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Preface to the 32nd edition

['his bok has been written lor people who want 1o leéarn - how to 11
wiring $o that the inished jobowill be both practical and safe. The i
complhy with the Nattonal Flectrical Code®. Then the finished job

able to electeical inspectors, power suppliers. and others having 58
the maner,
Electrical wiring cannot he learned by skimming threough this or ag
for 13 minutes; neither should the book be considered a “Ouick Ans
Mevertheless, careful sty of this book should enable vou to wir
farm so that it will be aceeptable to overyone concerned. Howeverg
any wirng, lcarn how to do the job correctly:

The author hopes this book will alsa he of considerable value i pl
iohy, B enahle vou to weite sensible specificanons that will feéad 1o 8§
max i usefulness from electric power—now, and L0vears laren €
will aviid later changes that usually cost several times as much as
m the uriginal plans.

Throughout this book T have emphasized the reasons why thing
a particudar way, This will help vou o understand not noly the of
discussed, but will alsachelp you to solve other probloms as thes
winng of all kinds.

prepared by W. Crewghion Schwan, who is especially well qualified §8

very grateful to hun for underd aking this project

H. P Richrer

Preface to the 39th edition

Theabilitvat H, B Richrer ro reduce a complexsubject to simple, casy o understand
terims bs rare: Matching that ability is improbable, bt it s a challenge T seriously
accept, This 39th edition reflects revisions made necessary by the many changes
in the 1999 Nagronal Flectrical Cade® and by materials and methods not covered
in previoos editions

—W, Creighron Schwan

Preface to the 40th edition

[l is indeed an honor te carry this book forward, W, Creighton Schwan did an
outstanding joh maintaining the continuity of this work from the 32nd edition,

which reflected the developmenis i the 18473 NEC through the 39th edition
based on the 1994 NEC My hope is o achieve what my predecessors managed so
admirably in keeping an increasingly complex field accessible to a broad audience
This 40t edition reflects the extensive changes in the 2002 NEC, These changes are
bith substantive and, toa degree not seen perhaps since the 1939 NFC, editorial
e 2002 NEC has completely reorganized its Chapter 3 covering wiring methods

msaninealmost all wiripe methods have now article L'll.".‘i-iE.E'h".TJ"'-TI" can it mow refers
tiv 1% intermal sections ani ”PP':-”'J-“:':" i g dilferent manner than betore In addition
aapply prior

rrvany articles have been completely rewritten, Any reader attempting t

editings of this book o the 2002 NEC will be verv confused as a result

posstinns by its readers, and

This edition, as always, responds vy many helptul »

further comments ane suggestions for improvernents are greatly appreciated. Fan

ORTECE INTOTTma T, Sce Page X

Frederic P Hartwel]
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SPECIAL WIRING SITUATIONS AND PROJECTS hegins with a discussion of the tvpes . GETTING STARTED—THE BASICS

and wWIrnng requirements of sthnd-alone molors Commont

an farms, with special cove

ng anumal bulldings;-and

icludes genersl matern

Wit Hes and necep

sisch as blown huses or tripped prea lacles, and lamps

anid doorbells thar don't workd—nfisrmation that can be used by peaple whio ntver CHAPTER 1
intend to undertake an electrfcal insts ¢ e alle 10 miaintain the

ok Standards, Codes, and Safety

efectirical equipment thev d

bl

3T FLECTRIC POW ER so cxtensively inour homes and businesses,

i industry that it would be dithioult to st all its uses, Rlectric

vs wlnle normally presenting little danger. and we

1 COUncys W

i £ oad T S e e =
often 1akeat for granted. Yet when not used properly gléctric power can cause hire,

v canse death

destroy property: seriously inpure people:

STANDARDS

Cleciric power 15 safe for ust

2 only wihc s under conteol. Weco

and electrcal equipment that isof dependable quality, Equally imporrant

ol it by using

g and electrical equipment must be properly installed and maintained:

Flectrical parts and devices are manufactured accarding to specific safely slan-

dlarchs, e she

1 he installed using methods hat are uniform throughout all the

states—ihe methods proved by experience to be both practical and sate.

Product listings Reputable retailers and manutacturers sell onlv merchan

dise that 1= listed by a qualified electrical testing laboratory, The ofdest and most

commenly recognized testing organsdation s Underwriters Laboralonies 1

It i hiopred that vou hind thist

PRMACY COMCETNS o
i 3 : ' s When 4 manufacturer submits its procluct wsuch an organization, the prodact i
will b doing the work |safely -

'\|-|.'|l!'|"‘:.'":"| dry sarfacesf and

rCLats, T e 3 41 i et Ly
investigated and subjected to performance tests. T it meets the satety standards, it 1s

then “histed by {name of laboratory).” Many people say “approved by ... " but that s
lations that are safe to ude. Wir

not correct termmalogy. o determine that the prodict -

virr best eftort

ments in the product standards, trained fbeld represient 5

Consult vour local elecigjeal inspector betore vou start work, and learn factory where the [-r---l!l.: is made to audit production controls. Ad

Wil Codes are oo in youlr locality: tests factorv-and stor AT It these sar

e b listed and will bear a listing mark.

Your questions, commenys, or syggestions about this hook are welcome, he e the product continoes

Negse send themt ti— .
Please send themi fi fixtures, conduit) havea hsting mark sinular to

Park Publishing, | Phone BO0-841-(3383 ets [extemsion.cords) have labels
F] Wisconsin Dirive Fax 7132464360 . =
ew Hichmy Wl 3317 E-mail wirene I Ta! t
each | Al eher 1Tems such 45 kel 5
L I Y dd Frut & Namepeate; G e ksl ]

vy Engincorin@imagksPdf com
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e 15 marked in SOMC- wiy 50 [hat !l:._ IS

facturer by retert

torv listing manufacturers that hay

TOCUCT TNeed

s the applicable requirements. The listing mark on the

produdt indicates l.ll.'l'!}'i:.'liia.a.. In addiion w UL, other &
S

Testing Laboratones, Ine (now part ol Imterte

| ywotory Mo

wal (EM ), and the Canadian Standards Associanon (0580 b

LIL i5 the most widely used

“Listed” usage requirements | term “hsted” indi

OIS AN fReleT el 4o
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| Electrical inspectors will wwen down bisted merchandise if improperly used

For example, the inspector will refis

it the Darn s a cornosive Iocathon,
enty ary lpcatons

WITIN R DEcalse SUCN CoIl

5 - T i I
Listme by U'L does not mean that two samular praces of mercl

samte quality. [t merely indicates that buth preces meet the |

oy o raatiiramerite. wwhisle e e st barely
Ohire peece may far surpass those requirements, wile the fither just barey

yple switches, one may averape 2L Lins

. For eXAIm

e ather only f.000, Lse vour owrl

) + -t *
anct offs at full

pocd udement in makin 1 listed brands just as vou would o

ng other merchand

ST I.L' Lk

CODES, PERMITS, AND LICENSES

| isted electrical partsof high quality that are carelessly or improperly installed migh

still present a risk of both shock-and fire, so rules have been developed regulating
Lh 'E!Hl_.ll.:l!L:El ol wWirng a clectrical devices

National Electrical Code™

a5 required by the Muatumal Flecerical Cole (abbreviated NEC), The NEC s simply

For a sife msrallation, hsted devices must be st il

a-sel of rules specitying the installation and wiring methods that over a period of

many viears have heen founsd to be safe and sensible. The NEC permits installations

tor be made o several different wavs, but all wiring must be dine inone of the ways

described mthe NECL A revised edition of (he Narfonal Electrical Co pablished
every three vears, with the nextedition tesppear in 2005, Every reader is arged to

the NEC and 1o use itas s reference. It contains detailed regula

QU & OOV

tions and extensive tables. Bueeause the NEC is almeost 70H) pages Jong, only it§ most

|12 this book, all reference 1

NEC section nuwmbers will be Lo sections i the 2002

W
. Note

NE(D, which contains a large number of chianges from the 1999 edit

thut effective with the 2002 NEC the word “section” is no longer used to refer to

-\.i"l.'l.i'-ll. Provisions of e wWEC. All reler- __,___
Nattonal Electrica! Code® and NEC
Ay L are registered trademarks of the I
ar .'\..I.'Il|'||.. mimw simply relersnce ] Natianal Eins Pokection Associaton, |
Inc., Quincy, Massachusetts. Every
ted to a reader is urged 1o study the NEC
ot everywhere. Other changes consist ot (al You can obtain 8 copy by sending
$59.50 plus 56.95 shipping and
handilng 1o

mces fnrmerly written 45 Section: M -1

he familiar hyphens between article an

section rumber have bieen conve

TEMUIMTCTITE &

National Fire Protection Association
rch Park, MA D2265-9101

wvith char the text, somebimes of minor

1t of [1a) TITH 1T1L 1114 1 or by calling 1-800-344-3555.t s also
el LITIDETS < ring maklerial notin the carrhed in many lamge book stores
orevious edition, Therefore, a 2002 section | Askfor NEC 2002




4 GETTING STARTED—THE BASICS

number mentionad in this book mav o mas meo be about the e coviered by the
same section number in an carker or later NEC Vertical Bines in the margins of soime

NE( pages mdicate material that differs from the previous edition. Beginning with

this edition, the vertical lines de ges, including deleted material. The

margmal Dullets that used 1o indicate deleted nates alare no lonesr wsegd

vook are in

the author B

e with the latest Natr

A methods described in this | gt aocorda

Elevtrmeal O

e as interproted by yertort has bden devoted to making

all statements in the book correct, but the final authority on the NF = vourfocal

L K I 1 ¥ i
InspeCcton [his book covers only the WIFtHgE ol houses and farm buadi ATy

taterment that some particular thing is “always” required by the NEC means “always
s Lar as the type of wiring described in this book s concerned.”
Study of the NE(T s necessan -.|.’]i.‘| helpful, but the NEC alone will net teach vou

e to wire budldin

Fead NEC 9601 [or the exact w uridin '|L|\-f r"l"-”|' s which
15 essentially the |:'n1._ ical safeguarding of persons and propérty from hazdrds

~15-'-{'”'.'-'- from the use of el tricity. These El.h'.lf';_iw are tire and electric shock, he

NEL contans provisions considered necessary far safery, Compliance with the NEL

together with proper maintenance will resultin an installation essentially free from

J"'!_K.;.IL'I Dl Nl necessan |, o |I|, N, convenient, or nld.E\..ll. e |_I_F gond service or
future expansion. The NfiC is not intended 15 a specification for design, nor is it

intended &5 an instruction ma

fur the inexperienced. A lay reader picking up
a gapy of the W without specialized 1_|'.1;|'||||_._§ will likelyv be |'||'||-..;-i|_-:,3._,._|, confused.
Electricians werally spend o least tour vearsin lratning, includine extensive wirk

with code imstructors, before they work in the field withou SUpETVISiOn.

Legal aspects Neither the NEC nor the product standards as enforced by the
testing laborataries have the foree of law: However, most states fandfar munici
palitics it so authorized by the state legislature T pass faws requiring that all wiring
st be in accordance with the Nerfopa! Flairicat Code. Usually power supiliers
will not furnish power to butdings that have not been projerls l,-.'-ig't‘-d_gn.;:' -
ance companics may refuse (o issue polices on buildings not properly wired. In
addition, faulty work may complicate insurance reimbursements in the event af 1
loss. You have no choice except torfollow the law; and 1o doing secnmsolentiousty
you will sutomatically produce a safe instatlation. h

Local codes  Thie Narional Flectrical Cade is sometimies st pplemented by local
codes or ordinances, which seldum differ from the national cade in general terms
but which frequently amend specific privisions. For example, armaored cable wir ing
is One method permitied by the NEC but ST ITIEs F‘i"'-.".li"'l:.l.'li by local codes
Local permits  |In mam places 1t

ur state authorities before a wiring job can be started, The fees cha

15 MECESSATY o gcia permml rom city, counly

i far permits

generally are used to pay the expenses of electrcal inspectors, wheose 1
i T Trritsemet i T X - g i 1 e 1
ate, properiy installed jobs, Power suppliers usually will not F Uit

in Inspection certificate has been turned 1n

Many arcas have la

Local licenses

of gdecorsald wirine withou! beg

AN anineerinbﬁgkspdf.com
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WIT DWW [Irerises with

electrical wark «

ted that way, but o i others. Consult your power sy

thie law 15 interp
livcal authorites

member that if a permit is required, vou must gét one betore proceeding with

Jul i Rl

1 g i oo e . 11
conrechiom wilh Wour g b so that vour w FIRE will meet national and local code

your work Betore applving for a permit, be sure vou understand all p

reauirements. 1t does not, the inspector must turn down your job untid any ernars

have been corrected

SAFETY PRACTICES

Electrical systemis i buildings must be installed in such @ way (hat they present

the deast I'Il:-"'lilll.' hazard tovthe' ICCHPEnds ur e properoy. ANY UIUEC o smdifions

and uses; such as encountered on farms; must be carefully evaluated tor winmg
|'.-u|u|.-<-.-|-.-.-.-u.w1I':.|[p:'irm:.-u.- safety for people, anumals equipment, and buildings. In
addition, the work itself must be [_',_1:\-r1r1«'u safely for the protection of the st ilier.

5 virg teel confident that vou can satisfv these satery objectves, it would be

voil use this book as o guide to understanding your wiring sysent and

sesl 1t
leave the actual Installation toa profussiunal. At the very least; this bouk will alfow

you to have & more intélligent conversation with vour-elecrnical contractor and
aet mnTe for your money.

Protect your eyes For vour persnnal satery whenever vins are doing any elec-
tricssl wioek, peotect vour evies at all 1ienes by wearing satety glasses, Bils of copper
can [y oul when cutting wire; and hot selder, flux, and plaster dust have 2 way
it for the eyes: It an arc 18 inaghvertently started when you must fest

of making rig
o an energized eircut, modten metal can be thrown out too quickly for you Lo
escape il

Be aware of electrical fire hazards  Short circuits, vverheating, and the arcing
or achive flow of electriaty throueh an lonized path in the air of nther gas (and
usually whete it doesn't bolongl—hese dre hazards that can result from fault
wiring-and cause fire. Electrical arcs, for exas nple, tvpically run at lemperatures
considerably abuove that on the surface of the sun. Be carelul (o use wires with
the proper ampacity (explained m Chapter 4] and check for wires or cords with

damaged insulation. In ¢ hapter vou will find a thorough discussion of the essen-

ng vour electrical installation through the vseof

tialsof proper grounding, Protect
overcurrent devices—Iuses and circuit breakers—Is the focus ot Chapter 5, Limiting

VI erat Ty T ;i|_:|l|||'|'||.: damage 15.a Spocil wiicern for rurai resid

dhiscussed in Chapter 17, " Farm Wiring,” Sefe wining practices for fire prevention

sre emphasized throughoat the book

Take advantage of hazard warning detectors Faultv wiring is jus! bne ol

or other hagrds in 4 home. lr

Ty P s ble SETeEs

t that can save hvies. R

alarm eguipmient is a relativelvsmiall i

1 the habit il

z alarms are fundt

F1 Tl el &% ey Tal
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ol eve errmianenily

Smoke detectors =
visible or imvisible o
many lives by alerting
detectiors in homes ar
detectors. fontzation
that gquickly consume

Phirtoelectric ala

as a-cigarette burning
rlﬁ”"}l.'. lor YOMUET TTidNIr
A -|I'-'-:I|I detector that o
specify the required o
place smoke detectors
an jonization detector
the door epens tollow
the hallway ouatsicde by
upper loor, while oth
and one on cach floor
Battery-operated, phug
powered models may |
most huilding codes

hackup and all alarm

all respond. The requi
11 inches from the cel
wolld move aie past 1

a-direct-wired detecto
bathroom light, 1o ass
the detector directly a
Carbon monoxide (C
nently wired carbon m
the presence of this by
or fire marshal for spe
even il not required b
can usaally be found
Prevent electric sho
this book: Shock-—the

principal hazard that
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GETTING STARTED—THE BASICS

urclocks w standard nme. Remember that modern designs

red detdotors usuallv depend on battery backup.

ted smoke detectors that sound an alarm when

ustion products are sensed have been credited with saving

oim a fire, Smoks

equired by local building codes. There are three types of

especially eltective at detecting fase-flanming fires
ible materials such as burning paper or grease
Hective at detecting slow; smoldering fires such
i, which may take hours before bursting intw
ction, install both types orselect the third kind

oth features, Buldding codes ' each commumity

t generally not the evpe of alarm: Ingeneral, never

here thdf will be subiect oo nuisance alarms, For example

pr a-hathroom door will likely go into atarm when

er Sorne lucal codes reguire a smoke detector in

br-above the stairway leading 1o bedrooms on an
s require a detector in ¢ach bedroom, the kitchen,
=l i,

rect-wired stnoke detectors are available, Battery-

acceplable in an exasting dwelling, bul i pew construction

nnection to the electrical source; with a batrerv
rcomnected by wires so that if one Tesponds, they
s an the ceiling, or on the wall not more than
place the detector in the path of ventibation thal
F faster than moother parts of the room. To install
1 arcuit with often-used ||g,_l11x_ un ttosuch as the
cuit could not be off withour being noticed. Wire
WU CIFCLIT Wess, :.l'!l'_‘-'r\}[L't]fd.

rs Many local erdinances also require perima-

electors with battery backup to alert accupants to

1 resulg

od 1114

g (il

ight frio

T P55

rliess, deadlv gas. Check with vour bailding vihcial

fic requgrements. CO detectors are highly recommended
sl cockes, Batterv-only styles are available, CO detectors
Tortes nigar the smoke detectors.

sabe jnstaliation practices-are emphasized throwehour

adenta] How ot electric current through the bodv—is the

from unsdfe practices. Observing the folloawing

T e
work showld be dore omly on ciromts

et from the source of power |, [f the diseon

n thework [ocarion, vou must take positive steps

www.Engineeri

Chapter 1 Standards, Codes, and Safety

such as taping the switch to the OFF position or removing the fuse, 0 make sure
sorienne else cannot inadvertentlv encrgize the arowt while you are working on
it Some testing can be done only on energized arcuits. Be extremely careful when
testing that vou do notcontact live parts: As explained on page 63, recerving a shock
T mni._ dangerous when the victim is-standing in water or a damp locanion than
on A dry '1I|.|';|'.l.'L For vour profection, stand on dry boards or a rabber mat and be
sure that neither vou nor the foor iswet. Remember that elecrricimy.and water are
a dangerous combination

Avoid shocks from small appliances  Even when a building has been wired i1
strict accordance with the NEC, shocks gan still occur from the use or misuse of

appliances. Fatal shocks have occurred bathtubs or showers whon an appliance

rallv fallen mte the water. I that-silua-

such @s a radm or hair dover hasacaden

14 detec-

tion, even an appliance that 1s not delecive cancanse 2 fatadity, Tochu

tive radio or heater orother apphance while in a tulyor shower can also be fatal
3 ' i r " B R
A child mighe chew on the cord 'of a lamp or applianice; in doing so, it the chikd

punctures the insulation of the cord lor if the cord s delective) while heor she

i also touching a srounded object such as o rachator or r‘ll}l'l‘-_f?:I]E'. a Taral shock

can result A person using a defective appliance while touching a grounded partof
plumbing can easity receive a shock.

A toaster can preseni extreme danger if the toast sticks rather than pupping upwhen
il is done because when that happens people sumetimes use torks to release thein
toast, 1on't do itwithout first wnplugging the toaster. The live heating elements are
exposed in the taster. 1t vour fork touches a heating element and vou are touching
2 provnded obiect tsuch asa water faucel or a-sink) at the same Hme, you could
veceive 2 dangerous or even fatal shocks Unplag the toaster betore reaching inside
it for ans PRUrposs., or s winiden ongs to exiract the toast

Know how to help shock victims safely 1t vou discover & shock victim, the most
important paint s to be carctul ool o hecome a sccond vidlim vourself. This bock

cannot p wasihly give vou all the necded informanon, but it can f_',i'n'c' VO A Tew hamts.

W'l first discuss shocks caused by the ordinary 120/240-volt wiring in.a houwse

oira farm building, I vou find & victm and it appears that the shock was caused

by an appliance or similar equipment, disconnect that equipment. d it has.a wall

of its receptacle: donot touch the

switch, turn itoff, I it does't, pull the plugou
iective, but rather grasp the plug and pull 11 out Do not

cord because Tt may be de
tuuch the appliance itsell

I cases where the source of the shock is not apparent, hurry and . open the main

if vour burdding 15

switch of the huilding, or throw thie main crewit hreaker to

Then turn vour attenfon tothe victime Ithe victm s 01t

cquipped with breal

scins or appears not 1o be breathing, phone #1111 or thi EFEENCY SETVILE 1T YOLIT drea

for asststance. IF vou know CPR (cardiopulmonary resuscitation |, start using it whils

v are wiiting for medu al |:".||- s -=.i.- b belter pre ;'_"-_-'_ or emereeTicles | voLl have

taker 2 .class 10 CPR Contact vour lncal Red (Cross chapter for information
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= GETTING STARTED—THE BASICS

CHAPTER 2

Planning Your Electrical Installation

CONSIDER PRESENT AND FUTURE NEEDS

Phan vour clectncal installation so vou will still e pleased with it 1n the vearss

skimp on the original installation. Adding
Tatures, and circuits later usually costs several timesm
hemn 0 the original job

Look ahvad 1w the aquipment vou are going to'be u
3+ r_!-_'l_ll 10 COHARINE, Waler
npters, entertanmen

cvins will have adequate w

Install large service entrance  All the power you use comes into the b
throwzh the service entrance wires and related eguipment. SLart vour j

with a service eniraide that will adequarely handle present and Teture needs

1 mind that small s cewires wikl med CAFE

Benefit from larger circuit wires  For house winng. the mimimupm circust wire

size perrmtted b LY 5 14 AW, po e Dy a TP s o
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GETTING STARTELD—THE BASICS

Chapter 2 Planning Your Electnical Installation

the installativon and will prove a good mvestment. NEC requirements for various
Cves of Circunts are discussed starting on page 40, Spectal Growits requiring 12 AWG

wire are explamed under "Special small-apphance arcuits” on pages 4748,

¢ that the NEC mnow wses the more techmically correct t

fasin 12 AW,

standing for “Amenican Wire Ga mstead o Forr " Niummber’

as N, 12 .ll‘l.‘! 1S K TERECTS TRe New practic, YW SAUES MEMETS L NOW

exprossed as AWV apply for wirmssup to 400 AWG whach covers almiost

all wiring within the scope of this book. Wire e are denviminated by

-
2 kem

their actual cross-sectinna i UL Circular mds (written

the usual sire for a HM=amp service conductor

LOCATION OF LI

TING, SWITCHES, AND OUTLET RECEPTACLES

will be fronm floor and tabl

Lamips 1o savme rooms and from permagently instailed fxtares in others

fixctures do not need to be expensive or elaborale, but vou must ha
fctures located to provide sufficien
.

SWHCRes and receptacie oulletsare cssen

Height from floor for switches and receptacles There s no NEC reg

Lirg

ment setting how high switches and receptacles must be trom the floor The
tvpical range 15 48 10 32 mnches for switches and 12 1o 18 inches for peneral-use
I
tichen recepracles are located in the backsplash
ahove the counters, In the laundey room 2
for plugging o
comstruction make the heights uniform throughout Ina remndel ar adidition
match the existing heghis

ites may require switches o be lower and

recepracles. | People with physical disat

receptacles higher than vsual) K

the workshop a conventent he

asher iron, and tooks 15 36 w48 inches above the flooe In new

MEC requirements for lighting and switches N0 210,700 A} requires the
tellowing arvas 1o have some lighting contrilled by @ wall switch: every hahit
able rovm of a house: bathrooms; hallwavs: stairways |switches at both ends iF

coftiprised ol arleast six risersh; attached garages, and detached garages If wired;

atticy, undertloor spaces, utiiny roorms, and basemients used for storage of containing
arr-vonditiomng, heating, or other equipment requiring seevicing. In kitchens and
bathrooms the switch muust contral permanently installed lighting fxtures, In other

rooms the switch may control one or more receptacle outlers inte which toor or

table |-’II'I'.]":'~ can bhe |'|II'-"'- |, Each enmtrance into the howse must have an outdoor

ight controlled by a switch nside the house.

reqilrements an adeg

1N ConTie mNrougn any entiance I!Il.l o throg

hts {urned on behind
iall ¢ha

m, bt the

T U are

U TromTs Twads

Fig- 2-1 Typical tog

the sirap are 3 gredal Conver

L

2

« g_

(s now often required )

fa

swilch arid 45 well

LTETY And Convenlema

r AAlh
Providing convenient switc

hes for lighting alsn helps 16
COTRETVE enerey since we are Jess likely to leayve |-:._',I"~ o if
it 1seasy 1o turn them of when they are not necded

Al

NEC requirements for receptacles N{UC 210052

requires receptacle outlews in each kitchen, family oo,

dinine room, living room, paclor, lbrary, den, san toom,

hedrom, recreation oo, or similar rooms (or areas, as

i the case of an gpen Aoor plan) of dwelling units 10 be
= installed s that ao peint along the Moor Hine 10 any wall

= space tincluding spaces behind door swings! is nirs than

f feet measured horpontally from an ootlet in that space; including any wall space

L

1 feet or more in width and the wall space ocaupied by Fixed ghass panels in exl

walls. Vhe wall space provided by fAxed room dividers, such as free standing

counters or railings, is to he included in the f-foot measurement, Hallways 1! feet
or more in length must have at least one réceptacle outlet

Hasements are required 1o have at least one receplacle outler in addition t any
outlets far laundry equipment. Attached garages—and detached garages having
clectrie [owEr are also _‘u_'-._‘lzlrl.'l.] to have at feast
one receplacle outler. Every hoyse 1% required by
NEC 21052 E) o have ar least rwo outdoor recep
tacles—one on the front of the dwelling and oneon

nces, holiday lighting

Lapplia

|
wire than & feet 6 inches above

the back— for yard teo

el They mast be non

sracle level See page 71 for locations where (GFC

protection for personnel is regueired.

An adeguately wired house has enough receptacles

shown in Fre: 2=2) so that you will never need an

. -
thie right. Th hias two terminal screws on i I P

mling screw [im iy CasE a1 Tne

gach side, plu

nharal T3

i = and Pave 3 i _ﬁ»*' 7 2

Wwvv.EngineerithEBooksPdf.com



12 GETTING STARTED—THE BASICS

extension cord for a lamp, clock, or similar equipment. Extension cords are useful
as temporary devices, but they should never be used to permanenty carry power
from a receptacle to lamps or other equipment. Il there are circumatances where vou
cannot avoid using an extension cord, don't imvite a fire by running the cord under
arug or carpet, Never run one across open floor space—stepping on it could result
in damage and fire, and tripping on it could lead to injury. Never tack or staple a
cond toa wall. Tt is best to reserve extension cords only for temporary use.

Fixtures and receptacles room by room  The [ollowing 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 about whether to have a fixture in the center of the
ceiling or on 2 wall. Some homes depend entirely on floor and table lamps for
living room Hght. IF this is the case, it will be convenient to have one or two wall
switches control all the receptacles into which the lamps are plugged so they dori'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 114-115). .

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 large enough to require more than five
receptacles based on the "6 fool” rule. Regardless of room size, consider the probable
arrangement of the furtiture and place receptacles so they will not be difficult to
reach. This may require an extra receptacle or twiy, but will be worth it

Dining room  One ceiling outlel for a fixture should be provided; it must be
controlled by a wall switch. Locate this fixture above the center of the dining room
table rather than the center of the room. The “6 foor™ rule usually will require at
least four receptacie outlets. One receptacle should be always accessible from the
dining room table for use with items like electric cofice makers, electric wolks, and
electric knives,

Kitchen Abundantwiring is required in the kitchen. First, it should be well lighted
because itis 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 until that term is in
more general use this book will continge 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 persen does not have to
work in hisor her own shadow, Consider other kitchen work areas thit mav 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 vou can use only porcelain- or plastic-bodied fixtures, and
this category has veéry little in the way of variety. These are safety measures. An

AAAAA

Chapter2 Planning Yoeur Electrical Installation 13

ungrounded metal fixture or metal pull chain could become energized through a
faultin 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-apphance branch
circuits must appear at the kitchen counter outlets (meaning all counter cutlets
taken collectively, not necessarily both circuits present at each outlet), because that
is where the majority of sppliances are connected. Install one oatlet for the refrig-
erator, and place the others 6 to 10 inches sbove the counter in the backsplash. A
counter space 12 incheswide requires one receptacle, and others are required so that
ng point along the counter space is more than 24 inches from a receptacie 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 1o 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
mjury. 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 peaple want a ceiling light in each bedroom; others do not. If
you install & ceiling light, have it controlled by @ wall switch near the door. 1 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; pne should be permanently accessible for the vacuum deaner, and
another near the bed for items such as reading lamp, clock radio, and heating pad.
If the overhead outlet will be used 1o support a paddie 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
witll above the door so it 1s 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 & safety measure, Many fires have been
traced to clothing touching bare lamps in closets. The temperature of the ghass bulb
ofan incandescent lamp isoften higher than 400° E. In no case can a pendant fixture
oran incandescent lamp without an enclosure be installed in a closet, If the fixture
% 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 controfled by a wall switch is essential. One additional
light above the mirror at the basin is aften installed, but that is not good lighting.
Two lights—one on sach 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 GFCI-protected receptacle

BoaksPdf com




SE2 Page reguured within 36 an

dedicated 20-amp crc required (i 38

arcuit (which still must serve only bisthn

thas case, the 20-amp circurt may serve

within the one bathroom. Thus, vou mag

i however: many bathrooms) on g 2ind

single bathrovm, on a similar arouit
Stairs  Where there are stairs, locare ;

three-way switches so the Light

bottom of the stars This s inc XPERSn

NEC requirement 1f the stairs have six

landing with an entryway, a5 10 many spi

be placed at the intermediate landing,
Hallways, entrances, and basement
hallwary, install three wav switches ta
receptacle for a vacuun cleancr, At ea
coneralled by switches indotrs are esse

for your nuideor lighting. When peapl

thie light will turn itself on automatica@l:

does not have an attached garage. In 1l

tor washer and dryer, workshop moto

finished miom, the receptacies in (at ruf

rocns, and at least one additional recol

portivn, If the finished portion divides t
arvas, receptacles need to be provided

GFCT protection is reguired for recepta

are soume important exceprions, ingudingd

In-addition; receptacles supplyving applid

laundry equipment ) and receptacles sug

but onlva .‘.'::u. carelide! puring |'|" Cagf] s

piped-in-place sump pumpwould be g

tacle (accommadating only a single pl
receplaclein Fig. 2-2 that accommondare
n find 3 piour

cover mounting screw 10 the nmnddle o

transtormer, you will of

ner he arshe would accy

inspector whe
only the bottom-receplacte cunnect

tabs proken out

s AMOTNer roont as i

for convenience, |

B o by

j enlr
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g more. If there 15 an interme
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hi o

bathroom receptacles

stde edge of cach hasin, A

ds e e

vy or all the bathroom receptacles

cuit, or all the load. but in only a

dwhire it will light every step: Use

n and off from both the wp and

nee aganst accidents, and it 15:an

11E

| i
ellhouses, an additional switch FLEE

<
allway desérves 4 light. For a long

trol the light from either end. [nstall

. A rhotion-sensitive

noe to the house, nutdoor lights

]

ghi is-an option

wproafh the door [rom outside at night

Thig

Is espoaally aseful if the hopse

enl, install numerous receptacles

similar uses: If the buserment has a

ow the normal rules tor habitahle
st e located inthe unfinished
menl mto two ar maore unfionshed
nfinished area

Cksin iil‘rf-l‘.i\'|1{'d lm*--;_':ru_]'-u T hr_l'e

Hat dren’d easily I".1.l_~'-':_‘|:| I|-J|.-:|i.\.1|r|_t'_

A sy stems are exempted as well,

ofl. Fur cxample, a receptacle for a

it you would need a single recep
pically round. unlike the duplex
51 In the case of an alarm :

lem

'.'-:::E desigived 1o be secured tothe
x receptacle. in this case, ask the

wilh

ventioal o

I Fig. 1012 bt with both sid

stallation 15
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recepl; bt ciantrolled

switchn the g twires tromy. the howse, Most peonl i
i E-_"-"" that can b v both the parase and the house, o 1
three way switch at

MEC 2105210 | reguires every garage (i wired] to havear leastone GFUT-protected

g mav be desirable for & battery chareern tools. et

cie outlet. More tha

i garages and accessory buildings, receplacle o required tiv be

accessible;

GFC]-protecied include ooatlets that

15 4 eetling outlet

lor & garage door Gperser. and outleéts Tor dpplances in dedhcated space, such as a

freezer. Here tono, onlv & single receptacle can be available without GFC) protec-

taexiy, i this case the one tor the _||1|'-!|.'!:||_'|_- All otherd must be (FC i-l,'ﬂ'lll{.'_

i gATage. I 15 YeIy oonve

vie receptacle outlets that are abwavs five rat

-.h..n recepacles thal are turned off witl e lighe. Wirh recepracles perma-

ne ga

have it work all night withow
ring diagrams

nently on, youl car Og 1M 4 Dartery charger

ht o, See pages 11 7=120 for procedures ;
Pt k

195

having the garage W

for detached buil
CHOOSING LIGHTING FIXTURES

Good lighting requives notonly sufficient ght but also proper distribution o
| E !

S

f light

1
dinthe shade of a tree than in dired! sunliy

1I‘.||-|.-1,:'L:.|I thée piooamn, AL s casicr to o

e Indirectsunlight, the lighi all comes from one

there is less light in the shad
point—the sun. In the shade of a tree, it comes friom all Ll.ru_lmr_}_ Sumilarly, fectures
sharp shadows and glare

with exposed lamps produce light from one point, causir

that mrake reading or sewing or other close work dithicule. Provide well-diffused

“shade of the 1ree” light by using fixtures that do not have exposed lanips,

For best lighting, cedings should be a light coloe. A white celing reflects most of

the light thrown agamst it. beary is oot quite as good for the purpose; A flat finish
iz better than 2 glossy finish.

some fxtures provide good dllurmimation and others-are primarily decoranve. If

vou have good floor and 1able lamps to provide plenty of lighting where people

room cannot be the decorative kind

SUE EEere 1 no reasan winy Exiures n ||'i,'_' 5AIMie

that prowide sume general lighting but not ens tor exacting work. When ceiling
| : E E

Nxtures are to be the Primary source of light in a room, ke care to focate them

asks. Buy the stvles of fixtures

ide lighting for critical seeir

where they will pro

o1, Make sure the fix

are electrcally g

ures you sele

that st your taste and bug

look for the lisung label on each Dxture. Good lehtimng s non necessanly

AT 5300

cxpensive. Lightis 18 fixtures are avatlable 1 a wide range of prces, and m omany

places a HM-watt lamp can I--. bruened for a penmy an how

Lamps (light bulbs) R
ames, Lamps are comm anly
witer glasselobe il
Called lampaan accordan L for
Ehe syl wsed o dnd it
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Types and efficiency  Thure are many tvpes of lamps: incandes

mietal halide, mercury vapor. sedium vapor, etc. Three

Bil-watt lamps | total

watts) give L0 percent mare light than Ave d0-watt latyps (toral 200 warts

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

(MI-vwatt famp gives [

In other wirds, a ixture that uses one large lamp wil
than one vsing several small Tamps of eguivalent toral wattage

Labeling lederal regulations regquire most of the commonly used meandescent
and luorescent lamps o be labeled with the hght ourpur measured m lumens,

ERETEY LEaedd menstared

i wiarts, and the life m boors, To save enerev. ©

HSE i

lamp based on the light vurput and then selecr the |

detiver that light

west wattage lamp that will

-
Incandescent lighting  Ordinary lamps have an average i ot 750 1w 1000 hours
i wsed on circuits of the vollage stamped on the lamps, which is the voltage for
which they were designed. There are also several newer types nn the market

“Long life” incandescent lamps |1 15 a simple matter 1o increase e e ol 2
famp by burning ivar s voltage lower than it was designed fur, as s done m " long
lif" lamps: For example, a lamp designed tor 135 volts but burned at 120 vobts will
fast abent tour Gmes longer; a 14t volt famp buarned at 120 valts will Tast aba

eight times Ionger. But there fsa cateh—the light per watt is reduced by 20 10

wh the cost s increased

3 patce

i bw 25 1 35 percent. In addition, such “long
life" lamps sometimes consume more watts than the number stamiped on them, If
such a lamp 1s marked "60 watts” but actiually consumes Tihwatts, it will seem o
produce nust as much light ds a standard a0 -watt larmp witha 1,000-hour life, Such
“extended service” lamps can be useful i Jocated whert replacement is diflicult
Some lamps have reduced wattuges. For example, eplacing a 75-watt lamp with
a 67-watl lamp will certainky save energy—but it will also give less light.

Energy-efficient incandescent lamps There have been some real advances In
incandeseent lamp cthciency. Bulbs filled with krypton gas

instead of nitrogen

reduce energy consumption by 10 to 20 percent with no noticeable decrease in Tamgp

life or light output. The lamp - within-a-lamp has a tungsten-halogen lampinside a

compact quartz tithe within a conventional lamp bulb. The halogen gas redeposits

iharrient, el ing Erlackir

tungsten particles back onto the g and providing up o

three times the life of a conventional incandescent lamp:
Althoogh the mitsd costas higher, these enern -elfacient lamps prowvide & returmn
ooy investment of up o Dve Tanes over ther lite: They last loneer and vse less

electricity, saving vl money and conserving energy at the same time, Thev come

)

A 2-wagt, S2-watt and T2-walt sites booreplace-standard 60-watt, 73-wart, and

100-watt incandescents. Their average lite 153,300 hoars

Fluorescent lighting

descent. It produces far more |

fast much lopger than ordinary lamps, The bife of Quorewent lamgs depends

muostly om the number of lurmine hoors oer start, I tarned onand Jeft huerming

wWww. Engineeri

apter 2 Planning Your Electrical Installation

contrmuonesky, they will fast-ar least eight to Biteen thmes as loog
Even it turned on and off frequently, the Huorescent will Last

FRHOTTICS Loane 10 il.'ll;.'rllJ

e [ —
yainary -lamp Fluorescent lamps used i

AL

as lom
frcuy 18 o &l mches, consuming from 15 o bl watts: The 48-inchedi-watt 15 the
IrLcs] COTTiiTiaa.

At larmps 15 that thea

Brightness and whiteness A further advar

surfiace brightness is much lower than that of hlament lamps, providing

wht thyan
in

1s mare diffused and thus more comtortable: Standard fluorescent lamps come in

assortment of ditferent kinds of “white,” including deluxe warm white, wiarn

hite, cool white, and deluxe cool white: The cool white is most commonly

used. It produces hight most like narural light and emphastees the blue
cilors in obiects lighted. The warm white produces light mere Iike that of pedinary
[larment famips and emphasizes red and brown, The deluxe varieties emphasize
these qualitics stll more bur are a bicless etheent, producing a lintle less light per
willl consumed.

Energy-efficient fluorescentlamps  There are energy-efficient lamps and ballasts,
han “standard,” and these are

including solid-state ballasts, that have ratings other
truly more efficient than the lamps and hallasts thev replace, Compagt fluorescent
lamips as small as 7 watts can replace incandescent lamps in mamy apphications
al great savings inenergy. These compact lamps are made with a self-contaimed
l-.
descent lamp. A compact Tuarescent rated around 23 watts replacing a T00-wartt

ast and an Ldison screw shell base so they .can very simply replace an mcan-

incandescent ranges m oprice [romm 510 to more than $20, A 15-wall compact
fluorescent lamp replaces a 60-watt incandescent, a 20 watt Hluorescent seplaces

1 has light nurput equiy

a T5-want incandescent, and a 25-watt luoreseen alenit to

[ 0-watl incandescent. These Huorescent lamps have an average [ife.of 10LKH hours,
Another type s the two-priece crrcular compact thuorescent lsmp that has a rensable
gomies i 22-watt and 306 watt sizes to replace 10{-watt and

slectronic ballas
P50 watt incandescent lamps.

Compact fluorescent lamps comein many different styles and shapes. Newer typss
are labeled “electronic” because of the [vore of ballast used. Some b large hases

that may not At within the harps of your table and floor lamps., so measure the harp

width before vour trip to the hardware or home center store where the campacl

T ‘|i|.|"'i"!||.".' 5 also sell themy) Generally

fluorescents are available. [(Some glectric p

a saquare style will fir in 2 smaller space than a gireular shape. The lamps cannot be
nsed with dimmers, electronic timers, or p

purchase to make sure vou can use the lamp for your intended purpose

Operation |n flusrescent lamps, the elévtric current does not flaw

i 1 E o 4 .
ment as i ordinarvincandescent |a 15 A% 20 ArC A conlact

ro-another contact al the

i omee ened of the la

wer end of the lamp, I vou had CITAr Flasa i

vax TLUrned vl

‘TR the lamy el bew mmnatls
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of the lamp is coated with a special powder that Muoresces (glows) whensstruck by

wilet fight, prodocimg the visible light we sec.

LHTray

['he lectrical operation of a fluorsscent lempisa bit complicated. The easiest way

tolearn is to look af older styles having visible sep

companents, ||-__-‘_._1;1'|.:_'!|_'|._-

circiit includes the lamp, a ballast, and 4 staster, The most common Huorescent

larmp has a ilament { “cathade” | at each end, but these are bighted only for a second
o so when the light is first turned on, The ballast—an electrical winding on a steel
cnte—iloes two things: it linuts the total power that can flow throwgh it and it has
the peculianity that when power flowing through it is disconnected, itmomentarily

deliversa voltage much higher than the o 1l vorbtage flowing thirough it—tora

brief moment it becemes a step-up transformer, The starter is a switch that opens

itself after power has Hlowed throughit for a moment, and then res

nsopen, | The

magnetic-ballast desenbed 15 pradually bein

g refaced by the tlectronic ballasy,
which accomplishes the same ends by different and quicter means. )

Figure 2-3 shows the circult for the first second or so-after the light 45 turned on
The current flows first through the ballast, then throwgh the filament at one end
af the kimp, then back to sOURCE. The starter upens itscl, and after that there 1500
circuit other than the lamp that the current can fow through. As the swirch in the
starter opens, the hallist debvers a momentary high-voltage kick that is cnough o
jump the gap inside the lamp; the current then flosvs through the lampfrom end 1o
end. Sev Fig, 2—4 showing the circuit after the switch in the starter has opened and
the lamp 15 in normal eperation. A bit of mercury in the tube vaporizes 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 fluorsscent
lamps, such as the rapid-start and instant-start fypes; startsomewhat differently.

The diagrams of Figs. 2-3 and 2-4 are fora fixture with only one lanp. Dhagrass
for fixiures with two or more lamps are more complicated. Modern fuerescent
lixtures rarely use the external starter shown in the drawing however, the basic
prinaiple of producing 4 larger voltage testart a flow of current through the lamp,

fullowed by a controlled lower voltage to operate the lamp remaims valhid,

—=—— STarter open
4 1 - =5 =

= L 1%

|
" Lamp, not lighted
. = = R =

| [ Baflast | l Ballast
Line Line

Fig. 2-3 Th= current has |
on. The starter it sbll ciosed

51 bien tumed doened, current

Fig. 2-4 The starter has

the tube: the lamp Is
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CHAPTER 3
Measuring Electricity

WATER [S MEASURED in gallons, wheat in bushels, meat in pounds, Flectricity

cannot he poured into a measure or weighed on scales, but rather i something

that -muzar be considered as always In mohon.

UNITS OF MEASUREMENT

frow muoch electricity Hows past agiven pointat 2 given moment

We need to meast
or in total over a period of time. 1o arrive at a measurement of electticity, the rate
atwhich @ quantitvof it thows | coulombs per second, or amperes b and (he pressure
it is under when it Mows (volts are combined o arnve at wattage

Amperes Theabsolute measiure of a quantity of clectricity is the “coulomb,” We
can speak of electricity in terms of “cnulombs per sccomad™ i (he wav we might
speak of water inmotion in terms of gaflons per second. Few people may recall eve
hearing the word “coulomb” because instead of “coulombs per second” we use the
simpler term “smpere” {abbreviated “amp”), One ampere of electricity is defined
as carrent flowing al [he rate of nne coulomb per second. (Note that we don't say
amperes per second,” Bl just “amperes.”

ctric current is the Mow of electrons past a given point: One ampere is

the movement of 628 billion billion {6,280,000,000,000,000,000) electrons
per second,

Volts  Waler
commonly spesk of in terms of pounds per square i

ts |abhreviated “V ) Ay ordinary dey cell on

and air and other substances can be put umier rEshuUre which we

ch, Electric power is under

prressure which s measured in vo
flashlight coll, when new, develops a prissure of about vols, One cell of o car

aps 2 vilts; six cells together develnp 12 volis. Most house and farrty

battery d

1
itlv mstalled spphance

wiring isat | 20volis for lighting and 2440 volis for perma

and for motors that run machinery. The voltage at which power is transmitted over

high-voltage lnes vares from 2,400 volts for short distances to S8, 1EN

vidlts tior lome distances.

Wattz and kilowatts The total avmount of poWer 103 CIrcst ar @ gIven moment

15 expressed in watts, Amperes dlonte Orvoits

@
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| ’ L it Hoath wviier ¥
OF power i a oo, Both must

NOW T PovivieT dincinl

o formindka s alw VS COTTECT v

Any wialtage may consist- ol either a low voltaee and b

visltage and lower A |.:.'I'!l' frawing 3 amps froim 3 vl hatrers

consumes M watts (3= 12 =8 another lung drawine amp fom a 1 280-voly

linte dalso consirmes Al walls | . = A} witts b The '."-i'_i.!u;' and ampérage ditfer

widely, but the actual watts or power consumed by the two lamps s

Watrs measure poawer just as horsepower does, Asa miatter of Tact, 746

-'-.'|.!:-'.-.'\-l.'ill.5.1|
w1 hpe A motor thar delivers | hpdidivers 746 watts and could just aswell becalled

A Td-wain motorn Ot uses more than 746 watts hecause some power 15 wasted as

heat and it afsotal > power o run the mobor éven whenal §s not

lelivering

prower | A Bamp that wses 746 watts could just as well be called 3 L-hp lamp

Awalt is avery small amount '\-_!.I“u_-'-\;_':' When speal

lowatts (the Greek word “laln™ imeans thousa

L

I 1AM watts. We speak of walls, not watts per hour

1 iz simpler to speak o
bbreviated "KW

or kilowatts per

Id'l."-'-'

TORAE, JUAT A5 we say Thal an-dulom e engmne delvers 200 hl-'

not 200 by per Tour
Watthours and kilowatthours Watts and kilowatts measure the rate at which
power 1s being used at any given moment. Watthnurs and Kilowarthaners, units of
mieasure the t

fied interval of time

wal amount of power st las been osed during any speci-

CHELEY.

bne watt used for | howr is | watthour, Multiplving the watts

taed by the number of honrs i

= the watthiours, A 60-watt lamp used for & hours

consines 360 watthouwrs (60 =6 = 360). A 2,000-watt room air conditonet waed

v 1 T ! 1 i
for 2 howres comsumes L0000 watthours F 2000 = IRETATH]

A walihour isd 1At of eneray st s comamn o speakof kiliowat-

IV SITEALL A3TTe

urs:s D Re amf @nmainonier merl

s A kilowasthour 15 LO0G watth

e kilowatthour wil

1 L ih
Wi e the averag

= (T st U kilowati o costs fromi 6 | fits
Jep I nvour lewation

) ol

Chapter 3
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RESIDENTIAL ELECTRICAL POWER

1ol electmcaty that vou and other consumers of ¢lectric power use leads

SEIVICE [TOTE %

OUT POwWeT company. Average 998

s COEl VO T
(LY L1 ]

rales for electric power You can check vour consumption

O VOMAT TTHAT I|_!'.

statermrents Methods 1o reduece iscupssisd

1617 1 and encrgy-clfi

OF pUwWer corsumipticn Iy warigw

1Tk TEaaimiil

Reading your meter bun

of the twial kilowatthours used by th Wil Yoin read a digital meder (18T a5

virll div the edometér on vour car

nin g 3=1. Two ot the potnters move inone

¥ Ju e P
Milost meters have dialsas sho

r dials are shoswn, but vou miay have

tion, the CrE i the opp

five dials on vour meter. T read the dial meter: Assume 1145 the beginning

il geang oo let shit simply write down the number that
his passed, as onaclock: The total of the merer in Fig. 3-11s Led2 KWh

a month later, One of the poaters points directly w

A1 ST T

10 e i it has not

he 7. Before woiting down 7, look ae the |'-|i:'|2-:r on the dia

quite reached the zero. Therefore, even thoug!

he pointer seems W paring directly

to 7. 1t has not actuallv reached the 7, su write down 6 instead, for a total reading
the total would be 2,270.)

264 kWh (I the Tast pointer were just past the zeno,

e difference between the ty his case, represents the number

of kilowatthours of clectricity
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23 GETTING STARTED—THE BASICS Chapter 3 Measuring Electricity 23

Power rates The rate chargefl for domestic electric power aver

ges about B.54¢ Watts consumed he following table will ard youin estimating power reguired

per kitowatthour in the United Jates, hut the rate varnes greathy. Befo e theenergy [wittts comsimaed ). or the operanng cost, or vanouds ap

yces. The Fgueres ar

8

crisis of the 19705, rate schedul@s were stepped so the more power you used, the anlv approximate, and new energy-saving appliances are appearing all the timge

lower the averase cost per KWHENOW, 10 CNCOUTARE COTSETvation |
B k

ENETEY, mst wpplisnces often have their wial wattage (representing the load on the arcui)
rates are flat after an initial srep@nd some are inverted—the maore power vou use, listed on their nameplates.

the higher the-average cost per Bwh

Here 15 an example of an invert@d rate structure: Table 3-1  WATTS CONSUMED BY VARIOUS APPLIANCES

First 100 k'Wh wsed pff month e 2 BC pEr EWH ENVIRCMMENTAL COMEORT Watts

All over 100 KWh usel permonth — i geTTe

nd 32 showed 627 kWh consumed during the

Drahwrmidsher
2N LA Le

1 b # 50 Fan, atti
tix 1,200 Fan, bathresr w

FOOd proCE
] Fiyl n..
Har plate, per burmer &0 fo 1, 0 Fan, ceilir
s nife 1043 Fan, wh
Toal 55329 MicTowave owen TOO0 e | 500 Far, pottabds.

100 kWh at48C.....
27 kWhar 336 ...
627 KWh 1o

Average per kWh

A3 10 200
1,000
o200

0 500

. $48.49

- Miner 120 4o 250 Heal bamg .
Cven, sepasate 4,000 to 5.000

and fluctuating tuel costs, these rales may not he Range B0 o 14000

Bange 1op, separate seicieiany SN A0 BN weater bad

AdD canng, etectrs forcad ar

| 20010 1,650 Hurmidifiss

o 000 1 200

¥t ,500
4,500

ket Eariahse

er wall mountsd

Considering the rate of inflatio

typical at the tme vou are read

U
1R L.

Roaster, lsrge
mie {oraier] ..

Operating cost perhour T
piy th
per kWh, placing the decimal §
in dollars per hour

i cut how moch L oosts to operate any electrical
ratts that th
int five pla

]UJL' lor o howr il ENTEATAINMENT
Compacr disc ployer
|'-'rc_e;r|;\-' slede or o

Stered

itern consurmes by the rate in cents

. 4 Teaster fi.
s from the right to armive al the cost 1125 COMPACTON .o i 1,250

200 to 00

0 STORAGE

Some examples of aperating coggs, Fral S EOLEEED
” Retrigerator, mom-fros S0o 300 g
OPERATING COZT IN Fetrigeratoe.frostiess ACH) 1oy SO0 - (T 4 000 to & 00
TR AR WATTS . RATE [0 L ARS PER HOUR rai 600 to 1,204
washer 300 1o Al
al-watt lamp at £.5¢ per kWh BN E S =510 50,0051 (siightly more than a it feeatet s 2

half-cent per haur) e MISCELLANECILIE
PERSCMAL CARE Choek -..
Hair dryer

BOD-watl apphance at 850 per kW B X H:5=5100 500510508 per Hour)

Hist Tu chrically heatesdy..
Lamps, Auonestent o

e[ g R H

Shawer

Lams in

ol & - Touthibeush 20 T 50 il T
Flow long dues it take a partic@ar electrical load to consume one kWh? To fine o ¥ el maching ..

out, sitniply divide 1,000 by the gattage of the load to get the number of hours, 25 oot Enl SR

in the following examples.

TIMF [T TARES T COM

1000 & WATTS ONENLOWATTHOUR TYPES OF ELECTRIC CURRENT

Corrent is either alternating or direct. Cn batte

ELECTRICAL LOWAD

= &5, O Terrmmnal os always positive
A0-walt lamp 3

YOOO =40 = 25 it hio

and the other termiinal is negative | =) The type of current characterized bv cach

G- watt appliance urs (about 1 hr 20 min) wire bemg alw of the sarme polirity—either positive or w15 ER0wWT #s
electnic clock wsimg about 2 watts 2 SO0 howrs direct current fdch, Current from abwavs-de. The current coming mita

1 virul home or tarm s allerndtiieg current ay
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5 GETTING STARTED—THE BASICS Chapter 3 Measuring Electngity 15

Alternating current (ac)  Inaliernating current each wire

n the first, and soon. A pairof wires would run

f the three geni

continually between positive and negative. The change from p

s The thiree g phase power

cralors [oget

back acsim b i b ™71 taloee placs Gl e i { het
L e ! e Thastakes place 60 nmes every second the power ITOM Ay One generatar i st s phase . In actual practice, the three
LT 5 kniown I LY " i i rT) y 3
LR kL L Fhe term s tsed instead generators become 4 single generator with three coils of wire twindings; the thre
ol e Lermian scientist Heinnch Herte whio rairs of wires become thiee wires

F

discovered the ovelical natureof clectrical waves I | |
hase power roquares three-wire mstead. of two-were R

[hree-p
nree-f

VEFY SeLumal cach wire 15 pardelive, and bU epmes every second i s nepa- nission Ur

amd three transtormers instead of one. (Three

0 1mies o

VR B 15 e Faoa q Him the 3 et o
ery second there 1s no voltage at all on the wire. The VIHTAEE be supplied with either thres or fowr wires from the tra

i5 never constant but s alwayvs erad ¥ RETMRINE o 7« ir W&
I 1 T LEe i chi o O 2 e Servige entrance

T

{ because there are three wires in

o misled into thinking
1t 15 Ko ds the result migst be three

fourrent tsee Fig. -3 | e \ : S A g
it (see Fig. three wires almost afwavs méans sinple-phase, theee-wire, 120/240-vialr service

istally about 170 volts, but averasing. 120 valts, an

hase power. On farms and i homes, the presence ol
I

available, by all micans st

viou are fortunate enough to have three-p
- three-phase motars for greater efficiency. I vou do have a 240-volt, three-phase

piala’ ¥ i 310

U0 supply, consull the power supplier (o determing whether vou also have 1204/240

-

W Transhormer.

mall appliances w ithiout insta |"-'::=_ VLI

t, single-phase power tor ighting and

100+
1|'_|- /
Fig.3-3 One cycleof 120wak
! \ Time 9 ] i

afternating current It is 60-Hz
/ current,al the changes shown

YOLTS
= =

F-" take place in Ve second

a
]

N
&
.

=
]

i might wonder why lights do not Hicker if there is no current 10 the wire
L2 times eviry second: The filament in the lamp does not coal off Tast cnoweh

create flickering, bue very small lamps used on 25-11r current (where there isna

'-'L":T.'EE_U.‘ on the wire 3 fimes every second | do |'E-i'~':.' AR Annayinge ‘l:\. kT

Single-phase and three-phase current

paragraph 1557

i parr of wires, 1201imes every second the wires are dead (no voltags 4t alli:

trmes every second the voltage is alsoit | 70 volts: at all other times it is somewhere

in between, but averaging {20 vialts, The voltase is alwavs chaneine, but the . ltanics

rpeises it gan be considered a 120

YEE % nrd that fior s 1
ari “r"r'-l that foir mios vl current

-"["|':.“'~l." !I"ll'-'- ET . m air three wires froim the POWET

I hree -Prase :_""'\-‘-r.'l' 15 USEE 1N TACh

AT TIHANY MOotors. 8T 18

Phase porwi lanl

] 1 LY A 1CEES v ar dnflerent nmes e each ol
thie Thiree gor tivrs: frst i i 1 th o, then in the third, then aeair
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. | HE'S
WIRES, CIRCUITS, AND GROUNDING
I
A\

CHAPTER 4

Wire—S$electing and Connecting
|

WIRES ARE [USEL as conductors. A conductor'is any material that can carry the
tlow of electfic current. The terms wire and comductor are used interchangeably in
ihis bk, Teebudators are materials that do nol conduat deetric current, Metal wireis
enclosed in ipsulating material such as plastic to help protect against stray current.
Electricity flows more easily in some materials than others. Copper wire is the best
raterial for gedinary purepases: 10 iron wire were used, it would have to be about ien
tirmes as large in cross-sectional arca s copper ware, Other conductorsinclude cable
and busbars| Humans and amimals can accidentally become conductors resulting
m electric shock, so alwavs use cantion when warking with electricit

All |er'en:n;efr. in this ook are o capper wire, except in the discussion ol aluminum
wire later in s chapter and in Chapter 19,

WIRE 51ZES

Copper wird sizes are indicated by number—the larger the number, the smaller
the wire. See Fig. 4-1. The mnst common size for Tiouse w ring s 14 AW, which
i5 not quite ilw g as the lead ina penal, Numbers 12 10, and 8 AWG and so on
are larger thin 14 AWG; 16, 18, and 20 AWG and so on are progressively smaller,
Number |4 AW is the smallest size permitted for ordinary house wiring, and
| AW 3s generally the heaviest used in residential and farm wiring: Sull heavier
sieesare B0, 200, 30 and 4/0 AW, the 4/0 being-almost half an inch in diameter.

Mumbers 16 and 18 AWG conductors are used miostly in flexible cords and the

still himer sizes are used maostly in the manufacture of electrical equipment such

as motors. Number 18 AWG s also commaonly used in wiring dowarbells, chimes,

L =y e .
R 48 88 B # ee e = .
i g =t
20 1/0 ) 4 B H 10 12 14 16 18

Fig.4-1 Appnoximate diameters 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 st be used for satety and efficiency as discussed below in termis of ampacin

and wvoltage drop,

Ampacity Ampaarty s 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 Mowing, the greater the heat. Doubling the amperes
without changing the wire size 1ncreases the amount of heat tour tmes. To avoid
wasted power, a wire size that limits the waste toa reasonable figure should be used
Of even muore concerr, if the amperage is allowed to become toogreal, the wire may
become hot enough to damage the insulation or even caose a fire. The Nuteoral
Elertrical Code ( NEC) is niot concerned with wasted power, but it is concerned with
safetv; thierefore it sets the .:j]1}'-.3._il'~'—l|1-.- maximum anmperage thal various sizes
and types of wires are allowed o carry,

Comservative ampacitics for commeon wire sizes arcshownn Table 4-1. For larger
stees, comsult NEC Table 310, 16, Insulation rvpes are described under the *Wire
Types” heading i this chapter. Equipment and devices | circuit breakers, switches,
panelboards; etc. | have been tested, unless otherwise marked, at the ampacitiesin
Column A of Tabled—1 upto 100 amperes and in Column B ever 10Gamperes; so
even though the NEC tables might indicate the conductor has a higher ampacity, the

Table 4-1 AMPACITY OF WIRES (Based on NEC Table 370,76
Mot mars than three curteni-carrying conductors in conduits or othef raceways or in cable
assermbdies, of ditectly burisd in the garth.

Whre insulation Types and temperalute mtings

clad aluminwm]

WHE SIZE Coppes Aluminurm (or (;._'||_‘;;E|.._-'
#, 8 i 4 B E
BT 75°%C Ll GO°C 75 07
TW RHW. THW, | THHN XHHW-2 ™ RHW, THW, | THHN, XHHW-2
| THWN | THWN-1 THWMN THiWH-2
T 15 15 | is =
2" 10 20 20 15 15 15
11k 30 o 30 25 25 25
g 40 50 55 E 18] 40 45
4] 53 65 /5 40 50 [ale}
4 o a5 93 55 &5 75
3 H3 104 110 65 75 B5
2 95 115 130 i | a 104
1 110 130 150 B& 110 115
il 125 15L 170 (AL 120 13
210 145 175 1595 115 150
30 165 200 215 130 175
a0 155 336 . 205
[*Im1 _.;:-I-r::-‘- :r-.—-';- Wires :5"=-_'__|"-_-'!r,1|.'_|: --|-...r s fpornane reference to 2404 (DY

a thee walues histed hera

BooksPdf.com




28 WIRES, CIRCLITS, AND GROUNDING

termunation may lmt the ampacity to those shown. olumn C covers conduitors

with high-temperarure insulation (90°C). Although these wires are very comimon

today, the termination rales tend to limit the wsable current in these wires o the

amrounts in Columns A-dand B as noted.

Conductors have different ampacihies tor each varmanion 11 ambient tem wralure,
proximaty to othet conductors:, tvpe of insulation; depth of burial, ete. Varationsin
ambeent temperature are covered inthe NEC by the correction faciorsat the botam

of NEC Tables 310416 through 314019, Adiustroents to ampacity due to niimbers of

conductorsin the shime raceway or cableare covered m NECAL00150h)102), Ampacits
caleulations are some of the most o wnples in the Code; however, for simple home
and light commergial work; the values in Table 4—1 should suthice

Veoltagedrop |fifireing too mans

amount of wasied Piawern We |‘.1..-,'||I consider it a mere mnsance and minor loss,

amperes through a wire only Mused a-certatn

However, it also causes voltage drop, Actual voltage 15 lost in the wire so that the
'r'~>?|-l§_.'.l.' acTuss two wires i lower at the end than al the starting poin For cxample,
if you connect two vollmeters intoa Circuil, as in Fig. 4-2, one sl the main switch
and one across @ 1-hp motor at a distance, you will find that the voltage a1 the
motor is lower than at the main switch. The meter across the maig switeh: mav
read 120 volts. If 14 AWG wire s used to the motor, the voltage across the motor
terminals will be about 119 voles if the motor is 10 faer away, bat onbeabeut 112
violts 1f 1t 15 100 :-L"::r. awav. Thed |I'rl-rc[1|;.,_- 15 lost 10 the wire and 15 known as v |'||tﬂg<.'
drop. Voltage drop is wasted power, but there isanother important consideration:
appliances work very inefficiently on voltages lower than thevaltage for which thev
were designed. At 90 percent of rated voltage. a motor produces only 81 percent of
nurmal power and a lamp produces only 70 percent of Its nurmal light.

T T RRESIE

At service | 1. P | ’ff::‘-
equipment | - 120 volts MiDtor - ! / 114
L L T volts
+ — e

Fig. 4-2 Ciecuit showing voltage drop—valtage at motor is lower than at starting point

In the example shown in Fig. 4-2, i 200 feet of 14 AW wire is used, the drop i
1 E ot 14. s s, the deog
froven 1200 b 112 volts, or 8 volts; abaw 7 percent. [f 12 AW wire had been used,

the drop would hibe been reduced about 60 percent 1o 3.2 4

s.onbeabout 1.5

percent of the starting violtage. The larger the wire: the less the vals

1e -JI|I|'.

Visltage ||'~3‘_.",.'.‘!!'| t be reduced to zero, but it can be _‘.\_f-r-.' Al d pri

icil level by usmg
wire of sufficient sipe. A drop of 2 percent s considered acceplable, [f the starting
point is 120 valts, 1 percent is 24 vilts, so the actual valtape al the paint whete
the pi

th comsumed 5 11 7:6ovolts, IF the starting point is 240 viles, the voltaze

at the point of conjumption is 235, volis, The apparent saving in anitiil cost by
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usIng undersize wire is soon ottset by the cost of power wasted in the wires and
by the reduction in efficiency of lamps, motors, and so on.

Selecting wiresize Chogse a tvpe and size of wire that has an ampacity rating
at least equal 10 the expected load (1n amperes) and that is large enough to lmn
violtage drop to a practical range. The NEC permuts nothing smaller than 14 AWG
forr nrdinary wirme, 1t is better to consider 12 AWG the smallests as this s required
i a few places by local ordinance: Larger size wires may be required to nunimize
violtage .jr..:'-rt i ||,|r'|=_,_' ruris of toallow larger motors tw start {wire size for motors
s furthar discussed on page 179). If you need wire heavier than the minimum
permitted, it is somewhat complicated to figure the right size but simple to louk
t wp in tables. First determine the amperage ta be carried by the wire. Mostapph
ances will lavea nameplate giving the total amperes or warts rating,

Tables 42 and 4-3 an the next page show one-way distances in feet for 2 percent
voltage dropal 1200 and 240 voles. These are recommendations in NEC 210 19(A0( 1)
Fid Nocdand 205.20A004) PPN N 20 Use the table that corresponds Lo the voltage
of the circuit in question, To operate o Joad 300 feet away requires 600 feel of wire,
but louk for the figure 300 in the table, The distances under each wire size are the
distances that sizewire will garry the different amperages (or wattages | im the lefi-
land colummns, with the custemary 2 percent voltage drop. In the 120-volt table,
L determine honw far 8 AWG wire will carry 20 amps, follooy the 20-amp line until
votl come 1o the 8 AWG column: the snswer 1s 90 feer, 172 distance is marked with
an-asterisk (* 1 it indicares thar Type TW wire in conduil or cable; or a-cable buried
directly in the ground, may not be used hecanse the amperage in the left-hand
colimn is greater than the ampacity of Type TW. Select the proper type of wire
frism Table 4—1 on page 27, vr from Table 31001610 the NEC

Corrpate the 1200 volt and 240-volt 1ables. Note thar at 240 yolts, any wiven size of
wire will carry the same amperage twice i far a5 at 120 voles with the same pereentape
of voltage drop, It will carry the same namber of wants four fimes as far

When wires are run outdoors overhead, they must he large enough o carry the
amperape nvolved without excessive voltage drop. They must also be large enough
Lo '\-'-.|-|~‘-i"'l..lrl their own weight. NEC 22560 A ) requires a minimum of 1 AWG foe
spans up to 50 feet and 8 AWG for larger distances, For distancesover 150 teet it
is wise to use an extra 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
instalied on a hotsummer day, leave considerable slack; otherwise the contraction
of the wires in winter may pull the insulators off vour batldings.

on over the

Weatherproof wire has a covering of neaprene or impregnated cc

conductor, The NFC calls it “covered"—the covering ic not recognized as insula-

fiom, Weatherproo? wire must not be used for ordinary w bt oniv foer over-

head wirmg outdinrs. Although its ampacity s higher th Table

41 because it runs in free air, any equipment connected at its terminations falls
under the general rules, resuliing in the wse of Columns A amd B as a pracocal
matter. Using the higher ampacities involves a level of engmeering sophisticanon
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30 WIRES, CIRCLNTS, AND GROUNDING

ot assumed for the users of '!'1‘ ook, In addition, don’s foreet that smaller wires
lead to hugher voltape drog

Table 4-2 ONE-WAY DISTANCE 5! FOR 2% VOLTAGE DROP BY WIRE SIZE
AT 120 VOLTS SINGLE-PHASE

4 2 g 3 i - 5
t MWL | AW AWG | BWG | AING | AWG | AWC BN
- H 40 2325 60 270
I 45 ¥ 1 738
3 A 45 [t 300 | 480 | 7€ 60
20 35 55 50 | 145 | 235
23 28 45 o 5 180
15% 24° 35 60 154

44 4800 28 A5 70 115 | 180 | 290

50. | 00 23| 36°| 55 | 90 | 145 | 230

in the R above

e below, the figures represent one-wiry distances in feer, nol
the toral wire -:'."Ig_'.-' 1 for two-way distances

" |n oth tables. for distances marked with an asterlsk (%) T
may not be used because they do not have enough ampacity. For all distances marked witl
sk, select a type of wire with sufficient ampacity (depending on whether in conduit
ar cabde, or in free air) from Table 4-1 on page 27

e TW wires in conduit or cable

the as

Lf o wish to-permin 4% dr

ps double the distances shown, Muluply the distances

by 2.510 permil 3% «lrop.

AT 240 VOLTS SINGLE-PHASE

Watts at | 14 12 B & | 4 | 3 1/ a0 |
Lol g - 2 L . -
Iy WO AWG|] AWG | AWG | AWG | AWG | AWEG i AW AWG

i
r |_—|_ , | et s ol |

5 80 |285 |ass 145

10 oh |140 | 225 570 1,445

1 Bt | 55 | 150 gy 57a 1 '

20 4800 | 45%| 70| 115 2B5 55 725 N

25 6000 | 35¢| g55¢| g 230 | 3§ TR0 (7,460
7200 | 30%| 48* 5 190 | 300 AR 1,420

36| 560 140 | 230 | 360 | 575 | 725
= 45 115 | 185 | 285 | 450 | SAC
o 60*| 95%| 150 | 240 | 385 | 483 | 610
7 il T 130 A1
el ot | B1se 185 B
30 0% | Ti 327
g 55%| 90% | 145%| 730 | 29

123 T 2 Era] 28

150 3C# A

L[ ="}
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WIRETYPES

Wire of the correc! type as '.'.|_|E as of the correct s17e must De Lised |

nstallation. Wires covere s types of in L5

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

page 2%and on pages LA8-190 0 the chapter on farm winng

the tvpe of msulation, and these names are generally a
['he

rreen wires are summarized on page 51 and page 64, Black wir

erent colors of wires indicate function. The specal uses of white and

|
ghred }—they carry éurrent o electrical equipment Red an

hiot; vse of such addinional colors makes i easier to tell wires Apartina "'“.'l'il".‘!

ible vnly 1n Black,

installation. Number 4 AWG and larger wires are usually avai
and weatherproot wire m all sizes is always black,

sumber [0 AWG and smaller wire is usually solid—the copper conductor s a single
solid strand. Number 8 AWG may besolid i 1t 15 10 the form of cable or s net o be
drawn into conduit after mstallation. But § AWE that 15 10 be drawn imto conduit

must bie stranded —several smaller wires are grouped togeiher (o make one i

wire fsee Fig, 4=1) which is more flexible, Wire that is 6 AWG or larger fwith the
exception of weatherprool wire) must abwavs be stranded.

T protect wires from damage they are pulled into pipe called conduit o are used
in the form of multi-conductor cables; In addition to the wires described in this
honk, many other [vpes are available, but they are usually not used in resadential
and Farm wiring, You will find them listed in vour copy of the NEC.

Types TW and THW wire  The most commonty used wire is thermnoplastic msu-
aver of plastic compuund, 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 cleanty.

1
fodalinmsa

See Fig. 4-3, Type TW is mnisture-resistant and suitable for use in wel
Lype THW is resistanl to both heat and moisture. Neither TW nor THW ma b

hwsried directly in the ground

Type Rwire Formerly rubber-covered, this kind of wire hasa svnthetic podymer

insulation, and it may have a moisture-resistant, flame-retardant ouater covering ol
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Frecrprresret r PV |-:;
Uiee the most popul
has been removed fron
verslons, RHH (905

L) for drv or wet

Fig.4-4 Fubber-cove
or other nanmetalli flam

Aluminum wire |1§

rl:'l.'r'lll"l'.llrl | '.||_|[|'||ﬁ|_=
aluminum is not quit

using copper: A rule 4

copper: 12 AWG alum
of & AW copper, etc.

When aluminum wire

were suitable for coppig

Huminum. The conno

heating, and stmetimeg

reguired redesigned te
cither copper or alumi
not suitable for alumn

iy desices with the

hegher than 20 amps wil

and they must be used
The AL CUhor €O0AL
receptacles, aind simila
the boxes in which the
so they remaim visible
I your existing instal

nspect all your recepts

them all with devices th
{ Replacement instruct

Keep in mind that (f
miay be used. Push-in

copper-clad aluminun

CABLETYPES

Wires are often assen

vored cable

en-rwa| cable; it

When alg
it hage

WIRES, CIRCUITS. AND GROUNDING

{4 shows the makenp of the original Tvpe R conductor.

t all kinds of wire, Type R is no longer used .-{'l_-_-. and

e NEC. However i

¢ more medern higher-temperature
drv and damip locations, and RHW (75%C) and RHW-2

tins, are still used

nas rubber instead of plastc

sulation, and it may have a fabiric
tardant outer covering

is avatlable in two tvpes—aluminum affd copper-clad
ith a thin sheath of copper on the outside ). Because

foood o conductor, a larger size must be used than when

hiurmb is to use aluminum two numbers heavier than
n instead of 14 AWG copper; 4 AW aluminum instead

& first used, 1t was conmected 1o ordinary lerminals that
but it scon became evident thev were not suitable for
ns heatad badly and led 1o loose connections, excessive

fes. The pronduct standards were revised, and rest Tabs then

inals, marked AL-CU, that were considered suitable for
n, but in the 15-ampand 2bamp ratings they were still

. The terminals were further tedesigned and since 1971

@ king COJALR are acceplable, Note that terminals rated

ot changed, so those marked AL-CU are still acceplable

W= aluminum wire is installed.

wrks are stamped into the mount] nig vokes of switches,

Bovices in order o remam vigible without removal fron:

cinstalled. On Targer equipment the marks are located

broinstallation.

n was made using aluminum, you would be wise 1o

iR and switches, If they are not marked COALR, replace

i have the mark, or reconnect them with copper pigtails.

sare on pages 215216

dluminum wire is ._n-ppm clad, any kind of terminal
minals, shown in Fig. 416, may be wsed with copper or

Jut mat with ordinary alurmnum,

d into cibles such 85 nonme

tallic-sheathed cable or

s Dy b4 AWG wires, 1t B Known as 14-2 1 four-

{oowires, 1 15 called 12-3, and =0 o If 2 cible

www.Engineeri

Chapter4  Wire—Selecting and Connecting 33

has, for example, two 14 AW insulated wires and a bare uninsulated grounding
cire 1t ie known s 14-2 with eround,” If 2 cable has two insulated wires, one is

abwavs white and one black; if it contans three, the third 15 red.

Nonmetallic-sheathed cable  This s a very cormmon [y of cable containime

two or three Type THHN or THHW wires. Many people call it "Romex "which is
wrticular manufdcturer. Tt is easy 1o inatall, neat ond clean
kinds of cable. Briet diescr 1pliOns ul

the trade name ol one

n appearance, and less expensive than other
the two kinds follow here, See d :'|.1|:'u_. L1 for s complete discussion of where and
how to wse nonmetallic-sheathed cable

Une kind of nonmetallic-sheathed cable is called Type NM by the NEC. AS shovwn
in Fig. 4-5A. the individuatly insulated wires areenclosed in an overall plastic jacket,
I alder construction, occasionally atill seen, the outer facket wis a braided fabnic.
[y case: Uhe atater jacket st be maoisture-resistant and Hame-retardant. | Some
|'...1r1|.1r'|-.z UNCEs Puib RPeET WTaps on the individual winks orover the assem bl |'.ﬂ1"'l'-
spaces between wires are sometinies filled with pte or similar cord. This type may
Ire used only in normally dry locations, bt never in harns on Garms.

The other kind is called Tepe NMC by the NEC and is especially designed tor damp
or corrusive locations suich as barms. It may also be used in ordinary dev locations.
['he individual insulated wiresin Tope NMT cable are embedded in asolid sheath
uf plastic material (see Fig, 5B, Sumetimes there is 2 glass overwrap on sl
insulated wire. There is no fibrous material such as paper wraps or jute filler that

can b affected by moisture as inordimary Tepe NML

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

~12-2WGTYPE NM

Bare -'-_H:||:||[_||‘=|rr""f grounding conductor * Flame-retardant plastic outer sheath

wsists of twa or more individual wires assemtled into

Fig.4-5A& Nonmetzllicshiathed cable
wround shown here may be waied only in dry lacations

acable. The Type NM twowire with g

Soflid plastic

12-2 WG TYPE NMC

Rare equipment grounding congucion

Fig. 4-5B Monmetatlic-ihes
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14 WIRES, CIRCUITS, AND GROUNDING

Armored cable NGl 1 vpo AC [} I 4—h s called "BX™ by miam |1l'a_|P-!L' .]|!|‘J-.'-|l:_{!l

that 1s the trademark ofne particular manutacturer. The indis

Al WETEs 1ay Dy

tepe TW, THW, or THEBN. There mav be an cver wrap of tough paper between the
wires anid the spiral steq®irmor, Where installed 1n thermal msolation, the conduc
tars are reguired to be Blted 907 bt with &0°%( ampacity | |"|-|L-'|i[! 1l UNReCes&ary
e go through the matlor derating for high ambienr remperature as required il
the hottom of NEC Ta ¢ \

| I|_-'|_|;I_., lor LISIE ATy

It 15 for usé vnly in permmanently dey Jocations
e are prowided in Chapter |1

____—Bonding strip
T T |

—

==

Fig.4-6 Armored cable o st of Twooor more ncividoal wires assemblad into a cable and
protected by flexitle steel@mar it may be used only in dry locations.

Underground cable o special tvpes of cable, USE and UR are used for under-
ground wiring. They afdescribed in the chapter on farm wiring on page 189,

FLEXIBLE CORDS

Flexable cords are used t@onnsct lamps. appliances, and vther loads to outlérs, Each
wire consists ol many stignds of fine wire for flexibility, Over the wire is 4 wrapping
ot collon to prevent thinsulaton friom sri king to the copper. There are many
kineks of flexible cords Wllh varving kinds and thicknesses of insulation de '--:':n']m;..:
un the purpose of the old. The more ¢ omumon kinds are described here: .
Type SPT-2 15 the mos@ommon cord used for radios. foor lamps; and similar

loads. As shown in Fig. 87, it consists of copper wires cmbedded directly in plastic
msulation, [tis tough, &

and available m various colors: The same kind of
cord witha rubber like ifulation is known as Type SP-2. These conds are commonly
available only in 18 AWB and 16 AWG.

Pype S, inFig. 4-8, isar

il durable cord that stands up to Ward dse, Each wire has
rubber orplastic insul .The rworwires are bundled into 3 round assembly with
jute or paper rwine filly
rubber-like plastic. Typ

are very similar but mio

heempty spaces; Ohverall is aTayer of tough, high-grade,
Tissimular bt with a thinnet isuiter faver ll.'|'-.: SVoorSvVT
i flaxible cisrds us
4

4 O Yacuum \_ll,'.lrl-_"l'_'\_

' — S
=

Fig.4-7 |nType SPT-2 thelllires

Squared shioulder identifies grounded wire

S F——

embedded In plastic The cord s durable and attractive
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Lad
L

If the Giter acket is made of vil-resiseant therminset plastic, the cord hecomies oil-
resistant and the designations become 50 and 530 instead of Sand 3

Fleater cord” s used for irons, toasters, and other heating appliances. Fleater cords
formerly had ashestos under a cotton braid as partof the msalation system. \shestng
s no longer used as wire insulation. Figure 4-9 shows Tyvpe HPN heater cord; the

wires are embedded tn neoprene

Fig. 4-9 Type HPN cord is used an irons, toasters, and ather heating appliances.

TOOLS USED FOR WIRING JOBS

Touls riseded for carrving out various electrical jobs are mentioned m the text
where the procedures are described. Look in the index under “Tools™ or under
individual 1001 nanies to find page numbers. The tools bisted below are commonly
used in wiring procedures

8 Cabie cutter for cutting armored cable
Cable ripper for removing the owter jacket from nanmetallic-shesthed cable

Conduit bender for bending conduit

Hacksaw For cutting armaored cable, EMT, and openings in existing walls
Putty knife sharperned to lift floorboards o get at ceiling spaces from above
Keyhaole saw for cutting flaorboards

Fish tape for pulling wires into place

Parallel-jaw pliers for use with connadiors
@ Pliers with crimping die for use with connectors
Side-cutting piiers for remowing insulation from wire
Wire stmpper or knife for removing insulation from wite
Tast light for receptacies and fuses
Continulty tesser for 1esting that hat wires in switches are not accidentally grounded

and for detecting broken wires in cords

TERMINALS FOR CONNECTING WIRES TO DEVICES

Varions Kinds of tecrmanals provide the means for connecting wires to devices, setore

be conpected to 2 device or spliced 1o another piece of wire, the insulation

Wires Gl

faLst h\ removed. The '|."'!'II-.'I"||!'..’L' el 15WILN [Hepar I!'I'__ LI wWiTe.
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Removing insulation from wire | sing a ool called a wire stripper is the ritost

converent way W temove insulation from wire: Another method s 10 use a pair

of suic-cuttiing pliers. Insert the wire close behind the hin

e of the plier blades

andd mash the insulation, softefiing it, from the point where it is o be removed

tor the end. Then place the faws of the pliers at the point where removal is 1)

Begin, squeezing just hard encugh to cut into the msulation without touching

conductor: the mashed insulation can then be pulled off sasih

It you don't have a wire stripper or side-cutting pliers, you can use a knife. Do nol
cut the insulation off sharply, as shownat A of | i 4-10, because |tis too easy to
accidentally nick the conductor, leading to later breaks. Hold vour knife to produce
an angleas shownin B of g 4-10,

o
A B

[ i =3 Fig. 4-10 Wrong  and right
m" [ miethods of temoving Insulation

Wrong method Right methad from wires.

Always make sure the stripped end of wire is absilutely clean. Rubber-covered wires
havea tinned conducior o malke 1t easy 1o strip off the insulation, Plastic-insulated
wires are not linned becanse that kind of insulation strips off cleandy,

Two types of terminals e are two kinds of terminals. One kind consists
of a terminal screw i 4 mmclal part with |j|l||.rr:|\-<_| ||‘|_l_L|r5 to :-\'.:'_.-"'_;'- the wire {Tom _\[j'l_'u
ping out from under the screw, asshown in Figg 4-11. T may be used with 10 AWG

and smaller wires, but 1t is very difficult Lo make a :_"_‘-j':u,':-d connection if the wire 1s
L0 AWG and stranded. The other kind is used mostly for wires larger than 10 AW;
the wires are inserted into the terminal of a selderless connector and the screw is
rhen tightened. See Fig. 4—12

Phe correct method for terminals for 10 AWG and smaller wires §s shown in

Fig, 4-15. Wrap the wire at least rwo-thirds | preferably three-quarters) of the way
-I-.'i."llr_wi ”':':' Brew 1n a ._L:_}u_'}',".fi_'ie dlrl-.t,.u,_m 1k r_|‘_|_'._r Tig.:"l'.l.‘l'illlgf e 5cTEewW '[r_"l'llj'l fon
close the Ieop rather than open it lighien the screw until 1t makes contact with
the wire, then tighten it about another halt-turn 10 squeeze the wirea bit. 4s an
alternative, tighten the sceews o the pound-inches marked on-the product, or to
12 P-.'un-'.':- inches as recommended m :—lg. 4-13. Never make theerrors shown In

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

Insulaticn .-

Fig_ 411 Terminal on a Tyvplca Flg-“-'|2 ; —
receplacie or Switct with beavy sizes Gf 1
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Screw past

STEP 1:5TRIF AND WRAF WIRE _ )

1 Fig. 4-13 Be sure wi
wrapped around termina

Snudg ConTacT
| Sl
= _L 1 L
Eﬁ = m|
Contact plate an wining device marked "CO/ALR”

STEP 2:TIGHTEN SCREW TO FULL CONTALT

sprewy inclockwse fashion as
in 5tep 1 so that tightening

the screw tends ta cose the

loon. Then complete Steps 2

angd 3, {uL ot

Screw tightaned an additional half-tum
of to 12 1b-in T

g

Wire firmly in contact
STEP 3: COMPLETE CONNECTION

‘Wrong
diragtion

Fig. 4-14 Avcid these cammoin
Brriors when connecting wire Lo

mcorreLL tightening fomue

terminal screws. (it e e I & i |

mrost. Note that {hese two illustrstions were made specifically for alumimurm wate
bt the prinaples are also cormect for CoOpper wir

{3 ot connect tweo wires under 4 single wraparound terminal screw even though
prohibits it im [10.0490A

[ake these teay wires and another short length of the same wire; and connect all

NE

mtrens. The

appoar logical i some

three togetheT using a wire connector described later in this chapter. Sec Figi4-15.

Then connect the remuining end of the short wire under the terminal surew. Most

unless the connector s

sonnieciurs of the kind s

3~ 2 are 1Or-dne wl

marked fo indicate th wd size of wires that can be accommodated. The
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marking mav be o
the connector imself
the marking

What !:‘Ili.'lll'. shio
wire be for conine
the terminal sorew
leave .||"'l.r.|‘. i inche
endough to leave 4y
tightened screw, Twi
times and 1t will bre
screw, Another way
|.

pliers,shp itaroun

IO nare wire u

under the SCTEW, ddi

Push-in clamps
termninal sorews atall
prece of wire pushed
end ol the wire for |
device itself), and p
error is made, releas
opening on the devi
or cupper-clad alun
For receptacles these
Connecting wires
throtsh one box an
wire mercly runs thr
A% 1l 1§ necessary f
the wire as it passes ¢
box, Strip away an i
termanal screw s sh

Fig. 4-16 Strip the wir
opening on switch orr

th

connection is made

WIRES, CIRCLUTS, AND GROLINDING

e carton if

Lom sall tor

Idfthe bare
infl it under
rfessinnals
o fare wire,
" §evond the

Fig. 4-153 Use this method, commonly called 5
g 1l

& + ;

31 splice, when you waould otherwise have
cofff near the  to connect twa wires under a terminal serew

L@ leave Just

gifaround the screw, formea loop with a paig of long-nosé
bflscrew, close 1o with the plicrs so thar the ﬂ"mp is entrely
thign tighten the screw

lagy 15-amipand 20-amp receptacles and switches have no
nffead, there are internal terminal clamps that grasp a straighr
1@ them, torming an eflective connection, Merely st rip the
1fm inch o 5o (the proper length is usually shown on the
hfthe wire into the hole on the device: See Fig, 4-16. If an
h@clamp by pushing a small screwdriver blade inte another

hese push-in connections are acceprable only for copper
ndn wire. They must oot be used with all-aluminuem wirg,
ognections are imited to 14 AW wire.

o raceway  Inraceway wiring, sometimes & wire is pulled

o another. possibly through still another, and so on. If the
15l the box, pull it through without splice but leave 2 loop in
e-ull it in the future, I vou intend 1o make a connection Lo

uileh the bow, lel a Toop several inches long project oul of the
b @r 5o of insulation, forny a Toop, and connect it under one
miflin Fig. 4-17

Fig. 8-17 In raceway wiring, 3 continuous

WIre may bie connecred to a terminal as

iown herg
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splicing (joining} two or maore pieces of wire tog

L-ORDEChOrs e used in

is important that whichever rvpe of wire connector you use, you are cértain it is
[isted for the number and stze of wires that are to-be joined. The sphoed wires must
b electrically as good asan unbroken length of ware. The insulation of the splice
imust beas pood as that on the original wires: Such a splice 1s accomplished by using

praperty installed msulated: solderless connectors: Many people call these “Wire

Muts,” which 1s the trade name of a particular manufacreeer: When two or more

L

ends of wire must be connected to each other, fay the wires together with their

insert the wires imto the connector and turn i

114,

i rig. 4

ends poanting in the same divection;

onto the wires, which twists them together as shown at the rig

Fig.4-18 Twa types ol solderless connectors far smaller wirss, often called by the trade namie
Wire MutThe version with the setscrew maintains the integrity of the electrical cannacticn

syen with the insulating cap remaved, This makes it & good cheice if the connection will be

tested with disgnostic eguipment while energized, such as with some maotor connections,

Connectors for joining twe or more wireends  Cine type of connector hasa
threaded metal insért melded into the insulating shell: Serew the connector onto
thi wires to be joined. The other kind has a removabli metal insert: Slip the imsert
over the wires (o 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 s 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 cann

wl st insde The insulating o

W Lontaing atapereod
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44 WIRES, CIRCUITS, AND GROUNDING

to be joined. The msiliting cover proviides a4 good grip, When being screwed on,

the coil spring temporanly unwraps. When released, it forms a very tight g ip on

e wire

In using these connectors, if ene wire s much smaller than the others, let it project a

bt beyond the heavier wires. 1T you have removed the nght length of tnsulation from

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

Mote thatall tvpes of these connectors are a ale i various sizes, depending on

the number and size of the wires to be jomed, Take care 1o obseryve the restnictions

mmatons that come with these connectonrs,

orcallowa

1€ WITe OO

For wire sizes 10 AW and smaller, the insulated “clamshell™ connector shown in

Fig. 4=20 may be used, The wire insulation 1s used to position the wire in this tvpe

ol connects

ALk 51

it strip the wire insulation before installing irdthe connectoer

A squeere with parallel-jaw pliers installs the sell=msulating connecter,

Fig.4-20 "Clarrshell
wire cannectar for

taps or pigtaids. For
Coppr wite oy,

Another wire connector, for 10 AWG and smaller wire, is the shell shown in

Ulnless the manufactarer’s instructons direct atherwise, (s twist the

ether, then slip the shell over them and ceimp using a tool of the type
hen cut off the wire ends

tape or usé tormed plastic caps to insulate,

vat coutld punctuee (e meul 1, and either

For wires Lhat are too large to be joined by

the connectors described above, use heavy

duty copper connectors of the styleshown

in Fig. 4-22 ar Fig. 4-23.
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Connectors for splicing to a continuous wire Sometimes a wire must be

avier sizes, the simplest way 1510 use

spliced to another continuoais wire. In the |

vme of the split-bolt connectors shown in Fig. 4-23 Tape alter making the connec
Lomn. Some conneciors are avaiable with an |!I'-i.|.'.1lu:_\ cover that can be *-:-Il"|'£'-'|

Lonnection. For smaller sefes, 1018 usually "Hjl’l["'l.'l o cut the

ifter making the

imtinuous wire 1o form twior ends: the wire to e -'Pl:‘-""l £ CORMECTn Mdkes

Lhe third wire Then use a s _._I-_"i._'-~ CETTIIEC10T a5 shiown in

this spplit-boft connector when

Fig.8-23 Lis

H ng a heav e to-another continuwous

heawy wire The azsembled connector-and
wires must be taped

Insulating splices  Splicing devices such as solderless conneciors are self

insulating, For other styles, insulating covers or boots are available 1hat can he
o "

added after the splice is made. Somie must be taped (see Figs. 4-22 and 4-
electrician’s plastic tape—it has a very high insulating value despite its thinness,

233 Lise

Searting well back un the wire insulation, wrap the tape on spirally from one end
the

to the other, partially overlapping each turn, and then return with the spical i

oppesite direction. If the splice will be sithiect bo mechanical strain or abuse, apply

additional lavers as a cushion
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CHAPTER 5

Circuit Protection and Planning
L 4

UVERCURRTNT DEYICES such as fuses amd cirouit breakers limit the amperage
inany wire to the maximom that is permitted by the Nationel Electrical Code
(NVECT It more than the permissible maximum armperage i allowed to flow, the
temperature of the wire gots up and the insulation may be damaged, leading 1o
shartened life and soadental grounds that can become dangerous. I the overload
is grest enough; there is danger of fire, The maximom amperage established by
the NEC as sate for any particular kind and size of wire is called the ampacity

Table 4-1 lists the ampacity of common wires,

OVERCURRENT DEVICES

Any overcurrent device you use st have a rating in ansperes not greater than the
ampacity of the wire that it prolects. For example, if 12 AW wire has a calculated
ampacity of 20 amps, the circuit breaker or fuse that vou use to protect the wite
must fiave a rab ng nut greater than 20 amps,

When two different sizes of wire are joimed together | for example when 8 AWG s
used for mechanical strength in am overhead tun o a budding where it is joined
to T4 AWG for the inside wiring ), the overcurrent protecrion must be the ri|_1.h[ &ie
for the smaller of the two wires. A fuse or circuit breaker of the correct size for tlie
;.J.I'!.;l‘r wire mav he used al the starting point, |1|||'.';.;|_|.'-.i another one of the jreoper
stze for the smaller wire 15 used where the wire 15 reduced inosize. An example is

when g wire such as & AW, with an ampacity of 40, runs from one building to
another where if feeds several 15 amp ciecuns (sec Fig 511,

-:!I.-|r'-|:'.
rieks 4 .
fuse BAWG - 40 amp 14 AWG - 15amp
M _}-0’1,—( ]
e i
[*3 -
1 14 WG - 15 amp
- i faamplises ¥\ =L """ 77
Fig. 5-1 Jf fuses are used where the Amp < : bl =
wire size s reduced, sebict a fuse sige i 12AWG - 20 amp
40 e +, o e e For T
that protects the smalles wire U ampiise Ay e T o r s S T =
43
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What do vou do when a fuse blows or a circuit breaker trips? Most peopie will say
to install 2 new fuse or resel the hreaker, That's correct—but first find out what
caused the hlown fuse or tripped hreaker. Fuses and circuit breakers are the satety
valves of electrical insrallations, Using substitutes or fuses too large for the size of
wire can be dangerous because it could lead 10 a fire. Chapter |9 explains hiw to
troubleshoot a blown fuse or tripped circuit breaker

Fuses A fuse is nuthing more or less than a short piece of metal of a kind and
si#e that will melt when more than 2 preditermined number of amperes tows
through it. This metal link is enclosed in a convenient housing to prevent hot metal
fraim spattering if the fuse blows and to permit easy replacement. A fuse rated al
L5 amps is tested to carry 15 amps. When more than 15 amps fhows through e, the
wire inside thi fuse mebts {the fuse “blows™), which is the same as opening a switch
or cutting the wire. |'he greater the overload, the quicker the fuse will hlow.
Plug fuses The commen plug fuse, shown in Fig: 5-2, is made in ratings up 1o
30 amps. 1t 15 known as the Edison-base type because the base is the same.as on
ardinary lamps: These fuses are not permitted in new mstallations, They may be
wsed only as replacements; and then only when there 15 no evidenee of rampering
or overfusing { using a fuse too large for the size of wire involved ). For new instal
lations, see the entry for Tepe 5 nontamperable fuses, Plug fuses are rated al
125 volts, but mav be used on a system having a grounded neutral and no conductor
aver 150 yvolts to ground, so they could be used for 2 240-volt load served from a
L 200 2400 verlt, three-wire systenm.

Fig. 5-2 Edizon-haze plug
fuses are made only in
ratings wp to 30 amps. They
are not permitted in new
installations

T

|

Ti'me-defa}rfu;gs When a motor s diarted, fuses often blow bécause a motor thvat
draws only & amprs while runnimg mas draw as much & 3amps tora bew seoonds

while startini, An ordinary fase carries 80 percent of its rafed amperage indefinitelv,

bt Blows very quickly if twice that amperage flows through it. However, wire that
can safely carry 15 amps continoously—but might be damaged oreven cause a hre

If 30 amps flowed continuaushe—will not be damaged or cause a fre if 30 amps

flivws for a few secomds. The “nome delay I'L'|".--fl‘l;u'i.ik:-».uh.-.r:l.'.uc'Hf!h-.‘;ll'li'nl'-

nf wire tu-carrv a higher load momentarily. Commonly salled by the trade name
Fusetron™ althmugh there are other brands, it Jooks like an ordinary fuse butis made
lifferently inside. 1t hlows just as quickby as snordmary fuse ona small contintinus
werkoad or on 2 shortcircuit, but it will carry a big overload safely for a fraction of

& minute This trpe of fuse s convenient where miotors are used because it prevents
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necdless blowing of fuses and eliminates many service calls, Edison-hase timie-delay
fuses are not permitted in new installations, They are permitted as replacements
only, and then only if there 5 no evidence of overfusing or tampering. For new
installations, see the entry for Type'S nontamperable fuses . -

Type 5 nontamperable fuses The NE( requires the use of Tvpe s fuses in
all new wstallations that use fuses and for replacements if there is evidence of
tampering ar overfusimg. Since sll ratings of ordinary Edison-base plag fuses are
interchangeable, nothing prevents someone from using, for examplé, 4 25-amp
or Ml-amp fuse i protect a 14 AWG wire, which- muse be protected at not over
15 amps. To [“'*'-':'HT this unsafe practice, the nontamperable fuse was developed
isee Fig. 5-31. The NEC calls this a "Type 57 fuse; but it s commsonly called by the
trade name Eunﬂt. The fuse itself will not itan ordinary fuscholder, so anadaprege
{shown at left in the illustration ) must first be installed in the ordinary fuseholder;
once installed, it cannot be removed. There are three sizes of adaplers, As a safety
measute, the |5-amp will accept only 15-amp or smaller fuses: the 20-amp will
aceept only 16-amp through 20-amp fuses: the 30-amp will accept 21 amp through
M-amp tuses. Type 5 fuses are presently made vnly in the tme-delay type. They
are rated at 125 volts, but may be used on a system having a grounded neutral and
no conductor over 150 volts to ground, so they could be used for a 240-vol Toad
served [om a 1200240 volt, three-wire syster,

A word of ¢iufion when
usireg Type 5 fusess—when
serewing the fuse into 1%
(i 123 holder, turn it some more
after it dappears (o be tght,
Under the shoulder of the
tuse there i & spring —the

Fig. 5-3 A typical Tvpe S nontamperable fuse (center,  fuse must be screwed

and cross section at right) and its adapter (left], Once-an f‘.ghth' enough to Aatlen
adapter has hi't.“r‘- screwed into-a fuseholder, it cannot ]y spring or the flise will
b removed, This prevents the use of fuses larger than

e not “hotom™ and vou wil
originally intended. i

have an open Circiat just as
if the filse were bliwn,

Cartridge fuses This type is made in all amperage ratings: Those rated ar
6 amps or less are of the ferrule type shown in Fig. 34 Those rated at 2 amps
ormore have knifl

e-hlade terminals as shown in Fig. 5-3. 1 he cartridge fuses of the
type illustrated may be used in any circuit of up 1o 250 virlts bitween conductors:
Cartridge fuses are used tor loads of 30 amps and higher such as mains, dryers,
Fanpes, resistance héaters, and water heaters

Circuit breakers  In riew residential construction, circult bregkers dre generally
installed, with fuses appearing mostly in existing installations, A Gircuit breaker
looks like s tople switch. Figure 36 shows a -.|.'.15;i\- umt. [nside each breaker is
a fairly sumiple mechanism which in case of overload trips the breaker and
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(L E53) )
Fig. 5-4 Cartridge fuses rated Fig. 5-5 Cartridge fuses rated more than 60 amps
&0 amps of fess are of the ferrule have knife-blade terminals a5 shown

type shown

disconnects the load. [T o breaker frips
because of pverload, in most brands you

musl force the handle hevond the 0FF
N

] TRIPPED
OFF
~ RESET )

Fig. 5-6 A& single circuit breaker {left|
and method of resefting the breaker if
t trips

position, then retorn. it Lo ON 16 resel i
O sone brands, the handle merely gocs to
the OFF position and is reser by returning it
to the O position.

Acircult hreaker has a definite tume delay.
It will carry B0 percent of its rated boad
indefmitely, a small vverlowd for a consid-
erable time, and will trip quickly on &
large overload. Nevertheless, it will carry
temporary overloads long encugh to
permit mutors Lo slarl.

FEEDERS AND BRANCH CIRCUITS

In larger homues, it may be advaniageous 10 locate an additional panelboard near
a concentration of required branch dreoits, particularly in cases where that load
i sorne 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
panciboard in the basement under the kitchen. In doing so, vou 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 examiple, you migh
install a sit-amp circuit breaker in the service panelboard, and then rim a 6 AWG
cable or wires in a raceway to the location of the smaller panelboard, This woukd
be g practical application of the concept llustrated in Fg. 3-1. The ofhcial NEC
teris o7 the conductors curndinghe‘t'ﬁ'c‘ 13 service or gther source of supply and
the final hranch-circuit overcurrent device is feedir.

I'he remuote punetboard is often referred toas a “subpanel.” Some time ago the NEC
removed this term throughout the NEC, but it widely persists in the vernacular
of the trade. Hevidw Chapter 7, "Grounding Basics” In general, feeders must

have thelr grounded conductors (white wires) irisulated from their equipment

graundlng conductors (bare or green wires ], as dlso noted in Chapter § under the

topic”Banding the busbar” This means that for a 240-volt feeder, there will usually

:s-.-l-:.-.u-u.rm.m.r-.pr.-.nl-.r'.m--.m;.;:-u.-l'.d.ed canductors | often black: or black and
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red 1y @ neutral (white ). and an equipment ground {a white or greein wirel. If the
feeder is wired with a metal raceway such as EMT that qualifies a5 a grounding
conductor, the separate fourth wire may be omitted: Note that the judicious use of
a feeder can reduce volage drop, because the portion of any total circuit nin from
the service to the outler that is taken up in a teeder occurs over o latger conductor
with less resistance per unil lengthe The remote panelboard may also be located in
amore convenient location, However, the requirernent for appropriate workspace
about the remote panel 1s the same as that tor the service panelboard. Review the

tapic “Service equipment location” i Chapter 8 for more details

CALCULATING BRANCH CIRCUIT NEEDS

[Fall the hghts and apphances in a home or on an entre farm were pm[:u_'k:d bva
single fuse or circuit breaker, the entire establishment would be in darkne
that breaker tnipped o1 the fuse blew. Also; all the wires would have tobe very large
e match the ampere rating of that breaker or fases which would mabe a clamsy

s when

and expensive installation. Therefore the different vutlets in an installation are
separated mto smaller proups known as branch circuirs. Ingxpensive 14 AWG or
12 AWG wire b5 used for most of the wirlng; protected by 15-amp or 2-amj

breakersor fuses. When one of these breakers trips ora fuse blows, onlby the outlets
on that circuil are dead; those on uther circusts are stll live.

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

Qutlets per circuit [n residential work, the NEC does not Timal the vumber
of lighting nurlers placed an ane Circudl, But if you pul oo many, v will
probaldy have trouble with breakers tripping or fusey blowing. In most cases,
it 15 best to connect fewer than a dozen outlets on one circuit even if more
are permitted.

Notez An outlet is anv point where electric power is actually used. Fach fixture,
even if 1t has five lamps, is considersd one outlet. Each receptacle outlet, even the
duplex type; is one outler. Swilches are not outlets since they use no eleciric power,
bur merely conteal s wse. Bul in estimating the cost of an mstallation, switches
are included in counting the outlets 1o arrive a1 a total cost un the "per outlet”
basis, though this is notin accordance with the NEC definition Many electricians
guate on-a “per opening” basis to avoid this terminology problem,

Kinds of circuits  The circoits wsed in-homes can be divided into the tollowing
three general types: hghting crrewirs—primarily for lighting and serving perma
nently installed hghting fictures. as well as receptacle outlets into which vou plug
lamps, radios, televisions, clocks, and similar | 28-volt foads (but not kitchen appli
ancesi; small appliance coronts—receptacies in kitchen, dining room, 2t for such
items as coffeemaker, toaster; elecine fry pan; indnvidual appliance circwirs—each

serying a single appliance such as a range, water heater, clothes washer or drven;

circuits mav be either 1200 vinlt oe 2402 volt
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In addition, there may be a need to add 4 Grouit for a permanently connected
motor that is not pare of an appliance, such as might be used with certain shop
tools, | Motor types and installation are discossed in Chapter 16.)

Lighting circuits The NEC requires enough lighting aircunts to provide
1 VA of power for every square foot of floor space in the house. Since a circuit
wired with 14 AWG wire and protected by 153-amp overcurrent protection
provides LS00 VA (15 = 120 = 1.BO0), each circuit is enough for 600 sguare fect
[ 1,800 = 3 = a6 ). This'is the NEC minimum. The NEC coticérns itsebf with safery
vnly, To allow for convenience and usefulness over time, it is wise o provide one
circuit for each 500 square feet of space.

What is inclisded in the square footage of a house when caleulating the number of
lighting circuits needed? Open porches and garages, even if anached 1o the house,
are not included in the toral: But unfinished or unused spaces that are adaprable
for future use fravst be included according to the NEC, Bun a special areuit 1o such
amyarea, terminate it in @ single autler if you wish; and later branch off from that
outlet to the additional outlets that vou wint when you finssh off the space. It the
space i Lurge, run two arcuits:

To arrive at the NECdefinition
nf the total number of square
fest for determining the | USABLEAREs CHLE MINIMLM RECCIMMERLED

Table 5-1 NUMBER OF LIGHTING CIRCUITS

mumber of circuits, multiply 1,200 sqft 3 3
the length of the howse by its

3 o z : 1,604 501 2 3 &
width, If its outside dimen- B

sions are 30 x 45 feet, thenone | 20005qft 5 4
floor represents 1,350 square 240050 fr 4 3
[eeq 130 x 45 ? .I..'iF\IJI. [f the 2 800 5 ft c &
bascment s fimshed or can :

3,200 ft L} 7

be finished it usable space,
add its area of, for example,
24 % 30 or 720 square feet to the first-Msor ares of 1,350 square teet tor a total of

2,070 square feer. If an upper tHoor has unfimshed space that can later be iinished
iftter @ hedroom, add its area.

Then divide the otal area by 610 to arrive at the minimum number of lighting
gircuits the NEC requires, or divide by 500 for a more adequate installation. In
Tuble 5—1, minimum and recommended numbers of ghting circuits are calculated

fivr some tygrical square footages.

Special small-appliance circuits  The circuits already discussed are for lighting,
including Mowsr and table lamps, and tems such as radios, TVs and vacuum
cleaners: These circwits do not permit proper operation of larger kitchen and
simiitar apphinees that consume much more power. NEC 2 1HL52(H) requires two
special small-appliance circutts 1o serve onby small-apphance outlets, including
refrigeration equipment, i 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 circuil breakers or fuses. No lighting outlers
miy be connected to these drcuits | with two exceptions: a combination receptacle
support for an electric clock in kitchen or dining ates, and a receptacle serving
the 1gnition systemi, aven light, and/or timier for a gas-fired cooking appliance).
Either |5-amp or 20-amp 135-volt rited receplacles may be mstalled on these
I-amp circiits.
Each such cifcuit has a capacioy of 2400 VA (20 % 120 = 2400}, which is no
i mrich considering that teasters, irons, and similar appliances ohien require
L.AWa0 watts, and appliances such as roasters and toaster ovens may consume over
LS00 watts. These two circnits can be merged mto ane multiwiee circail, which
is discussed on pages 115117,
Arleast one separate 20 amp circuit mest be run oo laundry apphiances, and another
one toall the hatheoom recepracles. A separate 15-amp branch Gircuil s permitied
to-serve relrigeration eguipment,
Individual circuits 1t 1s customary to proyvide a separate circuit for each of the
fallowing (and required For central heating equipment )
¥ self-contained range

Separate oven, or counter-mountad cocking unit
B ‘Water heater
B Clothes washer

Clathes Sryes
5 Waste disposen
B Dishwasher
8 Mator (and fan) on oil-burming furnace
Mator on blower in gas furnace
Water pumo

B Permanently connected applances rated at more than 1,000 watls
lexample:a bathiroom heater)

i Permanently connedted motors rated more than s he
Note that on general-purpese branch circuits (those supplving two or more
receptacles or outlets for hghting or appliances ), the maxumum load of utilication
equipment fastened in place {other than hxtures ), soch as exhawst fans, garage door
openiers, etcocannin éxceed 30 percent of the branch ¢ircait rating. Ths s often
the deciding factor 11 whether or ot W rancan individual cireuit, Appliance and
motor circutts may beeither 120000l or 240-volt depending on the particular item
installed. These circuns are discussed in more detal in Clapter 14, "Apphances)
See pages 2 14-213 for instructions on how wo labe] everv eircmtat the panelboard
to assist in troubleshootg.
Motor cireuits  Separate circwits are recornmended tor individual owtors over

o b that age not part ol an appliance, Such motors might be either directly
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l.'lIS'I-'!1l.'i.'[r.'|J 'l:'l..:I:I.'PJr.' \LIITEFI ;‘1.[]'!1}'-" or |- Table 5-2 DETERMINING CORRECT
belt-driven (examyple: hench grinder). AMPERAGE FOR MOTORS
l."l.'h'!l'l‘llﬁl' the motor's amperage | maoTor 120VOLTS  240VOLTS
from Table 53-2, adapted from NET

Table 430148, See also the discussion he 7.3mps 3% amps

o pages:| /01 he 10amps 5 amps
Total number of circuits  You must «hp 14 amps T arnps
decide for vourself how many circmts 1 hp V6 AT B amips
vorwill need. Provide circuit breakers or 17 hp 20 amps |G amps
flases for specific appliances even if you 2 hp 24 amps | 2 amps
do net intend to mstall such appliances 3hp 34 amps 17 anmps

=hp & amps 3 amps

until later. Even then, provide [or some 5hp S6amps 28 amps
spare circuits. Fora new wiring installa- '

tion, [ollow the suggestions in Table 5- 3 for caloulatng the total number of 120wl
and 240-voll circuits needed based on the square footage of usable area.

Arc-fault circuit interrupters [AFCI) The US. Consumer Product Safvts
Comrmission estimates that annually thereare more than 40,000 fires in residential
pepangies, resalting in 230 hives lost and 31 bilhon in linancial loss, 1 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 Circuss
|ane per 50050, 1L,

Spare general-purpose circulis
Smali appliance

Spoecial laundry

Bathroom receptacias

fndividual opplance Cireuit:

Oil or gas burner

Blower on turnace

CALCULATE FHAOLT CIRCLNT S

Bathroom heater, room-alr con-
ditioner, workshop motor, etc

Spuris

Fillin rotal 120-valt circents b

Individuial gppliarce Crouits!
Range
‘Water heater
Chothes drysr
‘Water pumg, other fixed in place 1 | | eagk l'each 1 each

Spares !

CAl LILATE 240-W0LT ¢

Fiftim rotal 240-walt circuits
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estimated that 40 percent of these fires are caused by arcing faults—1the unwanted
fow of electricity through an insulating medium {such as airl. An arc can generate
enough heat to be a source of ignition, but por enough current to trip the standard
circut breaker

fust as there are circwit breakers incorporating ground-fault protection for the
purpase of preventing people from receiving dengerous shocks (see page T1-721,
there are now arcuit breakers incorporanng arc-fault crcmtinterruption inaddi-
tan 1o the normal overcurrent fumctions, and some that ineorporate both GFCI
and AFCT in the same breaker frame. Arcing faults exhibit a charactenstic curren
and voltage pattern that can be detected by the electromics in the AFC] which then
interrupes the circuit

AFCI protection must now be arranged (NEC 2101121 for all arcunts supplying
bedroom outlets, even smoke detectors and lights. This new rile { cffective for all
bedroom receplacle cutlets fanuary 1, 2002,and then tor all othet bedroom outlets
eftective with the date of local adoption of the 2002 NECT s controversial because
af restrictions placed en these devices by their manufacturers,

Muost (but not &l AFCT oot breakers cannat be wsed on muoltiwire branch circuits
isee Fig. 10-15 and associated text | and some AFC cireuit breakers are restricred by
the terms of their listing instructions trom being used on wiring methods without
an equpment grounding conductor (refer to the contnuous grounding topic in
Chapter 71 This means that if existing wiring o bedrovims inyolves either of these
relatively common wiring arrangements, vou should disguss with the local inspector
the extent to which this rule will be enforced vn existing cirouils,

Multiwire circuits ave very commaon, and many homes wired betore the carly 19605
biave al least seane branch cirewits that have no equipment grounding conductor.
Some receplacles are “listed w provide protection of the entire branch circuit” it
they are installed ar the first vutlet in the branchcireuit, These devices, likely to be
available the second half of 2002, are additonally wested for use on branch gircuts
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 steadyv evolution

in the wiays these devices can be indtalied.
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CHAPTER &
Circuit Diagrams

BEFORE YOI CAN WIRE a building, vou must learn how switches, receptacles,
sockets and other devices are properly connected 1o each other with wire to make
a complete glectnical system called a circuit—the path-along which current flows.

GROUNDED WIRES

In residential and farm wiring oneol the current-carrying wires is grounded. which
means it s connected to an underground metal water pipesystern and moadrven
ground rod. Many peopleteter to the grounded wire as the neutral wire, Sometimes
it 1s a neutral and sometimes it s not {Chapter 7 has a full discussion of grounding,
and the Index at the back of the book lists specific grounding topics. ) Ungrounded
wirgs are known s “live” or “hot” or “energired” wires, which means they have a
voltage, in howse wiring uswally 120 volts above zero {grownd potential—the earth
is assumied to be at zero potentiall.

1

is casential to remember these five points about grounding:
The prounded wire is white in eolor. Two recognized alternatives to white tor the
grounded conductor are gray (cantion: white is preferred, and for many years
grav theoretically could have been and occasionally wis used for ungrounded
conductors); or three white stripes on any color insulaton except green
e grounded wire must run direct to every 1 20-volt device or gutlet to be
operated | never to anything operating only at 240 volis),
® The grounded wire is never fused or protected by a circuit breaker,
Thegrounded wire is never switched or interrupted in.any uther 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 o every 120-volt device or outlet other than a switch;
thye other wire 1o the device is usually black but may be some other color, bl no

white or green. White wire can be used for ungrounded purposes when it is part of

a cahle assembly brought to.a switch or tora 240-volt load, but even here it must be

rerdentified as other than white at all visible points and at terminations. Examine
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& socket or similar device carefully and vou will ind that one of igs two terminals
15 i 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 white térmumak
In the case of sockets, the white terminal 1s alwavs connected to the crew shell and

pever 1o the center contact of the socket, Switches never have white terminals.

WIRING DIAGRAMS

Wiring diagrams are uséd in planning clecirical installitions, Diagrams are usetul
lor planning safie and ¢fficient installations, and for clarifving details such as the
witing of three-way and four-way switches.

o Fig.6-1 Thissymbol ngicates a lamo in all dagrams,

Fig.6-2 This method is used in all diagrams toindicate whether or not
CrOS5ING WITES are COnrec ted toeach othed

L

| 1 |
| | |

Crossing wires Crossing wires
not connected connected together

Diagramsymbeols Forany circuit, two wires ust run from the starting point to
each nutlet serving electrical equipment (lamp, motar, el | dmaging that the current
flosws our over the black wire to the equipment, through the equipment, and back
to the starting poind ever the whire wite. In this book, the starting point is called
the souRCE, dnd a limp svmbiol (Fig. 6-1) is used to indicate the equipment to be
operated. Figure 62 illustrates the methodd used 1o indicate whether or not crossing
wires are connected to each other, In all disgrams wires. are mdicated ke this;

black wire between a switch and
the gutlet which it contrads

white wire back wire

The fact thar one line is heavier than the other does not mean that one wire is
targer than the other; both are the same sixe;

Adding switches [he simplest possible diagram is that of Fig. 6=3, a lamp
that is alwavs an with ne way of turning st off. Such a arcair i of litle value, 5o
vou should add a switch. Figure 64 shows how vou simply make the hlack wire
detour to a switch. An unenclosed switch i shown so vou Can see how it operates:
opening (turning off § the switch is the same as cutting a wire, (f course, urenclosed
switches are unsafe and not permitted. Figure 63 shows the came circuir but with
an enelosed Mush toggle switch which serves the same purpose, but is moch neater,

miore convenient, and safer to use

Chaptera  Circuit Diagrams

Fig. 6-4 The citcuit of Fg. 63 plus
an open switch

Fig.6-3 The simplestcircut—a
lamip always on,

—_— e ———
—_—

Fig. 6-5 ‘A togale switch {closed| i
substitured for the open switch in [
Fig.o-4

Wiring in parallel  [f several lamps are used, do not make the mistake of wiring
them fir series ay in Fig. 66 because that is imprachical for most purpuses. Il e
lamp burns out or is removed from its socket, it 3s the someas opening aswitch in
the clrcuit—all the famps o oul. Instead, wire them in parallelasin Fig 67, The
white wire goes togach lamp, from the first o the'second and to the third and so-on;
the black wire 4ls0 runs to each lamp in similar fashion. Each lamp will light even if
one ormore of the others is removed, The swils Iy showiy cuts off the curzent (o all tie
farnps at the same time, The wiring is simple: white wire from S0URCE to-cach socket
o nutlet: black wire from “o0ReF to the switch, and from the switch another black
wire foveach of the sockets. This is the way a ixture with five sockets is wired.

e Fig. 6-6 Style af wiring known

SOURCE a5 “series” wiring. It is impractical
i except for very special purposes

Fig. 6-7 Style of wiring known &5
“parallel” wirindg. [t 15 used for all
ordinary pulposes



If each lamp is to be controlled Ty
while wire alwavs runs from soy
switch, and from each switch a bl
trace the current from the SOURCS
a time, along the black wire 1o th
vou will Aind that each lanp can |
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a separate switch, use the Fig. 6-% diagram. The
£t each lamp; the black from s0URCE to cach
ick wire runs to the lamp that it controls. If vou
over the black wire through each switch, one at
e famy, and back from the lamp to the sovkce,
bo independently controlled.

Y
(¢ &) 5 Fig.6-B This diagram shows the
1‘#‘ ""r same parallel wiring as Fig. 6-7.
: = T: i but with each lamp controlled
- by a separate switch. Mote that
the whitedvire runs directly from

3 SOURCETo each lamp:

= K

Wiring receptacle outlets The wiring of plug-in receptacle outlets is simple. |7
there is unly nne receptacle, run LIIE white wire from the sOURCE 1o the side of the

receptacte that has white (silver-co
the other side, as in Fig. 6-9. 11 the
white wire to one side of fhe first
and so on; do the same with the bl

ored | lerminal screws, and run the black wire to
e are several receptacles, as in Fig, 6= 10, run the
Feceptacle, frum there to the second receptacle,
gok wire, Figure 6- U isthe same parailel wiring

diagram as Fig. 6-7 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 cannection to the green grounding
screw o the receptacie s not shown. See page 126
for reguitements

Fig. 6-10 Except where the white wire iz part of
A F-wire crewit, feeding thraugh may use the twa
screws off the device, 32 3t 4, but pigtailing as st s
amuch better job:

SOLRCE
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Where the twio wiresshown in Fig. 610 are part of a three-wire circuil (iee pages
115117 for three-wire circuit installation), it is not permitted o feed the white
conductor through by using the two screws on theside of the receptacle, as shown at
A, because removing this receptacle could place | 20-volt loads in series on 240 volts,
with passibly disastrous results, Instead, a splice is required with a pigtail going to
the recepracle as shown ar 8. Many mspectors require pigtailing at all feed-throush
receptacles even though the divices are tested and listed to be'connected as shown
at A (See Fig. 4-15 for another illustration of 4 pigrail spleace. |

Wiring outlets controlled by pull chains  There are few locations where a pull
chain will be used, since lighting in ammics and under-floor spaces used for storage
or for equipment requiring sérvicing must be controlled by g wall swich at the
entry 1o the space. Towire fora pull chain, substitute a pull-chain socket (shown
at Fin Fig, 94} for the receptacle in Fig. 649

Combining several diagrams W hen several groups of outlets are to be wired,
the two separate wires from each group can be run back 1oa common starting
piint where the wires-enter the house, as shown in Fig. 6-11 where the diggrams
of Figs: 63, 6-7,and 68 have been eornbined, This method requires a consider-
able amount of matertal 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
te the second, and from the second o the third, as in Fig. 612 which shows the
sanie three groups bur using less material,

e white wite may be extended at any point to the next outler, The black wire
likewise may be extended at any point, provided that it can he traced all the way
back to the $OURCE without interruption by a switch. In other words, in these
diagrams a black wire can he extended from any hlack wire indicated by the solid
heavier limes, but nor from the Black wire belween aswitch and an dutlet indicated

P

[ .r
i -
¥

A i e A i i i

i3

Fig. 511 The outlets of Figs 6-5,6-7. and -8 have been combined into a single group of
Futlets, In orher words hese they form one circait This still uses a great deal of matenal Te

edyte the amount reguired, the © can be arranged a5 the next diagram shiows
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: L 1 I 1
SOURCE ¥ 5 i ¥
i i i
§ i ba | =
B n

Fig.6-12 The diagram of Fig 6-17 rearranged 1o use less matenial

by o heavy broken Hne, Thus, in Fig, 612, A and B are the starting points for the
second group, and © and 13 are the starting points {or the third group of hghts.
Three-way switches The switch used for controlling a light from one point is
Enown ss a “single pole” switch. " Three way™ switches allow vou w control a bght
trom two points (not three, despite the name). With thrgg-way switches you cin
rurm a hall light on or off from upstaies and downstairs, or & garage hight trom house
and garage, or a vard light from house and barn. Such switches have three different
terminals for wires, Their imternal construction i similar to Fig, 6~13. In one position
of the handle, terminal 4 is connected inside the switch to terminal 7 in the other
position, termminal 4 is connected to termimal B, Usually, the common terminal 4 i5
identified by being a darker color than the other terminals which are natural hrass,
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 ternvinal B and up to terminal © ot
Swirch 2, hut there it stops. The light 1s off.

WNenl sew Fig, 6—13 where the handies of both switches are up. The currend
can be traced as before from sovrce over the black wire through Swiech 1,
throuwgh terminal A, but this time out

through terminal ©, and from there up to

terminal Bof Switch 2. There it stops and the 4 A

lght is off. -

MNow examine the diagrams of Figs. 6-16
and A=17. In both diagrams the handle of
one switch is up, the other down, Inoeach
case the current can be traced from SOLRI C g C‘ Q

ower the black wire, through both switches,

fhriugh the lamp, and back 1w souRcl The

light in bath cases is on. [n the case of cither  Fig. 613 This shows what happens
inzide a 3-way switch when the

Frg, 6=1hor Fig.a-17, throwing either switch :
& thrown from ane pasition

ather, The current enters by

har

to the opposite position changes the diagram

T ar
bl va ekl e Bk 1486 Flo h_15 d the ;
back to _..;.hr_! Big.6-ldorFlp. -15randthe o i s
light ix 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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The wiring of three-way switches is simple, as these diagrams show. Run the winte
wire from sOURCE as usual to the light to be controlled. Run the black wire from
s 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 hight. That leaves two unused 1ermimals bin each switch: run twa black wires

frort the terminals of the arst switch to the twi terminals of the second swatch. I

Of

SOURCE

_— soiteh 1
} Switch

Switch 2 1
I H !
fi q

- Fig. 6-14 A light contmfled by
two 3oway switches. With both
handbes dawn,_ the ight is.off

Fig. 6-15 With the handles of
hath 3-way switches up the light
5 still off. e

-4 Fig.6-16 Three-way switch:with
one fandie down and the other
up, the light is now on. Trace the
current along the arrows.

: an
SORHRCE @
: 1
o ]

1
switch2 3 J

Fig. 6-17 Three-way switch: both &
handles are now the opposite of s [, ‘__
i r | B
Fig. 6-16, but the light is still o oy :‘_#,‘
Either switch contiolsit. e cT i cp i
1 ag) I:.]

e ettt e L T L L

T T T T L L ey |
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makes no difference whether vou run a wire from B of the first switch to (0 of the switches and the wiring diagrams for circuits using each type, Depending on the

second as shown, or from 8 of the Arst to B of the second, The wires that start @ manufacturer, the intertal connections of four-way switches may beas shown in

Fig. 6—1# vras in Fig. 6-20. In each of these figures, the four terminals are labeled
A B C,and [

one switch and end at another are called runners, travels

Four-way switches To control 2 light from more than two points, use two
three-way switches, one nearest the “0URCE and the other nearest the light, and

four-way switches at all remaining points in between. Fou

. 0F Jockey legs 5
|
¥

ir-wav switches can be

o Fig.6-20 Intemal connectionsof the orther style
identbed by the fact that they have foar terominal serews and do'not have O%N-0F of &-way switch with the handle jn the up and
the down positions. Terminais are labeled

AB CandD

markimgs on the handies Figures 618 through 621 show two tvpes of four-way

4 Fig. 6-18 Internal connections of one sty of

A-way switch with the handle inthe upand the | Fig. 6-21 Some brangds of 4-way switches are
down pasitions. The terminals are labeled A, &, connactad as shown. With the d-way switch
Cand Ly

handles in the positons shown In The upper
diagram, the light is off; in the lower diagram,
the light is on. Refer to Fig. 5-20 to jdentify
terminals. ¥

Fig. 6-19 Four-way switches are usdally con
nected as shown here With the 4 way switch
handies in the positios shown in the upper
diagram, the leght s off; i the lower dizgram

the light is of. Two 4-way switches are shown in Off

the Cirguit. but any nutmber may be installed SCURCE Jowa

depending on need. Refer to Fig 6-18 1o identify | 5'-‘.-'-'151

the termminals. ¥ { 15
i 1-way H

switch . %]

gwitch

4way switches !,_I}i_u\x

3-way i T
\[, switch ~ E i oy 4 -7 i : ]
F—a | Lﬁ : —iy =t 1
b q\ | I b i o '------'i.: :'— --J ]
Sl A-way switches : - = L R === Sy _:
ry ) ! . F [FR T S p———— ] e ; -
HH Yo | =1 ] e
: : it ey S i
1 n-_---[' 'I"‘.---..--.-I TR |
I------n@-\'———---—- H-__-__l | = — =
- | SOLRCE — @
I-way
SOLACE sl + switch
3-way . 1
¥ | 3-way H
switch -r switch J

Foway
switch

A
a

L]

vl
=

w

F
1.

A-way switches

§,.

-p

-r,:il- |
k"

e o Ll
maf>  dwayswitches o | Y e N £
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I'he four-way switch in Fig. 6-18 15 shown ina cieeult im Fig, 6190 The twie jockey

legs from one three-way switch are conpected to termanals A and 8 of the four-

way switch: from the other three-way, the jockey legs are connected to terminals
 and D of the four-way

he four-way switchan Fig. 6=200m shown ova cirawin in Figs 6=21. The jockey legs

fronm one three=way switch are connected o terminals A and D of the four-way

switch, and the jockey legs trom the other threg-wav dre connected to termm

and C of the fourswavswitch,

I you are mot sire which trpe of foar-way switch you have, trv one diagram; if

does not work, trv the other You can dio ne harm by wrong connections except

that the circutt will not swork if vou have the wrong connection

Pilot lights Whena light can't be seen from the switch that controls i1, the light
is often left on unnecessarily, The probieny often occurs with hasement and atii

lights i hames and haymow lights m barns. Install a pilot light (o small, low-watiage
lamp) near the switch so that both lights are turned on and oft & the same tine.
The pilot light serves as a reminder that the unseen light is on, The wiring i shown

in Py, 622, First look at the dupram while disregarding the wiresshown in dotied

limes as well as the pilot light itsclf 1t &5 then the same as Fig, 6-5. Add the wires
shown in dotted hines and it becomes the same as the diagrans of Fig. &7 except
there are two lanips instead of five. The white wire runs 1o both Lamps; the black

wire froum e SOURCE runs 1o e switch as uspals the Dlack wire from the switch

ruens W both Tamps, aod the diggram i fmished,

A combinaton switch and pilot light 10 one device s shown in Figo 623, The
diagram is correct only for some brands; exact diagrams ssually comeé with each
device. There are also switches having a snall pilot Tight in the handle. Some have

a light thar is onowhide the switch s in the OFF position 1o aidin lnding the switch

in the dark.

'l

=

SOLIRCE f

—— i Light
I contralied
{ switch

Pl T

Pilot light

~Pilat light
il

Fig. 6-22 The Basic <wcuit of

a pilot light

Flg.6-23 The winng scheme of acomtiination pilot
light and sWwitch, Another brand might be w

surmewhat differantly
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Other diagrams and combinations ‘ou will have linde difficulty making a
diagram {ur any desired combination ofoutlets and switches, whethet single- pole
or three-way, if you remember the principles covered in this chapter. To make any
i

like this ——) from S0URCE o every outler. Then run a black wire { heavy line

diagram, first locate cach outlet where desired and run the white wire (light line

likic this es—| o s RCE o each outlet that is not controlled by aswitch. Ne
tin hlack wire | heavy broken line like this = = = =) from gach outlet conrrolled
by o swilch 1o the switch that contrals ik 1T threg-wav switches are involved, run
additional black wires between the switches that control the dutlet. Finally, friom
each switch run black wire (heavy line hike this e back o SOURCE Having
dome that, vou may have to FEATTANEE SUITIC of the wires 10 reduce the amount of
wire used, but this will not affecr the proper operation of the hook-up

ooksPdf.com
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CHAPTER 7
Grounding for Safety

ELECTRICITY ATWAYS FOLLOWS the shortest possible path to the carth, that is, to
the ground. In discussions concerning electrical wiring vou will regularky neet the
terms ground, grounded, and prounding, They all refer to deliberdbely conneding
parts of a wiring installation 1o the ¢arth. Acrually, the conneclion is made to
something that serves as the carth—a meetal rod driven deeplyinto the ground and
mietal piping that is part of an undergroumnd waler system, .

The purpose of grounding is safety. A wiring installation that is properly grounded
allows excess electrical vurrent—such as from lightning strikes—to travel into the
earth without causing senous infury o people-or damage to the winng system.
Grounding Gacilitates the proper functioning of fuses and circuit breakers, limiting
the risk of shock from defective equipment. I

An installation that is not properly grounded can present an extreme danger of
shock, fire, and damiage (o 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 nuit grounded, vou can be subject to deadiy 2 400-voll shocks, and 1-.-jrin.g and
appliances will be ruined. If the system is properly grounded. the highest voltage
of & shock will be much maore than 240 volts, bl very much less than 2,400 ;|1];5,
Lightning striking on or even fear a high voltage line can cause great damage (o
yuurwiring and your appliances, anid it can cavse fire and injuries. Proper grounding
throughout the system greatly rechuces the danger.

Because grounding is s impeortant it is discussed repeatedly throughout this
book. Be certain that vou understand it thoroughly, The Nationel Flactrical Code
(NECT rudes for grounds ng arc extensive and sometbmes segm ambiguous. But for
installations in homes and farm buildings—the only installanions 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
uan mstalling the service entrance

!
|
|
|
|

Chapter 7 Grounding for Safety 63

HOW DANGEROUS ARE SHOCKS?

Miost l1-;-||[1|r think it 52 h,'_eh '\.|||I:.i_'g¢' that causes fatl shocks. This is not neces

sarily so, The amount of current flowing through the body determines the effect
of a shock. A milliampere is one-thousandth of an ampere ((LO01 amp), A corrent
of | milliampere through the body s just barely perceptible, Curreénts from | to
# milliamperes cause mild to strong surprise. Coreents fram & to 15 milllamperes
are unpleasant, but usually the victim is able to let go and get free of the obyedt
that 15 causing the shock. Currents over 15 milliamperes are likely to lead to
"muscular freere, which prevents the victim from letting go and often leads to
death. Currents over 75 milliamperes are almost alwavs 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 shiock from o 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 someonce standing on a dry surtace could survive shock from a
circuit af 600 volts and more. How to help the victim of a shock is discussed on
pages -8

GROUNDING BASICS

This section defines grounding terminology and describes the functions of the wires
and equiprment in your installation, Halics are used to indicate words for which
defimitions are provided and to help ditferentiate among simifar-looking terms,

Ground For the wiring installations covered 1 this book, the term “ground”
meatis underground metal water piping connected o4 driven metal rod forming
4 continuous conductive path that allows excess current to travel into the earth,
The rod driven into the earth is called 2 ground rod: The water pipe is part of
the building’s underground water system. The NEC calls the rod and water pipe
“srounding electrodes.” Properly joined together, they form a “grounding electrode
system.” This arrangement is llustrated at the bottom of Fig. 8-6. When it is sad

that something is “grounded,” it means that it is connected to ground.

trounding falls into two categories. System grounding is for the current-carrying
wires i an installation. Equipment grounding is for parts that do pot carry
current in the installation—they are listed under " Groyndmg (green| wire” on
the next page.

Bonding (or bonded) PBonding means connectung normally non-curren

carrving metal parts {conduit, boxes, v1e.) w each other and finally to ground,
isually using bare uninsulated wire, resulting in a conductive path that will safely
carry acadental voltage into the earth

Ground wire This is the wire that runs from the servite equipment to the
grounding electrode (which is grounded hecause it is buried in the earth|. The

NEC calls it the “grounding electrode conductor” |t is usually bare, bit can b
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wnsulared and ofany color but green. The ground wire is bonded within the service
equipment enclosure to the neutral conductar, to the service raceway, 1a the service
enclosure, and to the equpment grounding bus if any,

Grounded (white) wire [nacrcuwit, thas s the wire i usually white | that normally
carries vurrent and is connected 1o the gronmd at the service equipment, The NEC
calls it the “identified conductor” The grounded wire must never be fused o
protected by g circunt breaker or mterrupted by a switch,

Gruundlng (green]) wire  Thisis a wire that does not carry current at all during
normal oparation, The NEL calls it the "equipment grounding conducine”™ It Is
bonded to components of the inseallation rhat normally do net carey current but do
carry current in case of damage to or defect in the wiring svstem or the appliances
connected to it These components includé the equipment grounding bus in the
service equipment cabinet {which holds the main fused service switch or the sircuit
hreaker panelboard, whichever is installed ), frames of motors. frames of appliances
such as electric range and clothes washer, the outlel boxes in which switches or
receptacies are installed, and the meral conduit or th armar of armared calbile,

The grounding wire runs with (he current-carrving wires, |1 st be EICET, ETEEN
with one or more vellow stripes, or bare. In this hoak it will be called simply a green
wire. Itmust mever be used for any purpese except as the groundfsg wire in o cireuit,
In the case of wiring with metal conduit, or cable with a metal armor, a grounding
wire assuch is not installed separately because the conduit or the armor of the cable
serveas 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 frum the power supplier’s fransformer to the huilding 1o be
served. The service equipmentcabinet—the heart of vour electrical installation—is
where the main grounding connections are made,

Wires from transformer to building  Figure 7- 1 shows the puweer supplier's
three wires—labeled A, 8, and N—that run from the transformer to the building.
The grounded wire, labeled N, is grounded both at the transformer and ar the
building's service equipment
Thisis'a neutral wire { meaning it

is non-current-carrying when the ) A K.

load is balanced on the hot wires 1. 3-wire "t

Wires 4 and '8 are “hot™ wires. SR L 51:

[Hot wires carry virltage above £

zero, or ground. One is usually i‘___. Ground connection

black and the other red, or both
black. hut never white or green. |
The voltage between 4 and N, or
between B and N, 8 120 volts:

Fig-7-1 The power supplier's three wires provide two
different voltages. Lise the lower voitage (120 V] for
low-wattage loads. and the higher voltage | 240V for
: high-wattage loads such as range and water heater
hetween A and B it s 240 vals Mate the symbal for a connection to ground
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Hetween the transtormer and the service equipment, the grounded wire N'is a
peutral wire. In wiring a building. any wire connected to the point where the neutral
wire ends in the service equipment 15 simply a grounded wire, Many. people call
it 4 neutral but it is not a pevtral; there cannot bea neutral in a two-wire droult
{ Three-wire citcuits, which have a grounded neutral wite, are discussed on pages
[ 15—=117.1

Grounding of 120-volt and 240-volt loads | he grounded wire must rin
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
groundimg wire rirns 1o 240-volt loads tunbess the conduwit or the armor of armered
cable serves as the grounding conductor). Note: Anyihing that s connected to a
circuit and consumes power constitutes  ~load" on the-circuit. The load might be
2 motor a toaster, a lamp—anything consuming power. Switches do not consume
power and therefore are not loads. A receptacle is not a load. but amything plugged
into the recéptacle 15 a load,

Grounding at the service equipment At the service eqaipment all the
grounding wires arc connected 1o an equipment grounding hushar, which 1s
bonded to the enclosure and connected to the neutral busbar | fur 4f the white
wites), which 15 turn connected (grounided } by means of the ground wire to the
water pipe and ground rod. The power supplicr also grounds the neutral of the
wenming service wires at the transformer serving the building, 1T the neutral wire

is properly grounded both at the transformer and at the building, it follows that 1t
vou touch anexposed grounded wire st terminal or splice, no harm [ullows—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 lime you touch a pipe. vou
are Ineffect also touching the grounded wire.

Short circuits and ground faults [ 1w hot wires touch cach uther 21 a point
where buth are hare, or if 2 hot wire touches a bare point in a grounded circuit
wire, @ shorl dircuit nccurs at the point of tonnection. This rarely happens in the
actual wires of a properly installed svstemn, but often happens in cords 1o lamps or
appliances; especially if the cords are badly worn or abused.

A ground fault results when a bare point ina ot wire, such as where the wire 1s
connected o a receptacle or switch, touchesa grounded component such as conduit,
the armor of armored cable, or a groundingwire. Forboth short circuitand ground
fault the sifect is the same: a fuse will blow ora circuit breaker will trip.

HOW GROUNDING PROMOTES SAFETY

Ihe diagrams in this section illustrate correct installations as well as faulty conds
Lisns in which shock can occur, The mitors represented could be either free
standing or part of anappliance. The coiled partion of the line vn the rnightside of
¢ach diagram represents the motor’s winding: Your nsk of sheck and danger from
a fauley installation will depend on the surface on which you are standing, your
peneral physical condition. and the condition of your skin at the contact pormnt. Ir




vou areon an absolutely dry surface vou will niote little shock. If yvou are on & damp
surtace |as i a basement} vou will éxpenience a severe shock, If vou are -_-.t.md.n'l-g
i water you will undergo extrenie shock or death. As a safety precaution, always
stand on dry boards when vou must work in a damp or wet location,

Grounding and fuse/breaker placement for 120-volt circuit Figure 7-2
shiows a1 2(0-yolt motor with the grounded wire connected 1o 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 squipment cabinet 2 conssderable 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. Whiat happens if, in mspecting
the motar, vou acadentally touch ane af the wires at the terminals of the motor?
Nothing happens because the circuit 1s hot only up 1o the biown fuse. Between
the fuse and the moror the wire is now dead just 3 if the wire had been Cut at the
fuse location, The other wire to the motor s grounded, 5o it 15 harmless. You are

- 4 W ¥ Fe H i}
protected. Bul if the fuse 15 not blown and you towch the hot wire, vou will receéjve
a | 2t-volt shock through your body to the earth, and t through ghe earth back to
the neatral wire at the service equipment.

Hot ...
Fuse Mot
E DEGr
sdl Winding - Fig.7-2 A 120V moterwithgrounded
i matar | witg correctly connected to the

giounded neutral and a fuse correctly
placed in the hot wire iGrounding wire
Aot vet installad.

Ground connection at
envice equipment

Grounded /
iR ff‘:’.[f.'?.

Fig.7-3 A 120V mictor with a fuse wrongly
placed in the grounded wire it is adangerous
Installation. e Fuse

\ ! Grounded
Wit

Fuse/breaker placement error  The same circuit is shoswn in Fig. 7-3 except the
fuse is wrongly placed in the grounded wire instead of the hot wire. The riotar will
aperate properly. If the fuse blows, the motor stops. But the circuit is still energized
1.31!'"”-'5!"- the motor and up1o the blown fuse. If vou todeh pne of the wires at the
matior, vou complete the arcait through your body, throwsh the earth, to the newtral

WITE I VOUr service equipment; vou dre directlv connected acruss | 20 volts and as
& munimum vou will recerve a shock, and ar worst wil| be Eilled
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Accidental internal ground r-—unprol’ected Now see Fig, 73 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 mndmam«uh the motor accidentally comes into
electrical contact with the frame of the motor. As a result, the winding “grounds’
to the frame. That dbes not prevent the mator trom opetating, But suppose you
choose to inspect the motor, touching just its frame. What happens? Dependimg an
whether the internal ground between winding and frame is at a point nearest the
grounded wire or nearest the hot wire, vou will receivea shock up to 120 volts as you
complete the circuit through your body back o the grounded wire, Itisa potentially
dangernus situation since shocks of much less than 120 volts can be fatal.

I fact, it is wot uncommon for breakdowns i the internal msulation of amotor
result in an accidental electrical connection between the winding and the frame of
the motar. The entire frame of the motor hecomes hot, Thesame situation arisesif
the matar is fed by 2 cord [hat hecomes defective where it enters the junction bk
F thie motor so that one of the bare wires in the cord touches the frame. If there
s fio cord and the matar is fed by the circuit wires, 2 sloppy splice between the
Circuil wires and the wires in the junction box on the motor can lead 1o the same
result: the frarme of the motor becomes hot,

Hot
Fu;.}-’ 4 Fig. 7-4 The same motor asin Fig. -2,
{not biowmn) but the motor is defective. G represents
an accidental grounding of the winding
1o the frame, The grousnding wire has
Grounded not been installed. This 15 a dangeraus
e instaliation

Hot

Fig. 7=5 The same defective motor as B
Fig: 7-4, but now agrounding wire has Grounding .
been instalied from thie frame of the motor whre 3
to graund. Even though the winding
i accidentally grounded to the frame, At sarvice
as represented by G, there is no shock + equipment
hazard. \

GTI’JUF‘I'.']PU wire

AP o

interconmacTon

Accidentalinternal ground—protected  “ow see Fig, 7-5 which shows the same
motor as in Fig. 7-4 with the same accidental ground between winding lor 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 ai the service switch. When the
internal ground pocurs, current will flow over the groundimg wire. It will sometimes

but not always hlow the fuse, Even if the fuse does not blow, the grounding wire
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will proteet vou because it reduces the voltage between the frame ol the motor to
substantiflly zero as compared with the ground you are standimg on. You will not
recerve a ghock provided that a really good job of bonding was done at the service.
If the banjding is poor, vou will still receive a shock

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

current-chrrying component ) may be grech of In many cases bare uminsulated wire,
Green wife may not be used tor any purpose other than the groundig wire. Other
chapters discuss when a separate groundrmg wire must be installed. Ifmetal conduit
or cable with armor 15 used, the condwit or armor serves as the groundiig wire

Grounding and fuse/breaker placement for 240-volt circuit  ~uw refer io
Fig. 7, I]‘l]fh shows a 24-volt motor installed with each hot wire protected as
required With a fuse or circunt breaker. Remember that inosuch 240-volt installistions,
the white grounded wire does not run to the motor, but is nevertheless grounded
4t the serice equipment. If you touch both hat wires. vou will be completing the
circuit h’rl’n nne ot wire L the other and you will receivea 240 valt shock. But i

you touch only one of the wires, vou will be completing the cireuit through vour
body, thrdugh the earth, hack to the grounded neutral in Wur service equipment,

and you will receive a shock of only 124 volts: the same as touching the grownded
wire and pine of the hot wires of Fig. 7-1. The difference herween shocks of 120
virltsand P40 volts can be the difference between lite and death.
ot ey
A Fig. 7-6 A 240\ motor with each hot
wire cofrectly protected by fuse/breakes
The grounded wire does not run fo 240-V
Inads, Because the grounding wire hasnar
F A g i
Lol Y beeninstalled, shock bazard is avaided.ony
»— Gfchund at service iF tive mator renaing in serlect condition
colipment
| P
Huit
| Y,
"
Fig. 7-7 This is the same installation as G
Fig. 7-6, bt the matoe s new defective *
The windirfg is accidenally grounded to
' | = 2
the frame, fs represented by G. This (5.3 Hisk
dangerous hla'!.sll.ut-::n. L A
i o Croind at service
' equipment
| = e J

Accidentd) internal ground—protected  Assume that the motor in Fig "6
hecomes defective, that the winding of the motor becomes accidentally grm:mli-_-d
to the frirje, as shown in Fig. 7-7_ This as the same as Fig. 74 except that the moter
is operatirfy at 241 volts instead of 120 volts. Touching the frame will produce a
| Mi-volt ﬂi'i-l sck, but ol the Frame has been P""'|1':’|" KT sanded as 1n ]-|!_'_ T8 aneal
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the fuses will prulmhh Iilivw. Even if a fuse does not blow, the severity of the shock
v teceivee from touching the frame will be limited because the frame is grodnded.

again assuming that a really good ground was installed at the service.

GROUNDING CONSIDERATIONS FOR WIRING SYSTEMS

[ any of the situations of Figs. 72 through 7-8, it there s an accidental contact
between any twio wires of the corcuit, the contact constitistes a short circuit, and a fuse
will blow or the circuin breaker will trp regardless of whether the short is between
one of the hot wires and the grounded wire, or between the bwo hot wires. Fora
shart circuit to ooeur, there must be Bare places on rwo different wires touching
each other, which does not hagpen very often in a carefully installed job,

Hiat

Y

Grounding wire 1".
ronnected to

around &t service
eguipment

- Fig.7-8 The same detective motor ax
Fig. 7 - 7, but e grounding wire has been
instailed fram the frame of the maotar
s ground. Even though the winding is
accidentally grounded to the frama, as
represented by G the shock hazard s
minimilzed:

Accidental ground
o conduit ! i

Fig: 7-9 Wires in metallic conduit or o0
metailic armar are used toinstall the mator. -
Fhe conduwit isgrounded both attheservice
equipment cabinetand to the maotor it s a
sdfe instaliation, ™

o mator “hrounded
Conduit grounded  wire

| oy

Advantages of metal conduit orarmored cable  Considera wiring sysieim in
which all the wires:are installed 1na metal raceway: metal pipe called conduit, or
cablewith g metal armeor | commonly referred was" BX ) The raceway orarmor s
grounded at the service equipment. It s also connected to the motor itself [assuming
that the motor 1snot connected by a flexable cord and plug). No separate grounding
wire Is then requircd. IT there is now an accidental ground from winding to frame
for to the raceway or armor |, 1t has the same effect as a short berween one of the
hat wires-and the grounded wire, because the grounded wire and the raceway or
armor are confected 10 esch other and to the ground @ the servaice equipment.
& fuse will mumediately blow whether the motor operates ai 120 or 240 volts, A
considerable advantage has been gained—acadental grounds that otherwise might
remaimn undisaovered are antomaticaliy disclosed. hee Fig. 7-4.

Separate grounding conductors Many wiring methods use nonmetallic

i , s
cable sheaths or racewavs. fnomiost such cases vou mmstall (o7 the cable includes

ooksPdf.com




10 WIRES, CIRCUITS, AND GROUNDING

a separdte grounding conductor thar performs the same equipment grounding
function as the steel raceway or cable armor, In addition, same designers insist un
a sepdrate equipment grownding conductor even within a steel raceway in order bo
add addinenal reliability. The NEC actually requires that arrangement for branch
CHrCLLs serving patient care areas of hospitals. Although hospital wiring is beyond
the scope of this book, that rule points to one of the many mstances where vou're
likely to encounter separate grounding conductors,

Continuous grounding  As explained on the first page of Chapter @, an ourlet
box or switch box 15 used o pretect cach electrical connection in an wstallation
When a grounded-neutral winng system is used (which is 100 percent of the time
for installations of the kind discussed in this book ), and vou wse menl conduit or
cable with a metal armwr, vou must ground not only the newtral wire but also the
conduit or cable armor. The white wire is grounded only at the service equipment
Lat the point where 1t s connected 1o the neutral of the service equipment ), b
the conduit or armor must be sécurehy connected to every o or cabine. Lighting
fxtures installed on metal outlet boxes are avtomatically grounded through the
conduit or armor (Nonmetallic boxes are also used; sce Figs. 917 and 9-14.)
Motors or appliances directly cannected o conduit or armo®ré autematically
grounded. lfusing nenmetathc-sheathed cable, the extra wire—the bare uninsulated
grounding wire—must be carried from outlet to nutlél, providing a continuous
geound. The connections tor this wire are explamed on pages 125-126. Regaridiess
il thie wiring method used, a conlinuous ground alf the way back o the service
ix essential, Good workmanship fs crucial for this part of the fob, because 3 small
defectin a grounding return path can make the difference hetween an overcurrent
device opening promptly or not, leading to a fire ar wirse.

GROUNDING-TYPE RECEPTACLES INCREASE SAFETY
Many ald receptacles still in use have anly two parallel openings for the plag, s
In Fig, 7—10. Plugging something into this receptacle duplicates the condition of
Frg. 7—2. 1 vow handle a defective applisncg
that is plugged into an old-stvle receptacle,
vou could receive a shock (see Fig. 711
This danger led to the development of
the "grounding receplacle,” which has

three openings [see Fig. 711 ), Note that E’r;:)llﬂn‘;
o 1l
the grounding receptacle in Fig. 7-11 has v;;‘:gu

the wsaal two paralle] slots for twe blades

of a plug, plus a thind round or U-shaped
apening for a third prong on the corre.  Fi9.7-70 Polarized receptacle and
plug with the wider slot Connectling ta
the grounded conductor. A polarnized
plug cansot be Inserted into A non-
polavized receptacie so replace an
connected to the frame of the motor or  old non-polarized receptacle with the
uther appliance priarized type

spanding plug. [n use, the third premg of the
plug is connected to a third or grounding
lgreen) wire 1y the cord, ninning to and

Chapter 7 Grounding for Safety n

Making the ground connection Un the
receptacle, the round or U-shaped opeming ledds
toa green terminal screw that (n turn 15 connecied

to the motal mounting voke of the recepracle. The

; 3 Bottom
details of how to connect the green terminal (o view of
the Squipment grounding conauctan or 1o the plug

grounded metal box, are discussed in Chapler 11

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

Fig.7-11 Groundingreceptacle
and plug. Plugs with either 2 or
3 blades wiil fit

mioter orappliance i effecnvely grounded, leading
to extra safety as shown and discussed in connee-

tion with Fig. 7-5

Where grounding receptacles are required 1/ an apphiance 1s connected by
cord and plug, NEC 25001 140 3) requiresa threc-wire cord and three-prong plug on
eveery relrigerator, freever air comditioner, clothes washer, clothes drver, dishwisher,
sump pump, on aguariur eguipment, and on every hand-held, motor-driven tool
such as a drill, saw. sander, hedge trimmer, and similar items. The three-wire cord
with thrée-prong plug i5 not required on ordinary houschold apphiances such as
toastors, wens, radis, TVs, razors, lan 195, and simidlar items.

indy one kind of receptacle needs to be installed, becanse grounding recepracles
aredesioned for use with both two-prong and three-prong plugs, The NEC requeires
that i all new construction anlv grounding receptacles are to be installed, | See
page 217 for replacing two-wire recepiacles in existing installations, |

GROUND-FAULT CIRCUIT INTERRUPTER (GFC1)

e ASFCT s supplementary protection that senses deakage currents too small to
aperate ordimary branch circair fuses or circuir breakers. The use of a grounding
wirein a thrivowire cord with a three-prong plug and a grounding receptacle reduces
the danger of & shuck in some circumstances, such as when using a portable tool;
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 toaol-
ishly cut off the grounding prong on a three-prong plug hecadse they have only
twi-wire receptacles |see Figs. 7- 10 and 7-11}

Under normal conditions the current in the hot wire and the current in the
griunded wire are absolutely identical. Batif the wiring or a tool or appliande is
defective and allows some current to leak o ground, then a ground-fault circuit
interrupter will sense the difference in current in the two wires. If the fault current
exceeds the trip level of the GFCL, which is between 4 and 6 milliamperes, the GFCI
will chisconinect the circwit i as little as one-fortieth of a second

he fault current, which is much too low o trip-a normal breaker or blow a fuse,
cirtald possibly flow theough a person in contact with the fatdty equipment and a
grounded surface. The use of a GFCI is a highlv recommended safety precaition,
especially when using electrical equipment outdoors where standing on the ground

especially 1F it 18 wel) preathy inéreases the likelihond and especially the severity
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72 WIRES, CIRCUITS, AND GROUNDHNG

of ashock: The GFCT you install must be rated in amperes and volts to match the
rating of the outhe?! OF crouil iE s 10 protect.

The GFUL should be considered additional insurance against dangerous shocks,
It is not 1o be considered a substitute for grounding. The GFC will not prevent a
person whiis part of a ground-fault circudt from receving 2 shock, butit will open
the citcuit so quickly that the shock will be helow levels that inhibat breathing or
heart action or the ability 1o ler go of the ciecuit.

Where GFClsarerequired  NEC 2108 requires LFC] protection for 15-ampand
2i-amp receptacles in these locations m dwellings: ai kitchen counters; for counter
use within & feet of a wet bar sink: outdoors at baleonics, porches, patios, decks,
and roofs in erade- level non-hahitalle rooms of detached accessor ¥ |:I|.j|ji't'|['|g:|; in
garages {except where nol awsessible such asa garage door npencrorfor appliances
in dedicated space such asa freezer | in wired detached garages: inunfinished base-
rrverls; i crawl spaces: and in all boathowses. GFCT protection isatso reguired for
bathroom receptacles in all necupancies, and for permanently installed recepraches
sed temparanly during construction. Some swimming pool, spa, and hor tub
installations [ not covered in this bank ) also regquire GECI pmteﬁﬁ@n.

Three types of GFCl  Ground-fault circuit imerrupters are available as separately
enclosed 1ypes, or in combination with either o breaker or a receptacle.

I Theseparately enclised tvpeis available for 120-vole, two-wice and L20/280wolt,
three-wire dreuits up to 60 amps. It is most often used in swimming pool wiring.
installed at anv convenient pamt in the cirout, Related to this is the * master trip”
GFCdevice, which Inoks like o GFCL receptacle withoutany slotss it is used for
downstream GFCI protection in cases where protection must be provided, but
an outlet is nof desired or permitted ar its location,

B The breaker sype combinesa 15-amp; 20-amp, and up to &0-amp circuit breaker
and a GFCLin the same plastic case. It 1s installed in place of an ordinary hreaker
m your panelheard, and isavailable in 1200 volt, twoowire or 1200 240-volt, three-
wire tvpes {which will protect a 120/240:valt, three-wire circuit or 2 240-voll,
twio-wire aircuit), It provides protection agamst ground faults and overloads
for all the outlets on the circuit. You can at any time replace an ardinary breaker
i vour panclboard with one of these combination breakers, Each GFCI circuit
breaker has a white pigtail that you must connect to the grounded (neutral)
busbar of your panelboard. You must connect the white (grounded ) wire for
the circuit to a termunal provided for it on the breaker. 120 not wse 3 single-pole
GFCT arcuit breaker on & multivire drcuits it will nuisance trip immediately,
Use two- pole GFCH circuit breakers on such dreaits

B The secepracie type combines a receptacle and @ GECH in the same housing.
It provides only ground fault protection to the cquipment plugged into that
receptacke o f its the "teed through™ rype, to equipment plugged in to other
ordinary receplacles mstalled “downstream™ on the same circuit. Thistype is a
convenient choice when replacing cxasting recepiacles where GFCT protection
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15 disired or requited. B very careful o observe Tline” and “load” markings
on these receptacles, 1 you wire them backwards, anvthing plugged i wall still
work, and the test button will cause the reset button to trip as usual, However,
only downstream loads will be protected; anviling plugged into the miswired
device will have no GFCL protection at all

GFCl testing and potential problems  Hegardless of the tvpe og brand of G
wiortt nistall, it 15 essentiad that vou carefudly {ollow the mstallation and peniodic testing
trestructions that come with i Every GFCL hasa test button for easy verificanon
rif its functional operation.
The GHCLs dessgned o 1 rip if the cords or tools plugged imo the pratected recep
tacle outlet are in poor repair and provide a path for current t leak w ground.
l-ven where wiring, tools, and appliances are in perfect condition and there s no
ground fGult, be on the Inokout far these installation problems that will cause
mipping of a GECL
oA rwo-wire GREC recepracle (othér than an end-of-run type! (s connected ina
three-wire circuit. Two-pole GFCI circuit breakers will protect these circuits.
B The white circuit conductor is grounded-on the load side of the GFCL
# |heprrotected portion of the circuit is cxcessively long (250 feet maximunt is the
rule of thumb—Ilonger circuits may develop a capacitive Teakage 1o ground).
Remember that the GECT will not prevent shock, but it will render shocks relatively
harmless: Also; it will not protect a person against contact with both conductors
of thecircuir ar the same timie unless there s also g current path o ground, The
GECE may be pictured as a uny computer that constantly monitors the current
ot twa load and backagain. The GFCLactsto guickly disconnedt thecircuit only
when the current out 1o the lowd and the current renurming differ by 0005 amp
I5 milliamperes) or more,

LIGHTNING ARRESTERS

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

SURGE SUPPRESSORS FOR COMPUTERS AND OTHER
ELECTRONIC EQUIPMENT

With the increasing homeuse 0f personal computers and other sensitive clectroni
equipment nn general-use branch drounts, thiere s a need for suppression of voltage
surges. These surges are typically of verv short duration: Among the possible causes
ate the switching off or on of fluorescent lights or motors sach as air conditioners
of the switching of mujor Joads biv the utility, or distant elecmical storms

Such surgescan cause a personal computer to lose data, or cause other troubles i

modems; data termunals, word processors, fax machines, electronic cash registers,
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comiputericed sowing machines. and other électronic equipment. Even with a surge
suppressor in place, it 5 3 good idea o discoinect |unplug) sensitive electromnic

equipment when there is an electric storm nearb,
Several tvpes of SUFEE SUPPTesaars ane av arlable ||!;|-.:._|'|]§'
a plug-in unit resembling 3 cord adapter
A ETOLE i1 fl:'n.r.'i"..ll. less garn e st P Wil a '-I:|‘|"'-. l_-._'lr||

permancntly in

talled recoptaces that include surge suppression in their design
i it *-.l":.'.|"r.'|.: e acircwr hreaker thar provades anlv swree Sippresson—il 15
plagged mito @ two-pole corcuit breaker space
circuit breakers which, imaddition to the usual overcurrent profection featunes,
INCOPOrATE & surge suppressor to protect the entire branch dreunt
sume of these may include a replaceable module, or a light or buzzer 1o indicare
when the suppressor has failed, or both. The less expensive muodels degrade after
doing their durva few mesand may not offer any protection. There is no way
totest them, Mest designs shunt the excess energy into theggrounding circuir,
which may damazge other equipment o the same drouit, The best designs indor-
porate capaciicrs o store the excess enerpy

stead ol shunting it to the ground,
Manufacturers can request additional wsting by UL, in addition to safety testing,
to establish Endurance Grades A, B, and ©; Performance Classes 1, 2, and 3; and
Modes 1 and 2. The best surge suppressors carty the Class 1, Grade A, Mode |
classification. You can spend tess than 51010 more than 5200, and in general vou
get what vou pay for. Be sure the unil you purchase is listed.

- INSTALLING SERVICE EQUIPMENT AND WIRING

CHAPTERS8
The Service Entrance

ELECTRIC MOWER FLOWS from the supplier’s transformer through aser of three
wites to vour service entrance where the wires enter the building: This chapter
discusses the design and installarion of a service entrance for a house. Installations

for farm buildings are discussed in Chapler 17,

PLANNING YOUR SERVICE ENTRANCE
Chese are the comiponents of the service entrance (showinin dse in Fig: §-6).
Chutsidde the pudding—
E Service head, also called the entrance cap or weather head
Insulators anchored to the building below the service head—this 15 where the
power suppliers wires end
Service entrance cable or wires 10 condiunt leading from the insulaters to the
service head and down 1o the meter socket
Meter socket
8 Service entrance cable or wires extend trom the meter secket into the building

Iresvide the Purdidinig—

2 Serviceentrance cabinet that contains the disconnecting means and overcurtent
protection—either ¢ircuit breakers or fuses in a panelboard
Ground conmection—a ground wire from the incoming service to the bushar in
the cabinet and back outside the huilding to the grounding electrode svstem
120-voltor 120/240-voltcurrent | he number of wires installed by vour power

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

Two-wire service entrance  When only twi weres are installed, only 1 H-valt

current 15 available, One of the wires 15 white {sometiines bare | beginning at the

Insulators, and 15 gron '.!'.I.J It 1= it a neatral wire; there cannot be a J‘.:.'LI[:.:' ina

Pwi-ware aarcuit, The hot wire is black.

Three-wire service entrance | he standard installation today s the three-wire
enilrance. When three wires are installed, both 1 20 volts and 240 volis are available
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as shown in Fig. 7= 1. The voltage between Nand A, or between Namd 8 s 1 20volis;
hetween A and B it {s 240 vislts. The wire N is white {sometimes bare ) beginning at
the insulators. It is grounded. and wp to the service equipment inside the building
it 15 a mentral wire. The two hot wires can be anv color except white or green, but
are taually black and red, or both black

Service equipment rating Scrvice circunt breakers are rated at any of the
standard sizes for circwt breakers, but the enclosure miast be rated as suitable for
use as service equipment, Service fusible switchis dre rated ag 30,60, 100, and 200
amps; although any stundard-size tuse mav be used within such aswitch, provided
the switch 15 rated as suitable for use as service equipment. Fguipment farger than
200 amps is available for larger imstallations, Seme power supphiers will furnish
a self-contained meter that will handle a 400-amp service, but bevond that the
meter must be served by corremt transformers ina separate enclosure abead of
the service disconnect,

The service equipment of a single-family dwelling is required 10 have a rating of
10 amps ar higher. ln wiring buildings other than houses, s 3gamp service may
be mstalled of there are not more than two 2-wire circuits: In all other cases, the
cquipment must be adequate tor the load invelved, bur never less than ol amps.
See 230.7Y in the Natwenal Flectrical Code iNEC) Note that [eeders w individual
dwelling units in a0 apartment bovse have essentially no arbitrary minimum
stewy they are simply sieed to meet the load |but no less than 30 amps by NEC
TS 2HAN2)ZN

T determine the maximium wal lage, or l.'uh-.-]rn];n;:n's (WAL, available with any size
switch or breaker, multiply the amperage rating by the voltage (2400, For example,
a 60-amp switch or breaker will make available 14,400 VA (60 % 240 - 14,400 |,and
a-100-amp size will make available 24,000 VA {100 = 240 = 24,0001,

What size service? To determine the sue of service vou need. begin by
computing the total probable foad in vell-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 VA If the total of the “net computed VA”
that you just calcolated comes to more than 24,000 VA, does it follow that a service
larger than 10 amps'is necessarily required? No, because all the hights and apph-
ances listed in the tabulation will net be in wsear the same e, Bt remember
that the assortment of appliances you mchude 0 your first tabulstion represents

vour present ideas. As thine goes on, vou will add more apphiances. A 150-amp

or 200-amp service will meet future needs more adeguately: In some areas, local
ciodes are already requiting services larger than 160 amips, The larger services cost
refatevely lintle muore than the [T0-armp size.

Service entrance wire size  Since 100-amp service is the minimum tor homes,
select a wire with armpacity of 100 ormoere amperes from Table 4-1 onpage 27: For
wnstallations other than homes, NEC 230,42 requires that the conductors be sized to
carry the load as caloulated in Article 2200 Examples of dwelling service calculations
are found in NEC Annex D), Examples L¥a. Db, 1324, [37h, and D3¢
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CALCULATING TOTAL PROBABLE LOAD IN VOLT-AMPERES

Area of house® souare feet < 3 VA ! VA
Two appliance clrouits I Ll R ) oo 3000 VAt
v Tavingny circuit P .-~ 1,500 ¥A
Rarge, f used o wansd
Water Beater, if used VA
Other permanently connected applances VA
Total....... VA,

*As calculated in Chapter 5 on page 47

tEach of these circuits will provide 2,800 VA (20 = 120 = 2,400, but for the purpase of
this calculation use 1,500 VA per chrouit | 3000 VA sitagether) because it is not Hkely that
both ciecuits will be loaded to capacity at the same time, If more such circults will be
provwdded in any particuelar installation, multiply the number of such circuits by 1,500 VA
iPer the NEC, allow 8,000 watts |F the rating of your range [of countertop unit phas
separate auen) 151 2,000 watts o less If rated over 12,000 watts, add 400 watts fer each
additlonal kilowart or fraction of a kilowarts. For ranges, watts and VA are considered
squivalent. For examples and furthers detalls see Apnex O in the 2002 NEC

DISCONNECTING MEANS

Al the service locetion you must provide equipment, called a panelboard or load
center; that allows you to disconnea all 1he wiring from: the power source. You
must also provide either edrcuit breakers or fuses o protect the installation as a
whole as well as each branch circuit individuallv. The service disconnect may be
either inside or outside. [n conjunction with the discussion that tollows, be sure
1o revsew- Chapter 5, "Circuit Protection and Planning”

Advantages of circuit breakers Mot installations today use circuit hreakers
because of their many advantages over fuses, IF & breaker trips, you can restore
service by merely tipping its handle (after correcting the problem that created the
ovetlnad that tripped the breaker —see pages 212-213), You can also disconnect
an individual circuit by using the breaker as you would a switch. The breakers will
carry nundiangerous temporary overloads that would blow ordinary fuses,
Selecting breaker equipment Maost service entrance eguipment as purchased
will contain one farge L 100-amp or larger ) two-pole maim breaker that will protect
theentire mstallation and will let vou disconnect the entlre installation from the
power source by merely turmng this onehreaker to the OFF position.

But there must be more breakers to protect individual circuits. You will need a
single-pole breaker for cach | 20-volt circuit and a two-pole breaker for each 240-vnh
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 simgle-pole and twi-pole breakers as there s room for. A two-
pole breaker pccupies the same space as twi single - pale breakers. Each panelboard
accimmendates dnly as many breakers as s UL listing permits, Tvpically, a 106)-
amp panelboard will sccommodate 20 plug-in breakers; 1 25-amp—24 breakers;
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78 INSTALLING SERVICE EQUIPMENT AND WIRING

130-amp—31 breakers: and 200-amp—H) breakers. The owverall rating of the
panethaard must equal or exceed the load served as calculated bw NEC Article 220,
e B SIOwWs 3 \,'i;l_lli FICARCT LM Wi Its interna WITINE LI rans. i
I 51 sl t break binet with its internal fiag I

diagram shows space for 20 circunts. Select equipment that provides for the number
of brapch circuits vou need plus a few additional spaces tor future expansion. For
1elp in dalculating your Sircuin nedds see the ™ What size service?” discussion edrher
hely leulating s 1 i the “What #d 1 garl

in this chapter and Table 5-3

}Main:

Fig. 8-1 On the left a circuit breaker cabinet with main breaker (Sguare O Companyi, On the
right, diagram showling space for 20 circuits: (Square O Campanyd Arrangements for mounting
plug in circult Breakers vary by manufactuses 2 label in the panelboard lists catalog numbers
of reakers permitted o be installed.

Split-bus breaker equipment  Somewhat less popular tand s few localities
profubnted by local ordinance) are"split bus™ service entrance panelboards, The NEC
permits two mai disconnects in one service panelboard. To disconnect evervthing
trom the power source, 1t s necessary 1o turn betf of them 1o the OFF position. In
addition to the mam breakers, the cabinet may contain as many breakers as vou wish
[ up to the capacity of the panelboard ), single-pole or two-paole, each protecting its
own circuit, butall of these smaller breakers must be protected by one of the main
breakers. 5ee winng diagram of Fig. 8-2. An alternate arrangement would be for
ane of the main breakers to protect all the branch Gircuits inthe service panelboard,
and the other main breaker to supply a feeder to a panefboard located elsewhere:
Outdoorcabinet |nafew areas, itis common practice to use an outdoor cabinet
containing the meter socket and the service duconnects. Figure 83 shows a mieter
socket and single mam disconmect in vne cabinet, Tn mild chmates, all the branch

circuits cowdld also onginate in s enclosure

Chapter8 The Service Entrance et

« Fig. 8-2 Diagram for a-split-bus circuit
breaksr cabinet

= - .
o Fig. B-3 A combination meter socket
- plus circuit breaker i the same cabinet is
- i
. very popular in some locahties. (Sguare O
. ]
. L

Ll
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e ~ -
-
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— e -
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Selecting fused equipment | Tie (ype widely used in residential work has twe
main fuses mounted on s pullowt block | Fig. 841 With the paliout i your hand,
insert the fuses into their clips. One side of each fuse dip has long prongs; the entire
pudlout has four such prongs. The equipment in the cabinet has four narrow open
stots, but no exposed live parts: the live parts are behind the insulation. Plug the
prellout witl s fuses into these slors; the four prongs on the pullout make contact
with the live parts completing the cireut, Plugging the pullout into its holder ks the
same as closing a switch with hinged biades: nomaoving it 1s the same as opening a
switch, You can nsert the pullour upside-down to leave the power turned off,

Such fused service equipment usuallv contains one main pullout with large fuses
protecting the entire Inad, plus addinonal pullouts to protect 240-volt cireuits with
large loads such s rahge, clothes dever, and water heater. There are also as many

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

Fig.B-5 A 100-amp switch, Besides main huses
it has pldg fuses far twelve 130-volt chtults, and
cartridge fuses for twi 240-wolt Circinrs. =
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fuseholders for plug fuses as are needed to protect individual branch circuis: ong
lor cach 120-volt crcuit. two tor sach 240-volt arcuit, A service panelboard of this
type is shown in Fig, 8-5. The wiring diagram is the same as in Fig. =1 except that
Je for the number

of circuits needed for present uses, plus a few additional spaces for future expan

fuses are used in place of breakers. The installabion should provic

sion. These panelboards are commaonan older installations, but-alimost impossible
ta find todday an supply houses, having been réplaced by arcuit breakers for new
mstallations.

Fuseholders Fur fuses of the cartridge type, the "60 amp™ holder accepts fuses

rated from 35 amps to 6llamps. The 100 amp” holder accepts fuses rated [rom

70 amps w100 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 foe
plug fuses). In new work, Type 5 adapters must bet used: these allow installatien

of only the proper fuse 1o match the ampacity of the wires. Fusible equipment for
individual loads is still avatlable and commonly used, particularly for commercial
and industrial applications. Fuses can be designed with certain electrical character-
istics, including speed ofaperation and low-current siee z’angn::f'.hjl arcunavaiiable
i clreun! breakers,

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

ment may contain two e puellouts, connected internally se the service wires
run directly to each. To disconnect the load completely vou maust pull our both
the main pullouts. The branch-circuit fuses must be protected by one of the main
fused pullouts. The wirmg diagram of connections within the eqguipment s that
of Fig, 8=2 except that Mases replace the breakers:

Old-siyle fused service equipment [ very old howses vou will find service cquip-
ment that consists 0Fd maim swilch with two hinged blades and an external handle
tseed 1o turn the entire load m the building on and off. The switch cabinet also
contains twamain fuses. Usually it also contains as many smaller fuses as needed (o
protect all the individual branch ircuits in the howse. Sometimes these fuses are ina
separate cahinet. If your service is underground, refer to pages 189190 and 1597,

INSTALLING THE SERVICE ENTRANCE

5o far we have looked at the major parts that make up the service entranc

o and
how to select the right kind and size of equipment. The rest of this chapier concerns
the installation of these parts. Figure 8—6 shows the details of a typical service
ENITANCe,

Yourwall have to install insulators on the oatside of the building. The power supplier
will ruim 15 wires up ta that point and connect them there to the service-entrance
wires that you provide. You can wse special cable for that purpose or run wires

throwigh conduit. Your wires will go up to the service head. down to the metér

siricket, and then into the house to the service squipment.

After installing the service squipment, you must projery ground the installation.

Then vou will bie ready to wire the branch arcules.

Chapter 8 The Service Entrance a1

Service equipment location The NEC requires this equipment to be located
as close s practical w the point where the wires enter the house, In other wards,
the service wires must not run 1 or 20 feet inside the house before reaching this
equipment. Pecide where to put vour aquipment cabinet before deciding where

the wires are to etiler the |'|1|IJ‘\.I.'

The service head (vee Fig B 18!
shoiid Be mounted high nan e
rsulaiors Let 248 1o 36 1n f the

service-entance wite extend out of
the head, Your power suppiier will
canmect the SETWICE-Orop Wires T
The SefvilE-AaIiaiic e Wires

Service insulstors {see Figs §-8 or
8-% must be solidly mounted
Install a@s hagh @z practcal, bur
It than service head

=
Anchor Lable too wall with straps
is2e Fig. B-18). If you we conduit
use rdinary plpe taaps

Canduit of cable {see Fuga. B-13 and
A-13}

H you use cable, make a weather |
tight connection where it enters
the merer socker, using outdoar
type of conneciod fsee Fig, B-74}

'-'\.':--.’41I||-||:-:-::l||lI reter wn o ket

If yow e canile, provide a sill plate 1Fig. | Branch

5171 where caibde entens building circuits
Service egquiprnent, which may be HEI’IQE
any of the bypes. dedoribed in thas outlet
Lhapter. Be sume to nstall endegh :

branch circuits, ncluding spares for Fﬁ"{
Futnere use If the service equipment -

I5 located In the basemeant, the
cable o conduit entry |ato the
Basilding will move down 1o 8 paint
Do Pt the egulprment

Grobnd wite See page 1174 |n
Chapter 17 foo farm yard pode
sefvice grounding -

Ground clamps

A
A1) Water pipe

et i ¥

O Sl e

T Shousld ¢

31 arth

achy petiranantly

Ground rod

=
[
]
I
=
7

!

Fig. 8-6 A cross - seduonal view of a typlcal
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The hieaviest loads in a house—the loads that consume the largest amperages—.are
lacated in the Kitchen and basement or other laundry arca. Therefore; locate the
service equipment so that the circuits using large wires { 1o range, clothes dever, and
similar equipment | will be as short as possible, In houses-with baséments, a poimt
mare or less under the kitchen is desirable if the service wires can be brought into
that lbcation directly from outside. Some prefer to locite the equipment in the
kitchen where it is comvenient for replacing fuses or resetting hreakers,

Service equupment must be readily accessible, and 1t must be in a space that is clear
uf any obstructions not a part of the electrical installation, both dewn o the floos
and up as far as the structural celling: Special NEC rules and allowances apply it
the ceiling 15 more than b teet above the service (or similar) equipment. however
they are beyond the scope of this book [review NEC 11026(F) if thagapplis to
yor sitoatien | T addition, theremust be clear warkspace around the cquipment,
at least 30 inches wide, § feet deep, and 64 feel high, or higher if the equipment
cxtends higher. Note that switch and circunt breaker operating handles, in general,
cannot be higher than about ' [eet above thetloor, allow 1I1§‘|[I|:'l'\.‘; mdividuals to
operdte them promptly in an emergenoy.

Meter and socket location  1he outduor tvpe of meter is standard 1oday, The
weatherpeoaf meter provided by the power supplier is plugged inte a weatherproaf
sockel [see iy 8-7), The socket is usually, but not always, provided by the power
supphier but installed by the contraction usaally about 5 teet above the pround, 1 the
case of indoor equipment, the meter socket is installed on a substantial board near
the service equipment, For a two-family dwelling, two meter sockets ane installed
in one sheet-steéel enclosure, Below the
mieters gach oceupancy will have its own
service disconneet.

Insulators  The incoming service
wires are anchored on sérvice insula-
tors installed on the building, They
should be installed a- toot or so below
the highest practical point so the wires
tu the inside of the house, where they
emerge from the service head on the
conduit or cable, will slope downward
roward the insulators W prevent water
from following the Servicé wires into
theservice head [ sec Frg 861, Shown in
Fig. B8 are the type of racks used in most
localines, usually with 8-inch spacing

between insolators {6-mch spacing is

allowed o some locahnes ). Indivadual
worew-point insulators {(Fle. 8=9) are F}g_ﬂ.-'_—' Typical outdoor weatherpraaf

often used mstead of multple racks. kiiciwatthour meter anad ity socket

Chapter 8 The Service Entrance 83

ﬁ

Fig.8-9 Screw-point insulator,

Servicewire clearance NFO2301240B) regquures
that ¢abled service wires not ovér 150 volts (o
ground lor drip loops as illustrated in Fig. 8-191
be kept 10} feet above finished grade ar the paint of
attachment to the building; 12 feet above residential
property and driveways and commercial property
nat subject o rruck traffic; 18 feet over parking

ateds and drivewavs other than residential, and
farm properties that are subject to truck trathe. Ne
wires may come closer than 3 féer to an openahle

wintdiw (there s no restriction 1o wires above the
top of windew], 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 aver all or part ol & rool thal has g rise
T T of 4 inches or more per foet, they must be keptat
supporting three wires. Be surs lcast 36 inches from the nearest point. If the roof
i Hatter (less than 4 inches of tise per foot), they
miust be kept at least 8 feet from the nearest part
of the roof.

to anchor rigidiy to building,

Masts Inwiringa rambler or ranch-stvle howse it is difficult to maintain required
clearances if the insulators are mounted dirsctly on the side of the house, soa mast
is wsed . Several types are on the marker, and Fig, 8—10 shows a typical construction,
The service conduit extends upward through the reof overhang and becomes the
support for imsulators of the tvpe shown in Fig. =11, Unless vour power supplier
his sther requirements, the service conduit should not be smaller than 2-inch nigid
mietal conduit. Smaller conduit could be used it braced or guved for extra strain
support, or cither smaller conduit or service entrance cable could be artached o a
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-cntrance wires begin ar the insulators where
the power supplier's wires end, and they stop at the service equipment where the
mndividual circuit wirmg begins, You may use service wire cable manufactured for
the purpese, or separate wires in condual,

Service-entrance cable Typically, service-entrance cable (Fig 8-12) 55 used
1 bring wites into the buidding: Cime of the wires s not insulated and consists of
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54 INSTALLING SERVICE EQUIPMENT AND WIRING

Service head- -
4 Fig. B-10 On rambler oy

ranch-house construction, a
mast gives the senvice wires
necessary clearance above
WITES growund

Conduit Insulatar

for service

Adjustable
flashing seal

Fig. B-11 Insulator that
clamps ta the pipe sUpport

Conduit
SUpPas
Through
bolts
ThTEa'IjE CI. Bottom f'lttlng
far 1t n A s eccentric. Rotate
P i 1o bring in line with
nEE g meter hub,

4 number of fine wiresw r.l])i:'l.'lit around the msulated wires, In use, the small bare
wires are twisted together o make one larger wire (Fig, 813, The bare wire may
be used only for the grounded neutral. Over all 15 a fabric braid orouter protective
laver. This usually has a gray finish which may be painted to match the building,

Lise calbile with at least 2 AWG aluminum wires (or 4 AW coppet; bul that is
much less common? with @ 100-amp main breaker or switch in the case of a
‘~Il1g|-..' 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

Conductars {can be copper ar alurminum) Plastic jacket
for aluminum, tompact stranding, as shown —— Reinforced plastic overwrap o

AS-B000 AL TYPE SE CABLE STYLE U
XHHW 3 CDRS 4/D AL

XKHHW (typ) Insulation o :
—sunlight resistant - S Braided meutral strands ibare)

I

Fig. B-12 Inservice entrance cable the neutral wire s nat insu ated, but is bare and wrapped
spirally argund the insilated wires The drawing &

wrws 3-wire cabis

.

Chapter 8  The Service Entrance

Fig. B-13 When using the cable, the separate
strands of the neutral bare wire are gathered into

4 bunch making one larges wire

Strands of bare———
wire, twisted

or multitamily -dwelling applicanons: vou will need te go up one wire size on all
tH-amp applications, and on any 2080-amp application where the calculated load
is higher than 180 amps: Services ahave 200 amps are bevond Lhe scope of this
book. As explained on page 76, in houses 30-amp service and 60)-amp service are
not perpuitted but may be used in other buildings such as a frec-standing studio
orworkshop on residential property. Use 8 AWG wire wath a 30-amp breaker or
switch, or 6 AW with a al-amp breakeror switch.

If the instalation servisd by the service equipment has no significant loads oper-
ating at 240 vaslts, all wires inthe cable, including the neutral, must be the same
size. But if the installation has an eleciric range or water heater or other 240-volt
loads consuming ahout one-third of the total watts, then vou may use cable with
Jited wires with a 4 AWG bare neutral, lechinically, the required calculation for
the neutral must be costomized 1o the actual lvad protile and certain grounding
return path issues, b the role of thumb presentad here should be adeguate for
users of this book,

the neutral one siec smaller than the insulated wires—fior example, 2 AWG insu

Wherever the cable enters-a service equipment cabinet or a meter socket, it must
b securely anchored with a connector, Owtdoors, 4 weatherproot connector must
b used; a common tvpe is shown in Fig. 14, The connector consists of a Body
amd a héavy hlock of rubbor, and a clamping nut or cover that compresses the
rubber against the cable, making a watertight joint. Dar't assume that 4 connector
i watertight just because it has the neoprene gland construction, Until 1998, test
labys assumed that, due to variations in cable diameters, the connectors could not
be assurmed to be watertight. Standard trade practice has heen (o supplement the
pland with sealing putty. Now, howeyer, some of these connectors can pass the tests

Fig. 8-14 Watertight
connectars for autdoor
use, To prevent leaks
apply duct seal around
the cable entry
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without supplémentary waterproofing: Thev are iden

tified by a separate RAINTICHT marking on the carton
Indoors, a less expensive connedior of the type shown
in Fig: §-15 may be used

Cable s anchored 1o the building with straps like the
one in Fig, & 16, At the pont where the cable enters
the building, you must take steps to prevent rain from
following the cable mto the building. You can do this by
arranging the geometry of vour lower cable run toshed

all water prior g arriving at the service equipment. bu

INSTALLING SERVICE ECLHPMENT AND WIRING

Fig. B-15 An ordinary
connector for indoor-use

the simplest anjd most workmanlike way o 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
dsed torseal any opening that niay exist. When you install service entrance cable, cut

i length long e¢pough 1o reach from the merer socket tva point at least a foot above

the topmost insulator, plusanother two or three feet, On this fast addational length,
remive the outer braid ever the spirally wrapped neutral wire, Unwind thiese bare

wires from around the cable and twist them into a single wre; see Fig. 813 Then

install @ service head of the general type shown in Pug: 8-T8, 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 frony entering the top of the cable
Anchuor the service head on the building about 12 t6 T8 inches above the topmost

insulator so that, after the commection has been made to the power supplier’s wires,
rains will tend to How away trom the service head rather than into it

If it 15 impossible to locate the service head above the insulators, be sureto provide
drip loops (see Fig 8-19) to keep rain out of the cable. Your power supplicr may

[ The Holex Tompany

Fig. B-17 Use a sl plate patked with
seraling compound where cable enters
Bullding. It keeps water out S

4 Flg. 8-18 This sepvice head Is for

The Halex Compo

-4 Fig. B-16 Entrance cable nwst be anchared to the
butlding every 3G inches. Use straps of the type shawn,

cable. It prevents

water from entering the cut end of the ca

ble A sarvice

head for conduit is supported by the conduit

www.Engin
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connect the ends of the wires in the cable
I the sery 'l\.'."l.l?ll|' WIres, .|.:I|.1IIL.L|': ol
service pulicies vary, In some jurisdic-
tions, particularly on upgrades of smaller

residential services, the elecirician on sie

st deo the cut and reconnection. Because

thie service drop will be live, this is poter
tially dangerous work for an ungualibed
person to perlorm

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 hattony end of the cable
into the meter spcket. again twisting the
neutral strands into a single wire. Use the
sarme privcedure togo from the sockel Lo the
service equipment. Make the connections
a5 shown in Fig. 8-20), landing the twisted
neutrals on the center contacts.

Fig. 8-19 If the service head cannot
be lacated higher than the insulators,
provide drip loops, 5plice at bottom of
loop, and insulate

S -

Threaded huly "
terminating
conduit from

service head /

Red
{or biack)

-~ Meurral
iwhitel

Meutral lug

assembily fac-
tory bonded
toenclosure |

Bonding bishing
and locknut
terminating con-
duit from switch
)

!

Fig.- B-20 How wires ;

uninstiated wire 5 always ©o

d 1o The T

HHITED

ushireg and wire are no
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Separate wires in rageway {conduit] Instead of service entrance cable, separale
[vpe TW, THW, RHW, THWN, or XHHW wires inside racew
hways whiil ir rellent r--xi A% 5UCH W
acalities ¢ uninsulated wire is wsed

ind 5 in Chapter 9 of the NI

5 . Y Lyt B Frrisei b AL vor ol i T T
Caomnon racewavs imclade nged or mtermediate mietad conduet, Fgal nomt

cribed i Chs

condut, and elecirica] metallic ihing, all

2 Ut pie
aptet

cav instadl aservice head of the oy

is required dnd preplre them in the mumoer describ

on the ty P LiSe d. At the TP theraces e shinwn

AL the point where the raceway i to enter the house, use

on the right in Fig,

Do

an entriance ell such ds shown on the et in Fig- 8-21. This has a removable cover
which mukes it easy t-- help the wires around the sharp bend while pulling them
ered in the next topic

nto the raceway. Be ure 1o get one large enoug

Fig. B-21 Servic
nead fer right! is tor
use when wires run
through race
with special entrance
el faf Jefr) which has
a removable cover
Huibrbell Electricsi

PripluicTs

After e raceway itseht

short lengths involved, the wires can usually be pushed in at the top and

1
the meter socket; 'fcjm there; other lengths are pushed through to the |,.~u||. of
the house. It the racgway is long or has bends inoi, use fish tape 1o p

See Fig, 121 1 and related text for how o use fish tape. A length of galva

.:.a'.'.'lf_{[|'n.

Wb the wires

nized clothesline or fimilar wire will serve the purpose for shor

Conduit bodies

correspond to the Ingation of the sl

he point where the raceway enters the building lwhich wouald

ey 1L 15 custommary o s an enlrince

With the oo

ingle corner. Be caretul to observe the siving

removed, it s @ simple

duit body of the II. peshownin Fig 8

matter o pull wires geound the rij

rules in NEC 31428040021 and (3) in cheosing this fitting. The distance between

the center.of the congluit stops (roughly equal totl g dimension of the cover

st not be bess --|'FI times the trade diameter entering raceways, ora full

L'-\.lll-:-:|.i- stop

2inches I| 10 3 r' trade stze 2 raceway, The distance bepween

in the dimensicn and the mside of the cover must at least equal the minimum
wdias for the stze of conductors used, based an NEC 312.60A). For 30
luciors, fated 200 amps, that dinension s 4 inches, Condut bodies

1 the hack are

e
pe
el toeas gl Inthings
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niv vither option 15 to see i a condait body of smaller dimiension has be

e fill that meets vour needs. For exampls

it lhsted to LLS. stand

sk fOT @

marking It vou aren'tdsing XHHW wires, or il vou'te usimg com

LSt Coimpare the actual cross- sedtioal args of the Conduciors w
sented i the bsting instructions, Ths httme alsa must be rontigh

il i | ol waserhaal moate Pt - o 1 i 1 WHTT
i draany; drill - small weep hole 1nats bottom end betore you pull the wire.

an mndaor loceron with aur that <an be

1t e Ouideors.L

Alter compl

1g the pull; and assuming the racewdy [rasses i

SERMLICAnLlY Warimdror ¢ poler thar outdoor

VEnterthe v. This will

simie scaling putty arcund the wires where th

obstruct the circulation of humid air to a point where condensation could vecur al

the colderend. The NEC his routimelv enforced this princple on radeways passing

trev l-xul | sturage areas into warm rooms, for example, by

s principle, directly applying it 1o raceways

cable slg

=, |".I'~‘-III'.:|IIII| e AR Eerasr [0 I.:' R

exterior of a building.” o

Concentric knockouts The cabinets of service “}?/
switches or circuit breakers are tog-small to permir

l.ll.

i Al crrenmstances; o concentric knockowts ane

knockouts of all the sizes that might

provided |Fig: 8-22). Remove the center sectivn |

il

it you need the smallest size: remove the twi
smallest sections for the next size, and 20 on. Be
Fig.B—22 Congentricknockouts
areé convenient, but great care
miust be used in removing each
imstallation, o -

VETY -..'.I:"!'-Il 0 FEImONe :|I'||'| A5 MY SeCTioes O 1has

itricaleknockont a5 regquired ler vour particular

MAKING GROUND CONNECTIONS

[he service switch or circuit breaker Bas rwo heavy ternmimals o which the tweo
incomim ot wires are comnected. I also hasa peutral bushar on which you will
fingd soveral large connectors and a mumber of smaller terminals. Connect the

| i-.-~'|'|i='~' '--"1-'.- ot bare neutral to one of the large connectors, and the ground wire

smaller termimals are tor the white wires of the individual circasts

terminals, bare

ACCCPT
jLipment gr
['he enclosure will have MOUnUngE niedns ror this _Il".ll'll!

terminals are LTl BLCESSOTY 24

50lld neutral Whether vour service cquipment contains breakers or fuses, the

ming neutral wire must never bo inter a breaker or tuse. Therefor

@ 10ree-wirk O 2-vaolt mstallation ire three sern eOtrar

the mam breaker s on 1 -l there are o

1 | 1 ¥ 1 il T " - (B

1} Ti 1 ¥ 1 I - i}l T 4L i i — ] E g 1
LT fue. such e L 1 "Thfee 1 S
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| INSTALLING SERVICE EQUIPMENT AND WIRING

ation of the tvpes discussed in this book must be

Grounding Ever

na tor prounding are discussed m Chapter 7. A good

carefully installed geund is absalutely necessary for a sate installaton. Grounding

13 accomplished by rnming a ground wire friom thie {1 NN neutral service wire

from a point where it isconnected to the nevtral bushar in the service equipment |

either toan existing

Irounding electrode system or, if not available, to d grounding

cloctrode speahicallfinstalled and connected for this purpose.

Grounding electr

must be bonded oy

systern  All of the following which exist at the structure

her o form a grounding electrode system; in addition, any

existing rod, pipe. ofplate clectrodes must be included with these

16 feet or more o buried metal water pipe
the effectivelv prigunded metal frame of the building

a concrete-cncas® electrode conststing of 20 feel or more of “—inch reinfofoing

ches of eoncrete and locited

steel o 4 AWG cfpper wire encased by at least 2

near [he bottomed @ congrete foundantion or fooyng that s in dircct contact

with the carth

a ground ring of @ AWG or larger bare copper wire endrcling the building

It onlv one of the al e exists 1t May SCrve 8 the i',!'lllil'.-ilrlg‘." electrnde, ExXcepr fosr
Brust be supplemented by at least one other electrode. 1T none
] ;

Bise a rod, pipe, or plate electrode.

water piping which

of these ik availab

Rod, pipe, or plate
[t there 15 no under

telectrodes, or other underground systems or structures
Eround water svsterm, a good ground becomes a prohlem. If

e of the above options for & grounding eleetrode systern is available, the NEC

allivws for several al@rnanives that may serve as the grounding electrode:

uncherground m@al piping fexcept gas) or tanks, including metal well casings

B-foot drven YRinch copper or *-inch steel rod or Ysanch galvanized

steel pipe

a metal plate bufed at least 30 inches below the sorface that exposes at least

) Mirface Lo the soil. Since o plate has two sides, such plates are

2 sguare foet of

commoniy | toof square in sive,
|
| rod mstallg

S H L on 15 discussed on pages 192-193. [Fa ground rod alone is

7 than & AWG regardless of the size of

ST |"i electrodes

ve tried hard enoush, and does mot mnsist on meeting the

25-ohvm [imat, T re many arcas of the country where sotl condations routinely

produce resistancesfin the hundreds of ohms. Check with loca L

e5 Iy pat

asenseof local cone allers roatinely imstall pwocsuch electrodes as

& need for measurements, Be sure they 2

cand even farther if possible

£ at least

# matier ol conrse

the NEC mingmong

Chapter 8 The Service Entrance
Bonding the busbar Service equipment cabinets contain a copper neutral

bushar on which are installed several laree solderless connectors for the heavy

ncoming neutral wire and the ground wire, plus as many smaller connectors or

FETTTHING SLTEWS 45 I‘:a'.'l.'l."r.'q:. e Iar I|!r :.;!'-H'.I'.-CI-:;'.- wire ol each

20-volt crouit. As

purchased, the neotral busbar may be insulated from the cabinet. I vou use this

equipnient as service equipment you st bond the neutral busbar to the cabinet. It

must mot e bonded of the breaker or switch is used, for example, asa disconnecting
means tor an appliance or other load, or 1s used as a panelboard on the load side
of dservice. [f you have 1o hond the bushar to the cabinet, it is a ssmple matter. In
surne brands of equipment the neutral busbar s provided with a green bonding
screw that you must tighten securely. In other brands, the cabinet will contain a
flexible metal strap that is already bonded 1o the cabinet, and you must connect

its free ond 1o one of the connectors or screws on the neutral busbar, The equip

ment grounding busbar will always be bonded to the enclosure, whether wathin

the service equipment enclosure or at a remote panelboarnd

Installing the ground wire  1here 15 never inore than one ground wire from the

service to the grounding electroders). There is no objection to using insulated wire,

bt bare wire costs less and is uspally used tor the ground wire. Keep the ground

wire as shorl as possible, Al grounding connections o the water pipe must he

made within the first five feet of where the water pipe enlers the building

Size The minimum ground wire size 15 basved on the stze of your service wiring
Larger size ground wire ds optional. With 2 AWG or smaller service wires, 8 AWG
spermmiltid for the ground wire but it must be enclosed in armor or conduit, It
is more coonomical and practical 1o use & AWG because it doesn't have to he so
heavily protected.

With | or LD AW service wires, 6 AWG isthe sanimun srownd wire size. With 2/
or 370 AW service wires, 4 AWG is the minimom ground wire size. IF viou dre using
aluminum service wires, the equivalent cut points are /0 AW or smaller, 200 or
3 AWG, and 4/0 AWG or 250 kemul, Aluminum ground wires are also permitlied
The NEL sizing rules extend to all service sizes, as covervd in NEC Table 250,66
Armor or coriduit is not required for & AWG or 4 AW
grovund wire. Either size must be fastened with staples
tor the surface over which it Tuns. It must be installed in
1 way that nunimizes danger of physical damape after
installation. Physical protection for the ground wire can
ilso be provided by rigid nonmetallic {PVC) conduit

Connecting At the service equipment, connect the
ground wire to the neutral busbar to which viau have con-
iected the neutral of the semvice, Run it to the grounding

tlectrode{ s |, and there connect 1t to a groand clamp of

Fig. 8-23 Typical ground

clamp far conne

general stvle shown in Fig 8=23. This clamp must be

indde of galvanied ion D installed onan (roen pipe bt

y 4 copper plpeor rod i,

nil wire 1o water pig

Cpper OF Drodise 1l 1

PR S OrTROITY
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a7 IMSTALLING SERVICE EQUIPMENT AND WIRING Chapter8 The Service Entrance 93

Bonding at the service entrance A careful jeb of bonding is essential to assure Ground wire [f yvou use armored ground wire
elfective proubdine. Caution: YWhen using either armor or condot to protect the bond the connector on the cable to the cahinet

erond wire, freat care must be taken 1o securely and permanently bond the armor at the electrode wse a ground clampsimilar 1 the tvpe

or conduit at poth ends

e CAbTd ground clamg at the e

amd 1o L

et ride shown o |

1%, connect

WITE L0 NG LOTTITInELs

L nuless thas i chone, the ETLME STOLma Wik DE MUC Iess &

ective than whén using serew, arid Clammp the armor in the separate clamping

{ hire. This medns usinge 2 geound o

unpritecty LT that 3 Ay device of the ground clamp

and the wire jnside 1t sumiudtencousiy. Al vite gquipmmient, use d honding

If the ground wire 15 protected by conduit, bond the

procedure sinpilar 10 that shown in 4 of Fig. 8-24 for th Vice conidust

conduil t thecabunet watha locknut and grounding

bushing. A jumper trom that bushing o the newlra

brushar s pequiieed, as shown far the service conduit Fig.8-26 Two-piecethreaded
in A of Fig, 8=2, Use a ground camp into which  hub.Sefrations on both pieces

wure metal

voru can thread the conduit.and connect the ground  bite into encio

arounidings -1
bushing

wire W @ terminil screw of the clamg. IF the ground =~ Making a bonding jump
unnecessary. 0 nng ip outside
piece forms a rasntight seal

wire is protected by rigid nonmetallic (PVC) condulr,

ronding of the raceway 1% not neccssary,

N

Water meter A bonding jumper must be mstalled around the water meter as

shown in Fig, 827, Use two ground dlamps and a length of wire of the size used

\

brazs by =
mround Wirg

Bonding

s for the groand. Thisprevents the ground from being made ingffective if the water
sumps b E ¢

A, . : B meler fs removed. Some water meters also have InsUkling pnts Lise the same

procedure around ether maulated interroptions in the continuity of the water
Flg. 8-24 Typidel grounding connections, Onfy the whire wire is shown, The wire marked piping system, such as a water filter with plastic housings, even 1t the grounding
‘bonding jumper” s usually part of the service equipment as purchased; it could besither a connection ison the street side ol such interruptions. Waler pIping systems must

green screw of § flexible strap, bix borded o the ground wire, and this often micans looking in both digections

|

|
- . . " . |
from the ground clamp in arder to hind discontinuitics. ‘ ‘
|

4

Service-entrancewires | vourservice-entrance wiresare inconduit, follow A of
Ston the end of the conduit mside - ™

Figo 8—24. Instgll a grounding boshing (Fig. 8- Water metar
the cabinet agjd run a jumper (bare or insulated, of the same sue g the ground Ground - <

wirel from thg bushing ro-the grounding bushar. The screw of the bushang bires Clamp -, [ ]
down into thegrietal of ¢

.EIZI.! proveriiing: The DS

A ; . . | | '
hEC I‘!:."[-Ci.'lI'ITI'IhL'll'I-.'I'I-:E:U‘-'-.Ji-'\.: d éL’l]GCI1F|lIﬂ'.IL1L:nif]'i.'ll:rh.f .}! | | Flg.ﬂ—z? Install & jumper
p

ng from turning and loosemng, which would impair the e : arcuind the water meter

i
contimuity of fhe ground, IF vour service uses service-entrance cable with its bare !‘ —
nevtral wrapped sround the insubisted wires, asin Fig. 812 the grounding bushing *‘um-...j,;umuﬂ) Ground
is not required: follow B of Fig, 8-24 T s

When vou pse d Ihreaded b bolted to

the enclosure, or a hub of the Pwiti-fnece

Z:.i"- SO T 0T r.;_' 2R !l.'l'-!.llg-_ il iII'_ EhﬁEﬁ.G‘E'ﬂthI BA{:.KUPGEHEHATDRS

conduit to the enclosure s automatic and

AT 1 ot i, b
Phire may hie times wh

n the main phwer -.I:."!."|- i5 cuit off due to a storm or other

the grounding bushing and jwomper are

fartors. o vod Inve far from town, o in a lie
MO RCCESSATY . | y
el ST eCT Doy DT asTorTdl o Tredgue il oulage:
renerator would be a pood investme NI
netalled type eds. Fuel types i
PLIFal i s, ok by &1 K R ! LUFEIMEnts ol
| ge of fuel a
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INSTALLING SERVICE EQLIPMENT AND WIRING
Portable or perma

powwier @ Tew imdiviilo

1 tances sich as the relrigeratorn, freesern and a EI=i||_"- [ b

ently installed? Simall portable generators can be used to

» VO LSS Ty Conmect The appnanmce

s1zed to carry

ific loads, Check the watts/volts ratings

the appliance the extension o

nentlv inst

imatically start the generator

when the no transter the load|s), but for

sirce fanls, and automatic

NE Ordinary reswlen T 10T manuadly Eafting the generalog anid

51 will usually suffice

fransferring the loa

Choosing the corr

wattage they produ

ct size Cenerators are rated and priced according 1o the

Moise level and rate of fuel consumphion (running me

nsider it making a sélechon. Thesize vou need depends an

dle [ACTOrs 1o

whether vou wanf to

ave the load of the entire house or farm on doring an outage,
or only a few selected w imited amount of rewiring might be required in

restof the load,

order o separate the Fircuits for vour essential equipment from th

or in the case of a fafin, the selected

LE

s from the total load. If in doubs aboul
honw o proceed, congull with a protessional

see pages 047 and 5187 for information on the caleulation of residentiat
and tarm loads. For @otores, muliply the norsepower by 746 to COnvert to walts.
Use a generator witlf 25 percent capacity above the proposed connested load 1o

permit motors to stagt. I vour load includes hard-to-start motors, such gs 2 well

pumgy, il would be prfident to size the generator capacity (o-as much as three times

the connected load 1§ order to permit the motor W start. [t some of the load is
&

240-voit, be sure the generatar vou chouse will supply 240 valts, and not 120 volts

onby A generator thall is automatically started must be sized large endush to cirry
the entireload conneged to 11, startup as well as continuing. With a manually started

penerator you can b off all equipment before starting the generator; and then

restart selected equipment individually te minimize the o
Isolate generator ffom main power supply [ 15 absolutely necessary thar it
not be possible for vl generator and the incoming lines from the power supplier

to be connected togefher. The princpal reason for making sure vo e Ator i%

salated from the pofer supplier’s lines 15 to protect the workers: who are out on

the power supplier’s Bystem trying to restore power—they could recerve a serious

shiock or be electroc@ed by current comi . Never atternpt

1E IOy Vour geners

to energise wiring irfa bulding by using an ex

ESEOTE Gl nIwo mass

o vou will potdhtially create this and a number of other problems: The NEC
requires that a sign e placed at the service location advising of the presence of

he standiy SOurce

www.Engin

Chapter 8 The Service Entrance

[he required separt T strppher s fnes can be accomphished

wnrementsof the NE

with a properly inst

Check with a professional or with

VO power suppier o1 mlormation alout suin

Trapsfer switches feed a given load trom either of two altern

procedure invelves the use of an addinonal panelboard comt
ire 11 be kept live during the perud when the local power suppher 15 expenicnang
i outge, and feeding this panelboard trom the transfer switch. Then connect a

teeder from the usual service panethoard toone side of the tr rswitchy and the

lirie thar will connect to the generator on the other side

e oo { v 41
[ e gencralor 15 i'-:'-:..l"ll' AN Nol pErmancniey O nnccled, use a4 pl

ncl ekl

n the

(g-anvd

Ic:;_n_l'l'l_:n_'I_' Oyvpe Of COMMoChiorT 50 Wi Lan Mk the connection eastly

Howeever, in this case the I':'Q'-'l"lll.ll.' body must go on the end of the ¢

senerator, This means the “plug” (the device with the male blades) must be at the

huilding wall. These devices are called "flar

gh recessod mtaa

yave male blades, as shown in Fi

blades fram being fully exposed ay

Fig. 8-28 Flanged inle1 and the mating receptacte cord body that could enéngize it Foss 8

SEPrIEALLLE oy

Grounding the generator  The generator frame must be grounded to the same

electrode as that used for the se [f the gencrator i not permanently installed

1 I .
ut moved into position when needed, be sure there 15 a reliable means to accom

| 1sh ths |1‘_-l:|':l|;|'|:.:. sLICH a5 a Tlexibie .'.Jl"!:. .:.|"|-.'. d __'i""|!l| :-|'|'|'

cnerator 1s 10 use, Besire 1

the grounding elec

vhite, neatral | wire i still Dwnd
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I INSTALLING SERVICE EQUIPMENT AND WIRING

CHAPTER 9
QOutlet and Switch Boxes

IO LIMIT SHOCK and fire hazard from poerly made or deteriorated

i
T the wiring trom physical damage,

COnnect:

s and splices in wires. and to pro
the M !

Speg ; PR [ ) ' b o
il Eleceracal Cade 0 NEC) regquares thar every sstch, every outlet; and

every Joml in wire or cable must be enctosed 1oa box, and every Gxlure muost be

MOUNTCG-0n 3 Dox | with theexception. ob sone tluprescent nxtures described on

page Ladi Keep in mind thar all explanations in4

Y throuph 13, excepl

baldmg while ar s belme banlt

Claptar 13, are for “new woerk™—thewinme ol a

['he basic princaples for “old work ™ —the wiring of a building after it 1s built—are

¢d 1n Chapter 13, Study new work thoroughly in order to better understand

PLANMING YOUR BOX INSTALLATION

Many boxes are made of metal with 3 galvaneed fimsh, Boxes made of insula

raterials such as PV, fiberglass, and other nonmetallic material are also comm

hle and nonmetallic race

niv sith nonmetallic:sheathed cat

Such bowes are used mai

ways Met: wes and theiraccessnries are covered frst heca yATE EARIEr T

1 by all Boses

VISt e a8 we cover certain termi Il|||l."- LUy

Types of boxes Hoxes an

vs epending

LIRS

ables must be brought into

te size, and “knock

Kok Imh a
Arp Dhow o SCEewWdTIvel 1Cedd Agn st nd fnen
FeET £wil |
Switch boxes [hen TN Ty e of !
P Eie. 91 T1 maatine bracket
| 1L ne tl t it

www.Engi

1Tl
ptacle i5 1o be installed, Most
nh leep, but tl leeper
incnes. deep, bul the doopl

INMeRes QEe] | are Nandier and

device. When two

i side by sidde, twin  Figo9-2 Two

changed intoone larger v

bioxes can be
: Made the same way ara-stll] |
e b By s |||'|'- r|||"'-"|:‘.l~_-: ade the same way are still fa

of each box and baliing

together Ready-made two-gang and

in Fie. 9-2. U CTews Ul are e 3 i |
as in Fig. 9-1. Use the screws that are parl oo e boves are alsa availa

le

of the bioxes.

g most commuon outlet box. It 15 oc !.J-:_"."'I-.II mn

Outlet boxes  I'igure 9—3 shows

i theee stres: 399-nch, 3%-inch. and 4-inch. The 4-inch size

shape and av

o D s, avands eramiping, and

mmon today, permits mone wire

ngeneral reduces the time required for insta

sthe most oo

TI0TH J: Nrn R0 PUTTTM S 1058 A |!I\l"\. Al

El 1 - -
cast i oreven 2aanches I.|E'r}!

ailable

Dhatlet boxes must abways be covered, A geesl many different coversarca

4 15 a blank cover fora

SIe COMmMOn ones are shown i Fig. 99—

¢ or tap. The oncat 1 a drop cord cover—the

v that 15 used only 1o hold a

opening for the drop cord is itted with a smeoth bushing to climinate sharp edges.

AL L s 3 spider cover used o mount surface-type switches. At [V is a cover with a
d

x receptacle. At s a kevless receptacle for a lamp. Another lamp receptacle

15 shown at B this one with @ pull chaim

Handy boxes  [f an ordinary switch box is mounted on the surface of a wall, as

in a hbasement or zarage, the sharp corners of the box and cover are'a ndisance

ksPdf.com
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B8 MSTALLING SERVICE EQUIPMENT AND WIRING Chapter @ Outlet and Switch Boxes 949

| it FY VT I 2 [ | -\. T i i i " 3 . -
Insuch locanons gse a box with rounded B o hind the minmum size box thatl s |":'II1!I[I'_I.|. aad up the required voluwmes |

'@ listed in the box below. Chiose all volumes from Table 9-2. Then maatch the total
Iculated i b cubic inches to a box size in Table 9-1

calculated volumi

TS, KRown as § hamdy box or "utiliry

b and shown infFe 95

Square boxes Howes 4 inches squarc

d vollmes Chooking vorumes for wires

to hold two devices | mimimum ba ¢ eath ._ - i
@D ; e eoibibeid ol 0o beos sine i Teie 61
a syuare box and the (_—3 [ A P REE - i

[ FOLLUME 3 gack e oA the bo d terminating or spliced
| covers usedwith 1. These hoxes are WO for each wire Grigin he box and terminating or splice

within the bo

used for surface

jounting as well as for
VOLLUME i wir ssing threugh the box without splice o TEMIRATION
general - purpose wining and are especially _:__ - TWOLLIME tor @ach wire passing throudg e box without splice @ |

h Lf‘- |25 may happen incondult wiring)

ﬁ 1 WOLUME for each fixture wire. Exception; four or fewer fcture wires and one
equipment. grounding wire entenng the bok from a domed fixture
How to calculate gorrect box size N[ . EAnopy e AoLCounted
160 s he Jh s VT A e e b F Fig. -4 Every outler box must be
1l SPECHIES B2 AN Timber of qgvered Some common covers: Af blank
I caver; B) drop cord cover: € spider
o toe its limat. | loing,  cover: O cover with duplex recepracle;
edifficult and time-  E keyless receptacie for lamp: £ same I VOLLIME fior any number of fisture stus (Fg.9-15 1opl, basing the volume an
th pull chain the largest wire

handy when many wires must enter the

same b

1 VOLUME for ary number of internal cable clamps (Fig. 9-14), basing the
n

valume on t |arg.—;.. wire in the box Do not add for external cable
connectors (Fig.9-1

wircs of the same spre permitted in 2 mieta

bioee, Ddoy fvovt crovas

ar ks the work m

o
consaming, and it dins a risk of shorts and a5 £ bin

1 VOLLME for amy number of hickeys (F
Th:—'l:.r.]u;— Wil

15 battom), basing: the welume on

E OUTIas I..I|1|l‘ | n|',-.'l'n:\. the terior \_||1|‘_
inch capacibies ot the more commuon standard metal |

complete list foundjn NEC ]

rixes as taken from the g2 g i
TS 2VOLUMES .. for each yoke or strap cantaining switches, receptacles, pilot lights,

1 dand nonmetallic buxes etc, basing the volume on largest size wire cannected o3 device on
have their cubic inch apacities mar I‘ ed on them that yoke and Lhen deubling it for two volumes

L6l Ay Monstandar

The tatal volume off an enclosure includes plaster rings, domed covers, extension I VOLUME ... for any number of equipment grounding conductors, basing the
rings, et which ardmarked with their volume 1o cihic inches, The space required valume on the fargest equipment grounding conductor in the box,
for each conductor f= shown in Table 9-2.
[
Table 9-1 INTERIOR VOLUME OF Table 9-2 VOLUME REQUIRED [
STANDARD BOXES PER CONDUCTOR I
Fi P A ) INTERIOR VOLUME WOLUME (% CLBIC INCHES |
ig. 9=5 This box is known 25 a KIND DF BOX  SIZE M INCHES N CUBIC INCHES | WIRE 31 PER WIRE |
‘handy box” or “utility boe,” Use it for | Cutletbox %% 1%y RouND 125 i8 150
permanently exposed surface wiring A 0 155 6 L |
asinbasements garades etc. The box 4w 2% 215 4 200 I
and covers have rounded corners for 17 |
4 0 12 205
safaty trical Prodecrs i A
4:x 214 n
£ ik 313 : i
T T 293 E 5 N
2 A 470
i . Switchbon 3% 2310 35
Fig.9—6 Four-inch square boxes and 2 1m0
eovers: Live cover 1 thie left and < . : y 2 j 5
o 1%
| 3 Fl 14
| — B P N
www.Engin ooksPdf.com =




104 INSTALLING SERVICE EQUIPMENT AND WIRING

Exampie of box size calculation  Consider

1 12-2 wath ground cables enterning the box through intern

From Table 9=2, e cubic inches. The grounding

AW L 50 the calculations are:

condactors are also 12

ot 12 AWG circuit wires b 2 ches = 900 cubic inches
twno ] ' _I-I"JI‘... :_'_|"l'|-i'|-1 Wi T _I '_:"l-" 1 2 1] L2 Cuk I .\_Ill' g
o internal Clamps (CounT a8 e T = 225 cubic inches = 225 cubic inche
Duplex receptacle (couwrt as two 3w 275 cubic Inches = 4,50 cubkc inches

B00 cubic inches

Thus from Table 9-1, the smallest siuare outlet box permitted 153 4 = 1-inch

b, and the smallest swatch box permitted tor

b, Both are 18 cubic inches.

INSTALLING BOXES

/70 requires the Enllowing areas 1o be equipped with at leastsome lighting

comtrilied by asswitchzevery Tivable room; Bathroames, hallwavs, staimeays; ¢ hed

QAT ARES; detached RArAECs if wired; and the tollowing spaces it used for storage

Or CONLEINg equipment requiring servicing—attics, underfloor spaces, ulilin
roomis; basements, Inaddition, each entrasce into the house must have an outdoor

light contralled by a switch inside the house, All réquired lighting must consist of
permanently mstalled hghting fixtoures in bathrooms and kitchens, but in other
habitable rooms it may be provided by tloor or dhle limps pl
contredled by awall switch,

red inlo receplacles

Boxes tor switches should be located near doors so the switchiss are castly aeces-
sible as the door is opened. Consider which way the door is to swing and install
the how on the side opposite the hinges, with the center of the box 45 10 52 inches
shove the loor. For recep

acles, the usual height is 12 to T8 inches above the floor,
Each room should have at least one receptacle located conveniently for a vacuum

cleaner and other porta

le items.
Mounting switch boxes Boxes must be firmly secured to studs. Some Doxes
come with nails artached. If mount

vomosl not

o mats pass theough the box, the

bomorethan 4 inch from the

ds: It 15 wsually faster

backore

tey use boxes with mounting
brackets |I:_L O-7) Adwavs
install -boxes sa therr (ront
2dges Ard |-I|.'~| with the

rface of the linished wall

rsguare box with a |"-|-i'~!-.1'

Cutlet and Switch Boxes

Chapter 9

Mounting outlet boxes [ the box 15 to be installed near a stud, vse an outlet

bax with'a mounting bracket such as shown in Fig. 97, It the box must be mounted

between studs or joists, use i hanger of the tvpe shown in S-8, It isadstable

n length and hasa fixture stud stiding on it RBemeove the center knockout in the

box, stide the stud 1o the posmion wantéd, push the stud through the knockous

i
1

and drive the locknut on the tnside of the box securely home. Then gail the hanger

o the studs or asts so the ront |_._I wf of the Box (or the cover mounted on It if

it 15 the tvpe shown in Fig, 9=p1 will be Hash with the wall or ceiling as shown in

Fig. %-9. Even handier are preassembled boxes with hangers asshown in Fig, 9-10

4 Fig. 9-8 Hangers are adjustabie in
length

Fig. 9-9 Harger with box supparted
i ceiling. W

H,'!_rgprn

- = /,-'f/ - B} }b&&

B~ Ceiling-

4 Fig. 9-10 Boxes preassemigled with
hangers are often used.

Wiring at boxes FRegardless of the wiring method you use, let 6 to 10 inches of

wire extend from the face of each box. The length depends on your choice of two

et hocls of canpecting the wire to the terminal screw as discussed on pages 36-37
ek shown 1 Figs, 4—13 and 4-14, The NEC manimum 15 in two parts. The wires

noiuding squipiment ¢ roundin 1E WIKES, a5 with Tvpe NM ¢ .I|'l!". I must beart least
t inches long measured from where the individual wires emner » fromm the raceway
sannector or cable sheath, and they must be long enough to exte ml 1t least 3 inches
witside the box, The only exception {other than for very large boxes) s forwires

15 but merely pass through the bos, usoally from

ave nospl

Hmum icogtn
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Fig, 5-11, 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 locknout from
the connector. Attach the connector to the cable with the damp screw as in
Fig-9-12, then slip the corinector throagh the knockout, and imstall the locknut inside
the buncas shown in Fig. 913, Be sure 1o drive the locknut down salidly s the lues

o it acrually bite mito the metal of the box tor borm & goodd continuous ground. Sorme
newer cinnector designs snap into and hold tight to-standard Eneckout dpenings,
requiring no locknut. Some boxes have built-in clamps that securely hold the cahle

entering the box, making separate connectors unnecessary, Typical boxes of this kind
are shown in Fig: 9-14

| Fig-9-14 With biowes of this type, separate connectors are not used, The boxes have clamps
to hald the cable

| Fixturestuds Small lightweight fixtures are often muunied

' directly on outlet buxes, anchored by screws entering the “cars”

| of the box as explained al the beginning of thiy chapter under

the heading “Switch boses.” Qther fistures commanly niount
to fixture bars that are secured to the box sars. Heavier ixtures E

need additional support, Install a fixture stud [ see Fig, 9-15]
in the back of the box using stove halts. This s unnecessary if

! a hanger (Fig. -8} is used to support 2 box mounted between
ids or 'il:}i:;l.jl With a Axture _1.[1_1|.1, ] ]1i|..|i.r.":':f may be FIL'L".!':."J
hetween the stud and fxture: Fixtures above 50 pounds: (or

[ lieavier if the box is so listed) must be suppurted directly by~ Fig. 9-15 Fusture
stid and hickey

Fig.9-12 Conneciorisfirse
attached to the cable by

rreans of a clamp screw, the building structure.

Boxes for suspended ceiling (paddle) fans  Boxes fur the support of ceiling
| fans must be listed for the purpese. Fans weighing more than 35 pounds must be
supported independently of the box, unless the box has been listed for additional
weight. Consider using « box listed for fan support at every cetling outlet location
] where a paddle fam might be instalied at a later date, because installing a fan support

bexx at an existing outlet can e difficuls.

"
Boxes for recessed fixtures  1f the bottom of your fcture will be flush with the
ceiling it is called a “recessed fixture” If your recessed fixture includes a junction
ik markied for 60°C branch circuit wiring; ordimary branch circuit winng can be
I connected directly to it and most recessed fixtures available today have such boxes.
. Be zure to observe any fill or other resiriciions on the number and type of wires
allowed in such boxes, because they will not be of any standard size. See page 169 |]
Fig. 9-13 Connector is [ n Chapter 15 befire installing, I
then anchaored to the ! Boxes for interchangeable devices Up to three interchangeable devices can |
Do by means of a locknut be installed in an ordinary single-gang hox. Figure 9-16 shows a faceplate with '
TR S | three openings, and an assortment of devices such as switches; receptacles, and [
. ; pilot lights. 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 |
-
|
i
#
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104 INSTALLING SERVICE EQUIFMENT AND WIRING

b ome, two, or three of these specially sized devices. The threg devices can then be
mstalled moa single-gang box. Three standard devices would require a three-gang
box which costs more, takes more space and requires much more installation time,
Caution: Remember that the number of wires entering any box is limired; review
pages 98-99 on calculating minmum size boxes. When a switch box is not large
crivugh for the wirds necessary 1o connect o three devices on one SITap, L5 d
4-inch-square box and a single: gang plaster ring as shown in Fig. 95,

: » Flg.9-16 Interchangeaiie
"-'.-} devices permit 3 switches
o uil receptacies, and the like
= tabe instalied Ina single
gang box

3

=y
ji

Nonmetallic outlet boxes Nonmetallic boxes, for reasins of cost, have Largely
supplanted metal beves in today's markel, particularly for residential sccupandies. In
addition to cost, nonmetallic boxes are largely immune o corrosion, and for surface
apphcations uslng boxes of PV, fiberglass, or ether nunmetallic material provides
insurance agsinst shock. When metal boses ane used in barns and simifar lacations,
ey dend Lo rust out just Bike conduit, Alse, when used with nonmetallic-sheathed
vable, & metal box that is poorly grounded becornes “hot” when o hul wire becomes
accidentally grounded inside i, Any person or animal touching the box will receive
a shock that can he dapgerous wo humans and even moneso o animals.

Monmetallic boses (and covers: are shownin | 1. 917, Use them as you would mietal
bavses; however, the NEC does not require that cable be anchared wilh eonnectors
to singie-gang nonmetallic switch boxes if the cable 1s suppoeted within # inches
of the box measured along the cable sheaths and the sheath extends into the box
at least 4 inch. At other than single-gang nonmetathic boxes, the cable must he
secured o the box; as 1t must be tooall metal binves, | Anchoring with connectors i
discussed on pages 101-102.)

Other nonmictallic boxes are shown in | 1. 918, Boxes with hubs, like the one at
ledt, are for surface wiring, and with the proper covers they are weatherprood. Boxes
with knockouts can be used either concealed ar I'_"'}LJ_'Ii"IS{"d_ Sote that nonmetallic
bixes differ from metallic boxes in that they do not come in standardized sizes, This
means that in grder to decide onallowable wire fill, you have 1o do the calculations

Fig. 9-17 Especrally
o farms, bokes made
of insulating materia

are frequently used

i

a—

Chapter @ Outlet and Switch Boxes
covered earlier in this chapter, based
on the actual volume of ach box,
which will be marked 0n the inside
if the box.

sonmetallic faceplates or covers are
recommended when Using nornme-

tatlic bowes, particularly in corrosive

lacations. I metal faceplates are wsed,
thiey must be grounded, which is more Fig. 9-18 PVC baxes with integral hubs and
or less automanc with recepracles,  with standard knockouts

becawse the mounting strap s usually

connected to the green grounding terminal. Toggle switches requirea special switch
having a grounding terminal on the mounting strap to which the grounding wire
it the nonmictallic-sheathed cable must be connected

SELECTING SWITCHES

While all common switches have the general appearance shown in Fig, 2-1, there
are three varieties that you should anderstand:

Single-pole 1s nsed w turn a light on or off from one point. It has two terminals
and thewirds o3 and i on the handle,

Three-way is used to turn a light on or off from two separate lncations. It has three
terminals and a plain, unlabeled handle. For the wiring of three-way switches see
pagzes 3658,

Fowr-way is used in combination with three-way when a light most be turned on
o off from mere than two lecations. Use three-way switches a1 two of the poinls,
and four-wavat the remaining points. The tovar-way has four ermimalsand a plain,
unlaheled handle. For the wiring of four-way switches see pages S8R,

Switch ratings Switches are designed for use at an amperage and voltage not
higher than the limits stamped into thetr metal mountng yokes, Some switches
are rated "10A 125V=5A 250V" indicating that the switch may be used to control
loads not over 10 amps if the voltage 15 notover 125 volts, but only 5 amps if the
voltage is higher but not over 250 volts. Most are rated 15A 120V, or 154 120277V,
Other switches are available for higher amperages

Grounding for switches  The sikes of all toggle switches, inc luding dimmers
a5 described below, are required 1o be grounded so that a metal {aceplate, whether
installed or not, will be grounded. The switch yoke can be grounded to the grounded
mietal box, or an equipment grounding conductor must be connected 1o-a green
terminal screw on the yoke

Types of switches In addmion to the common gencral-use sw itches, there are
switches with a vaniety of special features that enhance comfort, convenienie, and
safety. Some of these-are described here

AC general-use snap switches | most commu il used switch today iscatled the

ac peneril-use smap” tvpe in the NEC. 1t is very quiet i operation and lasis a long
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Owing the ampere and volbase rating on the

Pt Lasesd om G aarcunts: Lin ac, 1t iiay e wsed

tor any purpose with two exceptions: 4! il must not be used 1w control tunesten

flament lamps {ordinary lamps) ar voltages above 120 vl b if used to contro

a matorn, it may be used only up to 80 percent of its ampeére ratng

AC-DC general-use snap switches  (lder style swit

e i the NEC, If the switch dies not have "AC" at the end of its rating, iis an ac

hes are called “ac ¢ general

e tvpes Ehos stvle may be s ' on de-anly circunts as well as onac arcults, 1 VOHIT

e I w4 [ L . o |
winng waas installed many vears agogthe switches are likely

he il i I
e the sc-de type: It

one of them lais, you may replace it with the more reg

by avadable ac-only type

Lighted:wfn:hes Switches are available with a tiny meon light in the

1o make 11 easy Lo focate the switch in the «

k. The lipht has iin exce
ile, possibly 20 vears, and consumies so little power that it costs perhaps one cemt
i.':.'.r WEar o '1|"‘."i.I|:'

Quiet switches Ordinaryswitches can make an audible Qick when turned ¢

I'Te “ac general mse swilch v verv g . Also

and

atlable 14 & completely sifent
switch thatuses abit of mercury ina glass ube 1o I.1.1|\:. and break contact, Mercury
switches will nul operate unless installed in a vertical position,

Dimmer switches Where '|'IE.|'I'I be desirable o control the level of br Il.,:lfl’ll. 4

such ay in Ci"l‘l"-i rooima or family moms, ordinary switches can he _-u.-||;.-,-.-k: and

replaced with special dimming switches, Some dimmers are designed 1o be used ondy

with incandescent lamps and rie for use ondy with fluorescent lighting,

Ome inexpensive type of dimmer switch provides HIGH-OF=Lonw positions and
controbs up to 300 watts. It can be used to replace only an ordinary single-pole

i |I- ‘:'H'I'IC'-'-"'IH nmaore l."l.|‘-:"|‘."."-'l.' t"-. [ :_:.--'|.||||-1 |Ir|L' 1EnEss

swiltch, nota three-way

continuoushy from off w full br

ntness, Sorre models are availa

in the three

way type, replacing one of a pair of three-way switches.

FACEPLATES
les amd switches when ::!al.'—ill.‘-.!_ are covered with faceplates (alsio called

will plates) of the tvpe shown in Fig. 9-19. Thes are available in molded plastic

I‘:L'\.:':,".

and nvlon in anassortment ol colors ai 1-_1 imother inalerals s

chias steel, |1r.|-_-..--1'
ceramic, Use the kKind voy like M

rnust be groundied.

Fig. 9-19 Every switch and recey
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CHAPTER 10

Basic Wiring Procedures

IN RESIDENTIAL AND FARM winng, the great majority of new wiring today
invalves the use of cabled methods Tcovered m Chaprer 11 among which the use of
nonmetallic-sheathed cable predominates. [t is the least cxpensive in terms of mate-
rial cost, and requires the least technical rraining to install. However, armored cable

il w|r|| metal framing members,

and metal-clad cable are widely used, parti
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 needa. The knob-and-tube wiring system,
not permitted for new work since the 1975 NEC, is nnly for extensions in existing
work [see pages 142-143]),

Local codes sometimes profibit one or more of these svstems, What is prohibited

in one localioy may be required in another. For farm buildings, some form of

nonmetallic-sheathed cabie 15 used almost exclusively: Tois also used extensively in
residences and larger buildings, though high-rise construction often uses metallic
methods. Follow local custom. I vow are not sure, consule gualified focal authorines

Many winng procedures are the same regardless of which system is used. The
procedures are explained in this chapter, It is cssential (o understand rl'n.m 1-I1-"'

ghly. The disgramsand explanations in thischapter use cable as o model, but the

principles apply generally to all wiring systems. Details specific to cable or raceway

miethics are deseribed in Chapters 11 and 12

PLANMNING THE INSTALLATION

v actual wiring, vou must make a plan. Deade upon the location

OTE QI

f each mutlet and cach switch. Be generous in the number of outlets and switches

Review Chapier 2 on planning an adequate installation. Remember that adding an

putlet later costs much more than including it in the oniginal job

Which outlets on which circuit? Your firstidea mavbe toput a

vutlets on oné crreuit, all first-floor outlets the next circuit

sutlets on still another circuit, and so on. If vou do

se-blows, an entire tloor will be dark. Instead i':.'l.l
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TG THOHLSE CETCLLT

1a1 has small power reguircments, or sepa

FCCCRSOY |||::.-!|I|':_'-\-: CQUITHIR POoweT | Breg tihouse; studio, maching S0, By

|:.E_r.i:_'-..'- AN ACTESNOT !"I.!il!.l.-__- w5 U escissad at the end ot s Chiagt
Diagram your cireuits  After v

Cireat and whene \ 1t i o e 1
CELT ana w C VIR WANT Sl -poe witches i three-way

T | "
GRS of Cach Crcuit showin

lton usie cable. It shows eteht outlets, plus thees

of three-way switches Ihe vutlers are labeled A

have all been labeled &, Theswitch VTS LD LT gl

controlling owtlet G 255 0 the one controlli t oiitlet H as 5-11, and the two 3

switches controllineg autler Eas S F vl I I Lo . "
vitel ontrolling putler Fas:S-F- Fand 5-F-2 (Ouatley visa lieht controlléd by

4 pull chan and is imcluded hereas part of the peners] explanationn: Note that pl|

hains are aor recommended; switchesare preferred for cons |
H— ?—|
Fad
= — -]
f ; 3-H
."-\_-'I 1 I 'I
)
S-H .J:—.: |

Fig. 101 Before daing any wiring, m

& rough layout of each Circult showing location of

cach outlet and how cabie will rumn CEhown

1ere s & layout of a

aled £ H3s = > B 55, and 5-H and 3 pait of
mn the-basemment and muin 1o

bedroom

Chapter 10 Basic Winng Procedures {47

Fig. | Mote that the same wire identification scheme has been used as in
Chapter & a light hine like thes 0 wneavy (e JIKe [ ee—

i I i
end,and a beavy broken hine

ke this= = = = jor the wine between a switch and the autlet it controls

Fig. 10-2 The
wilets asin Fig

Dur N greater

nw showing how the

wires inside the cahle

are connected

ght A
5 —E
P
Line (gla
1]
B I

[t vou refer to the diagramming of basic circuits covered in Chapter &, vouwill see
that Fig. & 3 15 the same as outlét 4 in Fig. 10-2 [ifvou disregard the cable that runs

o to 1L Frgure 10-3 shosis thedssame outler completely installed with dn ouller

I i 1) Sl il S, | | & 1 . T O
ur, Dorblomn g prmcipics preseniod mChapier G, vou ||I:_' .l.l'll-l. wire lrom

L HCE 1o the vutlet, and viou run the black wire from soURCE to the outlet,
To better understand the wiring of cach additional outlet, consider the cable that

".‘:'_-rh:.'

. Forex

runsto it from the previows outler as the source for the pew ou

oenutlet B becomes the source for outlet B

Fig. 10-3 Cutlet A of Figs, 10-1
10-Z o

1 tely instaled.
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FEEDING AND CONNECTING THE WIRES

[t you are using nonmetallic-sheathed or armored cable; yvou will need to remember

the important NEC requirement described here regarding wire color in making
connections at switches i||||l.rl|'L|1'|g that. the basic suidelines for making connec-
tions apply ta either cable or conduit

White wire re-identified as black wire in switch loops 11 Fig. 104, if o
L|!.\r'!‘|=|h:I rd the cable running to O outlet Bis the same as that in Fig: 6-5, 50 a detailed
explanation may seem unnecessary. However, according to evervthing vou have
learned up to this point, and as shown in Fig, 10--2, batk wires from outlet B 1o
switch 3-8 should be tluck, but the two-wire cable that VoL e E0INE to Wse contsins
ane black and one white wire. How can you comply with the NEC requirement?
AEL 200.7 permiits a white wire o be used where a black wire shauld be used—but
enly i a switch loop | the cable running from an outlet to aswitch), and the white
wire must be re-identified s black wherever it 1s visible and accessible, This can be
accomphished 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 plasoe shrink
tubing applied with a heat gun. Regardiess of whether the white wire is reidentified
ornot i the NEC prior to 1994 did

not require this), it must be used White
as the wire running to the swilch A N
; P
[rom the ungrounded conductors A

m the outlet, never the reverse.
That means the connections at

the outlet will alwavs be white Wi ! Black f

ter while and black to naturally & e : B
: : treidentified-as black) ™ To switch l,-“"

black, aveoiding the hazard of g

. 1o e —— y . e § e
reverse polarity at a screw shell  gg 10.4 Qutlet 8 of Figs. 10-1 and 10-2, Thisis an
or receptacle; Se Fig. 106 for important diagram, |t shows how ta connect white
an example, wité In cabile ta the switch

Wiring at outlets and switches |1 is casy to make the right connections if vou
remember that each fixture must have one white and one black wire connected (o
it, and if you observe the following simple steps:

l. At the switch, conned the two 'wires of the Gible to the switch.

2. At the outlet, connect the white wire from soURCE to the fixture, 2s usyal

1. At the outlet, connect the Mlack wire from SOUECE to the white wire of the cable

that runs Lo the switch, and re-identify the white wire as black, This s the only
case wheres white ware mav be connected to i black.

{. Connect the black wire of the cable that runs to the switch 1o the fixture
a5 usual

5. The two wires running on to the next outlet are connected to the bwo ncoming

wires | from source) i the outiet box—black to black, and white 1o white

Chapter 10 Basic Wiring Procedures AR

When outlet B s properly installed according to these five steps, it will be connected
as shown an | g, which _llfl"I'.llr.'L with NEC 2H17

Ouatlets O, 13 and E are wired as shown m Fig. 10-3. Beceptacies have double
terminal screws so that the two wires from two ditferent preces of cable can easily
be attached bs shown. In the case of O, it 15 necéssary to connect three different
wires 10 mich side of the recepracle, buat there are only two termimal screws. NEC
sevew. Splice all the

y " A
| Ii=140 Al proin re B oHeE wWire Wier

HIg-14Al §
hlacks 1o

: . i : f
hier and all the whites wogether, adding a4 short piece of wire called a

pretad” w the white set and another o the black set, and conrect thiese pigtails Lo

the receptacle terminal screws. See Fig. 415

Fig. 10-5 Receptacie outlets are easy ta connect, as this diagram shows

Onler Fin Fig. 102 0f your disregard the cable running on 1o the nexr outlet G,
18 the sarme as Fig 6—14 in Chapter 6. Wire it as shown in Fig: 10-6, Bun (wo-wire
vable trom the vutlet to the Arse three-way switch 5-F-1 and three=wire cable from
there to the second thres-way switch 5-F-2. Again vou meet the problem of the
proper colors of wire. Remembering the steps outlined in connection with outlet

which in this case s the whaite wire

B, simiply conpect the white wire Tronr 5000k
from outlet O to the fixture as usoal. The otk wire on the fiere most be black,
sa connect the black wire of the cable that rims on to the Dirst switeh 5-F-1. At the
outlet, the whitewire in the cable that runson to the switch is re-identifiedas black
and connected to the incoming black wire trom souree, The cable thit runs on to
the next outlet (7 must also be connected. black wire to black and white to white
of the cable from saurce (from ). This completes the wiring of the outlet F The
switches still need 1o be connected

I'wo different cables end in the box for 5-F-T; 2 two-wire cable and a three-wire

cable; 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-1 1o 5-F-2, where vou

connect it to the commuon or marked terminal of that swirch and re-identify as
black wherever it s visible, Connect the black wire in the cable between F and
S-F-| to the common or marked termmal of the first switch 5-F-1. That leaves
two unconpected wires 10 the cable from §5-F-1 and 5-F-2: the red and the black

ch switch; it does not matter which

Connect them to the remaining termin

:
i termunal on the switch. That fimishes the winng
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White wire

s 4 redentified as black

Black

White

Fig.10-6 The wiring of outier Fol gs- 10-1 and 10-2owith 1

thie cuthet This Is the diagram for any outlat

; antruliad b ches when wsing cable
Study carefully the-colors of the wires in this cabie Compare it with Fin. 614

It you are installing four way switches, follow the diagramsof Frgs, =19 and 6-7]

i e 1H Fe 13 T, s it I . i

White wire may be re-identified where otherwise 4 wire of & different color woald
be required.

Cratlet Gisewactly the same 3% ._|u[|*-‘t B and should be wired in the same way
Feed-through switch box In all the outlers wired 5o far, vou have run the
cahle first to the outlet box and fixture. then oo ta the switch. When v come
to awtlet H of Fig, 10-2, you will see that the cable runs first to thi swatch hink

-1 and then on to outler 1, This combination 4 even simipler by wire than the
uthers because there is o problem with the colors of the wire.as vou can see ffom
Fig. 10-7 shewing this outler

completchy wired,

SP“C;HQ for additional outlets You cunnar install additional outlets bevord
H by simply connecting the hlack and white wires of the cable for the new IV
ti the black and white wires

i outlet H, because then Duttet H

the new outlet would be
turned on and off by switch
."‘: H ||-'-1\'|_".';_ V0l Lan .idd 411
|

a1 switch §-H) splice the wires

e1 by tapping in

) T
of the cable for the new outlet

(o the incomine rent Lo,

asshownin Fig, -8 Another
WiV 15 T run three-wire cable
from 5-H 1o H; splice the tw
wires in the cable for the new
outlet 1o 1wck and white mH

shiow ||||;-._:| ]

b cable toany add | ivatlet

an be splaoesd existing

Chapter 1¢  Baslc Wiring Procedures 113

g inand

To new

outlet

Ta new outlet 4

vwime cable

Fig. 10-9 Funning the
and dpficing o add arf authel beyond
an existing outler. W

splicing white towhire, and black to black—as long as each wire can be maced all
the way back o s0UkcE without interruption by a switch

Three-way switches substituted for single-pole 11154 simplemanier 1o subsii-
tute twer -way switches tor a single-pole switch 1o any winng diagram, study g
10+ [0 the starting point 15 an outlet already wired with two wires readvdora switch

stngle-poleswitch is to be used; connect it to the two énds of the wiresas at 4

{0 be used, substitate the combination of B.

three-way switches
Adding a switch to an unswitched outlet [ vou want foadd o switch o a
diagram that shows an vutlet permanently connected without a switch, cut the
black wire, That EIVES VO tw erids of black wire to which theswitch contiects o

two ends to which vou will sphice the twio-wire cable thal runs fo the switch

\ Wires from outlet
‘ Bz to be controlled
&

A

Original

Singie-poie

-

IWITC

Flg. 10-10 It is a

st i 30y wi

1ht-hand combination for that at lett
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e5 il 15 neces

Junction boxes Sometin

non in cable when

there i ngrun and no converent outlet

from whach to siart the T branch, Use an

utict box; run the three (or more ! endsof
canle into iz spliceall black wires together
and all whiite wires -:II'_{!.T:L'f cover with a

blimk cover as shown in Fig, 9—4 A, and the

job s fimished. A junctio

im Frg, 1011

MRS alwes be |I|..¢|-I|\'.I.'|I WL

LSy

TWO-CIRCUIT DUPLEX RECEPTACLES

It can be convenient (o have a Hoo tamp or table lamp plugeed into a receptacle

controlied by a wall switch. These two-circuit duplex recepracles (also called split

wired receptacles) meet the NEC requirement for switch-contrulled lighting in
hihitable moms other than kitchens and bathrooms. Many brands of andinan
duplex receptacles are constricted se vou can, during installation change them

Ly the twio-circunt variery by "--;,-.|L'_r,:_- out asmall brass o

ion Detween the two

hot™ {hrass colored | termmnal screws: The w iri':|g L‘,mgr:n 15 5l

pwnin Fig, 10-12,
Actually, as the drawing makes clear, using a split receptacle in this way does not
place it on two diffe

T eIrcuitg, hecawse the same clrcoil breaker or fuse nhimatehy
supplies both halves of the duplex receptacles shown, If that is nor the case, new
NEC rules have made the installation much more problematic

A major change in the 2002 NE

places d very signiticant condition pn the use

of multiple receptactes on une voke (this s the technically correct way o describe

a sphit duplex receptacle—the NEC counts cach half of the duplex as a scparate

device) connected 10 more than one branch circuil, A medns o simultaneously

fop halves hot

1 Bottom halves controlled by switch

Grounded wire =

Fig. 10-12 Two-circult recer

Chapter 10 Basic Wiring Pracedures 115

» recepiacle must be prowvided

nded conductors arms

disconnect all ungr

il b ol yelod N el | N e o Frials "
wretically, this could be-a .|'I'.||':!.". fe Circunl Dreaker or i

at' the |'.:I':'!|:|l.!:.£ | 1§
:_‘llll.'i:.'

multipole switch installed adjacent o the panelboard. However, test |
card restrictions forbid the use of multipole switches for multiple circuits unless
thev are marked "2-arcuit™ or *3-circuit” as applicablc [ the best of this writer's

- i h radme tha o o il
he market. This means thiat huses could

1 1 - N " -} " i T
KFIWw !.'l.1:.'_'.' MO SUCT SWITCNes are 1ow on

¥ ) il 1 1.3
tical Tl '|'I.J WENLIEE

not be used 1o supplv such ‘I1'.I!'..|.'ix e e oniy pra

ltiwire branch circuit, this 15 easy

be a multipole aronit breaker. In the case of

bt it cancels one of the functional advantages of the traditional multiwire branch
circuit, mamely, it one circuit trips the other is still conneited

st still

tadditian, if two 2-wire arcuits arrive at the device voke; these circuits m

iker. In the case of the dining room split

i a multipole circuit bre:

receptacte described previously, the multipole circuit break

er required here means
the small-apphance branch circuit connected tothis outlet could not be multiwired

TRATHEL bran |'| circul, contrary to the Ilhl.ldl conhguranom.

with a second small-apy
Think caretully about the mmplications of this rule change in planning vour instal-
fation. [ previous editions of the NEC, itapplied only to multiwire branch circuits,
and vnly in dwelling occupancies. Now it applies in all cccupancies, and any time
mote than vne branch circuit supplics more than one receptacle on a common
vake, whether or notin @ multiwire configuration. The concernis that an untrained
person will assume all circuits are off when invesngating a nontuncrioning load

conmiecled o one of the r:x‘.:‘|1l.1-.'|:'x

THREE-WIRE CIRCUITS

In térms of material cost, installation time, and voltage drop, installing one 3-wire
circuit nffers many benefits over having two 2-wire circuits.

A ordinary 2-wire, 120-valt circait consists of twowires—the grounded wire and
¢ ot wireas shown in Figs 10-13. When two such 2-wire circuits are run to the
same general area, there is 4 total of Tour wires'as shown m Fig. 10-14 in which
wires Band C are the grounded wires, and the wires A and Dave hot wires connected
ta pppostte sides of SOURCE, so that the voltage between A and 17 s 2400 volis, bul

n A and Bandalso between Band €t is 120 volts,

t the two grounded wires B and © are connected together at the
newtral bushar it vour service equipment. Since they are connedted together at

2t ane wire. Whv use twol There 15 no niced

the starting paint, they hecome in ef

WIrT CiFcu

foof Pwin, Use one wire and instead of tw 1=

“ P 3 iG-15. Be'sure tha
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A 1§ amps —=

15-amp 4 Fig. 10-13 Dne 2-wire, 120-valt

~—Li5amps foad circuit carrying 15 amps.
=B
A 15 amps
: y 15-amp
f:g. 10-14 TRo Zowire circuirs, fed g 15 amps 2 load
from oppositd legs of 120/240-vol - S -
service each darrying 15 amps. —EL —_
i 5 amps 15-amp
_-'|.‘_,, amps load
D
A i3 amps
E— ]
E 15-amp- < Fig. 10-15 One 3 wire
E-Udd circul Each half carries
M -— ] 153 amps but the newtral
J?* 15 amps N carries no current. The NEC
P 2 15-amp term iz “multiwire branch
15 amps % load circuit” Both terms are used
B — | 1 this ook,

single wire N farmerhy BO) will, if both loads are equal, carey no current at all, so
it becomes 2 grounded neutral wire, If the [pads are unequal, it will carry only the
difterence befwien the current in A and that in B, bur it is still 4 nentral.

Where use

2owWire CITTL

Ome 3-wire drcuit is especially recommended in place of two
s tor the small-appliance circuits discussed in Chapter 5. 11 the circuit
isTong, as fo
drup isa cons
circuitsare tl
instant hot v

a yard light or as a feeder to a detached accessory building: voltage
deration (see pages 2829}, Other loads commonly served by 3-wire
dishwasher and waste disposer, the microwave oven and kitchen sink
ter heater, and the range and dryer. Even other peneral-use circuits
often start ol at the panelboard as 3 owire circuits tothe first ome or twe outlels,

where they spit off to become two 2 wire circuits.

Connectinghtthe service Great care must be taken Lo connect wites A and B
i thie hot h'irci o appasite legs of the incoming service-entrance wires, Sormally
the wire N'cafries only a small number of amperes, or no current at all if the loads
between Aol ¥, and #and N. happen 1o be identical. But if vou conmect A and
Bt the samdfley of the incoming service wires, then wire N would be carmving a
diouble |I'l.'.l.';.i"='|*-:~ih|'n as muih as 40 amps i 12 AW wire is used; its i']ﬂLI'.]II:III

winiald be u".'|..|.l:.':'-.| v fire mieht resuls Be

mhber the groutded wire is not

R i [ 1
privected by § fuse or breaker

Three-wire ﬁrcuits at receptacle and lighting outlets \When adidimg recep
tacles to a thrike wire cyrcuit; the nautra

st be especullv watched. A receptacle

s T Ler ”"E‘-'! screws on each side, When wirtng two wire Gircaits: s the asual

Chapter 10 Basie Winng Procedures 117

practice tiv end two different groonded wires a1 these two terminals, 45 15 done

ctallv-when wiring with cahle. Bat in WITTIIRE thiée-wire circuils, this musy
not be done because removing a receptacte, such a5 for replacemeént, would then
result in & break in the neutral wire during the time there is no connection to the

i B | & i Fosiy [ et
receptacle, This would in turn place all the receptacles connected 1o tne leg (hevond

the receptacle ‘.|:r1'.|~|-r.|r||'~ femioved ) in seres with those connected to the nther

b, ] ot 2440 volts, ‘*.Ppél.iln e wiornld malfnction and be ruined or at loast badly

damaged, and lamps wou

Maintaining a continuous ground in three-wire circuits |t using conduit, run
d contimuous wire with a loop is shown in Fig, 4-17. When using cable, there
o way of making 4 lop so vou must make a pigtall splice asshown in Pig-4-15.
Comnect the ends of the white wires of two lengths of cable to each other and to
another short igce of white wire, the opposite end of which you then connect
the white terminal scréw of the receptacle, It is good practice to pigtail hoth the

seounded and hot wires al all receptacles where you would otherwise use the two

terminalson each side tor feeding through, In this way the rémoval of one receptacly
does ot interrupl service to other recepticles downstream, nor do the downstream
receptacles depend on the terminal screws or push-in connections as g sulstitute
fivr a gond sphice. Pigtail neniralsat lighting outlets also, so that replacing a fxture
will not open the peutral to downstream outlets.

Installing split-wired receptacles on three-wire circufts  The split-wired falso
called two-circuit) recepracte shown in Fig. 10-12 can aiso be installed o the
three-wire circuit, wired with one half on phase A, the other on phase B (Fig, 10-15)
anid 2 comman neatral. This is often done in the kitchen, where two small-apph-
ance reveplacle circuits are required, Be sure that the branch-cirenit disconnecting
rieans at the panelheard opens both hot wires with a single operation of the hand
0 that huture mainterance 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 fecder from the house to the
detached hulding may be run underground oroverhead.
Running underground or overhead wiring It tunning the feeder under
L] TR LIS |'n.-"!‘L' i_[— ._'<|.t|!_i'. '.','|-.||_?'| Can I‘\;_" |_‘|I,'|F|:_|.J l.|1r|.';'.|f|.l.li rc:__'.ulnf :ir-:ui':

groumd, ¥
wires with "W in the name can bene

| P ) condat. The feeder muost be buried a

alled in a raceway such as rigid nonmetallic

1 least T8 inches below grade. See further
discussion in the chapler on farm wiring on pages | 89-190

o are going f use overhead wiring, there are =everal ways that the wires can

he hrooeht out of the house and inte 4 separdte garage or accessory building,

le hinle

(=1t shiw's enieml onfrafce cap requaring only a si

4 ¥YEry L

through the wall. The cap is used at both ends and is suitable for dse with cable

15 shiw Y can also use conduit by running it directly into the fitting, which

wonimrmodate inch condunt
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One-piece
head

_Lannector

-,

~~(able

Fig. 10-16 The easiest way af bringing wires
inta a garage or similar building & 1o use this
special entrance cap.

Shown in Fig. 10-17 is another way of using an ordinary entrance cap (as used for
service entrances )y 4 short picce of conduit, and an eutlel box inside the building,
Wiring for lighting and receptacles  oralight inagarage or accessory building
that can be controlled otk there and at the house, three wires need (o be run from
the house-and a threg-wiy switch installed ar each énd, wired as shown in the basic
diagram of Fig, 10-18 on the next page.

For receptacles that operate independently of the garage light sa they are always live
whether the light is on or off, four wires are required hetwesn house and garage.
Follow the diagram of Fig: 10-14. i
Calculating feeder wire size  Feeder wite tive is based on the size of the Toad
it must carry. To caleulate the load of an accessory building that is a woodworking
shop, machine shop, ceramic shop, greenhouse, etc., be sure to include the nameplate
ratings of all the equipment—unliess it is a one-person shop where ooly ane tool
will be used at a tirme. In that case, instead of adding 41 the tools together, just add
in the tool with the highest ampere rating. Prowide plenty of light, calculated at it
less than 3 walts pet square foot, and add 180 volt-amperes for sach general-use
réceptacle, Pun't forget outside lighting so you can safely get back 1o the house
after dark. If the accessory bullding is some distance from the houwse, calculate the
villtage drop, or use Tahle 4-3, so the feeder will not be undersized.

Service
head

=
= Dutlet box
Fig. 10-17 Another method _Locknut and bushing
of entering 2 buliding. using an
wrdinary emtrance cap, condiui

P e
— Londuit nipple
and & box inside
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House

Fig. 10-18 Diagram for
garage light fied by 3weres

from house with 3-way

switch at each and

Fig. 10-19.11 a
receptacle that is
1o be permanently
on is added, 4 wires
are needed;

Grounding Whoere there is equipment in the garage or other detached building
that roquires grounding (metal boxes; grounding receptacles), either bl [}.11'
alertrical circuit or feeder o the garage as vou would a service Las described in
Chapter &1, installing a grounding electrode and a grou nehing electrode l.uﬂductl.or.
or run 4 separate equipment grounding conductor between the rwo 'r?\uildiu;.zs-. Size
the grounding efectrude conductor the same way vou wondd sieea simiiar cunnlml:u'ur
at the main service, using the discussion an this tpic 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 mietal pipmg al:ch_ as water
pipe runs between the rwo buildigs, the grounded condue torat the sed |.|1d building
must be insulated from the enclosure and not connected to the water pipe or other
srounding electrodes. [n this case, o separate cquipment grounding u_1r115u|_'|nt i.i
required 1o be run with the feeder, 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 f the
wire, For 15-amp and 20-amp protective devices, size this conductor at L4 :'-ml |2
AWG respectively. For larger circuits up 1o 6l amps, Use a [{F AWG wire; for stll
larger circuits up to [0 amps; usean 8 AWG wire, and for even larger circuits fup to
200-amps) use a6 AWG wire, These sizes pertain 1o copper wires: refer to the table
inthe NEC for other circutis or if vou afe using aluminum grounding wires,
Disconnecting means You must supply a local disconnecting means for all
separate huildings and structares fed from another butlding on the property,

even an accessory building to a single-family dwelling. The NEC does relax the

ruled a litthe for residential applications. For example, vou can use soap switches a5
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disconnects mstead of cuipment suil ible for use a5 service cquipment [ th

ule ). However, cach disconnecting means still most be
naicate tunction and the load served. For comparatively sir ;
- 7 S - ¥ - " 1 1 & ! | -
autbuilding applications, the disconnecting rules boil down o the following

Ungrounded wires supplving a load intended 1o stay energized, such as a recep

15 located at 3

At O enirance

A stusp switch 15 @ permissible disconnecting means, including a three way

switch with no identinable OFF position

e switches associated with a single source of supply, such as a so branch
circelt, must be grouped, althongh they needn’t be as close as adjacént snap

switches in a twib-gang box

Fach switch must be marked with s fur n. It that function is obv such

as theoverhead light, NEC 1.2 2 allows some basis for amitting this marking
However, 1f vowdo provide the marking you won't be challenged
lv 3 treezer, and the owher wants to

ertently. Assumethere will also bea light

supperose vour mstall a ":'l_\_'|,1ltll,|i_"_'|.1| wil

b assured that it won't be turned off ir

controlled from the house and the garage using three-way switches, Mark the three-
way switch i the garage LIGH T and run the receptacle feed through a single-pole
snap switch in another box near the three-way switch, perkaps at an ndd heighr,
say 3 feet above the floor. Over the -.:-!i‘lr.‘,‘; switch place a weatherproo
precludes inadvertent operation, and mark

Wer fhat

“ o similar,

INSTALLING SERVICE EQUIPMENT AND WIRING

CHAPTER 11
Cable—Nonmetallic-Sheathed and Armored

STS OF TWO OR MORE wires assembled tegether and enclosed

in a cov g The two most comimon tyvpes are nonmetallic:sheathed cable and

rnred cable, For descriptions of their characteristics; including covenings and

size nomenclature, see pages 3234 Approved locations and installation methods

tor the two tvpes are deseribed in this chaprer

NONMETALLIC-SHEATHED CABLE

Nonmetallic-sheathed ¢

is light in weight, simple W install without special
tools, and costs less than other kinds of cabie. Tt is often called * Romes,” which isa
trade name of one manutacturer. There are thre
N, Type NME, and Tvpe NMS

nds, which the NEC calls Type

[vpe MMS is comparatively new. The 8" stands for signaling, and refers to an

additional setof sigraling cond

wetors tor use in apphications covered in NEC Article
by concerved, this technolog
|

adidressable

781, the so-called “smart house I:'L"'I'.'!l.llllf_:'.' Aso

nticipated a fut ic generation of household appliances teaturing

compuzer chips for central control. The wiring vvolves umgueky cor ~,__?L|||_':| TECEp-

tacle outlets that remain de-energized unless the appropriste appliance is installed

ind 15 drawing itz appropriate currenl

This technology has proven premature, and other than d few prototypes, no such

e are a number of wiring
tlers, As this book

5 written, there 13 @ manor controversy |lr-_‘".-.'|:'|g|--:T whiether i||.". MNAMS ..'.'ll“]lﬁ:._.'

houses have comeon the peneral market. However, the

schemes that for computerized control of specihic nu

et contrnl method. As a general rule, control conductors
¢ cable

1 pirwer Conductors. Be Fware o f this controversy, and

1 allowed wathin the sar

['vire MM cabling aren

lam on anstalling this wiring without gztttng a ruling in advance from:you

lescribed brietfly under

Where used Type MM cable, shown in Fig. 4-34 ar

1at i vIng, mav be usad on N Here gy abry retalisdr LhCal FRaris, DY PR NavInL Wils
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exposure o the weather, and not to be buried inthe ground. Type NMC may be used
instead of Tvpe NM anvwhere. Its use is reguired in damp or corrosive locations such
as barns and other fiirm buildings | further discussed in Chapter 17,"Farm Wiring”),
darnp basements, and so o Install it as vou would ordinary Tvpe N

In some localities it may be difftcult o focate Type NMOC cable: In that cage use

Tvpe U'F which s verv simmiar, doesn't cost much more, and tuiy be used wherever
Mvpe NML may be used. In addition. it may be used i wet locations or buried
directly in the ground. Type UFis discussed in more detail in Chapter 17 on pages

TRS-190

Building restrictions  There has been o dramatic change in the allowable uses
of Type NM cable in the 2002 NEC. Type NM can now be used in-any building
permtted to beof Types HE IV or V construction, even if actually constructed as
Tvpe l or ll; provided the cable s |=:m ated behind the same sort of thermal barrier
normally required for ENT (Fig 12-7) in high-rise bufldings. Thire is no NEC
warver for buildings witha sprmk]er systent, as1s the case for ENT, however, building
codes generatly permit more extensive buildings 1o be constructed as Tepe 11, 1V,
or Vit a full sprinkler system i51n place.
[Tvis i the first time the NEC has pur building construction {ypes at the center
of a rule governing the use of a witing mothod, Refer ty NEPA 220, Standard on
Types of Bulding Conatruction, fur the complete descriptions. Thevare summarized
as tollows: .
Tepel—All structural members are noncombustible (or limited-combustible)
and hove fire ratings generally of three or four hours: (ess in somie cases)
depending on the specific usage.
B Tppedl—Allstructural members are as in Tvpe [ but the fire resistance generslly
drops to two or one hours ess insome cases) depending on the 5_-[:!(“\':1:1; usage.
W fype IH—All exterior bearing walls are noncombuastible |or limited combustible)
and have fire ratings of at least two lowrs, but inlerior structural elements can
be of approved combustible material,

Tvpe IV—Allexterior and interior bearing walls are noncombustible Lor limited
combustible) and interior columns,; beams: pirders, arches, trusses; Aoors snd
roofs are of heavy nmber construction without concealed spaces.

Type V—Buildimaes constructed of approved combustible material that for some
structural glements is subject to a minimum one-hour fire fesistance rting,
For about thirty vears nonmetallic-sheathed cable cowld not be used amvwhere
incany budding that exceeded three Hoors above grade; in contrast 1o ENT, this
d behind a bire finish

Ihe only exceprion was m the case ot a one: or two-family building, where it could

restriction applied whether or not the wiring was concea
be used regardiess of toral hesght, This restniction became the subject of intense
and continuing national debate Some nsdictions imposed further restrictions,

ani some others removed the height Ymitations entirely. Be sure 1o review vour

ol code be

cagse the 2002 NEC changes are ltkely 1o be subiect 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 m many high
rise condomimums 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,
e ampacity must oot exeeed

have a ¥°C temperature rating, the final allowa
that given in the 60°C column (refer 1o Table 4-1]. This restricts the number ot
cables that are “bundled” for longer than 24 inches, This includes routing more
than one cable through a suecession of single hored holes. You need to consider
this requerement in a basement, for s.‘hi1r1'l|."|i'. where you l11l;:,'Tl‘- be tempted to run
large numbers of cables hack to the panelboard through a set of holes lined up
through the Hoor josts and enching at the panel. Asa practical matter, putting
WEC310.15(Bhi2)a) together with 24040811 1) under this restriction means that
for commuon applications you can't put more than four cables together thoough a
common set of holes,

Removing insulation Remove the outer jacket of the cable for 10 10 12 inches.
Yiou can use.a knife, cutting a it parallel to the wires and being careful not 1o
damage the insulation of the individual wires. For Type NM, the cable ripper in
Fig. 11-1 15 very handy and faster than a knife.

Bending Bending cable sharply may damage the outer cover. The NEC savs thas
all bends must be gradual so that, if continued in the form of a complete cirde, the
circle would be at least 10 times the diameter of the cable. Cable must always run
in continuous lengths from box to box with oo splices except inside boxes.

Fastening (Jable 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 rype shown
in Fig, 11-2, rather than the staples illustrated m Fig. 11-17, because it is too easy
to damage the cable by driving staples ton 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 comcealed in the walls,

Fig. 11-1 Uslng a cable stripper |5 the fastest way To remove insulation

t‘

T
\

Fig. 11-2 Support cable at least once every.
4 fest Use straps of this generml type.

—H

¥
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Whether exposed of concealed, cable
may either follow the side of wood b

members or run through holes bored in —

the approximate center of studs, joists, or Cable— ™ :

. Running board
rafrers, Where the edge of a bored hole ar Strap
the nearest surface of a cable on the side
Fig.11-3 Exposed cable runming across
timbers must be protecied by a running
Egard i prevent damage;

15:tess than 199 inch from the face of the
workd member, & ' -inch steel plate or
bushing must be installed 1o protect the
cable against Muture penetration by nails, ¢rc. Feed and pull the cable carefully
through bored holes to avoid damaging the outer jacker.

Protecting exposed wiring I the finished wiring 15 expused ( for example in
unfinished basenents), 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
t such timbers (unless the cable runs through bored holes); @ running board
must st be installed (see Fige 11=31, The NEC is mot speific 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 toltow the surface of the bulding
except when mounted on running boards. In unfinished E}a-.um-;;nr_:., it vy be run
through hored holes throogh the center of jowsts [cables 8-3 AWE or 6 2 AWG or
heavier may be mounted directly across the bottoms of joists withour a ranling
hoard ), Where ton parallel to frarmieyg members, ran cable on sides, 11 inches or
more from face. Inaccessible attics; cable may run at an angle to juists if protected
b guard strips at least as high as the cable, as i F ig: 11— Onlv where necessary
to provide pratechion against physical damage, Tvpe NM cable can be drawn into
any raceway, with a bushing mstalled on e raveway ends.

By NEC definition, wiring
abowe suspended ceilings
with lifi-cut panels is
considered “exposed”
In all allowable uses of
Type WM cable other
than residential, new
resfrictions enhance the
.‘-‘.li,"FH.‘u'] IL'I.]l.!lrl;'l'lll;'I'IL‘i [T
this cable. I cases where it

P Guard strips

15 routed across bar joists,
Catile etc. above such ceilings, it
cannot be run “as open
runs” 1emuest be placed on
running bosrds or routed
Fig. 11-4 In attics, guard strips may be used, If run thraugh — dlong structural members

bored hiodes. the cable needs no further protection instch locatons.
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Use cable with grounding wire  Types MM and NMC are made both with and
without & bare uminsulated (of green) grounding wire in addition to the two or
three insulated circuit wires, but are seldom seen without the grounding wire, bee
Figs. 4-3A and 4-38. In Chapter 10, thediagrams and explanations of wiring proge-
dures are simplificd by leaving out the grounding wire, But for most installations
using nonmetallic-sheathed cable, vou will use the kind with the bare uninsulated
erounding wire. Connections tor the bare grounding wire are explamed below
Where used (Cible with grounding wire is required to tun to practically every
by, though at one time 1 was required to run unly to boses containing receptacles.
Since all receptacles in a dwelling must he of the three-wire grounding type, and
all exposed metal parts of highting fixtures and all metal boxes must be grounded,
the only location where cable without a grounding conductor could be used
would be toa nonmetallic fixture (such as the kevless porcelain or plastic socket in
lig-9-4E] or toaswitch ina nonmetallic box with a nenmetallic cover plate held
on by nvlon screws. Tt s more practical to use only cable with a separate bare (o
green) grounding conductor t every box. In fact. the nongrounding conhguration
is very unlikely o be availahle even it vou could use I,
Connecting the grounding wire At the starting point in the service equipment,
connect the bare grounding wire to the neutral strap, vr separate grounding bus,
in the cabinet, If the circoit originates in 2 separate panelboard that is not part of
the service egripiment, the bare grounding wire must be connected o a separate
equipment grounding bus that is grounded 1o the cabinet and nat tor the neutral
becaise the neutral is insulated from the cabinet ar such locations. At all boxes,
corinect the insulated wires as if no grounding wire were invalved, Al each outlet
or switch by, the hare wire must be properly connected. IF twoends of bare wire
enter the bas, cut another piece of bare wire a few inches lung or usea commercially
available green insulated or bare pigtail assembled to a screw. Connect all three
ends solidly together—you can use a sulderless connector {Fig, 4-18). Ground
theopposite end of the short wire to the box tself. ¥ou can use a chip [ Fig. 11-3],

i — Grounding

/ wire to recegitacle

Wallofbbe & i

Grounding wire ——_
to receptacle T Switch box

Fig.11-5 The grounding wire to the green terminal of 2 receplacle may be grounded tathe
ew or grounding i 4% shown at =it above

e Lissr g eitfer a grounding sor
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or install an extra screw in one of the unused hisles n the box. That screw mav be
used only for gronnding the bare wire

Receptacles in boxes
(o insulated green wire) from the green terminal of the receptacle to the junction

If a receptacle is to be installed in the box, run 4 bare wire

of the other bare wires. Your solderless connector will then inin four ends of Bare
wire. See Fip. | 1-6

Solderlass However, many UL listed

COnNECTor

To green terminal

self-grounding receptacles
| of receplacle
b

are pow availzble with

special mounting screws
held captive by wire
springs for cannedling
the recepracle to flush

minunted bowes, providing
an elfective bond hetween
the receptacle yoke and the
metal bk, {When using
nonmetallic boxes there
is nty need to conneyt the
bare wire to the box, but all the bare wires must be connected to each other and to
the green terminal of the receptacle, | I a receptacle is installed in a surface-mounted
bax such as a handy box in a basement, 5o that the mounting sirap or voke is in
good solid contact with the box, the wire frum the green terminal is not required,
Regardiess of circumstances, the bare wires in the cables must always be connected
(o cach other and tw the box. Be sure to fold all the hare wires well back into the
box s they cannot later touch a live terminal on H:.: receptacle.

Screw in box

Fig. 11-6 How to install the bare grounding wire of
ronmietallic sheathed cable,

Importance of acontinuousground Mo martter what kind of boxes are used, the
grounding wire must be instafled 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 hox must not interrupt the continuity of the wire, This is in the interest of goad
grounding, which means a greater degree of safety, Instructions for conducting 4
conlinuity test are given in the next paragraph. ..

Testing the installation Even expericnced ELLTI iciany who have confidence
in their work test their installations, You should thst your work beforeitis covered
up and before receptacles, switches, and fixtures have been installed so that any
correctionscan be made while it is still accessible. 10 your testing hefore the power
-u_upp'.jcr has energized your installation, There are two tests, The purpose of the
hirst is 1o check fisr accidental grounds, and the purpose of the second is 10 make
sure the conductons are continu s,

For both tesesall wou need 153 continuaty tester similar to that shown {n Fig. 1 1-7
It 15 a “penlight”™ flashlight adapted for testing. Before each use, test the tester by
touching the alligator clip on the flexible lead to the profecting prod ar the lamp
enel. It the wester is workang, the lamp should ligh
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Fig. 11=7 A continully tester
se anly on de-energized
circwits. It is also handy for
iesting fuses. (AN Spery

Iy HRTFE TS dne

Testing for accidental grounds  Conduct this first test after the Tough wiring is
completed. In new construction that means wuork at the p.anﬁm..ard is completed
and all permanent splices in the branch crcuits are completed, Conduct this 1e51
hefare the power supplier has energized your installation. At the P.IIII:".h{‘.I.iLTEII. be
sure all the circuit breakers are off or the fuses removed, At gach switch Tocation.
temporsrily connect together the ot leg and the switch leg; either by using a
soilderless cunnector orjust by hooking the hare wires together. Now go to ¢ach
lighring or recepracle outlet and connect the alligator clip of the tester 1o the switch
leg supplving the fivture (or the hot leg to Uhe recepracle i, and connest the prod
an the tester ta the equipment grounding conductor (there should be one al every
oatlet) as follows!

& If the box is nonmetallic—simply touch the tester prod to the bare or green

groumding wire,

£ If the hax 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 lght should not go on. This establishes {hat the hot wires

throughout the job are “dlean”—not scadentally grounded.

Testing for continuity  For this test, use a wire jumper {consisting of short wires
that you cut for this purpose ) o femporarily connect the twa “hot "rerminals {black,
or black and red ) and the neutral grounded { white) terminal together at the panel-
board. ‘Turn all of the circuit breakers on, or insert all the fuses. Now return to gach
outlet and use the continuity tester to test between the hot (blackl wire and the
arounded (white) wire at each outlet. The test lamp should light. showing thers
is continuity in both sides of the circuit back to the panclboard. When testing 1s
completed, he sure (o remove the jumper at the panelboand.

ARMORED CABLE

armored cable (Type ACT is called “BX™ by many people; though that s the
trademark of one particular manufacturer. 11 is quite simple in construchon | sec
I 11-81, The wires are thermosetting or thermoplastic, each wrapped ina spiral

laver of iough

iIN-
paper. The spiral armer is made of aluminam or gak aruzed steel and
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15 strong but flexible. Betwieen the paper and the armor there is 4 hare aluminum
hLIFIIJH‘.I!.: SITIP 07 wire, This, [I.'Igf_’ihl:l with rhr armaor itself, serves ||}._- SAME PUTPOSE
a5 the bare grounding wire in nonmetallic-sheathed cable. The armuor itself is o 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.

_.__-___::.‘_,ﬂ.-'ﬁﬂl'.lldlng-ﬁ[rlf

Fig. 11-8 Armored cable conslsts of 2 or 3 wires protected by a lgyer of tough paper and
flexible alunvinum or galvanized stesl armor Note the banding strip undet the armar.

Anather cable with interlocking metal tape armoe, calléd metal-clad, Tvpe MC, i3
similar imappearance 1o Type AC cable and can bie tsed in the same locations and
environiments. Instead of supplementing the fault return path of the armor with
an aluminum strip, Type M cable includes a separate green insulated conducenr
for equipment grounding purposes, There are actually three tvpes of M cable, but
this form, called “interlocking-armor” type, is the only one used for nstallations
commonly within the scope of this book,

Where used Armored cable mav be osed only in permanently drv locations.
Bon't use it vutdoors. Type MU cable is available with a nonmetallic outer jacke
suitable for more extensive wses. including one form suitable for divect burial,

Cutting The safest and quickest method of culdng armored cable is 1o use a
patented cable culler as shown in Fig. 17-9. It emplovs a circular saw blade o cut
the armor, and has a stop to prevent cutting into the conductors. Make the cu
about 10 inches from the end sovou will have plenty of wire in the box for conned-
tioms, I a cable curter i not avatlable, use a hacksaw, holding itat a rightangle 1o
the strip of armor (Fig. 11-10), Be caretul to saw only through the armor without
touching the insulation of the wires )

orthe bonding sirip. Thisis noteasy, ™
soit helps fo make some practice cuts 4
onscrap cable, Try bending the cable

sharply at the point where it is to be |

cut. It is difficult 1o saw completely L
through a single turn of armaor,
bat usually 1f 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 twist will remove the
short end (sce Fig 11-11]

Fig. 11-9 ‘A cabile cutter offers the safest and
gquickest method of cutting armored cable
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-4 Fig. 11-10 in cutting armmored
cabie with a hacksaw, note the
proper-angie of the blade Be
careful not to damage the wires

Flg. 11-11 A twist will remove the cut
end of the armor. Let about B inches of
wite extend beyond the armar.

Anti-short bushings and connectors  1f you cutalength of cable and examine
the cut end of the armor, you will find sharp, jagged edges pointing inward lowward
the wire. These teeth tend to puncture the insulation of the wire and cause short
circnits and grounds. The NEC requires bushings ol 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. 11-121

Fig. 11-12 aAlways use a fiber or plastic anti-short bushing at the
éridl af the cable between wires and the armor it provides protection
against the sharp edges of the armar that might puncture 3 wire and
rause 3 ground of 3 short tlreult

I somie cables anoverall paper wrapping may make it difficult to nsert the a.nu-t.!}nrl
hushing. To make room for it, unwind the paper a few turns !Jnnh:r the armor, then
give it a sharp yank and it will war off inswde the armaor (see Figs, =13 and LI=14].
Then inser! the anti-short bushing as shown {n Fig. t1-15. Figure 11-16 shows
Lross-section of a picce of cable with the anti-short bushing properly inserted.
Leave an inch of two of the bonding sirip projecting beyond the end of the armor.
Insert the anti-short bushing as described above, then fold the bonding strip aver
the bushing and back along the outside of the armor. The bonding strip will help
hold the bushing in place until the connector is installed.

Then install & connector as shown in Figs:9-12 and 9-13 {unless you are bsing
hanes with cable clamps, which make the use of cable connectors unnecessary . Lhe
comnectors 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”
thiruweh which the color of the anti-shart bushing can be seen This allows the

ispector to see that the bushings have been installed. 1f vou don't use the bushings,

your job won't be passed by the mspector
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Fig. 11-13

unwing a rew' Tul

Fig. 11-14 A st

Anti-shart I.-
hing .~

g S
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Fig-11-15 Irisert the anti-short blshing Fig. 11-16 A properly installed anti-short

DETWESN WITES and armar bushing.

Forr 1y pe M cable, the anti-short bushing isn't reguired at the cul ends of the armer,
but sume manufacturers furnish therm with cach coil of cable, and it is a good idea
to use them. Fitlings must be Identificd as suitable for usewith Tipe ML cable,

Installing armored cable Afier vou have pre

cable with bushings and connectors, install the cable as described for nenme-

ired the ends of the armored

tallic-sheathed cable on g g 124, Like nonmetallicssheathed cable, arminred calile

must be supported every 4°: feet and also within 12 inches of each box, It mav be
supported tsing straps (Fig. 11-2}similar to thase used with nonmetallic-sheathed
cable, but staples, are more frequently useds see Fig. 11-17. The beler ones are
F".’I'[:"'J to resist rust, Dinve the staples homew |l+| & hammer, but not hard -_:*|'||'||J_‘;'_;|'|

(8] L{.illl"-l}f\.' the cable.

Far drmared cable, the problems concerning correct colars of wire are exactly the

Satme as with nonpietallic-sheathed cable. As with nonmetallic cable; splices are not
permitted, The cable st be in one piece from box to box, 1 3 splice is necessary

make it ina junction box as shown in Fig, 10-11

Ancharing for grounded connections Be especially careful in anchoring the

onnectors o outlel and switch boxes, The connector must be tightly ¢lamiped

I the armor of the cable. After
e con 1 knockaut of the
i Fig. 11-17 H 3 i
£ ? drive the locknut down aehtis to it

Tt | A% Ot

\ tlow throaget
1 At Fe

L1 -
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in the cable s grounded, The grounding strip 15 also grounded. 1t the black wire

at some point where the insulation s removed acadentally touches the armor of

the box; the result 15 the same as touching the white wire, Tt 15 a ground fault and

""" nar circ slow ar the arc

CAUSES the Mise protecimg 1 CIre o
signal that something is wrong
Grounding terminals of receptacles in boxes

ol the |.-_._'|_|"i_l_|_i_ must e effectrely prounded. Bat with armored cable th

no need for the extra grounding wire that is part of nonmetallic-sheathed Gbie
Instead, the armor of the cable and the bare alumanum grounding strp Ender e

rand, interlocking -armor Type Ml

Armmier serve the same Purpse i the other
ik WA cable, will always have a separafte Cll!'.IT1L|:r'._5 conductor, and that

-ahle
w1 ] {8

conductor 1s handled pust as the one for NM cable,

rm and sobid metal-to-metal contact

I the mounting voke of the recep
with the box, a5 in surface wiring, nd further action is necessary. In flush work the

plaster ears on the yoke of the receptacle usually preventit from resting directly on

tallic contact between the box and the receptacle

tTe e, As a result the only m
is through the small mounting screws, and that is not good enough, Unless you
use the :.p;;-\i.alh approved self-grounding receptacles designed for use without the
grounding wire in metal bones (see page 126), viru must install a shurt length of wire

F 1 1 S NI e
[ram the green terminal of the receptacle to the bos, using either of the methods

discussed for nonmetallic-sheathe ble on pages 125-126.

Testing the installation  Perform the same tests deseribed earlier in this chapler
on page 127, In the test for accidental grounds, use the second rest {starts with
“[f the box is metal...” ) which calls for touching the tester prod (o the metal box,

vl cahle

hecause only metal boses are used with armir
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CHAPTER 12

Tubular raceways

RACEWAYS ARE PROTECTIVE w iring enclosure through which conductors-are
palled or otherwise inserted after the conduit is installed. The wires and cahle s
alsis be removed from conduil if necessary, This chapter covers common tubular
raceways, through which wires are pulled from end 10 end, The NEC PO EnLzES

|

miany Other racewavs, including forms into which wires may be installed througli
remuovable covers, such as mullivutlet assemblics (Fig. 13-23 1, The most conmonly
used rypes of tubular raceways are rigid metal conduit ( RMOC, tisid norimerallic
conduit (RNC}, intermediate metal conduit (IMC), clectrical metadlic tubina
(ENTE electrical nonmetallic rubing (ENT), flexible metal conduit | EMCI [alsey
referred to as *flex” or by the trade name “Greenfield ", and Tigquidtshr fexible
metal conduit {LEMC) and liquidtight flexible nommetallic conduit (LENC), This

by 5 1 Pt . fea] ] 2 o i = =
chapter explains general installation procedures, followeid by details specific wo cach
of these fubular raceways,

CHOOSING AND INSTALLING TUBULAR RACEWAYS

For raceway gizés thére are ¢

cific NEC tequirements for cach type, while the

general information given below about box depth, bending, and anchoring applics
toseveral tvpes, In general, these raceways miy be broadly divided ingo three groups:
nonflexible heavy-wall tvpes, 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 tvpes, all of which have the term “Hexible™ in their name. All FHCEWAY WITLNE

rrethisids must be listed, witich means they most bear the Libel of 1 recorgnized

testing laboratory. Review Chaprer | {ur examples,

Calculating correct raceway size  The size of raceway vou will need to wse i

determumed by the raceway type and the dimension and number of wines. Whatever

304 and C8 i Annex O of the NVE

tvpe 0f tubular raceway 15 used, 1

restrict the mur

o used inside each size and e Ninte th

r ol wires that mav b

miethod, bécause the actual cmoss
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T calculate thie mimmmum suee Taceway for cormbinations ol dhilferent sizes of wires

i i the same raceway, refer to Chapter 9 the NEC Use

or types of insaiar

way, Table 4 to find internal

[able | to find the permitted percentage of bl g

" = L L= PR R e
dimensions of wirifig raethiods; and Talle 5 to find dimensions of insulated wires,

Apain, these NEC tables are too lengthy to reproduce here

Box depth with all raceway types When installing any kind of raceway, be

i hemes deer enoueh so that the knockouts on the sides or ends of the box

SUIEE Tor ks

are sufficiently near the back to-allow room for the conduit behind the thickness
of the wall or ceiling finish matenal

Bends inraceway Mo run (as the raceway from box to box s calted ) may have
muore than the equivalent of four guarter-bends (o toal of 360 degreesi in i Unal
you gain experience you may find it hest 1o hend the raceway first, then cul 1o the
required length, because the finished piece after bending may turn out to be a
fraction af an inch too long or oo short

Anchoring with pipe straps  Support the racoway using pipe straps. |1 mst
be supparted within 3 feet of every box, with additional supports not more than
10) fect apart for electrical metallic tubing and for trade sizes 'z and % rigid metal
cenduit and imtermediate metal conduit. You can find support spacing requirements
per rigid and intermediate metal conduits in Table 334.30(B)(2) of the VR

|'| M E.|
Monmerallic racewavs and Hexible raceways have different support reguiremenis,

covered later in the chapter,

Wires in tubular raceways All

wires must be continuous, with oo I

splives permutted inside the run, The
raceway is Arst installed, and the wire _ _
Fig.12-1 Rigid metal conduit keoks [ike water

is pulled in1e it later See page 140
ik . ' ML pipe but differs inseveral important aspects. |t

= AT LT wire 1nto
for instructions on pulling wir i comesanly in 10<foat lengths and each length
raceway bears a UL labea|

NONFLEXIBLE HEAVY-WALL CONDUIT
Location requirements and other details of the three types of heavy-wall condunt are

described here. Thinwall and flesible methods are covered later in this chapter

Rigid metal conduit {(RMC)  Generally steel, thoughit may be made of aluminum
or ather metals, rigid metal conduit (Fig. 121 differs from water pipe in that it1s
carefully inspe ted 10 make sure the inside is entirely smoath to prevent damage
toy the wires as they are pulled into the pipe, 11 has a rust-resistant finish inside
and outside

Where used  Hagud metal con

y require supplementary pr

it mav be used either indoors or outdoors, but 1t

ection in cormasive locations such as in cinder fill

alent sirés of stan-

Sizes RAI has approximately the same dimensiins as o

{ard weght water pipe, Actual dimensions of standard sizes of raceways do not

syactly correspomd to theltr common noimEl made siee is reason, and for
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companbility with countries using the metric svstem, the NEC no longer refers 1o

raceways as~ |-inch” and soon. Starting with the 2002 NEC “trade sive designa-

tors” or "melnc designators” (depending on the measurement svstem ) are used

instead. These designators huve no wnits: Standard sizes of fipd metal condur are
Irade sizes 4, Y4 10 1 e Ui 2oand s, plus |.1F!Z':!' s17es used mostly in commercial
and mdustrial work. The actual inside diameter in mches is shightly larger than the
L"I’h’.“-]"ll.‘-'ll.Jlr]__n: trade ssze II:.'.'\:._L' 1AL .
Bending If comduit 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 reguines
hends which, if made with mest benders and if continued into the form of &
complete circle, would be at least 8 inches in diameter | measured o the centerdine
of the canduit ) tor trade stee 5 9 inches for trade sie Yo ULV inches for trade size 1
4z inches tor trade size Ly L6 inches for trade size 19 19 inches for rade size 2
and 21 inches for trade size 214 o doa good job, use s bender similar tothe 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 allowalile radii for all sizes
arcin NEC Table 344.24. A separate set of dimensions is included for condult ben
with a hickey, which does not offer as much support for the raceway, and which is
inched along the conduit instead of making the bend in one shat (motion).
Cutting and threading The preferred way o cut nigid metal conduit is to use a
hacksaw with 4 blade havimg 18 teeth 1o the inch. Cutting leaves a sharp edge or at
least burrsat the cut, which can damage wires as they are pulled ineo the conduit
Usea pipe reamer to remove these dangerous projections, Thread the conduit using
dies similar to those used with water pipe, with a taper of % inch 10 the foot :
Anchoring with focknut and bushing  Conduit is anchored 1o a bok by means
ol a locknut and bushing (see Fig. 12-3). The Iocknut is used on the outside of
the box, the bushing on the inside (5ee Fig, 12-4). The locknut is nét fat, but has
teeth an one side; the side with the teeth faces the ho, The bushing has a rounded
surface on the inside diamerer over which the wires slide while being pulled into

the pipe, Toanstall, first screw the locknut an the pipe as far as fewill gy, but don't
div the final tightening yet. Next slide the pipe thi®ugh the knockout in the box.

Fig. 12-2 A canduit hender, and
method of use This one bends
l-inch rfigid or intermediate metal

conduit, or 1%-inch EMT. For best

redults, uze rthe heaviest foot
Bressure you can manage This
bender Has a hinged, two-posttion

foot pad ailoedng heavy, straighit-

down oot pd

B

¢ througholt the

bending
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Encipsure wall

Bushing &

Locknut

-

Reamed sdge s |

Fig. 12-3 Condult |¢ fastened 1o
boxes by means of locknuts and @ _1 P
bushings. both shown abave i e

v, —— Conduit (listed)
Fig. 124 This shows how a lockniut | T Lacknut edge
and bushing are used, Be sure the Rounded lip bites [t box

[neknit [ driven solidly home,

Instafl the metal bushing on the inside of the box, screwing it on tightly as faras it
will go. Finally, tighten up the locknut on the outside of the box making sure the
teeth dig down into (he metal of the box, It is common today to use nonmetallic
Lushings, which do an excellent job of protecting the wires; but which are not strong
emough to anchor the conduit. Use a locknut on beth sides of the enclosure wall,
and then add the nonmetallic bushing,

Grounding It is important to tighten the locknut as just described In order o
prowide a gond continous ground. Many electricians prefer—and some local codes
.quujrr—llv: douhle-locknut procedure just deseribed. After applying the double
locknuts visu can use either a nonmictallic or metallic bushing. However, If any of
the |_1|'_||__:l~[|'|.l._|r|_|_||_'|\i WITes .TJr_'iI'IIl_T, FII_'I”_L".j in are 4 AWG o !':'II'_EE!'- the |.'|Ll5h-I§'It', miust be
neinmetallic, or if metal, it must have a nonmetallic insert in its throat. The NE
reyuires doable locknuts {and no concentric of eccentric knockouts ) where circuits
aree over 250 volts to ground, Otherwise, use a grounding bushing as shown in
Fig. 825 with a4 wire connected to bond o the main wall of the enclosure. Size this
wire just & vou would an equipment grounding conducter, as covered under the
topic " Grounding” near the end.of Chapter 10

Rigid nonmetallic conduit (RNC)  Thereare many types of nonmetallic conduit.
Impregnated fiber, Aberglass epoxy, and polyethylene are used primarily under
ground. Only polyvinylchioride ( PV is discussed here, It is light in weight, easy
ty iestall, and has excellent moisture and corrosion resistance. When caleulating
fill firr PVC, be sure to include the equipment grounding conductor, required in
essentiallvevery run. See NFC Artde 352 tor further details.

Where used Except for some hazardoos locations and for support of hxtures,
PNVC can be used wherover rigd metal conduit is permutted, and is preferred for
some corroaive liscatioms

Sizes PVC condunt in “Schedule 407 has the same dimensions as rigud metal
condiit, and in the heavies wall “Schedule 807 1t has the same outside dimensions

bt reduced mside dimensions
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EEﬂdilﬂg | ":':'nl:-‘-“-h—-|:”|||'-.."\-.'!F'L' sabvent-cement “welded tiv the outside of the

It ractory-made bends and elbows are avaitable, or the condut can be feld

ent by first appiving I o soften the material and then usng a pg to lorm the
bend, followed by applyviog a wet cloth to cool it. There are seversl ,..-|-,1|n-:|1'|.ell-
produced bending heaters available wsing liquid, alr, or convection. Tn the lareer
STECS, SIS must by taken to mdmtain the round cross section at bends <o t..

ot flatten

l'.'uﬁmg Vi hine-toothed saw can be used to cur the matenal, The =il

should be reamed inside and out

Intermediate metal conduit (IMC)  Made of steel anly, IML has slightly smaller
wall thicknessand farger inside diameter than rigid metal conduit

Whereused  n general, INIC is recognized for the same uses as rigid metal conduit.
Cutting and bending  _utting, threading, and bending are dong the samie as for
rigd metal conduit, except that

benders providing side wall support, sinsilar w the
H T P y ¥ k| | 1 = il T

EMT hender shown in Fig. 12-2, must be used because the thinner wialls st be
suppodted to prevent collapse during bending. Threaded ends will appear a liftle

different; a

the tops of the first lew threads will be flar, bur prraperly cut threads
will mate with standard canduit fittings.,

TUBING (THINWALL NONFLEXIBLE RACEWAYS)

I types in commun use, ove metallic and one nonmerallic, are covered i1 this
chapter.

Electrical metallic tubing (EMT)  1hisis also called thinwall conduit, although

itis not properly described as condu, 1t is shown in Figi-12-5:

0

Fig. 12-5 EMT cannot be threaded, It is mich Hahter
than rigid comdult. It comes only i 10-foat lengths:

Where used FMT mav
Bie used either indoocs o (
outdoors

Sizes In trade sizcs

through 14 it has the same
mstde diameter as ngid metad conduit. The ontside diameter for these sizas is much
smaller than fir rigid conduit because the wall s much thinner: in fact the wall is
so thin that it cannot be threaded. [ rrade s%es 2 and lacger, EMT has the same

outside diameter as rigd metal condui

Cutting and bending A hacksaw with 32 1ecth to the inch is the most conve-
rent tool 1or cutting EMT. The tubing must be reamed after catting. Bend it as
virt wittld rigid metal conduit, but it reguires more care {and pressure | o keep it

Fre

tightly against the inner radius of the hender to avoid kinking:

Anchoring with couplings and connectars | rrgths are coupled topether and

-1 1% v B ¢ et g VPR BT 2o H
connected to boxes with special pressure fittings—coupling and connector of nne

type are shown in

126, together with a typacal setscrew fitting. Be sure the

L

cnad o

e all the way into the connector, against the shoulder ston.

lightening the mu (or setscrew ) securely clamps the whing into the Aoing

Chapter12 Tubular raceways
Electrical nonmetallic tubing R
(ENT) AsBMNC is the nonme- _}—*&Tﬁ i
tallic counterpart to RML, %?p F
electtical nonmetallic tubing s ™

part to EMT, I 18

made of the identical PVC in

the ¢ounte

won connecior and Coupling

Fig.12-6 Acompre

and center] used with thinwall conduit. The conmacton

trade sizes up to 2 inches. but in an the fght: by companison, uses 3 setscrew instead
a -_Llrr||:.;._l-".'L| wiall construciion af d compression ring tosecufe e tubing

that allows it to be bent by hand

without the |r'||'_'||_l|_'=|_!i|_fn of heat, It can be ;._._||_1]_-,-|._-._| meontinis leneths frons a reel
It is cven available asa prewired assembly with speciiied conductiorn combinatiens
vcable, and it is subject to all the normal

restrictions for racewavs; including the 36i-degree bend rule. It must be supporred

relv pulled in pl.'—.\ e, Flowever, it 1sn

every 3 feet, and within 3 foet of terminations. [t cannot be used outdoors or for
direct burial, however, it<an be used in cases where it runs in concrete, even if the
concrete 15 below grade.

Since the outside diameter @and chemical composition of this product is the same
s for PV ngid nonmetallic conduil, you can dse the sames ilvent-welded httings
But there are snap-on fttings that are much quicker to apply (Fig. 12-7). For
commercial wiring use either PVC or plastic boxes and plaster rings, although
metal boxes are acceptable as Tong as vou dom't Ferget to ground them, ENT & also
available ina prewired configuration.

You can use the ENT wiring methad either expased or concealed in low-rise
construction: However, in buildings that exceed three flours ahove grade, 1t mus!
never be exposcd; even in the first three foors. Instead, in other than fully sprin-
Kleted buildings; itneeds 1o be behind a thermal barrier that has at least a 15-minute
finish rating as defined in lstings of fire-rated sssemblies. In the case ol wadls, this
is fairlv easy toarrange becanse must b -inch drywall used in commercial construc-

tion cardies‘this rating: The same holds true above o drywall ceiling. Howewer, af

there is a susperded ceiling (commumn o commercial
aeupaneies |, check with the building mspector: The
part orid and the cerlling panels need 10 be iden

U

tified ag a combination for this duty. For example,

||_:_l.|[1:_:_ IS minute ;‘._1I'I|.'|-\. wionild dono l__.’l.ll."~!' il the
T-bars dumped those panels onto the foor after 11
mimules of fire exposire

[he first fAloor is defined as the one with at lesst half
its exterior wall ared at or above ;_.Llnllj\' level; one

the cormugations on ENT, which allow

1 e b bent by hand (a “pliable” raceway according to tne

an connector ha gty aed

t goes into one of the knockouts
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sddittomil Hoorlevel at the base is allowed for vehicle parking or storage, o ided

it is oot designed for human hahitation, Beginning with the 2002 NEC, ENT can

also be used in :||§-C|'|-I 1se builldings (those over three Hoors ahove erade | without

the use of & thermal barrier if the entire Fuilding has & complete fre sprinkler

system in full comphiance with NFPA L3, Stimdind for the Inszallation of Spronkler

Swstems. The sprinkler svstem must cover all floors, not just the area where the usc

of ENT is being considercd

FLEXIBLE RACEWAYS

Three types i comimon use are covered in

his chaprer. Two are metal, one being
covered with a nonmetallic, waterproof jacket. 1 he thind tvpe is also waterproof, but
mstead of having a nonmetallic jacket over o metal core, it is entirely nonmetallic
1T SIS ReCTION

Flexible metal conduit (FMC) Thiswi ing method, shown in Fig, 128 i avail
able in both steel and lightweiaht aluminum, [ is commaonly referted o as “flas”
or by the trade name “Greenficld

" Flexible metal conduin is similar to the armor
of arrored cable bul the wires are pulled in after the flex is installed.

Whereused Usconlyindooes
in permanently dry locations

(unless using wire approved

for wet locations—one having
a "W in the type designetion,
stctas Type TW . FMO s not
l||”"”1|.|:|.|\l l:'}':LI Ir_-":- a CLIl‘I‘.P.-:[E by |.r|':!:.{I sYRLerT IC_'_'{:\_'I_']_'I'I_ 10 a1ew COMnNIUnITSs, .!":l'.j'_ iT s

Fig.12-8 Flexible conduit is installed inthe same way
a5 armored cable, but wires are pulled into piace latern

widely used where some flexibility or movement is required, such as for maotors,
Sizes Thesmallest for general use is trade siee Vs, but it has abour a3-inch vuiside
diameter. Trade size %, which looks like smaller sizes of Type AC orsome MO cables;
15 permitted for connecting single apphances and fixtures, Refer to NEC 348,200 A
and Table 348,22 fur size and wire fill restrictions for this siee product,

Anchoring with connectors  Install flexible me

cable, Use connectors of proper size, and then |~‘|l'=||| the wires into place.

conduit as vou would armored

Grounding You must also install 4 grounding wire, which may be bare, or
insulated if green. But in lengths up Lo 6 feet, where fexibility is not requdred and

vibration is not present, and where the conductors are protected ar 20 smps or

less, the flex may serve as the equ pment grounding means without an additional

grounding wire. Refer to the grounding topic near the end of Chapter 10 for the

mindmum grounding wire sives. This wire is cted just as the
thed ©

receptacles as with nonmetallic-sheathed cable

vare gronding

wire 1s connected in nonmetallic-shies le. Ground the e lerminals of

Testing theinstallation st as for nonmetallic-she; | cable and armored cable

as described on Pag

L&l

r. In:the test for acad

grounds, use the second test uch calls for

touch

I the box s metal il

g the tester prod to the

Chapter 12 Tubular raceways 139

Liquidtight flexible metal conduit (LFMC) This matenial is similar to ordi-
nary flexible metal conduit, plus it has an ooter liquidtight nonmetallic sunlight-

int facket. It is commonly called "Sealtite,” which is the trade name of one

resist

manufacturer. I is covered by NEC Article 350, Figure 12-9 shows both the material

and the special connector that must be used with it In order to properly seat the

connector, take care to cut the condul sguarely, Part of the connectior goes inside

the conduit, making & good conpection for grounding continuitys part of it goes
over the putside, forming a watertight seal. The plasnc content in the outer jackel
Himits the amount of heat it will stand. In 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
these limits if the product is marked accordingly, The product s made and can be
used in the smaller ¥ trade sive for applications similar to those where s trade size
flexible metal conduit can be used (and with the same ware fill)

In general, as in the case Fig. 12-9 Llguidtight flexible conduit
ol fMexible meral conduit and the spacial fittings used with it
vou aeed 1o install & sepa-
rate equipment grounding
conductorwhen yvou use this
product, Similarly, there isa

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 Is required—however
in this case the exception 1% considerably more comples The limit s 20 amps in
the ' and % trade sizes, and 60 amps i the ¥, 1, and 1'% trade sizes. Larger sizes
cannot be used 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 produc
do not provide the grounding continuity of the listed products [along with other
deficiencies). The listed varieties have a strip of copper wound into the convolu-
tions, and only those vanetics qualify for the limited grounding path allowances.
Lise of the listed product is now an NAC requirement; make sure that what vou are

being sold is actually listed,

Liguidtight flexible nonmetallic conduit [LFNC}  This mutenial his the same
funcrion as its metallic precursor, but hasa completely nonmetallic wall, Tt is avail -
nvely uncommon—the "A” type with

able in three forms, two of which are o

reinforcement between the core and cover, and the *C" type having a cormugated

wall without additional reinforcement, The “B” type, with integral reinforcement

within the conduir wall, has become a very popular wiring method, This type does

wih 1s reguired for fexibility

not have the restnction to 6 feet (unless a longer ler

1 refatvely unusual direumstance that the other types share. As in the cise of the

lic version, vou have 1o be sure the enclosed wires don't run above 60°C, unless

the product is marked accord
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Both this product and the metallic version can be wsed ontdooss, snd even directhy
buried if lsted
marked for this

1 marked tor thassdaty. Where exposcd to sunlight, it st be

dury as well.

INSTALLING WIRES IN CONDUIT

Yssumie that vou have installed the conduit for outlers 1, B Coand Daf Fig. 10-2

'.I'.1..."I.IF'[|.’! 10 The nstallaton will look 45 shown in Fie, 12

10, You are teadv 1o
}'ll” EnE wines o p.'.lc:.'. For a short run with just two smal wirces, theyv can 'r1|.~|'|.

ably b simply pushed in 4t one end ;

teh W the next dutlet, [Fthe funs ane
longer or have hends, fsh tape niuse be used

(ToF Using fish tape [
tape 15 a haghly tempered

Fig. 12-10 Outiets 4, 5 | & D—| ToF £ !
C and O af Figs. 10-1 and 3 WEE] lapica l"-f ut “1'-_"
; wide and ' inch thick

10- 2 installed with rups of

condult and ready for wires J [ As purchased. it will have a
1o e pudled in. A foop formed atone énd. The
B ]
|

tape s flexible enpugh o

oo aroad coeers, but stiff
¢yt enough it 1o bisckle when

pushed intu conduit, Push

the tape into the conduit
antil the loop appears where the wires are to epter the conduit, Push the hare wires
through the loop of the tupe, then twist them back upon themselves as shown in
Fig. 12-11. Tnsulating lape may be used as shown (o help hold the wires. If the loop
on the end of the tape breaks, voucan’t form a new ane by just heniing, because the
h]l:l'.ll'n- ::'I!I;'L'TJ,'L| lape would break. Heat the énd of the tapee wil ha jl(;'l,\'i,"!_f._'l'.l thien
let it coal slowly in air; this will soften the end s 2 new h wip can be formed.

Wiring at boxes [n pulling the wires into outlets of Fig 12-10, pull in short
picces from A to B, separate pleces trome B to 5-8, from B to (0 and from o D

But of the wires from A e B to C for example, do oot require connections at B,

you would feed o length inat 4. through B and on to G leaving 4 loop in the box

at B to facilitate Tuture changes. At each box where a connection is to be made.
leave 1010 12 mchesof wire bevond the box, Outlet -8B will contain a switch: use

only black win

recause NE( 20007 permits a redddentified white wire (explained

PR E T s sl -l o 2 R
on page | 10) only in cable to berun as the supply o @ switch,

Grounding receptacles  (iroumd ih

the self-grounding receptacles mentioned on page |

- ETREN 1E rrminal 10 the box inless vou are wsing

6tk AT TR
26 that make this unmecessary

Testing the installation Test as for armored cable asdescribed at the end

the previoas chapter

Fig. 12-17 Fish tape makss it easy 1o

pull wires into condult

r = —
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CHAPTER 12
Modernizing Old Wiring

IHE WIRING TTIAT WAS INSTALLED in a house many vears earlier, or even as
recently as a decadeago, might not be adequate {ur the jol it is called upon to do
loelay, Some thoughttul analysis will help yvou decide whether 3 complete rewiring
joly is an order, or whether a less cxpensive approach will serve the purpose

Ifthe wiring docs nut include in equipment grounding conductor, either inthe torm
if aseparate grounding conductor ora metallic raceway or Gable armor, asisoften
the case for wiring aver forty years old, consider completely rewiring all cireuits,
Assuming an equipment grounding conductor s present, is the wiring inadequate
because vou are using oo many lighes? too many loor lamps? oo many tadios
and TVs? That is scldom the case: The wiring usually is inadequate hecause you
liave added many electrical applisnces that were not considered or perhaps were
not éven an the market at the Gme of the origimal wiring job, The mstallation
does not provide enough circuits 1o operate a wide assartrment of small kitchen
apphiances, plus range, water heater, clothes dryer, room air conditionersand other
heavy appliances. Some of these aperate on 240-volt circuns, which may not b
available; others operate at 120 volis but when plugged into existing circuits they

pverload those circuits, In addition, the service entrance equipment may be just

fisia smill for the load

T analyre the problem of your parlicular house, ask yoarself this: IF you discon
nected all the appliances, would you have all the lighting circuils you need? The
answer is probably ves, which means that yous rewiring jobyis simplified. You will

still have to rewire the house, but probably not as completely as first appeared

necessary, Proceed as if you were starhing with a hoose that had never been wired,
bat |_._-;|'._':_' the ;-\1-;|||1!_'_||5_'_|i||||-_l|\|r|_'|_iih imiact | !‘II.' W |I-:-.;|..|II"It,.'.LiE\L|i1"-- ol cospirse, 'L\Ii|

nelude many receptacles used for small loads like a vacuom deaner, radio, and TV,

acles for kitchen or laundry appliances.) This chapter discusses

wit not the reaey

stallation, incloding upgrading to'a

the overall plan for modernizing an existing in
larger service and adding new circuits. 1t also offers problem-sobving approaches to

yor are likely to encounter. Everyihimg in previous chapters

the specitic cha

leseribes. the wiring of buildings while they are being it which s called "new
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work.” This chapter describes “old work.” which s the wiring of buildings after
they have been completed

PROBLEMS OF “OLD WORK"

There i little difference between ald and new work, except that in old work there
are a great many problems of carpentry. The problem is to cut an upening where a
fixture is to be installed, and another where a switch is to be installed, and then to
get the cable inside the wall from one opening to the other with the least amouil
of work and without tearing up the walls or cellings muore than necessary,

Cne house to be wired may be five vears old, anothér a hundred vears old.
Dhfferent builders use different methods of carpentry, Every job will be unigue.
No book can possibly describe all the methods used and all the problens you will
meet, Watch buildings while they are being built 1o get an idea of construction at
various points. In old work, good common sense is of more value than many pages
of instruction.

[n peneral, old work requires more material because it is often wise o use 10 extra
teet of cable toaviosd cutting extra opermnngs in the walls or to'avoid cutting timbers.
Many problems can be sobved without cutting any openings except the ones to be
used for autlet boxes and switch boxes. Others require temporary opinimgs n the
wall which must later be repaired. Techniques are givenin this chapter for running
cable behind walls and ceilings, and for installing boxes, switches, receptacles, and
outlets in both lath-and-plasier and drywall construction.

Cantior: Even in an abandonedivacant, or isofated building, always test tor voltage
before starting anv work. [t is possible; with other buildings on the property, or with
a two-meter service for pours and another vocupancy, that there might bi feedback
which would be surprising at the least, or hazardous at worst.

WIRING METHODS

The wiring method you will tse in old work will be sither nonmetallic-sheathed
cablewith grounding wire, or armored cable {oreven Type MO cable ) —whichever
is the custom i vour locality, Nontlexible rageway methods cannot be used unless
the huilding is being practically rebuilt. In a few areas, flexible raceways are used.
In this case b sure to install the grounding wire along with the circuit wires as
discussed vn page 138, .

Knob-and-tube wiring s permitted by Nutional 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 manufactured do not fit the knobs:
It you need to extend a knob-and-tube circuit, or pick up a portion with a new
howse run, extend the wires encased i loom | a lexible woven hbrous nonmetallic
tubang | contmuons from the lase knoly inte a new-accessible junction box, and
change 1o thee cable wiring method vou are using. Consider, however, that it is far
better to completely rewire these arcuits.

I —CTS

Chapter 13 Modernizing Old Wiring

Concealed knob-and-tube, as'y wiring method, has no equipment grounding
conductor carried with it Over the generations, NEC provisions have changed o
the pomt that it is almost impossible legally to wire anything without grounding
it. Until the 1993 NEC, you could go to a local bonded water pipe o pick up an
cyuipment grounding connection, and then extend from there with modern wiring
methods, Now NEC 250, 13000 ), which governs this work, requires that the equip-
ment grounding connection be made on the equipment groundinyg terminal bar ot
the supply panelboard, or directly to the grounding electrode system or grounding
electrode conductor. You are unlikely 1o be searching for a method of grounding
concealed knob-and-tube wiring in a steel-frame building. Rather you will be
attempting this in ald wood-frame buildings, probably residential. In such occupan-
cies, even 1§ the water supply lateral is metallic, the warer prping system cedses to be
vonsidered as an electrode bevond 5 feet from the point of entry. This means fishing
ity the basement. If vou can Osh s ground wire down into the basement, you can
fish & modern arcuit up in the reverse direction and avoid the entire probleam.

It's true that some geographical areas have more exlensive use of slab-on-grade
construction, and here interiur waler piping is sumetimes perinitted to qualify as
electrodes because the pipes extend w grade for the minmmum threshold distance
nf 1 feet, and thereby allow interior connections, But inalmost every case, trying
i extend knob-and-tube wiring is like trying to gréct a4 modern structure on 4
rotten foundation. The same issues apply to antique Type N cable with no
equipment ground, and to old Type AC cable with no bonding strip to short the
convolutions,

4,dd to these problems e fact that beginning with the 1987 NEC concealed knob-
anid-tube wiring cannot be used in wall or ceiling cavities that have “loose, filled, or
foarmed-in-place insulating material (hat envelops the conduetors” Thisethectively
micans that such cavities cannot be msulated, because vou'd have to open all the
walls toinstall board insulation products, and i vou'd do that, vou'd have no reason
to consider trving lo save this wiring method,
[hewriter considered meludingspeciic instructions at this point in how W perform
anextension of concealid knob-and tube wiring—this would include mstructions
on positioming knobs and cleats, end hitings for the new wiring method, Toom,
soldering, et —and decided agamst it 1f you find concealed knob-and-tube wiring,
rewire it 1T instead vou choose to extend it try to find some ofd loom from else-
where on the job, and slip it over the individual conductors to the last knob. Loom
i lexiblenonmetallic tubing just big enough to shide over an individual conductor
Consider vourself tucky if the prece vou find is still flexible. Cut 1t just long enough
1oy eniter @ bow at the nearest feasible point, and bring it in, one wire per trade stze
knockout {using a Type NM cable connector) or per cable knockout: Be sure
the wire enters the box at |east 6 mches bevond the end of the loom. If you have
wstee| biox, snip the web brtween the two knockouts per WEC 300.20{B) 50 you
don't create inductive heating around what is probably antique and fragile Type R

insalation, Even better, use a nonmetallic box and cover for this purprse
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|
INSTALLING NEW SERVICE AND CIRCUE'&_S

Install & new service of at least 100-amp capadity, with a new outdoor meter, hegin-
ning with the insulitors on the outside of yodr house and ending with new service
equipment inside the house, Let the equipment contain, as 2 minimuam, heanch
circuit breakers w protect all the new circuits that vou are going to install, plusa
few spares. Be sure fo consult your power supiplicr about how vou plan 1o pn-:-:-.;'-:l.
Review Chapter 8 for caleulanng service sizef

When you have finished installing vour new pervice and Crcuits, you will have no
power an your new . circuits but will still have power on the old crcaits. Call your
power supplicr fo disconmect all power i thy l:.-.'lf.'-.‘lf-.' af yont fouse, Get along fora
dav or two without electric power while youl recannect the old drcuits into vour
Rew eguipment. ' .
When all the work has been H_lﬂli}lcl;‘:d. have Four power 5141]—_\.}]'.;-1' install the meler
and connect the power 1o vour new service i they are willing to-do su. In some
rurisdictions, particularly on apgrades of smaller rexidential services, the slectri-
clan om site must do the cut and reconnectipn. Because the service drop will be
Five, this is potentially dangerous work for an gnqualified person toperform, Some
power supplisrs will réquire a licensed electrical contractar to install this phase of
the work. Before vou commit vourself to doing this work, be sure to teview local
practive with vour power supplier and with vour fecal inspectional autharity, When
this Tinal conmection is LJ1I]F|JL'IL'\11 vou can thin enjoy the advaniages and P]._nﬂ:.u,r,:s
of a newly rewired home '

Installing new circuits  Using the old wolk techniques described later in this
chapter, install two small-sppliance circuits, of better, one 3-wire circuit, Install the
taundry cirowit angd the bathroom recepracle Gireuit, Install individual circuits for
heavy appliances such s range, water heater, dlothes drver, and furnace motor, You
will be connecting each of these circuits to the breakers in the new equipment,
Provide arc-fault circuit-interrupter (AFCH protection if feasible. Review the AFCI
discussionat the end of l:h;ﬂ_Frtﬂ]’ 5 pages -!'-'.lahd A, and consult with the electrical
inspector reparding the extent o which the local jurisdiction intends to enforce
NEC 210012 on old wark applicationg,

Installing the service equipment  \Whethir vou retain or replace the old service

egquipment panelboard, you must disconnectthe incoming service wires fram the

present equipments Follow Option A below If vou will continue to use-vour old
panetboerd. Follow Option B if you plan to discard your old panelboard entirehy.
With either option

»you must discennedt the ground wire from theold equipmient

and remove it You must mstall a new ground wire from the new equipment o the

ground, and an equipment groundmg condaitor between the new and old equifr-
et enclosures. In the discussoon that follows; cirowit breakers are mentioned but

fused equifnment may e used

Option A—Using the old panelboard  ‘Your new equipment will contain 4 rmain

braaker, breakers for all the new branch darcuits vou haive installed, Pl'"J" it
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sparcs for future circuits, and one 2-pule, 30-amp or larger breaker from which
you will rum wires to the old equipment. Let's assume vour present installation is
three-wirg, 12002 40-vial

Disconinect the incoming service wires from your old equipment. |f they are in
conduir; remove the conduit. If they arc i cable, remove it soat doesn’t enter the
cabinet at all. Then run three-wire cable from the old equipment to the new. The
twiy hint wires of the cable run from the 30-amp or larger breaker mentioned in
the previvus paragraph to the termimnals in the old equipment to which the old
service wires were connected, The white wire in the cable runs from the grounded
busbar in your few equipment 1o the old equipment. The white wires in yimr ofd
equipment will present a problem. If the old equipment was installed comparitively
recently, the grounded busbar in it may be bonded to the cabinet either (1) by 2
special bonding screw—remove it and the hushar will then be insutated from the
cabinet; or (2) Ly 4 Mesible metal strap bonded to the cabinet with the other end
connectad o the t_l;;_'uu|'||‘|'i[|?_ Iushiar—disconnect it from the :_"|1'|IIJI'I1.']I."I:5_-: busbar.
which will then be insulated frém the cabinet (it will be best to cot off the honding
strap completely s, Ihen connect the white wire from the grounded Laisbiar 11 the
new equipment to the now-insulated bosbar in the old equipment.

I your old equipment was instaled miany vearsago betore the schemes described in
{11 and (1) abuve were in use, the grounded bushar was probably bonded directly
tor the cabinet with no way of insulating it, Remove it if possible; but in-any case
remtowe the white wires from it and install them in & new, insulated, grounded
bushar which viou miust purchase and install Make sure it has enough terminals
of the right size to accommuodate all the white wires,

1f vour old equipment is two-wire, 1 20-volt, the procedure is the sime as outlined
in the preceding parsgraphs except that your new equipimient, instead of containing
ane:2-pole breaker to protect the old branch dreuits, will contain a single-pole
hreaker for that purpose; Run a two-wire cable, instead of a three-wire, fiom the
niew equipment o the old.

This comnpletes the wiring. Your old equipment is now connected to the naw equip

ment. I vour old equipment contained main breakers or fuses, leave them as they
are; they are not required but will do o 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 highting circuits (including receptacles |, the
wires from the old to the new equipment may be 10-AWG protected by a 30-amp
breaker. But if the old equipment served and continues to serve 240-volt loads as
well, imstall 6 AWG wires ||ruz|_'.;[f|_‘| by a Bll-amp breaker. See |:;E 13—}

Option B—Replacing the old panelboard Hemowve the original service wires.
Disconnect all branch circudt wires, but don't cut off any of the wires. If the trim

or cover of your present equipment hasa |‘|I115§|.'-|:. dowr i it, or if am OpeTirgs 1t il

can be cliosed off, remove and discard the mtenor (hreakers and bus, or Tuseholders,

terminals, mevtral bar, dic, ), install knockout <eals imany unused openings. and
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. Equipment grounding
—Feeder  terminal bar

Insulate from
cabinet

Service
entrance
Wires

MNeutral
[white)

Bonding
jumper

= Neutral |
| (white) J

ey !

~____ Bondto Y
cabiret

Fig.13-1 Herethe oilginal equipmentis nota part ol the service eguipment. it s only a“lead
centar”tos the original circaits,

use the enclosure as a junction bow. 11 this is impractical, procecd as follows: if the
wiring wsed armored or novimetallic-sheathed cable, remove the locknut inside
the cabinet, pull the cable connector out of its knockout, and temporarily screw
the locknut on its connecton It 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 Lhis on each branch cireuit remove the ald
equipment completely,

Ihe new equipment will contain a main breaker, plus uther breakers to protect cach
ol the branch circuits, old and neve, plus a few spares. But the wires of the old dircuits
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 & inches or larger
as needed, with steel cover|. Run the wires of the 6ld circuits into this junction b,
using the oniginal cables with their connectors, or the original conduits.

Then runseparate cables from the new equipment to the fupction box, ané foreach
circuit and of the same size as the original wires, Connect the new wires to the old,
black to black; white 1o white. using “wipe nuts™ or other solderless connectors. See
Fig, 13=2, The junction box will not contain & grounding bushar, and the white
wires in the box must be carefully insolated from each other and totally insulated
fram the bos, but the box itself must be grounded.

INSTALLING BOXES AND RUNNING CABLE

I'he NECrequires that boxes enclosing flush devices must be at least /7. inch decp

Lighting outlet boxes mav be as lirdeas ' inch deep asshown in Fig: 13-3 bat deeper

boxes should be used wherever possible, Cable is simply pulled into the walls and
anchored to the ¢

et and switch boxes.: Each th

prece most e a continuousleng
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Cables to circuits
— injunction box, or
wires in a conduit nipple

| Service
entrance
Wires

Bonding
jumper

| Original cabinet

1 Of New junction
Neutral _§— s
twhitel L CE by =
— —Bondto T~ Breakers for
cabinet individual circuits

Fig.13-2 Herathe cabinet of the old equipmant if retained, serves onby @5 & junction Do

triomt box fo box: bnall wiring the NEC
limits any gaps between boxes and the
surrounding wall material i o5 inchor
less: 1711 is ot practical to cut vpenigs
chose o the exact size of the box, use
patching plaster to fill gaps after the
wiring is finsshed.

Selecting box location  [1nlncating
oullets, consider that all wires musl
be fished through walls and ceilings,
Sometimcs by moving an outlet or

; ; Fig. 13-3 Thi= celting pan, with a volume of
switch-a fool or so.a diffical job of 9

fi clabic inches and no required fill adjustments
boring through paistsor other timbers for an Internal cable clamp, can just accom-
¥ canhe avoided. Inold work, the switch  madate a single 14-2 AWG Type NM cable;ora
and ouilet boxesare supported directly 14,7201 10-2 AWG Type AC cable.

or indirectly by either the lath under )

the plaster or by the drywall, so choose the locations for the openings carefully. A

|;;..;_ ation Farly close to joists and studs = best |'|,-1,.I‘:I'w' there the wall materials are

better supported.

Mounting switch boxes in lath-and-plaster construction  lnisawingopenimngs
! foor switch boges in walls and ceilings of kith-and-plaster construction, remember
that the lenpth of a switch box 15 .|H|r|',_~.|n'|.3[;_'|_'~ the same as twoowidths of lath
plus the ~|-u-.= between the laths. If vou remove two complete widths of lath; the
miimting brackets on the switch boxes will barely reach the edges of thic next
bl twis laths, and the laths will split when vou drive the screws (1-inch No. 4 flar
k head screws dre commuontly used; the best ol sheet mctal screws




Fig.13-4 In

oneach s

that have the entire-shal
threaded ), Bemove one width
ot tath completely, and part
of another on each end of the

I 13-4 sh

and the 1 ||.| T ways

the wrong

Make a mark on I|'|.' vwall
approximately where the

switch or receptacle 15710 be

e a sinall hole
throagh the mark. Insert a
stiff wire and probe (o make
sure there is no obstruction
and that there is sufficient
space all around. Enlarge
the hole to locateé the cenler
of ane fath—this will locate

the verticial midpoint of your

OPening. I I'.I.'I' mark
area of your opening, about
! mches by 3% inches. Bore

-inch holes at o

ili'.‘l-.”_
corners, and at the center ol
top and bottornm, See B, 133

The centers of the holes Ty

a0) "‘:.'|! aol more than halt 1|

MG

ing for the box

L

2in, -

Fig.13-5 Dime

s page. glue

N o b |
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ovyward v 21l
the laths

Mounting switch boxesin drywall construction ['rvwa ot sturdy enoug
o accept screws as 15 lath-and-plaster construction, Mount the stind { uise

d st nncler) for better suy empkate in Fig.

Adjust the brackets on th

fiush with the wall surface

cﬂn“e(ting thecable 1 baath tvpes of construction, boxes with beveled corners

at seldom practical. Thi beveled cornecs wsaally

and cable clamps are conveni

recice the capacity of the box below NEC manimumis, and are seldom used todas

en the clamps, letting about 11 inches.of

Bring the cable into the box and tig
cable extgnd out of the box: I using boges without Clamps, inatall the connector

aat the cable, let the connector project inte the box through a knockout nicar

alled. Be sure the box

back of the box, and install the locknut dfter the boo s ins

is deep enoueh and the knockout far cnough back for the cable connector to clear

the inner suriace of the wall.
Anchoring switch boxes [ he following three methods can be used in hoth
lath-and-plaster and drywall construction;

L% o o that has special clamps on its outside walls (see Fig, 13-6 ). Afterinstalling

¢, then nghten the screws on the external

the calile, push the box into the oper
|

clamps. This makes the dlamps collapse, anchoring the'box in the wall.

Lse an ordinary box plus. the U-shaped
clamp of Fig. 13-7. Install the U-clamp

nl- - ey
I,'l.h.l.'l.l-*-l.ll."-'-l.’l_l.

with the serew holding it
ma. When vou ship the

abuut as far as 1t will

box into its opening, the ends of the clamp

will expand Tighten the screw

ine. Ciamp [0 aNcnoe the box ars
firenly against the wall

Use an ordinary hox plus a pair of speaa
straps shown in Fag. 13-4, Insert one strap
on edch side of the wall opening and |":.i'-r:

the box into the opening, taking care not to

the straps - insude the wall. Then

of each strap do

Fig. 13 his box has

lapsible ciamps on each h
they o tosachy He T LERLES OfE
T Te i ed i IRTHD
1 eCela fistadled i 1
vzl lead EroLr T Ug 11
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- e
|
‘wallboard
Fig. 13-7 Another way of Fig. 13-8 A pair of these straps supports a switch bosin

SUPEOrting switch boxes, wiallboard.

Mounting outlet boxes in ceilings |1 there 15 open space above the ceiling un
which the box is to be installed, and if there is no floor above {or there is 2 floar in
which 4 board can easily be fifted ), proceed as in new work usinga hanger and the
usual L4 inch-deep box. See Figs. 9-8, 9-9, 9-10, The only difference is that vou
will be working from ahowve,

It all the work must be done from below, the method depends on the ceiling
consiruction, the location of the outlet, and the weight of the Gxture. Boxes
supporting fixtures weighing more than a féw pounds must be fastened 1o the
building structure. One method is shown in Fig, 139, Far lightweight fixtures the
ceiling itsell can suppart the box. Use one of these methodsz (1) L inch-deep box,
surface mounted, supported by a celling joist using screws; (2] -mch-deep box,
surface mounted, supported by fixture stad on bar hanger (Fig. 9-8) which has:
been poked up through a hole (which the box covers) and kid across the wood
laths {Fig. 13-100}; {3) "“-inch-deep box, surface mounted, suppoerted by toggle bolts
through ceiling, either fath and plaster or drywall (Fig. 13-113; (4) 17 inch-decp
box with ears, flush mounted, supparted by a U-clamp (Fig. 13-12). When using
A surtace-mounted Y-inch-deep box, be siire to select a fixture having a canopy
which will cover the box, as shown in Fig, 13-9. In all these cases, fish ihe cable to
the outlet location and fasten it to the box before securing the box.

Remember that if the ceiling is combustible (if it can burn), you miust caver the
space hetween the edge of the box and the edge of the fixture with s noncombustible
material, Often fixture canopies take care of this because frequently thevare packed
with fiberglass insulation, but the fixture gvires must be set between the insulation
and the hixture canopy and then routed 1o go directly into the box.

Lifting floor boards  Ofien a board in the upstairs floor must be lifted 1o gerat
the ceiling space. This is no problem if the flooring is 1 wigh, as in ordinary attics.
But if the lumber is tongued and grooved, care must be taken to avoid marring the
floor. The first step is to cut the tongue off the boards. A putty knife cut off shart.
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t,l 'E"* I - Straight bar Long fixture

hangar stud
T N

I Yraneh deep box
| Fixture stud Wood lath © -
Set Fisture canopy Plaster Locknut
SCTEW ‘rinch-deep box

Fig. 13-10 Surface-mounted V-inch:
Fig. 13-9 Surface-mounted '-inch-cesp| deep box supported from bir hanger by

box fastened to celling jolst long finture stid

Spring-loaded toggle bolt Yr=inch

being inserted drywall Ut clamp
¥} P
m Tightenad up Board
F" 1'inch-deep
Fiscture stud L-inch-deep bow 4-inch octagonz! hox
with external ears

Fig.13-11 Surface-mounted | ~inch-deep Fig.13-12 Recessed box supported fiom |

pox supported from drywall toggle baits, drywall boatd by U-clamp and box ears,

so the blade s unly abour an inch long, makes an excellent chisel [vr the purpose.
Sharpen the blade and vou will have a chisel about 1or 1% inches wide, very thin,
Tt short and stubby, which makes it strang. With this you can get down mte the
crack between two hoards and chisel off the tongae as far as necessary. Then bore
two hales in the board as close as posable ta jnists—see Fig, 13-13. With a keyhole
saw, cut actoss as close 1o the joist as you can., 1t s best to cut at an angle o that the
bhoard, when replaced, forms a wedge. The board shuuld be removed over the space
of at least three joists so when replaced it rests directly on at least one joist. When
replacing the hoard, first nail a clear to the joist at sach 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 haye a steady hani, you can pocket cut the
board with an electric saber saw, and avoid the bored boles that would need to be
plugged. In fact, of you are very careful, you can even cut the flooring across the
middle of the flowr st avording the need for cleats,
Before taking this step, be absolutely sure vou've got the right location. This trick
works I you have any line of sight into the joist cavity, even with a mirror, Usually
hardwood flooring is installed over a subtloor, which allows the ends of the boards
to end randomly; the installer doesn’s have to.cut them 1o end halfway across a joist.
In this case, make vour best guess whiere vou want 1o open the floor. At the end of
orte of the existing boards nearest your projected epentng, drill 3 tiny bole (about
winch) straight down at one cornern. Because the hole oecurs at twio interseching
lines in the floor, it will never be seen. Push a bright colored rod straight down into
the joist cavity (4 white coat hanger 1s & good chotce 1. Note from below where &t
came through, and adjust vour measurements th Decessary,

i



152 INSTALLING SERVICE EQLUIPMENT AND WIRING

Fig.13-13 Sometimes
floor boards must be

1 M T ~_Special lifted. if the boards are
; | { chisel tongued and grooved
B . = ki cut off the 1ongue on
g each sbde with a very

b= thin chisel, then saw

B A— across next to the

oists. Ta simphfy the
drawing, the subfloor
s nat shown

Mails or screws

— Cleats to hald up ends of ——
cut boards

Temporaryopeningsinwalls  Sometimes a iemporary opening must be made
it & wall 5o that cable can be fished around a corner, On papered walls, use a razor

biade or utilicy knife o cut through the wall covering to form a top-hin

sl flap as
shown in Fig. 13-14. Béfure lifting the section of paper, sosk il with a wet rag to
soften the paste. Thumbtacks will hold the lified portion out of the way 1.-,"| leyou
make @ wmporary 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 about using fish tapes,
which are very helpful m ekl work for fishing cables.

Running cable to two openings on samewall  [n Fig. |3-15 cable must run
from upening A to opening B, both in the same wall. Depending on the structure
il the building, the cable may runin nne of three wavs,

Under floor boards  Hunning the cable as in "Route 17 in Fig. 13-15 15 the
simplest way. Use this route if you can casily [ift the floor boards in the oor above
so the cable can be dropped down from above to the Tncations of opening A and
opening b

Through the basement [t it i5 very difficult te get info the ceiling space from
abiove, it may be possible to run the cable down through the basement as shown

‘Route 27 the same figure. I the wall is-an outside wall, there will probably

be an obstruction where the floor joins the wall, In miost cases it is possible to bore
upward through this at an angle from the baserment. Then push two pieces of fish
tape upward through the bored holes until the ends emerge at A-and & Then by
pulling at A and B, fish the opposite ends of a piece of cahle upward until the ends
come out at Aand 7 1 the wall is an inside wall, there may e no partitions in the
basement immediately below this wall so thar it -|'||'-i,1||_1 b |h--u-|| ||_ tii bore straight

upwarcl. Then fish the cable upward 10 opening A and openir
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Ceiling space

"'"_'_""'?:"""'":I
T | |
2 - Route -:
| . i
I
! Route |
Route | i) &2
!#} H ]
i
!
Route ,!',
N JI
Nl B o o T
i } .|
Fig. 13-14 In old wark, lift the Basement

Fig. 13-15 In running cable fram A 1w B (oth
on same walll there is usually a choice of three
routes for the cable The best route depends on the
structure of the Bullding

wallpaper aver the area of a
[emparary apening, as shown
here The top of the papar serves
a5 g hinge.

Behind the baseboard In the problem alowve, if it is impossible w run the
cable through either the ceiling space above or the basement below, use “Route
3" bv running the cable behind the basehoard along the bottom of the wall.
First remove the baseboard, Then make o small opening into the wall behind
the baseboard directly under A and another directly under B. Between these two
npenings cut @ channet in the wall into which the cable can be laid. Figure 13-16
shows the completed mstallstion. Wherever the cable crusses a stud, cover it with s
w-inch stee] pate to protect it from future penetration by nails Finally, replace
the basebuard.
From ceiling opening to wall opening The problem in this cese i o run
cable from an opening in the ceiling, labeled Cin Frig. 13-17, around the cornerat
13, and down through the wall 1o opening £ Tt may by a very simple problem or a
difficult ome, depending om the consttuction of the house, 17 the ceiting joists run in
the direction shown i the small inser of the same drawing, the problem 1s greatly
simplified. If the floor above 1s casily lifted. it is then 4 simple matter to pull the

P Wall bracket —y —Wall
cwitch /  already wired ; 15
¥ l (A} il
. M Cable - t Baseboard
o] insicle wall | |
| Baseboard— | |@_ | Cable
| .
Opening behind- ,l |
(C) baseboard | (8]
L A ]k
B et | 5 B

1 in the wall befind The bassboand

Fig. 13-16 Funning cablen # trough o
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cable m at opening C drop it down at Duntil it comes out at B Even if there is an
abstruction-at [V a5 s usually the case, it is easy to bore a holie down from above

atter the board -has been lifted

IFit ts impossible to Lift the floor above, the cable must be gotten around the corner
af [T some other way. An opeaing must be made into the wall. Sometimesit s made
at the pointmarked Mo | by cotting through the wall, and nest chisclingaway part
of the obstruction. Push a length of fish ape intothis openmg until the end shows
up at £ Pullicout of 1% unnil the opposite end 3s at opening I Then carefully push
it down inside the wall unul the end shows up at £ You then have a continuous
fish tape from Caround Do E Artach the cable to the hsh tape at one énd, pull
al the opposite-end, and fish it through the wall until vou have 4 continuous cable
frov O to B Soumiet

1es it is easter t do this from the opposite side of the wall, as
dl Pa.'lifll marked Na. 2 I'Ii'ullll:_' I-_|'|'n.':r|.| ||'IFI|-|.I__Eh [h{' obstruction as shown 1:3 ||'|_;_'
dotted arrow. Then using fish Lape, F'“” int the cahle as hefiore, Alter the cable has
been Ashed, patch the wall and the job is finished

It the opening F s nol directly below poine L but is 1o the ight or left, run the
cable ower te the proper point above £ (f the [luor board above can be remuoved)
and drop down. If the flooring cannet be removed, drog from £ down o the
basehoard; hehind the bascboard run over to & point below opening E, and then
run upward o F

If the joists of the ceiling run in the wrong direction, as shown in Fig. 13- 18, there
is again & choice of routes, If the floor above can be remaved. follon Rowre 7, boring
holes through the joists through which the cable s to run. I the floor cannot be
liftedd, make an opening at point X, drop the cable dewn at X o the bascboard
belaw, ran it behind the basebeard. around the cormer to a point below E and
from there upward 1o £,

Mo two houses are alike, so vou will samply have o use vour common sense in
getting around obstructions. Temporary openings often have to be made, and in
all cases you will probably use more material than vou would for new work. The
cost ol a few extra feet of cable for a longer route is insignihcant comparad ta the
additional yme it would take vou to follow the shortest route.

4 k‘-l-F Ceiling space Fig. 13-17 At left, problem in runming cable
A e frem opening C in ceiling, around comer at
Mo, 2 Ma. 1 Joists ta £in side wall.
oo -
Fig.13-18 Atnght, choice of routes forcablein
D : Fig 13-17 if joists run in the dirsction shown
B e {
==
| SE
N Wall
| J-Lnace w
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INSTALLING SWITCHES, RECEPTACLES, AND OUTLETS

Replace old reoepracles if they are damaged or if you wish to change the cirlor.
Orptions for replacing two-wire receptacies are given in this section. Much conve-
nience can be gained from adding new switches to existing outlets und adding new
outlets 1o cx1:.1.ir1.u.ur:u:-t-_~,. New hutlets should be only for greater accessibility—be
sure they are not used 1o add w the rotal load on a creuit,

Replacing old two-wire receptacles VWhere there s no grounding means m
the box, there are three options for replacing two-wire receplacles: (1) two-wire
receptacles, (2) threg-wire receptacles gro unded 1o the grounding clex ITi.J'.'l.E systerm
or the grounding electrade conductor, or (3} GFCl-type recepracles: If you sefect
GFCI-type receptacles, the NEC requires thatany new added receptacles supplied
from the GFCI receptacles must he mtarked GRCT PROTECTED and WO FQUIPMENT
GROUKD

Adding switches to existing outlets The connections in the present outlet
will look @ great deal like the left-hand part of Fig. 13-19. There may he more wires
in the hox than shown, but there will be nnly rwo wires connected to the fixture,
one white and one black. In the right- hand part of Fig, 13-19 is shown the same
autlet after the addition of the switch. To make the proper conhections at the
fixture, open the hblack wire splice to the fixture, thus producing lwo new ends of
wire. These two new ends are connected to the twa wires in the cable which runs
ta 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 original outlet
b, is connectad to the white wire re-identified as black in the new piece of cahle.
This is conirary 1o general practice; but is the one case where the NEC permitsa
hlick wire to be attached to a white: See Fig. 10-4 and the surrounding discussion
fior an explanatdon of this NEC requirement,

If a pair of three-way switches is to be added instead of a single-pole .nv':tc.]-.. proceed
asoutlined above except add the pair of three-way switches as discussed in connec-
tion with Fig. 10-10,

Original Outlet with switch added
Black | :
]

Re-jdentify
n /I b white wire
i 3 asblack -
o =4

Fig.13-1% Proper method of adding 4 5a0g a-pobe switch Toan exiting outlet

ooksPdf.com




156 INSTALLING SERVICE EQUIPMENT AND WIRING

Adding outlets  |'igure | 320 illustrates an added receplacle outlet, and Fig

21 illustrates an added lighting cutler. The end of the cable—marked 10

st be run toan exsnng oudlet box which contains, i addition 1o the
white wire, a black wire which isalways hot. If viow are in doubt as 1o whether one
of the black wires in anv box is alwavs hot, i1 is a simple marter to check. Turn off
the main pwitch. Remove the cover and the recepracle or fixture from the box from
which yau plan w ran. Take the tape off the contiections and lesve the exposed ends
of wire sticking out of the bos. Using twe solderless conmeciors, temporarily connect
each wire w one of the leads of a neon tester of the ty e shown in Frg. 19-2, Now
turn the main switch back on. If the tester continues to light regardless of whethey
the switch controlling the outlet is on or off, vou have found vour source for the
new outlet. Besure o turn the power off again before working on the wirgs

Ta
SCIIRCE

Fig. 13-20 Wiring of & new haseboard
receplacke.

Fig. 13-21 Wiring for a-ceiling outlet.

Alternatives to conventional outlets [f vou don'l wish to undértake an
exlensive moderniring effort, consider the following solinions to several common
problens.

Two-to-three-wire adapters What if you live iman older housewith anlv nan
grounding two-wire receptacles, and you want to use an appliance with a three-
wire cord yind a three-prong plugh An alternative to replacing or adding outlets is
1 tse @ “two-to-three-wire” adapter shown m Fig: 1322, Note that it has a green
terminal log on its side, Remove the faceplate and then test 1o establish that the
P is grounded. Using the test light shown m Fig: 19-2, insert one wire in the
narrow slot in the receptacle and touch the edge of the metal box with the other
wire, It the box & grounded the lamp will light. Replace the faceplate, plig in the

adapter, and reinstall the screw through the green lug; which is then in contact with

the mounhng vioke of the I':.\.'-.'J"Lh.h:. Thas ].‘-IHC:?d{II{‘. 15 by i means the _J_||11]_-|i‘_'r;-

equivalent of |'|J'~'I'a}'.;_E_FI'llf'ldll"“;[1‘-'L':'["|n|l.'|l‘.. 1 vour home, but it does Pl v to

use appliances with three-prong plugs, and does provide some desree of protection

) b - . P il 1 § f }
W TR vy BN FECE i R ':."-"I.'-'l'l!'e'.'f rieterd oo, But if vour bhome
s wired usimg a wiring method that includes an equipment grgunding cenductor

cither metal racoways, or cable armor or nonmetallic metheds with & separate

Chapter 13 Modemizimg Od Winng

grounding conductor), i would be far
better to replace the two-wireg recep-
tacles with the grounding types, of
course adding a grounding wire from

the green terminal of the receptacle

o the grounded metal switch box as

i 1 T, b 1 ]
disgussed on pages | = 126

Nevier use a two-to-three-wire adapter,

ot a conventional three=wire grounding Fig. 13-22 This adapter permits  3-piong
_-'n_w_t'|1|.lc|-:'. o0 circuit that dods not grounding plug fo be used with an ardinary
provide an equipment ground You will  receptacie

be falsely adyertising the presence of a

grounding connection that does not exist Only Gl |-protected devices areallowed
for this purpose, because GFCI protection provides shock protection whether or
not a grounding connection s present at a protected outle

Multioutlet assemblies Few homes have all the receptacle outlets that the
necupants would like. The multioutlet assembly tn Fig, 13-23 makes outlets avail-
Jhle at intervals of & to 24 inches as desired. It consists of a metal channel with
wires and receplacles already installed. In living rooms the channel can be installed
ditectly above the baseboard with molding added abwve the channel, so the whale
assembly appears to be part of the baseboard. Ina kitchen it 1s installed above U'H.
counter at a convenient height for appliances. Similar surface raceways are avail-
abile in nonmetallic form. Thev are easily installed. light in weight, and come with
a complets line of fttings, switches, and recepladles.

— — === Fig. 13-23 Muitioutiet assembly
provides closely spaced multiple
outiets:

Handy baxes If exposed surface wiring is acceptable, vou can use the “handy”
utility boxes shown in Fig, 9-5, using any appropriate wining rmethiod,

Extensionrings Where the new wiring muy be permanenthyexpased, as inbase-
ments, it is sometimes convenient 1o use an extension ring, which is like an outlet
b without a back, Remove the fixture of the existing outlet, mount the extension
firt to the fhush box, then run cable or conduit for the new run from the extension

. : : 3 2
ring. Replace the fixture on top of the ring. See Fig. 13-24

i ; " Fig.13-24 Lungesten-
J "E o ?- ¥ = s5ion fings makes it sasy

T —| to add to existing out

— +

PR ; o M= le1s in hocations where

Blank cover- : z T mew Witing may, e
— Conduit permanently exposed

“Extension ring  MNew outlet-
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CHAPTER 14

Appliances

WIRING REQUIREMENTS [or some 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 téasters and vicuum ¢eaners, Some large appliances
are permanently connected, and others come equipped with a cord and plug 1o
facilitate servicing, Kitchen ranges, clothes dryuers, and similar appliances arelocated
on imdividual circuits: Some appliances are fixed —that is, fastened in place th rough
plumbing connections or ather installation conditions; cxamples are water heaters,
nil burner motors, and central air conditioners,

When you are in the market tor a new masor clectrical appliance; consider the
muore energy-efficient models being offered. The initial cost may be higher than
for a conventional apphance, bur the savings in power used over the life of (he
appliance will more than make up for the higher price and wall help: 1w conserve
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,
of @ rebate for an approved appliance purchase,

RECEPTACLES

Recepracles are rated in amperes and volts: The volt rating indicates the tollowing

restrictons

W rated at 125 volts—may be used at any voltage up to but not over 125

W rated at 250 volts—may be used only at voltages over 125 but not over 250
rated at 125/250 vislts— may be used ondy for appliances that operateat 120/240
volts and that require a neutral wire running to the appliance

Figure 14-1 showsa vanety of receptacles labeled A through L. Except for A, all

L

125-volt and 250-volt receptacles have a thind opening for the third prong on a

three-prong plug for connection to the equipment grounding wire as discussed

on pages 7071

The 125/250-valt rec

cles [ and [ have a third opening for the third prong on

the plug for connection to the grounded neutral wire of the arcait

-

L
[# 4]
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’ L <less F1E
Naote that 4 plug that fits A wall also fit B or G a plug made for 5w il alser fir 5 bul
1 plug made specially for © will got e A or B Allof the other conhgurations are
plug mude

non-interchangeable.

" |( - W |r N [ \.Il ( | v Lll
(k) (o) (OF) (04
CH
A \E;Tﬁﬁ: : ToRTI STATIav 30A 125V

J/I'J. P, \\ a0 \'\II
|I. { 'II

| = = | |I—|j|

S o W

304 250V SOA 250V

A0A 125250V S0A 125250V 0412572500 504 125,250V

Fig. 18-1 An assartment of receptacies Those rated at 15 and 20 ampq_ha.-.-{_- a -E:Ia'?%::.r, u
1 377 inches Those rated at 30 and 30ampshavea diameterof 2.12 |r.rhx.=-,_.r. thaz il ||_5.rd|.ﬂ||_r._.-_
the apening marked G s for the equigment E_;r'.'lurldl."lg w..v'r.c-;-.l-e one marked W is for the white
circuit wire: those marked X, ¥ or £ are for the hol Circuit wires

AL A s shown what used to be the typical 15-amp receptacle f:'-““’-".' ﬁh".]l'f n :J‘_'-
duples configuration | and is now used only for replacements. :|wu_--_-h'-;':t.u-.__-; atd |.:
the same as A, except it has the third opening for the third promg ona .:1T|.x'~-f|1run_L:
plug—for connection of the cquipment £n Hll‘ldlngﬁk-.'.l'u. ‘*.r C 15 asimilar 20-am)
i'eo:pmc'!v At [3is a 3-amp receptacle for larger 120-volt loads

At E F G and H are-shown respectively 15-afip, 2l-amp, H0-amp and S0-amp

receptacles for loads operating at 240 volts. Note that ¢

s provided with an

spening for the equipment grounding prongn a three-f

| » b 3 i u
neattal wire 1f the appilanc

rong plug. Caunton: That
prong and that opemimg must never be used for a
TRy L3

pperates at 1200240 volts rather that ar 240 wirlts

wr Acamp and 530:amp T
|

ceptacles hor ap cos nperatimg at

At and § are she

os drvers, and the

o is used mostly Toe ol

1200240 valts, The 3-amp recept

! (8] SR Pl LR
SEOEN = avisH e t5 K and L arestown three e
3(-amp receptacle for ranges on exising arcuits ATk a7 g I

rvrr 130 Tanee chrcuits
iur-wire, 1 25/250-volt receplacies tor new drver and rapge-circil
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Hicps . P FECE Lt ] i | b
s are ot the only rece Pl les available. There are dieens of others in two-wire,

th

ce-wine, tour-wire, and even tive-wire types. Besides the ordinary varlety, there
are others designed sothe plug cannot be removed without first twisting the plug
to undock it Some special: purpose tvpes not used in ordinary wiring .'.n: L||_~;-.__1|'|._'.:1
sovthat onlv a piug and receplagle of the same brand will fit cach other -

1'!1'|.I.'F‘l.'.l.'||_'x\-||rll.- i a variely of mountng methods tor bt various boxesand platis
o v fluish . he 5 | Vs
both flush and surface types. The 30-amp receptacte 1s shown i both the surface

muounting type and flush-mountng type in Fig. 142, which also shows s typical

plug {on left) with “pigtal” cord

tached. These are used mostly In the wiring of
ectric ranges, A simidar 30-amp receptaclo1s used for clothes drvers -

Fig. 14-2 Hangss are
connected o 5d-amp
125/350-yolt receptacles
of the type shown here.
The pigtail isconnected to
the range, then plugged
Intathe receptacle o

INDIVIDUAL CIRCUITS FOR APPLIANCES
y! PR o1 .| PRI - ST !

The Nagwral Electrical Code | NEC) rules are quite complicated regarding when an
.]L1|1]Ii.|[]l.'k' TEqUUIes an individual branch circuit SETVITIE 10 other lead. In gEner al
vou will be following the NEC rules if vou provide a separate circuit for each of
the tollowing:

Range (or separate oven or counter-mounted cooking units)

Warer Heater

Clothes drver

Clothes washe

Whaste disposer

Dnshwashet

Ay 1200l permanently connected apphiance 4 &
E ALY connecied apyp tocrated at 13 araprs | 1440 watts)

or more, including motors

Any 240-vislt permanently connected appliance

ANy ai

itumatically started motor such as 3 well pump

Any central heating o

stch as an ol |

wrner or gas furnace (although
auxthary equipment such as humidifiers ‘and sone valves can use the same
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GROUNDING OF APPLIANCES
I'he tollowing appliances must always be grounded per NFC 230131 refrigerator,

Freezer. air conditioner, clothes washer, clothes dever, dishwasher, waste dispaoser,

sump pumps, aguariums, personal computer, and fax machine. This grounding is
especially important if the appliance is installed where a person can touch both the
appliance and the ground or a grounded ohiect. For this reason the NEC speaih

cally includes motor-operated tools and electric lawn mowers and hedge clippers

ete. | & concrete oo even if tiled, is considered the same as the actial e th.} For

safery, alwavs ground vour apphances.

I he one general exception tin all of this i histe UEPITIE T |,"Fn.":.l."\.|.i.'|.| witha svstem
nf double insulation. This equipment will be distinctively marked, and its artach-
ment plags will not have a grounding pole, That is, they will iare with the A
configuration of Fig. 14-1.

Ihe grounding of ranges and dryerss discussed in specific sections later in this
chapter. For other appliances, if they are supplied with & cord that includes a
grounding wire. and @ plug with a grounding blade fitting a properly mstalled
prounding receptacle, that js all that is required.

If there is ne cord and plug but the circuit wires run directly to the appliance, and
if the wiring is armuored cable or in conduit, check 1o make sure the frame of the
apphianve is grounded to the junction box on the appliance to which conduit or
armor is anchored. But if the wirimg method is by nonmetallic-sheathed cable, you
st use cable with the bare grounding wire, and the bane grounding wire nyust
b connected 1o the frame of the appliance.

In the case of 4 water hieater on a farm, if the wiring is grounded 1o 4 driven ground
rad but there is some buned water pipe—no matter how ghort—yvou minst Intercon-
nect such pipe with the ground rod. This is an essential step to prevent a difference
of voltage between them and 1o minimize danger from lightning. Thisis discussed
in more detail in Chapter 17, " Farm Wiring,”

DISCONNECTING MEANS AND OVERCURRENT PROTECTION

Every appliance must be provided with some means of disconneching it complétely
from the circuit and must be providid with overcurrent protection

Portable appliances The plug-and-reveptacle arrangement is all that 1s required
Ihe plug ani receptacle must have @ rating in amperes and volts at least as greal
as that of the appliance

Small permanently connected appliances I the appliance is rated at 300
walts or-less (' hp or less), the branch amcuit avercarren! protection s sulficient
Sovspecial disconnecting means s requared, Range hood fansand bathroom exhaust
fans are examples of small permanently connected appliances

Large appliances, not motor-driven \Wall-mounied eleciric heaters and

I the appliance 13

cefling-mounted heat lamps-are examples in this

by oa

c-other foads amd iF the orcun 1w protecte

connected toa circunt also ser
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‘ |f\:1|]| breaker, or by fuses mounted ona pulloar bl k. no special action is nesded
[t the circunt is protected by plug fuses, you must install, for each appliance, a
separale switch of the general type shown in Fig. 17-6. The switch need not be
fused, but unfused switches are hard 1o find, so it is customary m use the 1u-'--*d
kindl, with one fuse for 120-volt appliances and rwo fuses for 240-volt |3|."P|r.JrI|;r~|
\arcu breaker may be used instead, OF course, do not install a fuse or b J-.
ini the grounded | while) wire. At
Large motor-driven appliances For motors that are notautomancallyv started
dishwashers, waste disposers, ote. ), proceed as if the appliance were not miotor
driven (see previous paragraph ), But if the motor is autematically stat tedd, such _.1\
4 waler pump ar an i conditioner, then provide built-morseparate motor ov er.-
luad profection rated at not over 125 percent of the ampere rating of the n;nmrl )
privfect the maotor against overload or failure 1 start :::-::- Chapter 16, " Motors I:
While not |'qur=|r-;-4_| by the NEC, it is wise to provide an individual ¢irduit for sach
automatically started mator,

WIRING OF COMMON HEAVY APPLIANCES

The NEC dues not restrict the methods wsed for wiring heavy appliances. Use
comnduil or cable as you choose. PR
It the appliance i 1 be connected by cord and plog, run vour zable up 1o the
receplacle. which may beeither Qush-mounted or surface-mouned '1l']1|: MNEE
d::umnd.s that the recepracle be located within e fest af the ]'l1l'E'|1':1u'¢:§ iucuri{;;l ;ur'
I}.w ;t;r.pl.'am'u: with giod planning it should be possible to locate i cv:_'n-r!m:er 1i.|1 s
simplifiing installation of the apphance. . I-
'lf'ihzl:e wire reidentified for use as black wire  White wite mav be used only
J]ur T_he.ﬁn.mndcd wire !‘-1{: that wire does nav run to any appliance operating .1:
AUl volts, Therefore the wires running to a 240-volt load may be any color except
white or green. When you use s two-wire cable to connect a 280-vall losd TEE
cable contains one black wire and one white wire, but the white wite rnus;;'r:lT he
usenl. What can be done? Follow NEC 200.7(C) instructions to tcu.h-|-|i‘4' T_I'L1 i

as described on page 110, . il
Provision for grounding of appliances on existing circuits /" 250,140
ntakes an important provision that applies only to existing creuits, u"h.J—e- n;am
appliances must be grounded, in the case of ranges I|r1|_'f=u\}1'n|1 counter units-and
separate ovens! and dryers, their frames may be grounded to the :1|.‘i.'.|r:|J.|.'ir;|JI|1
“”1'f!llll:hlg' provided it is 10 AWE ar hedvier. See NFO 2500140 .‘\.Inn'-:r'.'c; foor these
Apprilances and no -:-1j'1|;'r\, VETLL M1AY Lhe service @ - o = | .‘ . 5

|.1n|-.-u|:".i it runs ftrom the .!]';‘li.l]‘h.‘:.- diree Irl'.hl--tlﬁ::r-::;:E:E:uﬁr}:::;:::‘an— =
Ranges and dryers are 120/240-volt appliances, and the neutral wite carriss
eurrent in normal operation, Three-wire service-entrance cable with I~ bare
neutral may be used in wiring 240-volt appliances such as water heatérs L-r.'lt-i
which the neutral does not run. provided the bare wire of the :.'H: is LI.']-.T.'I.l ?'."EL'

L] |.'r-"-|II'I\""'-' Wire
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Ranges |nsome ranges.and in all older ranges. a surtace burner operates at either
120 o1 240 yolts, depending on whether it is turned to low, medium, or high hear.
The individusl burners are connected within the range in a manner that makes it
impossible for the neutral wire to carry as miany amperes as the two hol 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 b AWG plus an 8 AWG neutral are used;
for smaller ranges, two § AWG witha 10 AWG neutral are occasionally used. Surtace
burners on most modern ranges operate at 240 voltsand have stepless control. [he
neutral is still necded for operating the clock, timaer, oven light, ete.

Run your circuit up to the range receptacte of Fig. [4=2 this s rated al 30 amps,
1254250 volts. The range is connveted to the Teceptatie using a pagtail eord shown
i 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 cord
and plug (unless it 1s permanently connected ). On existing circuits the range is
permitted to be grounded through the neutral wire, in which case a bonding strap
is connected between the neatral wire and the [rame of the range, and the cord
and plug are three-wire. The requirement 10 use four-wire su pplies for ranges ok
effect with the 1996 NEC. Check that the bonding strap 1s not connected in new
instailations where a four-wire cord is used,
Receptacle outlet for gas range  Install a receptacle outlet fur a gas range. This
receptacle, which can be un the small appliance circuil, is for the supply of 2 gas
wpnition 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 isa scparate
unit, installéd in or on the wall. Groups of burners i a single section are installed
i or on the kitchen countér where convenient. This makes fora very flexible
arrangement and permits you 10 use imagination in laying outa custorm-designed
kitchen. The NEC calls such separate ovens " wall mented ovens,” and the burners
“counter mounted cooking umits” Here thev will be reterred to merely as.ovens
and cobking units or counter uniks.

Unlike self-contained ranges. ovens and cooking units are considered fastened in
place. They may all be either permanently connee ted or cord-and-plug conmected.
fwn basic methods are used in the wiring of ovens and cooking units. Supplying
a separate cireuit for the aven and another for the cooking unit 1 one method,

Ihe alternate method is to install one 50-amp dreuit for the oven and cooking
uriit combined. Any type of wiring method may be used. Regardlessof the winng

| 1k

method used, the frame of the vven or cooking unit must be grounded.

Where a separate circuit 1s installed for the oven, use wire with theampacity required

b the load. The oven will probably be rated about 4,500 watts, which at 240 volts
s eguivalent 1wabout 19 amps. so 12 AW wire would be suitable. Al the oven, the

circuit wires may run directly to the oven, but some prefer to install x pigtail cord
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and a receplacle, Note that because the plug aind receplacle are concealed behind
an dppliance that is fastened in place, the plug will not serve as the disconnecting
means as it dpes when installing a self-contained range.

I wire the coaking units, proceed exactly as for the oven, using no smaller than 10
AWG ware, This stee wire has an ampacity of 30 amps and will provide a maximum
of 7,200 watts, whitch will take care of miose cooking units: Usea pagtail cordand 4
rr.'I-'J.'l."LII.'JL" 1f wou wish to make 1t easy (0 service the unit
Hyou install i single circuit for oven and cooking units combined. it must be a three-
wire, S0-amp circuit, Any wiring method may be used, including service-entrance
cable with a hare equipment grounding conductor. The receptacles must be the 50-
ampty e, and may be flush receptacles installed in outlet boxes, or the surface tvpe
shown in Fig. 14-2 The ciraut will be as i Fig. 14-3. The wires to the receptacles
must be the same size as the circuit wires. But the wires from the recepticles (o the
oven or cooking unit may be smaller, per NEC 210.19(A)( 3) Exceprion |, provided
they are heavy enough for the load, norsmaller than 12 AWG 110 AWG iF used for
grounding), and not longer than necessary toservice the appliance. The recepiacles
are nof required but they may be convenient for Installation. The oven or cooking
uni may be connected directly to the circuit wires in the jusiction boxes, The NEC
exception permits smaller wires between the junction hox and the appliance under
the same conditions specified for when receptacles are used.

L — ].i*"'l.r-'.FUI'IETIDn bowes s :
S0-amip . | e - *—_‘
circuit breaker 50-amp wires —— —— _
= sl-amp
J receptacles

__J Pigtail cords "

8@
8@ ®

Owian Counter unit

Fig.14-3 |tis common to provide separate circuits for oven and counter Lnits but both may
e placed om ane circult as shown

Clothesdryers An electric dryer is a 120/240-volt appliance. Wire as fur a range
The NE( r|‘L|kI!FL“-l1|'I.FE‘L |-».rI:~_ r.:'i'||.T-1.-."i[|_'._Hiq‘-[;||(tir1g-r'.'pyl_’n:l amp :u_ﬂ._;;l-_”_;gd.; s
KofFig 14-1 1, and 4 four-wire pigtail cord sinnlar to that used for a range but with
smaller wires. The plug and receptacle serve as the disconnecting means,
Grounding thedryer For existing circuits only, NEC 230,140 permits the frame
of the dryer to be grounded to the newtral of the three wires if it is not smaller than
| VAW, Service-entrance cable with a bare neutral b permitted where it rins from
the service lvcation directly to the drver recepracle: For these existing applications
only, 4 three-wine receptacle may be used (configuration £ of Fig. 14=1],
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Clothes washers  Washers are cquipped with acord and ph.if: for easier .-L'1"-11:]T!.?‘..
soprovide a 20-amp grounding receplacte ona 20-amp arcuil. o separale switch
15 Tequired.
Water heaters NFC210.190A)( 1| requires thatfoads expected o beon cantiny-
ously for three hours or more must not exceed 8 percent of the branch arcuit
cating. Dwellings and farms seldom have such continuous loads, but 1.dnnu:ﬁ1|:
water heates nhru.-qann:‘l 1o be considered m this category by NH 42.‘.£.'-. his
means that a 4,5300-watt water heater must be-onca 25-amp ur-:u:l: {m: 8 20-amp
Dhividing 4300 watts by 240 volts equals [8.7 amps, bt B8:7 1 *fn_..a"-_. oj E:H.. Eh;
next higher standard overcurrent device rating 15 25 amps, and 1.7 1575 n. u!. 25|
[Tis additional 25 percent of the continuous loads must be added o feader and
wervice calewlatons also, per NEC 215.2(A0(1 Fand 230420A 11T
Lisark at the water heater terminal box for a marked temperature rating T'nr the
branch circuit wires. If there is no marking, the circuit wiring can be _1 W for
athier 60°C wire), but if marked 75°C, then use a wire with an H in its designation
(o HH il mriarked 9070 % For further information, see NEC .-".ns'cl-:. Al Where
higher temperature wires are required, it is comman to splice the ordinary h:lamh
circuit wires in a junction box near the water heater to short lengths af the higher
temperature wire exlending to the heater,
Iy some localities, pawer for heating water is sold ar a reduced rate, '-ﬂl.]!l th.e hieater
connected to the cireuit through a special electrically operated .-m'lr.ch furmish ed.l:q;
the power supplier. The switch connects the h::.:m:: lo the power line only il.m :n.g
att-peak hours. Each day tor several periods of sevcruf. h.nura cach, water »_a.nnut
hve heated. IF vour installation is of this type, do the wiring as uJ.n:‘:fl}f dI.ESLnt.Wd:
except that the wires should start from the power supplicr’s time switch instead ol
frosmn 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
PTOgresses. Installation of switches, receptacles, faceplates, and fixtures—consid
ered finishing work—usually occurs only alter the walls have been -.»a]:-ez'ﬂ.:.l o
pamted. The Ainshing portion of the work 15 2 very small and usoally :i:n|1l<: part
ot the total jol. . . N

INSTALLING DEVICES IN BOXES

.F-:gura_' 15.- 1 shows how to mount a switch and s cover plate, Theswitch is mounted
in the switch hoy using machine «rews that come with the switch. The plate is then
mounted on the switch using screws that come with the plate. Inspect a switch
or receptacle and vou will see that the hales for the screws thar huld the device 1o
the boy are elongated rather than round. This allows the device o be mounted n.n
a true vertical even if the box was installed crockedly isee Fig, 15-2).

B
crooked
e

=
Device
straight
-
Fig. 15-1 The switch or other device 15 first Fig. 15-2 Elongated holes in strap
LTy i n - ¥ : :
mounted in the box, and the plate s then llow devices to be mounted straight
fastened to the device ina crocked baa &

_':-'Iluﬂi“‘_ﬂbﬂ!ﬂ Lut Jf..l-.!ﬂ,‘: nings accurately to minimize the patching needed
alter imstalling the buses, The perimeter gap between bivx and wall surface can be
pov e than Vs inch wide, Boxes must be jns
than % inch behind

alled so the front l,'.'|~;:|_‘¢. AFE 10 rmone

the surtace of the Anmished wall o certling 1f these consist of

noncombastible materials Tmatenials thar will oot bura ), Lo all other cases boxe
L 1 ey MY ) \

L=
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miust be flush with the wall or ceiling surface: Take care, tor example, when installing
combustible paneling directly aver existing drywall—every device box in the room
will likely end upr in violation. Tosolve this prablem. there are flush box inserts that
extend the reach of recessed bowes: These inserts, if made of metal, end up very
close w the energized terminal screws on the sides ol gevices. a nd putting clectrical

tape over the device screws {5 4 sensible precaution

seneral the NFE rees Aush devices . d
Imgeneral, the NEL requi 5 Hush devices - Bars o on

tor be held secureiyar the wall surtace, For wall surface

this reason switihes and similar devices
- Break here

if ot
needed

have “plaster ears” {see Fig. 1531 that lie

an top of the wall surface #nd bring the
device to the proper level even il the front
edge of the box is behind the surtace. You
cain easily break off the cars af thevaréin
thie wav It the wall surface 1s too damaged
to support the plaster ears, insert enough
o, b washers under the yoke to suppor
it even with the wall.

Fig.15-3 Plasterearsare helpful insligning
a device flush with the wall surface

Preventing loose connections  Here is a tip that can save you a lot of trouble:
after connecting the wires toa switch or receptacle, fold the wires a roand to nghih
hug the back of the device, Then when you push the device into place, the resis-
tance nffered by the stiffriess of the wires is taken by the back of the device and not
e, result

by the wiring terminals. Many loose connections, especially 41 receptac
when an acceptably tightened terminal screw 3s lnosened as the device 15 pushed
inito place in the box,

Mounting faceplates When mounting faceplates, dom't draw up too tghtly
on the mounting screws. The commaon plastic plates are easily damaged. Mates
for duplex receptacles have only & very narrow strip of material between the two
openings; if you turn the screw too tightly you will crack this bridge and ruin the
plate. This is another reason toobserve the NEC requirement i 406.40A) lo mount
fush teceptacles so they are “held rigidly at the surface of the wall”

HANGING FIXTURES

It is impossible to describe all the possible ways to hang light fixtures: Itall depends
on the construction of the particular fixture. With the general mformation grven
here vou should have no trouble because fittings to suit the particular ixture are
usually supphied by the manulfacturer

Connecting the wires On some fixfutes one wire 1 white; the other black,
(Mien both are the same cislor, but one has a colored tracer thread woven into the
sewering of the wire. The white wire. of the wire with the trager, abways goes

thie. white wire Int the box, The other wire goes mther io the black wire in the box

ot 1o the switch, Conrect the wires Irom the fixture 1o the wares in the bpox EsITIR

spfcderliess connectoms.
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Mounting on boxes The NEC requires that all fixtures be mounted on outlet
boxes. Very simple small fxtures can be mounted directly on the boxes using
screws supplied with the fixture (see Fige 13-4 Somewha larger Axtures often
use a special strap supplied with the fixcure. This micthod is shown in Figs. 15-3
and 1536, Surface-mounted Huorescent fiktires mav have a cible or conduit enter
the end of the fixture, and suspended fixtures mav be cord- and plug-connected
0.3 receptacle o arceiling box

Ceiling — Box

Fig. 15-4 Small fixtures can be
mounted directly on the outler box.

Fizture _
canopy

Fixture 7 .I.
Fig. 15-5 3ometimes a strap is first mounted on the

b, then the freture ismaunted on the strap. Straps with
grounding terminats are avatlable far nanmetallic boses,

Fig.15-6 Another method of
mounting a fiture.

Intheevent youmount a large Huorescent fixture directly ower a recessed bo, with
the fixture supported by the structiure of the building and not the boy, the NEC
requires access 1o the wiring in the box without remuoving the fixture, This may
mean punching s large ( 3-inch or so) hole in the back of the fixture lined up with
the box opening to-provide this access. Dan't forget to install 3 b widing fi:l.n'lpf:'r
from the box to the fixture to maintain grounding continuity,

Still larger fixtures are commonly hung directly on a fixture stud mounted in the
hack of the outlet hox, 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.
Slide 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 6 pounds in
weight, two N 6 machine screws muay be used, Use'a switch box as if @ switch or
receptacie were bemg installed. With the wall bracket vou will find 3 mounting strap,
ashort threaded nipple. and a knob (or 2 long heavy screw in plage of the nipple and
knobi, Mount the strap on the box, then mistall the fixture on the sirap. Sometimes
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Celling -

i S
e R

Canopy .
~— Fixture wires
Setscrew ——————————=
SIEmM ——
Chain %

Fig. 15-7 The fixtuie is supported on
the frire 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
combustible [if it can burn, as 1n the case of wood), the space from the box to the
edges of the fiture per NFC 410,13 must be covered with noncombustible material
such as shieet metal. (With some pan-type fixtures the noncombustible material,
usually fiberglass, comes with the fixture. A pan-type fixture mounts on the surface
of the ceiling and extends bevond the outlet box, Be sure to run the fixture wires so
the fiberglass is between the wires and the combustible bullding surface,)

Recessed fixtures A portion ot a recessed fixture must be installed at the rough-in
stage of the work, rather than after the ceiling finish is on and pamnted. Most residential
recessed fixtures have a connection bhox spaced away from the fixture toallow conned-
tion to ordinary branch- circuit wiring. However, some are marked with a temperature
raling for the branch-circuit wiring which may require that you use a wire with an
H or HH in its tvpe designation | TH, THW: 75°C THHN, XHHW:; 80°C). ke sure
the fixture is spaced at least 0 inch from the joists or other combustible material
lexcept at points of support | and that it will not be blanketed by thermal i.n:iu.l.al ing
miaterials, which will prevent the éscape of heat (unless the fixture is marked " Type
1.0 meaning it will niot overheat even when blanketed with thermal insulation).
L3 ot install lansps 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
albects; or illuminate wall-hung paintings can be installed anywhere along a surface-
mounted or thish track. Many types of fixtures are available for a great variety of
decorative lighting functions. Bower to the track is supplied from a ceiling outlet.
Porch fixtures A fixture installed on the ceiling of an outdoor porch must be
marked as suitahle for 2 damp location. It is mstalled the same as an indoor fixture.
Ii 2 wall bracket fixture 1s exposed 10 the weather, be sure 1t is histed, marked as
subtable for a wet location, and installed so that msture cannot penetrate behimd

the fxmure and enter the binlding walls.
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CHAPTER 16

Electric Motors

FORSAFE Y EFFICTENCY, AND ECONOMY, the size and tvpe of motor vou choose
should he based on the requirements of the job itwill be ]*-r:rll'rrruinb-,. This chapter
discusses the work capacity, power vonsumption, and tnstallation of the tvpes of
mietors commonly used in homes and on farmis, Special attention is givean o salely
factors, including grounding and protecting with overload devices, .

WORK CAPACITY OF MOTORS

I'he capacity of a matior to do work is based on its horsepower, starting and overload
capacityyand speed. Choose a motorsize that is appropriate to the task

Horsepower A motor is rated in horscpower Lhp . One horsepower 15 defined
.J.-'.Irh; work reguired to 1ift 33,000 pounds one foot (33,000 {oot-pounds| in one
.rnnmlu. Dne horsepower is equal to 746 watts. Typical 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 cj;'pe of motor; some brpes have
starting lorgues four or five fimes greater than at full speed. Naturally the amperes
consumed during the starting period are much higher than while running 1 full
-"Fj‘""‘!' In selecting a motor, if 15 important to consider a machine’s _atart.L:p Tivad,
J.'m' motorwill heat up quickly if too heavy a starting load prevents it from resching
full speed, :

Overload capacity Almost anv good motor will develop from 10 (0 2 times
its normal horsepower tor short periods after coming to full speed. Thus a 1-hp
maotor is usually able to deliver 1% hp for perhaps 15 minutes, 2 hp fior @ minute
and usually even 3 hp for 2 tew seconds: No motoer should be delilerately m‘l:‘rlru;-_dr:c{
continuoushy because overloading leads toon erheating, which shortens the life of
the motor, But thas abibity of the motsr o deliver rnur:_--man its rated horsepower is
very convement. bor example, o hp may be jast right tor sawing lumber, but when
a tough knot is fed 1o the saw blade the mator can instantly deh‘rer 1“:hy anid then
drop back to 1ts normal | hp after the knot has been sawed

170
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Replacing gasoline engines with electricmotors  Linlike an elecine motora
gasoline engine has no overluad capacty. That s why itis often possible 1o 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 i the engine is always laboring at its
maximurn power, the motor it replaces it should be of the same horsepower as the
engine because no motor will last long if it must continuously deliver more than
its rated horsepower

Speed of electricmotors  The most common speed for a e-Hz motor is theo-
retically 1,600 rpm. Actually the motor runs at  litte over 1,730 rpm w hile 1dling
and somewhere between 1,725 and 1,750 rpm while delivering its rated horsepower.
When overloaded the speed drops still mare. If overloaded too much, the moftor
finally stalls. The speed of ordinary ac motors cannot be regulated by rheostats or
awitchis, but there are solid-state controllers for regulating the speed of some ac
single-phase motors. Special variahle-speed motors are obtainable, but they are
expensive special-purpose motors and are not described here.

How temperature rise affects operation A 10-hp motor made today st
much bigger than a 3-hp motor made 50 years ago. This 15 possible because of
advances made in the heat-resisting propertics of insulations on the wires used to
wind the motor and insulations used to separate the windings from the steel in
the motot. Other advances have led to reduced air gaps and to improved magnetic
properties of the laminated steel used in the pole pleocs. Today's metors will un
much hatter without being damaged, but motors should always be installed where
they will have plenty of air for cooling.

Muotors have stamped on their nameplates @ "service factor” ranging from 100
to 1,35, Multiply the horsepower by the service factor. The answer tells you what
hinrsepower the mator can safely deliver continuously in @ location where the
temperature is not aver 40°C (104°F) while the motor 15 nut running, That means
the motor might develop a temperature of over 100°C [212°F), the boiling point
of water, but it will not be harmed.

Most motars of | hp or larger have a service factor of 1.15; smaller motors have
a higher senvice 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 electricel energy to mechancal energy,
A motur delivering 1 hp—746 watts—is aitually consuming about 1000 watts from
the power line. The difference of 254 watts islost 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 disrepancy between watls delivered and
watts consumed when selecting wire for installing a motor and when considering

LpErating costs.
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I'he amperage drawn from the power line depends on the horsepower delivered by
the motor—whether itis overlnaded or underloaded. The watts ate 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, bat vou must
provide wire size in proportion to the ampercs. When the motor is first turned on
it momentarily consumes several fimes its rated current. After it comes up o speed
but is permitted to idle, delivering no load, it copsumes about hall its rated current.
Kated current s consumed when the motor is deliver ing i1 rated horsepower, and
more current s consumied i 1t 15 overloaded.

TYPES OF MOTORS

Choese the npe of motor that is suitable for the job and the available power
source. Described here are common ac motors: Features to consider are size. starting
capacity, initial cost, operating cost, and ease of maintenance.

The direction of rotation can be n:h.mged an ac medors. Ona repudsion-induction
matnr, shift the position of the brushes, On other types of ac motors, reverse two
ulf the wires coming from the inside of the motor. If the motor must bie reversed
often, a special reversing switch can be installed for the purpose.

?ingle—phas& motors The molers most commenly found In hames and on
farms are called single-phase motors because they Dpt‘j’:ltl? on fhe usaal 1300240
vailt, single-phase current, They are not usually available in sizes larger than 7'+ hp
although a few larger ones are made. The three types described in this d:'-in'usa-iun
operate only on single-phase ac.

Larger single-phase motors are
aften dual-voltage, meaning they are
designed to be vperated at either
of two voltages, for example 120 or
240 volis. The motor has four leads.
Connected one wav the motor operates
at 120 volts connected the other way ir
operates at 240 volis, Sec Fig_ 16 i 120V

T
w
('’
]

A B C D

240V —

It there is.a choice, always operate

your motor at the higher voltage. At Fig.16-1 By reconnecting the leads, the miotos
240 volts it will consune nly halfag  ©" be used on either 120 00 230 volts
manyamperesas at 120 volts, With am

given wire size the voltage drop will be only one-fourth as great (measured as a
percentage | an the higher voltage than it would be on the lower voltage.

Spﬂt-pht_lse motors  This s a simple tvpe of motor, which makes it relatively
trouble-free; there ase no brushes, no commutator. {0 is available onlv in sizes of

hprand smaller. It draws a very heavy amperage while start in. Onice wp o full speed,
the split-phase motor develops just as much power oy any other ovpe of motar, b
it s niot able 1o start hea

v lnads, Therefore do not use it to drive anv machine that

www.Engine!
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s hard to start, such as @ deep-well pump, or an air compressor thai has to start
against compression: Use iton any machine that is casy (0 S1rT, o 0N 0ne W here
the load is thrown on after the machine 15 up to full speed. It 1s entirely suttable for
washing machines, grinders, saws and lathes, and general utility nse
Capacitor motors  This is sumilar to the split-phase type, with the addition of
a capacitor or a condenser that emables it to start much harder lvads. There are
several grades of capacitor-type motors avatlable, ranging trom the home-work-
shop type which starts loads from 1% to 2 times as heavy as the split-phase, 10
the heayy.duty type which will start almost any type of load. Capacitor motors
asually 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 1 hp
Repulsion-induction motors  This type of motor, properly called the “repulsion
start, induction run”™ motor, is commonly called a repulsion-induction or B-1 motor,
Awailable in sizes up to 10 hyp, it has a very high starting capacity and should be used
for heavier jobs—it will “hreak loose™ almost any kind of hard-starting machine.
I'he starting current is the lowest of all the single-phase types of motors. These
mators have a commutatar connected to thewindings on the rotor which allows for
precise positioning of the rotor poles {by moving the brush positions) in relition
to the field pules o produce maximum starting torgue, Commutators and brushes
require skilled maintenance. With the increased availability of three-phase power,
use of R motors is decreasing.
Three-phase motors These motors are the simplest and most trouble-free
type miade and.as the name implies, operate only on three-phase ac. Three-phase
potors in sizes /2 hpand 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; more likely you have three-wire, 120/
240-volt, single-phase current. See discussion on page 24-25. 1f in doubt, consult
vOUT power supplier.

LARGE MOTORS ON FARMS

(In farms, motors of 100 hp, 23 hp and even larger are required, But many farms
have only a single-phase, three-wire. 120/240-volt service. That provides anly twa
high voltage lines to the farm and only ane 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 1o start such a muotor.

Betore buying even a 5-hp single-phase motor, check with your power supplier to
s whether the line and the transformer serving your tarm are large enough o
operate sucha motor. [f you operate the motor onlya comparatively few hours per
vear, vour power suppher will object to mstalling a heavier line and transtormer
I a few localities, at least some of the farms are served by a three-phase line,
prowiding three transformers and three wires to the farm. [ you are foriunate

enough to have three-phase service, your problems are solved. Use three-phase
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motors, which are simpler in construction st they cost considerably less than single-
phase motors and rarely have a service problem. Note: If vou have three-phase
service, vou will have three-phase power at 240 volis available in addition to the
usaal 120/240-valt, single-phase for lighting, appliances and other small loads.

loday's three-phase distribution practices are increasingly moving in the direction
of 208Y/ 1 20-volt systems, in which the voltages berween the neutral and all three
ungrounded conductors are equally 120 volt. The older 240-volt svstems have
120 warlts to two of the ungrounded condugtors from the grounded conductorn, and
208 volts 1o the third This makes it more difficult for the power suppliers to balance
the 120-volt loads o their systems, and it creates s potential hazard if the property
owner inadvertently connects a 1 M-volt load moorrectly at 208 voles.

PHASE CONVERTERS

What can you doiaf you need larger motors but have only the usual single-phase,
| 207246 valt service? A phase converter permits three-phase motors to be oper-
ated on single-phase lines. The phase converter changes the single-phase power
it a sort of modified three-phase power that will operate ordinary three-phase
motorsand at the same time greatly redoce the number of amperes required while
starting. In ather words; when operazing a theee-jphase motor with the help of a
phase converter, the same single-phase line and | ransformer that would barely start
a 5-hyp single-phase motor will start a 7V-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 2 motor could be found} would probably handle a 15-hyp or 20-hp three-
phase motor. The Nutional Elecirical Code {NEC requireinerits for phase converters
are in Article 455, Phase converters are expensive but thetr cost is partiaily nffset
by the lower cost of three-phase motars and the mereased labor efficiency gained
when larger machinery can be used.

Two types of converters  The stanc rype of phase converter has no moving parts
except refays. 1o must be matched insize and type with the one particular motor 1o
be used with it: generally, there must be one converter for vach motor. The rotaring
type of converter looks like a motor, but can't be sed as & motor, Two 240-vols,
single-phase wires run into the converter; three 3-phiase wires ranout of it. Usually
several motors can be used atthe same time. The total horsepower of all the motors
in eperation at the same nme can be at least double the horsepower rating of the
converter. Thus, if vou buva converter rated at 15 hp, vou can wse any number of
three-phase motors totaling not over 30 1o 40 hp, but the largest may not be more
than 13 hp—the rating of the convertér. The converter must he started first, then
the motors, starting with the Largest and then the smaller ones.

Required horsepower ratings  Some words of caution are in order, A three-
phase motar of any given horsepower rating will not start as heavy a load when
operated from & phase converter as it will when operated from a true three- phase
lime. For that reason, 11 is often necessary 1o use a motor one size larger than is neces-
sary for the running load This does not significantly mcrease the power required
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i run the motor once it is started. The converter must have a horsepower rating
at least as larpe as that of the largest mator.

The voltage delivered by the converter varies with the load on it I no motor i
connected fo 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 periods
witheut operating motnrs at the same time or it will be damaged by its own high
voltage. Do not operate only a small motor from a converter rated at a much higher
horsepower because the high voltage will damage the motor ar reduce its life. 1tis
good practice to miake sure the total horsepower of all the motors aperating at one
time 1s at least half the hursepower rating of the ¢onverter

Check with your power supplier before buying a converter: some do nol favor o
permit converters. If converters are permitted, the line and the transformer serving
vour farm must be big enough w handie all the motors you propose o use.

MOTOR CIRCUIT REQUIREMENTS

Separate circuits are recommended for individual motors that are not part of an
appliance if they are of more than Y hp, whether dircetly connected url'h:.-]t driven.
Lise Table 5-2, adapted from NEC Table 430,148, to determine the motor s amperage.
Every mutor must have a disconnecting means. a controller to statt and stop it
short-circuit and ground. fault protection, and motor overload protection in case
ol overload or failure 1o start. Several of these are often combined.

Disconnectingmeans  Fvery motor must have at least one disconnecting means
capable of completely isofating the motor trom all ungrounded conduct ors s0 it can
he maintained safely. The NEC rules on motor disconnecting means fall into two
categaries. First, the disconnecting means must be suitable to handle this duty, and
second, it must be located where those whi may need 1o operate it will be able to
do s prompthy. That concept is more fully explained under the !‘Il?adinj_ll.“lrl sight
from' requirements” at the end of this discussion of motor circuit s i
Acceptable motor disconnecting means generally used on projects within the scope
of this book mclude the following devices:

\Mator-circiiit switch—A switch, rated in horsepower, capable of interrupting the
maximum operating current of a motor of the same horsepower ralimg a5 the switch
at the rated voltage. The device must be listed to qualify.

{ircuit breaker—The cireuit breaker in the panelboard, or separately mounted,
quahfies

Volided rase switch—A nonautoratic circuit breaker. Molded case switches contain
the switching mechanism and |n_]!'|_|,_|a|-|||_1;-r_khl;_‘- handle of circuit breakers, bt no
thermal or |§i.1gm:ti: sensing mechanism that would cause anautomatic fop.
Murrual mater controller additronally ptarked SUTTARLE A% MOTOR DISCONNECT
Figure 162 shows some manual motor controllers; Even though they are G intrailed
manually and have OFF and o positions, they do not qualify as disconnecting
means without meeting additinmal qualifications because they differ in robustness
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of canstruction from motor circuit switchies.
stances. The first, covering small motors, all
motorsof 2 hp or less, just as snap switches (described later in this ist). The second,
cimrri_ng larger motors, allows them to be ps 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.

& NEC allows them in two Siroum-
thew to be used as disconnects for

Fig. 16-2 Controls of these types are “manual motod controliers.” They are used to start and
stop a motor; they also-contain motor overload devieds, f rmarked sumas: AS MOTOH DESCORNECT
theey can additionally function as the required disconnecting MEans {Sguare O Cormpany)

E-E'ﬂ:rpﬂ—'usrmf!d:—ﬁ switch intended for usefin general distribution and branch
circuits. It is rated in amperes, and 1s capable §f interrupting its rated corrent at
s rated voltuge. See Fig. 16-3 for an example. fits ampere rating must be not less
|J1@ twice the full-load current rating of the mdtor. I generally canmot be used for {
a motor larger than 2 hp, unless it additionally ualifies 25 a motor-cirewt switch, ;
as described earlier. Use aswitch with one fuse fora 120-volt maotor, and two fuses
for a 240-volt motor. :

|
-1

General-use snap switth—A form of general-ude
switch constructed so that it can be installeld
in flush device boxes or on oitlet box covert
or otherwise used in confunction with wirfije
svstems recognized by the NEC. (In ather word)
these are the ordinary switches used in controllin
lights in ordinary house wiring, ) They are for s
mators anly. To qualify, the switch must be ratel

Fig. 16-3 A switch of this typs, ar a larger one wit
cartridge fuses, may be used with small motors. If the
switeh has two fuses it is for a motor operated at 24
mm:ifirhnanlyuruafus&it'r;ﬁwamnmropemted 3
120 volts: Mgure D Carmiparny)
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ac-only {general-use ac-dc snap switches are not aceeptable) und the mator full
load current must not exceed 80% of the ampere rating of the switch.

Phig and receptacle—IT the motor s portable, the plog 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, | 5-amp receptacle can be used
with up t6'a “-hp maotor, and 2 125-volt, 20-amp receptacte is good for | hpsa
250-volt, 15-amp receptacle works for up to 1% hp,and the 20-amp variety works
for uptor 2 hp.

Controllers A controller is any device used fo start and stop a motor. It is part
of the machine on refrigerators; pumps, and other equipment with automatically
started motors. On manually started motoes it can bea circuit breaker or switch,
but is usually what 15 called & motor starfer, as shown in Fig. 16-2. The enclozure
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 simaller starter
it the illustration for fractional-horsepower motors; it hasa manual switch 1o start
and stop the motor. For bigger miotors; use the larger starter shown at the right. It
has pushbuttons to start and stop the moior, Larger siariers have pushbuttonsin a
separite case arranged 10 actuate a magnetic switch {usually called & “contactor™),
allowing the motor 1o be electrically controlled from a distance and from multiph
lbcations or by automatic means, such as through a pressure switch,

Motor overload devices Motors must be protecied by overload devices 1o
prevent burnout and risk of fire resulting from extended overload.

It takes many more amperes tostarl 2 motor than to keep it running at full speed at
it5 rated horsepower: And when a motor 1s overloaded, it consumes more amperes
than while delivering its rated horsepower, A motor will not be damaged by current
considerably larger than normal Bowing through it for a short timge, as at starl-up
or during a momentary overload. But itwill burnout if more than normal current
Hows through 1t for a considerable time.

A motor overload device permits the high starting curient to flow for a short time,
bui disconnecis the motor if current due to overload (or failiire 1o start) fiows
thiough it for & considerable time. Overload devices ace permitted o be separate,
but in practice they are usually included in the same enclosure with the starter,

Owerload devices include “heaters™ and are rated in amperes. When the starter
is installed, select an overload device heater on the basis of the fullload 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 such @s 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 mator or installed on the starter, are not
capable ol interrupting the high amperage that can arise instintaneously in case
of a short circuit or ground fault that might oceur in the motor circuit or in the
motor. The branch circuit as well as the controller and the motor must beprotected
by fuses or circnit breakers against such shorts or ground fults.

The-wires in'a motor branch circuit must have an ainpacity of at least 125 percent
of the full-load motor cutrent so they won't be damaged if the motor is overloaded.
(Overload devices permit up to about 25 percent overload current for o consider-
able time before stopping the motor.) For motors of the kind typically installed in
hames and on farms, the NEC permiits 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
dmpere rating must not exceed 175 percent of the full-load current. if these values
seemn 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
a motor circuit is a special case in which the overcurrent device protects only againsy
short circuits or grounds. Pritection against lower values of overcurrent (overload,
or failure 1w 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
uperate properly, Fuses that are not of the time-delay tvpe 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 you 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 NEC 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 machiniery,
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 isan exception that allows the in-sight disconnect to be
omitted if the disconnecting means for the controller can be individually locked
in the open position; 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 aver 50 feet
distant} from a submersible pump motor 100 feet down the same shafi.
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INSTALLING THE MOTOR

Observe the requirement cutlined sbove 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 ase wire larger than required by NEC in
order to avoid excessive voltage drop. If the arcuit to the motor is long, afni you
use wire that is too small, vou may have only 100 volts at the motor dulnng 'r_h.c
starting period instead of nearly |20 volts. The motor may not start, ot if it dm_-e it
will deliver significantly less than its rated horsepower. Table 16-1 shows |J_1c wire
size t0 use st various distances from service equipment to motor, assuming the
wire has an ampacity of at least 125 percent of the full-load current shlmvn o the
nameplate of the motar. All distances are one-way. The table is for single-phase
motors onky;

Table 16-1 ALLOWABLE DISTANCE {IN FEET) FROM SERVICE EQUIPMENT
TO SINGLE-PHASE MOTOR FOR DIFFERENT WIRE SIZES

w B s5 op 14D XI5 380 575 900 Y506 2300
% 'E 45 75 115 180 30 450 725 1300 1800
5 k4 15 55 BS 140 220 350 550 BS0 1400
Wb 40 60 100 150 250 400 600 1,000
. 35 50 85 130 000 335 525 B850
[’ 230 380 560 500 1,450 2300 3600

1 180 300 460 730 1200 1500 2900

143 230 340 S50 875 vLApo 2200

w PN o0 160 240 400 600 1000 1,600 2400

1 E 85 140 200 340 525 8O0 1,300 2100

i ; 76 110 160 280 400 675 1100 1,700

2 P & %0 140 230 350 S50 900 1400 2200
3 foo 160 350 400 650 1,000 1,600
5 100 160 250 400 650 1,000
7% 110 175 275 450 700

The wires shiown in the tabis are compromises. The voltage diop while starting (when t!w.-
amperage ls soveral imes. greater than when the motor s running) will be from 3 1o 7%
percant depending on the type of motos how hard the load s to start, and other factors,
While running, the drop will be about 14 percent. This is Jess than narmally remmﬁ:ed
far non-matar Ioads and is the result of wire sizes large enough to keep the drop within
reasonabke fimits while starting.




GETTING STARTED—THE BASICS

WIRES, CIRCUITS, AND GROUNDING
INSTALLING SERVICE EQUIPMENT AND WIRING
SPECIAL WIRING SITUATIONS AND PROJECTS

CHAPTER 17
Farms

FARM HOUSES HAVE ABOUT THE SAME power requirements as city houses and
may be wired as any other house. It is the rest vt the farm that makes up the main
part of the load. This includes all sorts of motor-driven machinery: water pumps
and water heaters; ormigation equipment; milking machines; milk coolers, sterilizers)
and similar dairy equipment; extra lighting for forced egg production, incubators
and brooders; crop drving equipment; heaters 1o keep waier for livestock or poultry
trom freezing, and so on.

‘o provide enough power to operate such equipment, you must use large wires io-
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 fo carey on the business of
farming. Problems with large motors on farms are discussed on pages 173174,

Wiring 1ssues und procedures specific to farming are collected in this chapter for
convenient reference, but it is important to study the entire book in order to gain
understanding of the principles involved.

O 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. From the top of the pole, sets of wires run to the house, to the barn,and to
the other buildings 1o be served, At each building ihere is a service entrance without
a meter. Underground cables are being used more and more instead of overhead
wiring. The type of cable you vse 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 lurge wires to carry the total load involved; very large service equipment in
the house; expensive wiring 10 avoid voltage drop—which is wasted power: a clut-
tered farm vard, and many other complications that can be avoided by installing
a meter pole.
It 15 imporian e te pole oo clnseas practen bt the-butidimgs-wie o -
greatest amount of power will be used per year; on farms, the house rarely consuimes
the greatest total. When the pole is located where the largest wires can be the shortest
wires, you will find it telatively simple to solve voltage-drop problems without using
wires larger than would otherwise be necessary for the number of amperes 1o be
carricd. Total cost is kept down because the large, expensive wires 1o the buildings
with the big loads will be relatively short, and the smaller, less expensive wires to
the buildings with the small joads will be relatively long,

Overhead or underground? A farm wired using overhead wircs will have a
large number of wires running all over the place. This gives a very untidy 4 ppear-
ance and invites problems of various kinds. Wires to low buildings are subject 1o
damage by vehicles and machinery passing under them. Having many overhead
wires on an isolated farm increases vulnerability to ightning. In northern climates
where sleel stortms are common, wires can break from the weight of accumulated
i a hroken 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 tise wires larger than otherwise necessary for the load involved. Review
the valtage drop topic in Chapter £

Basic constructionatpole  Three 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. 8-19 for an example), but separate wires are shown in the drawing
(Fig. 17-1) to make it easier to follow. Check with your power suppher regarding
how they intend 1o supply the pole. The neutral is ahways grounded at the pole.
Figure 17-1 shows a modern farm distribution point. The disconnecting means
may be provided by the atility or by the owner, depending on local practice. The
2002 NEC has reclassified this device a5 a “site isoliting device”™ o distinguish it
from a service disconnect. Since it is not an actual service disconnect, it follows
that the wiring that Jeaves this device still has the status of service canductors 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 clectrade
conductor at this point and run it from the neutral block of the switch toa suitable
electrode at the pole base.

From the pole top; go to the buildings that need to be supplied from this poini. Asa
general rule the farmhouse can be supplied by a three-wire service, with its neutral
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r_q;munded at the home just as if the utility had made & direct termination. The
tarmhouse must not, however, share 3 common grounding return path with the
barn. If it does, a5 in the case of 2 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.

— Currant
transformer

Conduit (EMT}——

| Empty conduit
for wires

— [EMT) as handle

Handle mounting

£ bracket

-~
-11— ——— Upper stop
|

Watthour meter - /

~ |

~—5top pin
-

Handle assembly .~

{gradeJevel access) ———Togrxind rod

Fig.17-1 Pole top switch and remote metering as anticipated by the 2002 NEC_ Leave at [=ast

haif the circumference of the pole clear to allow fine workers ana repair workers to |'_|i|-|'|t|.-|:‘hp

pode without trouble

e Uit

Chapter 17 Farms 183
Although the barn, arguably, could also be wired like the house (three-wire); 3
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 tum
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_r..'.ul:u_t_ Expcff.‘[th as il appears o farm animals where th iy
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 o voltage gradicents 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 additional condition attached to the four-wire scheme that is unique 1o 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 AW, the size for a grounding conductor on the supply side ol & service using
3/0 AWG wires; nor is it 1/0 AWG, the size of the neutral. Tt must not be smaller
than the largest ungrounded line conductor, or 3/0 AWG. When this wire arrives at
the barn, it must arrive al a local distribution with the neutral completely divorced
from any local electrodes 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 issupplied by the
contractor. As shown in Fig. 17-1, the meter socket is not connected across the line,
but instead is connected through a current transformer {usually ahbreviated 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 abeve 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 ti 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 dircitit breaker. Then run the load wires from theload 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
(“denble stack™). Pass the load wires, unbroken, straight through the meter socket
an 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 thatif you install them n a common raceway
( the usual case) you must count the four hot wires as current carrying, That number
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ng wikes run together requires their ampacities | from Table 4-1)
ited |'1 multiplying by a factor ¢

e

Today's large 5. hiwever,

lmost always use the pole tap switch and CT shown in Fig

Insulators on pﬂlﬂ' Mear the ts pof the P s, install frsulator mcks of the eeneral

v & ot 10 Fiee i P & i
rypeshown in Fig. 17— Provide one rack for the incoming power wires and e

rack tor cach set of wires running from the pole to vadous bulldings. Remember

that there is great in ot the wires under heavy winds or 0 case of heavy iane in
northernareas; Anchor the racks with heavy lag screws, Better vet, use at least ﬂn-_
through-bult, all the wav through the pole, for gach rack. Note the fourth insulator
on the pole tor the equipment grounding conductor rug 10 the barn .
Ground at meter pole For a small service usmg a meter connect
actuss the line, the nearral wire always runs Irom the top of the polethrongh the

condult o the center termunal of the metersacket. The neutral is not necessary for

proper operation of the meter, but grounds the socket. At one time it was standard
practice to run-the ground wire from the meter socket [our of the botom hub)
b ﬂl'-.‘}:-.ll!-.‘l..l'llJl experience hasshown that better protection dgainst lightning is
(R i an Tr - s I N E 1

abtamed if the ground wire is run outside the conduit. Bun it from the nealral
at the top of the pale directl ¥ 1L the t."]'L'ILII'Ij rovd at the hattom of the }-,L._I l¢rmi-
nated as shown in Fig. 17-2, Itis usually run rucked in alongside the conduit as
far as it gocs, then 1o groand. In some ]LI\.-.1Jl|.] s itis stapled to the pole.on the side
apposite the corduil.

| Ground wire

Fill trench after
/ iNspectio

fig. 17-2 Thetop of the usual 8-ft graund rod should end up below the surface of the ground
Fil H'.IF trenchafterinspection. f the ground rod is copper, use only & coppos [lJIrIFJ_PEI':l sting
FesTrCtEnng, Insist o a DIRECT BURIAL o7 DB marking on the clamp .
Far today's .1r-.{-_r ETYICES 1 ‘|||'IL.|"i'“""|'-“"-||‘:l."r‘r" cts and O Ts, wst ran the grotind
wire straight down the pele, Protect it from damage, particularhy alung the lower
end if the "Illl-'- wilh .."~|'|-.I”..l.'| heavy P'.-u[ln. CUIVETT

or runitin rigid nonmetallic
condit. 1§ vou use metallic conduit, make sure both the top and hottom ends are

ot

bended to theenclosed ground wire as described n Chapter 8 | under " Bonding at

the service entrance” | ur the ground wire will lose 4 goed portion of 1ts effective

pess. Complete the won using the procedure covered later int

under "HBurying the g

his chaprer

rod.” How' (o determane th

2 size of the f_'.=-:.l|'.l'.-.! WITE 15

o
71
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discussed under its own headingin Chaptee 8: remember that if the ground wire
runs to a rod. pipe, or plate electride, such as a ground rod, it never needs o be

larger than 6 AW

DETERMINING SIZE OF WIRES AND SERVICE

Wires oof the proper size must run rom the vard pode to individas al budbdings. A1
gach v _|:i|.|'|:_{ thery miust b a servive entranceas drscussed napler o, BXCEPT UIe

trances st nave the correct rating

enitrance will ot have a meter. The service en
and correct ampacinges must Ire determuned bor thie wires runmng from the t'~'1‘
each building and fur the wires on the meter pole.

| for determining the ampacity of the wires

[Te MEC pruvides a-sp eotfic metho

unning from the pu-: o any Barm butlding with two or more areunts, and for
.I-.=T-:*|r:11|1|||s¢-, the rating of the service squipment #t that bu || ling. The minimum
tween pole and

is based on the otal load on all wires b

e of wires on the pole
individual butldings,
ITvé wite sizis determined by using the formula thar follows are the minimuin
permisaihle by NEC. You woul Il b wise o install lareer sizes to allow for Future
r-x}u nsion. Number 10 AWG wire 15 .mepmhlu flar spans up 1o 500 teet, and & AWG
{or Tonger spans. For very long spans, wse anextra pote; If the wiresare mstalied in
portheri areds on i hot summer day, 1'-:r1cru|u‘.| that a copper wire | (1) feet lung
will be a u.|u|1l- if inchis shorter next winter when the temperatureis below zero.
Liave 4 litdhe slack 5o insulators will not be pulled off buildings during winter

It is assumed that the building will have 2 three-wire; 120/24)-volt service, so the
lostal amperage af 240 volts must be determined. lor motors, use the amperage
shown in Table 5-2. For all other Ioads, start with the wattage. For hghts you can

déterming the total watls from the lamp size you intend to use. For fluorescent
Lights, add aboul 20 percent 1o the wattage because the watts Tating of fluorescents
defines only the power consumed by the lamp itself: the baltast adds from 1510 23
percent. Fur e |.|:|"'|_'I.|_||_‘t. allowing 200 watts for cach will probably be on the safe
side since thev will not all be ysed at the same time. Then divide the total watts by
244 and you will have the amperage at 244 volts,

Nute: Suppose in 4 biilding you have six 120-valt, 15-amp crcuits for lights and

receptacles—theoretically making 4 total of 96 amps (5= 15) at 120 valts, ar 43
amps at 240 volts, But the circuits won tall be loaded to capacity af the sametame, 50

instead of the 45 amps, use the total as determined by the preceding paragraph.

Minimum service for each farm building L 120,
{ service equipment for each farm

and thetotal larm

40 and 22041 show hew

Lo compuie thic load for service conductorsa

building lexcea p"m howuse, which s computed as any other house
pole (cxcept the house—see

load. For cach building to which wires run from th
“What Size Service™ in Chapter 8), first determine the amperage a1 s

= anv likelihood of pperating af the same time. Enter th

40 violts of all

Nperage -l

lads 1

a, then proceed with steps &, ¢ Lo and |
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o Amperage o1 240 volts of all conne
at the same Nme, including motors

o

armperage of that motor [if fwe moty
one af them the largast

amperage of thar motor

o Add a1obar o whichever w applica

e Amperage at 240 volts of al| other oo

A

E. Totatofd + ¢

Using your results from above, select thill

find the rrvini mium size of service for eal

It £ 1530 o less, and if there are not mie
B AWG wire [BAWGS i3 NEC minimum

switch and & AWG wire.
I #i5 ower 30 but under 84, wse 4 60-

It iz ess than &0 and Fis over &0, st

together 6 phus 30 (50%: of the next
for a total of 60 + 30 + 5or 95 amps.
AP O MO,

75 of d,add 30 {50% of the first 80 of

atotal of 75 + 30 + 1007 115 amps. LSS

rating and wire with correspoading

Calculating minimum size of wige
muined the size of the service Lo cad

wites un the pole from the opofi
supphicrswites, down to the meter,
are connected to the wires keading
and the main disconnect nuse be |;
above. The tutal nunber vou cnte

mimirium rarng of the switch or i

ampacity of the wires on the pole

Procead as follows using the amper

1. Highest of all the amperages for an in Bl

determined in previols calculation

kol

Second highest amperage
Third Righest amperage

e

Tatal of all other buildings

Lny

Tatal afl abowe
6. Add the house, as figured In Chapter B
7. Totalof§ <6

If & includes the largast mator in 1hid

ft @ does nat nclude the largest mods

B |fdis over 6 amps, start with 100% 0l
25% of the remainder of & For examl
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§ilely to be operating

amps
jildinclladd here 2539 of the
W M BIIE consicher
_amps
ere 125% of the
E armps
—r Elagiekd
geciecRoads inthe building - AMps
A

ate ¢ase Fromithe following cholces 1o
dl building

tharn Bvocirouits, ise a 30-2mp switch and

There §ne threeor moee crcuits, use 3 80-amp

i st and B AWG wire

. &
fith 1. gold together 100% of the first 80 amps

plus 56% of the next 60 amps pliss 2 of thefemainder, For example, it fis 1440, add

ampsRplus 5125% of the remaining 20 amps)
pswitch and wire with ampacity of 95

o 50% of the first 60 amps ofe, plus

5 amps and e is 100 amps, start with the
101 25% of the remaining 40 of 2| for
ot bréaker of not less than 115-amg

ole  [he calculations above deter-
g MNow let us determine the size of
ere they dre connected 10 the power
up tu the topof the pule where they
ual buildings. The wires on the pole
gh o handle all the Joads calculared

7 ol the following caleulation is the
@used | at the pole, and the nunimum

mined in the previous calculation:

Hding texciuding the house) as

L ampsatliie= _ AMps
____ampsat?i%e = _  amps
___ampsatbide = _amps
_ampsatsite = amps
2Mps

_____amps

. AMps
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ware 1 It o more bulldings have thie sgme function, consider them as one bullcing for
the purpose above. For example, if these are Two braaders houses sequiring 45 and 60 amps
respectively, consider them as a single building requining 105 amps, If no other building
requires more than 105 amps. entet 105 amps in step 1 above.

Note2 I listing the amperage for any one bullding, the amperage 1o use is the

ralculated amperage, not the rating of the switch used. For exa mipke, if forany buliding you
detirmined 2 minimumiof 35 amps butyou use 3 60-amp switch (because there is no Size
between 30 amps and 60 amps), use 35 amps not 60 amps

Use current transformers for modern high-capacity installations  1f the
service at the pole is rated at 2000 amps or more (line 7 of the preceding calculation |,
it migans very large wires running from the wp of the pole down to the meter and
back again o the top, That is hoth expensive and clomsy. It is not necessary o run
such large wires down to the meter —instead use a current transformer (T

Arordinary rransformer changes the voltage in
its primary to-a different voliage inits secondary,
In a current transformer, the vurrent tlowing in
s primary is reduced 1o 4 much lower cursent
in s secondary. Most currend transturmers 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. 173, has the shape of a doughnut 4 10 &
inches in diameter. Tt has only 4 single winding:
the secondary. The Inad wire {in which the cureent
s to he measured) is run througl the hole of the doughnut and becomes the
primary: Assuming that the [ransformer has 4 200;5 ratio; tor use with a 200-amp
service. the current int the secondary will be ¥ of the current in the primary. If the
current in the primary is 204 amps, 5 amps will flow in the secondary; if it is 100
amps in the primary, 2°: amps will flow in the secondary: For a 40(kamp service,
the transformer would have a 400:5 ratio,

Fig.17-3 A current tansformer.

{ine current transformier is installed at the top uf the pole, with the two bt wires

running through the hole. Four small 14 AWG wires run from the top of the pale 10

the meter (which must be of the type suitable for use with & current transformer|:

tiwe from the secondary of the current transformer and two from the hot wires,

far the voltage. The meter operates on a total of not more than 3 amps but the

dials of the meter will show the actual kilowatthours consumed. A wiring diagram

15 shown in Fig. 174

¢usition: The secondary terminals of the transformer must abways he short-circuited
while any current is flowing in its primary. I connected toa kilowarthour meter,
the meter constitutes a shart circuit, As purchased, the transformer will probably

have a short-circuiting bar across its secondary terminals; this must not be temoved
antil the transformer is connected to the meter. If you were to tuuch the terrminals
af such 4 mieter that is not short-circuited, you would find a dangerous voltage uf
miany thinsands of volts.
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[n an installation using a current

: ; ot Line Front Vie
transformer-al the top of the puile e .___|w
if wou also want-a switch at the Meter =z

pole, install it ar the op. Such

pule-top switches are operated

bv 4 handle near the ground Newtral .

level. connected through
the switchat the top as shown in
Fig. 17-1. N

transtormer s nstalled 15 the

fe that the aurrent

sare cabinet with the switch.

Such switches dare also availahle

m the double-throw tvpe, as

reijuiredd if a standby generating
. =i F Mad T . < i

}|-|rI[ 1s Jr.|51.;.|u1 ot wse during i9.17=4 Wirtng diagram showing one sransformer
periods of power failure. sed on g 1 200240-volt service.

INSTALLING OVERHEAD WIRIN

T- % S G h i i i
Triplex cable 15 shewn i | L 5— 19 1 cosisls of twen insulated wires wrapped

CTEL ra”}' around a strong, bare neutral@ire, [ requires only one insulator for SUpENTL.
| preferable 1o three separate wires. It is now
v farm buildings generally, and it is available

Une triplex cabile 15 wsually conside
trequently used tor overhead spans
as “Yuadruplex” cable with four wir
uonsas coverad previoushy The NEC
Wiring, and power supplicrs have

allowing it oo he wsed on four- wice distribu-
overs itas Ardicle 396, "Messeniger Supported
eil using it for service drops for vears.

Required clearance of overhead serv@® wires from grad Is given in NEC 23024081
For feeder wires from |"||.'||I.|:[}E toxk . : ER .

Sy i Iding wn the tarm, the Jearznces are given
N NG 220 D Aas Tokbomws: ﬂ

I feer above finished grade, si

iy wallss, of any ]."J.lth‘trn‘l 0 |'_1|'Ufi|:|_'!i{]|:- from
which wires might be reached

% Fan " S = TSI | ]
|2 teer above residential properf and driveways and comimercial areas nor

stabyect to truck traffic
LE teer yver commercial of farnm @operties subject to trick trafic

TN R P . 3 T ——
For coriductors over 600 volts, the Nflional Electrical Safety Code, ANSI C2-1997

is riterenced. Cherhead transmissioghnd distethution line

of the power supplier
DI , P

il or cross farm property. fearanoes may have fo be mereased on the

farm due 1o use of mobile equipmedBthat is unusually high, such as grain augurs

and copveyors. Pangerous situationdlan arise when working under an energized
electric line with well-digging equip I

ent, grain probes. i igation pipe, and well

pipe. Pruper lavour of the overhead ef

structures and prowdmity 1o the pow

trical distribution system with eelation to the

L - &7 a S

fines can save lives by minimusing exposure
tiv otential & ik - e - 5

to potential shiwk, Consult with a refesentative of vour local power supplier fior
advice i MINITIEINE

AT
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INSTALLING UNDERGROUND WIRING
i also for wires betwesn

It 45 -.'\l_"-l|1t|||g e Common for service nirances, aed
instatlations, Underground

-
flati

buildings, to be put undergtound, producng g
Wiring ;'[;_',all\ reduces danger from lightning and ehminates the problem of long
‘P.lr!;-;.nn'.irlg. dewn pivder 1ce loads n northern areas

'.'r.-d-.'r-.;r.-u.l:-.Ll.-.|r|:|5_{;|.~n:-il'r'.;_'rhu_-r..'.u_-n.ur-p-_--_'j;_i5.1I1':-.-a-_'-_~|-.:|.;d':'-.urd.n-'.-;-. buarial.
[ Tse l_'.]h:f?ll.'.-‘ have special monsture-Tesistant insuianon o the conducters. with

very toieh outer layver, The NEC recogmizes Two (Ypes, which are described Detow

[hey are available in both single-sanductor and mult conductor cunfigurations

USE and UF cable The mest commen cable for undetground wiring 1s Type
USE (Underground Service Entrance), which has Bieen nsed for many years [t is
chown in Fig. 17-3. Another type; Type UF { Underground Feeder), may e wsed
as an |;ndcr;;r-|und [eeder, but must be prozected by fuses or bregker at the sous

thereiure it must not be used as 4 service enfrance comductior. However, o farms

(3
15 " | T g AT
lype UE could besed on underground runs from pole to building if protected

b [uses or breakers.

e

Fig. 17-5 Type LISL cable 1 designed to be buried directly in the ground withaut further
protection, [t isavailable also as J-wire o 3-wire Lable

It the multi-conductor kind, Type UL is substantially the same 11 appearance a5
Twpe NMC shownin Fig. 4-53B. sievertheless, they are fwo different kinds ul':ahls..
lvpe NME may be used in dry, qoist, ar damp lncations, but not for direct buriat
underground. Trpe UF may be huried directlym the ground and mayalso heused
wherever Topes WM and NMOC may be usid-

Minimumdepth  Lsecommionsonssin installing any kind of underground cable,

NTEC 3005 cuvers the minimum depth Lo which it naust
1 depth is 12 inches, provided the cable 15 protected by

b huried. For ressdotial

installations the minimun
2 breaker or fuses rated ar 20 amps or less, and is proted red by a GFCL 1T not s
protected, the cable must he buried 4 minimuom of 24 inches, which is also the

minimum depth required for ali nonresidential installations. IF you use individual

wires, keep them close together, In locations where th
wvs, or where it crosses cultivated areas where there nyay

¢ cable might be distirhed

(s where it crosses roadwi
wing}, bury it deeper and lay a board or similar protective material

be [urure di
shave the cable before filling the trench. In general, a 2-inch thick run ol concrete

alaced in the trench thove the underground wiring allows a reduction In ciover

bv & inches. although this 1s not the case 10 areas subject I

ot siretch the cable tightlvs lay it so it curves snakelike from side 1o side. To avold

viehicular adcess, Do

damage 1o the conductars, screcn any gravel or rocks out of the material used for
o =

hackfilling the trench, or better vet use clean river sind
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If you are using a raceway, the burkd
|

-watll steel con

raceway chosen: Feavy
1% mches. These distances became
direct-burial cables, at 18 inches und
24 wnches 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 und
installed 12 mnches above the condid
theconductors in the future,

I depths are
duits requing
consistent |
T residenial
parking lots.
wayand grad
ng method o
crground, @

ors 1o provid

Protecting with conduit at groind level

emerges from the ground, the ahovet
against physical damage: Run the cablf through con

a conduit bushingat the bottom to o
sharpedges where the conduitwas cuf
ashiort vertical S-curve in each wire

ground por

otect the caly
I. Where thie
o help prever

meves under theaction of frost. In addicion, be s

at the end or make other arrangem
movernent on the conduir riser, As 1]
this to prevent riser moyement throy
pushing through concentric knncki
The top of the condiil may end at t
screwed intu the threaded opening in |
location vatdoors; install 4 service hy

knils 1o acco
ustrated in ¥
oh frost heas
ts ur doing «
he Ineter so

1 bottom of
ad of the ry)

inside a building, terminate the condjuit al 4 junc

and continue with Type NMC gable
muy end at the service equipment caf
grounded hax or cabinet, the conduiy
bushing, If the conduir ends inside a
end of the conduit, fill the outside en
fromm entering the building through 1

INSTALLING SERVICE EQUIPMENT

At the house and cach building servel
a service entrance similar 1o that ded

mter to install {because the meter 1

Entrance at house o1 the service
above the insulators; from thers it rur
house. Where there 1s an undergroun

frorm the neutral bus in the service dis

pipe electrode with an additional elecfrode, probab

the two together. [ there is less tha
then the driven rud becomes the prir

from that pe
hinet. I the ¢
must b gro
uilding at a
H with a seali
he raceway.

AT BUILDI

1 Iy wires fre
cribed in Ch
sfat the pole)

entrance cah
sdirectly tot
| metal water
onnect #nclo

b feet of

vary electrod

1 SITUATIONS AND PROJECTS

b as great, and depend on the
nly 6 inchesiof coverand ENC
all wiring methods, even for
rveways and parking areasand
e that the cover dimiension i
fevel, so the actual trench must
wen. Where semvice conducrors
astic ribbon 15 required to he
i warning against digging into

‘herever underground cable
nmust be specially protected
uit starting below srade. Inseall
against damage from pos

ide
damage as the earth setrles or
s o place an expansion Atting

eenters the conduit, prov

modate the ffects of ground
—3, NEC 300.5(]) recuires
g or ground setilement from
er damage,
»inwhich case the conduit is
e sockel. 11 ends at a different
shown 1n Fg. 8-21_ IF it ends
n box as shown in Fig, [7-15,
v o, O course, the conduil
duit does not rermindle ina
ided by o clamp or grounding
in| no higher than the ouside
rcompaund fo prevent water

s

i the yard pt:’lc there must be
fer B, except that there is no

or the conduitend at g point
 service equipment mnside the
ipe, run the ground wireto it

ire; and supplement the water
adriven rod or pipe, bonding
tal water pipe underground
but the installation will loak
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mtch the same, because the water piping friside the bullding must be bonded to
the electrisde and the neatral

The wiring inside the house 15 the same a3 10 ather houses, and has already been
tiv allow tor future

covered in .11|1,,__ chapters. Be suee to install plenty of cleci
expansion and to accommadate ngw appliances in the future. Spare circuits installed

at the start are a good investment; adding them later can he castly

Entrance at other buildings  How to
individual buildings is discussed earlier in this.chapter begh

there are more than twe clrouits, the NECrequines a b-amp switch asa minmum

ermiine the service entrance size 1or

ming on page 183, 1

Be sure 1o observe NFC grounding requirements as outlined ea rhier in thas chapter
iderul prop-

Notethat per NEC 21336 Excepieon, in ‘.1r..':.'."~<1"‘d-"I.I'.|1I.'|||.'!II'|E:\.|II'|rL'x'..l

erly, the discunnecting means may be an ordinary switch (single-pole, three-way,
o four-wav) as used in buildings serving primarly a residential purpose, as distiri-
J primarily in the business of farming. Buildings

ight include a garage or smokehouse,

auished from other buildings wse

serving primarily a residential purpose m
All ather buildings must have a conventional disconnecting means that will open
all the .mgnu_m_m_! wires: Temay be located in or on the building, and may be either
1 switch or a cifcuit breaker, and it must be suntable for use 48 service equipment 45
evidenced by listing a8 SUTTARLF FOR USE A5 SERVILT FOUIFMLY 7. It the building 15
served by twa 120-volt wires including @ grounded wire, use a sing le-pole swirch

or breaker If served by three wires (or anby the two o hot wires | use a double-pole

witch ur hreaker, How 1o deterimine the anypere rating of the switch or lireaker 1s
covered later in this chaprer,

Tapping service wires at buildings It s building containg asubstantial load, it
should be served by wires direct from the pole W hen two buildings are quite close
||.1-.1r|u, a substantial lead, bli!"'l'l can be sgrved

Lo each other with neither building
by a single set of wires from the pole, N: nurqlu. the wires must be big enough fur
ice insulators of the first building,
L7—=6. Al

the combinied load ol both butldings. At the sery
miake 2 tap and run the wires on to (he second building, as shown in Fig.
the second building, procecd as 1t the wires came @ firectly from the pole.

Tonext
Building
I

5 f he pole where
Fig. 17-6 When two Dutldings are near ead “h ather.t ervice wires from the pole where

they are anchored on the first budiding and run them to the second bullding
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If the second building i3
'-H|h.'..l|'1l|.! ol two wir
shown in Fig. 17-7. If th
able load so that 1200240
wires, The wires 1o the o
size as the wires from t

and ground are reguired

GROUNDS—LOCATIO
SPECIAL REQUIREME

Hefore proveeding with
mation on grounding |
in Chagier 8.

Where groundsarer
and ar each huilding, It ¢
be installed at the pole 4y
requirements for ather b
ML COIFdin cquipment t
as o reveptaclel, nogron
two groanding methods:

Install 4 ground area

Cr run an equipment
size as the circuit wires
see the grounding 10
This grounding wire d
wirg must be connecy
able, and 1o any other
additional clectrode. G
Where teeding one bui
pipe runs between th
bulding must be insu
pipe or other grounds
Installing ground rods,
at every point where a gr
substitute. The usual form
asteel coreand a copper i
Galvanized steel pipe sac
mspectorn Pipe mustbeat
two rods or pipes, or lung
ground that will serve its
& teet apart—if closer, tw

Wogethier using wire the sa

SPECIAL WIRING SITUATIONS AND PROJECTS

vy small and requires o

indluding the grounded

vecond building has a copsider
His are desirable, tap off gl three
vbuilding must be of thf same

pole. A separate service

the second building,

INSTALLATION, AND
5

13 topac; Arst review the
hapter 7 and on pages

red [nofarm wirine, g

(=F =

service wires come front

b 120

WITC, 35

CRLA IS Tl

Fig.17-7 Useacopper
it ground clamp with a
gy.g3  COpperiod

unding is required at the howse

4 yard pole, one ground must

anuther groand at the Wosuse. NEC 250,32 vutlines the

ldings. I & building congains only one circuit and does

1 must be grounded regdrdless of circomstances {such

is required. bor all othed buildings, follow oneof thess

building asis done at th

unding wire with the ci

[ pole and at the house,

it wires, [t must be thesame

j to 30 amps, {For cireufls over 30amps, or for feeders,

near the end of Chaptes
snol replace the ground

Lik and NEC Table 256.122.)
b circnit wire. The grounding

o metallic undergrouhd water piping, where avail-

ectrodes existing at the
runidimg wires should b
ing from another, and wh
wiy buildings, the grous

puilding or to a supplemental
15 shortand direct as possible.
ere mefal piping such as water
ded conductor at the second

ed from the enclosure apd oot conhected 1o the water

electrndes;

Vhen underground pipgng is not conveniently located

i rust be installed, a
if the pround 16 a rod 4t
:ron the ouwtside, driven
htable according to the N
st trade s1ze 7, and dove
ones, wiay have to be dr
Fase, When two rodds ;
roids are little berter thal

size as the pround wird

around rod can be used asa
fedst -inchoin diameter with
it least B feet into the gronngd,
FC, but mot abwavs to e local
8 feetinto e ground. Often
‘B L0 secure a low-resiskanoe
e uscd, they must be at beast

boone: Conned the two rods
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Bonding to water pipe and other electrodes Note that if there i< less than

: gy Ta Ath the earth, 11 does
Lil feet of metal underground water pipe o direCt contact w ith the «

. & inside the building
not qualify as a grounding electrode. Since metal water piping mside the building
must be bonded to the grounding electrode, i prac

! - g B o [rvapl Ty -
bond ogether the water pipe, regardless of lengths and anutl i
| erounded metal building frame, concrete—encaseyd electrode, driven tod OF prpe,

ur huared |"]J1'-' !

{1ce VOU TS I EVETY Ldse

yer acceptable electrude

fa ade ul coppe usss i 1hy
If the ground rod is copper-coated, use a clamp made ol copper or brass; it 1he

a clamp made af galvanized iron. An iron clamp

grovnd s galvanized ron, wse I ;
‘ : -7 hut there are aithers

. : i mARDET TYTe 1% Sl 0
is shown 1n Fig, 8-23; one copper TYype s shewn in Fig

similar to thit shown m Fig. 823

Bonding raceways to en closed grounding (or grounded) cond uct-:fr.s : -"|.l|
metallic raceways must be honded to the equipment grounding conductor of the
erclosed circuit, or in the case of service raceways, (o the enclosed grounded cirewt
conductor. B the raceway is confinuoes tan enclosure, the raceway [l.?I'I'L'l'.J‘...l". on
at the enclosure will do this automatically. However, the mietallic portion may De

sase where ol S35 sed 11 a nonmetalbic
discontinuous, asm the common case where a metal elbow 13 used 1 L

conduit run to prevent the pulling line from sawing (hrough the mrie! r;ulul::-: ﬁ:
the olbow in @ hard pull. The NEC addresses this problem in several ways. ls0 ﬁl.‘l_;I
mvetal élbows need not be bonded if thevare buried, |1|:ju;=jur<.:d to all points on the
addition, on the load side of the service equip:

olbow, not less than 18 1nches: In : tie
r this purpose need nul pe bonded il they are

ment anhy, metal elbows installed fo ; . e
crbedided in at least 2 inches of concrete: Finally, Lur |5nfl;11¢-r] r.ni:tall:c_ pi__1r1|n]n.;.
of 4 riser un a pole, vou can install clamp on {he metallic Fli:1r|ll'll:l and E‘n.-tl'..'l.'fl a
tomdine conductor dlong the outside of the raceway up Iijll.' pole as far as m&es.»ar.}
L reach an accessible portion of the grounded or grounding conductor, as the case

T i - . . e O bt
may be. Normally such bonding conductors cannot excyed b leet in lenath, b
this is & sprecial exception.
permanent, 50 yse eXIrims carein

i 1 3 t b
Burving the ground rad  Grounds mus : .
i : of a driven rod be in ¢ontad

heirinstallation. The NEC requires that at lﬁ'ﬁtﬁl"’f‘ : iy
ril B-faot rod and the connection 1o it mist be buried. If you

willy earth, 30 a standa : L fyo
accessible, use a longer rod and build a box or provide

want the connéction (o be

3 <hallow well around the clamp location to protect il from physical damage. The

sround rod is driven about 2 feet from the pole Lor huilding ) after 4 trenyh aboul a

fi ] The top of the rod rinches above the
foot deep from rod to pole has been dug, The top of the rod s  few ine

s e |
atind wire rups down the sule ot the proikie faar building

botiony of the rrench. The g i X B
| X + ; i3
1o the bottom of the trench, then to the ground clamp on the red, Afrer inspection,

the trench is filled in and the rod, the clamp. and the bottom end of the ground wire

rernatn buried. Sec Fig. 172, Remember that you will have a much betler graund
il | B B 2

i vou install two or three intercong ted rods at feast o teet apart.

Grounds in buildings housing livestock should be inst alled so that seepage from

animal waste does not saturate the ground around 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 1 be no ground at all

Equipotential planes—protecting against stray volta ge [¥ue o the sensi-
tvity of livestock to very small “tingle” voltages. the NEC now requires an eqi-
potential plane m bvestock (does naot include poultry) confinement areas if they
contain metallic equipment accessible tof animals and kel to become energzed,
These areas must include wire mesh or pther conductive elements embedded in
lor placed under) a concrete floor, and those elements must be bonded to metal
structuresand fixed electrical equipment that mav become energized, as well as the
grounding clectrode svstem in the building using B AWG (minimum ) copper wire,
In the case of dift confinement areas, the equipotential plane may be omitted if
woncrete surfaces are detrimental to animal well- being.” If they are omitted, GFC
protection mast be substituted.

Remember that the grounding svstem 1o which equipotential planes should be
connected is usually ( refer to the distribution point discussion earlier in the chapter|
electrically separated from neutral return currents, The idea is o minimize voltage
gradients by surrounding the livestock with bonded, conductive materials. To the
EXTENT Stray currents enter the area, the conductive materials should collect therm,
equalizing the vollage across the area atfect ng any particular animal. Serav currents
need not arise on the farm itself;, rhere are well-dovumented examiples of stray
voltages entering farm (or atheér) ¢nvironments from problems on local power
supplier distribution systems, Remember, is doesn't matter if the voltape Lo true
ground is 2.5 volts at the cow'’s rear howves, as long as it 1s the same viltage ar the
cow’s front hooves, the stanchion, and on the milking machine, etc. As long as
that is the case, the cowsees zeto viles, and continues to produce milk, Duce to the
well-grounded environment, the NEC also requires all 15 and 20-amp, 125-vglt
receptacles in the area of an equipotential plane to have GFCI proteciion. This
GFCT protection requirement also applies to simifar receptacles inall damp or wel
lecations, including outdoors.
Surge (lightning) arresters  While lightning caused damage to electrical instal
latinns is quite rare in Lerge cities, |1 is rather fréquent in rural arcas. The more
isolated the location, the greater the likelthoud of damage. 1t veaurs frequently on
farms, and to a lesser extent in suburban areas and smaller towns, I is more trequent
in southern areas, especially in Flonida and other Gulf states,
Lightning. does not have 1o-strike the wires dirsetlys s siroke sedr the wires'can
induce very high voltages in the wires, damaging apphiances and other equipment
as well as the wiring. Somerimes the damage is not apparent immediately, but shows
up later as mysterious breakdowns. While proper grounding gredtly reduces the
likelihood of damage, a surge arrester correctly installed reduces the probahility of
damage to a very low level. Three leads come out ot it; connect the white wire to the

grounded neutral bushar, the other two to the het wires, One should be installed a1
the meter pole. If the

leederstrom pole to building arc quite long, install another at
the buildmg. Insiall it in the seevice switch o panelboard, a4 shown 'in Fig. 17-=8

195
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Fig. 17-8 A surge (lightningj arrester installed in
4 service wwitch cabiner Be sure |15 white wire i
connected to the grounded neutral busbar in the
cabinet Takecare to terminate its witing at appropnate
verrminals; most makn circult breaker lugs.are not listed
for the combination of rhe smalhwires from the arrpmu.-
and the much larger feeder or service .:ur.-ﬂurm.::
Consult with the panelboard n'vanu.h\:iu-er far
avallability of appropnate tepminations far the surge

i
WIRING BRANCH CIRCUITS AND OUTLETS IN FARM BUI'I.DIINGS o
Ihe basic wiring principles covered in previous chapters apply (o farm instadations

i WV |. E -'h.d.i[ B SN IAE Tk 1 & T L spredis CH Iil.r.l.” A
b3 ] 1 1001, YOI WIF D'J r.l‘. i mLis I CUEML Lh-\. -.| E"lJ. L
.
.tlﬂl. Liat I 14 bl |j |.="f.\-.|: articula l"r n 1 Ijl].éh [l: al Doslse an ilﬂ.l.b
L 1 'l

i i s tre ebild |
Number of branch circuits in farm buildings  How many circuits .h.l.-'lLJ 3
: : sircuits sor thal the business of farming can be
4 il havit Install enough circuits so tha :
Bl sl s o R Far better to
‘ foiently, Skimping le {ficiency and higher cosl, Far be
Carri 3  Skimping leads o inelficiency ar .
carricd o etficiently, ! g ‘ ey | et S
install a panelboard with space for a few extra < ircuit breakers (or t,u"'f;\' TJ". ; :
Sin e T higher cost per circuit later on. It a building is to be
skimp now and pay a much higaer costp ] s e e i
GOV ed i cand a few incidental receplacle sullet: scellanenus
avided mostly with lightsand a few incident: I e
provided mosth ; e hinery shed may require only
3 oy cireyirs mav be suthcrent, A machnery s ; b
PSS, (NE Or TW Cirey e i Bpnahl
Eﬂu circuit; 2 well-equipped farm workshop may require four; a dairy :
; o 7 gl ol v r i I-JETLI
water heaters, milking machines, milk coolers and related equipment may reg
L A A

arrester, Soguare )

!

B o Bk bl LW, Ay & I- E K O Be Sl
ﬂl-:lll'?E]" CITCULES Hlljl:l."E,f [ [ Entrance Wires i pro WATTION B T EL L4 E =
- 5 =
F L L tuare,
(4] lLJ\fL‘ TOVISIONS 1 u.d.d:l.l 'Iﬁj CITULITLS T |- £ :I.di. el 1.]11.. 51 s

( ic ed, ¢ a0 -resistant
i s NMC nommetallic-sheathed, corros:
Cable for barn wiring  Type NMC ne B,
ble, shown in Fig, 45, was developed for use in buildings with d ph \
G v i ch cond 5115 0Wn
g 1w onductor hasi
ive cio i tine fram housing livestock. Fach ¢
corrosive conditions resulting ¥ ; S reiss
muistire-resistant insulation, and the several conductors are LmhfddLj in a plastic
: i spasal . o f and corrasion.
jacket that is specially resistant to molsture, mildew orother fungs, ‘Ln u.h i ‘,E
5 it 4 . s i tha
Tvpe NMC may not be bur ied in the ground, but may be used anyw ere ‘ I
Ik . ; anv other w } BVSLUTT
N is accentable, In the farm house, Type NM cable or any other wiring sy
Duivl 15 aCouy ] [
iy be used, .
. ; i ~ase use Type UF cable desaribed
Ini scime Jocalities Tvpe NMC is hard to find I that case use Tvpe UF ca ; i :
I F 4 IMC, | rbe us vwhere
T I - Type NMC, but may be used an
% ol T + |IF costs more than Type NI h :
in this chapter. Tvpe UF cost : Slop St Al
hat Types NM and NMO may be used, and may also be buried <_!i|;c‘|.tl_-l i
5 S = i F 1 d T Gk ITh:
wdl. You can also use Type SE cable if it s made up w ith copper conducty :
ground, You can also use Type 5 T S D Y T
The mare usual aluminum type cannot be used. Hepardless of the th : gt Ao
I : cmduc 5 stalled o
selected, a separate copper cyuipment grounding cunductor st be INSta L :
el i hod i ui z . the wire mus
e a consttuent of the winng method, and, i run underground the
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T In

inches of the boxes or cabinets in

Hﬂ‘e'ﬂ'ﬂﬂ For racewiy method
[RNC) covered in Chapter 12, ]

SPECIAL WIRING SITUATIONS AND PROJECTS

died or covered. For cabled wiring methiods, always secure thers within &

which thev terminate.

s, the usual method is rigid nonmetallic condui

vou need 3 flexible wiring method, liquidright

Hexible nonmetallic conduit can be used

Be sure to install expunsion fittingp in any locations where the air will not be coneli-

toned, asin unhealed buildings ag
expands roughly four to five time
BMC) or muost other building su
recomimends allowing 140°F 45 a

it arcas with direct sunhieht exm

doutdoors, RNC as typically constituted psually
as much as conerete or wood or steel {including
laces. (e of the leading RNC conduit makers
design temperarure differential when wirking
surey because sunhight hears the conduit more

than the ambient temperature wejuld predict Referring to NEC Table 352, 44( A0,

this would cause almost & inches
much of that appearsat any given

F possible movernent over a 100-foo1 romn. How

mestallation dependson the time of vear it was

hrst installed, For example, if it was insralled ina moderate lempératiire un a

clondy day, it probably was in the
o contract 3 inches |1=.I:lnf.-: the ¢
hottest allernonn,

middle of ns'siz¢ range, and might he sxpected
oldest might and expand 3 inches during the

For RNC the movement resulting from ordinary autdoor temperature changes

carnot be safely accommodated with comventiomal fittings over even comparatively

short distances. Such movement is encngh tobreak our concentric knockouts, hrgak

I

enclosures free of their supports,and dovother damage, The NF( insists on expansion

fillings for this material ifvou expect i1 (o .cxceed more than % inch in toral expansion;
contraction between fixed points—that amount of mcvement would occur OweT

less than a single 10-font conduit length in most dimates: Plan on installing these

fittings rout mely on all outdoar or

barn installstions unless the hasic arrangement

accomimiodates the movement in otherways, For example, tor a straght RNC service
Flser fassunting the service head dogsn't butt against the roofl) no expansion firting
wirld be reguired. However, the o [propriate mounting hardware most be wsed <o

this mivement can ocoursafely. Thismovement is also bevond theant

afet) vifects

ol ground mevement, covered in” Protecting with conduit 41 ground fevel” carkier in

Huis chapten although one properly

pmstalled expansion ftting could usually cover

both requirenients. Figure 17-9 illufteates these BOIMES.
1

Selecting bowes, plates, and sockets  Metal outler hoxes, plates or covers,

ind lighting sockets carry a risk of shock; particularly in the damp conditions

requently encountered on farms. Nonmetallic wiring methods and hixas do not

suffer the corrusion problems com

thievare

methiads in agricultural buildings

oveT the armor

I Ehe installatiom of nonmetallic bo

and shrinks in locatons where demipniess and humidi

salidly mounted on <upporting fimbers, do not present a mechar

far more common on I':irr:'.i

mron to metallic svstems, and 25 3 Consequence

NEBE 54

JEA) generally requires such wiring

pre mctal-chad cable with a nonmetallic jac

ses there s a prec rabserve, Wood swelly

v levels vary, Steel boxes, il

neal prablem as
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Frost ling

Fig. 17-9 Support hardware and expansion fitring for RN that will be exposed o outdoar

comclitians,

the timbers swell with moisture, because the stee] cangive little if required. But

o y ; : ; 1 11 i § _, - =

haixes. il serewed down tightly on dry fmbers, have been known to
%, g

ymetallic -
nanme sEure. o 1F vou

bredk put their bottonts 45 timbers swelled with increasing maoi
: PEREL ik (S e Dot
mount fonmetallic boxes on the surface of dry timbers, leave just

Jon't drive the mounting screws down completely tight.

a little shacks

Ve At O e o
Outdoor switches and receptacles  Ordinary receptacles and awitches are
indoor wse. 1f installed outdoors withoat further protection they w onld

designed for " . . e
: pors if instatled in special waterpeool

be very unsafe. But they can beused ould : a8
3 ¥ § = sk AL € |
hrmes of cast iron or aluminanwith theeaded hubs st ad of knockouts, Dutdoor
receptacles must have weatherproot covers.

Boxes for outdoor switches and receptacles Boxes for installing outdoor

rith iety uf threaded-hub arrangements imstead of
receptacles are made with a vanety ol threaded-hub arran

Louts. The hoxes have letter designations for the different numbets and
Examples are Type ES with one hub at the top and Type

i am: of t Yrdinary
ESC with a hub at the top and another at the bottom of the bux. ( reintary
: ii-arip toggle switches or GFCl-protected feceptacies up o 50 amps
: n proof (gasketed)

ki
Incations of the hubs

13-amyp or pe
mav be installed in the boxes, using the proper weather ete
-ahle outdoors. use a weatherprool connector similar
15 marked SUN]LIGHT RESSTANT,

cover. If using |E',. LIt
to that sheown i Fig. 17-10, and besure theca
Thi NEC in 406, 8 sproifies two tvpesiob weath-
other wet location | receptacles; the

Covers for outdoor receptacles
erproot receptacle covers for putdoor (and

baice depending on how the receptacie 1s ) De s
chi epending
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B For loads that are attendad
while being used (such as

Meoprens
portable tools!, and which

., grommet

exceed 20 amyps or 250 volts, Elongated hok

the enclosure may be the fair LIE ,.amerp

type with flip-covers that are : Yici

weatherproof only when the m:: |H?rI Threads fit
al nut

lids wre closed. An example of hiubs on boxes

';;:::E’:;h:ji:‘br"“ .l /- {' ¢ Fig. 17-10 Watertight connactor for cable entry
| L ¢ used for  Into threaded hub
any receptacle serving attended
loads in indvor wet locations. Some indoor farm locations such as milkin
parlors are routinely hosed down and qualify under this allowange 'I'hi‘i n'-f
may also be used for any receptacle in a damp location, meaning iuc-;ned ! %
protected from beating rain, such as under a roofed open porch ;*.11' r.anup;.nrf
B For loads that are not attended when they are heing used, or for any uu:&n
receptacle in a wet location rated 15 or 20 amps sl 125 or 250 volts :h:} el "lﬂr
sure muis| be weather resistant whether or not a plug is mnserted .-5:11 {x " 'lLl1
ofa "wiu’J'f: in IJ.:it'” cuver is shown in Fig, 17-12. Thew covers wi}j 1I_:cr: Lh.ﬂﬂszh'?
ones required for outdoor applications, Note that they usually are not r;[u;;l t:1
prevent 4 hose stream from entering. as in the case of rm.l]uﬂg parlors. Use a
trpe rated for this application, such as one with a screw-on, gasketed cr;ver. ‘
Poultry, livestock, and fish confinement systems These areas, 2 subset of
-.1.gnfuiTLiI':-1|! buildings generally, have been plagued h\"accumiﬂatiﬁn:uf iiLLETL'H::‘I
teed dusts, which arc often corrusive and likely to infiltrate into elcul.rical- ot / -
fients. These arcas réquire dustproof and weatherproaf enclosures for this ::-a;i:
along with the restricted list of wiring methods, Tn addition m.rhu;' conce "
pouliry houses have specialized lighting needs. s
Protecting against dust, moisture, and vapors  Accumulation of dust, particu
farly d&:.-ﬂ with moisture, inside-ordinary boxes has been jdentified as lha -E'auqfl:nl'
manly fires in buildings where poultry, cattle, and hogs are housed. NEC -‘.rrtit:] : ;-'l;
Agricultural Buildings, specifies requirements related to this sa.t::n i‘u';t-ll.' 4 - |1
your |lrLi.i-j electrical inspector when there is any question wheﬂ-u.-}.a .ar-;:imfjl
building is subject 1o these requirements. The NEC says thal where Jlf;rm!:la:;

% Fig. 17-11 Flip-type receptacle
tovers that are weatherprogf
only when lids are closed ([ siitan
Mimnufacturing Co, fec

Fi-.g..‘l 7-12 Hooded receptacke cover that is weather resistant
WiTh O withouot plug inserted. | TayMac Corparation)
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housed, special precautions must be taken when any of the following 15 present
dusst From litter or feed; water from cleaning operations or condensation; cormsive
vapors from animal waste; or any combination ot these.
Use molded plastic boxes as shown on the left in Fig. 9-18, with close-fitting
gasketed covers. Type %0 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 simifar to that shown in Fig, 17-10 making sure the opening
in the neoprene grommaet is the right size fiw your cable. Rigd nonmetallic {PVC)
canduit is well-suited 1o the conditions of dust, moisture, and corrosive Yapors,
Rigid metal conduit, intermediate metal conduityor EMT may be used as the wiring
method where onlv dust andior moisture is present, but are nat recommended
where corFisive vapors are present.

Mators must be totally enclosed or designed wo minimize the entrance of dust,
moisture, or corrosive particles, Lighting fixtures must be marded where exposed
to physical damage; they must be designed o minimize the entrance of dust and
mnisture; and IF exposed o water they must be watertight—sce | i 1713
Poultry houselighting  Special wiring s required for highting designed to promiste
ezg production. It is well known that hens produce more egws during the winter if
light is provided before sunrise and afier sunset Opmions vary a5 10 theideal length
of the *day,” but & 14-hour or 13-hour penod seems reasonable, which meansthal
the length of time the lights must be on varies from season Lo season andl must be
adiusted about every two weeks.

If all the fights are rurned ofl suddenly in the evening, the hens can't ar won't g
roost, but will stay where thev are, It is necessary 1o change from bright lights tordim
lights to dark: This can be done by manually aperated switches, but an automaric
time switch costs so little that manual switches should not bie considerul. The wiring
for such switchis is simple and wiring diagrams are furnished with the product.
Be sure that both the bright light and the dim light fall on the roosts, because if the
ruosts refain in darkness when the lights come on, the hens may not leave their
roosts, Neither will they he able 1o lind the roosts in the evening if the toosts are in
darkness. Qe 40-watt or 60-watt lamp with a reflector for every 150 10 200 square
feet of floor area s usually considered sufficient for the “bright” period. Normal
spacing is about 10 feet apart. For the “dim” period, 10-watt lamips are suitable.
Barnwiring Barnsare generally very homid, especially in winter, Proper ventils-
tion will greatly reduce this hamidiny but fow barns arcsufficiently ventilated. The
maisture will paturally collect in the coldest parts of the barn, and in winter that
means the outside walls, If possible, avoid running cables an outside walls where
the alternate wetting and drving night damage the wiring, However, il vort use
Type NMCor Type UE calile with nonmetallic boxes. the |ikelihood of damage 15
almuost entirely eliminated.

It is best not 1o run cable along the bottoms of jaists or other fimbers hecausc:it
myight be subject to mechanical impiry Eram't tum i1 af right angles across the lottoms
of joists even if running boards arc used. The cable will receive far more protection
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o run it along G side of a beam, then along the side of 2 j0ist 1o the middle of

the-atsle to each polll where a light is 10 be installed, a5 shown in Fig, I'F=13:
It will 1ake less ca

and lead to less vollage drop) i you run cable down thi
muddle of the aisle

ough bored holes in the joists; the bored holes shold not
ige of the jonst. The exact method will depend on the details
i being wired. It is important 1o install cable so that it js

be near the extrem
of carpentry in the

protected as much Eossible from damage and from excessive moisture.

loists.

Battem of
with botie

Fig.17-13 Run cable

g the substantial timber ta prevent later damage The battam of
the lamp should not o

1 Beyaind the bottaom of the timber.

Receptacle and lig,

: outlets Receptacle outlets should he installed where
they will not readily

bumped by animals: Most barns have oo few outlets, The
nd largely on the kind of barn being wired. |iistall enough
i extension cords need nol be used.

right number will d
receptacle outlets so
D ot skimp o 1
number is one behi
at stalls, o not ins

umber of lighting tutlets t be installed. The preferable
edch animal stall. The minimum is ane behind each prair
lighting vutlets on the buttom of timbers, but preferably
e bottom of the lamp is thush with the battom of the jist,
e likely 10 oeur that way. Lights should be controlled by
profected spotsand as high as practical so they cannat

helween joists so tha
[ramage 10 the lamp
toggle switches logat
casily be damaged by BMlmals. If vou mount switches at dlbosw betght you can operate
s are full. For convenience, have al Jeast some of the light
or four-way switches located at various entrances.

them even if vour hs
controlled hy three-

Reflectors maximizefight output  \When exposed lamps are used, half of the light

other half goes upward and strikes the ceiling. Ceilings in
ngs are usyally dirty; so most of the light directed a1 them

reflected. Use a gound reflector for each lamp 1o redirect

goes downward, and
barns and sjmilar bu
is absorbed rather (}
Hght downward, A &

att lamp with 4 good clean reflector usually wives asmiuch
vsehul light as a LK)

it lamp without the reflector. Reflectors are inexpensivi:

one tvpe Is shivw o B, L 7- 14, Clean the reflectors regalacly,
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Fig. 17-14 Reflectors pay dividends
A B0-watt lamp with a reflecior gives as
mich useful light as a 100-watt without
o reflector Keep reflectors clean

Haymow fixtures and wiring  Lood uminaton ol the stairway or ladder 10
the hoymow will help prevent accidents. Haymow lights should be contrelled bva
civitch on the main foor. For convenience, install a pilot light at the switch

The dust in a Havmow is combustible and 4 fire can eecur iF anexposed lamp i
broken, When a lamp breaks it burns sut, but during that fraction of a second
while it s hurning out the filament isatan exceedingly lugh temperaturs [ 4GHTE]
and can start 2 fire. Por haymows it is best W use gasketed enclosures known as
“vaporproof” fxtures, as shown in Fig. 17-13, Gilass globes en::mr“llr: lamps.
In many localitics use of vapurproof fixbures or "dugl-ignition-proot fxtures 15
required in laymows,

The NEC requires (hat nonmetallic-sheathed cable must
be given special protection when il ruas through a foor:
11 4 haymuow, there is always danger that a pitchforkowill
puncture unprotected cable and cause a short arcutt
It is reasonable that inspectnraTegulre extra profection
from the floor up to 2 point where hay will never be in
contact with the cable. Occasivnally an inspector will
permit cable that is installed in the corner formed by
wall and stud with a piece of board nailed over it for
proTection,

Fig. 17-15 Lise protected
fixtuse in haymoa wiring.

More often, the cahle is run through a piece of pipe or conduit. Note that this
Jnes not constitute “conduit wiring.” The cable is pulled through the comduit and
confinues to be cable wiring, with the conduit merely furnishing mechanical protec-
tion fur the cable, But vou must ream the ends of the conduit to remave any burrs
that might have been formed, and then install 4 bushing on each end.

I some Jocalities it is the custom to wirg the entire haymow wirh rigid conduit or
EMT: the cable then ends on the main floor, This is a safety measure protecting the
wiring in the havmow against mechanigal iniury that might gasily necur il'-..EhLE_ia
installed where exposed to hay forks. The conduit 1s not as likeely b ruist out in the
hayntow where it is not exposed to fumesand maoisture as on the main floor. When
wiring with conduit, the change-over s casily made as shown i Fig. 1716

SEE 250,86 requires that vo ground isolated sections of conduit in most cases, unless
.86 F.xc:p'.me[ Nio. 2 and used only for cable sypportand protection

it “short (25
That is easilv done by connecting the bare grounding wire of the cable to a green

sreuinding screw in oneof the holes in the outlet box where the comduit begins.
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Nonmetallic
——— - Bushing

i f
sheathed cable | — Locknut

| Intermediate metal conduit {IMC)

- Earonm'box

g
for cover

Armored ©

able /7 W2
; 1
—

P LOCKRUT

3! o=

s, Connector

"~ Thin wall canduit [EMT)

Connector -

Fig. 17-16 How 10 cha ;
. nge from ome winng methad to anather. | i e
upan completion, = ather install 2 rover an the box

FARM SAFETY

In l'IjJ.'ﬂJ aress it s wise tor take precautions against the hazards of darkness, lishtning
and fire. Consider the following safety additions for vour installation. =
Iqstalling yard lights  Fvery farm will Bave one or more vard lights far conve-
nience and accident prevention. Fizure 1 7=17 shows vervefficient :lTI d .lung-iai.tn:ﬁ
high pressure sodium yard light, photoce|l-controlled to reen on sutom 1-Ti.-'- lly
at dusk and off 4t dawn. It can be mountpd on a pole or high u : o -|~< .Jt;lrl 1
wall Unless automatically controlled, s vapd light should be :'n|'|t]r:;>i.].|b-[:ﬂ::-.-1-1']|r:lj:r
least two paints: from the house and from b barn or other huilding 'J:h.[i re |"'Lr g
three wires as shown in Fig, 10-18. It is conllrary to the NEC to reed-n v;-:r.l.l E:J':t I: '
tapping the wires on the meter pole. In addition, being made of mital, it mus Ll1I
grounded to an appropriate equipment grgunding cnrhu']m tr, \

A ]:-rnl.:rrly nstalled vard light requires a considerable quantity of wire and othe
materials, especially if it 1s controlled from several points. Ordifiary 14 AWEG wi f
may be electrically large enough. but often a larger wire must be ,_rﬁ,;-d far ,. : .h-l Hn|
strength for long overhead spans. 11 is prac PRt
tical to install low-voltage, remote-control
switching as discussed on page 208, With
respedt to relays, if vou provide photoced]
control, be sure the switching system
complies with NEC 410.54(B) and opens
all engrounded conductors (o the I:er
ballast. IT the PJ".\.H'I'ICE” pErates only as g

single-pole device | most dal, it can OpCTate

a retay but it cannot be used 1o control one
of these fixtures connected ling-to-line. This 79 17=17 Phato-cell controlled
nigh pressure sodivm yard |ights
cantribute to convenience and wafery
an the farm i

15 not an issue on 120-volt circuits, bt will

he itn 3 240-valt cireait
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Lightning protection With their isolated, scattered 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 nearhy grounid stroke (the term for 4 lightning bolt that hits the ground | can
do extensive damage 1o electrical installations even if they are not hir directly.

Installing surge (lightning) arresters While proper grounding greatly reduces
the extent of damage, properly installed lightning arresters {more oorme tly called
surge arresters by the NEC) reduce the probability of damage w a very low level,
Ome type of inespensive arrester 1s about the size of 2 basehall and has three leads.,
Connect the white to the neutral wire, the other two to the hot wires in the main
corvice disconnect, I the feeders from pole to buildings are quite long, install
anather arrestir at each building imstall it on the service equipment; ferting the
“meck™ of the artester project into the equipment cabinet through a knockout.
For service equipment using circuit breakers—and where there are two adiacent
spare spaces for plug-in breakers—there is a surge arrester available shaped like a
rwo-pale circuit breaker that can simply be plugged intn the main bus, with a wire
{ail tor conmect to the neutral bus, This removes the dilemma nfwhere o commect the
wires from the artester described in the previous paragraph, because NEC 101404
requires that termuinals for more than one conductor be identified as such.

Bonding a lightning protection system  Some farms emplova lightning protec-
tive system that consists of lightning rods {nfhcially termed “strike termination
devices™ | un the roof and heavy cunductors running down o adriven rod electrode.
The grounding electrodes for both the lightning protective system ani the electric
<ervice must be: 1) different clectrodes, but then 2} those different electrodes must
1 all honded rogether. Installing lightning protection systems involves a different
NFPA standard and requires specialized rraiming,
Water pump—fire safety considerations  Fuvery farm will have awater pump.
It serves to provide water for all the usual purposes and 15 2 tremendous help in
case of fire. But during a fire, quite often power lines between buildings fail and
fuuses hlow so that the pump cannot run just when it is needed most. That failure
can be avoided by adding an independent feeder 1o the pump location, as if it were
a fire pump. Simply arrange another feeder 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
putmp would be routinely used fur other purpnses; it could not for many reasons
technically qualify as such. Nevertheless, most inspectors wi wild say that the second
feeder to the pump location is permissible under NEC 225300 4)( 1) You would,
however, nced to put a sign at both the pump disconnedt location and the maimn
buildinig feeder disconnect location explaining at each location that an additional
source of local supply is located a1 (specify the ather location and its function . Thit
wiry o one will be decerved into thinking the enfire building has been disconnected
after apening switches at only onc of the two lucations,
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CHAPTER 18

Low-Voltage Wiring

LEOW-VOLTAGE SYSTEMS DISCUSSED HERE operate at leéss than 100 volts, with
most at well under 100 volts, Telephones and doorbells are common examples.
Others include CATV, lighting eutléls using transformers, wireless r.u1i|_|-c:.1n'.ri.1]J1:;i
ST'r'j[\.'t!.L'b-. central vacoum svstem controls, snme thermaostats, and data processing
“E“ﬂjlﬂgltirk-'ufln The technically correct term is limited -energy or Ii:niwd';*u-.-.-c.r
syatvms, because even a -voltsystem with enough amperage runnime : 1

wires 18 a fire hazard, Bul low voliage is a nmj,—:-g'.‘an\il]i,a,r l;?rmj:]._:lg::rfmu.bh e

Critical safery considerations apply to the systems in this chapter. First, miake sure
th_E power source to any of these systems, even o doorbell transtarmer, is Hated a5
"Class 27 or is derived from listed computer equipment and used for data inter-
»'h.a.mgc_\ such as computer nelwork wirmg. This means it has been investigated for
safety from fire ur shock hazard. The only exceplion is communications cirouits
[telephone systems) connected (o g contral station | or wired 10 a similar manmer,
but all nerwork-connecled lecommunications eyuipment must be fHsted .

Second, never place Class 2 (or telephong of computer network) wiring inside
3 power racewiy, even if vou use one of the wire types suimable for line t'-'UEidgL'.
f.jL'tstx_: winng may enter an enlosure to terminate at & relay |hat controls @ power
circuit, but even then it must be restrained so at léast a li-inch air separation s
maintained from the power wiring, Normally, however, listed equipment has two
entirely separate compariments, or elsé a solid grounded barrer between the rwi
clu.-;.-xer.. of use, For example, if you are wining a furnace, run the power drcuit in
one of the wiring methods described in Chaprer 12 Run the Class 2 control circuit
separately. For.convenience. NEC 300,111 Bi(2) allows a pawer raceway to suppurt
N its enitside, a Class 2 cable ifthat cable is used to control the rq;mprn.gn[ :uui_ﬁ]:ljif_'dl
by the pa Ih'r.:r.u.'i rewits in the raceway, This permission dows not apply to any other
raceways, and never to power cable assemblics.

TELEPHONE WIRING

e separation point between the telephone company’s network and the customer's
premises is called the demarcanion poine. Evervihing on the netwark side of this

2iH
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point is the property and responsibility of the telephone compaty. Equipmentand
wiring on the customer side are the custimer s resp inshility, In some plages the tele-
phone company installs the demarcation pomnt equipment. consis! ing of connection
and testing terminals, required grounding, and equipment hor protection against
lightning and voitage surges. In other cases it 1s done by the user. Check with your
telephone company about focal practice. You can have the telephune company du
the wiring inside your home, but the charges arc typicatly high. Instead, yut collid
hire an slectrical contractoror a communications contractar to do the work inside
girur home, or vou can de it yourself.
safety precautions [ vou decide o install telephone wiring yoursell, several
satety precautions should by observed
Wike sure the tetephoe ground 1 o the same glectrode as the power ground
i it isn't, make sure that the two elect rodes arc bonded together witha 6 AWG
copper wire.
Iyisconmect the telephone line at the demarcation point or take a telephone
handser off the liook to prevent the phone from ringing. Telephone voltages
can reach dangerous levels when the phone is ringing,
B Do notinstall or use a telephinne during a lightning storm because of the danger
of shock to yoursell and damage to equipment.
Telephonecable Listed cables include Types CMP foruse in air- handiing dacts
ot plenums; CMER for risers between floors: €0 and CMG for general use bul not
fior plenums of risers; ME multipurpose for plenums; risers, and general use: and
X for use only in dwellings and installed in raceways.
When siripping wire, keep in mind that the 22 10 24 AW sives are relatively delicate
s care is needed 1o avoid nicking the wire. Tris safer to use terminals thit displace
the insulation rather than ones that require it toybe stripped.
Wiring methods for multiple outlets  Thereare fwo general methods of winng
for several telephone outlets. One is o run everything in parallel (asare the lights
in Fig. 67 |. Troubleshooting at a later date on such asystem is difficult. The other
methed s to run a separate cable to cach telephone outlet from the demarcation
point. This method makes it casier o upgrade later,
Copper conductors are twisted together in pairs to minimize induction and cross-
talk and to reduge 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 thi
is mecessary W operate a single relephone, it s wise to run miultiple pairs to each
mimodate future uses such as intercom, speed diatmg, call forwarding,
ther features af one telephone. One pair could be used tor

outlet i agen
multiple lines, and o
computer modem, another for 2 fax machine. The standard color code fur fwisted
pairs is green/ted, blackivellow, and white/hlue More sophisticated station wire 15
increasingly being used that uses color banding with complementary colors incach
twisted pair. For example. the red/green pairis replaced by-a bluewire with white
bands and 2 white wire with tlue hands; the black/yellow is replaced by orange with
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white and white with orange: and the white/blue is replaced by greeniwhite and
white/green. When making connections, always match the colors of the wires to 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 fax machines. Also install plenty of telephone outlets whether they appear to be
needed or not. For convenienie, every floor should have telephone outlets including
the basement. These outlets can consist of pull wires from near the demarcation
point to each ourlet, The outlet needs only tobe o plaster ring covered with a blank
plate that can later be changed to s telephone jack when needed.

The telephone jacks that you install at the wall outlet are farger than the jacks built
into the telephone hodies and handsets. Wall jacks are simple to connect. Fach
component will come with clear installation instructions.

Alternatively, cable can be installed if the pull-wire mcthod is infpractical. e 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 sume future time.

Place telephone cable at least 12 inches away from the clectrical cahle ruTing
through vour house to minimize noise and to climinate any possibility of the tele-
phone wiring contacting line voltage. Don't mistake elecirical cable for telephone
cable, which isabout the size of a drinking straw and is very Hexible. The telephone
cables should cross power cables at 90°, Do nut share the same holes through wood
mernbers or the same stud spaces with electrical wiring.

Oldwork To meet the needs of a growing family ora home office, vou can install
additional jacks and lines, From the demarcation point. telephone cahle can be run
o the surface using wall jacks for surface mounting. You may find that running it
along the basebnard and around door and window openings is sufficientlv incon-
spicuous, Place the cable so that it is not subjeet to physical damage, For a neat
installation, install outlet boxes for telephone jacks and run the cable behind the
walls or wondwork as described in Chapter 13: Modermizing Old Wiring, The outlet
hox is not required tor 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 artaching
the jack 1o the plate without using a b,

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
electrode by means of a 6 AWG or larger copper conductor. The coaxial cable must
be UL listed and resistant to the <pread of fire, General-use CATY cables are identi-
fied by & CATV marking. CATV cables with a P suffix (CATVE) are suitable for use
in ducts and plenums; with R suthx (CATVR), for use as risers between floors; with
X suthe (CATVXL, for use only in dwellings or installed in raceways.

Chaprer 18 Low-Voltage Wiring 2

HOME COMPUTER NETWORK WIRING

st new homicowers today anticipate being able to connedt mltiple computers
rasether 1o take advantage of high-speed internet access -_.1m| -\.‘mr!.- d:“'i access 1o
cortain electronic appliances. For example, providing a high -_'gll.l.l ity m:\-:.r |1r|.nt.-i-r.
at every computer location may be profifbitive, bur l;l'u_.- same objective Ius.n esily
e met if @very Lomputer Can connect 1o one such printer at a central location.
Commercial pperations do this routinely.

The solution is 1o connect the computers together ina n.t-m'nrlx._i.de.llh by hard
wiring the huilding with cable thal will .:“.nnmuu.l.m.: this dutv. There are -.+.,_|r.e
less modes of data transmission, but they are not as fast-as a prrmanm_tlv mr.c|71
conmection and are inherently less secure, The standard .5|_1]11'ﬁ.1cl'} tosday is Lo wire
for “Ethernet” connections between computers, This ;spr:::u-:.h relies vnd 1nur_- pair
cable, with cach pair tightly twisted together. The terminal ing jacks and patch ..ah!c.aj
1o the individual workstations are readily available at nthoe 5u|l'q'-l1_r.anrl .electm.nn.x
stares. These jacks require “punch down” towls to jn::|u|’|l1hﬂ wires into 1r1-|.u1¢1.1}4.1:‘;
displacing terminals, because the required degree of twists -:.Imnul he ﬂ1;1;linl-1 |
vitherwise: If you are making only a few terminations rhel]fv':g-_-.ln tols availal e -._u;l'i
the jacks are adequate, but il you are doinga whale h.uudlng: buy the specialized
toal that pushes the wire into the terminal and trims its end In one operaton.
The degree of performance for data [FaTsmiission over cables-and uq1.|1|a|'!15:111 i
described by categories: Ordinary voice calls {“plain old telephione service” or
*pOTS” I the trade) do fine on Category 1. Ordinary computer moderms qued
a higher standard, and high-speed Jdata transiinssion requircy the fgmp-flmt::}:l
tinicky Category 3, Se (for extended ), or even &, equiring a very high _xl:j; r
uf workmanship to maintain successtully, bven the -;1|ghtu.-~_?.r lapse can m e :j'li
difference between @ siiccessful 100 MB Ethernet connection of omly a4 .1_:; !I_l.
conmection. Make sure vour cable and all terminals meet the required standard.
Alernate methods promising greater handwidth prul:u:ll'.nh' represent the x-.=a1_|.'. of
the future, such s cowsial cable service | “cable modems ), ar_ld optical fiber using
laser-generated light transmitted over special ghass or other fibers,

DOORBELLS, CHIMES, AND OTHER LOW-VOLTAGE CONTROLS

I'iese mecessary items are casy toinsfall. The power 1 furmished by a transtorriet,
a device that reduces 120-valt dc to a different ac voltage: 1I'-~;r dnnrifu]la this 13
nsually about & fo 10 volts, Doorbell transformers have two: primary wrrf.tezds
which are permanently connected to any point on any 1_‘0-1»-:;!1 circut rha?u- ot
controlled by a switch, and two “secondary” screw rermitials for the lnjn.' virltage,
‘The power consumed while the bell is not ringing i1 under one watl, desp]ﬁtc the
pe:m-mm:nr connection to the line. When you push the hutmn_ln ring the he.].. vou
close the low-voltagecircuit, and then the t ransiormer draws about five watls from
the 120-volt hne .

Installation of duorbells and chimes 18 discussed heru: }'n:ﬁl]:tstmcltmna_-;:
repairing a doorbell or chime that dies not ring, see pages 221222 m Chapter 15,
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“Trovbleshooting and Repairs.”™ The

same type of wiring can be used for ~

low-voltage thermuostats for air-condi —_ -:---F_ =

tioning and heating systems, There are —|

many different control svstems inwse; (7  Peacene

follow the wining diagrams provided A -T:H‘R\;‘ S . )

with the equipment. ]I‘*w,_ P =
Doorbells For installation of a I_'! i =
doorbell, consider the two secondary +——Transformer

or low-voltage terminals on the trans ™ e
lormer as the SOURCE for & arcuit, the !

Leads to 120V ac
bell 4s the putlet, and the button as.a
switch. Breaking it down this way makes

all these diagrams very simple. Fig, 75—

Fig. 1B-1 The wiring of a doorbell with a
transformer is simple.

el 1
shuws the installation of one bell with 2 push button i ene location, [f @ buran i

wanted in an additienal location, install it as shown in the dotted ling, in parallel
i " 1 L
with the first button, e

In n':u.f;t |115Ea|_lariun5. asinglebellis not considered enough, One choice is to install
a hell for the front door and a buzzer for the back door, You will see that Fe, 18-2

i the same as Fig- 18-1 for asingle bell, with the buzeer now added as shown with
the ditted lines.

Uninsulated a—Combinatlon
terminal bell and buzzer
—t=y
Back door—ss = Front doar Fig.18-2 This diagram shows
button hutton how to add a buzzer for the

back door.

L4

=—Transfarmer

Leads to 120V ac

Door chimes  Musical chimes are often used instead of doorbells. Models are

t ailjs‘!te that seund two musical notes when the front door button is pushed, and a
:m;._.-,ar note when the back door button is pushed. No matter how long the burton is
seld down, the sound does not repeat. The wiring is the same as tor the doarbell

1 pon S e a ¥

I vou install chimes in place of an existing doorbell and find that the sound Is
i e Tl s 1 5 y 3 ; :
nat very loud, v will have o install a new transformer. The transformers wsed

“']th dn\"fh'l"”ﬁ L|5L'|nl“'~' d-ﬂ:i'{ " W £ Wik Al &5 TCEQULre
FLL L l'lnl f!h'.""n.h o 10 ';'] 2 .Jr1|1 T 1
LB MaAny Lh”n
rom 1 Iy 24 '.Ill_I_‘._ I =

J-:-_—L.anw the usual transtormer wsed for doorbells and chimes cannot deliver mie
+ c F
Huin about 20 volts, ner moere than about 5 watts: there is little danper of shoek
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o fire even in case-of accidental short circuit. Therefore the wire used for this
e -voltage wiring does not need mach tnsulativ. Bell wire, which is insulated
with only a thin layer of plastic, is commonly used. It does, however, aced 1o be
listed for suitability in terms of not adding to the potential fuel lnad ina fire, bee
Fig. 18-3. Attach it to the surfuce using insulated staples.

Fig. 18-3 Shown above are wires for connecting doorbells and chimes. This cable i isted
a5 "CL2"which means itcan be used for mast general-purpase applications, but nat in nsers
and plenum cavities in high-rise or commercial occupancles, which are beyond the scope of
this ook

Wireless radio-controlled doorbell system  An alternative 1o the wired-in
doorbell or chimés is a radio-controlled doorbell svstem. The sounding unit s
usually dlectronic. and same can be programmed o play different tunes. There
will be a battery, probably at the pushbutton location, which will need replacing
perindically. A convenient advantage of the radio-doorbell is that the sounding
unit can be taken with vou to the basement, patio, or back yard so you can hear
the bell wherever vour are,

LOW-VOLTAGE SWITCHES

Using a transformer provides an extremely flexible system for control of lighting
outlets from any number ot switch locations, The 120-voli branch-cirtuit wires
are run o cach lighting outler, but all the switch legs are low-vultage wires—easy
and econnmical to mstall

1y each outler box where power is consumed, a very small relay [which is an elec-
trically operated switch) is installed 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 telays, Because the voltage 15 fovw and the trans
former delivers only a very few watts even if short-circuited, thie wiring between
the transformer, the relavs, and the individual switches resembles doorbell wiring.
Inexpensive wire, insulated for only a low voltage, is run trom the transformer (o
sach relay, then to as many switches as vou wish. The wire dires not need to run
through conduit nor does it have to be cable of the arm wed or nenrietallic-sheathed
tvpe, Run itor fish 1t through walls and staple as required. The switches do not need
autlet buses. Each switch is really a double pushburton, Pushing the top end of the
buttan on any switch turns on the light; pushing the bottom end turns it off,

Fig. 152 shows one of the relavs, Fig. |85 one ol the switches, and Fig. 18—6the
general tvpe of wire used, Fig, 18-7 shows the wiTIng ciTeuit.
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Fig. 18-4 The low-voitage (small) end
of thus latching relay projects out of a
»|nch knockadt in the outlet box on

wihich the fixture |5 mounted. Some
models are salid-state (electronic! with

N MOying pans. (Genrral Blecing Col

Fig.18-5 The type of switch used in remaote-control wiring s shown above. The same kind of
switch js Used at every location, It is equivalent to two push buttons. Use as many switches as
you wish tocontrol one outlet for several outlets if you wish), (Gaseral e

You have s choice of procedures tor installing the relavs, One way is (o run the
iow-voltage wires to each hox, letting a1 least 6 inches projectinto the box through
the kaackout in which the relay 15 10 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 & inches slack in thuse wires, Unless the extra length of wire
i provided, you would later fnd it impossible o replace any relay that proves
defective. As an alternate to installing relays at the controlled outlets, relays can be
ganged in a centrally located box which has separate compartments for the circuil
wiring and the low-voltzge wiring.

WIRELESS RADIO-CONTROLLED SWITCHES
If vou have a hallway, stairway, basament, or attic where it would be convenient
to have the light controlled by three-way switches, bue the addifion of the second
swilch and the wiring to it seems like too higa job, consider an

sdiv-controlled set
uf three-way switches. One switch—the receiver—replaces the present single-pole
switch. The other switch—the sender—is operated by a battery, 1t s surface-
mounted, so no cutting into the walls 15 requirad, These wireless switches operate
just as standard three-way switches duo—ithe bight can be rurned on or off from
gither location—but they are much easier 1o install

. —————————

Fig:18-6 There are only 24 volts on the control wires |0 remote-control winng, so inexpensive
wire is used, However, [t must still be suitably listed becalse it is @ potential fuel load in a fire

Chapter 18 Low-Voltage Wining an

_— 120V cable

s | . To additional

& control circuits

~ Relay =

e R_Et.’ S, O T ey |
o O B '
CIRSNESRSN T S AF ;55 | '
Black e N |
u = < ¥
=2 = Switches |
_ \ = |
"'\-\_\_\_'._ II :: -
Fl;-., I". :l Red
i i “Qutiet box |
-E __f" White
b Transformer == 4oy Black | &4——
— Fixture

Fig. 18-7 Typical remate-control Ciroutt, in This Case wit b thie putliet controdled at four iocations.
One transformeris used for the entire house. The same circuitisoften wsed for remaote control
yard lights.

switching of loads plugged into receptacles can also be done by radio-operated
swildhres. 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 une of these radii-
controlled switches, be surcvach operates un a different frequency so they will not
interlere with cach other,

CENTRAL VACUUM SYSTEMS

The motor of 4 central vacuum system is started by the closing of a low-voltage
comtrol cireuit when an inlet is opened and the vacuum hose connected. A meladl
tank containing the motor and a collection bag is permanently wired in @ utility
room or in an attached garage. Airtight hose about 112 inches in diameter 1s run to
wall nlets in convenient locations. The wall inlets are gasketed so that when not in
nse they do not leak air into the system. Mewer units sometimes also havea 120-volt
connection at the hose inlel, designed to accommodate a line-veltage beater bar at
the attachment end. These require a hard-wired connection toa local lighting or
recentacle ¢ircuit. Remember, however, that the 20-amp small-appliance circuits
(refer to this tupic in Chapter 51 must not have any uther nads connected to ther,
which means if one of these outlets is in the kitchen or dining room, the power for
the hose attachment must not come fram the adjacent receptacle circuit.
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CHAPTER 19

Troubleshooting and Repairs

THIS CHAFTER ENPLAING how to diagnose problems with existing wiring and
honw 0 rske common tepairs.

i Aluminun wiring Lindating gqiuminum wiring
Chirmes Treubleshoaling doorbels and chimes
Circuit breakers Troubfeshootng fuses gnd circ it bregkers

i Cords lroubleshaating cords and plugs

i Doorbells Iroubleshanting doorbells and chimes
Fuses Troutileshaoting flises and clrouit breckers

Lamps—table and floor
Light fixtures —ceiling;
fluorescent and incandescent

Reperrinig rable and floor lamps

Troubieshoaring fight fxtures

Plugs Troubleshoating cords and pligs
Receptacles —wall;
two-wire and thres-wire

Testing and replacing wall receptacles
Switches—wall:

single pole-and three-way Repiacing wall switches

TROUBLESHOOTING FUSES AND CIRCUIT BREAKERS

The different typesof fuses and circuit breakers are reviewed in Chapter 5 on pages
4345, A fuse blows or a breaker trips for one of two reasons: Either something

connectad to the circuit is defective, thus drawing an excessive number of amperes
or there are too many lights, apphiances, or motors connected at the same time,

overfoading the circun

If a fuse blows or breaker trips quickly every time a particular applianie is plugged

edd into a ditferent circut,

the apphance is defective. Often the defect is i the cord. If the appliance has a

in; especiallv it it makes no difference whether it is ph

removabie cord, try a different cord: if the cord is permuneniy attached, I'|||'-"L.a! reful

[ =]
il
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s detect, Bacdly twisted and worn cords must be f'L'I-'I':"\-'I.'I.I

eshoohng Cords and Plugs” in this chapter on page 219

IS ECTIO will locate thi

not repaired. See ™ Trouk

If a fuse hlows when @ motor (a5 m a home workshap | is turned on, remember
that a maotor that comswmes only b amps while Tunnimg may draw over 3 amps tor
i few seconds while starting. Substrunng a time-delay fuse for the ordinary fuse
might subve the problem. If the fuse continues to blow, suspect the motorn Check
the cord. Check to see that the motor bearings have (il (Some motors have sealed
bearings neveér requiring oil.} Perhaps the belt is woo tight, or the machine that the
motor drives lacks uil, ingreasing the lowd on the motor and increasing the amperes
hevomnd the safe point.

I tuses blow orcirouit breakess trip from time to fime on any one circait oe nn
apparent reasomn, it is likely that the cireuin s smiply everloaded. You will need to
disconnest some of the load on that arcuit. The wise procedure would be 1o install
an additicnal circuit, Allernatively, the trouble may be in the wiring of the circuin
protected by that particular [use or bregker, and the shorrcircuit or ground mmusk
b located and repaired.

Diagnosing blown fuses  Usually by fooking at 4 fuse vou can tell if 12 1s blown
and whatr made it blow—an overload vr a shert circuit

Plug fuses Tutellifa plug fuse ishlown, look through the glass window on tops la
a normal fuse you will see a small link of metal, vaually with 2 narrower portion in
the middle, as shoswn in A of Fig. 19- 1 1f the fuse has blown because of anordinary
overluad, it will have the appearance of B in the same llustration; the mirmow part
nf the link is pone. If the inside of the window 55 spattered with metal asin ) it
s blown because of a short circuit, Tn that case, you must investigate and correct
the cause of the shiort circuit before replacing the fuse.

Time-delay fuses  1f your tusesare of the time-delay tvpe shown in Fig. 5 3 note
the coiled spring in a norrmal Muse. AN Type S nontamperable fuses have this feature,
as dosome conventional plig fusis shown i Fig. 3-20 1F such a fuse blows, look
at the spring, 1T it is still extended, the tuse has blown because of a short circuit.
It the spring is contracted su (hal its coils touch each other, it has blown Becise

il an overlnad,

Fusible
link

B

A B

Fig. 19-1 Plug fuse: A—normal; f--blown because of overload; C—blawn due 10 short

cincuit
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Cartridge fuses  These rarcly show anv outward sign of having blown. Test in
plice with 2 neon tester, or remove the fuse frony the fuseholder and test itwith a
continuity tester.

The mepn tester in Fig. 192 can be used 1o test fuses in their hiolders it vou cah get

at the terminals of the fuseholder. With the circuit on, touch the bwi leads of the
tester 1o the two terminals of the fuseholder, If the light in the lester glows, the
fuse 15 blown: I it does not glow, the fuse 15 not blown. If the cartnidge fuses are
mstabled ina fuse-holding pullout block, note that the pullout block wsually has
small holes through which the leads of the tester can be inserted witheut removing
the Block from s holder.

Fig. 19-2 This inexpensive nean test light can be used on either 120-valt ar 240-volt creuits
andis also hangdy for testing fused {1 contains a tiny nean bulb that consumes anly the smallest
fraction of awatt snd lastsmany thousards . of hours, (4 W Sperryimatmrmenn e

A comfinity tester is picturcd inm Fig, 11=7. T use this type of tester vou maust first
remeve: the fuse from the fuseholder using a plastic fuse puller. 1fthe fuses are ina
pullout block they can safely be removed from the pullout block withuout the need
for a fuse puller. Then touch the tester’s prod to the metal ferrule or blade at one
enid of the fese; and touch the alligator clip 1o the other end, 1T the lamp lights, the
fuse ispood. If the lamp does nol light, the fuse s blown.

Resetting circuit breakers Most breakers are resel affer 1ripping as shown in
Fig. 3-6. A fow brands are riade so the handle returns to the Ok pusition) whien rhe
breaker trips; and it is ondy necessary (o move i Back i the 0 pasition {instead of
forcing it bevond ot hefore returming it to ON asin most brands).

Labeling fuses and circuit breakers  [ubeling will be espectally wsetul 1f your
homic is provided with fuses because when a fuse blows 1t is sometimes difhicult
tor determine exactly which one Has hlow, T vour fuses are labeled, when a Tight
or recepracle is apparenthy without power vou van go quickly to the right fuse and
replaceit, When a breaker trifs it is easy to see which one has tripped, but labels are
useful when you want to turn ofl a particular clreuit for a reason such as installing
a mew switch, In fact, the NEC requires (in 4084 and FHL22) this sbrt of drcuit
directory for satehy reasons,

Virst mark each fuseholder or breaker with a number. Then proceed by tral and
error 1o determine which outlers are controlled by which fose or breaker. Remove
ome fuse; or turn off vne breaker. and find nur exacthy which outlets are then dead;
When vou have determined which outlets are contralled by each fuse or breaker.
ke i a list and secure it to the inside cover of your fuse or breaker cabinet. The
lis1 mi_ghl read sorething like this
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1 Main fuses {pullout block]

1 Large bedrogm and hall lights and receptacies

3 Small bedroom lights and receptacies, and bathroom lights

4 Bathroom receplacies

3 Receptactes in lving room and cetling lights in kitchen and difing rmoom
& Bottam halies of all Kitchen receptacles and all receptacles in dining rodm
7 Top halves of all kitchen receptacies

& All bazement lights and recaptacies

Range (pullout black)

16 Clathes dryer {pullout biock]
11 Water heater (pullout block:
17 Clothes washer

13,14 Spares for future new ciicuts

UPDATING ALUMINUM WIRING

“(ld technology” [ pre-1972) aluminum wire in the branch circuit sizes, [and 12
AWG, had & coefficient of expansion thal caused it to expand and flow away from
bereath a terminal serew when heated by current running th roughit, Then, when
it coolied, the connection would be loose: To compound matlers, oxygen wonld
uet to the aluminum al the loose terminal, and aluminum oxide. a nn-conduclon,
:vuu]d torm on the exposcd aluminum wire. Not every termunanan behaved 1n this
way, bul enough did that by November 1971 the aluminum albory nsed inclectrical
conductors was changed and the erminations on switches and recepracles were
redesigned. Some aluminum wiring installations may need to beupdated in nr.dur
1o preven| the possible development of louse connections, excessive nverheafing,
and fire. If the 15-amp and 20-amp branch circuits in your dwelling were wired
with aluminum conductors, a teview of the section on aluminuin wiring on page
32 will be helpful as you prepare W evaluate your installation. Inspect all of your
recepiacles and switches to see if they are marked COMALR, [F they are niot, you
should replace them with devices having the CO/ALR marking, or reconnect them
with copper pratails,

In replacing the switches and receptacles, it the aluminum wire is copper-clad any
kind of terminal may heused, | Terminals are discussed on pages 35-38.) Push-in
terminals, shown in Fig4-16, may be used with 14 AWG copper or copper-clad
aluminum, but not with ordinary aluminum. Receptacles marked COGALR are not
gasy to find and may have 1o be special ordered.

{'he alternative method is to "piglail” @ short copper jumper L cOnmEct o gach
swatch or receptacle terminal, being sure fo yse splicing devices { L listeel for qese with
both alurttimn and copper in combination. This way the aluminum arcuit wire will
not depend on the device terminals for continuity. A pigtail sphice 15 shown in Fig.
415, hut the twist-on splicing device shown there may not be UL listed o conmect
copper and alurmnum. One that is listed is a tool-applied pressure connector that
requires a trained electrician o do the wi wk. This is not a do-it-voursell jobr tor
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the average homeowner. There are now listed twist-on wire connectors thal make
thisa much simpler proposition than in the past. Be sure to follow the installation
mstructons carefully, particularly regarding the allowiable wire combinations. For
example, at thas writing all the available wire combinations available in the listed
device include at least one copper wire along with the aluminum ones.

Consult a quatitied electrical contractor ifyou feel your aluminen-wired house
needs attennon and yvou cannot find COVALR devices or the new connectors suit-
able foruse 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 buiiding, orat least unscrew the fuse or trip
the breaker that protects the circuit on which the switch is instslled. Never work
with hot wires. Remove the taceplate over the switch, then remove the two screws
holding the switch o the box. Pull the switch out of the box,

Replacing single-pole switches |7 the switch vou are replacing is a single-pole
tvpe il will have only two terminal screws. Loosen the screws, remove the wires,and
connect them to the two screws of your new switch. 11 makes no difference which
wire goes o which rermimal. Be sure thie loop on vour wires is turned clockwise
around the screw (see Fig, d=13 ). Reinstall the switch in the box and reinstall the
faceplate:

Replacing three-way switches I the switch vou are replacing is the three-way
tvpe, It will have theee lerminal serews, 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 difterence 1o which screws the other
two wires are connected.

Some switches do not have terminal screws: instead the wires are pushed into open-
ings om theswitch, 1o remove them, just posh a serewdriver with a small blade into
the slot near the openings far the wires and pull them out.

TESTING AND REPLACING WALL RECEPTACLES

lir determine if a receptacle 1s live, insert the two leads on the neon tester shown
in Fig. 19-2 into the two openings of the receptacle; il the lamp Tights, the cireu
15 live. [T the lamp doesn’t hight. vou should consider whether the recepracle conld
be worn out: lts interior contacts may he bent so they no langer make good contact
with the blades of a plug. in which case the receptacle should be replaced. If your
recepracies are of the groundimg type. asin Fig. 7-11, insert one lead of the tester
mta the round opening on the receptacle, and the other lead first into one of the
two parallel openings, then the other. I the recepracle 1s 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 s inserted into the
wide slot connected to the grotnded wire.
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As in replacing aswitch, turn off the main switch or breaker of the bailding, orat
least unscrew the fuse or turn off the breaker that protects the circuit onwhich the
receplache 8 installed. Hemove the faceplate, remove the bwo screws h.uhiin::. the
receptacle 1o the box, and pull the receptacle out of the box. Note that it will have Wi
sitver-colored terminal screws (catled the “white” termunalsi and two brass terminal
sirews. Like switches, some réceptacles have no termunal sorews. Remove the wires
as described under switches: 1f your new receptacle has terminal screws, connect
the white wires to the silver-colored screws, the others to the brass screws.

If the receptacle location is one that requires GFCL protection under the present
National Electrical Code { NEC)—bathroom hasin, outdoors, at kitchen counters or
bar sink, garage, in crawl spaces and attics having equipment requiring servicing—
the replacement must be GFCI-protected
Replacing two-wire receptacles  1[ the receptacle vou are replacing s the old-
{ashioned kind {fur 1wo-prong plugs enhy), the replacement method dependson !_he
type of wire used in your house. I your house uses wiring methods that provide for
siquipment grounding, replace the recepla le with a grounding type !'i_‘!:;t_‘}'lr-.'lljf. R
2 wire from the new receptacle’s green terminal 1o the box in which s installed,
unless the receptacle is ul the trpe specially designed (o be acceptable for use without
the grounding wire. If the box is not grounded, you may replace the recepracle
with another nongrounding type, or with a three-wire receptacle grounded Lo the
grounding electtode system or to the grounding vlectrode conductor. You may
also use a GFCI receptacle, but you must ma rk it [or the wall plate) NO BQUIPMENT
GROLI, You may also use a conventional grounding (three-wire) receptacle il there
is GECI protection ahead of it, either as 4 feed through GECI device or a5 2 GFCE
circuit breaker. In this case; mark the receptacle location 50 FOUIPMENT GROVNT
and GFC1 PROTRCTED,
In sither case, note which wirels) run to the brass terminal screws of the old
receptacle, and cannect them to the brass screws on the new receptacle, Connect
the other wirels) (which should be white) to the silver-colored screws, fold the
wires behind the receptacle (se2*Preventing lopse connections” on page 1675, anl
reinstall in the box.
Replacing three-wire receptacles [t vour receptacle is the grounding type for
three-prong plugs, be sure the same wire that connects to the green screw of your
olid recepracle is connected to the green screw of your new receptm:lc.. Lhiless s
is dove, the receptacle is wrongly commected and can be very dangeroms. Tt there 1500
bond wire, mike sure that the box is grounded. and then eitherusea recepracle with
a self-grounding yoke or make the bonding connection as shewn in Fig. 115
Testing for faults in three-wire (i.e., with ungrounded, grounded, an_cl
grounding wires) circuits A threc-wire circuit analyzer, shown in Fig. 19-3, will
indicate if the three-wire circuit is correatly wired. Passible faults—open ground.
apen neutral, apen hot. hot/ground reverse. and hot! neutral reverse—are '|ndi|:.1tfjd
by various combinations of lights on the tester. Codes on the analyzer package will
give the reason for the witing fault so you will know how to fix the problem. The
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reversed connections are easily correcte
may be dithculr to track down, but it
that a condactor i a cable 15 open bet
The apen will probably be found dt a

- The opens
= YETVY Tarc
een outlets.
rsplice’in
& junction box or a poor connection at§ receptacle.
Friom the outlet where the tester shiows
back haltway to the panelhoard and 165
open still shows up, vou know the roubl is between
that point and the panelboard. By dividi
run in half and :E.-.1|ngﬂ1r remainder e

should be abie 1o locate the rouble.

s the circuil

tome, v

TROUBLESHOOTING LIGHT FIXTUR

He seire o observe any maximum lamp §ze marking
om fixtures, and relamp with the prope
particukarly important with recessed fixt
pan-trpe ixtures having lamps close t
Many fires have started due to e heal [o
lamps with too-high wattage.

Fig.19-3 & three wire circuit
analyzer i» used to test for
faults in the wiring ta three-
the L'r.‘iiing. wWiIrg circuit receptacles. (4 W
lU«'.'l'Lilfgi Sppvrry irsfrgermenfa, dre )

ize, This is
es and with

Repairing fluorescent fixtures [
fong with rwo Hi-wall tubular lamps,
each lamp, The starter will be found ne
lamip doesn't light, or flickers, or ghow
starfer, |o temove @ starler rotate it 90
Replace it with a new starter that has the
It replacing the starter does nol ¢limina
! the ¢nds, replace the lamps. The usu
lamp %0 degrees in either diredtion an
Replace with the same length and war

wsual fixeure for residential nse is 4 feer
me older fxtures miay have a starter for
- the end of and behind cach lamp. If the
it the ends, the first place to look {5 the
egrees counter-Clockwise and pull out,
tme wattagy as marked on the pld starter.
the trouble; or if the lamps are blackened
hi-pin Tamip is remeved by rotating the
then sliding the lamp out of the socket,
as marked on the old lamy

A lamp sncket that is cracked or broke@l must be replaced. Be sure the circuit is
disconnected biefore working on a sockdl. The pan or cover aver the fixture bady
st be temioved to get at the sockers ay
socket is supparted and connecled. Ta
mateh, and install the new socker.

their wiring, Carchully observe how the
the old one to the stare 1 be sure of a

It 1t sull does not light, and vou have
pages 1718 for a discussion of the o
consider replacing the whole fixture, #
new fixture. Tov seplioce 2 ballast, st di

minated everything but the ballast [see
atinn of Huorescent Hghits), vou might
lncement ballases often cost more thina
wnect all the wires and then lodasen the
- Again, be sure the replacement matches
the fixture 1s grounded properly. The new
larnps roughly the'size of ifcandescent
ch smaller than the rraditional iines for

stpports, usuadly two bolts and wing nu
both dlectrically and physicallv. Maké sur
fixtures designed fisr compact uorcsce
famips also have ballasts, but they are n
lerag tulyes,

Chapter 19 Troubleshooting and Repairs 218

same old fluorescent disk lamps have a pushbutton swatch that functinns as a starter.
The buttan must be held down fora few seconds to pre-heat the lamip. Other than
this switch, the other elements are similar to thuse of the larger hxtures.

Repairing incandescent ceiling fixtures I v jncande.s._cem ceiling fixture
does not light, the first thing to do is to check the lamp in the .Iutu:'e. and repliacc
itif it has burned out. The next suspect is the wall switch, which may have failed
Replacing the wall switch is covered earlier in this chapter. It is possible the cenfer
contact in the lamp socket may have lost its spring due tovheat, or it may have become
corraded. With the power off, gently lift the center contact to restore somge of the
spring init,and clean off any corrosion with a bit of sandpaprer. Loose u.mme.::_n_m.t.
tor the circuit wiresare 3 possibility but nol 4 common QecUrrence-—an improperly
irstalled solderless connector may have come lonse.

TROUBLESHOOTING CORDS AND PLUGS

Never vank on 4 cord 1o unplug something because this puts all the strain un
the fine wires inside the cord. Sooner o later some of the strands of the wire
will break, and vou will have a short crcuit, A fuse will blow and your card will
b ruined. Instead, grasp the plug itself and pull it out ol the receptacle. Upp]ug
appliances with removable cords at the recepracle rather than at thui r1pph:mcu...
when removing the cord from (he appliance, grasp the plug itself instead of
pulling on the cord.

Damagedcords 1hereisascrious danger of both fire and :.hu::k_ froma warn o
damaged electrical cord, Be sure to do an occasion al safuty dmci‘; of your extension
cords, appliance cords, and cords on flpor and table lamps, heating pads, . S1gns
of cord darmage include a fraved or worn ouler jacket or theappearance of .uldrmge
ti> the wires inside the jacket. Using such a cord might be compared to drivinga car
with thoroughly worn-out tires that might blow cut at any 1in:|c~.—l_-it is an Lnwise
and unsafe policy. Don't try to repair the cord—replace it instead if Plf‘lﬁﬁl.hlL'. 45 om
alamp, For ftéms like a heating pad where the cord cannot be re placed, discard the
entire item and replace it with a.new one.

Damaged plugs 1t a cord is unusable only because the plug on its -.:n_d has Fm-u
damaged but the cord otherwise appears sound, it ¢an e repaired by macfallmg a
niew plug if the shortened cord 1s still adequate for ilfr purpose 1 a plugs blades
are loose, bent or corraded, or if the body of the plug is cracked, replaur. it, Always
replace a two-wire plug witha two-wire, and a three-wire witha th RE-WHT, neking
carelully 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 {see Fig. 4-7), the wide blade and the grounded Ecrnd.uu.lm miust be
connected together, But in Type SPT curd, where all of the insulation 15 the same
color, it is difficult to know which is the grounded ¢onductor, The grounded
conductar is identified by either a raised ridge or a groove found in the insulation
alomy une of the wires
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He sure the replacement plug has'a “dead from™ with mo bive parts exposed afier
it is wired. Lhis s the only tvpe currently listed by testing fabs. The old stvle with
i separate fiber disk should not be reused. It has been discontinued because the
“dead front” design is much safer.

['he finely stranded wires used m flexible cords require considerable care in making
ternumations. Twist these strands togethier tightly betore making a termination o
prevent 4 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 pligs); a knot inthe cord, or tape on the cord that will
prevent a pull on the cord from being transmitted to the terminanons:

REPAIRING TABLE AND FLOOR LAMPS

When the hght doesn't come o, brst eliminste s burned: out lamp bulb as the
cause by testing with one vou know is good. [Trhe light stillbdoes not come o, the
next most conmoan falure s the switch that is built into the socket. The switch can
bic a push-through, a turn-knob, or 2 pull chain tyvpe. Failures might also result
fromy broken wires in the cord, had connections, or dry and brinde insulation al
the sockel. Sdmetimes the ‘contact, which is found at the center of the socket,
biecomes corrpded.

Socket and switch problems To inspect the sacker and wires, unplug the
portable lampand remove the shade and the harp (wire shade-Tolder | The socke
is nade up of two parts that must be separated. The socket includes the threaded
lampholder and switch, and an outer birass shell that s lined with a fiber insulating
steeve, They Ait into a cap that remains with the portable lamp. To separate the
shell from the cap. press where the shell 18 marked PRESS and use an sasy rocking
mtion to take them apart.

[t the fiber insutating sleeve inside the brass shell has hecome dry and hrirtle, it
should be replaced, 1111 1s necessary 1o roplace the sleeve or theentire socket;1ake
the uld ones with vou to the store to be sure of getting the right part

If the center contact on the socket 1s 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 swilch will bé revealed by the test procedure in the fullowing
paragraph.

Cord and wire problems  Muke avisual inspection of the cord. It there are worn
spots A the insulation, or places where the cord hasbheen tightly kinked. replace the
cord. Tocheck for broken wires in the cord vse & continuity tester tsee Frg 11-7).
lest between the center contact in the lamp socket to the narrow blade on the plug,
afnd trom the threaded shell of the lampholder to the wide blade of the plug. In

both cases, the test light should go on wunless the switch s tarmed off, in which case
thetest to the center contact will show open {no cireit |, Turn the switch and try

\

apain. I it still tests oper; gither the switch is faulty or there is @ poor connection
AL the socket ar the plug. Test for a broken wire in the cord b making these sanse
lests hut between the plug blades and the wires in the cord, leaving the socket anid
switch out of the arcuit.

Also inspect the insulation of the wires of the cord at the socket, 1f the insulation
appears dry and brittle, this section of cord should not be used .n!:d needs 10 be
replaced. 17 the cord 1s long envugh (in some port able lamps; -.*s.pe-cj.ﬂlx those with
twi oF mire sockers, there are splices at the top of the stem or in the h.as:: ) bt iy
be possible 1o feed through a couple of inches and cul uff the bad wire. Use 1!1.;:
remaining good wire now at the sncket to make connections (o the terminal SCIEWS.
If the cord is too short to pull through enough good wire, replace the cord altogether.
Unless the route from the lamp base to the lamp socket is # straight shot. 1t would
be wisé to use the old cord to pull in the new. Strip dhout 112 inches of insulation
from all faur wire ends; form staggered hooks on the wires, and tape over them
taking care that the resulting splice & not too bulky. Fecd 1n the new cord at une
end and pull out the old cord at the other,

Reassembly Afier performing the ahove steps that Y he necessary o repair
your lamp, the socket/brass shell must be reassembled to the cap. Besure vou hear
a “dick” when the two parts go together; Then replace the lamp bulb, the harp,
and the shade.

Broken lamp bulb  Somietimes a lamp bulb breaks leaving the lamp base in the
saicket with nothing much to grip to unscrew it To remove the base, be sure 'fhe
portable lamp is unplugged or the circuit i off. Wear gloves and satety glasses. Using
+ cork that will just fit inside the base of the broken lamp bulb, push the cork hard
into what is 1eft of the base, and it will grab the remaing 50 you can unscrew the
lamyp base from the sucket by turning the cork

TROUBLESHOOTING DOORBELLS AND CHIMES

Installation of doorbells and chimes is discussed on pages 207-209. To diagnose
problems, begin by checking the various companents—hell, puﬁhhuttun: trans-
formier; and wiring—until you find the part that does not work and nesds to be
repaired or replaced.

Testing doorbells  fo check a doorbell, start af the source and c}m'k_rhc brans

frmer. It has two screw terminals delivering low voltage— 6 10 8 volts—lor the bell,
which is too low to give you & shock. Short-cireuit these terminals momentanly
with a short prece of wire or a screwdriver. [ you see a small spar k., the transtormes
is not defective. This spark niay be very faint, so conduct this test in the q.iark. [f‘f:a
niok leave the wires shorted, or you will burn open any overcurrent protection built
into the transformer by its manufacturer as part of its Class 2 listing, roining it
hecause this protection is not replaceable by design. If vou get a0 aFark. L'hr?’ik“l
cee that the 120-volt dreuit supplying the ransformer primary 1s alive. 1f 11 is, the
transformer has burned out and must be replaced. See Figs. 151 and 18-2 and
refated téxt
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If the rransformer s all right, the next most likely source of trouble is the push-
button, Remove the mounting screws ot the pushburton and disconnect it from
the wires. Touch the ends of the two wires together or jumper benween them with
ashort piece of wire. Remember that the voltige is 20 low that vou cannot teceive
ashock. If the bell nings, the burton is at fault, [ yvou can reach the contact surfaces,
ciean them with fine sandpaper and adjist them so they mike good contact but
will open when the button is refeased. Reconnect the pushbutton and try it. If the
bell still does not ring, replace the pushbutton

If both the pushbutton and the rranstormer are all right, check the bell or buzzer
itself. Disconnect and remove the bell or burzsr and take il to the transtormer
Incation. With a couple of short wires, connect the bell ur buzzer directly 16 the
transtormer If it rings; then the trouble is in the wiring. It it dies not ring, the bell
o bugeer 1s defective and must be replaced.

Chimes—transformer and plungers |1 vou have replaced a bell with chimes,
it may be that the transformer was not changed Chimes require a higher voltage —
1 volts or more—than & bell or huzzer. Install a new transformer, [ the chimes
still do not wark, check the plunger(s) for free movement. Over time the plungeris)
get guirimed up with oily dust and are not free to move when the Pushbutton is
pushed. Use a cotton swalrand sebvent to clean up the plunger{s), being careful 1o
keep the sulvent off the solennid coil wires. Remember that when testing chimes,
they will uperate unly as contact is made—thev do not Flitg comntinuously as a hell
does, but "ding” vnice each time the pushbutton is depressed.

Wiring between components  Ifthe pushbutton, transformer and bell (buzzer,
chimes all check out, then the trouble is in the w iring between them, These wires
are small and subject to breakage when flexed, so check at the cnds where they
have heen worked over during mstallation to see whether there is a broken wire,
Due w the low voltage, the insubation on these wires s adequate clectrically but
not very reststant to physical damage. Look for locativns where the insulation has
been damaged, which vou can repair with a small prece of electrician’s lape. Much
of the wiring is probably concealed i the walls, and if the damage is coniealed
there is fittle that can be done short of abandaning the old wires and fishing new
wires in as replacements. That may be the time to look into installing a wireless,
tadio-controlled doorbell svstem described on page 210
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Glossary

Alternating current {ac)  Current that periodically reverses, having alternately
positive and negative values.
Ambient temperature  Temperature of the mediom (air, earth, water, ete)
surrounding conductors, devices, or utilization equipment,
Ampacity  The sate currenl-carrying capacity of a wire, in amperes.
Ampere (Al Unir used to express the flow of electricity: one r.f_:u]nmh .ThTE.
ineasure of quantity of electric power] per second = one ampere. Water analogy:
gallons per minate.
Approved Acceptable to the inspector, |
Are  Lpwanted flow of electricity through an insulating medium {such as air),
characterized by the emission of hght and hiear (as opposed to cuntrolled arcs, such
as in elecrric-discharge Jamps),
Arc-fault circuit interrupter (AFCI] A device that recognizes cirou Ch:ll'ﬂft_{“ﬂ.‘i--
fics umigue to arcing faults. and then opens the areuit path 1rr}:|revr:nt LhL I'qulr rrim:_
comtinuing, Arcs may ocour bebween viecuit wires, or across a discontinuty ]F.l (Tnt 0
the circuil wires, or between an ungrounded circuit wire and a grounded abject.
Armared cable  Two or more conductors, paper wrapped, Enl:im_t'd L ﬂa*x:.‘-ﬂc"
spiral interfocked armor of steel ur .4Iumu|ur_n. .mu:ll with an al Uihiitisk Emndmg
strip under and in contact with thearmor. Informally referred to as “BX. |
AWG { American Wire Gaugel  Standard for measurement of wire diameters in
the United States
Ballast  Auxiliary equipment psid with fluorescent and electric discharge lamps tw
provide starting voltage and proper operating voltage, and to limit the current.

Bonding The permanent connecting together of two or m:'-n: points of :."m-.
current-carrying metallic parts of raceways, boxes, etc.. sov that all such parts becomi
connecied togeiher to formea continuous path te the ground.

Branchcircuit The wiring that connects an outlet or growp at outlets tw |he last

r [ e
fuse or circuit breaker [ See atsp Feeder
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