be the primary source of light in a room, take care to locate them

where they will provide lighting for critical seeing tasks. Buy the styles of fixtures

that suit your taste and budget. Make sure the fixtures you select are electrically good

and safe—look tor the hsting label on each fixture. Good lighting 15 not necessanly
expensive, Lighting fxtures are available in a wide range of prices, and in many
places a L0-watt lamp can be burned for a penny an hows

Lamp; {light bulbs) EBulbs! Lamps? Dhfferemt

bought and sold as “light bulbs™ but technically only

people call them by differen

1es. Lamps are commonl

thass globe is a bul the entire unit is a lamp. In this book, they are

he NE(C. 5ee Fig. 6--1 for

i oo LSS A L
n diagrams Escd m Lhis oo

g | g -y W T ey
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Types and efficiency There are many tvpes of lamps: incandescent, tlusrescent,
métal halide, mercury vapor, sodium vapor, etc. Three al-watt lamps (total 180
watts) give 10 percent more light than five 40-watt lamps (total 200 watts). One

75

150-watt lamp gives twice as much light as five 25-watt lamps (125 watts). One

H0-watt lamp gives 15 percent more Light than three 40-wait lamps | 120 watts

In other words, a fixture that uses ane large lamp will in general provide more light

than one using several small lamps of equivalent total wartage

Labeling Federal regulations reguire most of the commonly used incandescent
and fluorescent lamps to be labeled with the light output measured in lumens,
energy used measured in warts, and the life in hours, To save energy, choose a
lamp based on the hight output and then select the lowest wattage lamp that will
deliver that light. P
Incandescent lighting  Ordinary lamps have an average life of 730 1 1,000 hours
if used un ¢ircuits of the voltage stamped on the lamps, which is the voltage for
which they were designed. There are also several newer types on the market
“Long life” incandescent lamps |1 is a simple matter 1o increase the life of 2
lamp by burming it at 2 voltage lower than it was designed fur, as 15 done in *long
life™ lamps. For cxample, a lamp designed tor 135 volts but burned at 120 volts will
last about tour times longer; a 140-volt lamp burned at 120 volts will Tast abom
eight times longer. But there is a catch—the Tight per watt is reduced by 20 10
30 percent and the cost s increased by 25 1w 35 percent. In addition, such “long
life” larnps sometimes consume more watts than the number stamped on them. If
such a lamp is marked "60 watts” but actually consumes 70 watts, it will szem to
produce just as much light as a standard a0 watt lamp with a 1,000-hour life, Such

"extended service” lamps can be useful if locared where replacement is difficult,

Some lamps have reduced wattages. For example. replacing a 73-watt lamp with
a 67-watl tbamp will certainly save energy—but it will also give less light.

Energy-efficient incandescent lamps  There have been some real advances in
incandescent lamp ethiciency. Bulbs filled with krypton gas instead of nitrogen
reduce emergy consumption by 10 to 20 percent with no noticeable decrease in Tamp
life or light output. The lamp-within-a-la

p has a tungsten-halogen lamp inside 2
compact quartz tube within a conventional lamp bulb. The halogen gas redeposits
tungsten particles back onto the filament, reducing blacking and providing up to
three times the life of a conventional incandescent lamp.

Although the mitial cost is higher, these energy-efficient lamps provide a return
on investment of up to five times over their life. They last longer and use less
electricity, saving vou money and consery 1T CTErgy at the same time. They come
i 42-watt, 52-watt, and 72-watt sizes to replace standard 60-watt, 73-watt, and

100-watt incandescents. Th

averape lite 153,300 hours
Fluorescent lighting Fluorescent |y

descent It produces far more light per watt of power used, and fluorescent lamps

hting has many advantages over in

last much longer than ordinary lamps. The life of Quorescent lamps depends

mostly on the number of burming hours per start, If tarned on and left
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Wt to fitteen times as long as ordinary lamps.

I ¥
Oninuousy, they will &

Huorescent will Last three to five nmes

ven 1f turned onand off frequently

L|_":'||r'l\ ;i_\,_l_l i |':-.'-I"|l_'- LCMTIE 10 IL'II!.'rl'!“

as long as an ordinary lamp. Fluorese
from 18 to &l inches, consuming from 13 to ol watts. The 48-inch/40-watt is the

MTLOs] COTTn,

Brightness and whiteness A further advantage of fluorescent lampsis rhat their

surface brightness 15 much lower than that of hlament la

providing light tha

15 more diffused and thus more comtortable. Standard fluorescent lamps come in
an assortment of different kinds of “white,” including deluxe warm white, warm
white, white, cool white, and deluxe coal white. The cool white is most commonly
used. [t produces light most like natural light and emphasizes the blue and green
calars in objects lighted. The warm white produces light more Iike that of ordinary
flament lamps and emphasizes red and brown, The deluxe varieties emphasize
these qualitics still more but are a bit less ethetent, producing a little less light per
watt consumed.

Energy-efficient fluorescentlamps  There are energyv-efficient lamps and ballasts,
including sulid-state ballasts, that have ratings other than “standard,” and these are
truly more efficient than the lamps and hallasts they replace. Compact fluorescent
larps as small as 7 watts can replace incandescent lamps in many applications

al greal savings in energy. These compact lamps are made with a self-contained
ballast and an Fdison screw-shell base so they can verv simply replace an incan-
descent lamp. A compact Tuorescent rated around 25 watts replacing a T00-watt
incandescent ranges in price from §10 to more than $20, A 15-wall compact
fluorescent lamp replaces a 60-watt incandescent, a 20 watt tluorescent replaces

has light output equi

a 75-watt incandescent, and a 25-watt fluorescent valent to a

[ 00-watt incandescent. These fluorescent lamps have an average life of 104(KH) hours,
Another type 1s the two-piece crrcular compact Hluorescent lamp that has a rensable
electronic ballast. It comes in 22-wartt and 30 wart sizes to replace 100-watt and

150-watt incandescent lamps.

Compact fluorescent lamps come in many different styles and shapes. Newer types
are labeled “electronic” because of the tvpe of hallast used. Some have large bases
that iy not fit within the harps of your table aind floor lamps, se measure the harp
width before vour trip to the hardware or home center store where the compact
fluorescents are available. | Some electric power suppliers also sell them. ) Generally
a square style will it ina smaller space than a circular shape. The lamps cannot be

used with dimmers, electronic timers, or photocell devices. Head the package be
L"".I‘.'i."?l-.’l.-\--. toy ke sure vou can use the lamp for your intended purpose.

Operation  [n fluprescent lamps, the electric current does not s rough'a fila-

ment as i ordimary incandescent lamps, but rather jumps as an arc from a contact

1s 10 the gk

in one end of the lamp, through a 154 11 contact at the

erid of the lamp. If vou had such a Murescent clear glass ina

dark room, vou would see only a shght blue glow en the lamp was turned on.

h s mvasible. The inside

wicles Tkt LT raviiie

he arc in the lam
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of the larmp s coated with a special powder that fluoresces (glows) when struck by

ultraviolet hight, producing the visible light we see.

I'he electrical operation of a fluorescent |-I’I'|l1 15 a bit il'l'l'-P.:IL'J'.l.'x:; [he easiest way

to learnis to look at elder styles having visible separate components, The complete
circuit includes the lamp, a ballast, and a starter, The most common Huorescent
lamp has a ilament ( “cathode™ ) at each end, but these are lighted only for a second
or s0 when the light 1s first turned on. The ballast-—an electrical w inding on a steel
core—idoes two things: it limits the total pewer that can Mow through it, and it has
Il':::}‘L'L'.Il':_'I'Ir'- thatwhen rOwWer |-:l"'n.|||-1" ||:r|||,'4:.__'h it is disconnected, it momenta rily
delivers a voltage much higher than the original voltage flowing through it—fora
brief moment it becomes a step-up transformer, The starter is a switch that opens
itself after power has flowed through it for a moment, and then rem: nsopen, | The

magnetic ballast described 15 pradually being refaced by the electronic ballast,

which accomplishes the same ends by different and quicter means. )

Figure 2-3 shows the circuit for the first sccond or s after the light is turned on
The current flows first through the ballast, then through the filiment at one end
of the lamp, then back to souace. The starter opens itscll, and after thar there is no
circuit other than the lamp that the current can flow through. As the switch in the
starter opens, the ballast delivers a momentary high-voltage kick that is cnough to
jump the gap inside the lamps; the current then flows through the lamp from end to
end. See Fig. 2— showing the circuit after the switch in the starter has opened and
the lamp is in normal operation. A bit of mercury in the tube vaparizes when the
lamp goes into operation, helping the current How through the lamp, The ballast
limits the current through the lamp, keeping it at a proper value. Some fluorescent
lamps, such as the rapid-start and instant-start types, start somewhat differently.
The diagrams of Figs. 2-3 and 24 are for a fixture with only one lamp. Diagrams
for fixtures with two or more lamps are more complicated. Modern fuorescent
fistures rarely use the external starler shown in the drawing, however, the basic
principle of producing a larger voltage to start a flow of current through the lamp,
fullowed by a controlled bower « oltage to operate the lamp remains valid,

———Starter closed —=— Starter open

- —— !

:%F' : = ~ Caede e L & e e b i

. Larmp, not lighted [ L___ o Lamp lighted
) T e = = =
b [ Ballast 7. l Ballast

Line Liris
Fig. 2-3 The current has just been turmed Fig. 2-4 The tarter has opened, current
on. The starter is stll closed flows through the tube; the lamp is

lighted

i
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CHAPTER 3
Measuring Electricity

WATER 15 MEASURED in gallons, wheat in bushels, meat in }"l.ll_|.‘1|_|*~. Flectricity
cannot be pou ri<d 1t 4 measure or l.x'a_":_-:_'h‘_'d on scales, hut rather is .‘u..'l]'.-ll.'ll':i*l%'.

that must be considered as always in monomn.

]. UNITS OF MEASUREMENT

We need to measure how much electricity lows past 4 given point at a given moment
or in total over a period of time. 1o arrive at a measurement of electricity, the rate

at which a quantity of it flows | coulombs per second, or amperest and the pressure
it is under when it Mows (volts) are combined to arrive at wattage,

Amperes Theabsolute measure of a quantity of dlectricity is the “coulomb,” We
can speak of electricity in terms of “coulombs per secomd™ in the way we might
speak of water in motion in terms of gallons per second. Few people may recall ever
hearing the word “coulomb” because instead of “coulombs per second” we use the
.cim_r!lu:‘r term “ampere” {abbreviated “amp”), One ampere of electricity is defined
ﬂ as current fluwing al the rate of one coulomb per second. (Note that we don't say

“amperes per second,” but just “amperes”)

An electric current is the ow of electrons past a given point. One ampere s

the movement of 6.28 billion billion (6, 280,000,000, 000,000,000 ) electrons
persecond.

Volts  Water and air and other substances can be put under pressure which we
commenly speak of in terms of pounds per square inch, Electric power is under
pressure which is measured in volts {abbreviated “V™), Anv ordinary dry cell or
i.mhli-.:lu cell, when new, develops a prissure of about 12 volts. One cell of a car
battery develops 2 volts; six cells together develop 12 volts. Most house and farm

Wir

- % A ¥ a . | o7 4 Fhi
gisat | 20 volts for lighting and 244 volts for permanently installed apphances
and for motors that run machinerv. The voltage at which power is transmitted over

high-voltage Hnes vares from 2,400 volts for short distances to S0LEKE or muore

vialts for long distances.

| Watts and kilowatts The total amount of power in a

15 expressed 1n watls mperes dlone or volts alome doni

FTCnt al a given monicnt

il

1ell us the actus
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e comsiderad, Amperes and volis together tell us

A CIPCLED Al & v

1 TEILLST

1 mament; volls =X amperes Walls

s formula is always correct with direct current, but it is correct only part o

tiime with alternating current. It is correct with Lmps, ranges, t LTS, A ST iar

heating ; nces. It is not correct with motors, or [uads nsformers (radio

sts | Nuorescent lamps l—in all these the ws ire somuewhat less
than volts * amperes, For ac load calculations, the NEC uses volts-amperes (VA

instead of watts.

Any wallage mav consist ol either a low voltage and high amperage, or a higher
x & r s L

voltage and lower amperage. A lamp drawing 5 amps from a 12-vall battery
consumes o) watts 12 =6l another lamp drawing amp from a 120-volt

i ; 4
liete also consumes Al watts (4= | 20 = 60 watts ;. The virltape and amperage ditfer
widely, but the actual watts or power consumed by the two lamips is the same,

7h0 ;':ll.\'.-:\-l.i.'_'.ﬂll

Watts measure power just as horsepower does, Asa matter of fact,
to 1 hp. A motar that delivers | hp delivers 746 watts and could just as well be called
a Tdé-watl motor, Lt uses more than 746 watts hbecause some power 15 wasted s
heat and it also takes some power to run the motor even when it is nol delivering
power | A lamp that uses 746 watts could just as well be called a L-hp lamp.

A watt is a very small amount of power. When speaking of large amounts of power

tis Thiousand | Omne

1 ks simpler (o speak of kilowatts (the Greek word “kilo™ n

Eilowatt (abbreviated "KW™ ) s 1410 watts. We speak of walls, nol watts per he
ar kilowatts per hour, just as we say (hal an avtomaobile engine delivers 200 hp
nort 200 by per o

Watthours and kilowatthours Watts and kilowatts measure the rate at which
power 1s being used at any given moment. Watthours and Kilowatthours, units of
energy. measure the total amount of power that has been used during any speci-

fied interval of time. Chne watt used for 1 hour is

watthour, Multiplying the warts

used by the number of hours gives the watthours, A 60-watt lamp used tor & hours

2, 000-watt room air conditioner used

conaumes 360 watthowrs (60 = 6 = 360), A

T (IHY } 1
SO = = 00

towr : .'Il"l"'\ COTESEITICS 4
A watthour s a very small amount of energy, so it is common to speak of kilowati-
|.
previcus paragraph, consuming 4,000 watthours in 2 hoors, consumes 4 kilowatt-
ted “kWh'

urs, A kilowatthour 1s L0040 watthours. The air conditioner menti mn the

hours (2 I. Flectric enerpy from v 15 measure

the kilowarthour

and paid for by

Cine kiowaltthour will Operate the-aver

|-hp motor for about an

will oper

or an ¢lectric cli

-.:-.'I‘."'-!"l.' mk

. .I
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RESIDENTIAL ELECTRICAL POWER

he amount of clectricity that vou and other consumers of electric power use leads

1o the cost vou pay for electric service from vour [MAWET CONTPany. "'L'-L'.‘.:.:_"l. 1998

rates for electric power are given on the next page. You can check vour consumption

on vour electric meter {installed by vour power company ) and on your maonthly
statements. Methods 1o reduce Cnsts indcit _|‘-i'I:'_|'I|'.":.'_1-\-I'- ITE |.'.I'I'.':"'~ discussed

T,

on pages 16171 and energy-efficient appliances (discussed on page 158, Examples

of power consumption by various houscheld appliances are given in Table

Hﬂadiﬁg your meter Home meler o today provide a chigtal readout

of the wtal kilowarthours used by the househald: You read a digital meter just as
virul do the odometer on viour car
3

Must meters have dials as shown in Fig 3-1. Two of the pointers move i one direc

WL, |.'l|_ L wioLl ITiad |'!.I'Li'

tion, the others i the ¢ direction. Four dials are sl

five dials om your meter. To read the dial meter: Assume it is the beginning of the

oppa
mmonth; going from le it simply write down the number that each pointer
has passed, as on 2 clock. The total of the meter in Fig. 3-1is L642 kWh

Fig_ 32 shows the same meter a month later, One of the ponters points directly o
1o the right; it has not

ing down 7, Jook at the pointer on the dia

quite reached the zero. Therefore, even though the pointer seems to point directly
.50 write down & instead, for a twtal reading

169 kWwh. (1f the last pointer were just past the zero, the total would be 2,270.)

to 7, it has nat actually reached the 7

o

627 in this case, represents the number

['he difference between the s re a5,
R

of kilowatthours of electricity s ing the me

To read this meter, write down the numbers the pointers have passed

Fig.3-1

TEfer SNOWT N Fig. 3— 1 DUl T

Fig.3-2
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Power rates 1he rate charge
per kilowatthour in the United
crisis of the 19705, rate schedu
lower the aver age cost per kWt
rates are flat afier an initial step
the higher the average cost per
Here 15 an example of an invert

First 100 kWh wsed p

All oweer 100 BWh us
The meter reading in Figs. 3-1
manth. The bill is figured

100 kWh at 4.8

27 kWh at 9.2¢

627 KWH

Averaga per kWh ..
Considering the rate of inflatio
typical at the time yvou are read
Operating costperhour T
lad fur one hour, multiply th
per kWh, placing the decimal §
in dollars per hour,

Some examples of operating ¢

GETTING STARTED—THE BASICS

for domestic electric power averages about 8.5¢
ates, but the rate varies greatly. Before the energy
s were stepped so the more power you used, the
Mow, 1o EnCourage conservation of energy, maost
ind some are inverted—the more power you use,
Vh.

| rate structure:
marth e 4B per KW

permonth. .- 9-2€ per KW

nd 3-2 showed 627 k‘hh consumed during the

. . & .1

. 54649

Total $53.29
and fluctuating tuel costs, these rates may not be

u 1Tis.

i out how much 1t costs to operate any electrical
vatts that the item consumes by the rate in cents
int five places from the right tw arrive a1 the cost

ELECTRICAL LOAD

Bil-watt lamp at £.5¢ per kWh

HO0-watt apphance at 8.5C per kW

OPERATING COST IN

WATTS » RATE DO LARS PER HOUR

60X a5 =510 50.0051 (slightly more than a

half-cent per hour!
B0 * E5=5100 40.051 (5.1¢ per hour)

How long does it take a partic
cut, simply divide 1,000 by the

in the following examples.

ELECTRICAL LOAD

Al-watt lamgp
&6-watt appliance

electric clock wsimg about 2 watts

ar electrical load to consume one kWh? To find

attage of the load to get the numbier of hours, as

TIME 1T TARES TO COMSUME

1000 = WATTS OME KILCWATTHOUR

1000 = 40 = 25 25 howurs
V000 = &0 = 1.666 1 666 hours (about 1 hr 40 mn)

YO0 =2 = 500 500 hours

Watts consumed

Chapter 3 Measuring Electricity
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I'he following table will ard you in estimating power regquired

(watts consumed ), or the operating cost, for various appliances. The hgures arc

onlv approximate, and new energy-saving appliances are appearing all the time

Appliances often have their total wattage

listed on their nameplates.

{representing the load on the arcuit)

FOOD PREPARATION ‘Watts
[T =Y 1o 1,000
Coffeernaker ... to 1,200

to 1,700
to 1,500
*al

Convec
[shwasher
Food proce:

13N O%en

Frying pan ... 1,000 to 1,200
Hat plate, per burner E00 ta 1,000
Enife 100
Microweave oven 100000 1.5

Mixer 120622

Owen, sepasite 4,000 no 5000
Range 8000 o 14000
T T T TR T | — 4 (D 1o BO00

R I
120010 1,650
L 300 10 7,200

Raaster, large ..
Rortissesi | Brarer

1,330
Trash compactor. 1) 1,230
e [ L= EO—— SO0t 900

FOOD STORAGE
Freezer, househaold .
Refrigerator, nor-froste S0 b 00

Retrigerator, frostless

MOTORS

PERSCHAL CARE
Hair dryer

Too

Table 3-1 WATTS CONSUMED BY VARIOUS APPLIANCES

SUHD i 510
AHD e 500

A 1 400
450 ta 600

Ovar Ya-hp PEF D s 25010 7,000

350 to 1,600
Heating gaad 50?5
Shaver Bto 12
20t 5

EMVIROMMENTAL COMFPORT

T oo, | entral

Blanket
Dehwmidsher
Fam, attit
Fan,
Fan, ceiling .
Fan, whede house
0 200
I 1 300
1 1,500
Q00 1o 4,500

Fan, puitabile

Hexat Lamgs [infra

Famater, portabie ...
Heater, wall mounted

ter water bec

=anng, lectric foroad an
Humidifier
ENTERTAINMENT
Compact disc play
Projector slide or mivis.......
Sterea.,

]
A
150 ta 260

AR T0

G 1o 100

B 4,000 o 6,000
ran £00 to 1,200
Washer 500t 800

Water heater 22000 ke 50600

MISCELLANECLIS
Clock i
Hot tuly (electrically heated].
Lamps, fluone
Lamps, incandescent.

L8 1) | .

O upwand

Sewing maching ... ’ &0 1o 30
Gpa (electrically heated) 12 kW

()

Swimming pool heater
Wacuum chearney 250 to

TYPES OF ELECTRIC CURRENT

Carrent is either alternating or dire

and the other terminal is negative |

wire Being alwavs of the same polarity

gither positive or

. Oin batteries, one terminal 15 always positive

. The type ot current characterized by each

rative—15 Known as

direct current (deh Carrent from a battery is always de. The current coming into

vour home or farm 15 alternating current (ac
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Alternating current {ac) Inalternating current each wire changes or alternates

continually between positive and negative. The change from positive to negative and

Dack again to positve 15 a “cvcle” This takes place 60 umes everv second. and such

current 1s known tz or 6l-Hz curr The term “herte” is used instead

i “cycles per seco "It 15 named for the German scientist Heinrich Hertz who

discovered the owel | pature of electrical waves

SUXTY Lmes every second cach wire 1s postiive, and 60 nmes every second it 1s met

trvie, and 120 times every second there 15 no voltage at all on the wire. The villape

tually chan

15 NEVer constant |'ll..i Ih dliWiJd¥s Pl mom 7ero o & maximum of

usiially about 170 volts, but averaging 12 and such cu 15 known as
=

[ 20-volt current (see Fig. 3-3),

j ”_ e Fig.3—3. One :Tyu:lou;_-r' 120-valk
oo alternating current, Ifitis 60-Hz
- current, ali the changes shown

lake place in 'Y second.

hts do not tlicker if there is no carrent in the wire
hto

You might wonder why 1ig
[ 20 times every second. The f‘llrl:‘l“\_‘:‘]i in the 15,1|:|'r~ ll-;'n;-l, not cool off fast Cnoug

create flickering, but very small lamps used on 23-11z current {where there is no

voltage on the wire 50 times every second | do have an annoying flicker

Single-phase and three-phase current  The current described in the previous

paragraph is single-phase current. Rememb

e that if 120-volt, 60-Hz current flows
i a pair of wires, 120 times every second the wires are dead {no valtage at alli: 120

times every second the voltage is about 170 volts: at all other times it is somewhere

in between, but averaging 120 volts, The voltage is alwavs o hanging, but the changes

190

ATL 50 ”F"-i r'h'.:l I."' most '.‘.l';-' =es il can I."'.' .'lli'i'-llli'rl.'.' 15 .:|!I R LITTETIL

either two or three wires from the power

.'-ph.h-.- Power mad be --|,||l|‘-i||.'._'

s transtormers (see Fig. 7-1 and related text

[hree-phase power is used in factories and commercial establishments where there

farms. To understand how three

VITIES (I

CSCDArATE SheCiric g

ACNES s maximum at different times n each of

Chapter 3 Measuring Electricity <3

liver three |'|':-.I*-|. power altho

1 of the three generators

gh

n the first, and so on, A pair of wires would ren from e

The thre ¢ eneralors oge ther then are said to d

ne l,'l-. "WET ITOIM any Oonge generator 15 -||| wi'!!:fll.'-;'--'l.l‘\.l.' A I1.I.|| practice, the tnrée

generator with three coils of wire (windings); the three

geEneralors h!’.-\.'ll'l-."i. d 51N
pairs of wires become three wires,
Three-phase POWCT TeQuires three-wire l|'|'|:L,'.|\.| of two-wire h --l||'.-.-.:-:' Irans

of one, (Three

A%E POWET ay

mission lines and three transtormers nste

be suppliecd with either three or four wires from the transformers.) Do not be

misled into thinking that because there are three wires i the service enfrance,

the result must be three-phase power. On farms and in homes, the presence of

e, three-wire, 1200 240-volt servic

three wires almaost always means single-p
vou are tortunate enough to have three-phase power available, by all means use
three-phase motors for greater efficiency. If you do have a 240-volt, three-phase
supply, consult the power supplier to determing whether vou also have 120/240
violt, single-phase power for lighting and small appliances without installing vour

nwn Transtormer.
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CHAPTER 4

1'."'."irie—‘_.f;ta-loa-u:tim_:; and Connecting

o

WIRES ARE USED as conductors. A conductor is any material that can carry the
tlow of electric current. The terms wire and conductor are used interchangeably in
this book, Infrdators are materials that do not conduct electric current. Metal wire is
enclosed in insulating material such as plastic to help protect against stray current.
Electricity tlpws more easily in some materials than others. Copper wire is the best
material for grdinary purposes, 10 iron wire were used, it would have to beabout ten
times as large in cross-sectional arca as copper wire. Other conductors include cable
and busbars; Humans and animals can accidentally become conductors resulting
in electric shock, so always use caution when warking with electricity.

All referenceg in this book are to copper wire, except 10 the discussion ol aluminum

wire later inthis chapter and in Chapter 19,

WIRE SIZES

Copper wird sizes are indicated by number—the larger the number, the smaller
the wire. See Fig. 4-1. The mnst common size for house w iring is 14 AWG, which
is not quite 1:I.'1 hig as the lead inoa penal. Numbers 12, 10, and 8 AWG and so on
are larger than 14 AWG; 16, 18, and 20 AWG and so on are progressively smaller,
Mumber 14 AWG 15 the smallest size permitted for ordinary house wiring, and
| AWG is generally the heaviest used in residential and farm wiring. 5till heavier
stzgs are L0, 200, 30 and 4/0 AWG, the 4/0 being almost half an inch in diameter.
Mumbers 16 and 18 AWG conductors are used mostly in flexible cords and the
still finer sizes are used mostly in the manufacture of electrical equipment such

as motors, Number 18 AWG is also commonly used in wiring doorbells, chimes,

3‘5 B O BB ee e
1/0 2 4 6§ 8 10 12 14 16 18

Fig.4-1 Appnoximate diamerers of different sizes of copper wire without the insulation

26
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thermostats and similar items operating at less than 30 volts. Wire of the correct
size must be used for safety and efficiency as discussed below in terms of ampacn
and wvoltage drop.

Ampacity Ampacity is the safe carrying capacity of a wire as measured in
amperes. When current flows through wire, it creates a certain amount of wasted
heat. The greater the amperes flowing, the greater the heat. Doubling the amperes
without changing the wire size increases the amount of heat tour times, To avoid
wasted power, a wire size that limits the waste to a reasonable figure should be used
Of even more concern, if the amperage is allowed to become too great, the wire may
become hot enough to damage the insulation or even cause a fire. The Natwonal
Electrical Code | NEC) is not concerned with wasted power, but it 1s concerned with
salety; therefore it sets the .';mpﬂ\'jl';—llw aximum amperage that various sizes
and types of wires are allowed to carry.

Conservative ampacitics for common wire sizes are shown in Table 4-1. For larger
stres, consult NEC Table 310,16, Insulation types are described under the “Wire
Types” heading in this chapter. Equipment and devices | circuit breakers, switches,
panelboards, etc. | have been tested, unless otherwise marked. at the ampacities in
Column A of Table 4-1 up to 130 amperes and in Column B over 100 amperes, so
even though the NEC tables might indicate the conductor has a higher ampacity, the

Table 4-1 AMPACITY OF WIRES (Based an NEC Table 370.14]
Mot mare than three current-carrying conductors in conduits ar other Faceways, or in cable
assernblies, or directfy buried in the earth.

Wire insulation types and temperalure ratings

'WAE SIZE [ Aluminurm (o oo n:_u:a-f'-rlad aluminum]
A & ¢ 5 E s
B 75°C apee GO 75T 0
| ™ RHW, THW, | THHNXHHW-2 W RHW, THW, [ THHN, KHHW-2
| THWN | THWH-3 THWM THWH-2
[ e 15 15 | 15 . =
2" 2 | 20 20 15 | 15 15
19* i 3 25 25 25
B Al 50 55 30 4{ 45
& L1 65 5 A0 50 | &0
4 Fii} BS 95 55 65 [ 75
3 85 100 110 65 | 75 85
2 95 115 130 75 | an 100
1 110 130 150 BS 110 115
10 125 150 170 110 120 135
20 145 175 195 115 135 150
3 165 200 225 130 155 175
A0 195 230 260 150 205

the ampacities of these wires is higher than this, but a feornate reference to 240.4 {01

lemiets thesir overcurrent protection to the values lisTed nere.
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termunation may limat the ampacity to those shown. Column C covers conductors
with high-temperature insulation { 90°C). Although these wires are very common
today, the termination rules tend to limit the usable current in these wires to the
amounts in Columns A and B as noted.

Conductors have different ampacities for each varmation in ambient femperature,

roximity [q*-.\'.hel".ZmMmIlsrw.['x':;‘l.'-.'TI:“L'lu|.':IHII1.ti[‘I|'!ﬂrl‘ll.'.l'l:i.!,r.-r{."..|r1..|1]--r'.\'.l':
ambient temperature are covered in the NFC by the correction factors at the bottom
of NEC Tables 31016 through 310.19. Adjustments to ampacity due to numbers of
conductors in the spme rageway or cable are covered in NEC310.15(b)(2), Ampacits
calculations are .*'JIHIL' of the most L'L}:n|1||.'t i the Codes however, for .\I_1‘='|['|-_'-F|L||n¢.'
and light commerial work, the values in Table 4-1 should suthee.

Voltagedrop [fforcing too many amperes through a wire only Miused a certain
amount of wasted power, we might consider it a mere nuisance and minor loss,
However, it also causes voltage drop. Actual valtage is lost in the wire so that the
viltage across two wires is lower at the end than at the starting point. For example,
if you connect two voltmeters into a circuit, as in Fig. 4-2, one at the main switch
and one across a 1-hp motor at a distance, you will find that the voltage a1 the
mator is lower than at the main switch. The meter across the main switch may
read 120 volts. If 14 AWG wire is used to the motor, the voltage across the motor
terminals will be about 119 volts if the muotor is 10 feet away, but only about 112
volts it it s 100 feet away. The difference is lost in the wire and is known as voltaee
drop. Voltage drop is wasted power, but there is another important consideration:
appliances work very inefficiently on voltages lower than the voltage for which thev
were designed. At 90 percent of rated voltage, a motor produces only 81 percent of
normal power and a lamp produces only 70 percent of its normal light.

At service

equipment - 120 volts

I

Fig.4-2 Circuit showing voltage drop—woltage at motar is lower than at starting point

In the example shown in Fig. 4-2, if 200 feet of 14 AWG wire is used, the deop is
from 120 to 112 volts, or B volts, about 7 percent. If 12 AWG wire had been uscd,
the drop would hate been reduced about 60 percent 1o 3.2 volts, onlv about 2.5
percent of the starfing voltage. The larger the wire, the less the voltage drop.

Woltage drop can't e reduced to zero, but it can be kepi at a practical level by using
wire of sufficient sipe. A drop of 2 percent is considered acceptable, If the starting
point 15 120 volts, 2 percent is 2.4 voles, so the actual violtage al the point 'nhl_'l';_'

the power is consumed is 117.6 volts, IF the starting point is 240 volts, the voltage

at the peint of conjumption is 235.2 volts, The apparent saving in initial cost by
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using undersire wire is soon offset by the cost of power wasted in the wires and
by the reduction in efficiency of lamps, motors, and so on.

Selecting wire size  hoosc a tvpe and size of wire that has an ampacity rating
at least equal 1o the expected load {in amperes) and that is large enough to limit
voltage drop to a practical range. The NEC permits nothing smaller than 14 AWG
foor ordinary wiring. It is better to consider 12 AWG the smallest, as this is required
in a few places by local ordinance. Larger size wires may be required to minimize
voltage drop in long runs, or o allow larger motors to start {wire size tor motors
is further discussed on page 179). If you need wire heavier than the minimum
permitted, it is somewhat complicated 1o figure the right size but simple to louk
it up in tables. First determine the amperage to be carried by the wire. Most appli
ances will have a nameplate giving the total amperes or watts rating,

Lables 4-2 and 4-3 on the next page show one-way distances in feet for 2 percent
voltage drop at 120 and 240 volts. These are recommendations in NEC 210.19(A) L)
FPN Mo dand 205.20A 0040 FPN No. 2. Use the table that corresponds to the voltage
of the circuit in question, To operate a Juad 300 feet away requires 600 fuet of wire,
but look for the figure 300 in the table. The distances under each wire size are the
distances that stze wire will carry the different amperages {or wattages) in the lefi-
hand columns, with the customary 2 percent voltage drop. In the 120-volt table;
to determine how far § AWG wire will carry 20 amps, follow the 20-amp line until
you come 1o the 8 AWG column: the answer is 90 feet, 1Fa distance is marked with
anvasterisk (), it indicates that Type TW wire in conduit or cable, or a cable buried
directhy in the ground, may not be used hecause the amperage in the left-hand
column is greater than the ampacily of Type TW. Select the proper type of wire
from Table 4-1 on page 27, or from Table 310,16 in the NEC.

Compate the 120-volt and 240-valt tables. Note that at 240 volts, any given size of
wire will carry the same amperage twice as far as at 120 volts with the same percenlage
of voltage drop. 1t will carry the same number of watts four times as far

When wires are run outdoors overhead; they must be large enough to carry the
amperage involved without excessive voltage drop. They must also be large enough
to support their own weight. NEC 225.60A) requires a minimum of 10 AWG for
spans up to 50 feet and 8 AWG for larger distances, For distances over 150 fect, it
is wise to use an exira pole. In northern areas where the wires often must support
a heavy ice load, consider using a size larger than electrically required. Tt the wire is

installed on a hot summer dav, leave considerable slack; otherwise the contraction

of the wires in winter may pull the insulators off vour buildings.
Weatherproof wire has a covering of neoprene or impregnated cotton over the
conductor, The NEC calls it “covered"—the covering is not recognized as insula-

tion, Weatherproafwire must not be used for ordinary wiring, but only for over-

head wirmg outdoors. Although its ampacity is higher than that shown in Table
4—| because it runs in free air, anv equipment connected at its terminations falls

under the general rules, resulting in the use of Columns A and Bas a practical

matter. Using the higher ampacities involves a level of engineering sophistication
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not assumed for the' users of ths book. In addition, don’t forget that smaller wires

lead to |':I!T‘:'II.'I virltage drop

S | -
Table 4-2 ONE-WAY DISTANCES FOR 2% VOLTAGE DROP BY WIRE SIZE
AT 120 VOLTS SINGLE-PHASE

Watts at 4 2 8
1 . -
20voits| AWG | AWG WG

5 90 | 140 | 225 | 360
10 5 70 115 180

20 35 | 55 | 80
- ; |
£ 28" 45 T
o 15 | 24| 35 &l

40 4800 28+ | 4
50 £.000 3% 36

In the tables above and below, the Agures represent one-wiy distances in feet, not

the total wire length for two-way distances,
* In both tables, for distances marked with an asterisk [*) Type TW wires in conduit or cable
may not be used because they do not have enough ampacity. For all distances marked with
the asterisk, select a type of wire with sufficient ampacity {depending on whether in conduit
ar cabie, orin free airl from Table 4-1 on page 27,

It vou wish 1o permit 4% drop, double the distances shown, Multiply the distances

tor permit 3% drop,

Table 4-3 ONE-WAY DISTANCES FOR 2% VOLTAGE DROP BY WIRE SIZE '
AT 240 VOLTS SINGLE-PHASE ‘

1 B | 6 [ 4 ] = 70
AW AWG | AWG | AWG | AWEG | AWG AWE

Watts u:.'| 14 | 12 |
A

Amperas| 240 WG AWG

a0 140 | 225 | 36 570 | 910

15 60 |95 [150 | 240 | 380 | B10

20 45% | 70 (115 | 180 | 2B5 | 455

25 35* | 55*| o0 | 140 | 230 | 365 1,460
o 30%| 48*| 75 [ 120 190 | 300 |1,220
3% s6%| 90 | 140 | 230 | 3e0 | 575 | 725 | 915
50 45 115 | 185 | 285 | 460 | 580 | 725
& Q5% | 150 | 240 | 385 | 485 | 610
70 =L R1* in 130 21

&0 T0° | 115% 285 | 380

L &ir* ak) 3

Ei] [ 55*| 90| 145" ]

4] 5 20 24
150 36,000 5 *| 24
48,001 T i
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WIRETYPES

as well as of the correct size must be used 10 3ssure a safe

Wire of the correct type

n are used for wiring

nstallation. Wires covered with various types of insul

interiors of buildings, { Wires for outdoor installations are discussed at the bottom of

virime. ) Wire names indicate

page 29 and on pages 188190 In the chapter on far

the tvpe of tnsulatn, and these names arc ;-__'n'n:':.||=\ ADRreviaiod

The different colors of wires indicate function. The special uses of white and

green wires are summarized on page 51 and page 64. Black wires are “hot”
:_:|.-e_-.| they carry current to electrical equipment Red and blue, it used, ar
hot; use of such additional colors makes it easier to tell wires apart in a complicated
installation. Number 4 AWG and larger wires are usually available only in hiack,
and weatherproof wire in all sizes is always black,

sumber 10 AWG and smaller wire s usually solid—the copper conductor s a 'il:'ll_.'{'l.'
solid strand. Number 8 AWG may be solid if it s in the form of cable or s not 10 be
drawn into conduit after installation. But 8 AWG that is 1o be drawn into conduil
must be stranded—several smaller wires are grouped together to make one larger
wire {see Fig, 4-1) which is more flexible. Wire that is 6 AWG or larger (with the
exception of weatherproof wire) must always be stranded.

T protect wires from damage they are pulled into pipe called conduit or are used

icn to the wires described in this

in the form of multi-conductor cables. In add
hook, many other types are available, but they are usually not used in residential
and farm wiring, You will find them listed in your copy of the NEC.

Types TW and THW wire  The most commonly used wire is thermoplastic imsu-
aver of plastic compound, the thickness

lated. The conductor is covered by a sing

of which depends on the size of the wire, and which strips off easily and cleanly.
See Fig. 4-3, Type TW is maisture-resistant and suitable for use in wet locations.
I'ype THW is resistant to both heat and moisture. Neither TW nor THW may be
huried directly in the ground.

TypeRwire Formerly rubber-covered, this kind of wire has a synthetic polymer

insulation, and it may have a moisture-resistant, flame-retardant outer covering of

I 2_— e ————

Fig. 4-3 Type TW Is seldom used today, having been largely = dual-rated THHN

r overlaid by

d B AWG must bs
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neoprene or PVC, Fig
Unce the most popul
has been removed fron
viersions, RHH (90%)

90°C) for dry or wet

Fig.4-4 Rubber-covered
or other nonmetallic fla

Aluminum wire ]
alusminum (aluminur
aluminum is not quit

using copper. A rule 4
copper: 12 AWG alum
of 6 AWG copper, etc.

When aluminum wire
were suitable for copy
aluminum, The conne
heating, and sometime,
reguired redesigned ©

either copper or alumi
not suitable for alumir
only devices with the

Fgher than 20 amps wi
and they muest be used

The AL-CU or COYALR

receptacles, and simila
the hoxes in which the
50 thev remain visible

If your existing instal
inspect all your recepts
therm all with devices th
(Replacement instruct
Keep in mind that if

may be used. Push-in §

copper-clad aluminun

CABLETYPES
Wires are often assen
armored cable, When a

teen-twol cables it it ha
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14 shows the makeup of the original Type R conductor.
t all kinds of wire, Tvpe R is no longer used today, and
e NEC. However the more modern higher-temperature
dry and damp locations, and RHW (75°C) and RHW-2

itions, are still used.

2 has rubber instead of plastic insulatien, and it may have a fabric
tardant auter -.':-'uering

is available in two tvpes—aluminum affd copper-clad
ith a thin sheath of copper on the outside). Because
good a conductor, a larger size must be used than when
humb is to use aluminum two numbers heavier than
m instead of 14 AWG copper; 4 AWG aluminum instead

5 first wsed, 1t was connected to ordinary terminals that
but it soon became evident they were not suitable for
ns heated badly and led 1o loose connections, excessive
es. The product standards were revised, and test labs then

Birals, marked AL-CU, that were considered suitable for

n, but in the 15-amp and 2il-amp ratings they were still
. The terminals were further redesigned and since 1971
king CO/ALR are acceplable, Note that rerminals rated
not changed, so those marked AL-CU are still acceplable

en aluminum wire is installed.

tarks are stamped into the mounting vokes of switches,
vices in order to remain visible without removal from
einstalled. On larger equipment the marks are located
br installation.

n was made using aluminum, you would be wise 1o
sand switches, If they are not marked COVALR, replace
fo have the mark, or reconnect them with copper pigtails.
sare on pages 215-216.)

aluminum wire is copper-clad, any kind of terminal
ninals, shown in Fig. 4-16, may be used with copper or

ut rat with ordinary aluminum,

od into cables such as nonmetallic-sheathed cable or

le contains two 14 AWG wires, 1t is known as 14-2 { four-

ree 12 AW wires, 1t 35 called 12-3, and =0 on. If a cable
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has; for example, two 14 AWG insulated wires a nd a bare uninsulated grounding

wire, it is known as“14-2 with ground.” If a cable has two insulated wires, one s

{ it contains three, the third 1s red.

alwavs white and one black
Nonmetallic-sheathed cable  This is a very common type of cable contaming
two or three Type THHN or THHW wires. Many people call it’ Romex,” which is
the trade name of one P_-..|"|i.\_|:i_:_| manufacturer. 1t is gasy to inatall, neat and clean
n appearance, and less expensive than other kinds of cable. Briet Ll-.-u:rlj:luu.n ol
the two kinds follow here. See Chapter 11 for a complete discussion of where and
how to use nonmetallic-sheathed cable.

Uine kind of nonmetallic-sheathed cable is called Type NM by the NEC. As shown
in Fie. 4-5A, the individually insulated wires are enclosed in an overall plastic jacket,
{In iji\-r construction, cccasionally still seen, the outer jacket was a braided fabnc
1y v case, the nuter jackel must be moisture- resistant and flame-retardant. | Some
manufacturers put paper wraps on the individual wires oruver the assembly. Empty
<paces between wires are sometimes filled with pute or similar cord. This type may
he used onlv in normally dry locations, but never in barns on farms.

The other kind is called Type NMC by the NFC and is especially designed for damp
or corrosive locations such as barns. It mav also be used in ardinary dry lucations.
Ihe individual insulated wires in Tope NMC cable are embedded in asolid sheath
uf plastic material {see Fig, 4-53B1. Sometimes there s a glass owverw rap on cach
insulated wire, There is no fibrous material such as paper wraps or jute filler that
can be affected by moisture as in ordinary Tvpe NM.

Paper wrap required on ground wire; overwrap under the outer
= jacket optional if additional testing requirements met.

Fig.4-5A Nonmetallic-sheathed cable conssts af two or more individual wires assembled into

a cable The Type NM two-wire with ground shown here may be used only in dry locations.

Solid plastic

12-2 WG TYPE NMC

Bare equipment grounding conductor

bie, Type NMC, may be used in dry or damp iocations,
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Armoredcable NE@Tvpe AC (Fig 4-6)is called " BX™ by many people although
that 1s the trademark offine particular manufacturer. The individual wires may be
type TW, THW, or THEN. Thers may be an overwrap of tough paper between the
wires and the spiral ste@hrmor. Where installed in thermal insulation, the conduc

tars are required to be fited 90°C but with 60°C ampacity (making it unnecessary
te go through the mat@or derating for high ambient temperature as required al
the bottom of NEC Tall®: 310,167, It is for use only in permanently dry locations

Pretails for using armof@d cable are provided in Chapter 11

S 7

Fig.4-6 Armored cable c¢@8sists of two or more sndividual wires assembled into & cable and
protected by flexible steel@mor it may be used anly in dry locations.

Underground cable ®wo special types of cable, USE and UF, are used for under-
ground wiring. They afdescribed in the chapter on farm wiring on page 189,

FLEXIBLE CORDS

Flexible cords are used t@eonnect lamps, appliances, and other loads to outlets, Each
wire consists of many stinds of fine wire for flexibility, Over the wire is 4 wrapping
of cotton prevent tl II!hLll.j[i_r_}n from &t !._'L'_'ir]g to the copper. T'here are many
kinads of flexible cords +@lh varving kinds and thicknesses of insulation dependi |'|:;:
on the purpose of the gifd. The more common kinds are described here. .
T:'-'PE SPT-2 is the FI'.I{'I." ommon cord used for radios, Hoor |_:||'|'||1_n;__ aned stmilar
loads. As shown in Fig. 387, it consists of copper wires embedded directly in plastic
insulation, It is tough, @@ rable, and available in various colors. The same kind of
cord with a rubber- like ifulation is known as Tvpe SP-2. These conds are commonly
available only in 18 AWE and 16 AWG.

Type 5,in Fig. 48, is o rffllv durable cord that stands up to hard use. Each wire has
rubler or plastic insulafln, The rwo wires are bundled into a round assembly with
ute or paper twine fillingllthe empty spaces. Over all is a layer of tough, high-grade,
I |||1l1<-r-!1'k|.- '|."]:'I='-r|-. 4 r'."p 1 | 15 simular bt with a thinner isLileer laver, '|-1,'|'|._f SV oor ST
are very similar bul mof flexible cords used on vacuum klr.u'l.-.‘r.*.

Squared shoulder identifies grounded wire

e

- '_:,-'- — ,

Fig.4-7 InType SPT-2, thelres sre embedded In plastic The cord is durable and attractive
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ant thermoset plastic, the cord becomes oil-

i

If the outer jacket is made of oil-rest
resistant and the designations become 50 and S10 instead of 5 and 5

Heater cord” is used for irons, toasters, and other heating appliances. Heater cords
formerly had asbestos under a cotton braid as part of the insulation system. Asbestos

is no longer used as wire insulation. Figure 4-9 shows Type HPN heater cord; the

wires are embedded in neoprene

Fig.4-9 Type HFN cord is used on irons, toasters, and other heating appliances,

TOOLS USED FOR WIRING JOBS
Touls needed for carrying out various electrical jobs are mentioned in the text
where the procedures are described. Look in the index under “Tools™ or under
individual tuol names to find page numbers. The tools listed below are commuonly
used in wiring procedures.
B Cable cutter for cutting armored cable
| Cable ripper for ramaing the outer jacket from nanmetallic-sheathed cable
Conduit bender for bending conduit
Hacksaw for cutting armored cable, EMT, and openings in existing walls
Putty knife sharpened 1o lift floorboards to get at ceiling spaces from above
Keyhole saw for cutting flaorboards
Fish tape for pulling wires into place
Parallel-jaw pliers for use with conneciors
Pliers with crimping die for use with connectors
side-cutting pliers for removing insulaticn from wire
B Wire stripper or knife for removing insulation from wire
Tast light for receptacies and fuses
Cantinuity testar for testing that hot wires in switches are not accidentally grounded

and for detecting broken wires in cords

TERMINALS FOR CONNECTING WIRES TO DEVICES

Various kinds of termanals prot ide the means for connecting wires Lo Qevices. Betore

wires can be connected to a device or spliced to another piece of wire, the insulation

must be removed. The procedure begins with preparing the wire.
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Hem‘]\'inginsulaﬁﬂn from wire | sng a tool called a wire "'l-riE"I-"i'! 15 the miost
convenient way to remove insulation from wire. Another method is to use a pair
of side-cutting pliers. Insert the wire close behind the hinge of the plier blades
and mash the insulation, softening it, from the point where it is to be removed
tor the end. Then place the jaws of the pliers at the point where the removal js )
begin, squeezing just hard cnough to cut into the insulation without touching the

conductor: the mashed insulation can then be pulled off easil

If vou don't have a wire stripper or side-cutting pliers, you can use a knife. Do not

cut the insulation off sharply, as shown at A of Fig. 4-10, because it is too casy to

accidentally nick the conductor, leading to later breaks. Hold vour knife to produce

an angle as shown in B of Fig, 41

«
A B

g methods of removing insulation

Wrang method Right methad from wires
Always make sure the stripped end of wire is absolutely clean. Rubber-covered wires
have a tinned conductor to make it easy to strip off the insulation, Plastic-insulated

wires are nof linned becanse that kind of insulation strips off cleanly,

Two types of terminals  There are two kinds of terminals. One kind consists
of 4 terminal screw in a metal part with upturned lugs to keep the wire from slip
ping out from under the screw,

sshown in Fig, 4-11. Tt may be used with 10 AWG
and smaller wires, but it is very difficult 1o make 2 good connection if the wire is
L0 AW and stranded. The ather kind is used mostly for wires larger than 10 AW(;
the wires are inserted into the lerminal of a selderless connector and the screw is
then tightened. See Fig, 4-12.

I'he correct method for terminals for 10 AWG and smaller wires is shown in
Fig, 4=13. Wrap the wirc at least two-thirds { preferably three-quarters) of the way
around the screw in 3 clockwise direction so that tightening the screw tends to
close the loop rather than open it. Tighten the screw until it makes contact with
the wire, then tighten it about another half-turn to squeese the wire a bit. As an
alternative, tighten the screws 1o the pound-inches marked on the product, or to
L2 pound-inches as recommended in Fig. 4-13. Never make the errors shown in

Fig. 4-14. The insulation should end not more than % inch from the screw at the

Insulation .

Fig. 4-11 Terminal on a typical Fig.4-12

tch with heavy sizes of wire, [ The Holex Company

derless connectars of this

s type are used

reCeplacie or swi
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Sorew post

STEP 1:5TRIP AND WRAF WIRE )

4 Fig. 4-13 Be sure wire i
wrapped around termina

Snug contact
0 ani serew in clockwise fashion as

~ in Step 1 so that tightening

1 the screw tends ta close the

loop. Then complete Steps 2
and 30U i

Contact plate on wiring device marked "CO/ALR”

STEP 2: TIGHTEMN SCREW TO FULL CONTALCT

serew tightened an additional half-tum

Wire firmly in contact
STEP 3: COMPLETE CONNECTION

—5 I%

| e Stramght
Ak, ¥ ]
. . =N,
Fig. 4-14 Avoid these comman

errors when ::’:II'I"IE"CTI"I-'T"' wire 1o |

‘Wreng
diraction

incoerecl tighten nig Tong s NODITRCT 'WATE Wiap

wTag

terminal screws. (UL ine) > "
| —~

X

Less than wrap

mast, Note that these two illustrations were made specifically for aluminum ware
but the principles are also correct for copper wire,
L3e ot connect two wires under a single wraparound terminal screw even though

The NEC prohibits it in 110.140A )

t might appear logical in some situatin

leneth of the same wire, and conmect all

lake those two wires and another short

three together using a wire connector described later in this chapter. See Fig 4-15.

Then conmect the remaining end of the short wire under the terminal screw. Most

unless the connector 1s

connectors of the kind shown in Fiy 1.2 are for one wire

marked to indicate the number and size of wires that can be accommodated. The
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marking may be o thg carton if

the connector itself @ 1ol small for

the marking.

What length shofldfthe bare
wire be for conne®inQl it under

the terminal screwBPr@fessionals

leave abaout 3 inche@ofBare w ITC,
eniougzh to leave a “tall ™ By t
SIILED D Jedved: § yond the Fig. 4-15 Use this method, commonly called a

bghtened screw. Twidl thigs tail a few

i pigtail” splice, when you would otherwise have
times and 1t will bref off near the 1o connect two wires under a terminal screw
screw. Another way B vl leave just

enough bare wire t@edaround the screw, torm a loop with a paig of long-nose
pliers, slip it around@hdscrew, close it with the pliers so that the |'.'_'.n}1 is entirely
under the screw, andfith @n tighten the screw,

Push-in clamps aigy 15-amp and 20-amp receplacles and switches have no
terminal screws at allfndead, there arc internal terminal clamps that grasp a straight
piece of wire pushed@ng@ them, forming an effective connection. Merely strip the
end of the wire for I&l{fn inch or so (the proper length is usually shown on the
device itself), and pfshlthe wire into the hole on the device. See Fig, 4-16. If an
error is made, relcas@ith@ clamp by pushing a small screwdriver blade into another
opening on the devige. Bhese push-in connections are acceptable only for copper
or copper-clad alungngn wire. They must not be used with all-aluminum wire,
For receptacles thesqfolinections are limited to 14 AW wire.

Connecting wires ffor raceway  In raceway wiring, sometimes a wire is pulled
through one box and§nfio another. possibly through still another, and so on. If the
wire mercly runs thrp§ the box, pull it through without splice but leave a loap i
case i1 is necessary toffe-full it in the future, If you intend 10 make a connection 1o
the wire as it passes (ifolieh the box, let a loop several inches long project oul of the
baox, Strip away an irh gr so of insulation, form a loop, and connect it under one
terminal screw as sho@mf§n Fig. 4-17

Fig. 4-16 5trip the wird ci@h it into
opening on switch or rll=pficle, ard
the connection is made

Fig. 4-17 In raceway wiring, a continuous
wire may be connected to a terminal as

sfown here
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CONNECTORS FOR SPLICING WIRES

Connectors are used in splicing (joining) two or maore pieces of wire together. It
is important that whichever type of wire connector you use, vou are certain it is
[isted for the number and size of wires that are to be joined. The spliced wires must
be electrically as good as an unbroken length of wire. The insulation of the splice
must be as good as that on the original wires. Such a sphce isaccomplished by using
praperly mstalled mnsulated solderless connectors. Many people call these “Wire
Nuts,” which is the trade name of a particular manufacturer. When two or more
ends of wire must be connected 1o each other, lay the wires wgether with their cut
ends pointing in the same direction; insert the wires into the connector and turn 1t

onto the wires, which rwists them together as shown at the right in Fig.4-14.

Fig.4-18 Two types of solderless connectors for smaller wirss, often called by the trade name
“Wire Mut,"The version with the setscrew maintains the integnty of the electrical connection
sven with the insulating cap remaoved, This makes it a good cheice if the connection will be
tested with disgnostic eguipment while energized, such as with some mator connections,

Connectors for joining two or more wireends  Chne type of connector has s
threaded metal insert molded into the insulating shell. Screw the connector onto
the wires 1o be joined. The other kind has a removable metal insert. Slip the insert
over the wires to be joined, tighten the screw of the insert, and then screw the
insulating shell over the metal insert.

The spring-loaded connector shown in Fig, 4-19 is also popular, Inside its insu

lating shell there is a cone-shaped metal spring. Screw the connector over the wires

Fig-4-19 This kind of connector cantains a tapered

col spring inside the insulating cover
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to be joined. The insula

ng cover provides a good grip. When being screwed on
the coil spring temporarily unwraps, When released, it formis a very tight grip on
the wire.,

In using these connectors, if one wire is much smaller than the others, let it project a
bit bevond the heavier wires. If vou have removed the right leneth of insulation from

each wire, the insulating shell will cover all bare wires and no taping s necessary

Mote that all types of these connectors are available tn various sizes, depending on
the number and stze of the wires to be jomned. Take care to observe the restrictions
on allowable wire combinations that come with these conmectors.

For wire sizes 10 AWG and smaller, the insulated “clamshell” connector shown in
Fig. 4-20 may be used. The wire insulation is used to position the wire in this type
ol connector, so do not strip the wire insulation before installing irndhe connector

A squeeze with parallel-jaw pliers installs the sell-insulating connector.

s
(&

Flg.4-20 “Clamshell”
wire connector for
Laps or pigtails. For
copper wire only.

Another wire connector, for 10 AWG and smaller wire; is the shell shown in
Fig. 4-21. Unless the manufacturer’s instructions direct otherwise, first twist the
wires together, then slip the shell over them and crimp using a tool of the type
shown. Then cut off the wire ends that could puncture the msulation, and either
tapeor use tormed plastic caps to insulate.

For wires that are too large to be joined by
the connectors described above, use heavy

duty copper connectors of the st le shown

in Fig. 4-22 or Fig. 4-23.

F ig.4- 21 Crimg

and p

S Wit 5P

wires misst be

handle. For copper wire only taped
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Connectors for splicing to a continuous wire Sometimes a wire must be
spliced to another continuous wire. In the heavier sizes, the simplest way is o use
one of the split-bolt connectors shown in Fig. 4-23, Tape after making the connec
tion. Some connectors are available with an insulating cover that can be snapped

on after making the connection. For smaller stzes, it is usually simpler tocut the

continuous wire to form two ends; the wire to be spliced in the connection makes

Lhe third wire. Then use a s -_\_!;_'rl._'-ﬁ connector as shown in b 1K, ol B

Fig.4-23 Use this split-bolt connectar when
splicing a heavy wire 1o another continuous
heawy wire. The assambled connector and
wires must be taped.

Insulating splices  Splicing devices such as solderless connectors are self

insulating. For other styles, insulating covers or hoots are available that can he
added after the splice is made. Some must be taped (see Figs. 4-22 and 4-23), Use
electrician’s plastic tape—it has a very high insulating value despite its thinness,
Starting well back on the wire insulation, wrap the tape on spirally from one end
lo the other, partially overlapping cach turn, and then return with the spiral in the

opposite direction. 1f the splice will be subject to mechanical strain ot abuse, apply

additional lavers as a cushion.
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CHAPTER 5

Circuit Protection and Planning
¥

LVERCURRENT DEVICES such as fuses and circuit breakers limit the amperage
in any wire o the maximom that is permitted by the Natona! Elecrrical Code
(NEC) It more than the permissible maximum amperage is allowed to flow, the
temperature of the wire goes up and the insulation may be damaged, leading to

shortened life and sccidental grounds that can become dangerous. I the overload
Is greal enough, there is danger of fire. The maximum amperage established by
the NEC as safe for any par

ticular kind and size of wirc is called the ampacity,
Table 4-1 lists the arpacity of common wires,

OVERCURRENT DEVICES

Any overcurrent device you use must have a rating in amperes not greater than the
ampacity of the wire that il protects, For example, if 12 AWG wire has a caleulated
ampacity of 20

amps, the circuit breaker or fuse that vou use to protect the wire
must have a rating not greater than 20 amyps,

When two different sizes of wire are joined together (for example, when 8 AWG is
used for mechanical strength in an overhead run to a building where it is joined
to T4 AW for the inside wiring), the overcurrent protection must be the right size
for the smaller of the twio wires, A fuse or circuit breaker of the correct size for the
larger wire may be used at the starting point, provided another one of the proper
size for the smaller wire 15 used where the wire 1s reduced in size. An example is
when a wire such as 8 AWG, with an ampacity of 40, runs from one busilding to

another where it feeds several 15-amp circuits (see Fig, 5-11.

Al amp
fuse BAWG - 40 amp 14 AWG - 15 amp
_"rl.o“—[_—}-"l‘p—-( ]
[
i
] 14 AWG - 15 amp
- hia iSampfuses ™\ LT """ 710
Fig. 5-1 If fuses are used where the b [ =
g I A ;
re size is reduced, seledt a fuse size | 12 AWG 20 amp
N ¢ ndn, i i, e g e syt
that protects the smaller wire 20ampfuse ™\ a4 TTIT T

43
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Whar do vou do when a fuse blows or a circuit breaker trips? Most people will say
to install a new fuse or reset the breaker. That's correct—but first find out what
caused the hlown fuse or tripped breaker. Fuses and circuit breakers are the safety
valves of electrical installations. Using substitutes or fuses too large for the size of
wire can be dangerous because it could lead 1o a fire. Chapter 19 explains how to
troubleshoot a blown fuse ar tripped circuit breaker

Fuses A fuse is nothing more or less than a short piece of metal of a kind and
size that will melt when more than a predeternined number of amperes flows
through it. This metal link is enclosed in a convenient housing to prevent hot metal
from spattering if the fuse blows and to permit easy replacement, A fuse rated at
15 amps is tested to carry 15 amps. When more than 15 amps flows through it, the
wire inside the fuse melts { the fuse “blows™ ), which is the same as opening a switch
or cutting the wire, The greater the overload, the quicker thie fuse will blow.

2

Plug fuses The common plug fuse, shown in Fig, 5-2, is made In ratings up 1o
300 amps. 1t is known as the Edison-base type because the base is the same as on
ordinary lamps, These fuses are not permitted in new installations. They may be
used only as replacements, and then only when there is no evidence of rampering
or overfusing {using a fuse too large for the size of wire involved). For new instal

lations, sec the entry for Type & nontamperable fuses, Plug fuses are rated at
125 voles, but may be used ona system having a grounded neutral and no conductor
aver 150 volts to ground, so they could be used for 2 240-volt load served from a
1 204240 volt, three-wire system.

Fig. 5-2 Edison-baze plug
fuses are made anly in
ratings up to 30 amps. They
are not permitted inonew
installations.

Time-delay fuses ‘When amotor is started, fuses often blow because a motor that
draws only 6 amps while running may draw as much as 30 amps for a few seconds
while starting, An ordinary fuse carries 80 percent of its rated amperage indefinitely,
bt blows very quickly if twice that amperage flows through it. However, wire lf.!.l.‘.
can safely carry |5 amps continuously—but might be damaged or even cause a fire
y fire if 30 amps

] o ] | : ~ - 3
if 30 amps Howed continuoushy—will not be ddl‘."lr._:\.ll Or CAUSE

flows for a few seconds. The “time delay” type of fuse takes advaniage of the abilin

of wire to carrv a hivher load momentarily. Commonly called by the trade name

Fusetron” altheusgh there are other brands, it looks like an ordinary fuse but is made

It hlows just as quickly as an ordinary fuse on a small continuous

differently insde

werload or on a short circuit, but it will carry a big overload safely tor a fraction of

s minute. This type of fuse 15 convenient where motors are used because it prevents
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needless blowing of fuses and eliminates many service calls, Edison-hase time-delay
tuses are not permitted in new installations, They are permitted as replacements
only, and then only if there is no evidence of overfusing or tampering. For new
installations, see the entry for Type S nontamperable fuses,

Type 5 nontamperable fuses The NEC requires the use of Tvpe S fuses in

all new installations that use fuses and for replacements if there s evidence of
tampering or overfusing. Since all ratings of ordinary Edison-base plug fuses are

interchangeable, nothing prevents someone from using, for example, 4 25-amp

of H-amp fuse to protect a 14 AWG wire, which must be protected at not over

15 amps. To prevent this unsafe practice, the nontamperable fuse was developed

(see Fig. 5-3}. The NEC calls this a “Type 5" fuse, but it is commonly called by the

trade name “Fustat.” The tuse itself will not fitan ordinary fuscholder, so an adapreg
{shown at left in the illustration) must first be installed in the ordinary fusehulder;

once installed, it cannot be removed. There are three sizes of adaplers, As a safety

measure, the |5-amp will accept only 15-amp or smaller fuses; the 20-amp will

acceptonly 16-amp through 20-amp fuses; the 30-amp will accept 21-amp through

30-amp tuses. Type 5 fuses are presently made vnly in the time-delay type. They

are rated at 125 volts, but may be used un a system having a grounded neutral and

o conductor over 150 volts to ground, so they could be used for a 240-volt Toad

served [rom a 1200240 valt, three-wire system,

A word of cauilon when
using Type 5 tuses-—when
screwing the fuse into ils
holder, turn it some more
after it appears (o be tight.
Under the shoulder of the
fuse there is a spring—the

Fig. 5-3 & typical Type S nontamperable fuse (center,  [use must be screwed in
and cross section at right) and its adapter (eft], Once an |jt-1|\[]\- enough to fatien
adapter has been screwed into a fuseholder, it cannot (e spring or the fuse will
be removed, This prevents the use of fuses larger than

o ) ; not “bottom™ and vou will
ariginally intended.

have an apen circisit just as
if the fuse were blown,
Cartridge fuses This type is made in all amperage ratings. Those rated ar
60 amps or less are uf the ferrule type shown in Fig. 5-4. Those rated at 70 amps
or more have knife-blade terminals as shown in Fig. 3-5. The cartridge fuses of the
type illustrated may be used in any circuit of up 1 250 volts between conductors.
Cartridge fuses are used for loads of 30 amps and higher such as mains, dryers,
ranges, resistance heaters, and water heaters.

Circuit breakers In riew residential construction. circuit breakers are penerally
installed, with fuses appearing mostly in existing installations. A circuit breaker
looks like a toggle switch. Figure 56 shows a single unit. Inside each breaker is

a fairly simple mechanism which in case of overload trips the breaker and
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Fig. 5-4 Cartridge fuses rated Fig. 5-5 Cartridge fuses rated more than 60 amps
&0 amps or less are of the ferrule have knife-blade terminals as shown
Type shawn

disconnects the load. Il a breaker trips
because of overload, in most brands vou
must force the handle bevond the OFF
position, then return it Lo OX 1o reset it QM
' some hrands, the handle merely goes to
the OFF position and is reset by returning it
o the ON position.

TRIPPED
OFF
TTRESET )

Fig. 5-6 A single circuit breaker {left)
and methad of resetting the breaker if
it Erips.

A circuit breaker has a definite tme delay.
It will carry 80 percent of its rated load
indefinitely, a small overload for a consid-
erable time, and will trip quickly on a
large overload. Nevertheless, it will carry
temporary overloads long encugh to
permit motors te start,

FEEDERS AND BRANCH CIRCUITS

In larger homes, it may be advantageous o locate an additional panelboard near
a concentration of required branch circuits, particularly in cases where that load
is sone distance from the service equipment. For example, if the kitchen were on
the other side of the house from the service entrance, you might decide 1o place a
panclboard in the basement under the kitchen. In doing so, you would supply this
additional panclboard with a farge circuit capable of supplying the calculated load
of the individual branch circuits connected at this point. For example, you might
install a 6{0-amp circuit breaker in the service panelboard, and then run a 6 AWG
cable or wires in a raceway to the lucation of the smaller panelboard, This would
be 4 practical application of the concept illustrated in Fig. 53-1. The official NEC
term for the conductors extending between a service or other source of supply and
the final branch-circuit overcurrent deviee is feeder,

'he remaote panelboard is often referred to as a “subpanel.” Some time ago the NEC
rermoved this term throughout the NEC, but it widely persists in the vernacular
of the rrade. Review Chapter 7, "Grounding Basics”™ In general, feeders must
have their grounded conductors (white wires) insulated from their equipment
grounding conductors | bare or green wires ), as also noted in Chapter 8 under the

topic” Bonding the busbar,” This means that for a 240-valt feeder, there wall usually
F B }

b four wires, comprised of two ungrounded conductors (often black, or black and
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red ), @ neutral (white), and an equipment ground {a white or green wirel. If the
feeder is wired with a metal raceway such as EMT that qualifies as a grounding
conductor, the separate fourth wire may be omitted. Note that the judicious use of
a feeder can reduce voliage drop, because the porton of any total circuit run from
the service to the outlet that is taken up in a feeder occurs aver a larger conductor
with less resistance per unit length. The remiote panelboard may also be located in
a more convenient location, However, the requiremaent for appropriate workspace
about the remote panel is the same as that for the service panelboard. Review the
topic “Service equipment location”™ in Chapter 8 for more details.

CALCULATING BRANCH CIRCUIT NEEDS

[f all the lights and apphances in a home or on an entire farm were protected by a
single fuse or circuit breaker, the entire establishment would be in darkness when
that breaker tripped or the fuse blew. Also, all the wires would have to be very large
to match the ampere rating of that hreaker or fuse, which would make a clumsy
and expensive installation. Therefore the different outlets in an installation are
separated into smaller groups known as branch circuits. Inexpensive 14 AWG or
12 AW wire is used for most of the wiring, protected by 15-amp or 20-amp
breakers or fuses. When one of these breakers trips or a fuse blows, only the outlets
on that circuit are dead; those on other circuits are stll live.

Continuous loads Sec the discussion under “"Water heaters™ on page 165 in
Chapter 14, "Appliances.”

Outlets per circuit [n residential work, the NEC does not Toimal the number
of lighting nurlets placed an ane circuit. But if you pul oo many, you will
probably have trouble with breakers tripping or fuses blowing. In most cases,
it 15 best to conneet fewer than a dozen outlets on one circuit even if more
are permitted.

Note: An outlet is any point where electric power is actually used. Each fixture,
even if it has five lamps, is considered one outlet. Each receptacle outlet, even the
duplex type, is one outler. Switches are not outlets since they use no eleciric power,
but merely control its use. Bul in estimating the cost of an installation, switches
are included in counting the outlets to arrive at a total cost on the "per outlet”
basis, though this is not in accordance with the NEC definition Many electricians
quote on a “per opening” basis to avoid this terminology problem.

Kinds of circuits  The circuits used in homes can be divided into the tollowing
three general types; lighting circusts—primarily for lighting and serving perma
nently installed lighting fixtures, as well as receptacle outlets into which vou plug
lamps, radios, televisions, clocks, and similar 120-volt loads (but not kitchen appli
ances |; small appliance cirauts—receptacles in kitchen, dining room, etc. for such
items as coffeemaker, toaster, electric fry pan; individual appliance circuirs—each
serving a single appliance such as a range, water heater, clothes washer or drver;

.l

circuits mav be either 1 20-volt or 240-volt
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In addition, there may be a need 10 add a Greuit for a permanently connected
motor that is not part of an appliance, such as might be ysed with certain shop
tools. | Motor types and installation are discussed in Chapter 16.)

Lighting circuits The NEC requires enough lighting circuits to provide
3 VA of power for every square foot of floor space in the house. Since a circuit
wired with 14 AWG wire and protected by 13-amp overcurrent protection
provides 1,800 VA (15 = 120 = 1,800), each circuit 1s enough tor 600 square feet
(1,800 + 3 = 6001 This 1s the NEC minimuom. The NEC concerns itself with safery
1.'!11]}'. To allow for conmvernience and usefulness over time, it 15 wise (o j.‘ru‘-'!l.lr.‘ e
circuit for each 500 square feet of space,

What s included in the square footage of 2 house when calculating the number of
lighting circuits needed? Open porches and garages, even if attached to the house,
are not included in the total. But unfinished or unused spaces that are adaprable
for future use must be included according to the NEC, Bun a special circuit 1o such
an area, terminale it in a single outlet if you wish, and later branch off from that
putlet to the additional outlets that vou want when you finish off the space. If the
space s large, run fwo crcuits.

To arrive at the NEC delinition

& ; Table 5-1 NUMBER OF LIGHTING CIRCUITS
of the total number of square

USAELE ARES CODE MIMIBLM RECOMBENDED

feel for determining the
number of circuits, multiply | 4 3pg s ft 3 3
the length of the house by its

3 : ; i 1,600 sq ft 3 4
width, If its owtside dimen-
sionsare 30 % 45 feet, thenone | 2000sgft 4 4
floor represents 1,350 square 240050 fr 4 5
feet (30 = 45 = 1.3501. If the 2,800 5q ft c A
basement is finished or can S N =

L e 200 5g ft

be finished into usable space, B

add its area of, for example,

24 x 30 or 720 square feet to the first-Moor area of 1,350} square feet for a total of
2,070 square feet. If an upper floor has unfinished space that can later be finished
inte a bedroom, add its area.

Fhen divide the total area by 600 to arrive at the minimum number of lighting
circuits the NEC requires, or divide by 500 for a more adequate installation. In
Table 5-1, minimum and recommended numbers of lighting circuits are calculated

for some typical square footages.

Special small-appliance circuits  The circuits already discussed are for lighting,
including floor and table lamps, and items such as radios, TVs, and vacuum
cleaners. These circuits do not permit proper operation of larger kitchen and
similar appliances that consume much more power. NEC 210.52{B) requires two
special small-appliance circuits to serve only small-appliance outlets, including

refrigeration equipment, in the part of the house occupied by kitchen, pantry,
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breaktast room, and dining roony. Both circuits must extend to the kitchen: the other
rooms may be served by either or both of them. The circuits must be wired with
12 AWG wire protected by 20-amp circuit breakers or fuses. No lighting outlets
miay be connected to these circuits { with two exceptions: a combination receptacle/
support for an electric clock in kitchen or dining area, and a receptacle serving
the ignition systemi, oven light, and/or timer for a gas-fired cooking appliance).
Either 15-amp or 20-amp 125-volt rated recepracles may be installed on these
2i}-amp circuits.
Fach such circuit has a capaciry of 2400 VA (20 % 120 = 2,400), which is nol
o much considering that teasters, irons, and similar appliances often require
L0 watts, and appliances such as roasters and toaster ovens may consume ovel
1,500 watts. These two circuits can be merged into one multiwire circuit, which
is discussed on pages 115-117,
At least one separate 20-amp circwit must be run to Taundry appliances, and another
one toall the bathroom recepracles. A separate 153-amp branch circuit is permitted
to serve refrigeration equipment.
Individual circuits 1t is customary to provide a separate circuit for each of the
following (and required for central heating equipment):
! Self-contained range
Separate oven, or counter-mountad caoking unit
¥ Water heater
B Clothes washer
Clathes dryer
= Waste disposer
I Dishwasher
Wator (and fan) on oil-burming furnace
Mator on blower in gas furnace
I Water pump
Permanently connected appliances rated at more than 7,000 watts
iexample: a bathroom heater)
I Permanently connected motors rated more than Y hp
Note that on general-purpose branch circuits (those supplying two or more
receptacles or outlets for hghting or appliances), the maxamum load of utilization
equipment fastened in place {other than ixtures ), such as exhaust fans, garage door
openers, etc. cannot exceed 30 percent of the branch crcunt rating. Thas s often
the deciding factor 1n whether or not o run an individual circuit. Appliance and
motor circuits may be either 120-volt or 240-volt depending on the particular item
installed. These circuits are discussed in more detail in Chapter 14, "Appliances.”
See pages 214-215 tor instructions on how to label every arcuit at the panelboard
to assist in troubleshooting.
Motor circwits  Separate circuits are recommended for individual metors over
+ hp that are not part of an appliance, Such motors might be either directly
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connécted (example: sump pump) or | Table 5-2 DETERMINING CORRECT
belt-driven (example: bench grinder). | AMPERAGE FOR MOTORS |

240W0OUTS l

Determine the motor’s amperage | MOTOR
from Table 5-2, adapted from NEC

1200LTS

shp & amps 3 amps
Table 430,148, See also the discussion he 7 amps 3% amps |
on pages 175-177. s hp 10amps 5 amps
Total number of circuits  You must Y hp 14 amps 7 armnps
decide for vourself how many circuits 1 hp 16 amps B anmips
vouwill need, Provide corcuit breakers or 1% hp 20 amps 10 amps
fuses for specific appliances even if you 2hp 28 amps 12 amps
do not intend to install such appliances 3hp 34 amps 17 amps
until later. Even then, provide for some Shp 56 amps 28 amps

spare circuits. Fora new wiring installa-
tion. [ollow the suggestions in Table 53 for calculating the total number of 120-valt
and 240-volt dreuits needed basad on the square footage of usable area.

Arc-fault circuit interrupters (AFCI} The US. Consumer Product Safets

Commission estimates that annually there are maore than 40,000 fires in residential
pecupancies, resulting in 250 lives lost and &1 billion in financal loss, It has been

Table 5-3 SUGGESTED NUMBER OF 120-VOLT AND 240-VOLT CIRCLITS

Square feet of area in house § 1,200 1,600 2,000 2400 2,800 3,200
General-purpose Circuits
i | lone per500 s i) 3 4 4 5 & 7
= | Spare general-purpose circults i | 2 2 2 2
% Small appliance 2 2 2 2 2 2
Z | Special ladndry 1 1 i 1 I 1
E Bathroom receptacies 1 1 1 i |
E individual apphiance crcults:
= Dil or gas burner ! ! 1 1 1 1
§' Blower on furnace 1 ! 1 1 1 1
3 Bathroom heater, room air can-

ditioner, workshop motor, etc Teach T1each Teach leach leach 1each |

Spares 1 2 2 2 2
Fill in total 120-volt circonts B
Individual appliarce Crcuils:

Range ] 1 1 1 1

Water heater ! 1 1 i 1

Chathes dryer ] 1 ] 1 |

Water pump, other fixed inplace Teach 1each Veach Jeach leach 1each

Spares 1 1 1 1 | 1

CLILATE 280-VOLT CIRCLITS

Fill in roral 240-volt circuits
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estimated that 40 percent of these fires are caused by arcing faults—the unwanted
flow of electncity through an insulating medium {such as airy. An arc can generate
enough heat to be a source of ignition, but not enough current to trip the standard
circuit breaker.

Just as there are circuit breakers incorporating ground-fault protection for the
purpose of preventing people from receiving dangerous shocks (see page 71-721,
there are now circuit breakers incorporating arc-fault circuit interruption in addi-
tion to the normal overcurrent functions, and some that incorporate both GFCI
and AFCI in the same breaker frame. Arcing faults exhibit a characteristic current
and voltage pattern that can be detected by the electronics in the AFC] which then
interrupts the circuit.

AFCI protection must now be arranged (NEC 210.12] for all aircuits supplying
bedroom outlers, even smoke detectors and lights. This new rule |{ctfective for all
bedroom receptacle outlels January 1, 2002, and then for all other bedroom outlets
effective with the date of local adoption of the 2002 NEC is comtroversial because
of restrictions placed on these devices by their manutacturers,

Most (but not all) AFCT cirguit breakers cannot be used on multiwire branch circuits
isee Fig. 10-15 and associated text |, and some AFC circuit breakers are restricred by
the terms of their listing instructions from being used on wiring methods without
an equipment grounding conductor (refer to the continuous grounding topic in
Chapter 71 This means that il existing wiring to bedrooms involves either of these
relatively common wiring arrangements, vou should discuss with the local inspector
the extent to which this rule will be enforced on existing circuits,

Multiwire circuits are very commeon, and many homes wired before the early 19605
have al least scme branch circwits thar have no equipment grounding conductor.

Some receptacles are “listed w provide protection of the entire branch circuit™ if

they are installed ar the first vutlet in the branch circuwit. These devices, likely to be
available the second half of 2002, are additenally tested for use on branch circuts
that do not have a grounding conductor. As the industry gets up o speed on the
full ramifications of the 2002 requirements in this area, look tor a steady evolution

in the ways these devices can he installed.
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CHAPTER &
Circuit Diagrams

BREFORF YOU CAN WIRE a building, vou must learn how switches, receptacies,
sockets and other devices are properly connected to each other with wire to make
a complete electrical system called a circuit—the path along which current flows.

GROUNDED WIRES

In residential and farm wiring one of the current-carrying wires is grounded, which
means it 15 connected to an underground metal water pipe system and 1oa driven
ground rod, Many people refer to the grounded wire as the neutral wire, Sometimes
it is @ neutral and sometimes it is not. [ Chapter 7 has a full discussion of grounding,
and the Index at the back of the book lists specific grounding topics. | Ungrounded
wires are known as “live” or “hot” or “energized” wires, which means they have a
voltage, in house wiring usually 120 volts, above zero (ground potential—the earth
15 assumed to be at zero potentiall.

1

is essential 1o remember these five paints about grounding:

The grounded wire is white in color. Two recognized alternatives to white tor the
grounded conductor are; gray (cantion: white is preferred, and for many vears
grav theoretically could have been and oceasionally was used for ungrounded
conductors); or three white stripes on any color insulation except green.

Ihe grounded wire must run direct to every | 20-voll device or outlet to be
operated [never to anything operating only at 240 volis),
B The grounded wire is never fused or protected by a circuit breaker.
The grounded wire is never switched or interrupted in.any other way,
White wire must never be used except as a grounded wire, Other wires are
usually black but may be some other color, but not white or green.
Ihe white wire must run to every 120-volt device or outlet other than a switch;
the other wire to the device is usually black but may be some other color, but nor
white or green. White wire can be used for ungrounded purposes when it is part of
a cahle assembly brought to a switch or tor a 240-volt load, but even here it must be
retdentified as other than white at all visible points and at terminations. Examine

51
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a socket or similar device carefully and vou will find that ene of its two terminals
is @ natural brass color, and the other is silver-colored (usually nickel-plated) and
called “white” by the NEC. The white wire must alwavs run to the whate terminal.
In the case of sockets, the white terminal is alwavs connected to the screw shell and

never 1o the center contact of the sockel, Switches never have white termuinals.

WIRING DIAGRAMS

Wiring diagrams are used in planning clectrical installations, Diagrams are useful
for planning safe and efficient installations, and for clarifving details such as the
wiring of three-wav and [our-way switches.

1 Fig.6-1 This symbol indicates a lamo in all diagrams.

Fig.6-2 This methad is used in all diagrams 1o indicate whether or not
CrOs5ING WIres are connected to each other

¥

| 1 |
| | |

Crossing wires Crossing wires
not connected connected together

Diagram symbols  Forany circuit, two wires must run from the starting point to
each outlet serving electrical equipment (lamp, motor, ete, | Imagine that the current
Mewws out over the black wire to the equipment, through the equipment, and back
to the starting point over the white wire. In this book, the starting point is called
the SOURCE, and a lamp symbaol {Fig. 6-1) is used to indicate the equipment to be
operated. Figure 62 illustrates the method vsed 1o indicate whether or not crossing
wires are connected to each other, In all diagrams wires are indicated like this:

black wire between a switch and
the putlet which 1t contrals

white wire black wire

The fact that one line is heavier than the other does not mean that one wire is
larger than the other; both are the same size,

Adding switches The simplest possible diagram is that of Fig. 6=3, a lamp
that is always on with no way of turning it off. Such a circuit i of little value, so
vou should add a switch. Figure 64 shows how you simply make the hlack wire
detour to a switch, An unenclosed switch is shown so vou can see how it operates:
opening {turning off ) the switch is the same as cutting a wire, Of course, unenclosed
switches are unsafe and not permitted, Figure 63 shows the same circait but with
an enclosed fllush toggle switch which serves the same purpose, but is much neater,
more eonvenient, and safer to use,
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Fig.6-3 The simplest circuit—a Fig. 6-4 The circuit of Fig. 6-3 plus

larmp always on, an open switch

SOURCE

— e =
—_—

Fig. 6-5 A toagle switch |closed]
substituted for the open switch in |
Fig.6-4. +

Wiring in parallel  [f several lamps are used, do not make the mistake of wiring
them i series as in Fig. 6—6 because that is impractical for most purpuses. [f one
lamp hurns out or is removed from its socket, it 1s the same a5 opening a switch in
the circuit—all the lamps go oul. Instead, wire them i parallel as in Fig. 6-7. The
while wire goes toeach lamp, from the fiest 1o the second and tothe third and so on;
the black wire also runs to each lamp in similar fashion. Each lamp will light even if
oneor more of the others is removed, The switch shown cuts off the current 1o all the
tamps at the same time, The wiring is simple: white wire from S0URCE to cach socket
or outlet: black wire from “OUREE to the switch, and from the switch another black
wire 1o each of the sockets. This is the way a fixture with five sockets is wired,

-~ )
b e Fig. 6-6 Style of wiring known
SOURCE

as "series” wiring. It s impractical
except for very special purposes

Fig. 67 Style of wiring known as
_-i___,' \l‘f_,_, “parallel” wiring. 1t 15 wsed for al
L = ordinary purposes
1l

.
-
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If each lamp is to be controlled by
white wire always runs from sot

switch, and from each switch a bl
trace the current from the SOURCS
a time, along the black wire to th
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4 separate switch, use the Fig. 6-8 diagram. The
CE to each lamp; the black from s0URCE ta each
ick wire runs to the lamp that it controls. If you
over the black wire through each switch, one at
E famp, and back fram the lamp to the soUkcE,

vou will find that each lamp can §e independently controlled.

+

SOURCE
i

<

Fig.6-8 This diagram shows the
sarme parallel wiring as Fig. 6-7,
but with sach lamp controlled
by a separate switch. Note that
the whitesvire runs directly from
SOURCE toeach lamp:

Wiring receptacle outlets The wiring of plug-in receptacle outlets is simple. I
there is only one receptacle, run I:tIE while wire from the sOURCE to the side of the

receptacle that has white (silver-co
the other side, as in Fig. 6-9. If the
white wire to one side of the first
and so on; do the same with the bl

ired | terminal serews, and run the black wire to
o are several receptacles, as in Fig, 6-10, run the
Feceptacle, from there to the second receptacle,
pek wire, Figure 6- 10 is the same parallel wiring

diagram as Fig. 67 except that rebeptacles have now been substituted for lamps

and the switch has been omitted.

SOURCE

4 Flg. 6-9 Wiring for a receptacle. (To simplify the

drawing, the connection to the green grounding
screw on the receptacle s not shown, See page 126
for requlrements.)

Fig. 6-10 Except where the white wire is part of
a 3-wire circuit, feeding through may use the twa
screws on the device. as at 4 but pigtailing as at B
amuch better job.
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Where the two wires shown in Fig. 610 are part of a three-wire circuit (see pages
1153-117 for three-wire circuit installation), it is not permitted o feed the white
conducior through by using the two screws on the side of the receptacle, as shown at
A, because removing this receptacle could place 1 20-volt loads in series on 240 volts,
with possibly disastrous results, Instead, a splice is required with a pigtail going to
the receptacle as shown at B, Many inspectors require pigtailing at all feed-through
receptacles even though the devices are rested and listed 1o be connected as shown
at A (See Fig. 4-15 for another illustration of a pigtail splice. |

Wiring outlets controlled by pull chains  There are few locations where a pull
chain will be used, since lighting in attics and under-floor spaces used for storage
or for equipment requiring servicing must be controlled by a wall switch at the
entry tothe space. To wire for a pull chain, substitute a pull-chain socket i shown
at Fin Fig. 9-4) tor the receptacle in Fig. 6-9.

Combining several diagrams  When several groups of outlets are to be wired,
the two separate wires from each group can be run back 10 a common starting
point where the wires enter the house, as shown in Fig. 6-11 where the diagrams
of Figs. 6-5,6-7, and 68 have been combined, This method requires a consider-
able amount of material because the wires must be much longer than necessary.
It is more ethoient just to wire the first group, then run wires from the first group
ta the second, and from the second ro the third, as in Fig. 612 which shows the
same three groups bur using less material,

I'he white wire may be extended 4t any point to the next outlet. The black wire
likewise may be cxtended ar any point, provided that it can he traced all the way
back to the 30URCE without interruption by a switch. In other words, in these
diagrams a black wire can he extended from any black wire indicated by the solid
heavier lines, but not frony the black wire between a switch and an outlet indicated

- = N
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Fig.6-11 The outlets of Figs.6-5, 6-7. and 6-8 have been combined into a single group of
Autlers. In other words, here they form one drcuit. This still uses a great deal of matenal. To
reduce the amount reguired, the circuit can be arranged as the next diagram shows



56 WIRES, CIRCUITS, AND GROUNDING

[ =  § T= 1
T S G Y .7 s S s A
SOURCE :.-r" '.;'.'_, \;_ '."-+. j_-; ___;_ [ | _,.. |,_,.'. () _\_._._

¥ H ¥ H 1 H T T T ‘[ T

i L ST S PR i i i i
! LS L ] i La | ™
- l' cl

Vs

1%
i
)

Fig.6-12 The diagram of Fig.6-11 rearranged to use less material

by a heavy broken line. Thus, in Fig, 6=12, A and H are the starting points for the
second group, and C and ¥ are the starting points {or the third group of lighes,

Three-way switches The switch used for controlling a light from one point is
known as a "‘,‘irlgh; pole” switch. “Three way™ switches allow you to control a !l_i:'.|1l
from two points (not three, despite the name). With thrgg-way switches you can
turm a hall light on or off from upstairs and downstairs, or a garage light from houose
and parage, or a yard light from house and barn. Such switches have three differem
terminals for wires, Their internal construction is similar t Fig, 6-13. In one position
of the handle, terminal A is connected inside the switch to terminal ; in the other
position, terminal A is connected to terminal B, Usually, the common terminal 4 i5

identified by being a darker color than the other terminals which are natural brass,

Study the diggram of Fig. 6~14 on page 37 in which the handles of both switches
are down. The current can be traced from soURCE over the black wire through
Swirch 1, through terminal A, out through termvinal & and up to terminal C ot
Swirch 2, hut there it stops: The light 15 off.

Nexl see Fig, 6—15 where the handies of both switches are up. ‘The currend
can be traced as before from sovrce over the black wire through Switch {,
through terminal A, but this time out
through terminal ©, and from there up to
terminal & of Switch 2. There it stops and the
light is off.

Mow examine the diagrams of Figs. 6-16
and £-17. In both diagrams the handle of
one switch is up, the other down. In each
case the current can be traced from SOURCH
ower the black wire, through both switches,
through the lamp, and back 1o sougcr, The
light in both cases is on. In the case Of either  Fig. 6-13 This shows what happens
Fig. 6-16 or Fig. 617, thrawing either switch  'nside a 3-way switch when the
fer the opposite position changes the diagram AT s AT T e |

: 2 ta another. The current enters by
back to either Fig 6-14 or Fig 615, and the o inal 4 and leaves
light is off. [n other words, the light can be by wither € or 8 depending on the

turned on and off from either switch. position of the handie
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I'he wiring of three-way switches is simple, as these diagrams show, Run the white
wire from SOURCE as usual to the light to be controlled. Run the black wire from
SOURCE 1o the common or marked terminal of the first three-way switch. Run a
hlack wire from the common or marked terminal of the second three-way switch
to the light. That leaves two unused 1erminals on each switch; run two black wires
from the terminals of the irst switch to the two terminals of the second switch. [t

SOURCE

-4 Fig. 6-14 A light controfled by
two 3oway switches. With both
handles down, the light is off,

Switch 7
Fig. 6-15 With the handles of
hath 3-way switches up, the light

s still off. W
-
Do an
SOURCE
] Switch 1 i _ _
Switch 2 I - Fig.6-16 Three-way switch-with
A . S ore handle down and the other
up, the light is now on.Trace the
RN S - itk :
By current along the arrows.
chrl
1 I;-h
11 —
I -

Switch 1 i
j Switch 2 ﬁ[g
Fig. 6=17 Three-way switch: both :
handles are now the oppasite of b N
Fig. 6-16, but the light is. still on ‘ :.

Either switch controls it.

l.|.1

L--————-l------—- 1

I'I

L L L LTy |
—_—
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makes no difference whether vou Tun a wire from B of the first switch wo € of the
second as shown, or from 8 of the first to B of the second. The wires that start a1

one switch and end at another are called runners, rravelers, ar jockey legs

Four-way switches To control a light from more than two points, use two
three-way switches, one nearest the soURCE and the other nearest the light, and
four-way switches at all remaining pomts in berween. Four-way switches can be
identified by the fact that they have four terminal screws and do not have ox-0F

markings on the handles. Figures 6~18 through 621 show two types of four-way

- Fig. 6-18 Internal connections of one style of
4-way switch with the handle in the up and the
down positions, The terminals are labeled A, 6
Cand D.

Fig. 6-19 Four-way switches are usually con
nected as shiown here, With the 4-way switch
handles in the positiosk shown i the upper
diagram, the light is off; in the lower diagram,
the light is on. Two 4-way switches are shown in
the circuit but any numixer may be installed
depending on need. Refer to Fig. 6-18 to identify
the terminals. ¥

SOURCE
I-way
Y switch
' 3-way
\ switch
SOLURCE
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switches and the wiring diagrams for circuits using each tvpe. Depending on the

manufacturer, the internal connections of four-way sw itches may be as shown in

Fig. 618 or as in Fig. 6-20. In ¢ach of these figures, the four terminals are labeled
A B Coand D

« Fig.6-20 Internal connectionsof the other style
of 4-way switch with the handle in the up and
the down positions. Terminals are labeled
A B CandD

Fig. 6-21 Some brands of 4-way switches are
connected as shown. With the 4-way switch
handles in the positions shown in the upper
dizggram, the light is off; in the lower diagram,
the light is on. Refer ta Fig. 6-20 to identify
terminals. ¥

OFF
SOURCE 2
-way
o switch
L) . ; 1
3-way .
switch . A\
= )
[
: o
4-way switches Q ™
|
. ]
: : e A, '_”'_‘-._.__‘.=f'_- JI -
] I._.-.----i o ol ]
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‘.----—___---------’
- ==
On
SOUACE
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AT 1
3-way \ J
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%
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Ihe four-way switch in Fig. 6-18 is shown ina circuit in Fig. 6—19. The two jockey
legs from one three-way switch are connected to terminals A and B of the four-
way switch; from the other three-way, the jockey legs are connected to terminals
Cand D of the four-way.

The four-way switch in Fig, 6=2001s shown moa arcwit in Fig. 621, The jockey legs
from one three-way switch are connected to terminals A and D of the four-way
switch, and the jockey legs trom the other three-way are connected to terminals B
and C of the four-way switch

If you are not sure which tvpe of four-way switch you have, try one diagram; if it
does not work, try the other. You can do ne harm by wrong connections except
that the crcuit will not work if vou have the wrong connection,

Pilot lights When a light can't be seen from the switch that controls i, the light
is often left on unnecessarily. The probiem often occurs with basement and attic
lights in homes and haymow lghts m barns. Install a pilot light (@ small, low-wattage
lamp) near the switch so that both lights are turned on and oft # the same time.
The pilot light serves as a reminder that the unseen light is on. The wiring is shown
in Fig. 622, First look at the diagram while disregarding the wires shown in dotied
lines as well as the pilot light itself. 1t is then the same as Fig, 6-5. Add the wires
shown in dotted lines and it becomes the same as the diagram of Fig. 67 except
there are two lamps instead of five. The white wire runs to hoth Lanips; the black

wire from the SOURCE runs 1o the switch as wsual; the black wire [rom the switch
runs to both lamps, and the diagram is finished,

A combination switch and pilot light in one device 1s shown in Fig. 623 The
diagram is correct only for some brands: exact diagrams usually come with each
device. There are also switches having a small pilot light in the handle. Some have
a light that is on while the switch 1510 the OFF position 1o-2id in iinding the switch

in the dark.

]

-
-

SOURCE f fou

— i Light
' controfled
; switch

& Wanas

Pilot light

: S .-
[

= Pilot light
bulb

of a combrnation pilot

Fig. 6-22 The basic circuit of

a pilat light

Fig.6-23 The wiring scheme
light and switch, Another brand might be wired
somewhat differently
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Other diagrams and combinations ‘ou will have linde difficulty making a
diagram fur any desited combination of outlets and switches, whether single-pole
or three-way, if you remember the principles covered in this chapter. To make any
diagram, first locate cach outlet where desired and run the white wire (light line
like this ——— from SOURCE to every outlel. Then run a black wire (heavy lme
like this s from soUECE toeach outlet that is notcontrolled by a switch. Next
run black wire (heavy broken line like this = = = = from each outlet conteolled
by a switch 1o the switch that contrals il 1f three-wav switches are involved, run
additional black wires berween the switches that control the vutlet. Finally, from
each switch run black wire (heavy line like this ] back to soURCE, Having
done that, vou may have to rearrange some of the wires 1 reduce the amount of

wire used, but this will not affect the proper operation of the hook-up,
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CHAPTER 7
Grounding for Safety

ELECTRICTITY ATWAYS FOLLOWS the shortest possible path to the carth, that is, to
the ground, In discussions concerning electrical wiring vou will regularty meet the
lerms ground, grounded, and grounding, They all refer to deliberstely connecting
parts of a wiring installation 1o the earth. Actually, the connéction is made to
something that serves as the carth—a metal rod driven deeply into the ground and
metal piping that is part of an underground waler system,

The purpose of grounding is safety. A wiring installation that is properly grounded
allows excess electrical current—such as from lightning strikes—to travel into the
earth without cassing serious injury to people or damage to the wiring system.
Grrounding facilitates the proper functioning of fuses and circuit breakers, limiring
the risk of shock from defective equipment.

An installation that is not properly grounded can present an extreme danger of
shock, fire, and damage to appliances and motors. For example, suppose a 2,400-volt
line accidentally falls across your 120/240-volt service during a storm. If the system
is not grounded, vou can be subject to deadly 2, 400-voll shocks, and v.'jrin.g and
appliances will be ruined. If the system is properly grounded. the highest voltage
of a sheck will be much maore than 240 volls, but very much less than 2,400 vilts,
Lightning striking on or even near 4 high voltage line can cause great damage to
vour wiring and your appliasnces, and it can cavse fire and injuries. Proper grounding
throughout the system greatly reduces the danger. .

Because grounding is so impertant it is discussed repeatedly throughout this
book. Be certain that vou understand it thoroughly: The National Flectrical Code
{NECT rules for grounding are extensive and sometimes seem ambiguous, But for
installations in homes and farm buildings-—the only installations covered in this
book—the rules are relatively simple. This chapter discusses the basic principles
ot grounding. The practical details, including installing ground rods and ground
clamps and selecting the correct ground wire size, are covered in the next chapter
on mstalling the service entrance
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HOW DANGEROUS ARE SHOCKS?

Most people think it is a high voltage that causes fatal shocks. This is not neces
sarily so. The amount of current lowing through the body determines the effect
of a shock. A milliampere is one-thousandth of an ampere (0,001 amp). A current
of 1 milliampere through the body is just barely perceptible. Currents from 1 to
# milliamperes cause mild to strong surprise. Currents from 8 to 15 milliamperes
are unpleasant, but vsually the victim is able to let go and get free of the object
that is causing the shock. Currents over 15 milliamperes are likely to lead to
“muscular freese] which prevents the victim from letting go and often leads to
death. Currents over 75 milliamperes are almost always fatal; much depends on
the individual involved.

The higher the voltage, the higher the number of milliamperes that would flow
through the body under any given set of circumstances, A shock from a relatively
high voltage while the victim is standing on 2 completely dry surface will resultin
tewer milliamperes than a shock from a much lower voltage to someone standing
in water. Deaths have been caused by shock from circuirs considerably below
120 volts, while someone standing on a dry surface could survive shock from a
circuit of 600 valts and more. How to help the victim of a shock is discussed on

pages 7-8.

GROUNDING BASICS

T'his section defines grounding terminnlogy and describes the functions of the wires
and equiprment in your installation, [talics are used to indicate words for which
definitions are provided and to help differentiate among similar-looking terms.
Ground For the wiring installations covered in this book, the term “ground”
means underground metal water piping connected to a driven metal rod forming
a continuots conductive path that allows excess current to travel into the earth,
The rod drven into the earth is called a ground rod. The water pipe is part of
the building’s underground water system. The NEC calls the rod and water pipe
“grounding electrodes.” Properly joined together, they form a “grounding electrode
system.” This arrangement is illustrated at the bottom of Fig. §-6. When it is said
that something is “grounded,” it means that it is connected to ground.
Grounding falls into two categories. Svstem grounding is for the current-carrying
wires in an installation. Equipment grounding is for parts that do not carry
current in the installation—they are listed under " Grounding (green| wire” on
the next page.
Bonding (or bonded) Bonding means connecting normally non-current
carrving metal parts (conduit, boxes, ¢1<.) 1o each other and fnally to ground,
isuallv using bare uninsulated wire, resulting in a conductive path that will safely
carry accidental voltage into the earth
Ground wire This is the wire that runs from the service equipment to the
Bt u,|:1|_jrr|.!; electrode (which s ;r-lu:ldc'-.'l because it is buried in the earth). The

NEC calls it the "grounding electrode conductor” It is usually bare, but can be
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insulated and of any color but green. The ground wire is banded within the service
equipment enclosure to the neutral conductor, to the sérvice raceway, 1o the service
enclosure, and to the equipment grounding bus if any.

Grounded (white) wire Inacircuit, this is the wire (usually white ) that normally
carries current and is connected 1o the gronmd at the service equipment. The NEC
calls it the “identified conductor” The grounded wire must never be fused or
protected by a circuit breaker or interrupted by a switch,

Grounding (green) wire  This is a wire that does not carry current at all during
normal operation, The NEC calls it the "equipment grounding conductor” It i
bonded to components of the installation that normally do net carry current but do
carry current in case of damage to or defect in the wiring svstem or the appliances
connected to it These components include the equipment grounding bus in the
service equuipment cabinet { which holds the main fused service switch or the circuit
breaker panelboard, whichever is installed), frames of motors. frames of appliances
such as electric range and clothes washer, the outlel boxes in which switches or
receptacles are installed, and the metal conduit or thk armor of armored cable,

Ihe grounding wire runs with the current-carrving wires, [t must be green, green
with one or more yellow stripes, or bare. In this book it will be called simply a green
wire. Itmust never be used for any purpose except as the grounding wire in a circuit,
In the case of wiring with metal conduit, or cable with a metal armor, a grounding
wire as such is not installed separately because the conduit or the armor of the cable
serve as the grounding conductor where it is bonded 1o the cabinet.

GROUNDING OVERVIEW

Proper grounding involves every part of the installation, including the incoming
service wires that run from the power supplier’s transformer to the huilding 1o be
served. The service equipment cabinet—the heart of vour electrical installation—is
where the main grounding connections are made,

Wires from transformer to building  Figure 7-1 shows the power supplier's
three wires—labeled A, B, and N—that run from the transformer to the building.
The grounded wire, labeled N, is grounded hoth at the transformer and ar the
building's service equipment
This is a neutral wire (meaning it

: : A
is non-current-carrying when the ) 4 T
P ; 3-wire
load 1= balanced on the hot wires). : 2404
o PR SOURCE : '
Wires A and H are “hot” wires. L ax |
) = B
[Hot wires carry voltage above G d
: sround connection
zeroy, or ground. One is usually g

black and the other red, or both
black. but never white or green. )
The voltage berween A and N, or
between Band N, is 120 volts:
between A and B it s 240 volts

Fig.7-1 The power supplier's three wires provide two
different voltages, Use the lower voltage (120 V) for
low-wattage loads, and the higher voltage {240 V) for
high-watnage loads such as range and water heater
Mote the symbal for a connection to ground

|
|
|
|
!
!
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Hetween the transformer and the service equipment, the grounded wire Nis a
neutral wire. Inwiring a building any wire connected to the point where the neutral
wire enids in the service equipment is simply a grounded wire, Many people call
it a meutral but it 15 not a neutral; there cannot be a neutral in a two-wire Circuit.
{ Three-wire circuits, which have a grounded neutral wire, are discussed on pages
[ 15-117.1

Grounding of 120-volt and 240-volt loads The grounded wire must run
without interruption to all equipment operating at 120 volts, but not to anything
operating only at 240 volts. Only hot wires run to 240-volt loads. A separate
grounding wire runs to 240-volt loads (unless the conduit or the armor of armored
cable serves as the grounding conductor). Note: Anything that is connected to a
circuit and consumes power constitutes @ “load” on the circuit. The load might be
4 motar, a toaster, a lamp—anything consuming power. Switches do not consume
power and therefore are not loads. A receptacle is not a load, but anything plugged
into the receptacle 15 a load.

Grounding at the service equipment At the service equipment all the
grounding wires are connected to an equipment grounding hushar, which s
homded to the enclosure and connected to the neutral busbar {for all the white
wires), which is in turn connected (grounded ) by means of the ground wire 1o the
water pipe and ground rod. The power supplicr also grounds the neutral of the
neoming service wires at the transformer serving the building, If the neutral wire
1s properly grounded both at the transformer and at the building, it follows that if
you touch an expased grounded wire at 4 terminal or splice, no harm {ollows—no
shock—any more than if you touch a water pipe or a faucet, because the grounded
wire and the piping are connected to each other, Any time you touch a pipe, you
are in effect also touching the grounded wire.

Short circuits and ground faults [ 1w hot wires touch cach uther a1 a point
where both are hare, or if a hot wire touches a bare point in a grounded circuit
wire, a shorl circuit occurs at the point of connection. This rarely happens in the
actual wires of a properly installed system, but often happens in cords to lamps or
appliances, especially if the cords are badly worn ar abused.

A ground fault results when a bare point in a hot wire, such as where the wire is
connected to a receptacle or switch, touches a grounded component such as conduit,
the armor of armaored cable, or a grounding wire. For both short circuitand ground
fault the effect is the same: a fuse will blow or a drcuit breaker will trip.

HOW GROUNDING PROMOTES SAFETY

Ihe diagrams in this section illustrate correct installations as well as faulty condi
tivns in which shock can occur. The motors represented could be either free
standing or part of an appliance. The ¢oiled portion of the line on the right side of
each diagram represents the motor’s winding. Your risk of shock and danger from
a faulty installation will depend on the surface on which you are standing, your
general phvsical condition, and the condition of your skin at the contact point. If
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you are on an absolutely dry surface you will note little shock. If vou are on a damp
surtace (as in a basernent) you will experience a severe shock. If you are standing
in water you will undergo extreme shock or death. As a safety precaution, always
stand on dry boards when you must work in a damp or wet location.

Grounding and fuse/breaker placement for 120-volt circuit Figurc 7-2
showsa 120-valt motor with the grounded wire connected to the grounded neutral
of the service equipment and a fuse in the hot wire, { Actually the fuse and the ground
connection would be at the service equipment cabinet a considerable distance from
the motor, not near the motor as shown, although there might be an additional fuse
near the motor. ) If the fuse blows, the motor stops. What happens if, in inspecting
the motor, vou accidentally touch one of the wires at the terminals of the motor?
Nothing happens because the circuit is hot only up to the blown fuse. Between
the fuse and the motor the wire is now dead just as if the wire had been cut at the
fuse location. The other wire to the motor is grounded, so it is harmless. You are
protected. But if the fuse s not blown and yiou touch the hot wire, vou will receive
a | 28-volt shock through vour body to the earth, and through ghe earth buck to
the neutral wire at the service equipment,

Hat

Y

o
_t;"'I.ISE' Maotar
(Biown) "
Winding .
in mator

4 Fig.7-2 A120-Vmotarwithgrounded
wire correctly connected te the
grounded neutral and a fuse correctly
placed in the hat wire, (Grounding wire
nat et installed.)

Ground connection at
service equipment

Grounded
L ite, 2R

Hat
Fig.7-3 A 120-V motor with a fuse wrongly
placed in the grounded wire.Itisa dangerous
installation. = Fuse
-.I'.\In'.u:ll Grounded
Y wire

=u

9

Fuse/breaker placement error  The same circuit i< shown in Fig. 7-3 except the
fuse is wrongly placed in the grounded wire instead of the hot wire, The motar will
aperate properly. If the fuse blows, the motor stops. But the circuit is still energized
through the motor and up to the blown tuse. If you touch one of the wires at the
maotor, you complete the circuit through vour body, through the carth, to the neutral
WITE I Vour service equipment; vou are directly connected across |1 20 volts and as
a minimum you will receve a shock, and at worst wil| be killed,

M =

|
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Accidental internal ground—unprotected  Now see Fig, 7 which again shows
the same 120-volt motor as in Fig. 7-2. But suppose the motor 1s defective so
that at the point marked G the winding inside the motor accidentally comes into
clectrical contact with the frame of the motor. As a result, the winding “grounds”
to the frame. That does not prevent the motor from operating. But suppose you
choose to inspect the motar, touching just its frame. What happens? Depending on
whether the internal ground between winding and frame s at a point nearest the
grounded wire or nearest the hot wire, you will receive a shock up to 120 volts as you
complete the circuit through your body back to the grounded wire. Itis a potent ially
dangerous situation since shocks of much less than 120 volts can D fatal.

In fact. it is not uncommuon for breakdowns in the internal insulation of a motor to
result in an accidental electrical connection between the winding and the frame of
the muotor. The entire frame of the motor becomes hot. The same situation arises if
the motor is fed bv a cord that hecomes defective where it enters the junction box
of the motor so that one of the bare wires in the cord touches the frame. If there
is no cord and the motor is fed by the circuit wires, a sloppy splice between the
circuil wires and the wires in the junction box on the motor can lead to the same
result: the frame of the motor becomes hot,

Hot

FL.';'}-’ -

{not blowrm) G

-4 Fig. 7-4 The same motar 35 in Fig. 7-2,
hut the motor is defective. G represents
an accidental grounding of the winding
to tha frame, The grounding wire has

Grounded not been installed. This Is a dangerous
wite installation
- l’l FIRARTT ISR L I e i
Hot
&Y,

Fig. 7=5 The same defective motor as
Fig. 7-4, but now a grounding wire has Grounding &
been instalied from the frame of the motor wire
ta ground. Even though the winding

Interconmnecthon
is accidentally grounded to the frame, at service
as represented by G, there is no shock <" equipment
hazard. W L ”
1 ' Grounded wire
i s e -

Accidentalinternal ground—protected  MNuw see Fig, 7-5 which shows the same
motor as in Fig. 7-4 with the same accidental ground between winding :'.ur cord )
and frame, but protected by a grounding wire that is connected to the frame of
the motor and runs back to the ground connection at the service switch. When the
internal ground oceurs, current will flow over the groundirg wire. It wall sometimies
bt nior always blow the fuse. Even if the fuse does not blow, the grounding wire
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will protdet yvou because it reduces the voltage between the frame of the motor to
substantiglly zero as compared with the ground vou are standing on. You will not
recerve a ghock provided that a really good job of bonding was done at the service.
If the borjding is poor, vou will still receive a shock.

The groupdrng wire from the frame of the motor (or from any other normally non

0 '.ITF;:H[-CIT]"'.'iI‘I_[{{'l mnponent ) may be green or in many cases bareuminsulated wire,
Green wige mav not be used tor any purpose other than the grounding wire, (ther
chapters discuss when a separate groundrmg wire must be installed. If metal conduit

or cable vfith armor is used, the conduit or armor serves as the grounding wire,

Grounding and fuse/breaker placement for 240-volt circuit  Mow refer to
Fig. 7—6, which shows a 240-volt motor installed with each hot wire protected as
required With a fitse or circuit breaker. Remember that in such 240 volt installations,
the white krounded wire does not run to the motor, but is nevertheless grounded
at the serfice equipment. If you touch both hot wires, you will be completing the
circuit frofn one hot wire to the other, and vou will receive a 240-valt shock. But if
you touch only one of the wires, vou will be completing the circui through vour

body, thrdugh the earth, hack to the grounded neutral in 5-'tu<' sECVICE equipment,
and you will receive a shock of only 120 valts: the same as touching the grounded
wire and pine of the hot wires of Fig. 7-1. The difference berween shocks of 120
volts and P40 volts can be the difference between life and death.

Ho
il
4 Fig. 7-6 A 240-V motor with each hot
wire correctly protected by fuse/breaker
The grounded wire does not run to. 240-V
Inads. Because the grounding wire has not
Hot a beaninstalled, shock hazard is avoided only

if the mator remains in perfect condition

&
= larchunid at service
| couiprment

Hot A
Fig. 7-7 This is the same installation as [
Fig. 7-6, bat the motor 15 now defective
The wml:brr’; is accidentally grounded to
the frame, s represented by G. This s a Host
dangerous kusmllut-nn. > AY,
F o roind at service
1 squipment
| — T . ] e

|
Accidentd) internal ground—protected Assume that the motor in Fig. 7-6
becomes defective, that the winding of the motor becomes accidentally gmizndcd
to the fram|e, as shown in Fig. 7-7. This as the same as Fig. 7-4 except that the motor
is operatifg at 240 volts instead of 124 volts. Touching the frame will produce a
| X0-volt shock, but of the frame has been Pj|||1;_'||1. prounded as in Fig. 78, ane il
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the fuses will probably blow. Even if a fuse does not blow, the severity of the shock
vou receive from touching the frame will be limited because the frame is grounded,
again assuming that a really good ground was installed at the service,

GROUNDING CONSIDERATIONS FOR WIRING SYSTEMS

In any of the situations of Figs, 7-2 through 7-8, if there is an accidental contact
bretween any twio wires ot the circuit, the contact constitutesa short circuit, and a fuse
will blow or the circuit breaker will trip regardless of whether the short is between
one of the hot wires and the grounded wire, or between the bwo hot wires. For a
short circuil W occur, there must be bare places on two different wires touching
each other, which does not happen very often in a carefully installed job.

Hiat

A 4 Fig.7-8 The same defective motar as
Fig. 7- 7, but @ grounding wire has been
instatled from the frame of the mator
1o ground. Even though the winding is
accidentally grounded to the frame, as
represented by G the shock hazard is
minimized.

Grounding wire
connected to
ground at service
eguipment

Accidental ground

to conduit -
Fig. 7-9 Weres in metallic conduit or  mop o
metallic armar are used toinstall the mator.
The conduit is grounded both at the service
equipment cabinet and to the motor. Itisa
safe instaliation,

Conduit ¢
grounded
o Motor * Grounded
-Conduit grounded  wire

(o b 8 bt

Advantages of metal conduit orarmored cable  Consider a wiring system in
which all the wires are installed in a metal raceway: metal pipe called condun, or
cable with a metal armeor |commonly referred to as"BX" ). The raceway or armor is
grounded at the service equipment. It is also connected to the motor itself {assuming
that the motor is not connected by a flexible cord and plug). No separate grounding
wire is then required, IT there is now an accidental ground from winding to frame
{or to the raceway or armor |, it has the same effect as a short between one of the
hot wires and the grounded wire, because the grounded wire and the raceway or
armor are connected o each other and to the ground at the service equipment
A fuse will immediately blow whether the motor operates at 120 or 240 volts. A
considerable advantage has been gained—accidental grounds that otherwise might
remain undiscovered are antomatically disclosed, See Fig, 7-9.

Separate grounding conductors Many wiring methods use nonmetallic
cable sheaths or raceways. In muost such cases vou install (or the cable includes)
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a separate grounding conductor that performs the same equipment grounding
function as the steel raceway or cable armor. In addition, some designers insist on
a separate equipment grounding conductor even within a steel raceway in order to
add additional reliability, The NEC actually requires that arrangement for branch
CIrcuits serving patient care areas of hospitals. Although hospital wiring is beyond
the scope of this book, that rule points to one of the many instances where vou're
likely to encounter separate grounding conductors,

Continuous grounding  As explained on the first page of Chapter 9, an outlet
box or switch box is used o protest each electncal connection in an installation.
When a grounded-neutral wiring system is used (which is 100 percent of the time
for installations of the kind discussed in this book), and vou use metal conduit or
cable with 2 metal armor, vou must ground not only the neutral wire but also the
conduit ar cable armor. The white wire is grounded only at the service equipment
(at the point where it is connected to the neutral of the service equipment), b
the conduit or armor must be securely connected to every box or cabinet. Lighting
hxtures instafled on metal outlet boxes are automatically grounded through the
conduit or armor, (Nonmetallic boxes are also used; sce Figs. 9-17 and 9-18.)
Mators or appliances directly connected 1o conduit or armor®are automatically
grounded. Ifusing nonmetallic-sheathed cable, the extra wire—the bare uninsulated
grounding wire—must be carried from outlet to ouilel, providing a continuous
ground. The connections tor this wire are explained on pages 125-126. Regardless
of the wiring method wsed, a continuous ground all the way back o the service
is essential. Good workmanship is crucial for this part of the job, because 3 small
defect in a grounding return path can make the difference hetween an overcurrent
device opening promptly or not, leading to a fire ar worse,

GROUNDING-TYPE RECEPTACLES INCREASE SAFETY
Many old receptacles still in use have only two parallel openings for the plug, as
in Fig, 7-10. Plugging something into this receptacle duplicates the condition of
Fig, 7-2. If vou handle a defective appliance
that is plugged into an old-style receptacle,
vou could receive a shock (see Fig, 7—1)
This danger led to the development of
the “grounding receptacle,” which has

three openings (see Fig. 7-11), Note that B_mlurr;
. G e e - View 0
the grounding receptacle in Fig. 7-11 has o

the usual two parallel slots for two blades
of a plug, plus a third round or U-shaped
opening for a third prong on the corre Fig. 7-10 Polarized receptacle and
sponding plug. In use, the third prong of the piug, with the wider slot connecting to

; 1 the grounded conductor. A polarized
plug is connected to a third or grounding ' g, =2 I
H H : plug cannot be inserted into a non-

polarized receptacle, 30 replace an
connected to the frame of the motor or  old non-polarized receptacie with the
POEFTEd Type

lgreen) wire in the cord, running te and

other appliance,

Y e
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Making the ground connection Un the
receptacle, the round or U-shaped opeming leads
oa gn—:'n ||;'FI'IIIr1.l| AUTOW !l:lﬂr Infurn 15 Li'.llH'I:"l_-h:d

to the metal mounting yoke of the reécepracle. The

o i ; Eottom
details of how to connect the green terminal to P
the equipment grounding conductor, or to the plug

grounded metal box, are discussed in Chapier 11

SIS

on pages 125-126. In this way, the frame of the

Fig.7-11 Grounding receptacle
and plug. Plugs with either 2 or
3 blades will At

LT G .|p|1|i:|r1| ¢ 15 effecnively HnlUl‘ldeL‘lJr}_l.dil‘l!:
to extra safety as shown and discussed in connec-
tion with Fig. 7-5.

Where grounding receptacles are required 11 an applince is connected by
cord and plug, NE(T 2501141 3) requires a three-wire cord and three-prong plug on
every refrigerator, freezer, air conditioner, clothes washer, clothes drver, dishwasher,
sump pump, on aquarium equipment, and on every hand-held, motor-driven ool
such as a drill, saw, sander, hedge trimmer. and similar items. The three-wire cord
with three-prong plug is not required on ordinary houschold appliances such as
toasters, iroms, radios, TVs, razors, lamps, and similar items.

Only one kind of receptacle needs to be installed, because grounding receptacles
aredesigned for use with both two-prong and three-prong plugs, The NEC requires
that in all new construction only grounding recepracles are 1o be installed, {See
page 217 for replacing two-wire receptacles in existing installations. |

GROUND-FAULT CIRCUIT INTERRUPTER (GFC1)

ITve {3FC is a supplementary protection that senses leakage currents too small to
aperate ordinary branch circuit fuses or circuit breakers. The use of a grounding
wire in a three-wire cord with a three-prong plug and a grounding receptacle reduces
the danger of a shock in some circumstances, such as when using a portable twol,
but it does not eliminate the danger completely. Cords can be defective or wrongly
connected. Millions of tools with two-wire cords are still in use. Some people tool-
ishlv cut off the grounding prong on a three-prong plug because they have only
twio-wire receptacles | see Figs. 7-10 and 7-111.

Under normal conditions the current in the hot wire and the current in the
grounded wire are absolutely identical. But if the wiring or a tool or appliance is
defective and allows some current to leak to ground, then a ground-fault arcun
interrupter will sense the difference in current in the two wires, If the fault corrent
exceeds the trip level of the GFCL which is between 4 and 6 milliamperes. the GFCI
will discommect the circuir in as little as one-fortieth of a second

The fault current, which s much too low to trip a normal breaker or blow a fuse,
coald possibly flow through a person in contact with the faulty equipment and a
grovnded surface. The use of a GFCI s a highly recommended safery precaution,
especially when using electrical equipment outdoors where standing on the ground

cspecially 1if it is wet ) greathy mereases the likelihood and espeaially the severity
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of ashock. The GFCI vou install must be rated in amperes and volts to match the
rating of the outlet or circuit it is to protect.

The GFCI should be considered additional insurance against dangerous shacks,
It is nut to be considered a substitute for grounding. The GFCI will not prevent a
person who is part of a ground-fault circuit from receiving a shock, but it will open
the circuit so quickly that the shock will he below levels that inhibit breathing or
heart action or the ability 1o let go of the circuit.

Where GFClsarerequired  NEC 2108 requires GFC] protection for 15-amp and
20-amp receptacles in these locations m dwellings: at kitchen counters; for counter
use within 6 feet of a wet bar sinks outdoors at balconies, porches, patios, decks,
and roots: in grade-level non-habitable rooms of detached accessory buildings; in
garages {except where nol aceessible such as a garage door upencr or for appliances
in dedicated space such as a freezer ); in wired detached garages: in unfinished hase-
ments; in crawl spaces: and in all boathouses. GECL protection is also required for
bathroom receptacles in all occupancics, and for permanently installed receptacles
psed tempararily during construction, Some swimming pool, spa, and hot tub
installations (not covered in this book | also require GECI pmted’iaﬂ.

Three types of GFCl  Ground-fault circuit interrupters arc available as separarely
enclosed 1ypes, or in combination with either a breaker or a receptacle.

8 Theseparately enclosed tvpeis available for 120-valt, two-wire and 120/ 240-volr,
three-wire circuits up to 6l amps. It is most uften used in swimming pool wiring.
installed at anv convenient point in the circuit. Related to this is the “master trip”
GFCI device, which looks like a GFCl receptacle without any slots; it is used for
downstream GFCI protection in cases where protection must be provided, but
an outlet is not desired or permitted at its location,

The breaker type combines a 15-amp, 20-amp, and up to 60-amp circuit breaker
and a GFCLin the same plastic case. Itis installed in place of an ordinary breaker
in your panelboard, and is available in 1200 volt, two-wire or 1200 240-volt, three-
wire tvpes {which will protect a 120/240-volt, three-wire circuit or a 240-voli,
two-wire crcuit), It provides protection against ground faults and overloads
forr all thee utlets on the circuit. You can at any time replace an ordinary breaker
i vour panelboard with one of these combination breakers. Each GFCI circuit
breaker has a white pigtail that you must connect to the grounded (neutral)
busbar of yvour panelboard. You must connect the white (grounded) wire for
the circuit to a terminal provided for it on the breaker. Do not use a single-pole
GFCT aircuit breaker on a multiwire circuit; it will nuisance trip immediately.
Use two-pale GFCI circuit breakers on such circuits.

B The receptacle type combines a receptacle and 8 GFCI in the same housing.
It provides only ground-fault protection to the equipment plugged into that
receptacle or, if it is the "teed through” rype, to equipment plugged in to other
ordinary receptacles mstalled "downstream™ on the same circuit, This type is a
convenient choice when replacing existing recepiacles where GFCI protection

Chapter 7 Grounding for Safety 73

is desired or required. e very careful to observe “line” and “load” markings
on these receptacles, 1§ vou wire them backwards, anything plugged in will still
work. and the test button will cause the reset button to trip as usual. However,
only downstream loads will be protected; anything plugged into the miswired
device will have no GFCI protection at all.
GFCl testing and potential problems  Kegardless of the tvpe or brand of GFCI
voud mstall, its essential that vou carefully follow the mstallation and periodic testing
instructions that come with i Every GFCI has a test button for easy verificanon
of its functional operation.
The GFCLis designed 1o trip if the cords or tools plugged into the protected recep
tacle outlet are in poor repair and provide a path for current to leak w ground.
Fven where wiring, tools, and appliances are in perfect condinon and there 15 no
ground fault, be on the lookout for these installation problems that will cause
tripping of a GFCL
B A two-wire GFCI receptacle {other than an end-of-run type) is connected in a
three-wire circuit. Two-pole GFCI circuit breakers will protect these circuits.
i The white circuit conductor 15 grounded on the load side of the GFCL.
! The protected portion of the circuit is excessively long (250 feet maximum is the
rule of thumb—Ilonger circuits may develop a capacitive leakage 1o ground).
Remember that the GEC] will not prevent shock, but it will render shocks relatively
harmless. Also, it will not protect @ person agamst contact with both conductors
of the circuit at the same time unless there is also a current path o ground, The
GHCT may be pictured as a tiny computer that constantly monitors the current
out to-a losd and back again. The GFCEacts to quickly disconnedt the circuit only
when the current out 1o the load and the current returning differ by 0.005 amp
(5 milliamperes) or more,

LIGHTNING ARRESTERS

[f vons live in an area subject to lightning activity, consider installing a lightning
arrester al your service location. Lightning damage to building wiring may not be
evident at the time of the strike but may show up later. See page 203 for further
discussiomn,

SURGE SUPPRESSORS FOR COMPUTERS AND OTHER

ELECTRONIC EQUIPMENT

With the increasing home use of perstnal computers and other sensitive electronic
equipment on general-use branch circuits: there is a need for suppression of voltage
surges. These surges are tvpicallv of very short duration. Among the possible causes
are the switching off or on of fluerescent lights or motors such as air conditioners,
or the switching of major loads liv the utility, or distant electrical storms.

Such surges can causc a personal computer to lose data, or cause other troubles fol

modems, data terminals, word processors, fax machines, electronic cash registers,
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computerized sewing machines, and other electronic equipment. Even with a surge
suppressor in place, it is a good idea to disconnect (unplug) sensitive electronic

cquipment when there is an electric storm nearbw.

Several tvpes of surge suppressors are available including:

a plug-in unit resembling a cord adapter

a group of receptacles ona stoip with a supply cond

permanently installed recepracles that include surge suppression in their design

a unit shaped like a circuit breaker that provides anly surge suppression—it is

plugged mto a two-pole cireuit breaker space

arcuit breakers which, inaddition to the usual overcurrent protection features,

INCOrpOrale a sUrge suppressor W protect the entire branch arcuit
sume of these may include a replaceable module, or a light or buzzer 1o indicate
when the suppressor has failed. or both. The less expensive models degrade after
doing their dury a few times and may not offer any protection. There is no way
to test therm, Most designs shunt the excess energy into theggrounding circuit,
which may damage other equipment on the same circuit, The best designs incor-
porate capacitors to store the excess energy instead of shunting it to the ground.
Manufacturers can request additional wsting by UL in addition to safety testing,
tar establish Endurance Grades A, B, and C; Performance Classes 1, 2, and 3; and
Modes 1| and 2. The best surge suppressors carey the Class 1, Grade A, Mode |
classification. You can spend less than 510 10 more than 5200, and in general vou

get what vou pay for. Be sure the unil vou purchase is listed.
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CHAPTER 8

The Service Entrance

ELECTRIC POWER FLOWS from the supplier's transformer through a set of three
wites 1o your service entrance where the wires enter the building, This chapter
discusses the design and insrallation of a service entrance for a house. Installations
for farm buldings are discussed in Chapter 17,

PLANNING YOUR SERVICE ENTRANCE
These are the camponents of the service entrance (shown in use in Fig. 8-}
Crutside the butlding—
B Service head, also called the entrance cap or weather head
8 Insulators anchored to the building below the service head—this is where the
power supplier’s wires end
Service entrance cable or wires in condut leading from the insulators to the
service head and down to the meter socket
Meter socket
Service entrance cable or wires extend trom the meter sucket into the building
Insstde the Fedding—
Service entrance cabinet that contains the disconnecting means and overcurrend
protection—either circuit hreakers or fuses in a panelboard
Ground connection—a ground wire from the incoming service to the busbar in
the cabinet and back outside the building to the grounding electrode system
120-voltor 120/240-volt current  The number of wires installed by your power

supplier in your service entrance determines the type of current you will have.

Two-wire service entrance  When only two wires are installed, onlv 120-volt
current is available. One of the wires s white (sometimes bare) beginning at the
insulators, and is grounded. 1t is not 2 neutral wire; there cannot be a neutral in a
twit-wire circuit, The hot wire is black.

Three-wire service entrance  |'he standard installation today 15 the three-wire

entrance. When three wires are installed, both | 20 volis and 240 volts are available
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as shown in Fig. 7-1. The voltage between N and A, or between Nand 8 is 120 volts;
berween A and B it is 240 volis. The wire N is white (sometimes bare ) beginning at
the msulators. It is grounded, and up to the service equipment inside the building
itis a nentral wire. The two hot wires can be any color except white or green, but
are psually black and red, or both black.

Service equipment rating Scrvice circunt breakers are rated at anv of the
standard sizes for circwat breakers, but the enclosure must be rated as suitable for
use as service equipment, Service fusible switchis are rated ac 30,60, 100, and 200
amps, although any standard-size tuse mav be used within such a switch, provided
the switch is rated as suitable for use as service equipment. Equipment farger than
200 amps is available for larger installations, Some power suppliers will furnish
a selt-contained meter that will handle a 400-amp service, but beyond that the
meter must be served by current transformers in a separate enclosure ahéad of
the service disconnect,

The service equipment of a single-family dwelling is required 1o have a rating of
100 amps or higher. In wiring buildings other than houses, s 3amp service may
e installed if there are not more than two 2-wire circuits, In all other cases, the
equipment must be adequate for the load involved; but never less than ol amps.
See 230.7Y in the National Electrical Code iNEC), Note that [eeders to mdividual
dwelling units in an apartment house have essentially no arbitrary minimum
stzey they are simply sized to meet the load (but no less than 30 amps by NEC
213 2LANINHAY

To determine the maximim wat lage, or l.'ul!-;-:rn}:n;:n's (WAL, available with any size
switch or breaker, multiply the amperage rating by the voltage (240). For example,
a ti-amp switch or breaker will make available 14,400 VA (60 = 240 — 14,4001, and
a 100-amp size will make available 24,000 VA {100 % 240 = 24,000)),

What size service? 'lo determine the size of service vou need, begin by
computing the total probable load in voli-amperes (net computed VA

A 100-amp service is the smallest permitted by the NEC. The 100-amp service
provides a maximum capacity of 24,000 VAL If the total of the “net computed VA”
that vou just calculated comes to more than 24,000 VA, does it follow that a service
larger than 106 amps is necessarily required? No, because all the lights and apph-
ances listed in the tabulation will not be in wse ar the same time, But remember
that the assortment of appliances vou include in your first tabulation represents
vour present ideas. As time goes on, vou will add more appliances, A 150-amp
or 200-amp service will meet future needs more adeguately. In some arcas, local
codes are already requiring services larger than 100 amps, The larger services cost
relativelv little more than the 100-amip size.

Service entrance wire size  Since [00-amp service is the minimum for homes,
selecta wire with ampacity of 100 or more amperes from Table 4-1 on page 27. For
installations other than homes, NFOC 230042 requires that the conductors be sized to
carry the load as calculated in Article 220, Examples of dwelling service calculations
are found in NEC Annex D), Examples [71a, Db, 1323, [32h, and D2¢.

i e .
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CALCULATING TOTAL PROBABLE LOAD IN VOLT AMPERES l
Areaofhouse®  sguarefeet=<3WA ... TR VA
Two appliance circuits e e R R SRR L R e T o R O e
e laundry circuit % A R T s L T AT A
Range. if used . . e ch o weattsd
Water heater, ifused..._..._.... VA
Other permanently connected apphances ... ... ..._...... VA

Total, ........... WA

*As calculated in Chapter 5 on page 47,

tEach of these circuits will provide 2,400 VA (20 = 120 = 2,400), but for the purpose of
this calculation use 1,500 VA per circuit {3,000 VA aitogether) because it is not hkely that
both circuits will be loaded to capacity at the same time. If mare such circults will be
provided in any particular installaticn, multiply the number of such circuits by 1,500 VA,
£Per the NEC, allow B,000 watts |f the rating of your range [or countertop unit plus
separate aven) is 12,000 watts or less. If rated over 12,000 watts, add 400 watts for each
additlonal kilowart or fraction of a kilowatr, For ranges, watts and VA are considered
squivalent. For examples and Turther details, see Annex D in the 2002 NEC,

DISCONMECTING MEANS

A the service location vou must provide equipment, called a panelboard or load
center, that allows you to disconneat all the wiring from the power source. You
must also provide either eircuit breakers or fuses to protect the installation as a
whole as well as each branch circuit individuallyv. The service disconnect may be
either inside or autside. In conjunction with the discussion that tollows, be sure
1o review Chapter 5, "Circuit Protection and Planning.”

Advantages of circuit breakers  Most installations today use circuit breakers
because of their many advantages over fuses. If @ breaker trips, vou can restore
service by merely tlipping its handle (after correcting the problem that created the
rverload that tripped the breaker—see pages 212-213). You can alsu disconnect
an individual circuit by using the breaker as you would a switch. The breakers will
carty nondangerous temporary overloads that would blow ordinary fuses,
Selecting breaker equipment  Most service entrance eguipment as purchased
will contain one large (100-ampoor larger) two-pole main breaker that will protect
the entire installation and will let you disconnect the entire installation from the
power source by merely turning this one hreaker o the OFF position.

But there must be more breakers to protect individual circuits, You will need a
single-pole breaker for cach 1 20-valt circuit and a two-pole breaker for each 240-volt
circuit. These branch-circuit breakers are not part of the equipment as purchased,
but the cabinet contains an arrangement of bushars into which you can plug as
many individual single-pole and two-pole breakers as there is room for. A two-
pole breaker occupies the same space as two single-pole breakers. Each panelboard
accommodates only as many breakers as its UL listing permits, Tvpically, a 100-
amp panelboard will accommodare 20 plug-in breakers; 1 23-amp—24 breakers;
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1530-amp—30 breakers; and 200-amp—40 breakers. The overall rating of the
panelboard must equal or exceed the load served as calculated by NEC Article 220,
Figure 8—1 shows a circuit breaker cabinet with its internal wiring diagran. The
diagram shows space for 20 dircuits. Select equipment that provides for the number
of branch circuits you need plus a few additional spaces for future expansion. For
help in calculating your circuit needs see the “Whar size service?” discussion earlier

in this chapter and Table 5-3,

Fig. 8-1 On the laft, a circuit breaker cabinet with main breaker (Square O Company), On the
right, diagram showing space for 20 circuits. (Square O Campany) Arrangements for mounting
plug-in circuit breakers vary by manufacturer;a labelin the panelboard lists catalog numbers
of breakers permitted to be installed.

Split-bus breaker equipment  Somewhat less popular (and in a few localities
prohibited by local ordimance) are “split bus” service entrance panelboards, The NEC
permits two main disconnects m one service panelboard, To disconnect everything
trom the power source, 1t 1s necessary 1o turn both of them to the OFF position. In
addition to the main breakers, the cabinet mav contain as many breakers as vou wish
lup to the capacity of the panelboard). single-pole or two-pole, each protecting its
own circuit, but all of these smaller breakers must be protected by one of the main
breakers. See wiring diagram of Fig. 8-2. An alternate arrangement would be for
one of the main breakers to protect all the branch circuits in the service panelboard,
and the other main breaker to supply a feeder to a panelboard located elsewhere.
Outdoor cabinet [nafow areas, it is common practice to use an outdoor cabinet
cuntaining the meter socket and the service disconnects. Figure 8—3 shows a meter
socket and single main disconnect in one cabinet, In mikd climates, all the branch

circuits could also originate i thas enclosure.
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+ Fig. 8-2 Diagram for a split-bus circuit
breaker catinet

Fig. 8-3 A combination meter socket
plus circuit breaker in the same cabinet is
very popular in some localities. (Square O

fasvssasnssrinssd
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Selecting fused equipment | Te type widely used in residential work has two
main fuses mounted on a pullowt block {Fig, 8—41 With the pullowt in vour hand,
insert the fuses into their clips. One side of cach fuse clip has long prongs; the entire
pullout has four such prongs. The equipment in the cabinet has four narrow open
slots, but no exposed Tive parts; the live parts are behind the insulation, Plug the
pullout with its fuses into these slors; the four prongs on the pulloat make contact
with the live parts, completing the circuit. Plugging the pullout into its holder is the
same as closing a switch with hinged blades; remuoving it 1s the same as opening a
switch, You can insert the pullout upside-down to leave the power turned off,

Such fused service equipment usually contains one main pullout with farge Tuses
protecting the entire load, plus additional pullouts to protect 240-volt circuits with
large loads such as range, clothes dryer. and water heater. There are also as many

- Fig. 8-4 In fused service
equipment, cartridge fuses
are usually mstalled on
pull-out blecks, Replace
fuses while the block is in
your hand

Fig.B-5 A 100-amp switch, Besides main fuses

it-has plug fuses for twelve 120-volt circuits, and
cartridge fuses for two 240-volt circuits, =
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fuseholders for plug tuses as are needed to protect individual branch circuirs: one
[or cach 120-volt circuit, two for each 240-volt circuit. A service panelboard of this

type is shown in Fig, 8-5. The wiring diagram is the same as in Fig. 81 except that

fuses are used in place of breakers. The installation should provide for the number
of circuits needed for present uses, plus a few additional spaces for future expan

sion. These panelboards are commaon in older installations, but almost impossible
1o find today an supply houses, having been replaced by arcuit breakers for new
nstallations.

Fuseholders For fuses of the cartridge type, the “60 amp” holder acceprs fuses
rated trom 35 amps to 60 amps. The “ 100 amp™ holder accepts Tuses rated from
70 amps to 100 amps. The “200 amp” holder accepts fuses rated from 110 amps
to 200 amps. Holders tor plug fuses accept fuses up to 30 amps (the top rating for
plug fuses). In new work, Type 5 adapters must be used; these allow installation
of only the proper fuse 1o match the ampacity of the wires. Fusible equipment for
individual loads is still available and commonly used, particularly for commercial
and industrial applications. Fuses can be designed with certain electrical character-
istics, including speed of operation and low-current size z’ang\::fr.'ml arc unavaifahle
i'll L ifl'u'i.|=.| 15TL'.1|:\',L'F'_\.

Split-bus fused equipment A= in the case of breaker equipment, the fused equip

ment sy contain two main pullouts, connected internally so the service wires
run directly to each. To disconnect the load completely vou must pull our both
the main pullouts. The hranch-circuit fuses must be protecied by one of the main
fused pullouts. The wiring diagram of connections within the equipment is that
of Fig. -2 except that fuses replace the breakers,

Old-style fused service equipment 1 very old houses vou will ind service equip-
ment that consists af a main swilch with two hinged blades and an external handle
used 1o turn the entire load in the building on and off. The switch cabinet also
contains two main fuses. Usnally italso contains as many smaller fuses as needed 1o
protect all the individual branch circuits in the house. Sometimes these luses areina
separate cabinet. If your service is underground, refer to pages 189190 and 157,

INSTALLING THE SERVICE ENTRANCE

So far we have looked at the major parts that make up the service entrance, and
how to select the right kind and size of equipment. The rest of this chapter concerns
the installation of these parts. Figure 8—6 shows the details of a typical service
Entrance.

You will have to install insulators on the outside of the building. The power supplier
will run its wires up to that point and connect them there to the service-entrance
wires that you provide. You can use special cable for that purpose or run wires
through conduit. Your wires will go up 1o the service head, down o the meter
socket, and then into the house to the service equipment.

After installing the service equipment, you must properly ground the installation.

Then vou will be ready to wire the branch circuits.
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Service equipment location The NEC requires this equipment to be located
as close as practical to the point where the wires enter the house. In other words,
the service wires must not run 10 or 20 feet inside the house before reaching this
equipment. Decide where to put your equipment cabinet before deciding where

the wires are to enter the house,

The setvice bhead (see Fn_q B 1R =
shoukd be mounted higher than the — -
nsulatoss Let 24 o 36 Inches of the

service-enTrance wing éxlend oul of
the hiead. Your power suppdier will
connect the SETViCe-drop wWires ta
the Sefviie-Snirance wires

Service insulators [see Figs. §-8 or
8-% must be solidly  mounted
Install @s high as practizal, but

foower than service head -
e
Anchor cable to wall with straps
1582 Fig. B-18&). If you wse conduit,
use ordinary pipse straps -

Conduitor cable {see Fuga B-17 aml
B-13}

H you use cable, make a weather |
tight connection where it enters
the meter socker, using outdoo
type of conneciorn [see Fig, 8-14),

Wisatherpronl meter and s ket

If wou use calole, prowide & sill plate (Fig Branch
B-171 where cable enteis buikding circuits
Service egquiprment, which may be HEI’IQE
any of the types described in this toutlet

thapter. Be sure to install enowgh eis]

branch circuits, inchuding spares for ‘,:'l"';
futiere use. If the service equipment ¢
is located In the basemant, the
cable of condult entry |nto the b e ==
buildirg will rmove down 1o @ pain

ogpeaite the egquipment il
Ground wite. See page 174 in ] /

':hn;:-li-'r 17 for farm yard pode

sefice grounding -
Ground clamps
A 7 ;
| /1| .Water pipe
And may be inside of outside the . I

#ill, but showld reack permanently
hoest earth

Fig. 8-6 A cross-sectional view of a typical service entrance
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The heaviest loads in a house—the loads that corsume the largest amperages—are
located n the kitchen and basement or other laundry area. Therefore, locate the
service equipment so that the circuirs using large wires { 1o range, clothes dever, and
similar equipment| will be as short as possible: In houses with basements, a point
more of less under the kitchen is desirable if the service wires can be brought into
that location directly trom outside. Some prefer to locate the equipment in the

kitchen where it is convenient for replacing fuses or resetting breakers,

Service equipment must be readily accessible; and it must be ina space that is clear
uf any obstructions not a part of the electrical installation, both dewn 1o the floor
and up as far as the structural ceiling. Special NEC rules and allowances apply it
the ceiling s more than & teet above the service (or similar) equipment, however
they are beyond the scope of this book [review NEC 110.26(F) if this applies to
your situation L In addition, there must be clear workspace around the cquipment,
at least 3 inches wide, 3 feet deep, and 6% feet high, or higher it the equipment
extends higher. Note that switch and circuit breaker eperating handles, in general,
cannot be higher than about 6% feet above the Hloor, allow mﬁrmm;: individuals to
operate them promptly in an emergency.

Meter and socket location  The outdoor tvpe of meter is standard wday, The
weatherproof meter provided by the power supplier is plugged inte a weatherproat
socket [see Fig. 871, The socket is usually, but not always, provided by the power
supplier but installed by the contractor, usually about 5 feet ahove the ground. ln the
case of indoor equipment, the meter socket is installed on a substantial board near
the service equipment, For a two-tamily dwelling, two meter sockets are installed
in one sheet-stee] enclosure. Below the
mieters gach occupancy will have its own
service disconnect.

Insulators The Incoming service
wires are anchored on service insula-
tors installed on the building. They
should be installed a foot or so below
the highest practical point so the wires
to the inside of the house, where they
emerge from the service head on the
conduit or cable, will slope downward
toward the insulators 1o prevent water
trom following the service wires into
the service head | see Fig. 8—61, Shown in
Fig: 8-—# are the type of racks used in most
localities, usually with 8-inch spacing

between insulators (h-inch spacing is

allowed in some localities ). Indmadual

screw-point insulators (Fig. -9} are

Fig. B-7 Typical outdoor weatherpraof
kilowatthiour mieter and its socket.

often used mstead of r1'_-'._|i.l;'.I:>Ir: racks.
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N

Fig.8-9 Screw-podnt insulator.

Service wire clearance NEC 230.24(B) requures
that cabled service wires not over 150 volts (o
ground lor dnp loops as illustrated in Fig. 819}
be kept 11} feet above finished grade ar the point of
attachment to the building; 12 feet above residential
property and driveways and commercial property
not subject o truck traffic; 18 feet over parking

areas and driveways other than residential, and
farm properties that are subject to truck tratfic. No
wires may come closer than 3 feer to an openahle

window (therg is no restriclion o wires above the
top of window), ur 3 feet horizontally and 10 feet
vertically from any door, porch, fire escape or similar
U location from which the wires might be touched.

If they pass over all or part ol a rool that has & rise
Fig B8 sk SteT Haeh for of 4 inches or more per foot, they must be kept at
supporting three wires. Be sure  1cast 36 inches from the nearest point. If the roof
15 Hatter {less than 4 inches of rise per foot), they
miust be kept at least 8 feet from the nearest part
of the roof.

to anchar rigidly to building,

Masts Inwiringa rambler or ranch-style house it is difficult to maintain required
clearances if the insulators are mounted directly on the side of the house, so s mast
is used. Several types are an the market, and Fig. 8—10 shows a typical construction.
The service conduit extends upward through the roef overhang and becomes the
support for insulators of the tvpe shown in Fig, 8—11, Unless vour power supplier
his other requirements, the service conduit should not be smaller than 2-inch rigid
metal conduit. Smaller conduit could be used if braced or guved for extra strain
support, or either smaller conduit or service entrance cable could be artached toa
4= 4-inch timber. If the roof overhang does not exceed 48 inches, the service wires
may be as low as 18 inches above the overhang.

Service-entrance wires Scrvice-entrance wires begin at the insulators where
the power supplier's wires end, and they stop at the service equipment where the
mdividual circuit wiring begins, You may use service wire cable manufactured for
the purpose, or separale wires in conduit

Service-entrance cable Typically, service-entrance cable (Fig. #-12) is used
to bring wires into the building. One of the wires is not insulated and consists ot
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4 Fig. 8-10 On rambler or

ranch-house construction, a

Insulator mast gives the service wires

far service necessary clearance above
wires ground

Adjustable
flashing seal

Fig. 8-11 Insulator that
clamps ta the pipe support

Conduit
SUpPOITS

Through
bolts
Threads _Eu:::mm fi!ting
far 1+ is eccentric, Rotate
4

to bring in line with

conduit to
meter hub,

meter

# number of fine wires wrapped around the insulated wires, In use, the small bare
wires are twisted together to make one larger wire (Fig, 813 ), The bare wire may
be used only for the grounded neutral. Owver all 15 a fabric braid or outer protective
layer. This usually has a gray finish which may be painted to match the building.

Use vabile with at least 2 AWG aluminum wires (or 4 AWG copper, bul that is
much less common) with a 100-amp main breaker or switch in the case of a
single dwelling, Use cable with 4/0 AWG aluminum (or 2/0 AWG copper) wires
fur a 200-amp breaker or swilch at a similar building. In the case of commercial

Conductors {can be copper or aluminum) Plastic jacket
for aluminum, compact stranding, as shown —— Reinforced plastic overwrap J
ot e
AA-BOOO AL TYPE SE CABLE STYLE U
T : XHHW 3 CDRS 4/0 AL

AHHW (typ) insulation
—sunlight resistant  — Braided neutral strands [(bare)
Fig.B-12 Inservice entrance cable the neutral wire is not insulated, but is bare and wrapped
spirally around the insulated wires. The drawing shows 3-wire cabie
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Fig. B-13 When using the cable, the separate
strands of the neutral bare wire are gathered into
a burch making one large wire

Strands of bare——-
wire, twisted

or multitamily-dwelling applicanions, vou will need te go up one wire size on all
LH)-amp applications, and on any 200-amp application where the calculated load
is higher than 180 amps. Services above 200 amps are beyond the scope of this
book. As explained on page 76, in houses 30-amp service and 60-amp service are
not permitted but may be used in other buildings such as a free-standing studio
or workshop on residential property. Use 8 AWG wire with a 30-amp breaker or
switch, or 6 AWG with a 6l-amp breaker or switch.

If the instalation served by the service equipment has no significant loads oper-
ating at 240 volts, all wires in the cable, including the neutral, must be the same
size. But if the installation has an electric range or water heater or ather 240-volt
loads consuming about vne-third of the twtal watts, then vou may use cable with
the neutral one size smaller than the insulated wires—for example, 2 AWG insu
lited wires with a 4 AWG bare neutral. ‘Technically, the required calculation for
the neutral must he customized o the actual load profile and certain grounding
return path issues, but the rule of thumb presented here should he adequate for
users of this book,

Wherever the cable enters a service equipment cabinet or a meter socket, it must
[ securely anchored with a connector. Gutdoors, a wc:a[hc_rp roof connector must
be used; a common tvpe is shown in Fig. B—14. The connector consists of a body
and a heavy hlock of rubber, and a clamping nut or cover that compresses the
rubber against the cable, making a watertight joint. Dian’t assume that a connector
is watertizht just because it has the neoprene gland construction, Until 1998, test
labs assumed that, due to variations in cable diameters, the connectors could not
be assumed to be watertight. Standard trade practice has been to supplement the
gland with sealing putty. Now, however, some of these connectors can pass the tests

Fig. 8-14 Watertight
connectars for autdoar
use. To prevent leaks
apply duct seal around
the cable entry.
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Thev are iden

without supplementary waterproofing
tified by a separare RAINTIGHT marking on the carton.
Indoors. a less expensive connector of the type shown
in Fig. §-15 may be used.

Cable 15 anchored 1o the building with straps like the

one in .iIE. B-16, At the poant where the cable enters
the building, you must take steps to prevent rain from o g 95 an ardinary
following the cable into the building. You cando thisby  cannector for indaor use.
arranging the geometry of your lower cable run to shed

all water prior ko arriving at the service equipment, but

the simplest and most workmanlike way to seal this point is to use a sill plate such
as shown in Fig. 8-17. Soft waterproofing compound that comes with the plate is
used to seal any opening that may exist. When you install service entrance cable, cut
a length long epough to reach from the merer socket to a point at least a foot above
the topmost insulator, plus another two or three feet, On this last additional length,
remove the outer braid over the spirally wrapped neutral wire. Unwind these bare
wires from around the cable and rwist them into a single wre; see Fig. 8-13. Then
install a service head of the general type shown in Fig. 8-18, letting the individual
wires project through separate holes in the insulating block in the service head.
I'he service head is designed to prevent water from entering the top of the cable,
Anchor the service head on the building about 12 to 18 inches above the topmost
insulator so that, alter the connection has been made to the power supplier’s wires,
rain will tend to How away from the service head rather than into it

If it is impossible to locate the service head above the insulators, be sure 1o provide
drip loops (see Fig 8-19) to keep rain out ot the cable. Your power supplier may

-4 Fig. B-16 Entrance cable must be anchared to the
building every 30 inches. Use straps of the type shown,

{The Hatex Cormprary,

Fig.B-17 Use a sl plate packed with
sealing compound where cable enters
building. It keeps water out, W=

4 Fig. 8-18 This service head is for cable. It prevents
water from entering the cut end of the cable A service

Chapter8 The Service Entrance

connect the ends of the wires in the cable
to the service-drop wires, although local
service policies vary, In some jurisdic-
tions, particularly on upgrades of smaller
residential services, the electrician on sie

st do the cut and reconnection. Because

the service drop will be live, this is poten
tially dangerous work for an ungualified
person 1o pertorm

Support the cable within 12 inches of all
terminations, and additionally every 30
inches using straps like those shown in
Fig. 8-16. Bun the bottom end of the cable
inlo the meter socket, again twisting the
neutral strands into a single wire. Use the
same procedure togo from the sockel o the
service equipment. Make the connections
as shown in Fig. -2, landing the nwisted
neutrals on the center contacts.

Fig. 8-19 if the service head cannot
be located higher than the insulators,
pravide drip loops, Splice at bottom of

loap, and insulate,

> s

Threaded hub _—
terminating
conduit from

Red

lor black
'““-H_h Meutral
{white)

Neutral lu

tory bonded
to enclosure

Bonding bushing

and locknut

terminating con-

duit from switch
-

assembly fac-

[
|
Il
]

Fig. B-20 How wires a

¢ connected 1o the me

unimsulated wire is always connected o the neutral center contact of the socket, 2

g Dushing and wire are not used

ocket If cable is used, the bare




B8

Separate wires in rageway (conduit)
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Instead of service entrance cable, separate

[ype TW, THW, RHW. THWN, or XHHW wires inside raceway may be used

The neutral wire is 4
terminations); i son
are black, or black an
and 5 in Chapter 9 o
COmImon raceways i
conduit, and electrica
a5 r".'l.:llli."r.'l.l and prep
on the type used. At
on the right in Fig, 8
an entrance ell such
which makes it easy

into the racewav, Be

Fig. B-21 Service
nead (et right) is tor
use when wires run
through raceway. Lise
with specialentrance
el fat left] which has
2 removable cover
Hubbell Electrice!

Frogluets)

Iways white [or reidentified as such using paint or tape at
e localities bare uninsulated wire is used. The other two wires
| red. To determine the size raceway required, see Tables 1,4
the NE

clude rigid or intermediate metal condw, rigid nonmetallic
metallic tubing, all described in Chapter 12, Cut pieces as long
ire them in the manner described in Chapter 12 depending
1e top of the raceway install a service head of the tvpe shown
21. Al the point where the raceway 15 to enter the house, use
s shown on the lefl in Fig. 8-21. This has a removable cover
o help the wires around the sharp bend while pulling them
ure o get one large enough, as covered in the next topic

After the raceway itself is completely installed, pull the wiresinto i, For the relatively

short lengths involve
the meter socket; I
the house: If the racy
through. See Fig, 124

1, the wires can usually be pushed in at the top and down to
m there, other lengths are pushed through to the inside of
wiy s long or has bends in ir, use fish tape o pull the wires
| | and related text for how to use fish tape. A length of galva-

nized clothesline or similar wire will serve the purpose for short lengths:

Conduit bodies Al
corresprond o the e

conduit body of the 1

the point where the raceway enters the building (which would
ation of the sill plate}, 1t 15 customary 1o use an enlrance
pe shown in Fig. 8-21. With the cover removed, it s @ simple

matter to pull wires ground the right-angle corner. Be careful to observe the sizing

rules in NEC 314.28
the center of the con
must not be less than
12 inches in the case
in the short dimensic
bending radius for t

copper conductors,

Al020 and (3) in choosing this fitting. The distance between

fuit stops {roughly equal to the long dimension of the cover|

f times the trade diameter of the entering raceways, or a full
f trade size 2 raceway. The distance between the conduit stop
n and the inside of the cover must at least equal the minimum
¢ -size of conductors used, based on NEC 312.6(A). For 30

} amps, that dimension is 4 inches. Conduit bodics

which generally lo
called “LB”

clTI0ndl Sondul

that me

b like the letter “17 r in the back are

r

Nose witn the l|'"l'.'!'li!

& dle

generally reterred to as “muogul Inthings

! bodies won't meet N

|
1
1

C megquirements
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The only other option is to see it a conduit body of smaller dimension has been
listed for a conductor fill that meets your needs. For example, there are no “mogul”™
rigid nonmetallic conduwit bodies, so (if listed to LS. standards ) they are all routineby
investigated for allowable wire fll. Look for & “3 40 XHHW MAX” or similar
marking, It vou aren't using XHHW wires, or if vou'te using combinations of sizes
just compare the actual cross-sectional area of the conductors with the area repre
sented in the listing instructions, This Atting also must be raintight and arranged
tw drain; drll a small weep hole inits bottom end betore you pull the wire.

After completing the pull, and assuming the raceway passes from the outdeors to
an indoor location with air that can be significantly warmer or cooler than outdoor

ceway. This will

air, stuff some sealing putty around the wires where they enter the

obstruct the circulation of humid air to a point where condensation could occar at
the colder end. The NEC has routinely enforced this principle on racewavs passing
from cold storage areas into warm rooms, for example, but the 2002 NEC expanded
on this principle, directly applyving it to raceways
v cable sleeves | “passing from the interior 1o the

exterior of a building.”

= —
Concentric knockouts The cabinets of service f_ R
switches or circuit breakers are too small to permit I. M

knockouts of all the sizes that might be required
i all circumstances, so concentric knockouts ane
provided (Fig: 8-22). Remove the center section
it you need the smallest size; remove the two
smallest sections for the next size, and so on. Be

Fig.B-22 Concentric knockouts
are convenient, but great care
must be used in removing each

section,

very careful to remove only as many sections of 1his
inpricate knockout as reguired for vour particular
installation,

MAKING GROUND CONNECTIONS

[Te service switch or circuil breaker has two heavy terminals 1o which the two

incoming hiot wires are conmected, It also has @ neutral busbar on which you will

find several large connectors and a number of smaller terminals, Connect the
incoming white or bare neutral to one of the large connectors, and the ground wire
ts the other. The smaller terminals are for the white wires of the individual circuits
or teeders. If there are enough terminals, bare grounding wires of circuits can also
be connected to the neutral bar mr service equipment if acocprable to the nspector
If additional terminals are required, an accessory equipment grounding bar must
be used. The enclosure will have mounting means for this ground har.

Solid neutral Whether your service equipment contains breakers or fuses, the
mcoming neutral wire must never be interrupted by a breaker or fuse. Therefore
n a three-wire, 120/240-volt installation, while there are three service-entrance

wires, the main i"'Tn,'.IkI.'F 15 0ly a twio-p 1mn fuscd COUIpIme it thete arc only

itral ro rolected by

twio main fuses. The neatral s call a “sabid neutral™—a ner

I I 1 ' . EEH
breaker or fuse. Such SUIPTIENT then 15 called “three-wire 5N,

st

T e

i A
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Grounding Everd installation of the tvpes discussed in this book must be Bonding the busbar Scrvice equipment cabinets contain a copper neutral
grounded. The techifical reasons tor prounding are discussed in Chapter 7. A good, busbar on which are installed several large solderless connectors for the heavy
carefully installed grpund is absolutely necessary for a safe installaton. Grounding incoming neutral wire and the ground wire, plus as many smaller connectors or
15 accomphshed by rnming a eround wire from the incoming neutral service wire terminal screws as needed, one for the grounded wire of each 120-volt circuit. As
from a point where it is connected to the neutral bushar in the service equipment purchased, the neutral busbar may be insulated from the cabinet. If you use this
either 1o an existing Brounding electrode svstem or, if not available, to 4 grounding equipment as service equipment you must bond the neutral busbar to the cabinet. It
electrode specificallfinstalled and connected for this PUrpose. must not be bonded if the breaker or switch is used, for example, as a disconnecting
Grounding electro system  All of the following which exist at the structure means for an appliance or other load, or 1s used as a panelboard on the load side
: e D ng v 1 exist at tne [ LU
R SRl R grounding electrode system: in addition, any of a4 service, If you have to hond the bushar to the cabinet, it is a simple :11.'.llcr.. In
existing rod, pipe, ¢ Nlite alectroides muist be incioded with ihee sume brands of equipment the neutral busbar is provided with a green bonding
b LLl ;3 A Ly 311 + ] ik i - 3 L3 k1 L. . hem
|

; screw that you must tighten securely. In other brands, the cabinet will contain a
10 feet or more o buried metal water pipe : : :

i flexible meral strap thar is already bonded to the cabinet, and you must connect
the effectively !,-.--.:Lmicu. metal frame of the building its free end to one of the connectors or screws on the neutral busbar, The equip
0 i - - - = 1o LR N E i
a concrete-encas@l electrode consisting of 20 feet or more of -inch reinforcing ment grounding bushar will always be bonded to the enclosure, whether within
steel nr 4 AWG cpper wire encased by at least 2 inches of concrete and located the service equipment enclosure or at a remote panelboard.
near the boattomol a concrete foundation ar fooping that is in direct contact

Installing the ground wire  There is never more than one ground wire from the
with the carth

service to the grounding electrodeis). There is no objection to using insulated wire,

a ground ring of @ AWG or larger bare copper wire encircling the building but hare wire costs less and is usually used for the ground wire. Keep the ground

If only one of the alfove cxists it mav serve as the grounding electrnde, ereept for wire as short as possible, All grounding connections to the water pipe must be
water piping which st be supplemented by at least one other electrode. If none made within the first five feet of where the water pipe enters the building,

of these is available, fise a rod, pipe, or plate electrode. Size The minimum ground wire size 15 based on the size of your service wiring.
Rod, pipe, or plate p.‘ectrodes, or ather underground systems or structures Larger size ground wire is optional. With 2 AWG or smaller service wires, 8 AWG
If there is no underfround water system, a good ground becomes a problem: If is permitted for the ground wire but it must be enclosed in armor or conduit. It
none of the above oftions for a grounding electrode system is available, the NEC s miore coonormical and practical o use 6 AWG because it doesn’t have to be so
allows for several al@rnatives that may serve as the grounding electrode: heavily protected.

underground mdal piping (except gas) or tanks, including metal well casings ith | or 1/0 AWG service wires, 5 AWG is the nunimum ground wire size. With 2/
&-fool driven VEinch copper ar % inch steel rod or Yeinch galvanized or 3/0 AWG service wires, 4 AWG is the minimum ground wire size. If you are using

steel pipe aluminum service wires, the equivalent cut points are L0 AW or smaller, 200 or

t 300 AWG, and 4/0 AWG or 250 kemil. Aluminum ground wires are also permitted.

a metal plate buled at least 30 inches below the surface that exposes at lea il iy g R T e
The &EC sizing rules extend to all service sizes, as covered m NEC Table 250,66,

2 square feet of girface to the soil. Since a plate has rwo sides, such plates are
commonly | fooff square in size. Armor or conduit s not required for & AWG or 4 AWG

I - e y o o Hher c17e IS » Faciprie i stan]es

Ground rod installaion 15 discussed on pages 192-193. If a ground rod alone is ground wire. Either ALes must be fastened " th ‘“Pl_"
to the surface over which it runs. It must be installed 1n

used, the ground wif never needs to be larger than & AWG regardless of the size of

the wires in vour serfice equipment. The N

te slectrodes 1 way that minimizes danger of physical damage after

to havea pround refstance or 25 ohms or less, if only one s nstalled. 1f the resis

FC requires rod, pipe, or pl

installation. Physical protection for the ground wire ¢an
14 o ula ri i g ey - AT - 1‘-!_.'

tance rule cannot befimet with a single such electrode, then-an additional electrode g0 b prowveded by o :.Lllj nonmetallic (PVC) condut.

must be installed. Yhen more than one electrode is installed, the NEC effectively Connecting At the service equipmer

l 4 " i
declares that vou higive tried hard enough, and does not msist on meeting the ground wire to the neutral busbar to which vou have con-
I = :

1, connect I|'.s'

25-chm limit. Therdare many areas of the country where soil conditions routinely iected the neutral of the service, Run it to the grounding

produce resistancesfin the hundreds of ohms. Check with local wirities to get lectrodel s, and there connect 1t o a ground damp of

Fig. 8-23 Typical ground

anv installers routimely install two such electrodes as i

- TR [ Ty, i1 Frg: B—77% £ o raaiet
a sense of local conditions. M general stvle shown |.1. g 8—23. This clamy r.1..1 1 he clamp for connecting Y
3 o1 of course iding the need for measurements. Be sure they are at least made of galvanized iron iF installed on an iron pipe, but ground wire to water pipe Lol
the MNEC minimum@f 6 feet apart, and even farther if possible copper or bronze if It runs toa copper pipe o rod The Halex C T
1 |.
| I
| §
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Bonding att

ellective ariou

::_"_r-ll,ll]\i '.\I_fl_'.grl_'.ll care must e taken o secur

or conduilt at
L

unprotected v

S5 NS 15

and the wire

procedure sin
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eserviceentrance A careful job of bonding is essential to assure
ding. Caution: When using either armor or conduit to protect the

ely and permanently bond the armor

it the electrode

both ends—i

he cabinet and 1o the ground clamp

pone, the resulting ground will be much less etfective than when using

ire. This means using a ground clamp that secures both the raceway

it simultancously. At the service equipment, use a bonding

filar ro tha

hwwn in A of Fig. 8-24 tor the service conduit

bushing

SEriCe
EAMTIET
rrel

Humpss

Maut

3
bss br =

Fig. 8-24 Typi
"bonding jump
QEEEn SCIew of

Fig. 8—24. Ins

Entrance *

Saryice
oquepment
& T —

L e Mewtral :
Bending bass bar

jurmper

Eround wire Graund wire

A B
B grounding connections, Only the white wire is shown, The wire marked

br” is usually part of the service equipment as purchased; it could be either a
flexiple strap,

5ervice~enrrTcewires IF vour service-entrance wires are in conduit, follow A of
i

lla grounding bushung ( Fig, 823700 the end of the conduit inside

the cabinet agd run a jumper (bare or insulated, of the same siee as the ground

wire) frony th
down into the
and preventis
contimuty of
neutral wrapy

Is ot require

Erpless
emetal of the cabinet, contributing toward a good continuous ground
b the bushing from turning and loosening, which would impair the

f bushing to the grounding busbar. The screw of the bushing

hie ground, If vour service uses service-entrance cable with its bare
el around the insulated wires, as in Fig. 8-12,the grounding bushing
s tollow B ot Fig, 8-24,

When you use a threaded hub bolted o

the enclosure, or 4 hub of the Pwili-jece

type shown in Fig. 8-26, bonding of the
conduit to the enclosure 15 automatic and

the grounding bushing and ju T Are

MO NOCESSAT

Fig.8-25 G

Hing

|
|
|
1
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Ground wire [f vou use armored ground wire,
bond the connector on the cable to the cabinet, and
at the electrode use a ground clamp similar to the tvpe

shiown #-213; connect the wire to the termina

serew, and clamp the armor in the separate clamping
device of the ground clamp

If the ground wire 15 protected by conduit, bond the

conduit to the cabimer with a locknur and grounding

hushing. A jumper from that bushing to the neutral

brushiar s required, as shown for the service conduit Fig.8-26 Two-piece threaded
in A of Fig. 8-24. Use a ground clamp into which  hub.Serrations on both pieces
vou can thread the conduit, and connect the ground  bite into enclosure metal
wire Lo a terminal screw of the clamp. If the ground ~ Making a bonding jumper
wire 1s protected by rigid non metallic { PYC conduir, "'r".ig'.'f\_.‘:fr:'l'ﬂ “”q b :;u[::|-.1r:-
’ i ; Fri - piece forms a raintight seal
honding of the raceway is not necessary,
Water meter A honding jumper must be installed around the water meler as
shown in Fig, 8-27, Use two ground clamps and a length of wire of the size uscd

for the ground. This prevents the ground from being made ineffective if the water

meler is removed. Some water meters also have insulating joints, Use the same

procedure around other msulated interruptions in the continuity

of the water
piping system, such as a water [ler with plastic housings, even if the grounding
connection is on the street side of such interruptions. Water piping svstems must
be bonded o the ground wire, and this often means looking in both directions

friom the ground clamp in order to find discontinuitics.

Ground
clamp-
%

Fig. B-27 Install a jumper
around the water meter

“‘-?-l- Ground
-

clamp
lumper —

EMERGENCY BACKUP GENERATORS

Fhere may be imes when the main power supply is cut off due to a storm or other

renerator would be a good investment for vow. Choice of

nstalled tvpe will depend on vour particular needs. Fuel types include
)

tliral gas, diesel fuel. or -i'.'|iih.| propane B suare i « |i:'-.l Ul Feduirerne

ape of fuel and the noise level permatied.
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Portable or perma

power 3 few individu

ently installed? Small portable generators can be used to

| .‘?}'li.".l.l.:."\- siich as the refrigerator, freerer.and al LM Or Bwo,

0 connedt the apphiances bo the ge

Be sure the extensiog cords you use

sized to carry the spe ific loads. Check the watts/volts ratings on the s
I

rOr CONYeniendce You may wi

the appliances and of the extension cord

nently installed genefator

when the normal pofer source fails, and automatically transter the loadi s), but for

the Ordinary ':"-I-ln'l'.

al situation a system for manually sta fing the generalor a 1id

s 1will usually suffice

transferring the loas

Choosing the corrgct size  Generators are rated and priced according 1o the

walttay

they produdy, Noise level and rate of fuel consumption (running time

are other factors to nsider in making & selection. The size vou need depends on

whether vou want to

ave the load of the entire house or farm on during an outage,

or only a few selected circuits: A limited amount of rewiring might be required in

order to separate the ircuits for vour essennal equipment from the rest of the load,

or in the case of a fafjm, the selected losad

s from the total load. If in doubt abouw

how to proceed, congull with a protessional.

see pages 6—47 andl 185~ 187 for information on the calculation of residentiaf

and farm loads. For fnotors, multiply the horsepower by 746 to comwvert to watts.
Use a generator with§ 25 percent capacity above the proposed connected load 1o
permit motors Lo stagt. If your load includes hard-to-start motors, such asa well
pumip, it would be prfudent to size the generator capacity 1o as much as three times
the connected load § order to permit the motor Lo start, If some of the load is

.l

240-volt, be sure the generator vou chouse will supply 240 volts, and not 120 volts

only. A generator thay is automatically started must be sized large enough to carry

the entire load conneged to it, startup as well as continuing. With a manually started
generator you can wln off all equipment before starting the gencrator, and then
restart selected equipfnent individually to minimize the logad

Isolate generator flom main power supply 1 is absolutely necessary that it
not be possible for vofur generator and the incoming lines from the power supplier

to be connected togefher. The prinapal reason for making sure your generator is

solated from the pofrer supplier’s lines is to protect the workers who are out on

the power supplier’s Bystemn trying to restore power—they could recerve a serious
shock or be electroc@ed by current coming from vour generator. Never attempt

to energie wiring irfla building by using an extension cord with two male plug

ends, or you will potdhtially create this and a number of other problems. The NEC

requires that a sign i@ placed at the service location advising of the presence of

the standby source.

Chapterd8 The Service Entrance

[he required separation of generator and pow

with a properlv installed transter switch that

Check with a professional or with yvour power supplier for information about such
transter equipment

Transier switches feed a load trom etther of two alternate souwrces. The Proper

procedure invedves the use of an addinonal pa 1elboard conbaaning the Qrcuits
ire 101 be kept live during the period when the local power supplier 1s experiencing

i outage, and feeding this panelboard from the transfer switch, Then connect a

teeder from the usual service panelboard to one side of the transfer switch, and the

line that will connect to the generator un the other side.

f the venerator is portable and not permanently connected. wse a4 plug-and

receptacle type of connection so vou can make the connection easily and guickly
Hewever, in this case the receptacle body must go on the end of the cor m the

generator, This means the “plug”™{the device with the male blades) must be at the

huilding wall. These devices are called “flanged inlets” and although recessed into a

HC

ol

wall, they ug

1ave male blades, as shown in Fig. 8-28. This arrangement preven

blades fram being fully exposed a

Fig. 8-28& Flanged inlet and the mating receptacle cord body that could erergize it (Pass &

Grounding the generator The gencrator [Tame must be grounded to the same
= [t the generator is not permanently installed,
wit moved into position when needed, be sure there is a reli
plish this grounding, such as a flexible cable and a ground clamp, whene

electrode as that used for the servi

¢ means o accom

r the

generator is in use, Be sure that t the transfer to the generator the identified

vhite, neutral | wire is still bonded to the grounding electrod
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CHAPTER 9
Outlet and Switch Boxes

ER T LIMIT SHOCK and fire haza i deteriorated

» and to protect the wiring from p

d from poorly made

ysical damage,

cal Code (NEC) requares that every switch, every outlet, and

| g R PP
Tl Pl

every jomt in wire or calle must be enclosed g box, and every fxture must be
sscent fixtures described on

tape TR peatah 15 ey
prers 9 through 15, except

the exception of some tluor

I. Keep in mind that all explanations in Che

page 1ad

while 1t 15 being banlt,

['hie basic principles for “old work ™ —the wiring of a building after it 1s built—are
covered in Chapter 15, Study new work thoroughly in order to better understand

old work:

PLANNING YOUR BOX INSTALLATION
Many boxes are made of metal with a galvanized finish. Boxes made of insulating

riaterials such as PVC, fiberglass, and other nonmetallic material are also commeon.

Such boxes are used mainly with nonmetallic :sheathed cable and nonmetallic race

ways. Metal boxes and their accessories are covered first hecause they are easier o

visualize as we cover certain terminology common to all boxes.

Jed switch boxes or

Types of boxes Hoxes are

outlet boxes depending on their shape and purpose,

Wires and cables must be brought into the boxes

through openings of the appropria ind “knock
mits” are provided for this pu

rtially punched out me
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with tapped holes for screws hold the switches, receptacles, and simi

pstalled in the boxes. Switch boxes are sometimes used for hix

bracket type weighing up to 6 pounds, with-a box located at cacl
bracket 1s 10 be imstalled

sokes to have a depth o

i 1 B + T, 5
at least w-tnch where a device such as a

switch or receptacle 1s to be nstalled, Maost

2 = I - TEREITRTY A v PR
are at least 1'% inches deep, Dut the deeper
ones (2 1o 30 inches deep ) are handier and

more generally used

Fach box holds one device. When two

w mounted side by side, two Fig. 9-2

devices are to

boxes can he changed into a single “two  changedinto one larger”

i - s R X
: 2 . e Made the same way are stl
wang” bo by simply throwing away one side

; o : of three or four or more units ganged
of cach box and belting the boxes together

together. Ready-made two-gang and

i Fie 052, Tise this screwatt - / .
as in Fig. 9-2. Use the screws that are part larger hoxes are alsa available

of the bhoxes

Outlet boxes  T'ipure 9=3 shows the most common outlet box. [t 15 octagonal m
i i

shape and available in three sizes; 3V-nch, 3%-inch, and 4-inch. The 4-inch size

15 cramping, and

% the most common today, permits more wires o b wsed, avon

r general reduces the time required for installation. If space permits, use a box ai

least Vs or even 29 inches deep

at many different covers are available.

Dhatlet boxes must alwayvs be covered. A g

Some common ones are shown in Fig. 9— The cover at A is a blank cover for a

hox that is used only to hold a splice or tap. The one al 815 a drop cord cover—the

opening for the drop cord is fitted with a smooth bushing to climinate sharp edges.
AL L s a spider cover used o mount surface-type switches. At [V is a cover with a

receptacle. AL E s a kevless receptacle for a lamp. Another lamp receptacle

du

15 shown at F, this one with a pull chain.

ace of a wall, as

Handy boxes [t an ordinary switch box is mounted on the surf,

in a hasement or garage, the sharp corners of the box and cover are a nuisance.




Ga

1 . - g
In such loc

COMMCETS, ENOWT as
box” and shown in
Square boxes |

are ||T£-_ enougn

Figure 9-6 shows] s

special covers used
used for surface 1
SUNETLL-PUTPOSE W
handy when man
same box

How to calculate ¢
314, 16{A] speaihies
wircs of the same 5
box. Do not cromed
o1 makes the work
consuming, and it
grounds. Tahle 9-]

ations gse a box with rounded

IV OX Or Uiy

Frg. 9-5

oxes 4 inches SYuare
ter hold two devices
square box and the
with it. These boxes are
aunting as well as for
ring and are especially

wires must enter the

orrect box size N[
h.."’I"I.."'\.II':I'.ITI'!|'_-|__]'|'||"'_'|"."':'
»¢ permitted in a metal
i box to its limit. [oing
more difficult and time
hirs a risk of shorts and

hiows the interior cubic
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A B

N

Fig. 9-4 Every outlet box must be
qpvered Some common covers: Al blank
cover; B) drop cord cover; O} spider
cover: O cover with duplex receptacle;

E} keyless receptacie for lamp; F) same
as £ but with pull chain,

inch capatics of the more common standard metal boxes as taken from the

complete list found
have their cubic ing
The total volume of
rings, etc., which arg

for each conductor

hn AN EC

s shoswn in |'.1|_,'l!\_' G2,

e 3141604 Nonstandard and nonmetallic boxes
1 capacitics marked on them.

an enclosure includes plaster rings, domed covers, extension
marked with their volume in cubic inches, The space required

Fig. 9-5 This box is known as a
“handy bax"or "utility bex,” Use it for
permanently exposed surface wiring
asin basements, garages.etc_The box
and covers have rounded cormers for

Ldf‘.-":','. Hutsbel! Electrical Produers)

Fig.9—6 Four-inch sguare boxes and

covers. Use covers on the left and

midd BN WINng s concealed
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To find the minimum size box that s permitied, add up the required volumes
listed in the box below. Choose all volumes from Table 9-2. Then match the total

calculated volume m cubic inches to a box size 1in Table 9-1.

To calcwlate minimum bow sure, add up these d VOILMES, CROOSHNG VOIRIMES For wWires

fram Table 9-2 b

w and then matching total colcwlared volume [0 @ Dox SI2e In Table §
1 VOLUME for each wire onginating cutside the box and terminating or spliced

within the box

VOLUME for each wire passing through the box without splice or Termminaton
|as may happen in conduit wiring)

VOLUME for each fixture wire. Exception; four or fewer ficture wires and one
equipment grounding wire entening the box from a domed fixture
canogy are nol counted

VOLUME ... . for any number of internal cable clamps (Fig. 5-14), basing the
volume on the largest wire in the box. Do not add for external cable
connectors (Fig. 9-111

VOLUME ... for any number of fixters studs (Fig, 2-15 1opl, basing the volume on
the largest wire

1 WVOLUME . for any number of hickeys (Fig. 9-15 battem), basing the velume an
thie largesl wine

ZVOLUMES .. ... for each yoke or strap containing switches, receptacles, pilat lights,
ete, basing the volume on largest size wire connected to a device on
that yoke, and then dousbling it for two volumes.

| VOLUME . ... for any number of equipment grounding conductors, basing the
volume on the fargest equipment grounding conductor in the box,

Table9-1 INTERIOR VOLUME OF
STANDARD BOXES

INTERSOR VOLUME |

KFND OF BOX SIZE IN INCHES iW CURBIC INCHES WIRE SIE PFH WIRE

Cruthet box A 1 Ve ™y ROUND 125

A on 155 f 173
4w 24 0 DrTAGONAL 215 14 20
4= 1  SOUARE BO 12 225
4 20 0 250
d%32 JLIARE 03 8 3.00

&' TV souase 233 B 5 00
§ i 2 SOUA az0
Sweitch boa T2 75

X

3 3 R
Hamedy B FE, 0.3

P 13 f

Table 9-2 VOLUME REQUIRED
PER CONDUCTOR |

VOLUME IM CUBIC INCHES

18 —r |
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Example of box size calculation Consider a fe

i-through receptacle location

with twao 12-2 with ground cables entening the box through internal cable clamips.
From Table 92, vach 12 AWG wire requires 2.25 cubic inches: The grounding

conductors are also 12 AWG, so the calculations are:

four 12 AWG circuit wires d = 225 cubic inches = 9.00 cubic inches
two 12 AWG ground wires (Ccount asane) T = 2.25 cubic inches = 2.25 cubic inches
twio internat clamps {Count as one T = 225 cubic inches = 2.25 cubic inches
Duplex receptacle [count as two 2% 225 cubic Inches = 4 50 cubic inches

Tatal required V800 cubic inches

hus from Table -1, the smallest square outler box permitted 152 4 x 1%4-inch
bk, and the smallest switch box permitted tor thisapplicationisa 3= 2% 3V-inch

box. Bothare 18 cubic inches.
i
INSTALLING BOXES
NEC210.70 requires the following areas to be equipped with at least some lighting
tached

parages; detached garages if wired; and the tollowing spaces it used for storage

comtrolled by a switch: every livable room; bathrooms, hallways, stairways

O CORLAININE cquipment requiring servicing—attics, underfloor spaces; wlility

rooms, basements. [naddition, each entrance into the house must have an outdoor

light contralled by a swiich inside the house, All required lighting noust consist of
permanently installed hghting fixtures in bathrooms and kitchens: but in other
habitable rooms it may be pravided by floor or table lamps plugged into receplacles

comtrolled by a wall switch.

Boxes tor switches should be located near doors so the switches are casily acces-
sible as the door is opened. Consider which way the door is to swing and install
the hox on the side opposite the hinges, with the center of the box 48 1o 52 inches
above the Hoor. For receptacles, the usual height is 12 1o 18 inches above the floor,
Each room should have at least one receptacle located conveniently for a vacuum
cleaner and other portable items.

Mounting switch boxes FBoxes must be firmly secured to studs. Some hoxes
come with nails attached. If mounting nails pass theough the box, they must not
be more than ' inch from the

back orends. It 15 usually faster
to use boxes with mounting
brackets (Fig, 9-7). Always
install boxes so their front

flush with the

[= :.'.:_il."h A

surface of the finished wall

[t the box is not adjacent
lo a stud, use an octagonai
or square box with a plaster

ring and a h INEET (50T NCXT

paragraph
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Mounting outlet boxes [ the box is to be installed near a stud. use an outlet
box with a mounting bracket such as shown in Fig. 9-7. 1t the box must be mounted

er of the type shownin Fig. 9-8. [t is adjustable

between studs or joists, use a har
n lenpth and has a fixture stud stiding on it. Remove the center knockout in the
box, slide the stud 1o the position wanted, push the stud through the knockour,

en nail the hanger

and drive the locknut on the inside of the box securely home. T
tor the stids or joists so the front edge of the box (or the cover mounted on 1t if
tis the tvpe shown in Fig, 961 will be tlush with the wall or ceiling as shown in

Fig. %-9. Even handier are preassembled boxes with hangers as shown in Fig, 9-10

4 Fig. 9-8 Hangers are adjustable in
length

Joist

Fig. 9-9 Hanger with box supporied

in ceiling. Hangery

B - Ceiling-

A Fig. 9-10 Boxes preassemiled with
hangers are often used.

Wiring at boxes FRegardless of the wiring method vou use, let & to 10 inches of
wire extend from the face of each box, The length depends on your choice of two
methods of connecting the wire to the terminal screw as discussed on pages 36-37
anel shown in Figs, 4-13 and 4- 14, The NEC mumimum is in two parts. The wires
including equipment grounding wires, as with Type NM cable) must be at least
i inches long measared from where the individual wires emerge from the raceway

annector or cable sheath, and they must be long enough to extend at least 3 inches

aulside U

rh the box, usually from

Coway 1o raceway, 1 ne

Anchoring connectors '\ of am s used for wiring, the
WE( requires that it be securely anchored to each box that it enters. There

many kinds of connectors for this purpose; an assortment 1s shown in




102 INSTALLING SERVICE EQUIPMENT AND WIRING

Fig. 9—I1, The connector at A is used for ordinary purpases, the one at B
for a sharp 90-degree turn, and the one at C when two pieces of cable must
enter the same knockout. To anchor the cable, first remove the locknut from
the connector. Attach the connector to the cable with the dlamp screw as in
Fig. 9-12, then slip the connector through the knockout, and install the locknut inside
the box as shown in Fig. 813, Be sure to drive the locknut down solidly so the lugs

on it actually bite into the metal of the box to form a good contimuous ground. Some
newer connector designs snap into and hold tight to standard knockout apenings,
requiring no locknut. Some boxes have built-in clamps that securely hold the cable
entering the box, making separate conneclors unnecessary, Typical boxes of this kind
are shown in Fig 9-14. .

Fig.9-12 Connectorisfirst
attached to the cable by
mearns of a clamp screw,

Fig. 9-13 Conmnector s
then anchored to the
box by means of a locknut
inzide the bax
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Fig.9-14 With boxes of this type, separate connectors are not used. The boxes have clamps
to hold the cable.

Fixture studs  Small, lightweight fistures are often muunted
directly on outlet boxes, anchored by screws entering the “ears” F
of the box as explained at the beginning of this chapter under
the heading “Switch boxes” Other fixtures commanly meunt
1o fixture bars that are secured to the box ears. Heavier Axtures

need additional support, Install a fixture stud [see Fig. 9-15)

in the back of the box using stove holts. This is unnecessary if

a hanger (Fig. 9-#) is used to support 2 box mounted between

studs or joists. With a fixture stud, 3 hickey may be needed

hetween the stud and fixture. Fixtures above 50 pounds (or
lreavier if the box is so listed) must be supported directly by
the building structure.

Boxes for suspended ceiling (paddle) fans  Boxes [or the support of ceiling
fans must be listed for the purpose. Fans weighing more than 35 pounds must be
supported independently of the box, unless the box has been listed for additional
weight. Consider using a hox listed for fan support at every ceiling outlet location
where a paddle fan might be installed at a later date, because installing a fan support
b at an existing outlet can be difficult.

Fig. 9-15 Fixture
stud and hickey.

Boxes for recessed fixtures  If the bottom of your fixture will be llush with the
ceiling it is called a “recessed fixture” If your recessed fixture includes a junction
box marked for 60°C branch circuit wiring, ordinary branch circuit wiring can be
connected directly to it, and most recessed fixtures available today have such boxes.
Be sure 1o observe any fll or other restrictions on the number and tvpe of wires
allowed in such boxes; because they will not be of any standard size. See page 169
in Chapter 15 before installing.

Boxes for interchangeable devices  Lp to three interchangeable devices can
be installed in an ordinary single-gang box. Figure 9-16 shows a faceplate with

three openings, and an assortment of devices such as switches, receptacles, and

pilot fights. Plates are also available with one or two openings. The plate is supplied

with a metal strap

with three openings on which vou can mount any combination

h‘l_&—-l—r R
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ol ome, twiy, or three of these specially sized devices. The three devices can then be
mstalled in a single-gang box. Three standard devices would require a three-gang
box which costs more, takes more space and requires much more installation time,
Caunon: Remember that the number of wires entering any box is limited; review
pages 98-99 on calculating munirmum siee boxes. When a switch box is not large
enough for the wires necessary to connect to three devices on one strap, use a
4-inch-square box and a single-gang plaster ring as shown in Fig. 9-6.

il Y

5 L] @
A ; Fig.9-16 Interchangeable
o i ; !
.,__..l'_- E devices permit 3 switches,
| @ receptacies, and the like
— ] to be instalied in a single
L L gang box,
) . = |

Nonmetallic outlet boxes Nonmetallic boxes, [0r reasons of cost, have largely
supplanted metal boxes in todav's market, particularly for residential occupancies, In
addition to cost, nonmetallic boxes are largely immune to corrosion, and for surface
apphications using boxes of PVC, fiberglass, or other nonmictallic material provides
insurance against shock. When metal boxes are used in barns and similar Incations,
theey tend Lo rust out just like conduit. Alse, when used with nonmetallic-sheathed
cible, & metal box that is poorly grounded becomes “hot" when a hot wire becomes
accidentally grounded inside it, Any person or animal touching the box will receive
a shock that can be dangerous to humans and even muare s0 to animals.

Monmetallic oxes {and covers ) are shown in Fig. 9—17, Use them as you would metal
boses; however, the NEC does not require that cable be anchored with connectors
tu single-gang nonmetallic switch boxes if the cable 15 supported within 8 inches
of the box measured along the cable sheath, and the sheath extends into the hox
at least ' inch. At other than single-pang nonmetallic boxes, the cable must he
secured oo the box,as it must be to all metal boxes, {Anchoring with connectors is
discussed an pages 101-102)

Other nonmetallic boxes are shown in | 1g. 9—1 8, Doxes with hubs, like the one at
left, are for surface wiring, and with the proper covers they are weatherproof, Boxes
with knockouts can be used either concealed or exposed. Note that nonmetallic
boxes differ from metallic boxes in that they do not come in standardized sizes. This
means that in order to decide on allowable wire fill, you have 1o do the calculations

Fig. 9-17 Especally
on farms, boxes madse
of insulating materia
are frequently used
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covered earlier in this chaprer, based
on the actual volume of each box,
which will be marked on the inside
of the box.

wonmetallic faceplates or covers are
recommended when using nonme-

tallic boxes, particularly in corrosive

locations, If metal faceplates are used,
they must be grounded, which ismore  gjg 918 PVC boxes with integral hubs and
ar less automatic with receptacles,  with standard knockouts

because the mounting strap is usually

connected to the green grounding terminal. Toggle switches require a special switch
having a grounding terminal on the mounting strap to which the grounding wire
in the nonmetallic-sheathed cable must be connected.

SELECTING SWITCHES

While all common switches have the general appearance shown in Fig, 21, there
are three varieties that vou should understand:

Single-pole is used to turn a light on or off from one point. It has two terminals
and the words 0¥ and 011 on the handle.

Three-way is used to Lurn a light on or off from two separate locations. 1t has three
terminals and a plain, unlabeled handle. For the wiring of three-way switches see
pages 5658,

Faur-way is used in combination with three-way when a light must be turned on
or off from maore than two locations. Use three-way switches at two of the points,
and four-way al the remaining points. The four-way has four terminals and a plain.
unlabeled handle. For the wiring of four-way switches see pages S8—60.

Switch ratings Switches are designed for use at an amperage and voltage not
higher than the limits stamped into their metal mounting yokes, Some switches
are rated "10A 125V=3A 250V indicating that the switch may be used to control
loads not over 10 amps if the voltage is not over 125 volts, but only 5 amps if the
voltage is higher but not over 250 volts. Most are rated 154 120%, or L5A 1200277V
Other switches are avaitable for higher amperages

Grounding for switches The vokes of all toggle switches, including dimmers
as described below, are required o be grounded so that a metal faceplate, whether
installed or not, will be grounded. The switch yoke can be grounded to the grounded
mietal hox, or an equipment grounding conductor must be connected 16-a green
terminal screw on the voke.

Types of switches In addition to the commaon general-use sw itches, there are
switches with a variety of special features that enhance comfort, convenience, and
safetv, Sume of these are described here,

AC general-usesnapswitches  The most commuonly used switch t day s called the
ac general-use snap” tvpe in the NEC. [t is very quiet in operation and lasts a long
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tume, [ 1s identihed by the letters "AC™ fallow e the unpere and voltage rating on the

vioke, As the name implies, it must not be used on de circuits. On ac, it mayv be used

tor any PUTPOSE W ith twi exceptions: al it must not be used to contro lungsten

Alament lamps {ording

@amps)at vollages above 120 wvolts; b if used to control

a motor, it may be used only up to 80 percent of its ampere rating.

AC-DC general-use snap switches  Older stvle switches are called “ac-de general

1 dioes ol have Al '..'If the end of 1ts F E‘.II'I__'. IT 15 an ac

use” in the NEC. If the swi

de type. This style may be used on de-only circuits as well as on ac circuits, If vour

wiring was installed many years agagthe switches are likely to be the ac-de type. It

one of them fails, you may replace it with the more readily available ac-only rype.

Lighted switches Switches are available with a tiny neon light in their hanc

to make it easy to locate the switch in the dark. The light has an exceedingly e

ifie, possibly 20 years, and consumes so little power that it costs perhaps one cent
T vear to operate,
Quiet switches  Ordinary switches can make an andible click when turne

off. The “ac general use™ switch 1s very quiet. Also available is a completely silent

onand

switch that uses a bit of mercury in a glass tube (o make and break contact, Mercury
switches will nul operate unless installed in a vertical position,
Dimmer switches Where i might bic desirable to control the level of brightness,

f & ol . s
5L a5 I Cl’.'l'.l'!__n.i FEMCHITYS LT fl-;rﬂ]l'n' FOOImMsS, O

hinary switches can be removed and

replaced with spevial dimming switches. Some dimmers are designed w be used only

with incandescent lamps and others are for use only with fluorescent lighting.

Oine inexpensive type of dimmer switch provides HIGH—OE—LOW positions and
controls up to 300 watts. It can be used to replace only an ordinary single-pole
swilch, not a three-way. The somewhat more expensive tvpe controls brichtness

continuously from off tw full brightness. Some models are available

in the three

wiay type, replacing one of a pair of three-way switches.

FACEPLATES

Heceptacles and switches when installed are covered with faceplates falso called
wall plates) of the type shown in Fig, 9-19. These are available in molded plastic

and nvlon in anassortment of colors and in other maleria

5 such as steel, ||r.|~-.. a7

ceramic. Use the kind yvou like best, Metal fa be grounded.
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CHAPTER 10
Basic Wiring Procedures

[N RESI
involves the use of cabled methods (covered in Chapter 11 among w hich the use of

JENTIAL AND FARM wiring, the great majority of new wiring today

nonmetallic-sheathed cable predominates. It is the least expensive in terms of mate-
rial cost, and requires the least technical training to install. However, armored cable
and metal-clad cable arc widely used, particularly with metal framing members.
Tubular raceway methods {covered in Chapter 12) are less common but still used
because the wires within them may, within the raceway size limitations, be replaced
with different wires 1o serve different needs. The knob-and-tube wiring system,
not permitted for new work since the 1975 NEC, is anly for extensions in existing
wiork [see pages 142-143),

Local codes sometimes prohibit one or more of these svstems, Whart is prohibited
in one locality may be required in another. For farm buildings, some form of
nonmetallic-sheathed cable is used almost exclusively: It is also used extensively in
residences and larger buildings, though high-rise construction often uses metallic
fied Iocal authorities

methods, Follow local custom, IF vou are not sure, consult qu
Manv wiring procedures are the same regardless of which system is used. These
privcedures are explained in this chapter, It is essential 1o understand them thor

Iv. The diagrams and explanations in this chapter use cable as a model, but the

principles apply generally to all wiring systems. Details specific to cable or raceway

methocds are deseribed in Chapters 11 and 12

PLANMNING THE INSTALLATION

Before doing any actual wiring, you must make a plan. Deade upon the lecation
of each outlet and each switch. Be generous in the number of outlets and switches
Review Chapter 2 on planning an adequate installation. Remember that adding an
nutlet Jater costs much maore than including it in the original job

Which outlets on which circuit?  Your first idea may be to put all vour baserment

1 - 1
tutlets on one cireuit, all first-Aoor outlets the next circuit, all second-floor

outlets on still another circuit, and so on. If vou do and a Dredker [Nps or a

f tead, put different | s of any tioor on

use blows, an éntire tloor will be dark: Ins
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difterent circunts. Then ar least part of each floor will sl by

ded to an attached or separate parage

ted if any circuit

goes aul. Une of the hoose circuits can be exte

that has small power requirements, or separate circuits can be used for a parase

T . " i I N o ! | !
and accessory bui AINES requirimg power | greenhowse, studio, maching snop, erg

Wiring for garages and accessory buildings is discussed ar the end of

Diagram your circuits

vinl have deaded which outlets are to wovon each
circunt and where yoe want single-pole switches and three-way switches, draw a

o the next

W[ akTh LNSTad

diagram of each circuit showing how the cable is to run from one ou

froem outlet to switches, and so on. |

re Li=1is.a typacal diagran

||!i-l|'_- using ..||1||.' It shiows eigh outle swilches and a pair
}

e e ts are

of three-way switches, 1

i H. Switches

have all been labeled 5. The switch controlling t B s indicated as 3-8, the one
contralling outler & as.5-G, the one controll]  outlet Has 5-F, and the two 3-way
switches controlling outlet Fas 5-F-Fand 5-F-2 | Outlet A is a lisht controlled by
a pull chain and is included here as part of the genersl explanation. Note thar pull

vhains are not recommended; switches are preferred for convenience and safety, |

x?;_';_ H:)-,—(:“’
FR— -

Fig. 10-1 Before daing any wiring, make a rough layout of each circuit showi g location of
each outlet and how cahle will run from box to box. Shown Rere |s 2 layout af a

Circust with & outlet

abeled A to H, 3 single-pole switches 5-8. 5-G, and 5-H and 2 pair of

K o il " o oy | wiirne fe thie =i B i
ches 3-F-1 and 5-F-2. The wires for this circuit begin in the Basement and run to
main floor living room, kitchen, and din ng room, and then 1o a bedroom

T'his '-!I.'.:_.J.I'I'l still does not tell vou how to connect the individual cable wires so

that all the parts w Il work |“"'r‘\"|" [ liagram showine the wires

separately as if they were apen wires | 1 cable. In order to sin plify the

rams and exp

vere, bt
P 3
red 26§
L.

2 ahows
':'l;.
11 T in
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Fig. 10~1. Note that the same wire identification scheme has been wsed as in
Chapter &: a light line like this ——— for a white wire, & heavy line like this s

for a black wire (or other color, but not white or green), and a heavy hroken line

between a switch and the outlet it controls

ki this= = = = furt

Fig. 10-2 The same

outlets as im Fig. 10-

but in greater detail
now showing how the
wires inside the cahle

are connected

fasement

ght A

LT
L 1‘— -.F X

It you reter to the diagramming of basic circuits covered in Chapter 6, vou will see
that Fig. &3 15 the same as outlet 4 in Fig. 10-2 {if vou disregard the cable that runs

on to Bl Figure 10-3 shoss thessame outler completely imstalled with an outler

wit. Followang the principles presented m Chapter 6, vou run the white wire (rom

SUURCE to the outlet, and vou run the black wire from SOURCE to the outlet
[0 better understand the wiring of each additional outlet, consider the cable that
runs to it from the previows outlet as the source for the new outlet. For example, the

ble that runs from outlet A to outlet & becomes the source tor outlet B,

Fig.10-3 Cutlet A of Figs, 10-1
and 10-Z, completely installad,

To B
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FEEDING AND CONNECTING THE WIRES

If you are using nonmetallic-sheathed or armored cable, you will need to remember
the important NEC requirement described here regarding wire color in making
connections at switches. Follow g that, the basic g1|1{!;-| ines for r|'|__|__|.;|_:|'|g CONMec-
tions apply to either cable or conduit.

White wire re-identified as black wire in switch loops 1 Fig. 104, if you
d:nrvﬁud the cable running to C, outlet Bis the same as that in Fig. 6- 3,50 detailed
explanation may seem unnecessarv. However, according to everything vou have
learned up to this point, and as shown in Fig. 10--2, both wires from outlet B to
switch 5-B should be black, but the two-wire cable that you are going to use contains
one black and one white wire. How can you comply with the NEC requirement?
NEC 200.7 permits a white wire o be used where a black wire should be used—bur
only in a switch loop [ the cable running from an outlet to a switch ), and the white
wire must be re-identified as black wherever it is visible and accessible, This can be
accomplished by painting, wrapping with black tape, or sleeving the wire with a tube
of either black plastic insulation removed from a larger wire or with plastic shrink
tubing applied with a heat gun, Regardless of whether the white wire is reidentified
ornot | the NEC prior to 1994 did

nat require this), it must be used r""'""hi“'
as the wire running to the switch ™.
SOURCE

from the ungrounded conductors
in the outlet, never the Teverse.
That means the connections at Black
the outlet will always be white
to while and black to naturally
black, aveiding the hazard of
reverse polarity at a screw shell

Black

White

ireidentified as black) ™ To switch

it Fig.10-4 Qutlst 8 of Figs, 10-1 and 10-2, This is an
or recepracle. See Fig. 10-6 tor important diagram, It shows how ta connect white
an example, wire in cable ta the switch

Wiring at outlets and switches [t is casy to make the right connections if you
remember that each fixture must have one white and one black wire connected to
it, and if you observe the following simple steps:

I. At the switch, connect the two wires of the cable to the switch.

2. At the outlet, connect the white wire from SOURCE to the fixture, as usual

3. At the outlet, connect the black wire from SOURCE to the white wire of the cable
that runs te the switch, and re-identify the white wire as black, This is the only

case where a white wire may be connected to a black.

4, Connect the black wire of the cable that runs to the switch to the fixture,
a5 usual.

5. Thetwo wires running on to the next outlet are connected o the two incoming

wires { from source) in the outlet box—black 10 black, and white to white.

Chapter 10 Basic Wiring Procedures m

When outlet B is properly installed according to these five steps, it will be connected
as shown in Fig, 10—, which complies with NEC 200.7.

Outlets C, 1% and E are wired as shown in Fig. 10-5. Receptacles have double
terminal screws so that the two wires from two different pieces of cable can easily

be artached as shown. In the case of C, it 15 necessary to connect three differemt

wires 1 each side of the receptacle, but there are only two terminal serews: NEC
LID-14{A] prohibits maore than one wire wirder one ternrinal screw. Splice all the
Flacks fraethe LAl the whites tasateat: adding s dhort mlsce oF wire cilled

DLICKS ||.|'!.\_I.'|.|I:| and all the wilés togetner, aid II'I!...I Short paece O wire Called d

to the black sct, and connect these pigtails 1o

“pigtail” to the white set and anoth

the receptacle terminal screws, See Fig. 4-15.

Fig. 10-5 Receptacie outlets are easy toconnect, as this diagram shows

Outlet Fin Fig. 102, if you disregard the cable running on to the next outlet (5,
1s the same as Fig: 6—14 in Chapter 6. Wire it as shown in Fig, 106, Bun two-wire
cable from the outlet to the first three-way switch 5-F-1 and three-wire cable from
there to the second three-way switch 5-F-2. Again vou meet the problem of the
proper colors of wire. Hemembering the steps outlined in connection with outlet
A, simiply connect the white wire from S0URCE (which in this case is the white wire
from outlet © to the fixture as usual, The other wire on the fixture muost be black,
st connect the black wire of the cable that runs on to the first switch 5-F-1. At the
outlet, the white wire in the cable that runs on to the switch is re-identified as black
and connected to the incoming black wire trom source, The cable that runs on 1w
the next outlet (¢ must also be connected, black wire to black and white to white
of the cable from source (from (7). This completes the wiring of the outlet FE The
switches still need 1o be connecred.

I'wir different cables end in the box for §-F-1: a twoe-wire cable and a three-wire
cahle, making five wires altogether. Two of them are white; splice them together
s there will then be a continuous white wire from F to 5-F-F to 5-F-2, where vou
comnect 1t to the common or marked terminal of that switch and re-identify as
hlack wherever it 15 visible, Connect the black wire in the cable between F and
S-F-1 tov the commuon or marked termmunal of the first switch 5-F-1. That leaves
twio unconnected wires in the cable from §-F-I and 5-F-2: the red and the black

1ls of each switch; it does not matter which

{Connect them 1

the remaining termi

color goes to which terminal on the switch. That tinishes the winng
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_White wire
y [/ reidentified as black

White a— Black /

Fig.10-& The wiring of outler Fof Figs. 10-1 and 10-2.with the two 3-way switches that contral

thie outher. This is the d agram for-any outiet cantrolied Oy 3-way switches when using cable

Study caretully the colors of the wires in this cable Compare it with Fig.&-14

It vou are installing four-way switches, follow the diagrams of Fips, 6—19and 621
White wire may be re-identified where otherwise a wire of a different color would
be I'C|'|IJI71_'|_|_

T -

Outlet G is exactly the same as |_||_L[|£t A arud should be wired in the same way
Feed-through switch box 1In all the outlets wired so far, vou have run the
cable first to the outlet box and fixture, then on to the switch, When vou cone
to cwtlet H of | g, 10-2, you will see that the cahle rumns frst to the switch hox
-1 and then on to outlet 1, This combination is even simpler 10 wire than the
I.II.J'.H.'l'!i heca use there s no F'[li'th|9|'|'| '.'.'il,h the ._'..‘fi(:-r!, n;|[- [h{* WIFE, #5 VOLUE Can see |']-;_1'|~_|1
Fig. 107 showing this outlet completely wired,

Splicing for additional outlets You cannor install additional outlets bevond
H by simply connecting the black and white wires of fhe cable for the new outlel
to the black and white wires

in outlet H, because then Cutlet H

the new vutlet would he
turned on and off by switch
5 -H. However, vou canadd an
additional outlet by lapping in
atl switch §-H; splice the wires

of the cable for the new outlet

to the incoming cable from (3,
asshown in Fig, 108, Another
wav is to run three-wire cable
from 5-H o H; sphice the two
wires in the cable for the new
outlet to hlack and white in H FromG —| [
as shownin Fig. 10-9.

; Fig. 10-7 Sometimes the cable fror Tce does r
v cable toany additional tnatlet 9 seitet il i,

| ; run first 1o the outlet and then to the switch. Lse this
wan be sphiced o any e :

I b 1o any existing 4 agram when the
cable inmany outlet box by then ta the outle
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4 Fig. 10-8 Tapping in and
|-|

DEYONQ an exisiing Mitlet

cimg 1o add an outlet

Be sure the box is large

Ta new outlet / To new

outler

Fig. 10-9 Running three wire cable : i s 3
and splicing to add an outhet beyond
an existing outler.

spticing white to white, and black to black—as long as each wire can be traced all
thie way back o s0URCE without interruption by a switch.

Three-way switches substituted for single-pole [1 i5asimple maner 1o substi-
tute two 3-way switches for a single-pole switch 1n any wiring diagram, Study Fig.
101t the starting point is an outlet already wired with twio wires ready for a switch

If a single-pole switch is to be used, connect it to the two ends of the wiresas at A

oway swilches are 1o be used, substitute the combination of B.

Adding a switch to an unswitched outlet [ you want to add a switch toa
diagram that shows an outlet permanently connected without a switch, cut the
black wire. That gives vou two ends of black wire to which the switch connects, o

two ends to which vou will splice the two-wire cable that runs w the switch,

I __ Wires from outlet
to be controlled

| _- Original L SO
single-pole switches
switch = e

Fig. 10-10 It i

LAY
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Junction boxes Sometimes it is neces
sary to make 4 T connection in cable whes

there is a long run and no convenient outler

from which to start the T branch. Use an

outlet box; run the three (or more) ends of

cable intoat; splice all black wires together

and all white wires waether; co with a

blank cover as shown in Fig. 9—4A. and the

job is finished. A junction box shown

i Fig. 10-11
FrRpcsTm Fig.10=11 A junction box conta ris anly

e splices of several leng

accessiile,

ths of cable

TWO-CIRCUIT DUPLEX RECEPTACLES

[t can be convenient 1o have a floor lamp or table lamp plugged into a rec eptacle

controlled by a wall switch. These two-circuit duplex recepracles (also called split

wired receptacles) meet the NEC requirement for switch-controlled lighting in
hahitable rooms other than kitcl

le wens and bathrooms. Many brands of ordinan

duplex receptacles are constructed so vou can, during installation, hange them

L the two-circuil variety by breaking out a small brass pao between the two
“hot” {brass colored ) terminal screws. The w iri:]g ;_“ﬂ_g\]’;n‘: s shown it Fig. 10-12,
Actually, as the drawing makes clear, using a split receptacle in this way does not
place it on twio diffe

ent circuity, because the same circunt breaker or fuse ultimately
R P Bt H i y 3 : 1
supplies both halves of the duplex receptacles shown, If that is not the case, new

NEC rules have made the installation much maore problematic.

02 NEC places a very signiticant condition on the use

A major change in the 2
of multiple receptacles on une yoke (this is the technically correct wav to describe
a sphit duplex recepracle—the NEC counts each half of the duplex as a separate
device) connected 10 more than one branch circuit, A means to simultaneously

Hot

Both halves Top halves hot

hiot Bottom halves controlled by "
G 5 ttom nalves controlied by switc
Grounded wire = . ALTD Y SwWitc

Fig. 10-12 Two-circuit réce

|
|
|
!
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disconnect all ungrounded conductors arriving at the receptacle must be provided

aker or a

at the panelboard. wetically, this could be a multpole cirount br
multipote switch installed adjacent to the panelboard. However, test lab guide
card restrictions forbid the use of multipole swirches for multiple circuits unless

they are marked "2-circuit” or *3-circuit” as applicable. To the best of this writer's

kR !-'.'l.1!,'_'.‘ no such switches are now on the market. This means that fuses co
not be used to supply such multiple receptacles; the only pracrical emethod would
be a multipole circuit breaker. In the case of a multiwire branch circuit, this s easy
but it cancels one of the functional advantages of the traditional multiwire branch
circuit, namely, it one circuit trips the other is still connected

I addition, if two 2-wire circuits arrive at the device voke, these circuits must still

now originate from a multipole circuit breaker. In the case of the dining room split
receptacle described previcusly, the multipole circuit breaker required here means
the small-apphance branch circuit connected to this outlet could not be multiwired
with a second small-appliance branch circuit, contrary to the usual configuration.
Think caretully about the implications of this rule change in planning vour instal-
lation. Tn previous editions of the NEC, it applied only to multiwire branch circuits,
and only in dwelling occupancies. Now it applies in all accupancies, and anv time
more than one branch circuit supplics more than one receptacle on a commaon
voke, whether or not in a multiwire conhguration. The concern is that an untrained
person will assume all circuits are off when invesnigating a nonfunctioning load

conmected o one of the receptacles,

THREE-WIRE CIRCUITS

In terms of material cost, installation time, and voltage drop. installing one 3-wire
circuit offers many henefits over having two 2-wire circuits.

An ordinary 2-wire, 121

volt circuit consists of two wires—the grounded wire and
a hot wire-as shown in Fig. 10-13. When rwo such 2-wire circuits are run to the
same general area, there is a total of four wires as shown in Fig. 10-14 in which
wires Band C are the grounded wires, and the wires A and I3 are hot wires connected
to opposite sides of SOURCE, so that the voltage between A and [J is 240 volts, but
between A and B and also between B and C it 1s 120 volts,

I

neutral bushar in vour service equipment. Since they are connected together at

note that the two grounded wires B and C are connected together at the

the starting point, they hecome in effect one wire. Why use twoi There 15 no need

for twoe, Use one wire and instead of two 120-volt, 2-wire crcuits vou will have one

wire, 1 200 240-volt circuit as shown in Fig. 10-15. Be sure that each receptacle is

connected to the neutral wire o abtain 120 volts, If connected to the two hot wires

F-wire circuit not only saves time and material, but also reduces the

vads on each half of the circuit { between A and BC, or between

areg ;_"l,l-_lf.l the neutral wire carmes no current at all. Tr rfarel In

Fig, [0—14, cach wire B and C 15 merely a growrnded wire, but in Fig, 10
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A 18 amps -

15-amp -4 Fig. 10-13 Cne Z-wire, 12

—4 15amps load circuit carrying 15 amps.
o : =
= B
A 15 amps
%E-am:u
i_“'ig. 10-14 TRo 2 wire circuits, fed B 15 amps 2 load
from oppositd legs of 120/240-volt ¢ = -
service, each darrying 15 amps. = - T
C 15 amps 15-amp
-15 amps load
_ B
A 15 amps
‘g 15-amp- 4 Fig. 10-15 One  3.wire
q : load circuit. Each half carries
s - ] 13 amps but the newtral
= 1_'::r;;::us : N N carries no current. The NEC
i 15-amp term is “multiwire branch
" 15 amps % load circuin.” Both terms are used
e | in this book,

single wire M formerly BC will, if both loads are equal, carrv no curcent at all, so
it becomes a grounded neutral wire, If the [pads are unequal, it will carry only the
difference befween the current in A and that in B, but it i< still 4 m:l.u:rali .

Where use
Z-wire Circuifs
is long, as fo
dropisa cons
circuits are tl
instant hiot v
often start

Ume 3-wire circuit is especially recommended in place of 1wo
tor the small-appliance circuits discussed in Chapter 5. I the circuit
a yard light or as a feeder to a detached accessory building, voltage
deration (see pages 28-29), Other loads commonly served by 3 wire
dishwasher and wasie Iji_:u]:‘l,}ﬁf!_ the microwave oven and [.;j[cl.jen sink
ter heater, and the range and dryer. Even other peneral-use circuils
at the panelboard as 3-wire circuits to the first one or two outlets.
where they st off to become two 2-wire circuits.
Connecting
[the hot wire

tthe service Great care must be taken 1o connect wires A and B
f o opposite legs of the incoming service-entrance wires. Normally
the wire N'caffries only a small number of amperes, or no current at all il the loads
between A argl N and Band N, happen to be identical. Bur if vou connect A and
B to the samdlleg of the incoming service wires, then wire N would be carrving a
double load, possibly as much as 40 amps if 12 AW wire is used; its insulation
| s o . b Tare ¥

would be dagraged and fire might result. Remiember the grounded wire is not
|1r"|‘!"\.|'\.‘L| by & fuse or breaker.

Three-wire drcuits at receptacle and lighting outlets  \When adding recep

tacles to a 1h|'i':., wire circuit, the neutral must be espeaally watc

o, A red eptac le

has two terrmibal screws R B I 1, T S A
has two tern II1 il screws on each side. When wiring two - wire circuits, it 1s the usual

———
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practice to end two different grounded wires at these two terminals, as 15 done
especially when wiring with cable. But in wiring three-wire circuils, this must
not be done because removing a receptache, such as for replacement, would then
result in a break in the neutral wire during the nme there is no connection to the
receptacle, This would in turn place all the receptacles connected 1o one leg (beyond
the receptacle temporarily removed) in series with those connected to the other

leg, all a1 240 volts, Appliances would malfunction and be ruined or at least badly

damaged, and lamps would burn out,

Maintaining a continuous ground in three-wire circuits |t using conduit, run
a conlinuos wire with a loop as shown in Fig. 4-17. When using cable, there is
no way of making 4 loop so vou must make a pigtail splice as shown in Fig. +-15.
Connect the ends of the white wires of twa lengths of cable to each other and to
another short piece of white wire, the apposite end of which vou then connect
the white terminal screw of the receptacle, It is good practice to pigtail both the
grounded and hot wires al all receptacles where vou would otherwise use the two
terminals on each side for feeding through. In this way the removal of one receptacle
does not inlerrupt service tovother receplacles downstream, nor do the downstream
receptacles depend on the terminal screws or push-in connections as a substitute
v 4 good sphice. Pigtail neutrals at lighting outlets also, so that replacing a fixture
will not open the neutral to downstream outlets.

Installing split-wired receptacles on three-wire circuits  The split-wired (also
called two-circuit) recepracle shown in Fig. 10-12 can also be installed on the
three-wire circuit, wircd with one half on phase A, thie other on phase B (Fig, 10-15]
and a common neutral. This is often done in the kitchen, where two small-appli-
ance receplacle circuits are required, Be'sure that the branch-circuit disconnecting
means at the panelboard opens both hot wires with a single operation of the hand
=0 that future maintenance at these outlets can be done sately.

DETACHED GARAGES AND ACCESSORY BUILDINGS

Lighting and receptacle requirements for garages and accessory buildings are
discussed on page 15 as well as in this section. The feeder from the house to the
detached building may be run underground or overhead.

Running underground or overhead wiring If running the feeder under-
ground, vou may use Type UF cable, which can be buried directly, or regular circuit
wires with “W" ir the name can be installed in a raceway such as rigid nonmetallic
{ PV conduit. The feeder must be burnied at least 18 inches below grade. See further
discussion in the chapter on farm wiring on pages | 89— 190,

If you are going to use vverhead wiring, there are several ways that the wires can

ht out of the house and into a separate garage or accessory building

be hiroi

Figure 10—16 shows a very convenient entrance cap requiring only a Mln-_.'jt hole
through the wall. The cap is used at both ends and is suitable for use with cable
15 showrn Yo can also use conduit by running it directly into the fitting, which

ICLEHTITRMIATES inch conduat.
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One-piece -
head | _Connector
—

~(able

Fig. 10-16 The easiest way of bringing wires
into a garage or similar building s to use this
special entrance cap

shown in Fig. 10-17 is another way of using an ordinary enfrance cap (as used for
service entrances), a shurt piece of conduit, and an outlet box inside the building.

Wiring for lighting and receptacles  Foralight in a garage or accessory building
that can be controlled hoth there and at the house, three wires need 1o be run from
the house and a three-wav switch installed at each end, wired as shown in the basic
diagram of Fig, 10-18 on the next page.

For receptacles that operate independently of the garage light so they are always live
whether the light is on or off, four wires are required hetween house and garage.
Follow the diagram of Fig. 10-19.

Calculating feeder wire size  Feeder w¥te sive is based on the size of the load
it must carry. To calculate the load of an accessory building that is a woodworking
shup, machine shop, ceramic shop, greenhouse, ete, be sure to include the namcplate
ratings of all the equipment—unless it is a one-person shop where only one tool
will be used ata time. In that case, instead of adding all the tools together, just add
in the tool with the highest ampere rating, Pravide plenty of light, calculared at not
less than 3 watls per square foot, and add 180 voli-amperes for each general-use
recepracle, Dun't forget outside lighting so vou can safely get hack to the house
after dark. If the accessory building is some distance from the house, calculate the
virltage drop, or use Table 4-3, so the fecder will not be undersized.

Service _

head _~Dutlet box
Fig. 10-17 Another method Locknut and bushing
of entering a building using an
ordinary entrance cap, conduit,

and a box inside

i

™ Conduit nipple
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House

Fig. 10-18 Diagram for
garage light fied by 3 wires
from house with J-way
switch at each end

Fig. 10-19. 1f a
receptacie that is

|

|

]

P

l ta be permanently
;‘ o is added, 4 wires

are needed.

. i —— i ————— o —

Grounding Where there is equipment in the garage or other detached building
that requires grounding (metal boxes, grounding receptacles), either real t}_w
clectrical cireuit or feeder to the garage as vou would a service (as described in
Chapter &), installing a grounding electrode and a grounding electrode uunductf:.r,
or run a separate equipment grounding conductor between the two ’:.\uildhq.zs. Size
the grounding electrude conductor the same way vou wonild size a similar conductor
at the main service, using the discussion an this wpic in Chapter 8, but based on
the size of the feeder conductors instead of the main service conductors.

Where feeding one building from another, and where metal piping such as water
pipe runs between the two buildings, the grounded conduc tor at the sed I.”d building
must be insulated from the enclosure and not connected to the water pipe or other
prounding electrodes. In this case, a separate equipment grounding \'uruiucmf l
required to be run with the teeder, Any fault current returns to the service on this
comductor, This conductor, has a different sizing table in the NEC (Table 250.122),
which is based on the size of the largest overcurrent protective device ahead of the
wire. For |5-amp and 20-amp protective devices, size this conductor at 14 and 12
AWG respectively. For larger circuits up to 60 amps, use a [0 AWG wire; for sull
larger circuits up to LK amps, use an & AWG wire, and for even larger cit cuits {up o
200 amps) use a 6 AWG wire. These sizes pertain to copper wires; refer to the 1able

in the NEC for other cireuits or if vou are using aluminum grounding wires,

Disconnecting means  You must supply a local disconnecting means lor all
separate buildings and structures fed from another building on the property,
even an accessory building to a single-family dwelling, The NEC does relax the

rules a little for residential applications. For example, you can use snap sWilCnes as
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disconnets mstead of equipment suitable tor use as service equipment {the normal

r g w iy o - 1 1 i e . 3] — .
ulel. However, cach disconr cling means st muost be grouped and narked 1

indicate its function and the load served. For comparatively simple residential

outbuilding applications, the disconnecting rules boil down o the following
Ungrounded wires supplying a load intended to stay energized, such as a recep

tacle, must pass through a disconnecting means located at a re

LY aieess1Ddg
poInt nearest ihg point of entrandce
A snap switch 1s a permissible disconnecting means, including a three-way

switch with no identifiabl

€ OFF position.

I'he switches associated with a single source of supply, such as a sir

gle branch
circuit, must be grouped, although they needn’t be as close as adjacent snap
switches in a two-gang box.

Fach switch must be marked with its functi

on. If that function is obvious, such
as the overhead light, NEC 110,22 allows some basis for omitting this marking,

However, if vou do provide the marking vou wor't be challenged

Suppose vou install a receptacle that will supply a freezer, and the owner wants to
be assured that it won't be turned off inadvertently. Assume there will also be a light

controlled from the house and the garage using three-way switches, Mark the three-

way switch in the garage 1IGHT and run the receptacle feed through a single-pole
snap switch in another box near the three-way switch, perhaps at an odd height,
say 3 feet above the floor. Over the "“I'-":*. switch place a weatherproof cover that [
precludes inadvertent operation, and mark it RECES

IS OF sirmilar,
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CHAPTER 11

Cable—Nonmetallic-Sheathed and Armored

CABLE CONSISTS OF TW OR MORE wires assembled together and enclosed

in a covering. The bwo most commaon tvpes are nonmetallic-sheathed cable and

wrmored cable. For descriptions of their characteristics, including coverings and

size nomenclature, see pages 32-34

Approved locations and installation methods

tor the two tvpes are deseribed in this chapter.

NONMETALLIC-SHEATHED CABLE

Nonmetallic-sheathed cable is light in weight, simple (0 install without special
tools, and costs less than ether kinds of cable. Tt is often called “Romex,” which is
trade name of one manutacturer, There are three ki
MM, Type NMC, and Type NMS

Ty

additional sel of signaling conductors for use in applications vovered in NEC Article
¥
h

ds, which the NEC calls Type

we WMS s comparatively new. The “5” stands for signaling, and refers to an

784, the so-called “smiart house”

nology. As originally conceived, this technolagy

y addressable

anticipated a futuristic generation of household appliances featunr

uter chips for central control, The wiring involves uniquely configured recep-

tacle outlets that remain de-energized unless the appropriate appliance is installed
and is drawing its appropriate current,

This technology has proven premature, and other than a few prototypes, no such

houses have come on the general market. However, there are a number of wiring
schemes that provide for computerized control of specific outlets. As this baok

is written, there is @ major controversy brewing over whether Type NMS cabling

can be used for this other control method. As a g neral rule, control conductors
of the type anticipated in Tvpe NMS cabling aren't allowed within the same cable

tors. Be aware of this controversy, and

issembly (or raceway] as [AET cond
don't plan on installing this wiring without getting a riling in advance from your

lwcal 1
el 1T

Where used Tvp

Irawing, may

developed for use in
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exposure to the weather, and not to be buried in the ground. Type NMC may be used
instead of Type NM anvwhere. 1ts use is required in damp or corrosive locations such
as barns and other farm buildings (further discussed in Chapter 17,"Farm Wiring”),

damp basements. and so on. Install it as vou would ordinary Tvpe NAM,

In some localities it may be difficult 1o locate Type NMC cable. In that case use
[vpe UF. which 15 very similar, doesn't cost much more, and may be used wherever
[vpe NMLC may be used. In addition, it may be used m wet locations or buried
directly in the ground. Type Ul is discussed in more detail in Chapter 17 on pages

1RGS-1490

Building restrictions  There has been 4 dramatic change in the allowable uses
of Type NM cable in the 2002 NEC. Type NM can now be used i any building
permitted to be of Types HL IV, or V construction, even if actually constructed as
Type 1 or 11, provided the cable is located behind the same sort of thermal barrier
normally required for ENT (Fig. 12-7) in high-rise buildings, There is no NEC
waiver [or buildings with a sprinkler system, as is the case for ENT, however, building
codes generally permit more extensive buildings to be constructed as Tvpe 111, 1V,
or Vit a full sprinkler sysiem 1s in place.
This is the first time the NEC has put building construction types at the center
uf a rule governing the use of a wiring moethod. Refer to NEPA 220, Standard on
Types of Building Construction, fur the complete descriptions. Thevare summarized
as follows: *
Type I—All structural members are noncombustible {or limited-combustible)
and have fire ratings generallv of three or four hours (less in some cases)
depending on the specific usage.
B Tppe {I—Allstructural members are as in Type [ but the fire resistance generally
drops to two or one hours (less in some cases) depending om the specific usage,
W dype H—All exterior bearing walls are noncombustible (or limited combustible)
and have fire ratings of at least two hours, but inlerior structural elements can
be of approved combustible material,
Type IV—All exterior and interior bearing walls are noncombustible [or limited
combustible] and interior columns, beams, girders, arches, trusses, floors and
roofs are of heavy nmber construction without concealed spaces.
Type V—Buildings constructed of approved combustible material that for some
structural elements is subject to a minimum one-hour fire resistance rating,

For about thirty vears nonmetallic-sheathed cable could not be used anvwhere
IT, this

restriction applied whether or not the wiring was concealed behind a fire finish

in any building that cxceeded three floors above grade; in contrast to E

I'ne anly exception was in the case of a one- or two-family building, where it could
be used regardiess of 1013l hesght. This restniction became the subject of intense
and continuing national debate, Some jurisdictions imposed further restrictions,
and some others removed the height imitations entirelv. Be sure 1o review vour

local code because the 2002 NEC changes are likely to be subject to controversy in
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local code adoption proceedings. This change won't matter very much for single
farmily homes, but it may influence the choice of wiring method in many high
rise condominiums and hght commercial applications, in addition to many larger
applications beyond the scope of this book.

Ampacity restrictions  Although the individual conductors must, by NEC rule,
have a 90°C temperature rating, the final allowable ampacity must not exceed
that given in the 60°C column (refer to Table 4-1). This restricts the number of
cables that are “bundled” for longer than 24 inches, This includes routing more
than one cable through a suecession of single bored holes. You need to consider
this requirement in a basement, for example, where you might be tempted to run
large numbers of cables hack to the panelboard through a set of holes Tined up
through the floor joists and ending at the panel. As a practical matter, putting
NEC 310.15(B)i 2} a) together with 240.4¢B}{ 1) under this restriction means that
for common applications you can’t put more than four cables together through a
common set of holes,

Removing insulation Remove the outer jacket of the cable for 1010 12 inches.
Yiou can use a knife, cutting a slit parallel to the wires and being careful not o
damage the insulation of the individual wires, For Type NM, the cable ripper in
Fig. 11-1 is very handy and faster than a knife.

Bending Bending cable sharply may damage the outer cover. The NEC says that
all bends must be gradual so that, if continued in the torm of & complete circle, the
circle would be at least 10 times the diameter of the cable. Cable must always run
in continuons lengths from box o box with no splices except inside boxes.

Fastening (Cable must be fastened to the surface over which it runs every 414 feet,
also within 12 inches of every box. Use insulated straps of the general type shown
in Fig, 11-2, rather than the staples illustrated in Fig. 11-17, because it is too gasy
to damage the cable by driving staples too hard. Connectors and clamps should
be snug but not over-tightened 1o the point of conductor damage, Sometimes
such damage does not show up until later and is difficult to repair once the cable
is concealed in the walls,

Fig. 11-1 Using a cable stripper is the fastest way 1o remove insulation

Fig- 11-2 Support cable at least once every
47 feat. Use straps of this general type. =
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Whether exposed or concealed, cable =
may cither follow the side of wood \
members or run through holes bored in —
the approximate center of studs, joists, or Cable — .. *Running board
rafters, Where the edge of a bored hole or SI'.r.dp -

the nearest surface of a cable on the side

Fig.11-3 Exposed cable running across
timbers must be protected by a running
board to prevent damage.

is less than 1% inch from the face of the
wood member, a be-inch steel plate or 4
bushing must be installed to protect the
cable against future penctration by nails, etc. Feed and pull the cable carefully
through bored holes to avoid damaging the outer jacket.

Protecting exposed wiring  If the finished wiring is exposed ( for example in
unfinished basements ), see to it that the cable is protected against later mechanical
injury, The casiest way is to run it along the side of a stud or joist, If run at angles
to such timbers (unless the cable runs through bored holes), a running board
must first be installed (sec Fig. 11-3). The NEC is not specific about the size of
this running board but the so-called “1 by 27 is fine for the purpose. The cable
must never be run acenss free space, and must tollow the surface of the building
except when mounted on running boards. In unfinished basernents, it mav be run
through bored holes through the center of joists (cables §-3 AWG or 6.2 AWG or
heavier may be mounted directly across the bottoms of joists without a running
hoard ), Where run parallel o framing members, run cable on sides, 114 inches or
more from face. In accessible attics, cable may run at an angle to juists if protected
by guard strips at least as high as the cable; as in Fig, 11—, Onlv where necessary
to provide protection against physical damage, Tvpe NM cable can be deawn into
any raceway, with a bushing installed on the raceway ends.

By NEC definition, wiring
above suspended ceilings
with lifi-out panels is
comsidered “exposed.”
In all allowable uses of
Type NM cable other
than residential, new
restrictions enhance the

. Guard strips

[

support requirements for
this cable, In cases where it

is routed across bar joists,

e
&
LS
= “~—Cable

etc. above such ceilings, it
cannot be run “as open
runs.” It must be placed on
running boards or routed
Fig. 11-4 In artics, quard strips may be used, If run through  along structural members
bored holes. the cable needs no further protection in such locations.
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Use cable with grounding wire  Types MM and NMC are made both with and
without a bare uninsulated (or green) grounding wire in addition to the two or
three insulated circuit wires, but are seldom seen without the grounding wire, See
Figs. 4-5A and 4-3B. In Chapter 10, the diagrams and explanations of wiring proce-
dures are simplified by leaving out the grounding wire, But for most installations
using nonmetallic-sheathed cable, vou will use the kind with the bare uninsulated
grounding wire. Connections for the bare grounding wire are explained below.

Where used (Cable with grounding wire is required to run to practically every
box, though at one time it was required to run only to boxes containing receptacles.
Since all receptacles in a dwelling must be of the three-wire grounding type, and
all exposed metal parts of lighting fixtures and all metal boxes must be grounded,
the only location where cable without a grounding conductor could be used
would be to a nonmetallic fixture (such as the keyless porcelain or plastic socket in
Fig. 9-4F] or to a switch in a nonmetallic box with a nonmetallic cover plate held
on by nylon screws. It is more practical to use only cable with a separate bare (or
green ) grounding conductor to every box. In fact, the nongrounding conhguration
is very unlikelv o be available even if vou could use it

Connecting the grounding wire At the starting point in the service equipment,
connect the bare grounding wire to the neutral strap, or separate grounding bus,
in the cabinet. If the circuit originates in 2 separate panelboard that is ot part of
the service eguipment, the bare groumding wire must be connected to a separate
equipment grounding bus that is grounded to the cabinet and not to the neutral
because the neutral is insulated from the cabinet ar such locations. At all boxes,
connect the insulated wires as if no grounding wire were involved. At cach outler
or switch o, the bare wire must be properly connected. If two ends of bare wire
enter the box, cut another piece of bare wire a few inches long or use a commercially
available green insulated or bare pigtail assembled to a screw. Connect all three
ends solidly together—you can use a solderless connector (Fig, 4-18). Ground
the opposite end of the short wire to the box itself. You can use a clip (Fig. 11-5),

- Grounding
/ wire to receptacle
Wallofbox o {
Grounding wire
to receptacle K‘ Switch box

Fig.11-5 The grounding wire to the green terminal of a receptacle may be grounded to the
Do using either a grounding screw or grounding clip a5 shown at left above
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or install an extra screw in one of the unused holes in the box. That screw mav be
used only for grounding the bare wire:

Receptacles in boxes 1f a receptacle is to be installed in the box, run a bare wire
tor insulated green wire) from the green terminal of the receptacle to the junction
of the other bare wires. Your solderless connector will then join four ends of Bare
wire. See Fig. 11-6.

Solderless However, many UL listed

To green terminal connector self-grounding recepracles
of receptacle T :

|_ are now available with
-

bP'l’:L‘ial maoaint |['|g SCEEWS
held captive by wire
) springs for connecling
Screwin box  he receptacle to flush

mounted boxes, providing
an elfective bond between
the receptacle voke and the
metal hox, {When using
nanmetallic boxes there
is ne need to connegt the
bare wire to the bux, but all the bare wires must be connected to each other and to
the green lerminal of the receptacle.} If a receptacle is installed in a surface-mounted
o such as 2 handy box in a basement, so that the mounting strap or voke is in
good solid contact with the box, the wire from the green terminal is not required.
Regardless of circumstances, the bare wires in the cables must always be connected
le cach other and to the box. Be sure to fold all the bare wires well back into the
box so they cannot later touch a live terminal on H::* receptacle.

Fig. 11-6 How to install the bare grounding wire aof
nonmetallic-shaathed cable,

Importance of a continuousground Mo matter what kind of boxes are used, the
grounding wire must be installed so that it will be continuous from box to box all
the way back to the service equipment. Removing a receptacle or other device from
the box must not interrupt the continuity of the wire, This is in the interest of good
grounding, which means a greater degree of safety. Instructions for conducting a
continuity test are given in the next paragraph. .
Testing the installation Even experienced electricians who have confidence
in their work test their installations. You should tkst vour work before it is covered
up and before receptacles, switches, and fixture have been installed so that any
corrections can be made while it is still accessible. Do your testing before the power
n.upplic: has energized your installation. There are two tests. The purpose of the
first is to check for accidental grounds, and the purpose of the second is 10 make
SUre e Conduclurs are continucos.

For both tests all vou need is a continuity tester similar to that shown in Fip. 11-7
It is 2 “penlight” flashlight adapted for testing, Before sach use, test the tastar Iyy
touching the alligator clip on the flexible lead to the projecting prod at the flamp
enl. If the tester is working, the lamp should light
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Fig. 11-7 A continuity tester.
Use anly on de-energized
circwits, It is also handy far
testing fuses. (AW Sperry

Iy Hreuanis ng

Testing for accidental grounds  Conduct this first test after the rough wiring is
completed. In new construction that means worrk at the panelboard 1s cum-,TIetf.-d
and all permanent splices in the branch circuits are completed. Conduct this tesy
before the power supplier has energized your installation. At the }1.+1|:-Ihmrd.. be
sure all the circuit breakers are off or the fuses removed, At gach switch location,
temporarily connect together the hot leg and the switch leg, either by using a
solderless connector or just by hooking the bare wires together, Now go to cach
lighting or receptacle outlet and connect the alligator dlip of the tester to the switch
leg supplying the fixture (or the hot leg to the receptacle ), and conneat the prod
on the tester to the cquipment grounding conductor (there should be onc at every
outlet) as [ollows:
If the box is nonmetallic—simply touch the tester prod to the bare or green
grounding wire,
If (he hox is metal—the grounding wire or cable armor should have been
connected to the bus, so simply touch the tester prod to the box.
In either case; the test light should not go on. This establishes that the hot wires
throughout the job are “dlean”—not acidentally grounded.
Testing for continuity  For this test, use a wire jumper {consisting of short WIES
that you cut for this purpose ! to temporarily connect the two “hot” lerminals (black,
or black and red} and the neutral grounded { white} terminal together at the panel-
hoard. ‘Turn all of the circuit breakers on, or insert all the fuses. Now return to each
outlet and use the continuity tester to test between the hot (black) wire and the
arounded (white) wire at each outlet. The test lamp should light, showing there
is continuity in both sides of the circuit back to the panclboard. When testing is
completed, he sure to remove the jumper at the panelboard.

ARMORED CABLE

Armored cable (Type AC) is called "BX" by many people, though that is the

trademark of one particular manufacturer. It is quite simple in construction |see

Fig. 11-8), The wires are thermosetting or thermoplastic, each wrappedina spiral
ver of tough paper. The spiral armor is made of aluminum or galvanized steel and

o




128 INSTALLING SERVICE EQUIPMENT AND WIRING

15 strong but flexible. Between the paper and the armor there is a bare aluminum
bonding strip or wire. This, together with the armor itself, serves the same purpose
as the bare grounding wire in nonmetallic-sheathed cable. The armor itself is a very
poor grounding conductor compared with copper hecause the spiral turns of the
armor do not make good electrical contact with each other. The bonding strip is
necessary to assure low resistance and a good ground.

___ —DBonding strip
R EWER VR

1 W i

Fig. 11-8 Armored cable consists of 2 or 3 wires protected by 2 layer of tough paper and
flexible aluminum or galvanized steel armor. Note the bonding strip under the armar.

Another cable with interlocking metal tape armor, called metal-clad, Type MC, is
similar in appearance 1o Tvpe AC cable and can be used in the same loncations and
cnvironments. Instead of supplementing the fault return path of the armor with
an aluminum strip, Tvpe MC cable includes a separate green insulated conductor
for equipment grounding purposes, There are actually three types of MO cable, but
this form, called “interlocking-armor™ type, is the only one used for installations
commonly within the scope of this boolk.

Where used Armored cable may be used only in permanently dry locations.
Dan't use it outdoors. Type M cable is available with a nonmetallic outer jackel
suitable for more extensive uses, including one form suitable for direct burial,

Cutting The safest and quickest method of culdng armored cable is o use a
patented cable culter as shown in Fig. 11-9. It employs a circular saw blade to cut
the armor, and has a stop to prevent cutting into the conductors. Make the cut
about 10 inches from the end so you will have plenty of wire in the box for connec-
tions. If a cable cutter is not available, use a hacksaw, holding it at a right angle 10
the strip of armor (Fig. 11-10). Be careful to saw only through the armor without
touching the insulation of the wires
or the bonding strip. This is not easy,
so it helps to make some practice cuts
on scrap cable, Try bending the cable
sharply at the point where it is 1o be
cut. It 15 difficult to saw completely
through a single turn of armor,
but usually if the center part of the
strip is sawed completely through
and the edges partly through, a
sharp bend will break the armor
and a sharp rwist will remove the

Fig. 11-% A cabile cutter offers the safest and
guickest method of cutting armored cable
short end (see Fig. 11-111. Gearek (o ind
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< Fig. 11-10 In cutting armaored
cable with a hacksaw, note the
proper angie of the blade. Be
careful not to damage the wires

Fig. 11-11 A twist will remove the cut
end of the armar. Let about 8 inches of
wire extend beyond the armar. =

Anti-short bushings and connectors 1 you cutalength of cable and examine
the cut end of the armaor, you will find sharp, jagged edges ponting inward toward
the wire. These teeth tend to puncture the insulation of the wire and cause short
circuits and grounds. The NEC requires bushings of tough fiber or plastic to be
inserted at the ends of the cable between the steel armor and the wires. These are
called “anti-short bushings™ and are supplied with the cable (see Fig. 11-12}.

Fig. 11-12 Always use a fiber or plastic anti-shaort bushing at the
end of tha cable between wires and the armar, It pravides protection
against the sharp edges of the armar that might puncture 3 wire and
rause a ground o a short cifcuit,

In somie cables an overall paper wrapping may make it difficult to nsert the anti-short
hushing. To make room for it, unwind the paper a tew turns !.mdc-r the armor, then
give it a sharp yank and it will tear off inside the armor [see |lg\ 11-F3and L1-14).
I'hen insert the anti-short bushing as shown in Fig. 11-15. Figure 11-16 shows 4
cross-section of a picce of cable with the anti-short bushing properly inserted.
Leave an inch or two of the bonding strip projecting beyond the end of the armor.
Insert the anti-short bushing as described above, then fold the bonding strip over
the bushing and back along the cutside of the armor. The bonding strip will help
hold the bushing in place until the connector is installed.

Then install a connector as shown in Figs. 9-12 and 9-13 (unless you are using
hoxes with cable clamps, which make the use of cable connectors unnecessary). [he
connectors used with armored cable are similar to those used with nonmetallic-
sheathed cable except that at the end that goes into the box there are "peepholes”
through which the color of the anti-short bushing can be seen. This allows the

mspector to see that the bushings have been installed. If vou don't use the bushings,

your job won't be passed by the imspector.

PR
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Fig. 11-13 In

unwing a rew [u

rat Fig. 11-14 A sharp yank tears off the o

Insi0e The armar, and makes roor

ANt-5N3rT bushing

" Anti-short

__.-"-'Jﬂ_'_'- : ; e |
“push |*-:1_/ e

Fig.11-15 Insert the anti-short bushing Fig. 11-16 A properly installed anti-short
DRETWESN WINCE and armaor bushing.

For 1y pe MO cable, the anti-short bushing isn't reguired at the cut ends of the armor.
but some manufacturers furnish thern with each coil of vable, and it is a good idea
to use them. Fitlings must be identified as suitable for use w

Type M cable.

Installing armored cable Afier vou have prepared the ends of the armored
cable with bushings and connectors, install the cable as described for nonme-
tallic-sheathed cable on

e | 24, Like nonmetallic-sheathed cable, armaored cable

st be supported every 4': feet and also within 12 inches of each hox. It mav be
supported using straps  Fig. 11-2) similar to those used with nonmetallic-sheathed

cable, but staples are more frequently used: see Fig. 11-17. The beltter ones are

plated to resist rust. Drive the staples home wigs a hammer, but not hard enough
to damage the cable. ‘

[

| o oy A st R L P
For armored cable, the problems concerning correct colars of wire are exactly the

same as with nonmetallic-sheathed cable. As with nonmetallic cab e, splices are not
permitted. The cable must be in one pece from box to box, If a splice i3 necessary,

mike it in a junction box as shown in Fig, 10-11
Anchoring for grounded connections Be especially careful in anchoring the
to outlet and switch boxes, The connector must be tghtly \.I.".|':1-_‘L'x:

CONnectors

o the armor of the cable. Afler inserting

he connector into the knockout of the

FOX,
|

drive the locknut down tightly enoush to ite

Fig. 11-17 51

UPROTTer

."_I i .
down mnito the 1
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stnp 15 als winded. If the black wire

5 _;-'.I'l.l'.l'.'ll.ll.'l.l [he grounding

moved acadentally touches the armor of

at some point where the insulation s 1

¢ white wire, It is a ground fault and

the box, the result 15 the same as tou !
blow or the arcuit breaker to open—a

causes the hase protecting mhat Carc

signal that something is wrong

Grounding terminals of receptacles in boxes The green grounding termina
of the receptacle must be effectively :_-'|l.':.|r|l.|l.'l.! But with armored cable there is
no need for the extra grounding wire that is part of nonmetallic-sheathed cable
Instead, the armaor of the cable and the bare aluminum grou r'u'irlg, strip inder the

armor serve the same purpose. On the other hand, interl lncking-armor Tyvpe M(

cable, like NM ¢
conductor is h.am:lcd ust as the one for NM ~..-.I.~|<-.

-, will always have a separate grounding o snductor, and that

I the mounting yoke of the receptacle is in firm and solid metal-to-metal contact
with the bax, as in surface w i_]'|_r'|g_ nio further action is necessary. In flush work the
plaster ears on the yoke of the receptacle usually prevent it from resting directly on
the hox. As a result the only metallic contact between the box and the receptacle
is through the small mounting screws, and that is not good enough. Unless you
use the specially approved self-grounding receptacles designed for use without the
arounding wire in melal boxes (see page 126), you must install a short length of wire
from the green terminal of the -E-_e'n:am_ to the box, using either of the methods
hle on pages 125-126.

discussed for non mietallic-sheath

Testing the installation  Perform the same tests described earlier in this chapter
on page 127, In the test for accidental grounds, use the sccond test {starts with
“If the box is metal...”} which calls for touching the tester prod to the metal box,

because only metal boxes are used with arn'_-a'-r:'xl cahle.
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CHAPTER 12

Tubular raceways

RACEWAYS ARE PROTECTIVE wiring enclosure through which conductors are
pulled or otherwise inserted after the conduit is installed. The wires and cable mas
also be remuoved from conduil if necessary. This chapter covers common tubular
raceways, through which wires are pulied from end 1o end, The NFC recognizes
many other racewavs, including forms into which wires may be installed througl
removable covers, such as multioutlet assemblics (Fig, 13 23). The most -_'fy:nn'.-u:;:h-
used types of tubular raceways are rigid metal condult ( RMC), tizid nonmetallic
conduit (RNC}, intérmediate metal conduit (1M, clectrical ;n-,-|,.||g¢ tubing
ik ._'\1'I';, electrical nonmetallic tubing (ENT), flexible metal conduit [EMC) [also
referred to as "Mlex” or by the trade name “Greenfield” ), and liguidtisht Aexible
metal conduit (LFMC) and liquidtight flexible nonmetallic conduit (LENC), This
chapter explains general installation procedures, followed by details specific o cach
of these tubular raceways,

CHOOSING AND INSTALLING TUBULAR RACEWAYS

For raceway siz¢s there are specific NEC reqauiremnents for sach tvpe, while the
general information given below about box depth, bending, and anchoring applics
toseveral types. In general, these raceways may be broadly divided into three groups:
nonflexible heavy-wall 1ypes, all of which have the term “conduit™ in their name:
nonflexible thinwall types, all of which have the term “tubing” in their name, and

Hexible types, all of which have the term “flexible” in their name. All raceway wi

B

methods must be listed, which means they must bear the label of 3 recognized

oratory. Review Chaprer | for examples,

Calculating correct raceway size  The size of raceway vou will need to use is
b odr ol B 2k n -
aciermnsd |"- e raceway o P{ .|i||.j I|'..:-;|;r;'||.'|']g-._-.|| and "|.I"|'I|'|"_.’ ol wires, W |-| itV

type of tubular raceway is used, Tables C1, C3, C4, and C8 in Annex C of the NE(

restrict the number of wires that may be used instde each size and 1y pe. MNote that
these tables are specific to cach type of wiring method, because the actual cros

E d, because the actual cross
sectional area of cach wiring method differs. These fill taliles occt Py 32 papes in
the VEL ey cannot be reproduoce ' '
132
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Tir calculate the minimumm size raceway for combinations of different sizes of wires
or types of insulation m the same raceway, refer 1o Chapter 9 in the NEC, Use
Table | to find the permitted percentage of hll in & raceway, Table 4 10 find internal
dimensions of wiring methods, and Table 5 to find dimensions of insulated wires.

Again, these NEC tables are too lengthy to reproduce here

Box depth with all raceway types When installing any kind of raceway, be
SUTNE T LSE DOXNES \.!l.'i';"l.'l'nlla'_:.!l'l so that the knockouts on the sides or ends of the box
are sufficiently near the back to allow room for the conduit behind the thickness
of the wall or ceiling finish material,

Bends in raceway No run (as the raceway from box to box is called ) may have
more than the equivalent of four quarter-bends (4 1otal of 360 degrees) in it Unul
yos gain experience you may find it best 1o hend the raceway first, then cut to the
required length, because the finished piece after bending may turn out to be a
fraction of an inch too long or too short,

Anchoring with pipe straps  Support the raceway using pipe straps. |1 must
be supparted within 3 feet of every box, with additional supports not more than
e sizes 2 and % rigid metal

10 fect apart for electrical metallic tubing and for rra
conduit and intermediate metal conduit. You can find support spacing requirements
for karger rigid and intermediate metal conduits in Table 344.30(B)(2) of the NEC.
Nommetallic raceways and fexible raceways have different support requirements,

covered later in the chapier.

Wires in tubular raceways All ;
wires must be continuous, with no @

splices permitted inside the run, The

—

raceway is first installed, and the wire
is pulled into it later. See page 140
for instructions on pulling wire into

Fig.12-1 Rigid metal conduit keoks like water
pipe but differs in several important aspects.|t
comesanly in 10-foot lengths and each length
FACEWEY, bears a UL label

NOMNFLEXIBLE HEAVY-WALL CONDUIT

Location requirements and other details of the three types of heavy-wall condut are
described here, Thimwall and flexible methods are covered later in this chapter.
Rigid metal conduit (RMC)  Generally steel, thoughit may be made of aluminum
or other metals, rigid metal conduin (Fig, 12-1] differs from water pipe in thatit is
carefully inspected to make sure the inside is entirely smooth 1o prevent damage
10y the wires as they are pulled into the pipe. It has a rust-resistant finish inside
and outside

Whereused HRigid metal conduit may be uscd either indoors or outdoors, but it
ection in corrosive locations such as in cinder fll

may :-'.:I_Il“.-\. \III"'.'lL'I'!‘ir:'l-![JrT [l
Sizes RMO has approximately the same dimensions as equivalent sizes of stan-
dard weight water pipe, Actual dimensions of standard sizes of raceways do not

actly correspond to their common nominal rade sizes. For this reason, and for
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compatibility with countries using the metric system, the NEC no longer refers 1o
raceways as ~ |-inch” and so on. Starting with the 2002 NEC, "“trade size designa-
tors” or “metric designators” (depending on the measurement system ) are used
instead. These designators have no units. Standard sizes of rigid metal conduit are
trade sizes by, ¥, 1, 114 105, 2oand 2%, plus larger sizes used mostly in commercial
and industrial work. The actual mside diameter in inches is slightly larger than the
corresponding trade size designator,

Bending It conduit is bent sharply, it will collapse. Bends must be gentle and
gradual so the internal diameter will not be reduced at the bend. The NEC requires
bends which, if made with most benders and if continued into the torm of a
complete circle, would be at least 8 inches in diameter | measured o the centerline
of the conduit ) for trade stre Y Pinches for trade size 3 L anches for trade size 13
I4'z inches for trade size Ly 16Y inches for trade size 19 19 inches for trade size 2;
and 21 inches for trade size 21 To do a good job, use a bender similar to the one
shown in Fig. 12-2, available up to | inch (1%-inch for EMT, covered later in the
chapter), For larger sizes; usc factory-bent elbows, The allowable radii for all sizes
are in NEC Table 344,24, A separate set of dimensions is included for conduit bent
with a hickey, which does not offer as much support for the raceway, and which is
inched slong the conduit instead of making the bend in one shat (motion ),
Cutting and threading  The preferred way to cut rigid metal conduit is to use a
hacksaw with a blade having 14 teeth to the inch. Curting leaves a sharp edge or at
least burrs at the cut, which can damage wires as they are pulled into the conduit.
Use a pipe reamer to remove these dangerous projections. Thread the conduit using
dies similar to those used with water pipe, with a taper of % inch 1o the foot.
Anchoring with locknut and bushing  Conduit is anchored (o a box by means
of a locknut and bushing (see Fig. 12-3}. The locknit is used on the outside of
the box, the bushing on the inside {see Fig, 12-4). The locknut is not flat, but has
teeth on one side; the side with the teeth faces the hox, The bushing has a rounded
surface on the inside diameter over which the wires slide while being pulled into
the pipe. To install, first screw the locknut on the pipe as far as it will go, but don't
do the final tightening yel. Next slide the pipe thiugh the knockout in the box.

Fig. 12-2 A canduit bender, and
method of use. This one bends
I-inch rigid or intermediate metal
conduit, or 1%-inch EMT. For best
results, wuse the heawiest foot
pressure you can manage. This
bender has a hinged, two-position
foot pad allowing heavy, straighi-
down foot pressure throughout the

t".'=".'|i|'=' PIoCess.
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- Enclosure wall

Bushing & Locknut

Fig. 12-3 Conduit | fastened to .

boxes by means af loeknuts and > P )

bushings, both shown abawve. r _ _
- g ) ' v L Conduit (listed)
Fig. 12-4 This shows |'.-DW a locknut | T acknut edge
and bushing are used, Be sure the Rounded lip bites into box

Jocknist is driven solidly home, W

Install the metal bushing on the inside of the box, screwing it vn tightly as far s it
will go. Finally, tighten up the locknut on the outside of the box making sure the
teeth dig down into the metal of the box. It is common today to use nonmetallic
bushings, which doan excellent joly of protecting the wires, It which are not strong
enough o anchor the conduit. Use a locknut on both sides of the enclosure wall,
and then add the nonmetallic bushing,

Grounding It is important to tighten the locknut as just described in order 1o
provide a gond continuous ground. Many electricians p]’a_'fL'T—.%l‘--.{ some local codes
require—ihe double-locknut procedure just described. After applving rl'n? _dnuhlu:'
locknuts vou can use either 2 nonmetallic or metallic bushing. However, it any of
the ungrounded wires heing pulled in are 4 AWG or larger, the bushing must be
nanmetallic, or if metal, it must have a nonmetallic insert in its throat. The NEC
requires double locknuts {and no concentric or eccentric kno Lnut..a‘l where '-.'i.!'\.'Lli..'H\
are over 250 volts to ground, Otherwise, use a grounding bushing as shown in
Fig. 825 with 4 wire connected to bond to the main wall of the enclosure. Size this
wire just as yous would an equipment grounding conductor, as covered under the
topic “Grounding” near the end of Chapter T0.

Rigid nonmetallic conduit (RNC)  Thercare many types of nonrn.{*l.ﬂli.u conduit.
Impregnated fiber, fiberglass epoxy, and polyethylene are used primarily under-
ground. Only polyvinylchloride (PVC) is discussed here, It is light in weight, easy
0 install, and has excellent moisture and corrosion resistance. When calculating
fill for PVC, be sure to include the equipment grounding conductor, required in
essetially every run. See NEC Article 352 for further details.

Where used Except for some hazardous locations and for support of hxtures,

PV can be used wherever rigid metal conduit is permitted, and is preferred for

somie corrosive locations
Sizes PVC conduit in “Schedule 40" has the same dimensions as rigid metal
conduit, and in the heavier-wall “Schedule 507 it has the same outside dimensions

bt reduced inside dimensions
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Bending ouplings and fittings are solvent-cement “welded” wo the outside of the

conduit. Factory-made bends and elbows are available, or the conduit can be field

bent by first applyir

ig 1o [orm the
bend, followed by applying a wet cloth to cool it. There are several commercially

heat 1o soften the material and then using a

produced bending heaters available using liquid, air, or convection. In the larger

sizes, steps must be taken o maintain the round cross section at bends so it does

not flatten

Cutting Anyv fine-toothed saw can be Used to cut the material. The cut ends

should be reamed inside and out.

Intermediate metal conduit (IMC)  Made of steel only, IMC has slightly smaller

wall thickness and larger inside diameter than rigid metal conduit

Whereused  In general, IMC s recognized for the same uses as rigid metal conduit.

Cutting and bending | utting, threading, and bending are done the same as for

rigid metal conduit, except that benders providing side wall support, similar o the

LT | " 3 1 g 1 T

EMT bender shown in Fig: 12-2, must be used because the thinner walls must be

supported to prevent collapse during bending. Threaded ends will appear a lirtle
(7 o - wl et 1 .. o N

different; as the tops of the first few threads will be flar, bur propecly cut threads

will mate with slandard conduit fittings,

TUBING (THINWALL NONFLEXIBLE RACEWAYS)

lwo types in common use, one metallic and one nonmetallic, are covered in this
chapter.

Electrical metallic tubing (EMT) I'his is also called thinwall conduir, although
115 not properly described as conduin., 1t is shown in Fig. 12-5.

Where used FMT may
( 0

be used either indoors ar
outdoors.

Fig. 12-5 EMT cannct be threaded. It is much lighter
than rigid conduit. It comes only in 10-faat lengths,

Sizes In trade sizes
through 14y, it has the same
inside diameter as rigid metal conduit. The ousside diameter for these sizes is much
smaller than for rigid conduit because the wall is much thinner: in fact the wall is
so thin that it cannot be threaded. In trade sfes 2 and larger, EMT has the same
outside diameter as rigidd metal condun :

Cutting and bending A hacksaw with 32 teeth to the inch is the most cOmve-
nient tool for cutting EMT. The tubing must be reamed after curting. Bend it as
viou would rigid metal conduit, but it requires more care (and pressure | to keep it

-:-:,|1J'| against the inner radius of the hender to avond kimking.

Anchoring with couplings and connectors Lengths are coupled topether and

connected to boxes with Specidl pressure Qttings—coupling and connector of one

type are shown in Fig. 12-6, together with a typical setscrew fitting. Be sure the
end of the tubing goes all the way into the connector, against the shoulder stop.
Tk -

tenung the fiut (or setscrew | securely clamps the whing into the Atting,

Chapter 12 Tubular raceways

Electrical nonmetallic tubing P ] =]

(ENT) As BNC is the nonme- > s

AN <NV
tallic counterpart to RMC, W?ﬁ" h¥ }'ﬁ )%\ =
\ } N . 1

electrical nonmetallic tubing is

s ety _EIIM I-,'. c _-‘ Fig.12-6 Acompressionconnectorand coupling [left
made of the jdentical PVL in and center) used with thinwall conduit. The connector

trade sizes up to 2 inches, butin e fight, by comparison, Uses 3 setscrew instead

a -_nrrni;.lrrxl wall construction of a compression ring to secure the tubing

that allows 1t to be bent by hand

without the application of heat, It can be supphied m continuous lengths from a reel

It is even available as a prewired assembly with specified conductor combinations
already I_'||_|_‘||;_-._| 1n |:'||,;,.\_ . However, it is not a cahle, and it is subject to all the normal
restrictions for raceways, including the 360-degree bend rule. [t must be supported
every 3 feet, and within 3 feet of terminations. It cannot be used outdoors or for
direct burial, however, it can be used in cases where it runs in concrete, even if the
concrete is below grade,

Since the outside diameter and chemical composition of this product is the same
as for PVC rigid nonmetallic conduil, you can use the same solvent-welded httings.
But there arc smap-on fittings that are much quicker to apply (Fig. 12-7). For
commercial wiring use either PVC or plastic boxes and plaster rings, although
mital boxes are acceptable as long as vou don't forget to ground them. ENT is also
available in 4 prewired configuration.

You can wuse the ENT wiring method either exposed or concealed in lowe-rise
construction, However, in buildings that exceed three fours above grade, it musl
never be exposed, even in the first three floors. Instead, in other than fully sprin-
klered buildings, it needs (0 be behind a thermal barrier that has at least a 15-minute
finish rating as defined in listings of fire-rated assemblies. In the case of walls, this
is fairly casy to arrange because most bi-inch drywall used in commercial construc-
tion carries this rating. The same holds true above a drywall ceiling. However, if
there is a suspended ceiling (common in commercial
occupancies f, check with the building inspector: The

port grid and the cetling panels need 1o be iden

su

tified as a combination for this duty, For example,

having 15-minute pancls would do no good if the

I-bars dumped those panels onto the floor after 11

minutes of fire exposure.
Fhe first Aoor is defined as the one with at least half

its exterior wall area at or above grade level; one

Fig. 12-7 This shows the corrugations on ENT, which aflow

it ta be bent by hand (a“pliable” raceway according to the

definition]. A snap-on connector has been added, which

s it ane of the knockouts i
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addinonal floor level at the base is allowed {or vehicle parking or storage, provided

it is not designed for human hahitation. Beginning with the 2002 NEC, ENT can
also be used in high-rise buildings (those over three floors above grade | without
the use of a thermal barrier if the entire building has a complete fire sprinkler
sysiemn in full compliance with NFPA {3, Standard for the Installation of Sprinkler
Spstems. The sprinkler svstem must cover all tloors, not just the area where the use

of ENT 15 being considered.

FLEXIBLE RACEWAYS

Jhl'r:L' N |'|-'.""- PRV O mirmoey use are Joversd i_='|

this chapter. Twa are metal, one being
covered with @ nonmetallic, waterproof jacket, 1'he third type is also waterproof, but
instead of having a nonmetallic jacket over a metal core, it is entirely nonmetallic

I Cross S2Ctioen,

Flexible metal conduit (FMC) Thiswu ing method, shown in Fig, 12-8, is avail
ablein both steel and lightweight aluminum, It is commonly referred to as “flex”
or by the trade name *Greenfichl” Flexible metal conduir is similar to the armor
of armared cable bul the wires are pulled in after the flex is installed.

Whereused LUseonlyindoors
in permanently dry locations

runless using wire approved

for wet locations—one having
a “Win the type designation,
such as Type TWh FMC is not
commuonly used for a complete wiring system except in a few communities, bur it is

Fig.12~8 Flexible conduit is installed inthe same way
as armored cable, bul wires are pulled into place later.

widely used where some flexibility or movement is required, such as for motors.
Sizes Thesmallest for general use is trade size 4, but it has about a %-inch outside
diameter. Trade size %, which looks like smaller sizes of Type AC or some MO cables,
is permitted for connecting single appliances and fixtures. Refer o NEC 348.20(A)
and Table 348,22 for size and wire fill restrictions for this size product,
Anchoring with connectors  Install flexible metal conduit as you would armored
cable, Use connectors of proper size, and then |15,_|| the wires into place.
Grounding You must also install a grounding wire, which may be bare, or
insulated if green. But in lengths up 1o 6 feet, where flexibility is not required andd
vibration is not present, and where the conductors are protected ar 20 amps or
less, the flex may serve as the equipment grounding means without an additienal
grounding wire. Refer to the grounding topic near the end of Chapter 10 fur the
minimum grounding wire sizes. This wire is connected just as the bare grounding

wire is connected in nonmetallic-sheathed cable. Ground the green terminals of

receptacles as with nonmetallic-sheathed cable

Testing the installation  Test as for nonmetallic-she:

as described on pages 126127 11 the Previouns chi

ed cable and armored cable

ter. In the test for aco

Broumnds, use the seccond test (starts with “If the box 1s metal 1, which cal

touching the tester prod to the metal box
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Liquidtight flexible metal conduit (LFMC) This material is simular to ordi-
nary flexible metal conduit, plus it has an outer liquidtight nonmetailic sunlight-
resistant jacket. It is commonly called “Scaltite” which is the trade name of one
manufacturer. It is covered by NEC Article 350, Figure 12-9 shows both the material
and the special connector that must be used with it In arder to properly seat the
connector, take care to cut the conduit squarely, Part of the connector goes inside
the conduit, making a good connection for grounding continuity; part of it goes
owver the outside, forming a watertight seal. The plastic content in the outer jacket
limits the amount of heat it will stand. [n general, size vour wires so the current
they will carry dues not exceed the 60°C ampacity column limits (in Table 4-1,
Type TW wire) because higher temperatures will soften the jacket. You can exceed
those limits if the product is marked accordingly. The product is made and can be
used in the smaller ¥ trade size for applications similar to those where * trade size
flexible metal conduit can be used (and with the same wire fill)

In general, as in the case
of flexible metal conduit,

L Fig. 12-9 Liguidtight flexible conduit
and the speceal fittings used with it
v need 1o install & sepa-
rate equipment grounding
conductor when you use this
product, Similarly, there is a

limited exception for small
circuits running with not over 6 feet of flexible wiring in the total grounding return
path, and with a similar restriction against use where flexibility s required—however
in this case the exception is considerably more complex. The limit is 20 amps in
the 4 and % trade sizes, and 60 amps in the ¥, 1, and 1% trade sizes. Larger sizes
cannot be wsed for this purpose regardless of circuit size. There is another compli
cation. For many decades this wiring method was widely—and in many locations
exclusively—available as an unlisted product. The unlisted versions of this product
do not provide the grounding continuity of the listed products {along with other
deficiencies). The listed varicties have a strip of copper wound into the convolu-
tinns, and only those varieties qualify for the limited grounding path allowances.
Ise of the listed product is now an NEC requirement; make sure that what vou are
being sold is actually listed,

Liquidtight flexible nonmetallic conduit (LFNC)  This material has the same
function as its metallic precursor, but has a completely nonmetallic wall. Tt is avail-
ively uncommon—the "A” type with

able in three forms, two of which are re
reinforcement between the core and cover, and the “C” tvpe having a corrugated
will without additional reinforeement. The “B” type, with integral reinforcement
within the conduit wall, has become a very popular wiring method. This type does
not have the restriction to 6 feet (unless a longer length is required for flexibiliry,
fatively unusual circumstance ) that the other tvpes share. As in the case of the

I h I o o
¢ version, vou have o' be sure the enclosed wares don't run above B0, unless

the product is marked accordingly
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Both this product and the metallic viersion can be used outdoors, and even directlsy
buried if listed and marked for this duty. Where expased to sunlight, it must be
marked tor this dury as well

INSTALLING WIRES IN CONDUIT

hssume that you have installed the conduit for outlets A, B, €, and [ of Fig, 10

m |__"I.'I["r:.': (1 The mstallation will look as shown in .f.l" 12-10. You are readv to
pull the wires into place. For a short run with just two small wires, thev can proh-
ably be simply pushed in 41 one end and throu

longer or have bends, fish tape must be used,

1 the next outlet. If the runs are

Using fish tape [l
tape 15 a highlv tempered
steel tape about & inch
10-2 installed with runs of wide and Vo inch thick,
candult and ready for wires As purchased, it will have a

tr be pulled in, foop formed at one end. The
! tape is flexible enpugh o

~ _. gu around coeners, but stiff

L enough not to buckle when
pushed intu conduit, Push

the tape into the conduil
until the lowp appears where [he wires are to enter the conduit, Push the hare wires
through the loop of the tape, then twist them back upon themselves as shuwn in
Fig. 12-11. Insulating tape may be used as shown to he lp hold the wires, If the loop
on the end of the tape breaks, vou can't form a new one by just bending, becanse the
highly tempered tag pe would break. Heat the end of the t: ipe with a blowtarch, then
let it conl e-l.r.l'-\J!r']I'J air; this will soflen the end so a new :-H_up can be formed.

Fig. ‘I2 10 Qutiers A, B

C and O af Figs. 10-1 and

L

Wiring at boxes [n pulling the wires into outlets of Fig. 12-10, pull in short
pieces from A o B, separate picces trom B to 5-f, from B to C and from Cto D,
But it the wires from A te B to C, for example, do not require connections at B,
you would feed a length in at A, through B, and on to © leaving a loop in the box
at B to facilitate future changes. At each box where a connection 1s to be made,
leave 10 to 12 inches of wire bevond the box, Outlet %8 will contain a switch: use

only black wire because NEC 200.7 permits a re-identified white wire lexplained

on page 10 omly in cable to be run as the ﬁ.l"""""- B a swatch,

Grounding receptacles  (iround the green terminal to the box unless you are using

the self-grounding receptacles mentioned on page 126 that make this unnecessary

Testing the installation Test as for armored cable as described at the end of
the previous chapter

Fig. 12-11 Fish tape makss it easy t

pull wires into condult

Tape optional
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CHAPTER 13
Modernizing Old Wiring
IHE WIRING THAT WAS INSTALLED in a house many vears earlier, or cven as

recently as a decade ago, might not be adequate for the jol it is called upon to do
thul analysis will help you decide whether a complete rewiring

Loclay, Some thou
job is in order, or whether a less expensive approach will serve the purpose
Ifthe wiring docs not include an equipment grounding conductor, either in the form
nfa separate grounding conductor or a metallic raceway or cable armor, asis often
the case for wiring over forty years old, consider completely rewiring all circuits.
Assuming an equipment grounding conductor s present, is the wiring inadeguate
because vou are using too many lights? too many floor lamps? too many radios
and TVs? That is seldom the case. The wiring usually is inadequate hecause you
have added many electrical apphiances that were not considered or perhaps were
net even on the market at the time of the original wiring job. The installation
does not provide enough circuits 1o operate o wide assortment of small kitchen

apphances, plus range, warer heater, clot hes drver, ropm air conditioners and uther
heavy appliances. Some of these aperate on 240-volt circuits, which may not be
available: others operate af 120 volts but when pl thcd TG eXIStr ng circults they
owerload those circuits, In addition, the service entrance equipment may be just
1w srnall for the load.
T analyre the problem of vour particular house, ask yourse Af this: [f you discon
nected all the appliances, would you have all the lighting circuits you need? The
mswer is probably ves, which means that your rewiring job is simplified. You will
still have to rewire the house, but probably not as completely as first appeared
necessary. Proceed as if you were starting w ith a house that had never been wired.
but leave the cxisting lighting circuits intact. | These lighting circuits, of course, will
nclude many receptacles used for small loads like a vacoum c-c.anc'.T-hiiu.-|m| 'V,
wat not the receptacles for kitchen or laundry appliances.} This chapter discusses
the overall plan for modernizing an existing installation, including ur_n'.r.'.'.'.ulL'.h' a

larger service and adding new circuits. It also offers problem-solving approaches o

the specafic cha

nees vou are likely to encounter. Evervth g IR |~r:"-|-lu~-.l.JL" TS

wilt, which is called "new

1

lescriDes The wl af buldings while thev are .'I’I!-

141
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work.” This chapter describes “old work,” which is the wiring of buildings after
they have been completed.

PROBLEMS OF “OLD WORK"

There is little difference between old and new work; except that in old work there
are a great many problems of carpentry. The problem is to cut an opening where a
fixture is to be installed, and another where a switch is to be installed, and then ta
get the cable inside the wall from one opening to the other with the least amount
of work and without tearing up the walls or ceilings more than necessary,

One house o be wired may be five years old, another a hundred vears old.
Different builders use different methods of carpentry, Every job will be unique.
No book can possibly describe all the methods used and all the problems you will
meet, Watch buildings while they are being built to get an idea of construction at
various points, In old work, good commaon sense is of more value than many pages
of instruction.

In general, old work requires more material because it is often wise to use 10 extra
teet ot cable to avoid cutting extra openings in the walls or to aveid cutting timbers.
Many prablems can be solved without cutting anv openings except the ones to be
used for outlet boxes and switch boxes. Others require temporary openings in the
wall which must later be repaired. Techniques are given in this chapter for running
cable behind walls and ceilings, and for installing boxes, switches, receptacles, and
outlets in both lath-and-plaster and drywall construction.

Caution: Even in an abandoned, vacant, or isolated building, always test tor voltage
before starting any work. It is possible, with other buildings on the property, or with
a two-meter service for yours and another occupancy, that there might be feedback
which would be surprising at the least, or hazardous at worst.

WIRING METHODS

The wiring method you will use in old work will be either nonmetallic-sheathed
cable with grounding wire, or armored cable {or even Type MU cable }—whichever
is the custom in your locality. Nontlexible rageway methads cannot be used unless
the building is being practically rebuilt. In a few areas, flexible raceways are used.
In this case be sure to install the grounding wire along with the crcuit wires as
discussed on page 138,

Knob-and-tube wiring 5 permitted by Natiwnal Electrical Code { NEC) Article 394
only for extensions to existing work. The materials { knobs, tubes, and loom) are
difficult to find and the building wires currently manufacrured do not fit the knobs.
If you need to extend a knob-and-tube circuit, or pick up a portion with a new
house run, extend the wires encased in loom (a flexible woven Abrous nonmetallic
tubing) continuous from the fast knob inte a new accessible junction box, and
change 10 the cable wiring method you are using. Consider, however, that it is far
better to completely rewire these circuits.
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Concealed knob-and-tube, as a wiring method, has no equipment grounding
conductor carried with it. Over the generations, NEC provisions have changed to
the point that it is almost impossible legally to wire anything without grounding
it. Until the 1993 NFC, you could go to a local bonded water pipe to pick'up an
equipment grounding connection, and then extend from there with modern wiring
miethods, Now NEC 250.130(C), which governs this work, requires that the equip-
ment grounding connection be made on the equipment grounding terminal bar ot
the supply panelboard, or directly to the grounding clectrode system or grounding
electrode conductor. You are unlikely w be searching for a method of grounding
concealed knob-and-tube wiring in a steel-frame building. Rather vou will be
attermnpting this in old wood-frame buildings, probably residential. In such occupan-
cies, even il the water supply lateral is metallic, the water piping system ceases to be
considered asan electrode bevond 3 feet from the point of entry. This means Rishing
into the basement. If you can fish a ground wire down into the basement, you can
fish a modern circuit up in the reverse direction and avoid the entire problem.

It's true that some geographical areas have more extensive use ot slab-on-grade
construction, and here interior water piping is sometimes permitted to qualily as
electrodes because the pipes extend w grade for the minimum threshold distance
af 10 feet, and thereby allow interior connections. Hut in almost every case, trying
tu extend knob-and-tube wiring is like trying w erect a modern structure on @
rotten foundation. The same issues apply to antique Type MM cable with no
equipment ground, and to old Type AC cable with no bonding strip to short the
convolutions,

Add to these problems the fact that beginning with the 1987 NEC concealed knob-
and-tube wiring cannot be used in wall or ceiling cavities that have “loose, filled, or
foamud-in-place insulating material that envelops the condugtors” This ettectively
mcans that such cavities cannot be msulated, because vou'd have to open all the
walls to install board insulation products, and if you'd do that, yuu'sd have no reason
to consider trving to save this wiring method,

[he writer considered including specitic instructions at this point in how o perform
anextension of concealed knob-and tube wiring—this would include instructions
an positioming knobs and cleats, end fittings for the new wiring method, loom,
soldering, etc.—and decided against it If you find concealed knob-and-tube wiring,
rewire it 17 instead vou choose to extend it, try to find some old loom from clse-
where on the joh, and slip it over the individual conductors to the last knob. Loom
s flexible nonmetallic tubing just big enough to slide over an individual conducor,
Consider vourself fucky if the piece vou find is still flexible. Cut it just long enough
1o enter @ box at the nearest feasible point, and bring it in, one wire per trade siee

knockout {using a Type NM cable connector) or per cable knockout, Be sure

the wire enters the box at least 6 inches beyond the end of the loom. If you have
a steel box, snip the web between the two knockouts per NEC 300.20(B) so you
don't create inductive heating around what is probably antique and fragile Type B
insulation. Even better, use a nonmetallic box and cover for this purpose.
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INSTALLING NEW SERVICE AND CIRCUITS

Install a new service of at least 100-amp capadity, with a new outdoor meter, begin-
ning with the insulators on the outside of yodr house and ending with new service
equipment inside the house. Let the ._‘L|'.J:'Pj:i_|:|‘_|[ contain, as a mummum, branch
circuit breakers to protect all the new circuits that vou are going to install, plus a

lew spares. Be sure to consult your power supiplier about how vou plan to proceed.

Review Chapter 8 for calculating service siz

]
When you have finished installing your new pervice and circuits, vou will have no
power an vour new circuits but will still have power on the old circuies. Call vour
power supplier to disconnect all power on the butside of vour house, Gel alone for a
day or twi without electric power while youl reconnect the old dreaits into your
few eguipment. I .
When all the work has been completed, have i'{uur power supplier install the meter
and connect the power to vour new service §if they are willing to do s0. In some
jurisdictions, particularly on upgrades of :.n!_dlh:r restdential services, the elecrri-
clan om site must do the cut and reconnectpn. Because the service drop will be
live, this is potentially dangerous work foran ill'ﬂ:i—'ll.,ll_jl_-'ll_'l;l person torperform, Some
power suppliers will require a licensed electrical contractor to install this phase of
the work. Before vou commit voursell to duibg this work, be sure to review local
practice with vour power supplicr and with yoiur local inspectional authority, When
this final connection is completed, you can then enjoy the advantages and pleasures
of a newly rewired home. '

Installing new circuits  Using the old wopk technigues described later in this
chapter, install two small-appliance circuits, “I’ better, one 3-wire circuil, Install the
laundry circuit and the bathroom receptacle pircuit, Install individual circuits for
heavyappliances such as range, water heater, dlothes dever, and furnace metor. You
will he connecting each of these circuits to the breakers in the new equipment.
Provide arc-fault circuit-interrupter (AFCI) pru[ccliun if feasible, Review the AFCI
discussion at the end of Chapter 5, pages 49 and 50, and consult with the electrical
inspector regarding the extent 1o which the Jocal jurisdiction intends to enforce
NEC 210012 on old work ::Lrl|‘I]i|..uinn11:3.l.I

Installing the service equipment Whetligr vou retain or replace the old service
equipment panelboard, you must disconnect the incoming service wires from the
present equipment. Follow Option A below 1t vou will continue to use your old
panelboard. Follow Option B if you plan to discard your old panelboard entirely.
With either option, you must disconnect the ground wire from the old equipment
and refnove it. You must install 2 new ground pire from the new equipment 1o the
ground, and an cquipment y_mlnlthl'-g condudtor between the new and old equij-
ment enclosures, In the discussion that follows, circuit breakers are mentioned but
fused equipment may be used.

Option A—Using the old panelboard “four new equipment will contain a main

breaker, breakers for all the new branch circuits vou have installed, plus a few
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spares for future circuits, and one 2-pole, 30-amp or larger breaker from which
youl will run wires to the old equipment. Let's assume your present instatlation is
three-wire, 120/ 240-volt,

Disconnect the incoming service wires from your old equipment. If they dre in
conduit, remove the conduit. If they are in cable, remove it so it doesn’t enter the
cabinet at all. Then run three-wire cable from the old equipment to the new. The
twa hot wires of the cable run fram the 30-amp or larger breaker mentioned in
the previous paragraph to the terminals in the old equipment to which the old
service wires were connected, The white wire in the cable runs from the grounded
busbar in vour new equipment 1o the old equipment. The white wires in your old

equipment will present a problem. If the old equipment was installed comparatively

recently, the grounded busbar in it may be bonded to the cabinet either (1) by a

special bonding screw—remove it and the bushar will then be insulated from the

cabinet; or (21 by a flexible metal strap bonded to the cabinet with the other end

connected to the grounding hushar—disconnect it from the grounding busbar,
which will then he insulated from the cabinet (it will be best w cut off the bonding
strap completely ). Then connect the white wire from the grounded busbar in the
new equipment to the now-insulated busbar in the old equipment.

If your old equipment was installed many years ago before the schemes described in
i 11and (2] above were in use, the grounded busbar was probably bonded directly
to the cabinet with no way of insulatng it, Remove it if possible, but in any case
remove the white wires from it and install them in a new, insulated, grounded
bushar which you must purchase and install. Make sure it has enough terminals
of the right size to accommuodate all the whire wires.

If your old equipment is two-wire, 120-volt, the procedure is the same as outlined
in the preceding paragraphs except that vour new equipment, instead of containing
nne 2-pole breaker to protect the old branch drcuits, will contain a single-pole
breaker for that purpose, Run a two-wire cable, instead of a three-wire, from the
new equipment to the old.

This completes the wiring. Your old equipment is now connected to the new equip-
ment. If vour old equipment contained main breakers or fuses, leave them as they
are; they are not required but will do no harm. But if there are fuse clips that seem
deteriorated or terminals that appear to be in poor condition, remove them

If the original equipment served only lighting circuits {including receptacles), the
wires from the old to the new equipment may be 100 AWG protected by a 30-amp
breaker. But if the old equipment served and continues to serve 240-volt loads as
well, install & AWG wires protected by a dll-amp breaker. See Fig. 1531

Option B—Replacing the old panelboard Hemove the original service wires.
Disconnect all branch circuit wires, but don't cut off any of the wires. If the trim
or cover of your present equipment has a hinged door in it, or tf any openings in it
can be closed off, remove and discard the interior (breakers and bus, or fuseholders,

terminals, neutral bar, etc.), install knockout seals in any unused openings, and
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Equipment grounding
Feeder  terminal bar

Insulate from
cabinet

entrance
wires

MNeutral
[white)

Bonding . BII] — B
jumper -

cabiret

Fig.13-1 Here the ariginal equipmentis nota part of the service equipment. it s only a“load
center”for the original circuits,

use the enclosure as a junction box. 11 this is impractical, proceed as follows: if the
wiring used armored or nonmetallic-sheathed cable, remove the locknut inside
the cabinet, pull the cable connector out of its knockout, and temporarily screw
the locknut on its connector. If the wiring was in conduit, remove the bushing
inside the cabinet, pull the conduit out of the knockout, and place the bushing
on the end of the conduit. After doing this on each branch circuit, remove the old
equipinenl completely.

The new equipment will contain a main breaker, plus other breakers to protect cach
uf the branch circuits, old and new, plus a few spares. But the wires of the old circuits
will not reach the new equipment. Where the old equipment used to be located,
install a junction box (an empty steel cabiniet of convenient size, & x 8 inches or larger
as needed, with steel cover ). Run the wires of the old circuits into this junction hox,
using the original cables with their connectors, or the original conduits.

I'hen run separate cables from the new equipment 1o the function box, one for cach
circuit and of the same size as the original wires. Connect the new wires to the old,
black to black, white to white, using “wyre nuts” or other solderless connectors, See
Fig, 13=2, The junction box will not contain a grounding bushar, and the white
wires in the box must be caretully insulated from cach other and totally insulated
from the box, but the box itself must be grounded.

INSTALLING BOXES AND RUNNING CABLE

I'he NEC requires that boxes enclosing flush devices must be at least "4 inch deep.
Lighting outlet boxes may beas littleas ' inch deep as shown in Fig: 13-3, but deeper
boxes should be used wherever possible. Cable is simply pulled into the walls and

anchored tir the outlet and switch boxes, Each piece must be a continuous length
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c‘ .
| Cables to circuits
— inj n box, or
| Service | |n.|un+.:t|o bd : ‘
. wires in a conduit nippie
entrance es C p
wires

Bonding
JUrmiper

Original cabinet

n | ornew junction
Meutral A s
iwhite] b=
—8ondto T Breakers for
cabinet individual circuits

Fig. 13-2 Hers the cabinet of the oid equipment, if retained, serves onfy as a junction bos,

trom box to baox. [nall wiring the NEC
limits any gaps between boxes and the
surrounding wall material to s inch or
less. 1091 is ot practical to cut openings
close to the exact size of the box, use
patching plaster to fill gaps after the
wiring is finished.

Selecting box location  [nlocating
outlets, consider that all wires must
be fished through walls and ceilings,
Sometimes by maoving an outlet or

‘ - . Fig. 13-3 This ceiling pan, with a valume of
switch a foot or so, a difficult job of 9

f cubic inchies and no required fill adjustments
boring through joists or other timbers .. .4 internal cable clamp, can just accom-
can be avoided. In old work, the switch  modate a single 14-2 AWG Type NM cable,or a

.
| and outlet boxes are supported directly 14,72, 0r 10-2 AWG Type AC cable,
or indirectly by either the lath under
1 the plaster or by the drywall, s choose the locations for the openings carefully. A
location fairly close to joists and studs is best because there the wall materials are
k hetter supported.
-

Mounting switch boxes in lath-and-plaster construction  Insawingopenimgs
| for switch boxes in walls and ceilings of lath-and-plaster construction. remember
that the length of a switch box is approximatelv the same as two widths of lath
plus the '1[1_|_-|_: between the laths. If vou remove two complete widths of lath, the
mounting brackets on the switch hoxes will barely reach the udg{"j of the next
| two laths, and the laths will split when vou drive the screws (1-inch Nuo. 4 flat

head screws are commuonly used; the best chowce 15 flat-head sheet metal screws




A5 INSTALLING SERVICE EQUIPMENT AND WIRING

Fig. 13-4 Incutting an ope cut AWay one v i [ath and part of another

lath on ea

Fur

Ch side of the ene completely cut. This provides a rigid mounting for the

X

that have the entire shafi

threaded ). Bemove one width /q\

of lath completely, and parl

of anather on each end of the g

opening, Figure 13-4 shows
the wrong and the right ways,
Make a mark on the wall
approximately where the

switch or receptacle is to be

|5}
=

located. Bore a small hole
through the mark. Insert a
stiff wire and probe to make
sute there is no obstruction
and that there is sufficient
space all around. Enlarge
the hole to locate the center

¢ s Wy 40
of one Tath—this will locate

. . &l —— i >
the vertical midpoint of your 1T

apening. Then mark the
ared of your opening, about

2 inches by 3% inches. Bore

-irLI'- "Il'l!{"‘ at apposile L
corners, and at the center of v
top and bottom. See Fig, 13-5

be on the lines of the outline

e centers of the holes Mk

o B

Fig.13-5 Dimensions of hole for installing a switch box.
Tos 3 his page. glue

a template, Photoc

so that not more than half ot

each hole will be outside of

the re

il I - .
12le. Uinless vou wa

covered v vour swilch or recepta
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end with tape for a
blade out of the wal
tovward your If you
the laths from the plaster, leading to a ver
Mounting switch boxes in drywall construction  Drvwall is not sturdy enough

10 ACCEP SCTEWS as 18 lath-and |": ister construction. Mount the box near astud

a stud nnder ) for hetier suf t. Use the t 135 1o cut the ope

Adijust the brackets on the ends of the box so
fiush with the wall surtace

Connecting the cable [ both rypes of construction, hoxes with beveled corners

s Are COnyenier t seldom practical, The beveled corners wsually

ce the capacity of the box below NEC minimums, and are seldom used today

Bring the cable into the box and tighten the clamps, letting about 10 inches of

cable extend out of the box. If using boxes without clamyps, install the connecton
on the cable, let the connector project into the box through a knockout near the

back of the box, and install the locknut after the bo 15 installed. Be sure the box

is deep enough and the knockout far enough back for the cable connector to clear

' the wall.

the inner surface o
Anchoring switch boxes [he following three methods can be used in both

lath-and-plaster and drywall construction;

Lise a box that has special clamps on its outside walls (see Fig, 13-6). Afterinstalling
the cable, push the box into the opening, then tighten the screws on the external
clamps. This makes the clamps collapse. anchoring the box in the wall.

Use an ordinary box plus the U-shaped

clamp of Fig. 13-7_ Install the U-clamp
'.'.'i'l'l ||"I-:"-. W |'I|'li-.:.|r|f_' min :'lil..'l." I.I"."'L'I'E'-'\-'-'Iﬂd
about as far as it will go. When you slip the
box into its opening, the ends of the damp
will expand ourward. Tighten the screw
ng the clamp to anchor the box ears
wly against the wall

Use an ordinary box plus a pair of specia
straps shown in Fig. 13-4, [nsert one strap
on: cach side of the wall opening and push

the box into the opening, taking care not to

lose ome of the straps inside the wall. Then

bend the short ends of each strap down |

Fig. 13-6
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Rear surface of

Fig. 13-7 Another way of Fig. 13-B A pair of these straps supports a switch box in
supporting switch boxes, wallboard.

Mounting outlet boxes in ceilings  [f there is open space above the ceiling on
which the box is to be installed, and if there is no floor above (or there is a floor in
which a board can easily be lifred ), proceed as in new work using a hanger and the
usual 1'4-inch-decp box. See Figs, 9-8, 9-9, 910, The only difference is that v
will be working from ahove,

If all the work must be done from below, the method depends on the ceiling
consiruction, the location of the vutlet, and the weight of the fixture, Boxes
supporting fixtures weighing more than a few pounds must be fastened ro the
building structure, One method is shown in Fig. 1349 For lightweight fixtures the
ceiling itself can suppart the box. Use one of these methods: (1) 14 inch-deep box,
surface mounted, supported by a ceiling joist using screws; (2 Ve-inch-deep box,
surface mounted, supported by fixture stud on bar hanger {Fig. 9-8) which has
been poked up through a hole (which the box covers) and laid across the wood
laths (Fig. 13-10); (3} '-inch-deep box, surface mounted, supported by toggle bolts
through ceiling, either fath and plaster or drywall (Fig. 13110 04) 1! inch-decp
box with ears, flush mounted, supported by a U-clamp {Fig, 13-12). When using
a surface-mounted Y-inch-deep box, be sure to select a fixture having a canopy
which will cover the box, as shown in Fig, 13-9. In all these cases, fish the cable to
the outlet location and fasten it to the box before securing the hox.

Remember that if the ceiling is combustible (if it can burn), vou must cover the
space between the edge of the box and the edge of the fixture with a noncombustible
material, Often fixture canopies take care of this because trequently thev are packed
with fiberglass insulation, but the fixture grires must be set between the insulation
and the fixture canopy and then routed to go directly into the box,

Lifting floor boards  Often a board m the upstairs floor must be lifted to get at
the ceiling space. This is no problem if the flooring is rough, as in ordinary attics.
But if the lumber is tongued and grooved, care must be taken to avoid miarring the
floor. The first step is to cut the tongue off the boards. 4 putty knife cut off short,
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1 A Straight bar Lomg fixture

_N hanger stud
[ %y N

B -neh deep box E
| Fixture stud Wood lath ©
Set Fixture canopy Plaster Locknut ’
SCTEW finch-deep box

Fig. 13-10 Surface-mounted “-inch-
deep box supported from bar hanger by

Fig. 13-9 Surface-mounted 'r-inch-deep
long fcture stud,

box fastenad to celling joist.

Spring-loaded toggle bolt | einch
il being inserted drywall “Uclamp
ﬂ q/ ! Tightenad up board
i
';H-' 1'f-inch-deep
Fixture stud \-inch-deep box 4-in_1:h octagonal box
with external ears

Fig.13-11 Surface-mounted Y-inch-deep Fig.13-12 Recessed boxsupported frofm

box supported from drywall toggle balts, drywall board by U-clamp and box ears,

so the blade is onlv about an inch long, makes an excellent chisel [ur the purpose.
Sharpen the blade and you will have a chisel about 1or 1% inches wide, very thin,
Tt short and stubby, which makes it strong. With this you can get down into the
crack between two boards and chisel off the tongue as far as necessary. Then bore
two holes in the board as close as possible to joists—see Fig. 13-13. With a keyhole
saw, Cut acToss as close o the joist as you can, 1t is hest to cut at an angle so that the
board, when replaced, forms a wedge. The board should he removed over the space
of at least three joists so when replaced it rests directly on at least one joist. When
replacing the board, first nail a cleat to the joist at vach point where you sawed
actoss. These cleats must be very solidly nailed so that when the board is replaced
there will not be any springiness. If you have a steady hand, you can pocket cut the
board with an electric saber saw, and avoid the bored holes that would need ta be
plugged. In fact, if you are very careful, you can even cut the flooring across the
middle ot the floor joist, avoiding the need for cleats,

Before taking this step, be absolutely sure vou've got the right location. This trick
works if you have any line of sight into the joist cavity, even with-a mirror. Usually
hardwood flearing is installed over a subtloor, which allows the ends of the boards
to end randomly; the installer doesn’t have to cut them to end halfivay across a joist.
In this case, make your best guess where vou want 1o open the floor. At the end of
one of the existing boards nearest your projected epening, drill a tiny hole (about

winch) straight down at one corner. Because the hole occurs at two intersecting

lines in the floor, it will never be seen. Push a bright colored rod straight down into
the joist cavity (a2 white coat hanger is & good choice ). Note trom below where it
came through, and adjust your measurements if necessary,
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Fig.13-13 Sometimes
floor boards must be

1 T (1 ~_Spedial lifted. if the boards are
| . il chisel tangued and grooved,
= i ki cut off the tongue on
i each side with a very

R E thin chisel, then saw

B A— ACross next to rl--_-
2 ! joists. Ta simglify
drawing, the l..JI'.-ﬂnnf

15 noat shown

— Cleats to hald up ends of —
cut boards

Temporary openingsinwalls Sometimesa iemporary opening must be made
i a wall so that cable can be fished around a corner, On papered walls, use a razor
blade or utility knife to cut threugh the wall covering to form a wp-hinged Dap as
shown in Fig. 13-14. Befure lifting the section of paper, soak il with a wet rag to
soften the F--l.'m.. Thumbtacks will hold the lifted portion out of the way while you
make & temporary opening in the drywall or plaster. When the wiring is finished,
paste the paper back into place,

Fishtape SeeFig 12-11 and related text for information abou using fish tapes,
which are very helpful in old work for fishing cables.

Running cable to two openings on same wall  [n Fig. 13-15 cable must run
from opening A to opening B, both in the same wall, Depending on the structure
of the building, the cable may run in ane of three wavs,

Under floor boards  Hunning the cable as in "Route 17 in Fig. 13-15 is the
simplest way. Use this route if you can casily lift the floor boards in the floor above
so the cable can be dropped down from above to the Incations of opening A and
openimng 8.

Through the basement [t it is very difficult to get into the ceiling space from
abowve, it may be possible to run the cahle down through the basement as shown
by “Route 27 in the same figure. If the wall is an outside wall, there will probably
be an obstruction where the floor inins the wall. In most cases it is possible to bore
upward through this at an angle from the basement. Then push two pieces of fish
tape upward through the bored holes until the ends emerge at Aand B Then by
pulling at A and B, fish the opposite ends of a piece of cable upward until the ends
come out at 4 and & If the wall is an inside wall, there may be no partitions in the
basementimmediately helow this wall so that it should be possib IL tey hore ,;1-_1:5'311

upward, Then fish the cable upward 1w opening A and openis

Chapter 13 Modemizing Oid Wiring 153

Ceiling space

—‘_. —
2 Em aE | |
’ - Route I
. |
“‘“--_._‘"';..; Thumb | #1 |
i | tacks i
= ' E] H-;:mte [
i Route | i
i " |
| |-‘.‘3 ik
- 'I
} Cpening Eﬂ 1
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Fig. 13-14 In old wark, lift the Basement
wallpaper over the area of a Fig. 13-15 In running cable fram A 1o B (poth
tempaorary apening, as shown an same wall} there is usually a chaice of three

here The top of the paper serves routes for the cable, The best route depends on the
a5 @ hinge. structura of the building,

Behind the baseboard In the problem above, if it is impossible (o run the
cable through either the ceiling space above or the basement below, use "Roule
3" by running the cable behind the hasehoard along the bottom of the wall.
First remove the haseboard. Then make a small opening into the wall behind
the basehoard directly under A and another directly under B, Between these two
apenings cut a channel in the wall into which the cable can be laid. Figure 13-16
shows the completed nstallation. Wherever the cable crosses a stud, coverit with s
w-inch steel plate to protect it from future penetration by nails. Finally, replace
the baseboard.
From ceiling opening to wall opening The problem in this case is to run
cahle from an opening in the ceiling, labeled Cin Fig. 13-17, around the corner at
13, and down through the wall 1o opening E. It may be a very simple problem ora
difficult ome, depending om the construction of the house, 1f the ceiling joists run in
the direction shown in the small inset of the same drawing, the problem is greatly
simplified. I the floor above is casily lifted, it is then a simple matter to pull the

New-,  Wall bracket ! Wall
owitch /. already wired T L
' ¥ | (a) y

! 1 _ Cable _,i Baseboard

“”1 inside wall :

i Baseboard . ; @ 1 Cable

[ Opening behind- 15 |
! (C) baseboard | (B) |
| 55— 1| bk

Fig. 13-16 Running cable in a trough cut in the wall behind the baseboard
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cable in at opening . drop it down at [ until it comes outat £, Even if there 15 an
obstruction at I, as s usually the case, it s easy to bore a hole down from above
after the board has been lifted

If it is impossible to lift the floor above, the cable must be gotten around the corner
at [?some other way, An opening must be made into the wall. Semetimes it is made
at the point marked No, | by cutting through the wall, and nest chiscling away part
of the obstruction. Push a length of fish tape into this opening until the end shows
up at £ Pull itout of ©Cuntil the opposite end is at opening I Then carefully push
it down mside the wall untl the end shows up ar E. You then have a continuous
fish tape from Caround D to E Artach the cable to the fish tape at one end, pull
at the opposite end, and fish it through the wall until vou have a continuous cable
tromy Cto ., Sometimes it is easier to do this from the opposite side of the wall, as
al point marked No. 2, baring upward through the obstruction as shown by the
dotted arrow. Then using fish tape, pull in the cable as before, After the cable has
been fished, patch the wall and the job is finished,

It the opening F is not directly below point L but is to the right or left, run the
cable over Lo the proper point above & (i the loor board above can be removed)
and drop down. If the flooring cannot be removed, drop from 2 down to the
baseboard; hehind the bascboard run over to a point below opening E. and then
run upward 1o £,

If the joists of the ceiling run in the wrong direction, as shown in Fig. 13- 18, there
isagain a choice of routes, If the floor above can be removed, follow Rowre 1, bori g
hales through the joists through which the cable is to run. If the floor cannot be
lifted, make an opening at point X, drop the cable down at X to the bascboard
below, run it behind the baseboard. around the corner to a point below E, and
trom there upward 1o £,

No two houses are alike, so vou will simply have to use vour common sense in
getting around obstructions. Temporary openings often have to be made, and in
all cases vou will probably use more material than vou would for new work. The
cost of a few extra feet of cable for a longer route is insignificant compared to the
addirional time it would take vou to follow the shortest route.

= %':_-r Ceiling space Fig. 13-17 Ar left, problem in runming cable
B N T — S from opening C in ceiling, around corner at [
I v
0.2 |[Nad i ta £in side wall.
Mo 2| Joists
. Fig.13-18 Arright, choice of routes for cable in
0 = | Fig 13-17 if joists run in the direction shown
B |
| e 1 Route 2
i T T ™
I ol L] ]
wWall |
b E
| = Space L3 ! |
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INSTALLING SWITCHES, RECEPTACLES, AND OUTLETS

Replace old receptacles if they are damaged or if you wish to change the color

Ohptions for replacing two-wire receptacles are given in this section. Much. conve-
nience can be gained from adding new switches to existing outlets and adding new
outlets to |:1]51.1'r1q circuits. New outlets should be only for greater accessibility—be
sure they are not used to add to the total load on a circuit.

Replacing old two-wire receptacles VWhere there is no grounding means in
the box, there are three options for replacing two-wire receptacles: (1) two-wire
receptacles, (2) three-wire receptacles grounded to the grounding electrode system
ar the grounding electrode conductor, or (3) GFCl-type receptacles. If you w'-[fsfi
GFCI-type receptacles, the NEC requires that any new added receptacles supplied
from the GECI receptacles must he marked GRCI PROTECTED and WO BOUIPMEN]

GROUKD

Adding switches to existing outlets The connections in the prescen outlet
will loak a great deal like the left-hand part of Fig. 13-19. There may he more wires
ini the hox than shown, but there will be unly two wires connected to the fixture,
one white and one black. In the right-hand part of Fig, 13-19 is shown the same
outlet after the addition of the switch. To make the proper connections at the
fixture, open the hlack wire splice to the fixture, thus producing two new ends of
wire. These two new ends are connected to the two wires in the cable which runs
to the switch. The black wire from the fixture is connected to the black wire in the
new picce of cable; the black wire of the cable, which runs up 1o the nr_igin al outlet
hox. is connected to the white wire re-identified as black in the new piece of cable.
This is contrary to general practice, bul is the one case where the NEC permits a
black wire to be attached to a white: See Fig. 104 and the surrounding discussion
for an explanation of this NEC requirement.

If a pair of three-way switches is to be added instead of a single-pole swita.h. proceed
as outlined ahove except add the pair of three-way switches as discussed in connec-
tion with Fig. 10=10.

Original Outlet with switch added

Re-identify

\ white wire

W I__: as black -
e

Fig. 13-19 Proper method of adding a single-pole swilch 1o an existing outlet
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Adding outlets Figure 13-20 illustrates an added receptacle outlet, and Fig
¥ 1_1 . A J . 1 § Fir A b
13-21 illustrates an added lighting outlet. The end of the cable—marked 10

n

must be run to an exisning outlet box which contains, in addition 1o the
white wire, a black wire which is always hot. If vou are in doubt as to whether one
of the black wires in any box is always hot, it is a simple matter to check. Turn off
the main switch. Remove the cover and the receptacle or fixture from the box from
which you plan o run, Take the tape off the connections and leave the exposed ends
of wire 3[|L'|-'.l!'lgl.'lLI[».'-]"1i"|L'i‘m1;_ Using two solderless connectors, temporarily connect
each wire to one of the leads of 2 neon tester of the v e shown in Fig. 19-2, Mow
turn the main switch back on. If the tester continuies to light regardless of whether
the switch controlling the vutlet is on or off, vou have found vour source for the
new outlet. Be sure to turn the power off again before working on the wires.

Ta
SOURCE

Fig. 13-20 Wiring of a new baseboard
receptacle.

Fig. 13-21 Wiring for a ceiling outlet.

Alternatives to conventional outlets If vou don't wish to undertake an
extensive modernizing eftort, consider the following sulutions to several common
problems.

Two-to-three-wire adapters What if you live inan older house with onlv non
gl'.nuzuis'ng Iwo-wire receptacles, and you want to use an appliance with a three-
wire cord jind a three-prong plug? An alternative to replacing or adding outlets is
Loy use 4 “two-to-three-wire” adapter shown in Fig: 13-22, Note that it hasa grecn
terminal log on its side. Remove the faceplate and then test to establish that the
b is grounded. Using the test light shown in Fig. 19-2, inscrt one wire in the
narrow slot in the receptacle and touch the edge of the metal box with the other
wire. IF the box is grounded the lamp will light. Replace the faceplate; plug in the
adapter, and reinstall the screw through the green lug, which is then in ;;unl.lzxt with
the mounting yoke of the receptacle, This procedure is by no means the complete
equivalent of having grounding receptacles in vour home, but it does permit vou 1o

use appliances with three-prong plugs, and does provide some degree of protection

15 lor s the receptacle voke is arounded 1o the oramusdes 1 )
i § s the recepracle yoke 15 grounded to the grounded metal box. But if vour home

s wired using a wiring method that includes an cquipment grgending conductor
teither metal raceways, or cable armor, or nonmetallic methods with a separate
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grounding conductor), it would be far
better to replace the twi-wire recep-
tacles with the grounding types, of

course adding a grounding wire from

the green terminal of the receptacle
to the grounded metal switch box as

discussed on pages 125-126,

Mever use a two-to-three-wire adapter,

or a conventional three-wire grounding Fig. 13-22 This adapter permits a 3-prong
ru.'\_'v.'|1|.1-_|-_=. on a circuit that does no grounding plug 1o be used with an ordinary
provide an equipment ground. You will - receptacie.

be falsely advertising the presence ot a

grounding connection that does not exist. Only GECT-p rotected devices are allowed
for this purpose, because GFCI protection provides shock protection whether or
not ;.;Tuunding connection 15 resent at a pn‘r[Ethl’i outlet.

Multioutlet assemblies Few homes have all the receptacle outlets that the
nccupants wouald like. The multioutlet assembly in Fig, 13-23 makes outlets avail-
able at intervals of 6 to 24 inches as desired. It consists of a metal channel with
wires and receptacles already installed. In living rooms the channel can be installed
directly above the basehoard with molding added above the channel, 5o the whole
assembly appears to be part of the baseboard. Ina kitchen it s installed above the
counter at a convenient height for appliances. Similar surface raceways are avail-
sble in nanmetallic form. They are easily installed, light in weight, and come with
E s |_1|1'|'|'1§,,-31{~ line of fitt i|‘|g51 switches, and recupl..u.]&.i.

— E— == Fig. 13-23 Multioutier assembly
provides closely spaced multiple
outlets

Handy boxes If exposed surface wiring 15 acceptable, vou can use the “handy”
utility boxes shown in Fig, 9-5, using any appropriale wiring method.

Extensionrings Where the new wiring may be permanently exposed, as in base-
ments. it is sometimes convenient 1o use an extension ring, which is like an outlet
bax without a back. Remove the fixture of the existing outlet, mount the extension
ring to the flush box, then run cable or conduit for the new run from the extension
ring. Replace the fixture on top of the ring. See Fig. 13-24

Fig.13-24 Using exten-
5ian rings makes it easy
to add to existing out
ety in locations wherg

C |

a [
. Blank cover- = the new wiring may be
- —Conduit : permanently exposed

2 ~Extension ning  New outlet-
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CHAPTER 14

Appliances

WIRING REQUIREMENTS for sume common appliances are explained in this
chapter. Appliances are connected to the power supply either by a cord and plug
or by permanent wiring. Cord- and plug-connected appliances include those that
are readily portable, such as toasters and vacuum cleaners. Some large appliances
are pa‘r:nﬁnrnt]}' connected, and others come equipped with a cord and plug 1o
facilitate servicing. Kitchen ranges, clothes dryers, and similar appliances are located
on individual circuits. Some appliances are fixed—that is, fastened in place thro ugh
plumbing connections or other mstallation conditions; examples are water heaters,
oil burner motors, and central air conditioners.

When you are in the market for a new major clectrical appliance, consider the
muore energy-efficient models being offered, The initial cost may be higher than
for a conventional appliance, but the savings in power used over the life of the
appliance will more than make up [or the higher price and will help to conscrve
energy. lo encourage the use of more efficient appliances, some power suppliers
have incentive programs such as a cash payment for junking an old refrigerator,
ot & rebate for an approved appliance purchase,

RECEPTACLES

Receptacles are rated in amperes and volts. The volt rating indicates the tollowing

restrictions:

W rated at 125 volts—may be used at any voltage up to but not over 125

B rated at 250} volts—may be used only at voltages over 125 but not over 250
rated at 125/250 volts—may be used only for appliances that operate ar 1207240
volts and that require a neutral wire running to the appliance

Figure 14-1 shows a vanety of receptacles labeled A through [ Except for A, all

1 25-volt and 250-volt receptacles have a third opening for the third Prong on a

three-prong plug for connection to the equipment grounding wire as discussed

on pages =71

The 125/2500-valt rL‘l.'k"IL"[J.x"l.\ Tand J have a third Opeming tor the third Prong on
the plug for conneéction to the grounded neutral wire of the arcait

-

un
[e-4]
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Note that a plug that fits A will also fit & or € a plug made for Bwill also he L bt
- : ! I mot fit A or B All« - pther configurations are
a plug made specially for € will not ht A or B ull of the ¢ configu

non-interchangeable.

(o) (oa)
LY D /
C\'\zﬁ?% M\;‘

c //: GK\\
|

-

([ ([l O

v U
G\_// H \\\__
204 250V 504 250V
| J o
30A 125/250V L0A 1257250V 30A 1257250V 504 125/250Y

Fig. 14-1 An assortment of receptacles Those rated at 15 anti 2: Amps I-!aw_- a .l::lar‘l.-'lFtr.er U:
{ 377 inches Those rated at 30 and 50amps have a diameterof 212 inches.in tl_m il n_*:-rdlfm
the apening marked G s for the equipment r_;rﬂun;]i.‘-'l'j -.u'-rs-;-.l-.u one marked Wis for the white
circuit wire: those marked X, ¥ or £ are for the hot Circuit wires

AL A is shown what used to be the typical 15-amp receptacle Tru.-.ua:_]'_. mm]l-.- i Ir!l.;'
duplex configuration | and is now used only m:_ repla ements. 1 he receptacle at 5 n
the same as A, except it has the third opening for the third pru._u.n.y,nn a '..hr-:u\-ﬁprnu:q
plug—for connection of the equipment grounding wire. At Cis a similar 20-amp
receptacle. At [ is a 30-amp receptacle tor larger 120-volt loads _

At E E G, and H are shown respectively 15-amp, 20-amp, 30-amp and 30-amp

[ t 240 ote o is provided with an
receptacles for loads operating at 240 volts. Note that each is provic

I T Hyaqn T "|._:|.:
opening for the equipment grounding prong on a three-prong plug. Caution. [hs
' i 3 ¢ i E: - e ow s 44 - ’
prong and that opening must never be used for a neutral wire if the appliance
M Wl [t 1 ik A3
¢ I
operates at 1200240 valts rather than ar 240hvolts

Inces Operating at

At Tand Jare shown 3-amp and 50-amp receptacles tor 2
ey y ; 1 4 - . FUSTE. 3T e
13011340 volts, The 30-amp receptacle is used mastly for clothes drvers, a 1l the

ind L are shown three-pole,

i K
'-.l|-.|=||}|[-:._'._‘-p|.|u.||. for ranges on exisinig circuis; Al :

3 -4 AW drver an T CLrC L
four-wire, 1250250 v eplacics Tor new drver and range circuits
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lhese are not the only receptacles available. There are dozens of others in two-wire,

three-wire, tour-wire, and even five-ware types. Bésides the ordinary variety, there

arc others designed so the plug cannot be removed without first twisting the plug

to unlock it Some special- purpose tvpes not used in ordinary wiring are designed
so that only a plug and receptacle of the same brand will fit cach other. -

L 5 iy Y e o |

Rece Pl-\.l\.lL\l_.ll.IL iTha varnety of mounting miethods to fit various boxes and plates
both flush and surface types. The 50-amp receptacle is shown in both the surface
mounting type and T.|..~||-||:-:-'.|'|:'.ng type in Fig. 14-2, wiuch also shows a ty pical

nlire n 1=f itily farl™ coved AfEa i i
plug (on left) with “pigtail” cord atached. These are used mostly in the wiring ol

electric ranges. A similar 30-amp receptacle is used for dothes drvers

Fig. 14-2 Ranges are
connected to 50-amp.
125/250-volt receptacles
of the type shown here.
The pigtailis connected to
the range, then plugged
inta the receptacle,

INDIVIDUAL CIRCUITS FOR APPLIANCES

The Natwnal Electrical Code { NEC) rules are quite complicated regarding when an
appliance requires an individual branch circuit serving no other load. In general

] T a 4 g i i) :
you will be following the NEC rules if you provide a separate circuit for each of
the tollowing:

Range (or separate oven or counter-mounted cooking units)
Water heater “
Clothes dryer
Clothes washer
Waste disposer
} Dishwasher
Any 120-volt permanently connected appliance rated at 12 amps (1440 watts)
or more, ||1..I|.':3ir1g, metors
Any 240-valt permanently connected appliance
Any automatically started motor such as a well pump

Any central heating equipment such as an oil |

urner or gas furnace {altho
auxiliary equipment such as humidifiers and 2one valves can use the same
CLrCut
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GROUNDING OF APPLIANCES

Ihe following appliances must always be grounded per NEC 250.114(35: refrigerator,
freezer, air conditioner, clothes washer, clothes dryer, dishwasher, waste disposer,
sump pumps, aquariums, personal computer, and fax machine, This grounding is
L'\’.__‘L'Cid“'- important if the apphiance i& installed where a person can touch both the
appliance and the ground or a grounded object. For this reason the NEC specifi-
callv includes ||_'|||||:'||-|,'-:-I\E'|'._1!:|_'-L! toals and electric lawn mowers and "IL'\_'-._L‘I.:\|I|1|"1'E‘~-.

ete floor. even if tiled, is considered the same as the actual earth. ) For

ek, LA cong
safery, alwayvs ground your apphances.

The one general exception to all of this is listed equipment protected with a system
of double insulation. This equipment will be distinctively marked, and its artach-
ment plugs will not have a grounding pole, That is, they will mate with the A
configuration of Fig. 14-1.

Ihe grounding of ranges and drvers is discussed in specific sections later in this
chapter. For other appliances, if they are supplied with a cord that includes a
grounding wire, and 2 plug with a grounding blade fitting a properly installed
arounding receptacle, that is all that 15 required,

If there is no cord and plug but the circuit wires run directly to the appliance, and
if the wiring is armuored cable or in conduit, check to make sure the frame of the
apphiance is grounded Lo the junction hox on the appliance to which conduit or
armor is anchored. But if the wiring method is by nonmetallic-sheathed cable, you
must use cable with the bare grounding wire, and the bare grounding wire must
be connected to the frame of the appliance,

In the case of a water heater on a farm, if the wiring is grounded 1o a driven ground
rod but there is some buried water pipe—nomatter how short—you mupst intercon-
nect such pipe with the ground rod, This is an essential step to preventa difference
of voltage between them and to minimize danger from lightning. Thisis discussed
in mire detail in Chapter 17, “Farm Wiring,”

DISCONNECTING MEANS AND OVERCURRENT PROTECTION

Every appliance must be provided with some means of disconnecting itcompletely
from the circuit and must be provided with overcurrent protection.
Portableappliances The plug-and-receptacle arrangement is all that is required.
I'he plug and receptacle must have a rating in amperes and volts at least as great
as that of the appliance.

Small permanently connected appliances If the appliance is rated at 300
walts of less (' hp or less), the branch circuit overcurrent protection is sufficient.
‘o special disconnecting means is required Range hood fans and bathroom exhaust

tly connected appliances.

fans are examples of small permane

Large appliances, not motor-driven  \Wall mounted electric heaters and

ted heat lamps are examples in this category If the appliance 1s

ceiling-muon

conmected toa cireuit also serving other loads and if the circuit is protected by u
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i rxlujt breaker, or by fuses mounted on a pullout block, no special action is needed
Il the circunt is pj.'nr:'n.:r'\l by plug fuses, you must install, for each appliance, __'|
sEpaLale switch of the general type shown in Fig. 17-6. The switch need not be
fused, but unfused switches are hard to find, so it is customary to use the fused
kind, with one fuse tor 120-volt appliances and rwo fuses for 240-volt dL‘PliJfll;k“h
A aircuit breaker may be used instead. Of course, do not install a fuse or break y
in the grounded | while) wire. -
l.a.rge motor-driven appliances For motors that are not antomanically started
[dishwashers, waste disposers, etc. ), proceed as if the appliance were not .Ir'III[c.)J'
driven (see previous paragraph), But if the motor is automatically started, such as
.l'. wiler pump or an air conditioner, then provide built-in or separdte motor ov :‘r.-

- = o ol r 5 3 .

e e 1 i B e g o ot
Lor 3 add o start {see Chapter 16, “Motors™ ).

While not reqisired |:|_1.'th€ MNEC, It 15 wise 1o provide an individual circuit for eadl
automatically started mator, ‘ -

WIRING OF COMMON HEAVY APPLIANCES

The NEC daes not restric Is used fi 11
o : rict the meethods used for wiring heavy uppha:h:m. Use
condun or cable as vou choose.

It the appliance is to be connected by cord and plug, run vour cable up to the
receptacle, which may be either flush-mounted or ;url'uu.--mnurued 'l'iu- NEC
dmnund.s that the receptacle be located within 6 feet of the 1'11[E|1:1;-¢._§ :[uuuti{:-un ;Ir-
If.n: a;::glmn-:u: with good planning it should be possible to locate it even closer thys
simplifying installation of the appliance. o
'-_I'Jhil:e wire miden.tfﬁed for use as black wire  White wire mav be used only
1jz1r !%le gr._uundcq wire. lhE: that wire does not run to any appliance operating at
_4'1! volts, Therefore the wires running to a 240-volt load may be anv color except
white or green. When you use a two-wire cable to connect a 240-voll load tlEe
cable contains ane black wire and one white wire, but the white wire must 11-:;T he
used. What can be done? Follow NEC 200.7(C) instructions to |';_'-|dl-mi4-.-.th* 1

as described on page 1110 . AR
Pruwsnon. for grounding of appliances on existing circuits MO 250,140
|‘|1.||>;|.:l: an impartant provision that applies only to existing circuits, U.I-nJ; n;um‘
appliances must be grounded, in the case of mﬁgft :1r1u:h:&ina counter units and
separate ovens) and dryers, their frames may be grounded to the neutral ._'ir:_un
conductor, provided it is 10 AWG or heavier, See NEC 250,140, Muorcover, for these

1. g r o
apphances and no others, vou may use service entrance cable with a bare neutry

provided it runs from the appliance directly to the service equipment 1
Ranges and dryers arc 120/240-volt appliances, and the neutral wire carriss
current in normal operation. Three-wire service entrance cable with a ha:-*
neutral may be used in wiring 240-volt appliances such as l.;'.!-tl_"' hearers .-r'l :
which the neutral does not run, provided the bare wire of the ¢ 1 : : @ t'”
45 a |.!rl:‘-llI'!'t.:il.'Ill.ﬁI Wwire R
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Ranges |nsome ranges,and in all older ranges. a surtace burner operates at either
120 or 240 volts, depending on whether it is turned to low, medium, or high heat.
The individual burners are connected within the range in a manner that makes it
impossible for the neutral wire to carTy as many amperes as the two hot wires. For
that reason, the wires to the range usually include a neutral that is one size smaller
than the hot wires. For most ranges, two 6 AWG plus an 8 AWG neutral are used;
for smaller ranges, two 8 AWG with a 10 AWG neutral are weasionally used. Surtace
burners on most modern ranges operate at 240 volts and have stepless control. The
neutral is still needed for operating the clock, timer, oven light, ete.

Run your circuit up to the range receptacle of Fig. 14-2; this is rated at 50 amps,
1254250 volts. The range is connected to the receptacle using a pigtail cord shown
in the same illustration, This also serves as the disconnecting means.

Grounding therange The NEC requires that the frame of the range be grounded
by means of a separate green {or bare) grounding wire, using a four-wire ciord
and plug (unless it is permanently connected ). On existing circuits the range is
permitted to be grounded through the neutral wire, in which ¢ase a honding strap
is connected between the neutral wire and the frame of the range, and the cord
and plug are three-wire. The requirement to use tour-wire su pplies for ranges ok
offect with the 1996 NEC. Check that the bonding strap is not connected in new
installations where a four-wire cord is used.

Receptacle outlet for gas range  Install a receptacle outlet for a gas range. This
receptacle, which can be on the small appliance circuit, is for the supply of a gas
gnition systern, lights, clock, and timer.

Sectional ranges The trend is away from complete self-contained ranges;
consisting of oven plus burners, toward individual units. The oven is a scparate
unit, installed in or on the wall. Groups of burners in a single section are installed
in or on the kitchen counter where convenient. This makes for.a very flexible
arrangement and permits you o use imagination in laying out a custom-designed
kitchen. The NEC calls such separate ovens “wall mounted ovens,” and the burners
“counter mounted cooking units” Here they will be referred to merely as ovens
and cooking units or counter units.

Unlike self-contained ranges, ovens and cooking units are considered fastened in
place. They may all be either permanently connec ted or cord-and-plug connected,
Iwo basic methods are used in the wiring of ovens and cooking units. Supplying
a separate circuit for the oven and another for the cooking unit 1s one method.
Ihe alternate method is to install one 50-amp circuit for the oven and cooking
uriit combined. Any type of wiring method may be uscil. Regardless of the wiring
method used, the frame of the oven or cooking unit must be grounded.

Where a separate aircuit 1s installed for the oven, use wire with the ampacity required
bw the load. The oven will probably be rated about 4,500 watts, which at 240 volts
is equivalent wabout 19 amips, so 12 AWL wire would be suitable, At the oven, the

circuit wires may run directly to the oven, but some prefer to install a pigtail cord
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and a receptacle. Note that because the plug and receptacle are concealed behind
an appliance that is fastened in place, the plug will not serve as the disconnecting
means as it does when installing a self-contained range.

[ wire the cooking units, proceed exactly as for the oven, using no smaller than 10

AWG wire, This size wire has an ampacity of 30 amps and will provide a maximum
of 7,200 watts, which will take care of most cooking units. Use a pigtail cord and a
r':'l-..'L'l.TIdl_'JI: 1t !l'ﬂl'll “'I‘il'l 1o I'Iiﬂkl_’ 1L easy 10 service |J'|_L' unt.
It ViRLL install 4 ?i.!'lgtr.' circuit for oven and I_'|_I1:Iki|"|g units combined, it must be a three-
wire, 30-amp circuit, Any wiring method may be used, including service-entrance
cable with a hare equipment grounding conductor. The receptacles must he the 50-
amp 1ype, and may be flush receptacles installed in outlet boxes, or the surface tvpe
shown in Fig. 14-2. The circuit will be as in Fig. 14-3. The wires to the receptacles
must be the same size as the circuit wires. But the wires [rom the receptacles to the
aven ar couking unit may be smaller, per NEC 210.19(A)( 3) Exception 1, provided
they are heavy enough for the load, not smaller than 12 AWG 110 AWG if used for
grounding), and not longer than necessary to service the appliance. The receplacles
are not required but they may be convenient for installation. The oven or couking
urit may be connected directly 1o the circuit wires in the juncnion boxes. The NEO
exception permits smaller wires between the junction hox and the appliance under
the same conditions specified for when recepracles are used.

— — 1.a-~-"LJ--.fun|:'ri<:un bowes f’w_,_r
S0-amp k'l o T ]
cirgui 50-amp wires e ———x
Cuit breaker 1 <(f saia
receptacies
iyl
__J Pigtaileords "
8 &
@ @
Oven Counter unit

Fig-14-3 |tis comman to provide separate circuits for oven and counter units, but both may
be placed on ane circuit as shown.

Clothesdryers Anelectric dryerisa 120/240-volt appliance. Wire as for a range
The NEC requires a three-pole, four-wire, grounding-tvpe, 30-amp receptacle (see
KofFig. 14-11.and a four-wire piglail cord strmilar to that used for a range but with
smaller wires. The plug and receptacle serve as the disconnecting means.
Grounding the dryer For existing circuits only, NEC 250,140 permits the frame
of the drver to be grounded to the neutral of the three wires if it is not smaller than
|0 AW, Service-entrance cable with a bare neutral is permitted where it runs from
the service location directly to the dryer receptacle. For these exasting applications
only, 4 three-wire receptacle mav be used {conheuration [ of Fie 1411,
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Clothes washers  Washers are equipped with a cord and 1111.13: for casier servicng,
so provide a 20-amp grounding receptacle on a 20-amp arcuit. No separale switch
15 Tequired. |
Waterheaters NEC 210.19(A)( 1) requires that loads expected to he on continu-
ously for three hours or more must not exceed 80 percent of the branch circuit
rating. Dwellings and farms seldom have such continuous loads, hur a -.1|.nudﬂ|.-:
water heater t.\hruqu:rni to be considered in this category h\ _'\'..' 8 423.£_‘-. his
means that a 4,500-watt water heater must be on a 25-amp m.cmtq. {n.ﬂ a 20)-amp.
Dhividing 4,300 watts by 240 volts equals [8.7 amps, but 18.7 15 *%.:.*.'-'T\i EH._ Ehm
next higher standard overcurrent device rating 15 25 amps, and 18.7 15 75% ul. ..T‘..|
[his additional 25 percent of the continuous loads must be added to feeder and
wervice calculations also, per NEC 215.2(A0( 1 hand 230.420A0 1),

Look at the water heater terminal box for a marked temperature Ealing. for t.hc
branch circuit wires. If there is no marking, the circuit wiring can be _] W (or
ather 60°C wire}, but if marked 75°C, then use a wire with an Hon its desggn.ﬂ i
it HH if marked 90°C). For further information, sce NEC .-"lr'.iq;lu. . Where
higher temperature wires are required, it is common to splice the ordinary i\ulamh
circuit wiresin a junction box near the water heater o short lengths of the higher
temperature wire extending to the heater,

Iy some localities, power for heating water is sold at a reduced rate, wil.]1 th.E heater
connected to the circuit through a special electrically operated ﬁifITFh furnished by
the power supplier. The swilch connects the he._n':r Lo the power line only L.Im':n.g
aff-peak hours. Each day for several periods of sevcr:t!. h.nurs each, water c_a.rmut
he heated. If your installation is of this type, do the wiring as ﬂlIl:;!d}.‘ cllesLanr.L
except that the wires should start from the power supplier’s time switch instead of
frowm your service equipment.
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CHAPTER 15

Finishing Your Electrical Installation

ALL THE WIRING DESCRIBED in previous chapters is done as the building
Progresses. Installation of switches, receptacles, faceplates, and fixtures—consid
ered finishing work—usually occurs onlyv after the walls have been -.:.ﬂ|_-.e;-.;-.;.| or
pamited. The inishing portion of the work is 2 very small and usaally :i.—n|1]<- part
of the total job, . I o

INSTALLING DEVICES IN BOXES

f:igzllrc 15-1 shows how to mount a switch and its cover plale, The switch is mounted
in the switch box wsing machine screws that come with the switch. The plate s then
mounted on the switch using screws that come with the plate. Inspect any switch
or receptacle and you will see that the holes for the screws that hold the device 1o
the bos are elongated rather than round. This allows the device to be mounted n.n
a true vertical even if the box was installed crookedly [see Fig. 15-2).

Box
crooked

-

Device
straight

Fig. 15-1 The switch or ather device is first Fig. 15-2 Elongated holes in strap
mounted in the box, and the plate is then allow devices to be mounted straight
fastened to the device. ina crocked bax :

A_l:ljusting boxes Cutwall openings accurately to rminimize the patching needed
after mstalling the boxes, The perimeter gap between box and '.-.'.1?! aurr'.u._.;- ;.|;| be
ne more than W inch wide, Boxes miust be installed so the front cdges are no more
than “ inch behind the surface of the finished wall or ceiling if these consist ....r'

noncombustible materials (materials that will not burn). In all other cases boxes
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must be frush with the wall or -:cl'.mg_ surface. Take care, for f:‘idli'lfl‘-ll:','\.\ hen irnl.l|'r||1!.'_
combustible paneling directly over existing drywall—every device bk in the room
will likelv end up inviolation. To solve this problem, there are flush box inserts that
extend the reach of recessed boxes. These inserts, if made of metal, end up very
close 1o the energized terminal screws on the sides of devices, and putting electrical

tape over the device screws 15 a sensible precaution
|

I tgun;-:.;i.':h.; NEC TequLres flush devices Ears lie on
1o be held securely at the wall surtace, For wall surface

thas reason switches and similar devices
Break here

if not
needed

have “plaster ears” {see Fig. 15-3) that lie
an top of the wall surface and bring the
device to the proper level even if the front
edge of the box is behind the surtace. You
can easily break off the cars if they arein
the wav. I the wall surface is too damaged

to support the plaster ears, insert enough

1 ig. laster ears are helpful in ab g
N, 6 washers under the yoke to support Fig-15-3 Plasterearsare helpful in aligning

i a device Mush with the wall surface

it even with the wall.

Preventing loose connections  Here is a tip that can save you 2 lot of Lrowhle:
after connecting the wires to a switch or receptacle, fold the wires around to tightly
hug the back of the device. Then when you push the device into place, the resis-
tance offered by the stiffness of the wires is taken by the back of the device and not
by the wiring terminals. Many loose connections, especially at receptacles, result
when an acceptably tightened terminal screw is loosened as the device is pushed
into place in the box.

Mounting faceplates When mounting faceplates, don't draw up too tightly
om the mounting screws, The common plastic plates are easilv damaged. Plates
for duplex receptacles have only a very narrew strip of material between the two
openings: if you turn the screw too tightly vou will crack this bridge and ruin the
plate. This is another reason to observe the NEC requirement in 406.4(A) to mount
flush receptacles so they are “held ngidly at the surface of the wall”

HANGING FIXTURES

It is impossible 10 describe all the possible ways to hang light fixtures. [t all depends
on the construction of the particular fixture. With the general information given
here vou should have no trouble because fittings to suit the particular fixture are
usually supplied by the manufacturer.

Connecting the wires On some fixtures one wire 1s white, the other black.
O¥fien hoth are the same color, but one has a colored racer thread woven into the
cowering of the wire. The white wire, or the wire with the tracer, always EOCS 10
the white wire in the box. The other wire goes cither to the black wire in the box
aor 1o the switch. Connect the wires from the fixture to the wires in the box using

'.l..l-l.J.l.'”I."'\-" CONNETIOS.
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Mounting on boxes The NEC requires that all fixtures be mounted on outlet
boxes. Very simple small fixtures can be mounted directly on the boxes using
screws supplied with the fixture (see Fig. 15-47 Somewhat larger fxtures often
use a special strap supplied with the fixture. This method is shown in Figs. 15-5
and 156, Surface-mounted fluorescent fixtures may have a cable or conduit enter
the end of the fixture, and suspended fixtures mav be cord- and plug-connected
o & receplacle inoa ceiling box,

Ceiling (—Box ]

Fig. 15-4 Small fixtures can be
miounted directly on the outler box.

Fixture
canopy

'l

Fixture !

Fig. 15-5 ometimes a srap is first mounted on the
box, then the freture is mounted on the strap. Straps with
grounding terminals are available far nenmetallic boxes.

Fig.15-6 &nother method of
mounting a fixture.

In the event you mounl a large fluorescent fixture directly over a recessed box, with
the fixture supported by the structure of the building and not the box, the NEC
requires access 1o the wiring in the box without rem;;ving the fixture, This may
mean punching a large {3-inch or so) hole in the back of the fixture lined up with
the box opening to provide this access. Don't forget to install a bonding jumper
from the box to the fixture to maintain grounding continuity,

Still larger fixtures are commonly hung directly on a fixture stud mounted in the
back of the outlet box, or on the fixture stud that is part of the hanger on which
the box is supported. The “stem” of the fixture is threaded to fit the fixture stud,
Shde the canopy down the stem. When the work at the outlet box is finished and
all connections made, slide the canopy up to conceal the wiring. See Fig. 15-7.

Wall brackets For mounting a wall bracket fixture not exceeding & pounds in
weight, two No. 6 machine screws may bie used. Use a switch box d;ifa switch or
receptacle were being installed. With the wall bracket vou will find 3 mounting strap,
ashort threaded nipple. and a knob (or along heavy screw in place of the nipErI-: and
knob |, Mouni the strap on the box, then install the fixture on the strap. Sometimes

f
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Ceiling -

Canopy
Setscrew —

. Fixture wires

Stem ——
Chain
Fig. 15-7 The fixture is supported on
the fisture stud. The stem of the fixture
fits the stud

a fixture stud is mounted in the back of the box in place of the strap, If the wall 15
cambustible (if it can burn, as in the case of wood), the space from the box to the
edges of the fixture per NEC 410,13 must he covered with noncombustible material
such as sheet metal. [With some pan-typé fixtures the noncombustible material,
usually fiberglass, comes with the fixture. A pan-type fixture mounts on the surface
of the ceiling and extends beyond the outlet box. Be sure to run the fixture wires so
the fiherglass is between the wires and the combustible building surface.)

Recessed fixtures A portion of arecessed fixture must be installed at the rough-in
stage of the work, rather than after the ceiling finish is on and painted. Most residential
recessed fixtures have a connection box spaced away from the fixture to allow connec-
tion to ordinary branch-circuit wiring, However, sume are marked with a temperature
raling for the branch-circuit wiring which may require that you use a wire with an
1 or HH in its tvpe designation { TH, THW: 75°C; THHN, X HHW: 90°C). be sure
the fixture is spaced at least 24 inch trom the joists or other combustible material
{except al points of support } and that it will not be hlanketed by thermal insulating
miterials, which will prevent the escape of heat (unless the fixture is marked “Type
1. meaning it will not overheat even when blanketed with thermal insulation ).
Do ot install lamyps larger than the size marked on the recessed fixture because the
additional heat will damage wire insulation and could start a fire,

Track lighting Decorative fixtures to “wash” walls with light, highlight art
ubiects, or lluminate wall-hung paintings can be installed amrwhere along asurface-
mounted or flush track. Many types of fixtures arc available for a great variety of
decorative lighting functions. Power to the track is supplied from a ceiling outler.
Porch fixtures A fixture installed on the ceiling of an outdoor porch must be
marked as suitable for a damp location. It is installed the same as an indoor fixture.
I a wall bracket fixture is exposed 1o the weather, be sure it 1s listed, marked as
suitable for 2 wet location: and installed so that moisture cannot penetrate behind
the fixture and enter the butlding walls,
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CHAPTER 16
Electric Motors

FOR SAFETY, EFFICIENCY, AND ECONUMY, the size and type of motor vou choose
shnu]d be based on the requirements of the job it will be p.erfnrruing. This chapter
discusses the work capacity, power consumption, and installation of the types of
metors commonly used in homes and on farms, Special altention is given to safely
tactors; including grounding and protecting with overload devices. .

WORK CAPACITY OF MOTORS

T'he capacity of a motor to do work is based on its horsepower, starting and overload
capacity, and speed. Choose a motor stze that is appropriate to the task

Horsepower A motor is rated in horsepower {hp). One horsepower is defined
aﬁlllw wuork required to lift 33,000 pounds one foot (33,000 {out-pounds| in ane
minute, Une horsepower is equal to 746 watts. Iypical horsepower ratings are
included in the descriptions of motor types in this chapter. .

Starting capacity Motors can deliver far more power while starting than they
can at full speed. The proportion varies with the type of motor; sume types have
starting torques four or five times greater than at full speed. Naturally the am peres
consumid during the starting period are much higher than while rLLnni|1a at full
speed. In selecting a motor, it is important to consider a machine’s .-:tart-t‘:|1 Toad,
The motor will heat up quickly if too heavy a starting load prevents it from reaching
full speed.

Overload capacity Almost any good motor will develop from 14 1o 2 times
its normal horsepower for short periods after coming to full speed. Thus a 1-hp
maotor is usually able to deliver 112 hp for perhaps 15 minutes, 2 hp for a minute,
and usually even 3 hp for atew seconds. No mator should be deliberately overloaded
continuously because overloading leads to overheating, which shortens the life of
the motor. But this ability of the motor to deliver more than its rated horsepower is
veTy convenient. bor example, 2 hp may be just right for sawing lumber, but when
a tough knot is fed to the saw blade the motor can instantly deliver 1 hyrand then
drop back to 1ts nermal ') hp after the knot has been sawed
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Replacing gasoline engines with electricmotors  Unlike an elecinc motor, a
gasoline engine has no overload capacity. That 1s why itis often possible w replace
a 5-hp gasoline engine with a 3-hp electric motor. If the gasoline engine always
runs smoothly and if it seldom labors and slows down, it can be replaced by an
electric motor of a lower horsepower. But if the engine 15 always laboring at its
maximum power, the motor it replaces it should be of the same horsepower as the
engine because no motor will last long it it must continuously deliver more than
its rated horsepower,

speed of electricmotors  The most common speed for a 60-Hz motor is theo-
retically 1,400 rpm. Actually the motor runs at a little over 1,730 rpm while idling
and somewhere berween 1,725 and 1,750 rpm while delivering its rated horsepower.
When overloaded the speed drops still more. If overloaded too much, the motor
fimally stalls. The speed of ordinary ac motors cannot be regulated by rheostats or
switches, but there are solid-state controllers for regulating the speed of some ac
single-phase motors. Special variable-speed mators are obtainable, but they are
expensive special-purpose motors and are not described here.

How temperature rise affects operation A 10-hp maotor made today isn't
much bigger than a 3-hp motor made 50 years ago. This is possible because of
advances made in the heat-resisting properties of insulations on the wires used to
wind the motor and insulations used to separate the windings from the steel in
the motor. Other advances have led to reduced air gaps and to improved magnetic
properties of the laminated steel used in the pole pieces. Today's motors will run
much hotter without being damaged, but motors should always be installed where
they will have plenty of air for cooling.

Motors have stamped on their nameplates a “service factor” ranging from 100
to 1,35, Multiply the horsepower by the service factor. The answer tells you what
horsepower the motor can safely deliver continuously in a location where the
temperature is not over 40°C {104°F ) while the motor is net running, That means
the motor might develop a temperature of over 100°C (2127F), the boiling point
of water, but it will not be harmed.

Must motors of 1 hp or larger have a service factor of 1.15; smaller motors have
a higher service factor, some as high as 1.35. A motor works most efficiently and
lasts longer if operated at its rated horsepower.

POWER CONSUMED BY MOTORS

A motor is a rotating machine that converts electrical energy to mechanical energy.
A motor delivering 1 hp—746 watts—is actually consuming about 1,000 watts from
the power line. The difference of 254 watts is lost as heat in the motor, friction in the
bearings, the power that it takes to run the motor even when it is idling, and other
factors. It is important to remember this discrepancy between watts delivered and
watts consumed when selecting wire for installing a motor and when considering

tperating costs.
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I'he amperage drawn from the power line depends on the horsepower delivered by
the motor—whether it is overloaded or underloaded, The watts are not in propor
tion to the amperes, because in motors the power factor (see Glossary) must be
considered. Your cost for the power is based on watts consumed, but vou must
provide wire size in propurtion to the amperes. When the motor is first turned on
it momentarily consumes several times its rated current. After it comes up to speed
but z'-'.||1-.-rrnitml to idle, delivering no load, it consumes about half its rated current,
Rated current is consumed when the motor is delivering its rated horsepowe
more current 15 consumed if it 15 overloaded. SRR

TYPES OF MOTORS

Chowse the type of motor that is suitable for the job and the available power
source. Described here are common ac motors. Features to consider are size. sta rting
capacity, initial cost, operating cost, and ease of maintenance.

The direction of rotation can be changed on ac motors. On a repulsion-induction
mator, shilt the position of the brushes, On other types of ac motors, reverse two
of the wires coming from the inside of the motor. If the motor must be reversed
often, a special reversing switch can be installed for the purpase.

Single-phase motors  The muotors most commonly found in homes and on
farms are called single-phase motors because they operate on the usual 120/240-
volt, single-phase current, They are not usually available in sizes larser than 74 hp
although a few larger ones are made. The three types described in this discussion
operate onky on single-phase ac.

A B C D B C D

120 V}J —— 240V —

It there is-a choice, always operate
your maotor at the higher voltage. A1 F19-16-1 Byreconnecting the leads the mator
canbe used on either 120 or 240 volts

Larger single-phase motors are
often dual-voltage, meaning they are
designed to be operated at either
of two voltages, for example 120 or
240 volts. The motor has four leads.
Connected one way the motor operates
at 120 volts; connected the other way it
operates at 240 volts. See Fig. 16-1 )

A

240 volts 1t will consume only half as
many armperes asat 120 volts, With any
given wire size the voltage drop will be only one-fourth as great (measured as a
percentage | on the higher voltage than it would be on the lower voltage.

Spm-pht_!se motars  This is a simple tvpe of motor, which makes it relatively
trouble-free; there are no brushes, no commutator. It is available only in sizes of ¥
hp and smaller. [t draws a very heavy amprage while starting. Once up o full speed,
the split-phase motor develops just as much power as any other type of motor, but

it is not able o start heavy loads, Therefore do not use it to drive anvy machine that

N
i
'
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i hard to start, such as a deep-well pump, or an air compressor that has to start
against compression. Use it on any machine that is easy 10 start, or on one » here
the load is thrown on after the machine 1s up to full speed. It 1s entirely suitable for
washing machines, grinders, saws and lathes, and general utility use.

Capacitor motors  This is similar to the split-phase type, with the addition af
a capacitor or a condenser that enables it to start much harder lpads. There are
several grades of capacitor-type motors available, ranging trom the home-work-
shop type which starts loads from 1% to 2 times as heavy as the split-phase, to
the heavy-duty type which will start almost any type of load, Capacitor motors
usually are more efficient than split-phase, using fewer watts per horsepower. The
amperage consumed while starting is usually less than half that of the split-phase
type. Capacitor motors are commonly used only in sizes up to 10 hp.
Repulsion-induction motors  This type of motor, properly called the “repulsion
start, induction run” motor, is commonly called a repulsion-induction or E-I motor.
Available in sizes up to 10 hp, it hasa very high starting capacity and should he used
for heavier jobs—it will “break loose™ almost any kind of hard-starting machine.
I'he starting current is the lowest of all the single-phase types of motors. These
motors have a commutator connected to the windings on the rotor which allows for
precise positioning of the rotor poles (by moving the brush positions) in relation
to the field poles fo produce maximum starting torque, Commutators and brushes
require skilled maintenance. With the increased availability of three- phase power,
use of BT motors is decreasing.

Three-phase motors These motors are the simplest and most trouble-free
type made and, as the name implies, operate only on three-phase ac. Three-phase
mators in sizes 7= hp and larger cost less than any other type, so use them if vou
have three-phase current available. Do not assume because you have a three-wire
service that vou have three-phase current; maore likely you have three-wire, 120/
240-volt, single-phase current. See discussion on page 24-25. If in doubt, consult
vour power supplier.

LARGE MOTORS ON FARMS

(In farms, motors of 10 hp, 25 hp and even larger arc required. But many farms
have only a single-phase, three-wire, 1 20/240-volt service. That provides only two
high voltage lines to the farm and only one transformer. Single- phase motors 5 hp
and larger require an unusually high number of amperes while starting, and the
line and transformer often are too small 10 start such a motor.

Before buying even a 3-hp single-phase motor, check with your power supplier to
sée whether the line and the transformer serving your farm are large enough to
operate such a motor. If you operate the motor only a comparatively few hours per
vear, your power supplier will object to installing a heavier line and transformer
[n a few localities, at least some of the farms are served by a three-phase line,
providing three transformers and three wires to the farm. If you are fortunate

enough to have three-phase service, vour problems are solved. Use three-phase
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motors, which are simpler in construction so they cost considerably less than single-
phase motors and rarely have a service problem. Note: If you have three-phase
service, you will have three-phase power at 240 volts available in addition to the
usual 120/240-volt, single-phase for lighting, appliances and other small loads.

loday's three-phase distribution practices are increasingly moving in the direction
of 208Y/120-valt systems, in which the voltages between the neutral and all three
ungrounded conductors are equally 120 volts. The older 240-volt svstems have
120 volts to two of the ungrounded conductors from the grounded conductor, and
208 volts to the third. This makes it more difficult for the power suppliers to balance
the 120-volt loads on their systems, and it creates a potential hazard if the property
owner inadvertently connects a 120-volt load incorrectly at 208 volrs,

PHASE CONVERTERS

What can you do if you need larger motors but have only the usual single-phase,
1207 240-volt service? A phase converter permits three-phase motors o be oper-
ated on single-phase lines. The phase converter changes the single-phase power
inte a sort of modified three-phase power that will operate ordinary three-phase
motors and at the same fime greatly reduce the number of amperes required while
starting. In ather words, when operating a three-phase motor with the help of a
phase converter, the same single-phase line and {ransformer that would barely start
a 5-hp single-phase motor will start a 7%o-hp or possibly even 10-hp three-phase
motor, and a line and transformer that would handle a 10-hp single-phase motor
{if such a motor could be found) would probably handle a 15-hp or 20-hp three-
phase motor. The National Electrical Code {NEC) requirements for phase converters
are in Article 455, Phase converters are expensive bul their cost is partially nffset
bry the lower cost of three-phase motors and the increased labor efficiency gained
when larger machinery can be used.

Two types of converters  The st rype of phase converter has no moving parts
except relays. It must be matched in size and type with the one particular motor to
be used with it; generally, there must be one converter for each motor. The rotating
type of converter Jooks like a motor, but can't be used as a motor. Two 240-vols,
single-phase wires run into the converter; three 3-phase wires run out of it. Usually
several molors can be used at the same time. The total horsepower of all the motors
in operation at the same time can be at least double the horsepower rating of the
converter. Thus, if you buy a converter rated at 15 hp, you can use any number of
three-phase motors totaling not over 30 1o 40 hp, but the largest mav not be more
than 15 hp—the rating of the converter. The converter must be started first, then
the motors, starting with the largest and then the smaller ones.

Required horsepower ratings  Somc words of caution are in order, A three-
phase motor of any given horsepower rating will not start as heavy a load when
operated from a phase converter as it will when operated from a true three-phase
line. For that reasan, it is often necessary to use a motor one size larger than is neces-
sary for the running load. This does not significantly imcrease the power required
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1o run the motor once it is started. The converter must have a horsepower rating
at least as large as thar of the largest motor.

The voltage delivered by the converter varies with the load an it If no motor 15
connected to the converter, the three-phase voltage supplied by it is much higher
than the input voltage of 240 volts. Do not run the converter for significant l-"“ik_’df'
without operating motors at the same time or it will be damaged by its own high
voltage. Do not operate only a small motar from a converter rated at a much higher
horsepower because the high voltage will damage the motor ar redudce irs lite. It is
good practice to make sure the total horsepower of all the motors operating at one
time 1s at least half the horsepower rating of the converter.

Check with your power supplier before buying a converter; some do not favor o
permit converters. If converters are permitted, the line and the transformer serving
vour farm must be big enough to handle all the motors you propose o use.

MOTOR CIRCUIT REQUIREMENTS

Separate circuils are recommended for individual motors that are not part of an
appliance if they are of more than % hp, whether directly connec ted urlbch driven.
Use Table 5-2,adapted from NEC Table 430,148, to determine the motor's amperage.
Every motor must have a disconnecting means, a controller to start and stop it,
short-circuit and ground-fault protection, and motor overload protechion in case
of overload or failure 1o start. Several of these are often combined.

Disconnecting means Fvery motor must have at least one disconnecting means
capable of completely isolating the motor from all ungrounded cond uctors so it can
he maintained safely. The NEC rules on motor disconnecting means fall into two
categories. First, the disconnecting means must be suitable to handle this duty, and
second, it must be located where those who may need o operate it will be able to
do s promptly. That concept is more fully explained under the he;ading‘.“ln sight
from’ requirements” at the end of this discussion of motor arcuit .regulrcmr.ms.
Acceptable mator disconnecting means generally used on projects within the scope
of this book indlude the following devices:

Motar-circusit switeh—A switch, rated in horsepower, capable of interrupting the
maximum operating current of a motor of the same horsepower rating as the switch
at the rated voltage. The device must be listed to qualify.

Circuit Breaker—The circuit breaker in the panelboard, or separately mounted,
qualifies.

Molded case switch—A nonautomatic circuit breaker. Molded case switches contain
the switching mechanism and manual-operable handle of circuit breakers, but no
thermal o ﬂ“i.l__E]'ll.’_‘[iu sensing mechanism that would cause an automatic trip.

R DISCONNECT

Manual maotor controller additionally marked SUTTARLE A5 M1
Figure 16-2 shows some manual motor controllers, Even though they are ..u:uml?cd
manually and have oFf and O positions, they do not qualify as disconnecting
means without meeting additional qualifications because they differ in robustness
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of construction from motor circuit switches:
stances. 'Iﬁr first, covering small motors, allows them to be used as disconnects far
motors of 2 hp or less, just as snap switches { dascribed later in this list). The second,
covering larger motors, allows them to be usedps disconnects if they are on the Joad
side of the final branch-circuit short-circuit arld ground-fault protective device, In
cither case, their horscpower rating must not be less than the motor.

e NEC allows them in two circum-

Flg. 16-2 Controfs of these types are “manual mot
stop a motor; they also contain motor averload devied
they can additionally function as the reguired disco

G:'fnrmi—use switch—A switch intended for usefin general distribution and branch
::lr:'.uirs. It is rated in amperes, and is capable 4 f interrupting its rated current at
its rated voltage. See Fig. 16-3 for an example. its ampere rating must be not less
than twice the full-load current rating of the mdtor. It generally cannot be used for
a motor larger than 2 hp, unless it additionally jualifies as a motor-circuit switch,
as described earlier, Use a switch with one fuse for a 120-volt motor, and two fuses
for a 240-volt motor.

General-use snap switch—A form of general-ude
switch constructed so'that it can be installed
in flush device boxes or on outlet box cover}
ur otherwise used in conjunction with wirinjg
systemns recognized by the NEC, (In other word

these are the ordinary switches used in controllin
lights in ordinary house wiring.) They are for af
motors only. To qualify, the switch must be rate]

Flg. 16-3 A switch of this type, or a larger one wit|
cartridge fuses, may be used with small motors, If th
switch has two fuses, it iz for 3 motor operated at 24
volts; if it has only one fusa. it is for 2 motor operated
120 volts. MSguare & Compary)
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ac-only {general-use ac-dc snap switches are not acceptable) and the motor full:
load current must not exceed 80% of the ampere rating of the swiich.

Phag and receptacle—If the motor is portable, the plug on the cord is sufficient if
the motor rating does not exceed the horsepower ratings that the test labs assume
far the plug configuration. For example, a 125-volt, 15-amp receptacle can be used
with up 1o a Y-hp motor, and a 125-volt, 20-amp receptacle is good for 1 hp: a
250-volt, 15-amp receptacle works for up to 1% hp,and the 20-amp variety works
forup to 2 hp.

Controllers A controller is any device used to start and stop a mofor, [t is part
of the machine on refrigerators, pumps, and other equipment with automatically
started motors. On manually started motors it can be a circuit breaker or switch,
but is usually what is called a motor starter, as shown in Fig. 16-2. The enclosure
for the starter also contains motor overload devices, which are discussed under
the next heading. Controllers for motors over 2 hp must have a horsepower rating
equal to or more than the horsepower rating of the motor, Use the smaller starter
in the illustration for fractional-horsepower motors; it hasa manual switch 1o start
and stop the metor. For bigger mators, use the larger starter shown at the right. It
has pushbuttons to start and stop the motor. Larger starters have pushbuttonsina
separdite case arranged to actuate a magnetic switch {usually called a "contactor™),
allowing the motor to be electrically controlled fron a distance and from multiple
locations or by automatic means, such as through a pressure switch.

Motor overload devices Motors must be protected by overload devices 1o
prevent burnout and risk of fire resulting from extended overload.

It takes many more amperes to starl @ motor than to keep it running at full speed at
its rated horsepower. And when a motor is overloaded, it consumes more amperes
than while delivering its rated horsepower, A motor will not be damaged by current
considerably larger than normal flowing through it for a short time, as at start-up
or during s momentary overload. But it will burn out if more than normal current

Hows through it for a considerable time.

A motor overload device permits the high starting cursent to flow for a short time,
but disconnects the motor if current due to overload (or failure to start] Aows
through it for a considerable time. Overload devices are permitted to be separate,
but in practice they are usually included in the same enclosure with the starter,

Overload devices include “heaters™ and are rated in amperes. When the starter
is installed, select an overload device heater on the basis of the full-load ampere
rating on the nameplate of the motor. Overload devices are often integral with
(built into) the motor in the case of small motors, also with many larger motors
if they are part of automatically started equipment sich as air-conditioning units.
Whether integral or separate, if the overload device stops the motor, correct the
condition that led to the overload. Let the motor and the overload device cool off,
then reset manually.
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Some overload devices are automatically resetting, but they must not be used where
the unexpected restarting of the motor (for example when powering a table saw)
could result in injury.
Motor branch-circuit short-circuit and ground-fault protection Motor
overload devices, whether built into the motor or installed on the starter, are not
capable of interrupting the high amperage that can arise instantaneously in case
of a short circuit or ground fault that might occur in the motor circuit or in the
motor. The branch circuit as well as the controlier and the motor must be protected
by fuses or circuit breakers against such shorts or ground faults.

The wires in a motor branch circuit must have an ampacity of at least 125 percent
of the full-load motor current so they won't be damaged if the motor is overloaded.
(Owverload devices permit up to about 25 percent overload current for a consider-
able time before stopping the motor.) For motors of the kind typically installed in
homes and on farms, the NEC permits a breaker to have an ampere rating up to
250 percent of the full-load current of the motor; if time-delay fuses are used, their
ampere rating must not exceed 175 percent of the full-load current. If these values
seem o conlradict the basic requirement that overcurrent devices may not have an
ampere rating larger than the ampacity of the wire being protected, bear in mind that
amotor circuit is a special case in which the overcurrent device protects only against
short circuits or grounds. Protection against lower values of overcurrent {overload,
or failure o start) is provided by the motor overload device discussed under the
previous heading. Use the smallest rating that will permit the motor to start and
operate properly, Fuses that are not of the time-delay type should not be used.

“In sight from" requirements A motor disconnecting means must be in sight
from the motor controller; there are no exceptions that normally apply to this
rule. In addition there must be a disconnect in sight from the motor and its driven
machinery. The NEC defines “in sight from” as being visible and not over 50 feet
from the specified location. If vou can see one component from the other but they
are more than 50 feet apart, they are not “in sight from” each other. This concept,
which originated in the NE( motor article, is now formally defined in NEC Article
100 for use throughout the NEC,

If the controller disconnect is not in sight from the motor and its driven machinery,
you must install an additional disconnecting means that is in sight from the motor
and its driven machinery. This additional disconnecting means must meet the
requirements for the disconnecting means already discussed, but if it is a switch it
need not have fuses, There is an exception that allows the in-sight disconnect to be
omitted if the disconnecting means for the controller can be individually locked
in the open paosition; however, effective with the 2002 NEC that exception is now
limited to installations where the additional disconnect would introduce additional
hazards or would be impracticable. For example, it would be plainly impracticable
to place a disconnect 50 feet down a well shaft to be “in sight” (not over 50 feet
distant) from a submersible pump motor 100 feet down the same shaft,
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Observe the requirement outlined above for disconnecting means, controller, and
overload units. Use wire with an ampacity of at least 125 percent of the full-load

current of the motor. For long circuits use wire larger than required by NEC in
arder to avoid excessive voltage drop. If the dreuit to the motor is long, and you
use wire that is too small, vou may have only 100 volts at the motor dulring =r_h_c
starting period instead of nearly 120 volts. The motor may not start, or if it dna:. it
will deliver significantly less than its rated horsepower. Table 16-1 shows IJ.'u: wire
size to use at various distances from service equipment to motor, assuming lhe
wire has an ampacity of at least 125 percent of the full-load current sh{uwn on the
nameplate of the motor, All distances are one-way. The table is for single-phase
maotors onky,

Table 16-1 ALLOWAELE DISTANCE (IN FEET) FROM SERVICE EQUIPMENT
TO SINGLE-PHASE MOTOR FOR DIFFERENT WIRE SIZES

% M 10 150 240 400 600 1,000 1,600 2400
1 % 85 140 200 340 525 800 1,300 2100

1% ; 70 110 160 280 400 675 1100 1,700

2 B e % 140 230 350 S50 900 1400 2200
3 100 160 2500 4000 6500 1,000 1600
5 1000 760 250 400 650 1,000
7% 114 175 275 450 F00

The wires shown in the table are compromises. The voltage drop while starting (when t!;m
amperage is several times greater than when the metor is running) will be fram 3 to 7%
percent depending on the type of motor, how hard the load is to start, and other factors,
While running, the drop will be about 1'% percent. This is less than narmally recm\'rm-engd
far non-matar loads and is the result of wire sizes large enough to keep the drop within
reasonable limits while starting.
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CHAPTER 17
Farms

FARM HOUSES HAVE ABOUT THE SAME power requirements as ¢ity housesand
may be wired as any other house. It is the rest of the farm that makes up the main
part of the load. This includes all sorts of motor-driven machinery: water pumps
and water heaters; irrigation equipment; milking machines, milk coolers, sterilizers,
and similar dairy equipment; extra lighting for forced egg production, incubators
and brooders; crop drying equipment; heaters to keep water for livestock or poultry
trom freezing, and so on.

To provide enough power to aperate such equipment, vou must use large wires to
carry the heavy amperages without undue voltage drop. The large loads require
heavy service equipment and many circuits. This chapter looks at the wiring consid-
erations encountered in providing the power needed to carry on the business of
tarming. Problems with large motors on farms are discussed on pages 173-174.

Wiring 1ssues and procedures specific to farming are collected in this ¢hapter for
convenient reference, but it is important to study the entire book in order to gain
understanding of the principles involved.

Om practically all farms today, the power supplier’s wires end on a pole in the farm
yard, which is where this chapter begins. On the pole are the meter and often a switch
or circuit breaker to disconnect the entire installation. The wires are grounded at
the pole. Fram the top of the pole, sets of wires run to the house, to the barn,and ta
the other buildings to be served. At each building there is a service entrance without
a meter. Underground cables are being used more and more instead of overhead
wiring. The type of cable you use depends on the purpose of the building. The
remainder of the chapter discusses electrical requirements for farms predominately
in terms of the requirements of NEC Article 547, which applies to at least portions
of most but not all agricultural buildings.

LOCATING THE METER POLE (“DISTRIBUTION POINT"IN
NEC TERMINOLOGY)

Why is there a pole? Why not run the wires to the house and from there to the other
buildings as was done when farms were first being wired? Because that would lead
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to very large wires to carry the total load involved; very large service equipment in
thehnuﬂ;upurﬁwwirhgmmmﬂwdmp—_wﬁdﬂsumnﬁpmmm.
tered farm vard, and many other complications that can be avoided by installing
a meter pole.
It s importal the pote oo clese s practoa-toe thre Paidines

greatest amount of power will be used per year; on farms, the house rarely consumes
the greatest total, When the pole is located where the largest wires can be the shortest
wires, you will find it relatively simple to solve voltage-drop problems without using
wires larger than would otherwise be necessary for the number of amperes o be
carried. Total cost is kept down because the large, expensive wires to the buildings
with the big loads will be relatively short, and the smaller, less expensive wires to
the buildings with the small loads will be relatively long.

Overhead or underground? A farm wired using overhead wires will have a
large number of wires running all over the place. This gives a very untidy appear-
ance and invites problems of various kinds. Wires to low buildings are subject to
damage by vehicles and machinery passing under them. Having many overhead
wires on an isolated farm increases vulnerability to lightning, In northern climates
where sleel storms are common, wires can break from the weight of accumulated
ice: 2 broken wire on the ground is dangerous. Underground wires cost little more
and prevent these problems,

If you are going to use overhead wiring, consider wire size carefully. Select a wire
size big enough to carry its load in amperes without excessive voltage drop. Make
sure it is strong enough for the length of the span, which means that sometimes
you must use wires larger than otherwise necessary for the load involved. Review
the voltage drop topic in Chapter 4.

Basic construction atpole Thrce wires usually come from the power supplier's
transformer and end at the top of the pole. Today the usual practice is to use triplex
cable (see Fig. 819 for an example), but separate wires are shown in the drawing
(Fig. 17-1) to make it casier to follow. Check with your power supplier regarding
how they intend to supply the pole. The neutral is ahways grounded at the pole.
Figure 171 shows a modern farm distribution point. The disconnecting means
may be provided by the utility or by the owner, depending on local practice. The
2002 NE( has reclassified this device as a “site isolating device” to distinguish it
from a service disconnect. Since it is not an actual service disconnect, it follows
that the wiring that leaves this device still has the status of service conductors and
must meet the wiring procedures and clearance requirements described under
this topic in Chapter 8. Note that although the switch is at the top of the pole, it
can be operated from a readily accessible point through the permanently installed
linkage shown in Fig. 17-1. In addition, you must install a grounding clectrode
conductor at this point and run it from the neutral block of the switch to a suitable
electrode at the pole hase.

From the pole top, go to the buildings that need to be supplied from this point. Asa
general rule the farmhouse can be supplied by a three-wire service, with its neutral

e — e
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r_rgmund;:d at the home just as if the wtility had made a direct termination. The
tarmhouse must not, however, share a common grounding return path with the
barn. If it does, as in the case of a common metallic water piping system, the house
{1} has to be supplied with a four-wire service, and (2) have all instances of electrical

contact between the neutral and the local equipment grounding system removed.

ouse)

Load 2 B

*-l ( neutt@)

f_J'nE
(Fro My 5 Irr},
)

— Current

Offset connector ——— transformer

Conduit (EMT)—

\ ___ Empty conduit
for wires e

(EMT) as handie

. Handle mounting
~ bracket

Upper stop

Watthour meter -/ T——Stop pin

Handle assembly -
igrade-level access) = =T0godng rod
Fig.17-1 Pole top switch and remate metering as anticipated by the 2002 NEC. Leave at l=ast
half the circumference of the pale clear to allow fine workers and repair workiers to climb the
pole without trouble
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Although the barn, arguably, could also be wired like the house {three-wire), a
three-wire hook-up would mean that the neutral and the equipment grounding
system in the barn would be bonded together at the barn disconnect. That in turn
would mean the neutral, in the process of carrying current across its own resistance,
would constantly elevate the voltage to ground of all barn equipment by some finite
amiunt relative to local E‘;nul".d. e_ﬁpccéa“}' as it appears to farm animals where Thl.'fl
stand. The feet of livestock, being in close contact with moisture, urine, and other
farm chemicals, are conductively rather well coupled to local earth. Most livestock
are much more sensitive to voltage gradients than people are. A potential difference
in the range of a fraction of a volt can take a cow out of milk production, which
no farmer can afford,

Four-wire distribution may be required The NEC addresses this in two
ways. First, it establishes the unique rules on farm distributions being covered
here, Second, it establishes an equipotential plane for these environments, discussed
later in this chapter. The service to the barn is normally wired four-wire, but there
is an addirional condition attached to the four-wire scheme that is unigue to agri-
cultural buildings. The separate equipment grounding conductor must be fully
sized, That is, if the run to the barn is 3/0 AWG copper for a 200-amp disconnect,
and the neutral is 1/0 AWG copper (both sized on the basis of load), the equipment
grounding conductor is not & AWG as normally required by NEC Table 250.122; nor
is it 4 AWG, the size for a grounding conductor on the supply side of a service using
3/0 AWG wires; nor is it 1/0 AWG, the size of the neutral. It must not be smaller
than the largest ungrounded line conductor, or 3/0 AWG. When this wire arrives al
the barn, it must arrive at a Jocal distribution with the neutral completely divorced
from any local électrodes or equipment surfaces requiring grounding.

Installing the meter socket The meter socket is sometimes furnished by the
power supplier but installed by the contractor. In other localities 1t is supplied by the
contractor. As shown in Fig. 17-1, the meter socket is not connected across theline,
but instead is connected through a current transformer (usually abbreviated CT},
discussed under its own heading later in this chapter. Mount it securely at a height
required by the local authorities; this is usually 4 to 6 fi above ground level.

In the case of a small service, the actual line and load conductors could come down
the pole to a meter socket connected across the line. In this case the usual procedure
is to wire the service disconnect immediately below the meter socket. Run service
wires from the bottom jaws of the meter socket to the line terminals of a switch
or circit breaker. Then run the load wires from the load terminals of the service
disconnect back up to the point of beginning at the pole top. Some power suppliers
allow all the wires in one conduit (“single stack”) and some prefer two conduits
(“double stack”). Pass the load wires, unbroken, straight through the meter socket
on their way back up. Combination meter sockets and main disconnects, usually
using a circuit breaker, are commonly available and simplify this process. In sizing
the service and the load wires, be aware that if you install them in a common raceway
(the usual case) you must count the four hot wires as current carrying, That number
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of current-carmving wires run together requires their ampacities { from Table 4-1)

i B e L R 1 2 pe s :
i be derated by ."I'IIJ|..J‘:S| ng by a factor of 0.8. Todav's la farm loads, however

almost always use the pale top switch and CT shown in Fig. 17-1

Insulators onpole  Near the top of the pole, install insulator racks of the general

type shown in Fig. 17—4 Provide one

rack for the in oming power wires and one

rack for each set of wires running from the pole to van
i+ bHoarer 1 F 1IN R . F 1 -

Lhat there s great skrain on the wires under heavy winds or in case of heavy |L'i_1'!g n
northern areas. Anchor the racks with heavv |

us buildings. Remember

; g screws. Betler vet, use at least one
through-balt, all the way through the pole, for each rack. Note the fourth insulator
on the paole for the equipmen! grounding conductor run o the harn .

Ground at meter pole For a small service using a meter connected directly
dcross the line, the neatral wire always runs from the top of the pole through the
conduit to the center terminal of the meter sacket. The neutral is not necessary for
proper operation of the meter, but grounds the seckel. At one time it was standard
practice to run the ground wire from the meter socket (out of the bottom hub)
to ground, bur expericnce has shown that better protection against lightning is
obtained if the ground wire is run outside the conduit. Run i; from Lw |::-11} ril
at the top of the pole directly 1o the ground rod at the bottom of the pole, termi-
nated as shown in Fig, 17-2, It is usually run tucked in along :

; . i the conduit as
far as it goes, then to ground. [n some localitics it is stapled to the pole on the side
opposite the conduit,

J— Ground wire

Fill trench after
/ inspection

!:Ig.'l 7-2 The top of the usual 8-ft ground rod should end up below the surface of the ground
Fill the trench after inspection. If the graund rod is copper, use anly a copper [ldlrlp_F'y'. listing
FesTrCtoNS, Insist ON & DIRECT BURAL or DE marking on the clamp .

For today's larger services using pole-top disconnects and CTs, just run the ground
wire straight down the pole. Protect it from damage, particularly along the lower
end of the pole, with U-shaped heavy plastic coverings, or run it in rigid nonmetallic
conduit. If vou use metallic conduit, make sure both the top and ]11 rom ends are
lr-'.~n-.{-_'d.'.n the enclosed ground wire as described in Chapter & {under “ Bonding at
the service entrance™) or the ground wire will lose a good portion of its ;:['f-_"'.:n:.-e

ness. Complete the installation using the procedure x._'m ered later in this chapter

o Y o e g R
under"Burying the ground rod” How (o determine the size of the ground wire i3

o
-1
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discussed under its own heading in Chapter 8: remember that if the ground wire
runs to a rod, pipe, or plate electrode, such asa ground rovd, it never needs to be

larger than 6 AWG.

DETERMINING SIZE OF WIRES AND SERVICE

Wires of the proper size must run trom the vard pole 1o individual buildings, A1
gach building there must be a service entrance as discussed i hapter 8, except the
entrance will not have a meter. The service entrances must have the correct ratings
and correct ampacities must be determined for the wires running from the pule o
each building and fur the wires un the meter pole.

The NEC provides a specific method {or determining the ampaciry of the wires
running from the pole to any farm butlding with two or more crcuits, and fur
determining the rating of the service equipment at that building. The minimum
ased on the total load on all wires between pole and

size of wires on the pole i
individual buildings,

ITve wire sizes determined by using the formula that follows are the mimmuin
permissible by NEC. You would he wise to install larger sizes to allow for future
expansion, Number 10 AWG wire 1 acceptable for spans up 1o 50 feet, and 8 AWG
fur Jonger spans. For very long spans, use an extra pole, If the wires are nstalled in
morthern areds on a hot summer day, remember that a copper wire |04 feet long
will be a cuuple of inches shorter next winter when the temperature is below zero.
Leave a little slack so insulators will not be pulled off buildings during winter.

It is assumed that the building will have a three-wire; 120/240-volt service, so the
\otal amperage af 240 volts must be determined. For motors, use the amperage
shown in Table 5-2. For all other loads, start with the wattage. For lights you can
determine the total watts from the lamp size you intend to use. For fluorescent
lights, add aboul 20 percent to the wattage biecause the watts rating of fluorescents
defines omly the power consumed by the lamp itself: the ballast adds from 1510 25
percent. For receptacles, allowing 200 watts tor cach will probably be on the safe
side sinice thev will not all be used at the same time. Then divide the total watts by
244} and you will have the amperage at 240 volts,

Note: Suppose in 4 building you have six 120-volt, 15-amp circuits for lights and
receptacles—theoretically making a total of 90 amps (6 x 15)at 120 valts, or 45
amps at 240 volts, But the circuits won't ali be loaded 1o capacity at the same time, 50
instead of the 45 amps, use the total as determined by the preceding paragraph.

ST

Minimum service for each farm building  NEC 220.40 and 22041 show how
to compute the load for service conductors and service equipment for each farm

building (except the house, which is computed as any ather house) and the total farm

joad, For cach building to which wires run from the pole (except the house—see
“What Size Service™ in Chapter &), first determine the amperage al 240 volts of all

te time. Enter the amperage al

lsads having any likelihood of operating at the

ieand

a, then proceed with steps
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4. Amperage at 240 volts of all conne
at the same Lime, including motors,

b I @ includes the largest mator in th

amperage of that motor [if two mot

ane of them the largest

if @ does nat include the largest mo

amperage of that motor

o

Add a 1o b ar r, whichever s applica
e Amperage at 240 voirs of all other ¢
Iotal of d + &

Using your results from above, select th

find the minimum size of service far eag \

I 1f Fis 30 or less, and if there are not mil

B AWG wire (8 8WG is NEC minimum
switch and & AWG wire.

i If £ is over 30 but under 60, use a G0-
If ot is Jess than &0 and £ is over &0, st3)
plus 504 of the next &0 amps plus 25
together 60 phus 30 (50% of the next
for a tetal of 60 + 30 4 50r 35 amps.
A ps Or more,

If o is owver 60 2amps. start with 100%

254 of the remainder of &, Far examieli

75 of d, add 30 {504 of the first 80 of

atotal of 75 + 30 + 10 or 115 amps. UK

rating and wire with correspanding a

Calculating minimum size of wig

mined the size of the service o ea
wires on the pole from Lhe top of f
supplier’s wires, down to the meter,
are conngcted to the wires leading
and the main disconnect must be 1;
above. The total number vou cnte
minimum rating of the switch or b
ampacity of the wires on the pole,

Proceed as follows using the amper

1. Highest of all the amperages for an ing

determined in previous calculation
2. Second highest amperage
3. Third highest amperage
4. Total of all other buildings

=~

5. Total all above

=4

. Add the house, as figured In Chapter §
Totalof 5+ 6

|

ikely to be operating

AMps
add here 25% of the
Lame size, consider
__amps
: Rere 175%: of the
3 Amps
— amps
oads in the building amps
Arrips

ate case from the following choices ta
al building,

CIFCUTES, i5e @ 30-amp switch and
re tree or More Circuits, use a 60-amp

1 and & AWG wine
dd together 1004 of the first 80 amps

efemainder. For example, if s 1440, add

plus 5 (25% of the remaining 20 amps)

Anp switch and wire with ampacity of 35

dad 50% of the first 80 amps of e, plus

5 amps and e is 100 amps, start with the
10 (25% of the remaining 40 of e} for
ot breaker of not less than 115-amp

ole  The calculations sbove deter-
ig. Mow let us determine the size of
1ere they are connected 1o the power
up to the top of the pule where they
ual buildings. The wires on the pole
gh to handle all the loads calculated

f7 ol the tollowing calculation is the

used ) at the pele, and the minimum

mined in the previous calculation:

ilding (exciuding the house) as

___ampsat10dte= amps
____ampsat?s% = _ amps
__ampsatesse = amps
_amps at 50% = amps
amps

___amps

_amps
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Note 1 If two or more buildings have the same function, consider them as one building for
the purpose above. For example, if there are two braoder houses requiring 45 and 60 amps
respectively, consider them as a single building requiring 105 amps. If na other building
requires more than 105 amps, enter 105 amps in step 1 above.

Note2  In listing the amperage for any one bullding, the amperage 1o use is the

ralculated amperage, not the rating of the switch used, For exa mple, if for any building you
determined a minimum of 35 amps but you use 3 50-amp switch |because there is na size
between 30 amps and 60 amps), use 35 amps not 60 amps,

Use current transformers for modern high-capacity installations [t the
service at the pole is rated at 200 amps or more {line 7 of the preceding calculation],
it means very large wires running from the top of the pole down to the meter and
back again tw the top. That is both expensive and clumsy. It is not necessary torun
such large wires down to the meter—instead use a current transformer (T,

An ordinary rranstormer changes the voltage in
its primary to a different voltage inits secondary,
In a current transformer, the current tlowing in
its primary is reduced 1o a much lower current
in its secondary. Most current transtormers are
designed so that, when properly installed, the
current in the secondary will never be more than
5 amps. A typical current transformer, shown in
Fig. 17-3, has the shape of a doughnut 4 10 &
inches in diameter. Tt has only a single winding:
the secondary. The load wire {in which the current
is to be measured] is run through the hole of the doughnut and becomes the
primary. Assuming that the transformer has a 200:3 ratio, tor use with a 200-amp
service. the current in the secondary will be ¥ of the current in the primary. If the
current in the primary is 200 amps, 5 amps will llow in the secondary; if it is 100
amps in the primary, 2% amps will tlow in the secondary. For a 400-amp service

Fig.17-3 A current ransformer.

the transformer would have a 40065 ratio.

{Ine current transformer is installed at the top of the pole, with the two hot wires
running through the hole. Four small 14 AWG wires run from the top of the pole 1o
the meter (which must be of the type suitable for use with a current transformer|:
two from the secondary of the current transformer and two from the hot wires,
for the voltage. The meter operates on a total of not more than 5 amps but the
dials of the meter will show the actual kilowatthours consumed. A wiring diagram
is shown in Fig. 174,

aution: The secondary terminals of the transformer must abways he short-circuited
while any current is flowing in its primary. If connected to a kilowatthour meter,
the meter constitutes a short circuit. As purchased, the transformer will probably
have a short-circuiting bar across its secondary terminals; this must not be removed
until the transformer is connected to the meter. If you were to touch the terminals
of such a meter that is not short-circuited, you would find a dangerous voltage iof

many thousands of volts.
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[nan installation using a current
transtormer-at the top of the pole,
1 viou .':|'1|::l want a ‘_\'.\.'I'[l_'l'_ al I!-J'II.‘.I
pole, install it at the top. Such
pole-top switches are operated
by a handle near the ground
level, connected I|'|r|,.~'_ gh a rod 1o
the switch at the top as shown in
Fig. 17-1. Note that the current
transtormer is installed iy the
same ¢abinet with the switch.
Such switches dre also available
in the double-throw type, as
required if a standby generating
plant is installed for use J._-rm;-\

periods of power failure,

INSTALLING OVERHEAD WIRIN

Triplex calble is shown i Fig. §-1

sparally around a strong, bare neutra
One triplex cable 1s usually conside
trequently used tor overhead spans

a5 quadruplex” cable with four wir

tions as covered previoushy The NEC

Wiring,” and power suppliers have

Required clearance of overhead serv
For feeder wires from huilding to |

in SNEC 22518 as follows:

HE feet above finished grade, si

which wires migh be reached

12 feer above residential prope

stabiect to truck traffic

L& teet nver commercial of farm
For coniductors aver 600 volts, the }

1s reterenced. Owerhead transmissio

oren am

Il 0T CTOSS farm property,

farm due to use of mobile equipme

and conveyors, |'|.=||'|_L‘1.‘:'nu~' situation

SR : -
electric lme with well-d: !C.il'IE'_'a.."L'i}

pipe. Proper lavourt of the overhead el

structures and proximity to the pow

to potential shock, Consult with a re

- 2 e T
advice on mimimizing harards
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Front View

M L

eter =

MNeutral -

ig.17=4 Wiring diagram showing one transfarmer
sed on o 1200240-valt service.

toomsisls of two insulated wires wrapped

i
vire. [t requires only vne insulator for support.
| preferable 1o three separate wires, It is now
faron buildings generally, and it is availahle
allowing it to be used on four-wize distribu-
overs itas Article 396, "Messenger Supported
en using it for service drops for vears.
- wires from grade is given in NEC 230.240B).

ilding on the farm, the clearances are given
alks, or any platform or projection froan
and driveways and commercial areas not
operties subjeet to truck rraffic

winal Electrical Safely Code, ANSIC2-1997
ind distribution line

~F

the power supplier
edrances may have to be increased on the
that 15 unusually .JI'-Z‘_*l-" sach as grain augurs
ran arise when working under mn u_'ncr:‘i;-'-.-d
ent, grain probes, irrigation pipe and well
trical distribution system with relation to the
lines can save lives by MHNITIZINE CXPOSUre

esentitive of your Iocal power supplier for
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INSTALLING UNDERGROUND WIRING

[t is becoming more common for service entrances

buildings, to be put underground, producing neater installations, Underground

and also for wires between

wiring greatly reduces danger from lightning and eliminates the problem of long

spans coming down under ice loads in northern areas.
sdesigned for direct burial.

Underground wiring uses either conduit ur special cable
an the conductors, with a

[Tie cables have special minsture-Tesistant insulation
verv tough outer layer, The NEC recogmizes two types, which are described below.,

They are available in both single-conductor and multi- conductor cont

USE and UF cable The maost common cabile for underground wiring is Type
USE ( Underground Service Entrancel, which has been used for many years. [t is
shown in Fig. 17-5. Another tvpe, Type UF i Underground Feeder), may be used
as an underground feeder, but must be protected by fuses or breaker ar the source
thercfore it must not be used as 4 service entrance conductor. Hiowever, on farms

I'vpe UF could be used on underground runs from pole to building if protected

by [uses or breakers.,

R e

Fig. 17-5 Type LISE cable is designed to be buried dirsctly in the ground without further

protection. [T is available also as J-wire ar 3-wire cable

In the multi-conducror kind, Type U is substantially the same 0 appearance 45

Type NMC shown in Fig. 4-5B. Nevertheless, they are two different kinds of cable.
Type NMC may be used in dry, moist, o damp locations, but not for direct bur iath
underground. Trpe UF may be huried directly in the ground and may also be used
wherever Types NM and NMC may be usid.

Minimumdepth L se comnnn sense in installingany kind of underground cable.

WEC 300.3 cuvers the minimum depth lo which it must be buried. For residential
installations the minimum depth is 12 inches, provided the cable 15 protected by

2 breaker or fuses rated at 20 amps or less, and is protected by a GFCL If not so
" 24 inches, which is also the

protected, the cable must be buried a minimuom ol
minimum depth required for all nonresidential installations. I you use individual
close together, In locations where the cable might he disturbed

wires, keep them
here it crosses cultivated areas where thers mav

i as where it crosses roadways, or w
ver and lay a board or similar protective material

be furure diggmgl, bury it deey
thick ritn of concrete

abave the cable before filling the trench, In general, a 2 inch
nlaced in the trench above the underground wiring allows a reduction in cover
b 6 inches. although this is not the case in areas subject o vihicular access: Do

nat stretch the cable tghtly; lay it so it curves snakelike from side 1o side. To avold
damave 1o the conductors, screcn any gravel or rol ke out of the material used for

hackfilling the trench, or better vet use clean river sand.
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If you are using a raceway, the buri
raceway chosen. Heavy-wall steel cos
# inches. These distances become
direct-burial cables, at 18 inches und
24 inches under public roadways and|
measured berween the top of the racd
be deeper by the thickness of the wir
are installed 18 inches or more une
installed 12 inches above the condud
the conductors in the future.
Protecting with conduit at gro
emerges from the ground, the above}
against physical damage. Run the cabl
# conduit bushing at the bottom to p

FECIAL WIRI

| depths are
duits requing
consistent
or residenmoal
parking fots,
way and grad
ng method ¢
erground, a
ars to provid

und level

ground port
[ through con
otect the caby

sharp edges where the conduit was cuft, Where the

ashort vertical S-curve in each wire
moves under the action of trost. In af
at the end or make other arrangem
movernent on the conduit riser, As il
this to prevent riser movement throg
pushing through concentric knockey

The top of the conduil may end at the

screwed into the threaded opening in |
location vutdoors, install @ service hd

o help preve
Hdition, be s
Enls Lo acco
ustrated in T
ah frost heay
ts or doing «
meter soc
1w bottom of
ad of the rv]

inside a building, terminate the condjuit a1 & junct

and continue with Type NMC cable
may end at the service equipment ca
grounded box or cabinet, the conduid
hushing, If the conduit ends inside a 4
end of the conduit, fill the outside en
fram entering the building through

INSTALLING SERVICE EQUIPMENT

At the house and each building serveg

a service entrance simifar to that ded
meter to nstall {because the meter 1s
Entrance at house |1 the service
above the insulators; from there it rur
house. Where there is an undergroun
from the neutral bus in the service dis

from that pc
binet, If the ¢
must b gro
uildingat a|

H with a seal

e racewav.

AT BUILD

1 by wires fre
cribed in Chy
at the pole).

entrance cab
s directly tot
i metal water,

onnect enclo

pipe electrode with an sdditional electrode, probab

the two together. II there 1s less thas
then the driven rod becomes the

10 feet ot

nary clectrod

1 SITUATIONS AND PROJECTS

it as great, and depend on the
nly & inches of cover and ENC
all wiring methods, even for
riveways and parking areasand
ote that the cover dimension is
level, so the actual trench must
ssen. Where service conductors
astic ribbon is required to be
@ warning against digging into

‘herever underground cable
n must be specially protected
uit starting below grade. Install

against damage from poss

le enters the conduit, provide
damage as the earth settles or
to place an expansion fitting
nodate the effects of ground
- 179, NEC 300.5(]) requires
g or ground settlerment from
er damage,

. in which case the conduit is
esockel. Il cnds at a different
shown in Fig. 8-21. IF it ends
n box as shown in Fig, 17-15,
wt on. Of course, the conduil
duit does not terminate in a
ided by a clamp or grounding
inl no higher than the ouside
compaound 1o prevent water

5

1 the yard pole there must be
et 8, except that there is no

or the conduit end at a point
tinside the
ipe, run the ground wire to it
ire, and supplement the water

SETVICE e UIpPries

adriven rod or pipe, bonding
tal water pipe underground,
but the installation will look

1
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tside the building must be bonded to

much the same, because the water piping

the electrode and the neut

The wiring inside the house is the same as in other houses, and has already been

covered in other chapters. Be sure to install plenty of circuits 1o allow for future

exp insionand toaccomn wdate new ap P||,1||',.\_.-_n. in the futuw |.._HF| 1ré circuits 1nst: illed
at the start are a good investment; adding them later can he costly,

Entrance at other buildings How to determine the service entrance ~i'f|.' fur
individual buildings is discussed earlier in this chapter beginning on page 185, If

there are more than two clrcuits, the NECrequiresa a 60-ampswitch asa mimmuim.

Be sure to observe NFC grounding requirements as outlined e sarlier in thas chapter
Sote that per NEC 225.36 Fxcepioon, i gar: |-'-.=ﬁ.1!1da1u'|1|-|| lings on residernial prop-
eriy, the discornecting means may be an ordinary switch (single-pole, three-way,
or four-wav) as used in buildings serving primarily a residential purpuose, as distin-
guished from other buildings used Pt’l"‘l'].']'l|'t in the business of farming, Buildings
sery ing primarilv a residential purpose might 1nc clude a ;__,wm‘ft or smokehouse,
means thal will open
either

All other buildings must have a conventional disconne
all the ungrounded wires. Te may be located inoron lh: bt Iumg. and may be
1 switch or a circuitbreaker, and it minst be suitable for use as sery ice equipmenl as
evidenced by listing as SUITARLF FOR USE AS SERVICE FQUIBMENT. [f the building 15
served by twi 120-volt wires including a grounded wire, use a single-pole switch
or breaker. If served by three wires (or only the rwo hot wires) use a double-pole
cwitch ur hreaker. How to determine the ampere rating of the switch or breaker 1s
covered later in this chaprer.
Tapping service wires at buildings
should be served by wires direct from the pole. When two buildings are quite close
o each other with neither building having a substantial load., both can be served
s from the pul-... Naturally the wires must be big enough for

1f a building contains a substantial load, it

by single set of wires
he combined load of bath buildings. At the service insulators of the first building,

miake a tap and run the wires on to the second l’JIlI|l:|l]'tL, as shown in Fig. 176, A1

the sccond building, procecd as if the wires came directly from the pole.

To next
building
13

| From
| pole

“ )

[ Cable

Flg 17-6 When two buildings are near each other, tap the service wirgs fram the pole

hey are anchored on the first building and | i them 1o the second building
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If the second building is
volts, tap off only two wir
shown in Fig. 17-7.If th
able load so that 120/240
wires. The wires to the n
size as the wires from t

and ground are reguired

GROUNDS—LOCATIO
SPECIAL REQUIREME
Hefore proceeding with
mation on grounding i
in Chapter 8
Where grounds are req
and at each building. If t
be installed at the pole a
requirements for ather b
MO contain eyuipment t
A8 rr:-.'u.'puu_'le ly They gL
two grounding methods:
Install 2 ground ar ea

Cr run an equipment
sizeas he circuit wires
sev the grounding top
This grounding wire d
wire must be conneq
able, and to any other
additional clectrode. (
Where feeding one bui
pipe runs between th
bulding must be insu
pipe or other groundi

Installing ground rods;
al every point where a gr
substitute, The usual fors
aster] coreand acopper L;
Galvanized steel pipe isac
mspector, Pipe must be at
twir Tods or pipes, or long
ground that will serve its
& teet apart—if closer, rw
together using wire the sa
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vy small and reéquires ofily 120
including the grounded |vire, as
scond building has a cohsider-
slis are desirable, tap off gl three
t building must be of thE same
pole. A separate service fswitch

the second building.

INSTALLATION, AND

5
Fig.17-7 Useacopper

15 topic, Arst review thelinfor-  ground clamp with a
“hapter 7 and on pages|sy—93  CORperiod

red . In r:arm wiring, grqunding is required at the house
service wires come fron] 4 vard pole, one ground must
u;ulh:r ground at the hbuse. NEC 250,32 outlines the
Idings. I.r'.a building congains only ene circuit and does
Fmust be grounded regdrdless of circumstances (such
15 required, For all utheq buildings, follow one of these

building as is done at thy pole and ar the house,
unding wire with the cidouin wires, [t must be the sarme
i 1o 30 amps. (For circufls over 30amps, or for feeders,
near the end of Chapeey 10, and NEC Table 2501 23: i
snot replace the groundpd circuit ware. The grounding
o metallic undergrougd water piping, where ax'a[]t
eu:trn.-:i-:'-s exsting at the puilding vr to :;supp]e.-m'uhll
.u:lr.|:ng wires should beps short and direct as possible.
ng l.'rnm another, and where metal piping such as warer
w0 .f!'l.l'llli.]i'."lgf\. the grourded conductor at the second
ed from the enclosure ad not conpected to the water
electrodes,

Vhen underground pipgng is not conveniently located
l]:‘.d must be installed, alaround rod can be used as a
if the pround is a rod at feast %-inch in diameter with
7 on the- outside, driven fat least 8 feet into the ground.
ntable according to the MEC, but not always to |:.hl- local
st trade size %, and drivef 8 feet into the ground. Often
ones;, may have tobe drikven 10 secure 2 low-resistance
Fposc. When two rods gre used, they must be at 'L_.\'
Teu.lu are little hetter thap one. I.-_u,‘_~1||.|:-\'! the tivo rrm:-':
- size as the ground wird i
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Bonding to water pipe and other electrodes  Nuote that if there 15 less than
101 feet of metal underground water pipe in direct contact with the carth, it does
not qualify as a grounding electrode. Since metal water piping inside the building
must be bonded to the grounding electrode, in practice VOu MUSE i eVEry case
bond together the water pipe, regardless of length, and anot her acceptable electrode
(grounded metal building frame. concrete-encased electrade, driven rod o pipe,
or buried plate).

If the ground rod is copper-coated, use a clamp made of copper or brass; if the
of galvanized iron, Aniron clamp

ground is galvanized iron, use a clamp made
7, st there are others

is shown in Fig. 8-13; one copper Iype 1s shown in Fig. 17-
similar to that shown in Fig, 8-23

Bonding raceways to enclosed grounding (or grounded) conductors All
metallic raceways must be honded to the equipment grounding conductar of the
enclused circuit, or in the case of service raceways, Lo the enclosed grounded circuit
conductor. If the raceway is confinuows t an enclosure, the raceway fermination
at the enclosure will do this automatically, However, the metallic portion may be
Ihow is used in a nonmetallic

discontinuous, as in the common case where metal ¢
hrough the mner radius of

conduit run to prevent the pulling line from sawing 1
the elbow in 2 hard pull. The NEC addresses this problem in several ways. lzolated
metal elbows need not be honded if they are buried, measured to all points on the
clbow, not less than 18 inches. In addition, on the load side of the service equip
ment anly, metal elbows installed for this purpose need not be bonded il they are
cimbedided in at least 2 inches of concrete. Finally, fur isolated metallic portions
of a riser un a pole, you can install a clamp on the metallic portion and extend a
bonding conductor along the outside of the raceway up the pole as far as necessary
w reach an accessible portion of the grounded or grounding conductor, as the case
may be. Normally such bonding conductors cannot exceed 6 [eet in length, but
this is a special exception.

Burying the ground rod Grounds must be permanent, 5o use eXireme care in
iheir installation. The NEC requires that at least 8 feet of a driven rod be in contach
witly earth, so a standard 8-foot rod and the connection to it must be buried. If you
want the connection to be accessible, use a longer rod and build a box or provide
5 shallow well around the clamp location to protect il from physical damage. The
2 feet from the pole (or building) after a trench about a
as been dug, The top of the rod is a few inches above the
i or building)

ground rod is driven about
foot deep from rod to pole h
bottom of the trench. The ground wire runs down the side of the pole
i1y the bottom of the trench, then to the ground clamp on the rod, After inspection,
the trench is filled in and the rod, the clamp, and the bottom end of the ground wire
remain buried. Sec Fig. 17-2. Remember that you w ill have a much better ground
if you install two or three interconnes ted rods at least 6 fect apart,

Grounds in buildings howsing livestock should be installed so that seepage from
i = {=}

animal waste does not saturate the ground dround the rod. Chemical action in
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time eats up the wire, the clamp, and sometimes even the rod, so what was once a
good ground turns out to be no ground at all.
Equipotential planes—protecting against stray volta ge [luetothe sensi-

tivity of livestock to very small “tingle” voltages. the NEC now requires an equi-
;"'I”i;_'

plane in livestock (does not include poultry) confinement areas if they
contan metallic equipment accessible to animals and likely to become energized.
These arcas must include wire mesh or pther conductive elements embedded in
lor placed under) a conerete floor, and those elements must be bondead 16 metal
structures and fixed electrical equipment that mav become energized, as well as the
grounding clectrode system in the building using 8 AWG (minimum ) COpper wire,
In the case of dirt confinement arcas, the equipotential plane may be omitted if
‘concrete surfaces are detrimental to animal well being” If they are omitted, GFCI
protection must be substituted.

Remember that the grounding system 1o which equipotential planes should be
connected is usually ( refer Lo the distribution point discussion earlier in the chaprer)
electrically separated from neutral return currents. The idea is 1o minimize voltage
gradients by surrounding the livestock with bonded, conductive materials. To the
EXTENT Stray currents enter the area, the conductive materials should collect them,
equalizing the vollage across the arca atfecting any particular animal. Strav currents
need nof arise on the farm itself: there are well-documented examples of stray
voltages entering farm (or other) environments [rom prohlems on local power
supplier distribution systems, Remember, is doesn't matter if the voltage o true
ground is 2.5 volts at the cow'’s rear houves, as long as it is the same visltage at the
cow’s front hooves, the stanchion, and on the milking machine, etc. As long as
that is the case, the cow sees zero volts, and continues ro produce milk, [uc to the
well-grounded envitonment, the NEC also requires all 15- and 20-amp, 125-volt
receptacles in the area of an equipotential plane to have GFCI protection. This
GFCT protection requirernent also applics to similar receptacles inall damp or wet
locations, including cutdoors.

Surge (lightning) arresters  While lightning-caused damage to electrical instal
latinns is quite rare in large cities, it is rather frequent in rural arcas. The more
isolated the location, the greater the likelihood of damage. It occurs frequently on
farms, and to a lesser extent in suburban areas and smaller towns. It is more trequent
in southern areas, especially in Florida and ather Gulf states,

Lightning docs not have to strike the wires directly: a stroke near the wires can
induce very high voltages in the wires, damaging appliances and other equipment
a5 well as the wiring. Sometimes the damage is not apparent immediately, but shows
up later as mysterious breakdowns. While proper grounding greatly reduces the
likelihood of damage, a surge arrester correctlv installed reduces the probability of
damage to a very low level. Three leads come out of it; connect the white wire to the
grounded neutral bushar, the other two to the hot wires, One should be installed at
the meter pole. If the feeders from pale to building arc quite long, install another a1

the building. Install it in the service switch or panelboard; as shown in § ig. 17-8
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Fig. 17-B A surge (lightning) arrester installed n
a service twitch cabinet. Be sure it white Wire i
connected to the grounded neutral busbar in the
cabinet Take care to terminate its wiring at appropnate
terminals; most main circelt breaker lugs are not listed
far the combination of the smallwires from the arrester
and the much larger feeder or service conductors.
Cansult with the panelboard manufacturer fear
avallability of appropriate terminations. for the surge

arrester, Squara )

WIRING BRANCH CIRCUITS AND OUTLETS IN FARM BUI'LDI.NGS o
[he basic wiring principles covered in previous LH apters apply ;3 m.rnt.:ln q(t::;i];t: ijnj
ax well. In addition, your wiring design must t.t_h into accountt e_ specis ll. 4
that exist in farm buildings, particularly in buildings that house animas.

i ; many circui 1d a

Number of branch circuits in farm buildings  How many circuits shou Lb
; : P C

farm building have? Install enough cirauits so that the business of farming c e
i ‘ ficiency and higher cost. Far better to

Bl efficiently, Skimping leads to incl T e g
carried on et } PLng ccuit breakers (or fuses) than to

install a panelboard with space for a few extra ¢in B
kimp now and pay a much higher cost per circuit later on. [Ta bt g,u )
slan @ yar : 1 ; . gl
provided mostly with lights arid 2 few incidental receptacle outlets tor misce . |
: : e Ticient. chinery shed may require only
e 0y circuits mav he sufficient. A machinery . .
TFPOsEs, ONE OF Wi Crcy ) o R
E1|:1 circuit; a well-equipped farm workshop may requurc four; a dairy b :
et 1 i related equipmenl may regquire
ilki chines, milk coolers and related egui) }
water heaters, milking machines, : e
( Fares Lt pr vad. Be sure
a dozen circuits and large service-entrance wires in praportion to the
il e 2 = future,
to leave provisions for additional arcuits to be added in the fut
i : ) esistant
Cable for barn wiring Type NMC nonmetallic-sheathed, corrosion rtn_-,u.,L; [
was developed for use in buildings with damp and highly
i et chc has 11§ 0w
orrosive conditions resulting from housing livestock. Each Lon:u;:l | o
s : -, P
i i several o ctiors are embedded 10 a plastic
i i on, and the several conductors _
moisture-resistant insulati : e sl
jacket that is specially resistant to mosture, mildew or other fung, anduTh oy :E
- ; 5 . Y Y al "
lype NMC may not be buried in the ground, but may be used arlv_.'l.« ere that Ty T
2 : : A el & L]
In the farm house, Type NM cable or any other wirnng syster

cable, shown in Fig, 4-5,

NM is acceptable.
miay be used, .
: i -ase use Type UF cable described
In somie localities Type NMC is hard to find. In that case use Type Lh. Lﬂ.h‘: ! "
5 ) ¥ ¥ T 2 1 LT - t-, |.‘I|-I"-“' "
in thi wpe UF co - than Type NMC, but may be us
in this chapter. Tvpe UF costs morc D
that Tvpes NM and NMC may be used, and may also be buried directly in
S iy : if it is made up with copper conductors.
be used. Regardless of the wiring method
unductor must be installed or

round, You can also use Type SE cable
The more wsual aluminum [ype cannot
selected, @ separate copper ¢quipment grounding ¢

: meth [ undereround, the wire must
tuent of the wirng method, and, if run underg

e a consi
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be insulated or covered. For cablpd wiring methods, always secure them within &
mches of the boxes or calinets in{ which thev terminate.
Raceways For raceway methods, the usual method is rigid nonmetallic conduit
RNC), covered in Chapter 12, If vou need a flexible w iring method, liquidtight
lexible nonmetallic conduit can be used.
Be sure to install expansion fittingp in any locations where the air will not be condi-
tioned, asin unheated buildings agd outdoors. RNC as typically constitwted usually
|:'\.|'l.lf-'||.|‘- ."*ll'.:.,l'l'. four 1o five timed as much as concrete or winod or steel "II'.L'|'.lL'|'.I:]:
RMC) or most other building sutfaces. One of the leading RNC conduit makers
recommends allowing 14°F as a design temperature differential when working
" arcas with direct sunlight expasure, because sunlight heats the conduit more
than the ambient temperature wduld precict. Reterring 1o NEC Table 352,447,

this would cause almost 6 inches gf possible movement over a 100-foot rim. How

much of that appears at any given installation depends on the time of vear it was
first installed, For example, if it was installed in a moderate lemperature on a
cloudy day, it probably was in the middle of its size range, and might be expected
to contract 3 inches during the coldest night and expand 3 inches during the
hottest aficrnoon.

For RNC the movement resulting from ordinary outdoor temperature changes
cannot be safely accommodated with conventional fittings over even comparatively
short distances. Such movement is encugh to break out concentric knockouts, hreak
enclosures free of their supports, and do other dama g, The NEC insists on expansion
fittings for this material if vou expect it 1o exceed more than 4 inchin total expansion/
contraction between fixed points—that amount of movement would occur over
less than a single 10-foot conduit length in most climates. Plan on installing these
fittings routinely on all outdoor or barn installations unless the hasic arrangeren|
accomemaodates the movement in Ut?le:' ways, Forexample, tor a straight RNC service
riser {assuming the service head dogsn't butt against the roof) no expansivn firting
would be required. However, the appropriate mounting hardware must be used so
this movement can vocur safely, ]'hi{;mm ementisalso bevond the anticipated effeces
ol ground movement, covered in* Peotecting with conduit a1 ground leve] " carlier in
this chapter, although one propertylinstalled expansion fitting could usually caver
both requirements. Figure 17-9 illugtrates these points,

Selecting boxes, plates, and sockets Metal outlet hoses, plates or covers,
and lighting sockets carry a risk of shock, particularly in the damp conditions
quently encountered on farms. -\Il“”"n'x".il'n: wiring methods and boxes do niot

suffer the corrusion problems commion to metallic svstems, and as 2 cons

fre
cquence
they are far more common on farms. NEC 547.5(A) gencrally requires such wiring
methods in agricultural buildings (pr metal-clad cable with a nonmetallic jacket
vver the armar),

In the installation of nonmetallic brijes there is a precaution to observe, Wood swells
aniel shrinks in locations where damjpriess and humidity levels varv. Steel boxes, if

solidly mounted on supporting timpers, do not present @ mechanical probiem as
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by settierment

o prevent

damage 10 conductars

o7 EQUIDIET,

Frost ling

Trting f : fill be e o outdoor
Fig. 17-9 Support hardware and expansian fitting for RN that will be expaosed fo ou

conditions,

the timbers swell with moisture, because the :-I-:‘--?I can give a l:ul.-.: if Il'iaqt]r-:i].sll'-i-:i
nonmetallic boxes, if screwed down t:g]:ﬂ'.'_nn dry r:mtn.'.r:-: th. bl:-!.n \E:‘-; 2B
break out their bottoms as timbers swm'cl.lc'ii. with .][1L'I'|E':1.M'I]'I.g- I.1:L'.r'..‘1I:J..T._-..£Ll .I,‘-.i,_.k.
mounl ponmetallic hoxes on the surface of dry TI.-'II'Il'I'C'::i. leave just a little shacks
Jom't drive the mounting screws down completely tight. _
Outdoor switches and receptacles Ordinary receptacles ;x.m.i a.mr}.ms 1|ru.;
designed for indoor use. 1 installed ouateoors 1.-.-ithix.~_-.|.t rurulu-r !‘.'-'ﬂ.'[l.'k.'|.-I.I_Ii.'|:|'.|:.[:;:\'l;l_::;l-:.[-
be xjurv unsafie. But they can be used outdoors if installed in special waterp

5 inste gk itdoor
hoxes of cast iron of aluminum with threaded hubs instesd of knockouts, Oulg

receptacles must have weatherproot covers

Boxes for outdoor switches and receptacles Boxes for installing outdoor

3 E retite instead of
are made with a variety of threaded-hub arrangements mstead ¢

receptacics -

Ll AR |
k The hoxes have letter designations for the different num
knockouts. The boxes i T
lacations of the hubs. Examples are Type FS with one hub at the 10p &
WWRCARIOIE ul RS L S ! 4 : : : i : {-!II i L
ESC with a hub at the top and another at the bottom of the box i Aary
s L4} E T R 3 o T =0 A
15-amp or 20-amp toggle switches of GFCI-protected receptacies up to i
b u - il (=le |

v = ] E .'\L.'i ed
1Y 15 -J.”LLl -.“-__ |." Xes, Using the '|:'l |"'- L™ VETMA ga
k1 L 1 |

L use a weatherproof connector similar
If using Type UF cable outdoors, use a weatherproal of

G e is marked SUNLIGHT RESISTANT,

to that shown in Fig. 17-110, and besure the ca

T [ : e e i g 3 sath-
Covers for outdoor receptacles  The NEC in 406.8 specifies two types of weat

i other we i ceptacles, the
rproot receptacle covers tor outdoor (and other wet location | receptacies,
€ T PFEACH L |

hoice depending on how the recepracie is (0 be used.
¢l ep g
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B For loads that are artended
while being vsed (such as Neoprene
portable tools), and which :_;r.ummet

exceed 20 amps or 250 volis,

Elongated hole
for LIF cable

Tighten

metal nut

the enclosure may be the
type with flip-covers that are
weatherproof only when the
lids are closed. An example of
.I |t1.? typeis shownin Fig, 17-11. Fig. 17-10 Watertight connactor for cabl

This type may alse be used for — into threaded hub e
any receptacle serving attended

Threads fit
hubs on boxes

loads in indoor wet Jocations. Some indoor farm locations such as milkin

parlors are routinely hosed down and qualify under this allowance “'I'hii 3% f
may also be used for any receptacle in a damp lacation, mean ing Euc-:ned wl i t‘
protected from beating rain, such as under a roofed open porch o1 ra:nup';]{n

B For |I§li-1i.!:5 that are not attended when they are being used, or for any outdoo
receptacle in 4 wet location rated 15 or 20 amps at 125 or 250 volts, the en "lur
sureumu?l ht weather resistant whether or not a plug is inserted. :3::1 t'xa;r;:ple
ofd whﬂc.- in u.s:::“ cover is shown in Fig. 17-12. These covers will be m.e usual
ones required for outdoor applications, Note that they usually are not ra[c;;l b
prevent a hose stream from enfering, as in the case of :mJ_k_mg parfors. Use a
type rated for this application, such as one with a screw-on, gasketed c:{v&r‘ ‘

Pm_;ltry. livestock, and fish confinement systems These areas. 2 subsct of

agricuftural buildings generally, have been plagued by acmml.llatiﬂn:uf iitb:ria:i

feed dusts, which are often corrusive and likely to infiltrate into e]cct}ical comp ‘-
nemts. T!'IESIE areas require dustproof and weathe rproof enclosures for this n:;:ql-n:
along with the restricted list of wiring methods. Tn addition to these concer ’
poultry houses have specialized ligh tiing needs. ) .
Protecting against dust, moisture, and vapors Accumulation of dust, partic

larly dust with maisture, inside ordinary boxes has been identified as l]'u Eam;ul'
many fires in buildings where poultry, cattle, and hogs are housed, ".rE;(' Article ;-ﬁ'
Agricultural Buildings, specifies requirements related to this 5;11}:;1; iﬁ;uu LL i ;1I
vour .Imml clectrical inspector when there is any L]l]t‘hﬁl-i)]'l--‘rﬁ'hfﬂ.ll.'é.Ii 1.1|r;-iu'm;-l

building is subject to these requirements. The NEC savs that where Jlfirru;t]:u.;:

<4 Fig. 17-11 Flip-type receptacie
cavers that are weatherproof
only when lids are closed. Levitan
Manufactunng Co, dnc )

Fig.‘l 7-12 Hooded receptacie cover thatis weather resistant
with of without plug inserted. | TayMar Corparation) e
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housed, special precautions must be taken when any of the following is present:
dust from litter or feed; water from cleaning operations or condensation; corrosive
vapors from animal waste; or any combination of these.
Use molded plastic boxes as shown on the left m kig. ¥ 18, with close-fitting
gasketed covers. Type NMC or UF cables must be supported within 8 inches of
boxes. and must have water- and dust-tight entries. Use a threaded compression
watertight connector similar to that shown in Fig, 17-10, making sure the opening
in the neoprene grommet is the right size fir your cable. Rigid nonmetallic {PYC)
conduit is well-suited to the conditions of dust, moisture, and corrosive vapors,
Rigid metal conduit, intermediate metal conduit, or EMT may be used as the wiring
method where onlv dust andior moisture is present, but are not re crmended
where corrosive VApOrs are presenl.
Mators must be totally enclosed or designed w minimize the entrance of dust,
moisture, or corrosive particles. Lighting fixtures must be muarded where exposed
to physical damage; they must be designed to minimize the entranee of dust and
ministure; and i exposed to water they must be watertight—sce | ig. 17-15.
Poultry house lighting  Special wiring s required for lighting designed to promote
ez production. It is well known that hens produce more cggs during the winter if
light is provided hefore sunrise and afler sunset. Opinions varyas o the ideal length
of the “day;” but a 14-hour or 13-hour period seems reasonable, which means thal
the length of time the lights must be on varies from season Lo season and must be
adjusted about every two weeks.
If all the lights are turned ofl suddenly in the evening, the hens cam’l ar won't go lo
roost, but will stay where they are, It is necessary 10 change from bright Lights to dim
lights to dark, This can be done by manually operated switches, but an automatic
time switch costs so little that manual switches should not be considerd. The wiring
for such switches is simple and wiring diagrams are furnished with the product.
He sure that both the bright light and the dim light fll on the reosts, because if the
roosts remain in darkness when the lights come on, the hens may not leave ther
roosts, Neither will they he able to ind the roosts in the evening if the roosts are in
darkness. Ome 40-watt or 60-watt lamp with a reflector for every 150 10 200 square
feet of floor area is usually considered sufficient for the “bright” period. Normal
spacing is about 10 feet apart. For the “dim” period, 10-wall lamps are suitable.
Barnwiring Barnsare generally very humid.especially in winter, Froper veniila-
tion will greatly reduce this humadity, but few barns are sufficiently ventilated. The
moisture will naturally collect in the coldest parts of the barn, and in winter that
means the outside walls. If possible, avoid running cables on outside walls where
the alternate wetting and drving might damage the wiring. However, if vou use
Type NMC or Type UF cable with nonmetallic boxes, the likelihood of damage is
almost entirely eliminated.
It is best not to run cable along the bottoms of joists or other timbers because it
miight be subiect to mechanical injury. Don't run it a right angles across the hattoms
of joists even if running boards arc used. The cable will receive far more protection
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if vou run it along
the aisle to each P wheére a Jlgn’ 15 o be installed, as shown in Fig, 17-13
It will 1ake less ca fkodin
middle of the aisle
be near the extrem
of carpentry in the

{and lead to less voltage drop) if you run cable down the
ough bored holes in the joists; the bored holes should not
ige of the joist. The exact method will depend on the details
n being wired. It is important 16 install cable so that it is

protected
protected as much ssible from d.!r1|..1__g,|: and from excessive moisture

-~

Hanger -=-=

loists

Bottom of
with botto,

Fig.17-13 Run cable

g the substantial timber ta pres 3
o e prevent later damage. The bottom of

ct beyond the bottom of the timber.

Receptacle and lig,
they will not readily
right number will d
receptacle outlets so
Do nol skimp on (f
number is ane behi
of stalls, Do not inst

outlets Receplacle outlers should he installed where
bumped by animals. Most barns have oo few outlets, The
nd largely on the kind of barn being wired. Install enough
1t cxtension cords need not be used. )

umber ol lighting tutlets to be installed. The preferable
each animal stall. The minimum is ane behind each prair
ijfht[ng_ vutlets on the bottom of timbers, but preferably
e hottom of the lamp is flush with the bottom of the joist.
s likely to oceur that way. Lights should be controlled by
in protected spots and as high as practical so they cannot

between joists so tha
[ramage 1o the lamp
toggle switches local
casily be damaged by
them even if vour b
controlled by three-

mials. If you mount switches at elbosw height you can operate
ara fill F | r : 3

s are full. For convenience, have at least some of the light

or tour-way swilches located at various entrances,

Reflectors maximizelight output \When exposed lamps are used, half of the light

other half goes upward and strikes the ceiling. Ceilings in
ngs are usually dirty, so most of the light directed at them
reflected. Use a good reflector for cach lamp to redirect

goes downward, and
barns and similar bu
is absorbed rather tf
light downward. A &
wscful lighr as a 100
one type is shown in

att lamp with a good clean reflector usually wives as much

it lamp w > 1 flect i i
a p without the reflector, Reflectors are INexpensive;
o 17-14. Clean the reflectors regularly,
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1 A i - i g )
side of a beam, then along the side of a joist to the middle of
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Fig. 17-14 Reflectors pay dividends.
A 60-watt lamp with a reflector gives as
much useful light as a 100-watt without
a reflector, Keep reflectors clean

Haymow fixtures and wiring Good illumination uf the stairway or ladder o
the haymow will help prevent accidents. Haymosw lights should be controlled bva
switch on the main floor. For convenience, install a pilot light at the switch,

The dust in a Ravmmow is combustible and a fire can oceur if an exposed lamp is
broken, When a lamp breaks it burns out, but during that fraction of a second
while it is hurning out the filament is at an exceedingly high temperature (4,000°F]
and can start a fire. For haymows it is best Lo use gasketed enclosures known as
“vaporproof” fixtures, as shown in Fig. 17-15, ilass globes enclose the Tamps.
In many localitics use of vaporproat fixtures or “dusi-ignition-proof” fixtures is
required in haymows,

The NEC requires that nonmetallic-sheathed cable must
he given special protection when it runs through a floor.
1r a haymow, there is always danger thata pitchfork will
puncture unprotected cable and cause a short circuit.
It is reasonable that inspectors Tequire extra profection
from the floor up to 2 point where hay will never be in
contact with the cable. Occasionally an inspector will
permit cable that is installed in the corner formed by
wall and stud with a piece of beard nailed over it [or
protection,

More often. the cable is tun through a piece of pipe or conduit. Note that this
dnes not constitute “conduit wiring.” The cable is pulled through the conduit and
continues to be cable wiring, with the conduit merely furnishing mechanical protec-
tion for the cable. But vou must ream the ends of the conduit to remove any burrs
that might have been formed, and then install a bushing on each end.

Fig. 17-15 Use protected
fixture in haymew wiring.

Tn some localities it is the custom 1o wire the entire haymow with rigid conduit or
EMT: the cable then ends on the main floor. This is a safety measure protecting the
wiring in the haymow against mechanic al injury that might easily occur if cable s
installed where exposed to hay forks. The conduit is not as likely to rust out in the
haymiow where it is not exposed to fumes and moisture as on the main flooe. When
wiring with conduit, the change-over is casily made as shown in Fig. 17-16.

NEC 250,86 requires that you ground isolated sections of conduit in most cases, unless
it is “short” [ 250,86 Exception No. 2} and used only for cable support and protection.
That is easilv done by connecting the bare grounding wire of the cable to a green

grounding screw inone of the holes in the outler hox where the conduit begins.
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Nanmetallic

_-Bushing
sheathed cable £

B
|~ _— Locknut
——

| Intermediate metal conduit {IMC)

— Ear on box
Armored cable ril " for cover
I
r~_ = Locknut
™ Connector

= Thin wall conduit ([EMT)

£
Connector

Fig. 17-16 How 1o cha i
. L nge from one wiring method to an
upan completion. - other. Install 2 cover on the box

FARM SAFETY

In Eurul areas il is wise to take precautions against the hazards of darkness, lightning
and fire. Consider the following safety additions for vour installation, h
Installing yard lights  Fvery farm will |

. avie one or more vard lights for conve
L9 Y . : ) 3 nve-
nience and accident prévention, Figure 171 5

7 shows a very effici lasti

high pressure sodium yard light, photoce I-:rmlm].lt?:lr!tr::?f:inlini}:iﬁ:ﬁ?f“{:g
at dusk and off at dawn. It can be mountpd on a pole or high u ; ::m 2 |_-‘ :Jln:id .
wall. Unless automatically controlled, a vard light .-'.h+_1ul£1 be :’nnr]r::tl] thIc T'rTrI vnlr'l]%
least two points: from the house and from p barn or other bu ild'mgf 'J:h[t r-.=IL ur
three wires as shown in Fig, 10-18. It is conllrary to the NEC to E'eed-n v:-:r.ul lt?hthl:ﬁi
tapping the wires on the meter pole, 1o addition, being made of rnct.ﬂ. it m?w be
grounded to an appropriate equipment grgunding conducior, .

A properly installed vard light requires a considerable guantity of wire and otl

miaterials, especially if it is controlled tmmlszﬁvumi points. Ordinary 14 -:M'{' w?ﬂ'
may be electrically large enough, but often a larger wire must be um;_-d for : -'hJ m[
strength for long overhead spans. It is prac | A
tical to install low-voltage, remuote-control
switching as discussed on page 209, With
respect to relays, if you provide photocell
control, be sure the switching system
camplies with NEC 410.54(B) and .tjpl:n.f.
all ungrounded conductors 1o the lamp
ballast. I the photocell uperates only as rﬂ

single-pole device (most dn), it can operate

a relay but it cannot be used 1o control nne
of these fixtures connected line-to-line. This Fig. 17-17 Photo-cell controlled
nigh pressure sodium yard lights
cantribute to convenience and safety
an the farm. .

15 not an issue on 120-volt circwits, Bt will
be oin a 240-valt circuit.
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Lightning protection With their isolated, scatrered buildings and high struc-
tures such as silos, farms are particularly valnerable to lightning strikes which can
cause heavy damage to electrical installations and can start fires. As noted on page
194, a nearby ground stroke {the term for a lightning bolt that hits the ground ) can
do extensive damage to electrical installations even if they are not hit directly.

installing surge (lightning) arresters \While proper grounding greatly reduces
the extent of damage, properly installed hightning arresters (maore correctly called
surge arresters by the NEC) reduce the probability of damage 1 4 very low level.
One type of inexpensive arrester is about the size af a basehall and has three leads,
Connect the white 1o the neutral wire, the other two to the hot wires in the main
service disconnect. If the feeders from pole to buildings are quite long, install
another arrester at each building; install it on the service equipment, fetting the
“neck” of the arrester project into the equipment cabinet through a knockout.
For service equipment using circuit hreakers—and where there are twa adjacent
spare spaces for plug-in breakers—there is a surge arrester available shaped like a
two-pole circuit breaker that can simply be plugged intn the main hus, with a wire
tail to connect to the neutral bus, This removes the dilemma of where to connect the
wircs from the arrester described in the previous paragraph, because NEC 1H1L14{A)
requires that terminals for more than one conductor be identified as such.

Bonding a lightning protection system  Some farms employa lightning protec-
tive system that consists of lightning rods {nthcially rermed “strike termination
devices™ ) un the roof and heavy conductors running down to adriven rod electrode.
The grounding electrodes for both the lightning protective system and the electric
<ervice must be: 1) different clectrodes, but then 2) those different electrodes must
be all honded rogether. Installing lightning protection systems involves a ditferent
NEPA standard and requires specialized training,

Water pump—fire safety considerations  Fvery farm will have a water pump.
It serves to provide water for all the usual purposes and is a tremendous help in
case of fire. But during a fire, quite often power lines hetween buildings fail and
fuses hlow so that the pump cannot run just when it s needed most. That failure
can be avoided by adding an independent feeder to the pump location, as if it were
a fire pump. Simply arrange another freder from the distribution point directly
to the pump, preferably using an underground wiring method for reliability. Fire
pumps are exhaustively covered in NEC Article 695, and given the fact that this
pump would be routinely used for other purposes, it could not for many reasons
technically qualify as such. Nevertheless, most inspectors would say that the second
feeder to the pump location is permissible under NEC 225.30( A1(1). You would,
however, need fo put a sign at both the pump disconnect location and the main
building feeder disconnect location explaining at each location that an additional
source of local supply is located at (specify the other location and its function). That
way no one will be deceived into thinking the entire building has been disconnected
after opening switches at only one of the two locations.
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CHAPTER 18

Low-Voltage Wiring

LOW-VOLTAGE SYSTEMS DISCUSSED HERE operate at less than 100 volts, with
most at well under 100 volts, Telephones and doworbells are common examples
Others include CATV. lighting outlels using transformers, wireless FrIL]iIJ-I-.'UTl!TU”'L":'J.
5?'-'itfh.l.'>~ central vacuum system controls, some thermostats, and data processing
signaling circuits, The technicallv correct term is limited-energy or limited-power
ﬁ}-.:tllﬂ[.l,s, because even a é-volt system with enough amperage 1'L|r].r1ing thro u-.gJ': small
wires is a fire hazard, But low voltage is a more familisr term to many., h

Critical safery considerations apply to the systenis in this chapter. First, make sure
th_e POWE Source to any of these systems, even a doorbell transformer, is listed as
“Class 27 or is derived from listed computer equipment and used for data inter-
:‘ha.ingc: such as computer network wiring. This means it has been investigated for
safety from lire or shock hazard. The only ¢xception is communications circuits
(telephone systems) connected to a contral station {or wired in a similar manner |-.
but all network-connected telecommunications equipment must be listed. .

Second, never place Class 2 (or telephone or compuler network) wiring inside
A power raceway, even if you use one of the wire types suitable for line I-;uimgr.'.
f_.|1't55.2 winng may enter an enclosure to terminate at & relay that controls a power
circuit, but even then it must be restrained su at least a Vi-inch air separation is
maintained from the power wiring, Normally, however, listed equipment has two
entirely separate compartments, or else a solid grounded barrier between the twa
cln.-:.ie:-: of use, For example, if vou are wiring a furnace, run the power circoit in
one of the wiring methods described in Chapter 12 Run the Class 2 control circuit
separately. For convenience, NEC 300.11{ Bi(2) allows a power raceway to support
on its outside, a Class 2 cable if that cable s used to conteol the L-{impm.cnt :.upp]iedl
by the power circuits in the raceway. This permission does not apply to any other
raceways, and never to power cable assermblies, . .

TELEPHONE WIRING

The SCparation paint between the telephone company’s network and the customer's
premises is called the demarcation point. Evervihing on the network side of this
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puint is the property and responsibility of the telephone company. Equipmentand
wiring on the customer side are the customers responsibility, In some places the tele-
phone company installs the demarcation point equipment, consisting of connecnon
and testing terminals, required grounding, and equipment for protection against
lightning and voltage surges. In other cases it is done by the user. Check with your
telephone company about local practice. You can have the telephone company do
the wiring inside your home, but the charges are typically high. Instead, you could
hire an electrical contractor or a communications contractor to do the work inside
vour home, or vou can do it yourself.

Safety precautions [ you decide to install telephone wiring vourself, several
safety precautions should be ubserved.

Make sure the telephone ground is to the same electrode as the power ground.
If it isn't, make sure that the two electrodes are bonded together with a 6 AWG
copper wire.

Disconneet the telephone line at the demarcation point or take a telephone
handset off the hook to prevent the phone from ringing. Telephone voltages
can reach dangerous levels when the phone is ringing.

Do not install or use a telephone during a lightning storm because ot the danger
of shock to yourself and damage to equipment.

Telephonecable Listed cables include Types CMP foruscin air-handling ducts
or plenums; CME for risers between floors; CM and CMG for general use bul not
for plenums or risers; MP multipurpose for plenums, risers, and grneral use; and
CMX for use only in dwellings and installed in raceways.

When stripping wire, keep in mind that the 22 10 24 AWG sizes are relatively delicate
s care is needed to avoid nicking the wire. Tt is safer to wse terminals that displace
the insulation rather than ones that require it to be stripped.

Wiring methods for multiple outlets  Thereare two general methods of wiring
for several telephone outlets, One is to run everything in parallel (as are the lights
in Fig, 67 | Troubleshooting at a later date on such a system is difficult. The other
method is to run a separate cable tu cach telephone outlet from the demarcation
point. This method makes it casier to upgrade later.

Copper conductors are twisted together in pairs o minimize mduction and cross-
talk and to reduce interference from nearby sources such as motors. Two, three,
ur more pairs of conductors are run in one cable. Although a single pair is all that
is necessary to operate a single telephone, it is wise 0 run multiple pairs to each
autlet t accommodite future uses such as intercom, speed dialing, call forwa rding,
multiple lines, and other features at one telephone. One pair could be used for a
computer modem, another for a fax machine. The standard color code for fwisted
pairs is green/red, black/vellow, and white/blue. More s iphisticated station wire is
increasingly being used that uses color banding with complementary colors in each
twisted pair. For example, the red/green pair is replaced by a blue wire with white
bands and a white wire with blue bands; the black/yellow is replaced by orange with
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white and white with orange; and the white/blue is replaced by greenfwhite and
white/green. When making connections, always match the colors of the wires ta the
color markings on the terminals of outlets and on other telephone equipment.
New construction Consider adding two or more telephone lines in new
construction so you can have separate lines for uses such as computer modems
and tax machines, Also install plenty of telephone outlets whether they appear to be
needed or not. For convenience, every floor should have telephane outlets, including
the basement: These outlets can consist of pull wires from near the demarcation
point to each outlet. The outlet needs only tobe a plaster ring covered with a blank
plate that can later be changed to a telephone jack when needed,

The telephone jacks that you install at the wall outlet are karger than the jacks built
into the telephone bodies and handsets. Wall jacks are simple to connect. Fach
component will come with clear installation instructions.

Alternatively, ¢able can be installed if the pull-wire method is impracrical, The best
way 10 do the job is to use outlet boxes and empty electrical metallic tubing, or elec
trical nonmetallic tubing which allows for changing the cable at some future time,

Flace telephone cable at least 12 inches away from the clectrical cable runing
through your house to minimize noise and to climinate any possibility of the tele-
phone wiring contacting line voltage. Don't mistake electrical cable for telephone
cable, which is about the size of a drinking straw and is very Hexible. The telephone
cables should cross power cables at 90°, Do not share the same holes through wood
members or the same stud spaces with electrical wiring.

Oldwork Tomeet the needs of a growing family ar a home office, vou can install
additional jacks and lines, From the demarcation point, telephone cable can be run
on the surface using wall jacks for surface mounting. You may find that running it
along the baseboard and around door and window openings is sufficiently incon-
spicuous, Place the cable so that it is not subject to physical damage, For a neat
installation, install outlet boses for telephone jacks and run the cable behind the
walls or woodwork as described in Chapter 13 Modernizing Old Wiring. The outlet
hox is not required for a telephone jack, but it provides a base for fastening the face
plate. There are also telephone jack face plates that provide a means of attaching
the jack to the plate withour using a box,

CATV WIRING

As with the telephone system, the outer conductor at the Community Antenna
Television (CATV) entrance to the building, or vour TV dish entrance, must be
grounded to the same electrode as the power system by a 14 AWG or larger copper
wire. Where a separate electrode is used, it must be bonded to the power system
clectrode by means of a 6 AWG or larger copper conductor. The coaxial cable must
be UL listed and resistant to the spread of fire, General-use CATV cables are identi-
fied by a CATV marking. CATV cables with a P suffix (CATVP) arc suitable for use
in ducts and plenums; with R suffix (CATVR), for use as risers between floors; with
X suffix (CATVNX], for use only in dwellings or installed in raceways.
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HOME COMPUTER NETWORK WIRING
Mist new homeowners todav anticipate being able to connedt multiple computers
rogether 10 take advantage of high-speed internet access and -\h.ar{e data access 1o
- e, providing a high quality laser printer

certain electronic apphances. For exampl : !
biective can easily

at every computer location may be prohibitive, but the same o CAE
he mel if every computer ¢an connect to one such printer at a central location,
(ommercial operations do this routinely.

The solution is to connect the computers together in a r1.4-'r".+'nrk~_u‘]e:|ll.1_.' by h.ard
wiring the building with cable that will accommodate this duty. There are h.1r.e-
less modes of data transmission, but they are not as fast as a }'.nurnmnun.llv w:rlcd
connection and are inherently less secure, The standard appmacl? today is o wire
for “Ethernet” connections between computers. This iip]‘JTI{'lill_'.h reliesona fl"l.'lﬁ'[.hﬂr.
cable, with each pair tightly twisted together. The :rr:rﬁnalungjacl-;_k and patch L'J.h.!t:h
1o the individual workstations are readily available at ofhee au|.'q.*11_r'.anr] elect_ru.nn..i
stores. These jacks require “punch down” tools to in:tml'u.rhe wires into insulation-
displacing terminals, because the required deg,&.;u of twists.cannot he n.mntflnrllleﬁ
ntherwise, [f vou are making nnly a few terminations ll1elpiz._suu. tols a'.-mlahl.'. wit
the jacks are adequate, but il you are doing a whole h_l.llidll'lg: buy the Spﬂc.l':ll].-lL'L]
tool that pushes the wire into the rerminal and trims its end in one operation.

The degree of performance for data [ransITission over cables and L-q1.|ipm!s."1:1ll 5
described by categories. Ordinary voice calls {“plain old telephone service™ or
“POTS" in the trade) do fine on Category 1. Ordinary cm?nputer madems :.u%ed
a higher standard, and high-speed data transmission requires the cgmpamtwcli
ﬁnir.l']u- Category 3, 3¢ (for extended), or even &, requiring a very high klal:da;
of wnlrk_rnanship lo malntain successfully, Even the _-'.h::;htu?t lapse can make the
difference between a successful 100 MB Ethernet connection of l.'lﬁl} a'll Ml.i
connection. Make sure vour cable and all terminals mect the required standard.
Alternate methads promising greater handwidth pmh.*:hl}.' represent ll'I'E way of
the future, such as coaxial cable service ( “cable modems”), EIF_IL‘l optical fiber using
Jaser-generated light transmitted over special glass or other fibers,

DOORBELLS, CHIMES, AND OTHER LOW-VOLTAGE CONTROLS
I'Tiese mecessary items are easy to install. The power s furnish?d bya Iransmrr:ne.r,
a device that reduces 120-valt ac to a different ac voltage. 1-:;:. -:lnnrl.:.u.-ll? this is
ssually about 6 to 10 volts. Doorbell transformers have two "p.rn.nar':.:' H'?Ft‘.tﬂﬂdﬁn
which are permanently connected to any point on any 1.‘:0-1»-0!1 circuit rha?u niat
controlled by a switch, and two “eecondary” screw termintals for the low u.ultagc.
I'he power consumed while the bell is not ringing is under one watl, df-"F“]"J'-' the
permanent connection to the line. When you push the button to ring the be , YOu
close the low-voltage circuit, and then the t ransiormer draws about five watts from
the 120-volt line. .

Installation of doorbells and chimes 1s discussed here. ‘]"nrhi?x.'tsu.clnc:n:- -]\LI:
repairing a doorbell or chime that docs not nng, see pages 221-222 in Chapter 15,
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“Troubleshonting and Repairs.” The @

same type of wiring can be used for

. 1. —Bell
low-voltage thermostats for air-condi .—lu-‘

tioning and ht:dl'.ing systems. There are l
many different control svstems in use: 7|77 B
follow the wi di - e . b S
e winng diagrams provided - 97------- R i
with the equiprment, B e

Doorbells For installation of a

I i
doorbell, consider the two secondary i —Transformer
or low-voltage terminals on the trans '[—

tormer as the sSOURCE for 4 circuit, the —Leadsw
bell s the outler, and the button as a
switch. Breaking it down this way makes

all these diagrams very simple. Fig. 181

Fig. 1B-1 The wiring of a doorbell with a
transformer is simple.

shows the installan i
shuws the installation of one hell with a push hution in one location. If a burtan is

] LI T | e £
wanted in an additional location, install it as shown in the doued ling. in prarallel
with the first button,

In most i dlions, 2 si Al 15 not consi '
n most installations, a single bell is not considercd enough, One choice is to install

) g r
a bell for the front door and a buzzer for the back doar, You will see that Fie, 18-2
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Unmsula_tedﬁha u———Combination
terminal ‘“ﬁ: bell and buzzer
Back door—e Jc*-- Front doar Fig.18-2 This diagram shows
buttan button how to add a buzzer for the
back door.
I_':\.
+—Transformer

Leads to 120V ac

Door chimes Musical chinies are often used instead of doorbells, Models arce

.1.\'411;2’!1-3 that sound twa musical notes when the front door button is pushed, and a
:Iﬂg e note when the back door button is pushed. No matter how long the button is
1wld down, the sound does not repeat. The wiring is the same as tor the doorbell

I
It you install chimes in place of an existing doorbell and find that the sound is
I‘I raw s " o r - F "

ot very loud, vou will have to install a new transformer. The transformers used
with doorbells usually deliver only about & 1o 10 volts, and many chimes require
from 16 to 24 voles, o

lr:u. ase the usoal transformer wsed for doorbells and chimes cannot deliver more
14 ut 20 v 5 .
than about 20 volts, nor more than about 5 walls, there 15 little danger of shock
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o fire even in case of accidental short circuit. Therefore the wire used for this
low -voltage wiring does not need much insulation. Bell wire, which is insulated
with only a thin laver of plastic, is commonly used. It does, however, need 1o be
listed for suitability in terms of not adding to the potential fuel load in a fire. Hee
Fig. 18-3. Attach it to the surface using insulated staples.

Fig. 18-3 Shown above are wires for connecting doorbells and chimes, This cable is listed
4t “CL2" which means it can be used far most general-purpase applications, blat it imresers
and plenum cavities in high-rise or commercial oocepancies, which are beyond the scopa of
this book.

Wireless radio-controlled doorbell system  An alternative to the wired-in
doorbell or chimes is a radio-controlled doorbell system. The sounding unit 1
usually electronic, and some can be programmed 1o play different tunes. There
will be a batlery, probably at the pushbutton location, which will need replacing
perivdically. A convenient advantage of the radio-doorbell is that the sounding
unit can be taken with you to the basement, patio, or back yard so you can hear
ihe bell wherever yvou are,

LOW-VOLTAGE SWITCHES

Using a transformer provides an extremely flexible system for control of lighting
outlets from any number of switch locations, The 120-voll branch-circuit wires
are run to cach lighting outlet, but all the switch legs are low-voliage wircs—easy
and economical to mstall.

1y each outlet box where power is consumed, a very small relay (which is an elec-
trically operated switch) is insialled with one end projecting out of the outlet box
through a knockout. A 24-volt transformer installed in some convenient location
furnishes power to operate all the relays, Hecause the voltage is fow and the trans-
tormer delivers only a very few watts even if short-circ uited, the wiring hetween
the transformer, the relays, and the individual switches resembles doorbell wiring.
Inexpensive wire, insulated for only a low voltage, is run from the transtormer (o
cach relay, then to as manv switches as vou wish. The wire does not need to run
through conduit nor does it have to be cable of the armored or nonmetallic-sheathed
type. Run itor fish 1t through walls and staple as required. The switches do not need
outlet boxes: Each switch is really a double pushburton. Pushing the top end of the
button on any switch turns on the light; pushing the bottom end rurns it o,

Fig. 15—4 shows one of the relavs, Fig. 18-5 one of the switches, and Fig. 18-6 the
general tvpe of wire used. Fig. |87 shows the wiring circuit.
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Fig. 18-4 The low-voltage (small) end
of this latching relay projects out of a

rinch knockaut in the outlet box on
which the fixture iz mounted. Some
models are salid-state (electronicl with
na maving parts. (Generai Blectne Col

Fig.18=5 The type of switch used in remate-control wiring is shown above The same kind of
switch is used at every lacation, It is equivalent to twa push buttons. Use as many switches as
you wizsh to cantrol one outlet [or several outlers if vou wish). (General Bleciric Cn

You have a choice of procedures tor installing the relays, One way is to run the
low-voltage wires to each box, letting at least 6 inches project into the box through
the knackout in which the relay is to be later installed. The second approach is w
install the relavs in the boxes first, and then connect the low-voltage wires to them
later, allowing at least 6 inches slack in those wires, Unless the extra length of wire
is provided, you would later find it impossible to replace any relay that proves
delective. As an alternate to installing relays at the controlled outlets, relays can be
ganged in a centrally located bux which has separate compartments for the circuil

wiring and the low-voltage wiring.

WIRELESS RADIO-CONTROLLED SWITCHES

If you have a hallway, stairway, basement, or attic where it would be convenient
to-have the light controlled by three-way switches, but the addition of the second
switch and the wiring to it seems like too big a jab, consider 4 radio-controlled set
of three-way switches. One switch—the receiver—replaces the present single-pole
switch. The other switch—the sender—is operated by a batery, It s surface-
muounted, so no cutting into the walls is required. These wircless switches operate
just as standard three-way switches do—the light can be turned on or off from
either location—but they are much easier to install.

.-

Fig.18-6 There are only 24 volts on the control wires in remote-control wining, so inexpansive
wire is used, However, it must still be suitably listed because it is 3 potential fuel load in a fire.
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Fig. 18-7 Typical remotecontral circuitin this case with the outiet controlled at four Incations.
One transformer is used for the entire house. The same circuitis often used for remote control
yard lights.

Switching of loads plugged into receptacles can also be done by Tddil‘l-l‘lr.lfl'i.lti‘l.]
switches. The receiver plugs into a wall outlet, and the load plugs into the receiver.
The sender can be up to 30 feet away, If you use more than ene of these radio-
controlled swilches, be sure cach nperates on a different [requency so they will not

interlere with each other.

CENTRAL VACUUM SYSTEMS

The motor of a central vacuum system is started by the closing of a low-voltage
control circuit when an inlet is opened and the vacuum hose connected. A metal
tank containing the motor and a collection bag is permanently wired in a utility
room or in an attached garage. Airtight hose about 1% inches in diameter is run to
wall inlets in convenient locations. The wall inlets are gasketed so that when notin
use they do not leak air into the system. Newer units sometimes also havea 120- volt
connection at the hose inlet, designed to accommodate a line-voltage beater bar at
the attachment end. These require 2 hard-wired connection to a local lighting or
receptacle circuit. Remember, however, that the 20-amp small-appliance circuits
{refer to this topic in Chapter 51 must not have anv other loads connected to them,
which means if one of these outlets is in the kitchen or dining room, the power tor
the hose attachment must not come from the adjacent receptacle circuit.

L id
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CHAPTER 19
Troubleshooting and Repairs

THIS CHAPTER EXPLAING how to diagnose problems with existing wiring and
s ! g o
how to make common repairs.

Aluminum wiring Uipdating aiuminum wiring

Chimes Troubleshooting doorbells and chimes
Circunt breakers Troubleshooting fuses and circwit bregkers
Cords Traubleshaating cords and plugs
Coorbells lroubieshooting doorbells and chimes
Fuses Troubleshooting fuses and circuit breokers

Lamps— table and floar Repairing table and floor lans
Light fixtures—ceiling:

fluorescent and incandescent Troubleshoating fight fixtures

Plugs Troubleshoating cords and plugs
Receptacles—wall:
two-wire and three-wire Testing and replgcing wall receptacies
Switches—wall:

single-pole and three-way Replacing wall switches

TROUBLESHOOTING FUSES AND CIRCUIT BREAKERS
The !:':ir-l-;':":."l'l1 l'r"F'i.".‘E of fuses and ¢ ircuil breakers are reviewed imni .hﬂptf_':' 50n pages
4345, A fuse hlows or a breaker trips for one of two reasons. Either something

conrected 1o the circuit is defective, thus draw

':t: AT eXCEssvVe |'||l|'|:.|_'|‘l_'r i .].r'_'lpl_'"lﬂ':\..,
of there are too many lights, appliances, or motors connected at the same time

overloading the circuit

Ifa fuse blows or breaker trips quickly every time a particular appl

lance 15 plugged

ed into a different circuir,
the apphance 1s defective. Often the defect is in the cord. If the appliance has a

in, especially it it makes no difference whether it is ph

removable cord, try a different cord: if the cord is permanenty attached, only careful

212
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nspection will locate the defect. Badly (wisted and worn cords must be replaced.
not repaired. See " Troubleshooting Cords and Plugs™ in this chapter on page 219
If a fuse hlows when a motor (as i a home workshap) s turned on, remember
that a motor that conswmes only 6 amps while running may draw over 30 amps for
a few seconds while starting, Substinutng a tme-delay fuse for the ordinary fuse
might solve the problem. If the fuse continues to blow, suspect the motor. Check
the cord. Check to see that the motor bearings have ol { Some motors have sealed
bearings never requiring oil.) Perhaps the belt is wo tight, or the machine that the
motor drives lacks vil, increasing the load on the motor and increasing the amperes
Beyvond the safe point.

If fuses blow or circuit breakers trip from time to time on any one arcuit for oo
apparent reason, it is likely that the circuit 1s simply overloaded. You will necd 1o
disconnect some of the load on that circuit. The wise procedure would be to install
an additional circuit. Alternatively, the trouble may be in the wiring of the aircuit
protected by that particular [use or breaker, and the short circuit or ground must
b located and repaired.

Diagnosing blown fuses  Lsually by looking at a fuse vou can tell if it is blown
and whar made it blow—an overload or a short circuir

Plug fuses Titellils plug fuse is hlown, look through the glass window ontop. In
a normal fuse you will see a small link of metal, usually with a narrower portion in
the middle, asshown in A of Fig. 19-1. If the fuse has blown because of an ordinary
overload, it will have the appearance of B in the same illustration; the narrow part
of the link is gone. If the inside of the window 15 spattered with metal as in C, it
has bluwn because of a short circuit. In that case, you must investigate and correct
the cause of the short circuit before replacing the fuse.

Time-delay fuses  1f your fuses are of the time-delay tvpe shown in Fig. 53, note
. All Type 5 nontamperable fuses have this feature,

the coiled spring in a normal fus
as do some conventional plug fuses shown in lig. 5-20 If such a fuse blows, look
at the spring, 17 it is still extended, the fuse has blown because of a short circuit,
If the spring is contracted so that its coils touch each other, it has blown Because

of an overload.,

Fusible
limk

A B

Fig. 19-1 Plug fuse: A—normal; B—blown because of overlpad: C—blown due 1o short

CIRCUt



214 SPECIAL WIRING SITUATIONS AND PROJECTS l Chapter 19 Troubleshooting and Repairs 213

Cartridge fuses Thesc rarcly show any ourward sign of having blown. Test in
place with a neon tester, or remiove the fuse from the fuseholder and test it with a
coninury tester.

The mean tester in Fig. 19-2 can be used 1o test fuses in their holders if you can get

at the terminals of the fuseholder. With the circuit on, touch the two leads of the
tester to the two terminals of the fuseholder. If the light in the tester glows, the
fuse is blown. If it does not glow, the fuse is not blown. If the cartridge fuses are
installed in a fuse-holding pullout block, note that the pullout bliock wsually has
smiall holes through which the leads of the tester can be inserted without remeving
the block from its holder.

Fig.19-2 This inexpensive neon test light can be used on either 120-valt ar 240-volt cirouits
and is also handy for testing fuses. |t cantains a tiny neon bulb that consumes anly the smallest
fraction of awatt and lasts many thiousands of hours, /4 W Sperry fnstruments e )

A continuity tester is picturcd in Fig, 11-7. To use this type of tester vou must first
remeve the fuse from the fuseholder using a plastic fuse puller. If the fuses areina
pullout block they can safely be removed from the pullout block without the need
for a fuse puller. Then touch the tester’s prod to the metal ferrule or blade at one
end of the (use, and touch the alligator clip to the other end, If the lamp lights, the
fuse is good. If the lamyp does not light, the fuse is blown,

Resetting circuit breakers Most breakers are resel affer tripping as shown in
Fig. 5-6. A fow brands are made so the handle returns to the OrF position when the
breaker trips, and it is only necessary W maove it back fo the 0% position {instead of
forcing it bevond 0rf hefore returning it to ON as in most brands).

Labeling fuses and circuitbreakers  [abeling will be especially wseful i your
home is provided with fuses because when a fuse blows 1t is sometimes ditheult
tor determine exactly which one Tas hlown. If vour fuses are labeled, when a light
or receptacle is apparently without power you can go quickly to the right fuse and
replace it, When a breaker trips it is easy to see which one has tripped, but labels are
nseful when vou want to turn off a pariic ular circuit for a reason such as irl':l.lﬂiﬂg
a new switch. In fact, the NEC requires (in 408.4 and [ 10.22) this sort of circuit
directory for safety reasons,

Lirst mark each fuseholder or breaker with a number. Then proceed by trial and
error to determine which outlers are controlled by which fuse or breaker. Remove
one fuse, or turn off one breaker, and find nut exactly which outlets are then dead.
When vou have determined which outlets are controlled by each fuse or breaker,
make upa list and secure it to the inside cover of vour fuse or breaker cabiner. The
lis1 "'ﬁl-'hl read something like this:

1 Main fuses (pullout block]

i Large bedroom and hall lights and receptaches

3 Small bedroom lights and receptacies, and bathroom lights

4 Bathroom receptactes

5 Receptacles in living room and cailing lights in kitchen and dining room
Bottom halves of all kitchen receptackes, and all recepracles in dining room

e

7 Top halves of ail kitchen receptacies
£ &l basement lights and receptacies
g Range (pullout block)
10 Clothes dryer {pullout biock]
11 Water heater [putlout black)
17 Clothes washer
13,14 Spares for future new clruits

UPDATING ALUMINUM WIRING

“0ld technology™ (pre-1972 ) aluminum wire in the branch circuir sizes, [0 and 12
AWG, had 2 coetficient of expansion that caused it to expand and flow away from
beneath a terminal serew when heated by current running through it Then, when
it cooled, the connection would be loose. To compound matlers, oxygen wiotild
get to the aluminum at the loose terminal, and aluminum oxide, a nmr—cnnd.u-. Lor,
would form on the exposed aluminum wire. Not every termination behaved in this
way, but enough did that by November 1971 the aluminum alloy used in electrical
conductors was changed and the terminations on switches and receptacles were
redesigned. Some aluminum wiring installations may need to be updated in order
tn prevent the possible development of loose connections, excessive overheating,
and fire. Tf the 15-amp and 20-amp branch circuits in your dwelling were wired
with aluminum conductors, a review of the section on aluminuin wiring on page
32 will be helpful as you prepare (o evaluate your installation. Inspect all of your
receptacles and switches to see if they are marked COFALR, IF they are not, you
should replace them with devices having the CO/ALR marking, or reconnect them
with copper pigtails,

In replacing the switches and receptacles, if the aluminum wire 15 copper-clad any
kind of terminal may be used. ( Terminals are discussed on pages 33-38.) Push-in
terminals, shown in Fig.4-16, may be used with 14 AWG copper or copper-clad
aluminum, but not with ordinary aluminum. Receptacles marked CO/ALR are not
casy to find and may have to be special ordered.

[he alternative method is to “pigtail” a short copper jumper to connect to gach
switch or receptacle terminal, being sure fo use splicing devices | ' listed for use with
both aluminun and copper in combination. This way the aluminum circuit wire will
not depend on the device terminals for continuity. A pigtail sphce 1s shown m Fig.
4-15, but the twist-on splicing device shown there may not be UL listed to connect
copper and aluminum. One that is listed is 2 tool-applied pressure connector that
requires a trained e¢lectrician to do the work. This is not a do-it-voursell job tor
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the average homeowner. There are now listed twist-on wire connectors that make
this a much simpler proposition than in the past. Be sure to follow the installation
mstructions carefully, parncularly regarding the allowable wire combinations. For
example, at this writing all the available wire combinations available in the listed
device include at least one copper wire along with the aluminum ones.

Consult a qualified electrical contractor if vou feel vour aluminum-wired house
needs attennon and vou cannot And COYALR devices or the new connectors suit-
able for use with aluminum wires.

REPLACING WALL SWITCHES

Wall switches can wear out with constant use. Replacement is simple. First turn
off the main switch or breaker for the building, or at least unscrew the fuse or trip
the breaker that protects the circuit on which the switch is installed. Never work
with hot wires. Remove the faceplate over the switch, then remove the two screws
holding the switch to the box. Pull the switch out of the box,

Replacing single-pole switches 1T the switch vou are replacing is a single-pole
tvpe, 1 will have only twe erminal screws, Loosen the screws, remove the wires, and
connect them to the two screws of your new switch. It makes no difference which
wire goes o which terminal, Be sure the loop on vour wires is turned clockwise
around the screw (see Fig, 4-13). Reinstall the switch in the box and reinstall the
taceplate.

Replacing three-way switches [ the swirch vou are replacing is the threc-way
tvpe, it will have three tlerminal screws, One of them will be a dark, oxidized color,
much darker than the others. In disconnecting the wires, make careful note which
wire runs to the dark-colored screw of the old switch; that wire must run to the
dark screw on your new switch, It makes no difference 1o which screws the other
two wires are connected.

Some switches do not have terminal screws; instead the wires are pushed into open-
ings on the switch, To remove them, just push a serewdriver with a small blade into
the slot near the openings tor the wires and pull them out,

TESTING AND REPLACING WALL RECEPTACLES

T determing if a receptacle is live, insert the two leads on the neon tester shown
in Fig. 19-2 into the two openings of the receptacle; if the lamp lights, the circuit
is live. If the lamp doesn’t ight, vou should consider whether the receptacle could
be worn out. Its interior contacts may be bent so they no longer make good contact
with the blades of a plug, in which case the receptacle should be replaced. If vour
receplacles are of the grounding type. as in Fig. 7-11, insert one lead of the tester
it the round opening on the receptacle, and the other lead first into one of the
two parallel openings, then the other. If the receptacle 15 properly installed, the
tester should light when the second lead of the tester is inserted into the narrow
slot that leads 1o the hot wire to the receptacle, but not when it is inserted into the
wide slot connected to the grounded wire.
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Asin replacing a switch, turn off the main switch or breaker of the building, or at
least unscrew the fuse or turn off the breaker that protects the circuit on which the
receptacle is installed. Remove the faceplate, remove the two screws h.uh!ing the
receptacle 1o the box, and pull the receptacle out of the box. Note that it will have wo
silver-colored terminal screws ( called the “white” terminals) and two brass terminal
screws. Like switches, some receptacles have no terminal screws. Remove the wires
as described under switches. 1f your new receptacle has terminal screws, connect
the white wires 1o the silver-colored screws, the others to the brass screws.

If the receptacle location is one that requires GFCI protection urider the presemt

National Electrical Code { NEC)—hathroom basin, outdoors, at kitchen counters or
har sink, garage, in crawl spaces and attics having equipment requiring servicing—

the replacement must be GFCI-protected.

Replacing two-wire receptacles  1f the receptacle you are replacing is the old-

fashioned kind (for two-prong plugs enly), the replacement method depends on the
type of wire used in your house. If your house uses wiring methods that provide for

eqquipment grounding, replace the receplaclewitha grounding type receptacle. Run
a wire from the new receptacle’s green terminal to the box in which it is installed,
unless the receptacle is ul the tvpe specially designed 1o be acceptable for use without
the grounding wire. Tt the box is not grounded, you may replace the receptacle
with another nongrounding tvpe, or with a three-wire receptacle grounded Lo the
grounding electrode system or to the grounding clecirode conductor. You may
also use a GECI recepracle, but you must mark it (or the wall plate) NO FQUIPMENT
GROUNL, You may also use a conventional grounding (three-wire) receptacle il there
is GECI protection ahead of it, either as 4 feed through GFCI device or asa GFCI
circuit hreaker. In this case, mark the receptacle location N0 FOUIPMENT GROTSD
and GEC] PROTECTED,

In either case, note which wirels) ruri to the brass terminal screws of the old
receptacle, and connect them to the brass screws on the new receptacle. {jnnnect
the other wire(s) (which should be white) to the silver-colored screws, fold the
wires behind the receptacle {see “Preventing lonse connections™ on page 167, and
reinstall in the box.

Replacing three-wire receptacles 1t your receptacle is the grounding type for
three-prong plugs, be sure the same wire that connects to the green screw of your
old recepracle is connected to the green screw of your new receptacle, Unless this
is dove, the receptacle is wrongly connected and can be very dangerous. It there 1s no
bhind wire, make sure that the box is grounded, and then either use a receptacle with
a self-grounding yoke or make the bonding connection as shown in Fig. 11-5.

Testing for faults in three-wire (i.e., with ungrounded, grounded, a“.d
grounding wires) circuits A three-wire circuit analyzer, shown in Fig. 19-3, will
indicate if the three-wire circuit is correctly wired. Possible faults—open ground,
open neutral, open hot, hot/ground reverse, and hot/neutral reverse—are indi.:ate.d
by various combinations of lights on the tester. Codes on the analyzer pa ckage will
p.i\-'c the reason for the wiring fault so you will know how to fix the problem. The
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TROUBLESHOOTING LIGHT FIXTUR

He sure to ubserve any maximum lamp
om fixtures, and relamp with the prop
particularly important with recessed fixt
pan-tvpe ftures having lamps close t
Many fires have starred due o the heat o
lamps with too-high wattage.

Repairing fluorescent fixtures |}
long with two 40-wall tubular lamps.
each lamp: The starter will be found ne
lamp doesn't light, or flickers, or glow
starter, Io remove a starler, rotate it 90
Replace it with a new starter that has the
It replacing the starter does not climinat
41 the ¢nds, replace the lamps. The usu
lamp 90 degrees in either direction an
Heplace with the same length and wartt

5

ze marking

Fig.19-3 A three wire circuit
analyzer is used to test for
faults in the wiring ta three-
the L:‘iEng. wire circuit receptacles, (4 W
h_u_'.-large Spwrry dnsfrrmengs, dnc,)

ize, This is
e and with

usual fxture for residential use is 4 feet
me older fixtures may have a starter for
the end of and behind cach lamp. If the
it the ends, the first place to look is the
egrees counter-clockwise and pull our,
e wallage as marked on the old starter.
the trouble, or if the lamps are blackened
hi-pin Tamp is removed by rotating the
then sliding the lamp out of the socket,
as marked on the old lamp.

A lamp socket that is cracked or broke
disconnected before working on a sock
riust be removed to get at the sockets ag
socket is supported and connected, Ta
match, and install the new socket.

must be replaced. Be sure the circuit is
. The pan or cover over the fixture body
their wiring, Carcfully observe how the
the old one to the store ) be sure of a

It it still does not light, and vou have
pages 17-18 for a discussion of the o
consider replacing the whale fixture, He
new fixture. To replace a ballast, first di

minated everything but the ballast (see
ation of fluorescent lights), vou might
acerment ballasts often cost more than a
pnnect all the wires and then loosen the
supports, usually two bolts and wing nu
both electrically and physically. Make sir
fixtures designed for compact Muorcsce

- Again, be sure the replacement matches
the fixture is grounded properly. The new
lamps roughly the size of incandescent
lamyps also have ballasts, but thev are mBch smaller than the traditional ones for

lomg tulbes,
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Sarme old Huorescent desk lamps have a pushbutton switch that functivns as a starter.
The button must be held down for a few seconds to pre-heat the lamp. Other than
this switch, the other elements are similar to those of the larger hxtures.
Repairing incandescent ceiling fixtures If vovur inc.andes_cent ceiling fixture
does not light, the first thing to do is to check the lamp in 1hu:.l1xture~ and rt'_p.!.lcc
itif it has burned out. The next suspect is the wall switch, which may have failed.
Replacing the wall switch is covered carlier in this chapter, It is possible the center
contact in the lamp socket may have lost its spring due to heat, or it may have I‘len.mmu
corroded. With the power off, gently lift the center contact to restore some u!. the
spring in it,and clean off any corrosion with a bt of sandpaper. Loose connections
ter the circunt wires are 2 possibility but not a common Gccurrence—an improperly
installed solderless connector may have come lonse.

TROUBLESHOOTING CORDS AND PLUGS

Never vank on a cord to unplug something because this puts all the strain on
the fine wires inside the cord. Sooncr or later some of the strands of the wire
will break, and vou will have a short circuit. A fuse will blow and your cord will
be ruined. Instéad, grasp the plug itself and pull it out ol the recepracle. Upplug
appliances with removable cords at the receptacle rather than at thui r1;rplmncu:
when removing the cord from the appliance, grasp the plug itself instead of
pulling on the cord.

Damaged cords Ihereis aserious danger of hoth fire and shock from a worn or
damaged electrical cord, Be sure to doan occasional safely .:]1eci.; of your extension
cords, appliance cords, and cords on floor and table lamps, heating pads, . Signs
of card darmage include a frayed or worn outer jacket or the appurarance of .darmgr:
to the wires inside the jacket. Using such a cord might be compared to drivinga car
with thoroughly worn-out tires that might hlow out at any 1ima—l it is an unwise
and unsafe policy. Don't try to repair the cord—replace i instead if pﬁsm.hlu. as 0
a lamp, For items like 2 heating pad where the cord cannot be replaced, discard the
entire item and replace it with a new one.

Damaged plugs  If a cord is unusable only because the plug on its -.-n_d has .hu:m
damaged but the cord otherwise appears sound. it can be repaired by msliallmg a
new plug if the shortened cord 1s still adequate for its purpose. 1f & plugs blades
are loose, hent or corroded, o if the body of the plug is cracked, replace it. .!'L]"v\':i:-'-."\-
replace a two-wire plug witha two-wire, and a three-wire with a three-wire, noting
carefully that the green wire goes under the green screw, the black wire under the
brass screw, and the white wire under the silver-colored screw. If your replacement
two-wire plug is polarized (one blade narrower than the ather) and your cord is
Type SPT-2 (sec Fig. 47, the wide blade and the grounded mnd.m.ln.n must be
connected together. But in Type SPT cord, where all of the insulation 15 the same
color, 1t is difficult 1o know which is the grounded conductor. The __E,mum:.]t’d
conductor is identified by either a raised ridge or a groove found in the insulation
along one of the wires.
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Be sure the replacement plug has a “dead from” with no live pans exposed afier
it 15 wired. This is the only type currently listed by testing labs. The old stvle with
a separate fiber disk should not be reused. It has been discontinued because the
“dead front” design is much safer.

['he finely stranded wires used in Aexible cords require considerable care in making
ternunations. Twist these strands together tightly betore making a termination o
prevent a loose strand from crossing where it does not belong.

Some means must be provided to prevent stress on the cord from being transferred
to the terminals in the plug. This can be a cord-grip built into the plug (more likely
10 be found in heavy-duty plugs), a knot in the cord, or tape on the cord that will
prevent a pull on the cord from being transmitted to the terminations.

REPAIRING TABLE AND FLOOR LAMPS

When the light doesn't come on, first eliminate a burned-out lamp bulb as the
cause by testing with ane vou know is good. [f the light still does not come on, the
next most comman failure is e switch that is built into the socket. The switch can
be a push-through, a turn-knob, or 2 pull-chain tvpe. Failures might also result
from broken wires in the cord, bad connections, or dry and brinde insulation at
the socket. Sometimes the contact, which is found at the center of the socket,
becomes corroded.

Socket and switch problems To inspect the socket and wires, unplug the
portahle lampand remove the shade and the harp [ wire shade-holder !, The socker
is made up of lwo parts that must be separated. The socket includes the threaded
lampholder and switch, and an outer brass shell that is lined with a fiber insulating
sleeve, They fit into a cap that remains with the portable lamp. To separate the
shell from the cap, press where the shell 15 marked PRESS and use an sasy rocking
mation to take them apart.

It the fiber insulating sleeve inside the hrass shell has became dry and brirtle, it
should be replaced, IF 11 is necessary 1o replace the sleeve or the entire socket, take
the uld ones with vou to the store to be sure of getting the right part.

If the center contact on the socket is corroded, the corrosion can be removed by
using fine sandpaper. Some of the ariginal “spring” of the center contact can be
restored by gently lifting it up with a small screwdriver.

A defective switch will be revealed by the test procedure in the following
paragraph.

Cord and wire problems  Make a visual inspection of the cord. It there are worn
spots in the insulation, or places where the cord hasbeen tightly kinked, replace the
card. To check for broken wires in the cord use a continuity tester (see Fig. 11-7),
lest between the center contact 1n the lamp socket to the narrow blade on the plug,
and from the threaded shell of the lamphalder to the wide hlade of the plug. In
both cases, the test light should go on wunless the switch s turmed off, in which case
the test to the center contact will show open (no circuit |, Turn the switch and try
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again. If it still tests open, cither the switch is faulty or there is a poor connection
4t the socket or the plug. Test for a broken wire in the cord by making these same
tests but between the plug blades and the wires in the cord, leaving the socket and
switch out of the circuit.

Also inspect the insulation of the wires aof the cord at the socket. If the insulation
appears dry and brittle, this section of cord should not be used 1l!'!l.t needs 10 be
replaced. If the cord 1s long envugh {in some ;mrn!hle lamps, -.*s.pcm.tllx t]'l.n..‘!n:i::‘ with
two oF more sockets, there are splices at the top of the stem or in the h.ﬂ:i:" J, it may
be possible to feed through a couple of inches and cut uff the bad wire, Use !hf:
remaining good wire now at the socket o rake connections (o the terminal screws.
If the cord is too short to pull through enough good wire, replace the cord alt.ﬁgethur_
Unless the route from the lamp base to the lamp socket is a straipht f.hc_}g it wc:n.dd
b wisé to use the old cord to pull in the new. Strip about 1% inches ol insulation
from all four wire ends, form staggered hooks on the wires, and tape over them
taking care that the resulting splice is not too bulky: Feed in the new cord at une
end and pull out the old cord at the other.

Reassembly Afier performing the above steps that mav be necessary to repair
your lamp, the socket/brass shell must be reassembled to the cap. Be sure you hear
a “dlick” when the two parts go together. Then replace the lamp bulb, the harp,
and the shade.

Broken lamp bulb  Sometimes a lamp bulb hreaks leaving the lamp base in the
sacket with nothing much to grip to unscrew it. To remove the base, be sufe Fhe
portable lamp is unplugged or the circuitis oft. Weear gloves and safety glasses. Lsing
2 cork that will just fit inside the base of the broken lamp bulb, push the cork hard
into what is left of the base, and it will grab the remains so you can unscrew the
lamp hase from the socket by turning the cork.

TROUBLESHOOTING DOORBELLS AND CHIMES

Installation of doarbells and chimes is discussed on pages 207-209. To diagnose
problems, begin by checking the vartous components—bell, pushbutton, trans-
furmer, and wiring—until you find the part that does not work and needs to be
repaired or replaced.

Testing doorbells  To check a doorbell, start at the source and chm:k_thc trans

former. It has two screw terminals delivering low voltage—6 to 8 volts—ior the I:H._'H.
which is too low to give you a shock. Short-circuit these terminals nmmuTaT:mJ}'
with a short piece of wire or a screwdriver. lf you scea small a.palrk, thv transtormer
is not defective. This spark may be very faint, so conduct this test in the n;.{ark. [?u
not leave the wires shorted, or you will burn open any overcurrent prl’l[fl_"['li.:ll'l.]‘llllh
into the transformer by its manufacturer as part of its Class 2 listing, ruining i
hecause this protection is not replaceable by design. If vou get o s;:arl-:, E.hgck 1o
see that the 120-volt circuit supplying the transformer primary is alive. If 11 is, the
transformer has burned out and must be replaced. See Figs. 15— and 18-2 and
related text.
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If the transformer is all right, the next most likely source of trouble i< the push-
button. Remove the mounting screws of the pushbutton and disconnect it from
the wires. Touch the ends of the two wires together or jumper between them with
a short piece of wire. Remember that the voltage is so low that vou cannot receive
a shock. If the bell rings, the button is at fauly, If you can reach the contact surfaces,
clean them with fine sandpaper and adjust them so they make good contact but
will open when the button is released. Reconnect the pushbutton and try it. If the
bell still does not ring, replace the pushbutton

If both the pushbutton and the transtormer are all right, check the bell or buzzer
itself. Disconnect and remove the bell or burzer and take it to the transformer
location. With a couple of short wires, connect the bell ur buzzer directly 1o the
transtormer. If it rings, then the trouble is in the wiring. It it dues not ring, the bell
or buzger is defective and must be replaced.

Chimes—transformer and plungers P you have replaced a bell with chimes,
it may be that the transformer was not changed. Chimes require a higher voltage —
18 volts or more—than a bell or buzzer. Install a new transformer., If the chimes
still do nor wark, check the plunger(s) for free movement. Over time the plunger{s)
get gummed up with oily dust and are not free 1o move when the pushbutton is
pushed, Use a cotton swab and solvent to clean up the plunger!s), being careful to
keep the solvent off the solenoid coil wires, Remember that when testing chimes,
they will uperate only as contact is made—they do not ring continuously as a hell
does, but "ding” vnce each time the pushbution is depressed.

Wiring between components [t the pushbuttan, transformer, and bell (buzzer,
chimes) all check out, then the trouble is in the wiring between them, These wires
are small and subject 1o breakage when flexed, so check at the ends where they
have been worked over during installation to see whether there 15 a broken wire,
Due to the low voltage, the insubation on these wires is adequate electrically but
nut very resistant o physical damage. Look for locations where the insulation has
been damaged, which vou can repair with a small piece of electrician’s tlape. Much
of the wiring is probably concealed in the walls, and if the damage is concealed
there is fittle that can be done short of abandoning the old wires and fishing new
wires in as replacements, That may be the time to lank into installing a wireluss,
radio-controlled doorbell system described on page 210,

¥

Glossary

Alternating current {ac) Current that periodically reverses, having alternately
positive and negative values.
Ambient temperature  Temperature of the medium {air, earth, water, etc.)
surrounding conductoes, devices, or ulilization equipment,
Ampacity  The safe currenl-carrying capacity of a wire, in amperes.
Ampere (A)  Unit used to express the flow of electricity: one Lf.)l:]l'lr'l‘l'j.l :TJ'I.TE.
measure of quantity of electric power) per second = one ampere. Water analogy:
gallons per minate.
Approved Acceptable mo the inspector, |
Are  Lnwanted flow of clectricity through an insulating medium (such as air},
characterized by the emission of light and hear (as opposed to controlled arcs, such
as in electric-discharge lamps). -
Arc-fault circuit interrupter (AFCI) A device that recognires circuit characteris-
tics unigue to arcing faults.and then opens thn:: circuil path to prevent Lh_u |:H.U.|[ frim'll_
continuing, Arcs may ocour between circuit wires, OF 4CTUSS & dl.-iﬂntll'l.ll.l'll-"r Jnl-tlm_nL:J
the circuit wires, ur between an ungrounded ciecuit wire and a grounded abject.
Armored cable  Two or more conductors, paper wrapped, enu:iu:._u.'tf i A ﬂrx:.h]c‘-
spiral interlocked armor of steel or aluminum, ;mr_I{ with an -Alulmrftuni Flund1.1g,
strip under and in contact with the armor. Informally referred to as"BX. |
AWG { American Wire Gauge)  Standard for measurement of wire diameters in
the United States.
Ballast Auxiliary equipment used with theorescent and electric-discharge lamps (o
provide starting voltage and proper operating voltage, and to limit the cur I?nt.
Bonding The permanent connecting together of two or ml.m'e Elﬂinh of 1.1u:1-t
current-carrving metallic parts of raceways, boxes, etc., so that all such parts become
connected 1|.|g;'|-‘|u-r to form a continuous path to the ground,
Branch circuit  The wiring that connects an outlet or group of outlets tuo the last

fuse or circuit breaker, | See also Feeder
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