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Arcing Fault Review 

INTRODUCTION 
Ground-lo~lt protoction hao b""n a¡>. ' 

pbed "' h•gh-voltogo ele<tno pmvor d•o
tribuuon 'Y"Omo l<>r numy )'ean. In 
~~ yea~ <&1<1t ol alertrioal <'<!Ui¡>. 
mont d..,tTuc<ion ca- by arcin¡ 
loultl·to-;:round ""''~ modo ole>r the 
n ... d 1<>< this type ol proterticn for 
voundod low-volta¡;o oyotemo. 

Th11 bull~tin •ntendo to provide o 
dear..- undef5tandin¡¡ ol tilo m>ny C'OI>· 

oiderati.,. asoociotod w>tb !be opplka
""" ol 'round-lault prolectioo to .olid
ly ¡¡roundod, low-vclta~e oyotorno opor· 
aUnK &\ MO Vo\11 or le11. 

Genero! Electrk do"' not propo~. 
ony oho.r-<"Ut ,.,.,thod lot arrivin¡ at 
tilo- oeuinp ol ground-lault reloyo, oinoe 
OU<h o metbod ""'Y lead to quost!oft.. 
abl~ oyotem Protectiotl and/or poor 
contlnu!ly ol oervico. 

ARCING FAULT 
CURRENT REVIEW 

Atom¡ laults '"Pf"""' on abnom>ol 
condition o/ greot <On<ern t<> the oyo
tem dooi1ner and oporator. Althou¡h 
~verol publkationo hove d>Xussed thio · 
oubje<t, i11 irnportono. deserv"' o ,.... 
vio-w: 

Sewul typeo of Jf<>lltld '""""'nu• 
oan nist in aoy po-r l}'ltem, lhr.e 
of whirh oro: 

o. ln•ulotion leak.op curront, ouoh 
U '" oppbanooo, portable toolo 
otc. Ncnnally. cu""nt magrutude 
ia •~ry low. m the <mler of mi!U
om~os. Thio irnportont oubjoct 
io d"'""'"""' in other hulletim. 

b. Aroing fault ground our-rent (•ub
ject of th10 bulletin), oommonly 
""""""'by in>ulation !aauto, loooe 
«>nnecticno. "ccmtrUction .cci
den!o, r()do,ntl, debnl, etc. The 
cu<rent rna¡nitude may bo v..-y 
low in rel>t>on te the three-phooo 
foult CU!'tetlt 

c. Boltod lault ¡¡round CWTOnt. com
monly """"""' by irnproper «><>
neniono or metallio cb~o 
wod(<'d botwo-en pha~ and 
¡round. In thio foult the <WTent 
magnitude moy bo equal to, or 
leoo than, tho thro•pha .. foult 
CUITODL 

Arcing Faults 
Tho moj<lr P!'<'blemo orioing lrom 

ardn¡ laulto ore tho internoptlon <>1 

oloctrioal power, destructien el ~lectri
..,¡ equipmont and a.,ooiated bazar~ 
to peroonnot. Ardng faulta have ~leen 
respcn;¡iblo for d.a""'ge t<> virtuolly all 
typeo cf oiKtrical oquipment. ...-gard
leu o/ '""nuforturer or- modo o/ opo,._ 
tion_ Tl>e oneri}' "'leo....! dwin~ an 
aromg loult ;, l<><ahzed ond con be "' 
inten•e thot it vaporiu!o oopper "' 
oluminum oenduot<>rs and o\ln'oundin¡ 
"'""'' endowres. TIU• eneri}' cao o!><> 
dootruct>vely diotill \O%ic psos foon. 
~< tnoulotioo ~mo. 

Continuod an:mg at tho point o/ 
lault can roleaoe ITemendouo omounto 
el energy in the fault oreo ond, the 
•lernoma&netic f<n=o can oauoe the 
are 1<> tnvol."Thia teDds to -optad the 
fault and ... .:.t..- it io ai:oao oot <><>¡;-" 
""lly w!thin tilo- /ault z<>ne. In fo<t. the 
point-o/-laul! Origin ·;,.,d "thO -¡)oint-of-. - ---- ~--,-~ 

maxirnum darn•&e .!'___'!_ pr~c'--'~ally ne~ 
the oame. 

Experioinoo h.oo ohown tbot o.-cu>g io 
grout>ded olottn""l -,)'5!.,:,... inevitably 
iovolv.. ~r<>und-eVen thoup it JDaY 
ltart botw....,- pha .. ._ Thio ,...~ .. poo
oible a Óof"'roto mean• 0¡ amn¡ fault 
dete<tton by o•nsmg ground current 
~uite apan lrom the pha""""vet~ 
protection roquit<!"""'-to. Thto io fortu

""'"• '""" artin~ foulto con exlot at 
very low current magDitl>d .. and tbU> 
may be very diffirult to OM>OO with 
pha .. ·tw"er<urrent d<>YIOOO. 

Arcing foulto can e<~>bit ¡.;,.. Ow-rent 
leve!• due te the opponnt- impedanct! 
el the are it~<lf. lt ohould be note<! thst 
arrin¡¡-lou]t~nt mBlfl.otu<leo .,.., ...,¡,_ 
je<t to wide voriation• ao hmction> of 
the fault cir<uit impedanco. AIO!l, the 
aro rurrent may bo dJOoontii>uous, ro
quiring a oporkover volt~p eq""l to 
the re.triko voltage to ca1100 uc '"" 
i&nition. Thio diocootinuoW. curre~! hao 
a greatly reduced nru va!uo and ito 
dioronttnuouo noture io <>no e1tp[onation 
ol why •in~),..phaso arctng loulto con 
hne very low magn!tudeo. Tho prob
able mimmum val""' ol omng-iault 
cwreot. altbou~ dLffirult to determine. 
are an important con•id..-atiOII in de

. l!g<HDK ptote<tion ochemeo, 

8olted Faults 

1 ;.c:,:,c,c";'•=•''-,'''•,-•'•,-·=·'•"'•--,-.~-== 
d.,. to hohtmn< di•ti•O.I•· ota~< <ha~o. 
<o~tor <h"''"'" ..... ...,~ • .., 

Boited lino-t<>ground ./oulto ,arely 
O<ctlr in pnotieal drouttl. When they 
do occ.-ur, th~)0 go'neraliy do oot di<pl>l" 
the vory IOW<utTent matnitudot f'O>
I!ble >n an orcin¡¡ lin.,_io-f;round faulL 
They may be low '" magnitude com
pare<! t<> a t~ree--pha .. foult mndition 
oino:e they ""' drpondent upon the totol 
impeda:oce pa\~ (pbaso and ll<<>und ,-.,. 
tLUn). BecauN of thi$, bolted !ine-to-, 

ltfOUfld foulto moy or moy - be 
o•.ued by phooP-<>VetCWTOnt dovial& 
When ~tteuncl-lou.lt proteotivo <kvica 
oro u-.1 ier o IP""" lat:lt loc:otloa, 
they are ~>tiVo 10 orrin¡ cnxmol
foult turrer:t marnitudeo. Tho baltod 
lm,..t<>;¡fo""d fault ctlrrena ot t» 
somo 1""-'tion ,.-;¡¡ aloo bo detoctt4 t.. 
couoe el their hi¡her rno&rutudo, 

Solutions to tho Arclilg 
Fault Problom 

Solutio"" te tho orcing-!ault ptclol""' 
involve a two-pronged oppto~~oh. 

l. Mul!miz~ th~ proboMity of an>-

in¡¡ loult in.iti.oti.on by: '_ 
a. Cuelul atteDriotl 10 ._ .S. 

oign ond to tho Nrtinp of -
temve dovicoo, 

b. S.lecting equipment t'>at io 1-. 
loted by oomp.ortmenU w:llhlll 
¡ro~mdod metal <»<loouroo~, 

.. Select>ng oquipment w:ltlo - ' 
out, rack-out. or otab-in feo,_ 
!Mreby reduomg tho ~•ity of 
tvorking on onerg i>ed oompa"""hL 

d. Providing PI'<'P"' U..tallation .,.,_ 
ti<H and oupe<v>l!o:a. 

o. Pmtooting eq_uipm=t fram -
usual operatin& or "''"~ 
oonditiono. 

l. lnoisting on • thorough cleon up 
immediately b-e/ore initial ooH> 
1izat>on of o~u¡pment to ,..._... 
<On>truotion debris, •uch 01 wJ.r. 
clippmgo, mioplated tool-o, oto. 

L Executing r~ulor and thol'oulll 
maintenance protedureo. 

j. Mointa!n>ng daily good-h~ 

k.ep>nil praotlon. 

1. Senoe ~nd "'"""'" the arcinc lou.lt 
quiokly (v.,:hm cyoleo on a power ¡,.. 
quo=v ba..,) "" thot <!.a=c• io mini
mol. thu• aUowmg relativ<ly ropid ,.._ 
otorotion oí powor altor tho domoP 
io repaire<L To remove the ardn¡ foult 
curnont pron:ptlr trom the •Y•tem, pro-· 
tecuve de,-;,.,. "'th tbe foltowin¡ cbar.. 
octemtico are r-.¡uir..!: 

o. s..,.,ti,·:ty te de:ert low-lovol 
ground-tault curren< ma~tudH, · 

b. Speed to oporoto witbin cy<leo to 
nmove the foult frnm tho .y._ 

·~ t. Sel=n"zy- to pro<•ide <:<><>tdino--
uon w:th oth~r protecth~ deifica 
10 that a min1m>.:."!l portien el 
tho ''''""' io ohut down undor 
vound-fault condmoo.. 

d. An adJU>tment and oettin& of
pwte-ctive dovice v.·biclt can t.· 
t.oil~ to the opoeific oynem, 
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Another Óboon·atoo<l "'"' t.. mada
f<otn bask ~tion (!). lf a·
,. inoertod betWeen th~ oouroo (t<.,.. 
former oo. ~eneoator) neutral and 
groundod." l>o-rom~ port of tl:e crowul 

'"'""' un~ance (Z,). 
When the ohmio o·olu• cf tbe r~iot<Jr 

lar ex<oo>d• Ü>e oth.r •y•tom pbaoo
arul ll"'<md·retum om~<!>noo oal-, 
>t tben t>ecom~ tbe cootroll'on& 1m¡>&. 
<l>.noe elern""t determtmng !he Une--to
ground fault <urrent mocn•tude. lt may 
eauM the ar<on¡o; ltno-t<>-ll"'und fault 
o1uant to be 0<'1/-<onmcu,.hin¡ by lim
nin¡ the voltate a<rooo the are bel.,. 
the requned fO>Inke volto&e. 

Fmm a oyltem pcint o! viow, buw
evet, irtsertwn of _a rnist.,. ,.. U.. 
neutro! circmt predudeo t!at no -
tr•l lo.ad• aoe to be ••rnd. 

The ,..,ults thus far C&D be,.........,._ 
><e<! u follows: 

1. ArcJo& foult pootect•on inoolv .. 
compUIIO& the minimom t:roUDd
fault curTertt to determiD. tho 
deoi.-M protertrve devioo O*ftiDc. 

2. Mathernati<ally, an approoim11~ 

minimom o<<lng·grouod-foult =· 
.-ent <an be atr.ain«<< for the 
"duwonR hoard" 1yst...._ 

3. In practi<al $)'''""''· lo• .. • foull 
curromto ""'Y be reoli<ed due tr> 
ay>tem impedance Í<>«e"- andJ 
or •>·stem condrtion. at tbe ,,_ · 
of fau)t. 

4. n.o. mothomancal e•¡n-esoiou ._ 

re>entr"l! the ""''"' t:r<>UDCI foult 
<UrTcnt io: 

(3EL·s) 
l,arcino¡ • K (Z, -:- z, + Z., + lZ,) 

5. The mothemon~:al <"Pre .. i<>D 
1, arcing - k 1 (!t.r~phaoe 
&hort-corcuit curr~nt) ;, only
when the ground foult i• ot tbo 
ooo'<e "onolom••• oo.onóo'T ..,. 
mino/o, Should tho fault OC<.'IIr 

further dowmtrcom in the ay. 
tcm, 1. amn& value wdl boo do-
ctca,r.,¡. For in>ton<e the ll"'Uftd 
fault current in the oyotem u
om¡>le c.olculaticn. (J"'C<' 11) 
va"e. trom 18 to 24%. 

METHODS OF GROUND
FAULT DETECTION 

Thc cn;rund·f•ult curront can be,.,.,_ 
itored either a< it llow, out lo tho foult 
or en in re:urn to the neutral pcint of 
the oonrce tromlorme-r or ~....,..,.., 

When monltormg the outgoJn¡ foult 
current, the curren>, on al! pcwcr ~ 
du<toro are monotoood cothe" individ
u¡olly (F•g. 1 through 6), or collertively 
(Fog. 7 tllrou¡h 10)_ When monitor· 
mg th& r~tu<n l•ult current, only !he 



( 
pound-loult fttW"'<I cc~dootO< io mooi
tor.>d (Fi¡. 11 ). C.~tion" io ""'~""od lo 
help a .. ure th~t tho rotummg ground· 
fa~lt current bypuus rhe outgom~ 
II><>IÜtonn¡ current trarufo=er, b~t 

tl<>o<s not bypaos the c~rrent n-=sionru" 
- monitorin¡ the rotumtng P"'und-fault --e Gtound..fa~lt f<'SJ>O'IoiVe devi'" cat1 

~ of o otati< volto;e relay ""d 
malod etun<>t "'"""B or an over-<ur
<ent ftlay {elentO"ma~netic or <taUc) 
uoin¡ ony pro~fly rot.-d <I.>Dd.ard win
<low...,- boNype <Urrent tran.tormor. 
TI>e l'el~y pick-up leve! io odju•t>ble 
and tbo ,-,Joy moy be equtpped wtlh 
an adjustable tom.-..Jolay feature. Op
....,.tiort of tbo rolay olCt!VltÍO$ a trip 
.._J>•m•m oi. the tnten-uptin¡¡: ""'"""'· 
Selectovity ,. •chio- througb a tune 
do<lay llDd/oc <:urUnt ..,ning <>r block
in¡ fomction. Zone solectiv,ry can bo 
acbi~ by uoing a dlfr.,..,,.n.t. oc 
blocl:ing ocbeme. 

Broken Delto ·Ground
Foult-Protection 

Jo. ¡r-<nmd-rotp<Onsivo re¡,y coruoect.,d 
to_V, •"""""' tn F1g. l throut<h 

' 4, mcaito~ tiMo O<ltllO"'l grOUDd-lault 
......--e<>t by oonoin¡ tbe b.-oken delta 
..,¡tage of oP.-i.-..conn<"<t«< ..,moR, or 
tnl.,.¡onno-n. Durin¡ n=l <>pOTI>tion. 
tbo V«to1"i.ol addition o! volta~"" fcmn 
- '" four ..,nsnro is essenually ..-ro 
(oee Fig. l and 3), Wben 8 clown
.........., &round lault <IC(""">. the out.:o. 
in¡ go-t~Wld-foult C\l"""'t '""=s a VC>It· 
- to •PI""'' •t tilo. t<-m>ittabl of tbe 
reUys {Fig..2 •nd ~). lf u.., rurt"ftlt 

IILOgltitudo is ouffi=t lo produ""' a 
"'!tace ~1 to, or creoter th.:on. the 
..,¡ected "P'"atin¡ l""ol ol the relay. 
11>o intenuptPr ho¡> rl~vi"" ;, act.vatod. 
n... variable o!"'rotin~ leve! and.tim~ 
ol<-lay fcatures m thc "'loy prov•de for 
ootmvity roquir•ment1 Fo< a four
...-ire .,..,., four WNOrS ..., ...-quirod 
<Fic- 3- 4). 

Residual Ground-Foult 
Protection 

Jo. tuidu.olly..:onnectOO celay, .. 
""""" in Fig. 5 nod 6, moni~oro the 
outgoing &r<>und-fault ourrent by u.ing 
-o< fow C"UI"1"00I transformen. 11>e 
ope<atioo ¡, baoOO ,.. <he aoncept that 
!be ~ cur<en,. in o balaoc:d u..-
~ ')'SI""' o.dd Y«tori.>lly io zo:10. 

lf currcnt nansfonnen ""n-«t!Y ~"~""""" 
1otm pba>o currcnts to oec<>nd.ory =· 
~ U..... oec<>nd.ary- q""nUtl"" wi.ll 
.loo ..:Id up lo un>. As a ct><>Sequonce, 
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"'inding, or on i" c>tenoion lo tho 
\U.e W"rtlinalo of thn m"in oeoonolory 
br ... br. To pmvoóe t~e proper proleo
tion, the relay •hould be wiroó to trip 
tbe maU. oecondary br•••~• ~nd to 
ot.rt a r;rnor so lhat in apprci>~motoly 
!in to ten cycles oftor hroak~r <>pero· 
tion, if tbe fault io .,;¡¡ oen~ by ohe 
~roturn rofay. tho "mer woll oig. 
.,..¡ tbe tran$Iorme< primary prote<"tor 

, ~!;ip. Apphrabon o! thi• /orm of pro-
• ....,..,;, in \ocati<ms otber thaa tho 
· m..m.,.rn..- noutral·to-cround «>nnoc

ticm mult be """"fully apphcd lo"""'" 
that tlwt r;round "'nsot "''"Y will ..mse 
aJL"" mosto/ the ¡¡round ,..,,..,.., turrent. 

Ground Differential 
Protectian 

Tbo dilferential protect«>n oeh.,... io 
. "" ertension DI lh~ otround """'"" mon· 

itorin¡¡ ""'" wh•re 1h0 C\lfTcnt lrnn-. f.,...,.,.. aro in•"'lled in tho incomin• 
pow..- cirruit and outgoin~ {..,der <ir. 
cuit The output o{ th"'• ruroont troon•· 
formero ;, ronnecterl tn nno •~lny. 

tho<eby monolo<in~ !m ~round loult! 
only within tho •one: th•t io; ""'"'""" 
inco"'in¡ ond outgoin~ rurrent tron•
formero. Fa!.., Dperolion duo lo dio· 
oimilar tftponoo o! th• ~round .. n110r 
eu<"rent lranlformon te h•&h t~rouah
fault ~~,,. s!Üould be tKOo¡nued and 
.-medied. .. -
Grcund Summaticn 
Prctectian · 

\. n... sumrrunion sr~e it an • .,...,. 
,.;.,o of t~ •~•idual (or Rr<>UBd ,..,. 
oc<) o< cround·~turn monilorinJ un1tt 
"'her~ add!tioJ>al "'"""' lramfomrH< 
R>puto aro "'l>Plied to the relay. Ver· 
"""" ocM1n,... are ouUiMd '" App<'Bd•• 
e • 

System Considerations 

SYSTEM 
CONSIDERATIONS 

Tbo •J"<Iom d"'igner mun bolan"" 
economi<> ap1not =• of outa~ and 
potential <<»t o! oqui.,ment domage lo 
arrive at a t>ta<:ti<>l system. There io 
""oin;:le oolution for all ''"''""'" hch 
oyotem "'"" be analyted tndond...,lly. 

S"' Unportant facto<S must be con
sidered: 

1.-Type o! •rstem 
2.-Reliability 
3.-Neutral ruouot 
4 • ......(Aound retum path 
5.-Proloctive de>·icos 
6~Settings 

l. Type o! System 
fort><nately. the most w1dely u"'d 

dromt-the simple radial-is tho <a•i
e<t to onalyr~ and lend• itoolf lo a 
otroi~htforwa<d prote<"tion •r•tem do-
tiJn. Tbe problem ""'"""'' more d¡ffi. 
cult and involved wtth ..,..,ondary '"le<:· 
"""· pritruny .. t...,.ve, <>< spot neiWOtlt 
•ystemo. Eo.ch of th<-se more romplex 
·~• ha• factor. favormg ito >ele<· 
ti"" 1! tbe oconomic·t<liab!loly l>alaJlCtl 
.., indicotes. 

2. ReliCtb;lity 
lCI the normal ...,.,. o! "'liahility, 

r.üal "Y1'""'" are qulte reliable f<>r 
_..,.¡ uso. Ho-ver. •pedlic applica

. ttOI>o-po.rurulady «<tical proeftOeo. 
life ouppert. and high value ron!inu<tY 
...... -desefve the redut1dancy off=d 
by the highrr order S}"!ttem•. The •yo
t~m de01o¡n"' rnu" !•ce the inorea~d 
ern¡in.-enng anal)">" wh1oh oo<ompano~• 
tho lligher fevels <ndudmg rontinu<ty 
o/ .. rvioo, roduction in fat.o oulaJeo. 
and lh& i<npm"ved leve! ol equiprnent 
protection- all b•lancod •R•in•t <o•t. 
Th..., unpmvements atl Co<t more and 
thio e~P<""' mu•t be factored ~gamo\ 
the """ benel\t voluel. 

Oround-lault prctect!on appl<ed to 
tilo> ma,. on.ly, wuh no apphoation on 
the /ee<len or branch m<uit• <>f a 
_, 'Y1'"'"• can be ¡">t<fied ,¡ total 

1- of ""''"'" to the •y<tom " a«ept· 
able wrder an arong-fault oOJ>.d!llon. 11 
not acup<.ahle. then vound-fauft pr<>
tocnon ohould be consodered cn oUC· 

...sO.ive downotteam protectcn <feed
en. hranch"') unUl an aC<"epLOble leve! 
of O)"ltem ou<.a~e !S aUamed. The d~ 
&r<>e o/ aoceptacle protectoon w<!l doc· 
tate the protector r~uorementl lo d..
tennme ,,,heth•• protection by u.o el 
cmW>d·fault um,.,. tequ<red. or d~
o.ct"'i; p!t.o .. prote<:tors are adequ.ate. 

3. N•utrot Circuit 
A oimplo radial oystem W!th a radtal 

D<utral prnen" ¡..,.. problenu.. Fot 
thtee-WltC ( thrc~t>h•oe conducto"). 
/<>Ut·Wlte (tlu".,..ph.ose and one ~·cund, 
or neuuol conductor), n, . ...,.,.. (three
phue. ene t>Ouual and OJt ground ron
du<lor) wltere lhe """""! conductor a 
o radoal conductor ({or looped or 
conunuou• betw<f!n altornate P"""er 
"""''"') ood ¡roun~ only at the 
oourro. eother <he &round '"""" or lhe 
"ound·teturn mcnotc"n~ mode• may 
be uood. Tho ¡round oen>er mode ., 
t>tefrrred. thuo ovoidong 1h<! in•U.Ilation 
problem n&O<<oted wotlo !he retum 
mode. 

The moro oomple~ 'Y"""''• however, 
with neut<ol "'""'" which oonneot be
lwoon alternote power •our<<• <eql.u,e 
very oaroful onalyois ond de,.gn to 
avo<d un•nlonded r<loy operation. When 
tbo neutr~l <:en~uctot " [<)Cp<!d or 
oontinuous belwoen olternate powet 
"""""' ond crounded only at tloe 110u<re 
"' grounded d-nstre~m, .,treme o~re 
"'"'1 he takon in Ot>plyon~ f;<ound·fault 
prote<t<O"- E:very circuot .boutd be 
ch«lted for '""Y ~turnong neutral 
and/or &round-fauh rur"'"" tha1 «>ttfd 
co...., \!>o "ound·fault unit to be d.,._ 
..,,,;,ued. \O miiiOp<'tate, "' not opec
ote. A oimple mel~od to ch<ek tbe 
owlieotion · io to draw o ono--lme doa
cram of tho 0)"1tom and superimpc>e 
... umed neutral loa~• and ground 
loulto. Thon trace the <"',..."' How te 
de!O"fmine the eff<eto on the ~rcn<>d
fault unito. Ko•p on mind that the ,,._ 
tum current flow tondo. to ,_,k the 
lowelt <mfl<'dance pMh. A K•••n patb. 
olthough inotoolly tho lowo" <mpedance 
pal~. rnoy not rem••n so ao the mogm
tude of rurronl inoro••"'· lt might be 
determined tl>nt ti><! neutral rondurtn" 
¡,."""'" o! lhr interfl'"l. poe•ent such 
IIO"d poth• f"r "ray <eturnin11 '""""" 
that tho only •oluMn to prov1d1ng 
amund·fault pr<>to<t'"" ,. to u<e • 

. modoa..d ¡ruund '""'"'" (GS) <« resid· 
ual (wot~out neutral ruttent l<aru
fotmerl mnd~. Eother mode """"'" of 
monotorin¡¡; !he phooo <ondu<toro onl,. 
ond ovotdo lhe oeriou• problem ol non 
opo>roroon whon ope<Otonl i• demed . 
"n<"e the neutro! rnnd<><:!uo which may 
he attTy<nC croo.tnd·lault curren"" not 
monotor.-d. h may O< may not avmd 
nuu..o.n<oo "P"tol<on due 10 neutral <U<· 

• rent loo.d1n¡. <pe<<fi<all¡· o! •h m.a>i· 
mum oetnn& io limued to 1200 Am
p<'<OO, lo meet NEC A<I<Cie 130·95 
(1971 and 1975), ~ven thou~h <he 
m<nimum cround faull avooldble fot the 
ptoiKI<Ve zone being romod•ted P"f· 
moto a h;;hor <urrent oettin¡. 
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to aohi~v~ •~l~o:"·ity and the m~ 
o! ~n~no<\o equipment darna¡e. 

BRANCH CIRCUIT5 
In a lmmoh '"'~" l'o~er~ theTe "no 

coordiDation r..quueonomt with d"""'" 
otroom prote<th·e de''''~•- ouch •• a 
Uanolormer "' muto' l~od, a ¡;c~~nd
fault Un1t ("atl< or eleotroma;;~ettO) 

oet at f>.J5 Amp~res and in<tantan<"OU• 
time W<)dd be a good choice. 
FEEDER CIRCUITS 

For a feeder oircuit whith r<!quire• 
coordmation totally or ¡,nially wnh 
<:lownotr~am de,·ioeo. a grou:~d-lault umt 
(01atic or el~'-"'tom>~notio) woth cut· 
rent ond timo deloy settin~s to meot 
coordinatmn r~qutrements ,hould he 
«>noidered. Thi• feeder c.rcu.t prote<
!<lr ohou!d b. oele<trvety '"" either 
portUilly or totnlly, wtth respect to tho 
dowmheam ptotector's <apobil<t>•'< 

MA!NS A~D BUS TIES 
Cifound-!ault un1t< app!ied to ""'"" 

and bus tie-s are normally >Utlt or 
electromagnetic with curren! and time 
deloy '"ttin~•- If applied to the main• 

Table 1-Standard 

-------------,---:,:,,:.:-------11---_-~, .. 
(UUONT 

. lUNl
FOIOUU 

r<Ofll- --

Equipment ldentification 

onl)" (non• on 1...-dero '" bu• tie•), the 
untts ate >et dependen! upon th~ de· 
~'"" ol "'"'"Pt•ble oquipment nu,.ance 
outa%•• , . ._ mk of equiprnent d-"''-"&• 
deoir~d. Ground-lault reloy uni" ar~ 
<ustomml)' applied to the mam• and 
bus ttO< to supplement the Unt" "" the 
fe-eder.. These unta are '"' to be selec
'"'" with and prOt«:t down tO Ot lu<t 
th~ feeder unit> wotl>out ~egl«:unc the 
protection requir~ments '"' lorth for 
the syst<•m, In all coses the NEC re
q•.memen,., il apptkable. •hould be 
token into a<eount. 

EQUIPMENT 
IDENTIFICATION 

Li>ted in Table 1 ore vatious t~lay 
type• uhh•<'<l lor ¡¡round-lault monitor

, •ng in low-voltoge syotems. 
Tbe pickup oí the ~round-fault elec-

trom:o¡¡neuc (over=nt) retay type 
UO>t in teTmS of pdmary amper<-s de
pend• un the current transformer ratio 
and tela)' p><kup oettmg•. Therefore, 
th" primmy ampereo:. 

fault unlts utilized in 

" 

I, ••• , • (CT r>tio) {relay omper~ 
•etung) (3) 

Fút a •Mio relay and rndtdted our
rent rransformer un.<. pockup "'";"~' 
""' ••-...<:1 dire<:<ly on pnma<;· om
ptt.._ Althou•h the """~"' trandormer 
hn• o fixod rotio rattn~. thc·r~ is no need 
to treat th,. uM as the con,·enuonal 
r~I•Y and current tc~n>former approach. 

The Ven;oTrip~ ~round and Power 
Sen•or® Ktound "mto are capti,·o umt>. 
That is, th 0 VorsaTnp ll groundool ""'' 
con be ~ddod only to moldod-case dr
cuit breake,. (~ICCD) tho.t ~•• eqU•?
p«< w;th v.,,.._TripT ptuo~ o•·orcurren! 
proteotion. The same npphes (O Power 
Son•or~ ground uni!< untlli<e~ on Type 
AK low-vono~e powo< drou1t breakors 
(LVPCB). In both o~on. tM ·,,_.tic 
pha>e overcurrer.t lunction can be OU?
plied w'thout the grottnd function ot 
with any of tho út~er ••ouM !unctions, 
th->t >s, GNOUND-BREAK~ o< El<-<
tromagnetio u:~its. 

>; Ro•i•t<r<d tr•do-rnookt of Gonerol Ele<· 
lrio Co. 

,., Trado-mork of Geootal Electrk Co. 
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System Example 

F;gu,..,. 14 th'~ t 7 m~stnt~ tlle 
l'bysloal e<¡Uifl"l"Dt olfer«rl by General 
Electric Compomy. 

, lmpedance data 

SIMPLE RADIAL 
SYSTEM EXAMPLE 

C<.noidor a «'pre<ent>.ti~e on ... tine 
diap-am of a simple radi.al •¡·~tem. 
{Fig_ 18). From a 1000 kVA t<a~>

fotmo<, a owitohboO<d or swmh&o•r i• 
fo<d thnt a 1:!00-Ampore bu<way. L.o
coted io the ...->t<hbo&rd o< ...-itoh~ear 
..-e U,.. incoming hne breaker (E) o~d 
oeveral f""der hr<aker:o. F.-..der bteokor 
(D) leeds a distribution bu< whi<h., 
cculd be a m« or sw>tchbootd or 
!>'"""'' J>Onrlboard, etc. Loca~d in th• 
di>tribtrtion equi¡>ment a;e: foo<der 
breaker (A) fud>ng o do,..-n,troam 
J0().Arnp<re ponelhoord equipped woth 
l0-30-Arnpete brandt hreeke;s (A 'l. 
braoch-fuoed hne owit<h (B) ¡>t>We<Íng 
• d;.tribulion ttamformer and motor 
control!« (C) consisting ~~ a <irc""' 
breaker and otaUer powonng a 250-hp 
motor. 

l. Auump:'ons ond defulitiono 
a_ T~-ph.a,., fou!t-rurrent magni

tud .. , d .. irod to """'""'" with equ1p
<nent ratin~•· ore caku!ated at the 
time d fault in,tiation using oub
mm,;ent «O<ton<e value• for rotal
in¡ mac.'-:U><O. 

b. Ph"""·to-gr"'-'nd fou!t rurr<nt mag
nitudes, dem<d to determine pro
t<<tion equópm<nt n<ed>, aro oal· 
<ulote<! to att>.in mHum~m <t>rrent 
volua. T~uo. impod<on<e Vecto:-. 
"-'il\ b< odd«l. ignoring phak> a.~d 
on~ko. Motor >mpedanco valu., will 
not be con.,d<'<d. 

c. u.,¡,¡y ¡;round currcnt wt!l not ~ow 
d...-ing a low vo!t.ag< gn>und foult 
duo to the delta pritn>;y «>nn«non 
cf the 1000 kV A <r>n,former ._Viewed 
from thc 480-Vo\t bu•. tilo UtiHty 
z. impedan"" vnlue do<• not ex;.,_ 

d.The 1000 k\IA transforme< has a 
thrt< ]<¡¡ =• and a z. impodan<e 
that is 8S'7, ol Z1; irnpedance Vlew«l 
front the WYE cunnec~cd oocondary. 

tooo•vA 

------------------ -t- --------------

• 

¡ 

20 11. 12oo .... e,. •• , 
A•-50 

160.0A'"0 

" 

.... , 
cmn•.rt••• e,, 

---------·-

W Ft. 3-llC-500 MC>IC• 
1-1/C 410 ~rd. Cood_ 

...... 

i 
' 
1 

1 
• 

1 

e. Moten hove an X/R r.1tio of 10 and 
the 1000 kV A hanoformer ha< an 
XfR ratio of S. 

r. Jrn~ ""' """''orted rr., 
p<r<ent to ohmic nlu<O uolr:¡o 

peroent kV' 
~·----x-too mVA rotin;; 

¡.lmpedanee, r<O¡,tan« and <<->ctanoe 
ore r<!at«l as foll<>«-o: 
tan~•X/R 

sin~•X/Z 
roo.¡.-R/Z 

h. lt ;,. .....,med that on< ho=PO""<r 
of motor ratirtg is equivolcnt to ene 
k\' A. 

i. R<m•inin¡ impedance d~ta io ob
t.airted frorn 11-AP-1 ond a-ppen
dit:oo A &nd B. 

l. Pata (R+jX'd) in Ohmo ,r<f<rr«l to 
480-Vo\t s;•otcm: 
o. Utility S<>urce: 

kV' (0.480)' , 
MVA -~-0+¡.0009 Ohms 

b. Motor> 
X'••l7% 

X/R-10 
R-1.7% 

R+¡x·•·(L1+il1)% 
JOCI-hr. Motor: 
(R+jX'd%) (k\'f • 

'"' MVA 

c. 1000-kVA TrOn>former 
Z-5.15% 

XfR•S 
tan~-s 

·18.69° 
X•Z1in~ 

-(S.75%) sin 73.69• 
-S.r.J90>. 

R·Z ros~ 
:-(5.75%) <oo 1B.69" 
•1,1177% 

R+jX' • • (l.U7;-;-jS-6J9)% 
{R+jX'¿) (WF. 

lOO MVA 

(O.OtiÚ·JO.OS64) (0.4SO)' • 

' O.l)t)l~+jO.OUO Ob"" 
d. Bu...,.r {aluminu:n, AR~lOR

CLAD!) 
lO ft-1200 Amp<re: 

20ft 
lOO ft (0.00133-j.OOOSJ) • 

O.OOOl+jO.OOOi Ohm> 
n 

¡, 

1 

1 
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System Example 

duct) ,, 
-

-
(0.064 +j0.0381) • 

(0.202 + j.0585) -

Oo= 
3. Data (l1• l,. l.) in Ohm• 

....E!_ 2L_ (l. f-Jl,}Z 1 l 0+ll, 

a. Utitity Sour"" 
o 0009 0.~009 

b. 1000-kVA rrano. 
(l%) (kV)> • 0.0515(0.480)' 

100 MVA 
o.on~ o.oJ3l o.a; o.o112 

o. 20ft Bu:;w~y 
(alummum. A.RMORCLAD') 
20ft (0.00143). 

100 ft 
0.0003 0.0003 0.0\16 

d. Cable (ropp.r in map.<tk duct) 
50 ft-3-l/c500MCM ctco 

SO ft (O.OS$1) • 
IOOOft 
0.0028 0.001~ 4 0.0111 
lOO ft-8·1/c-JSOMCM <1<;; 

lOO ft (1/2) (0.0611) • 

1000 ft 
0.00ó2 0.0062 ' 30 lt-2-41 c-4/o etc: 

30ft (1/2) (O 0745) 

1000 ft 
0.0011 0.0011 4 

lOO ft.......¡.Jf<· ll etc o 

100ft (0.210) 
IOOOft • 
n 0210 o.o110 4 

0.0248 

0.01)44 

0.0840 

Three-phase Fault 
Currents 
1. Main Bu•. 

" 

a. lmp«l>ntt·utility ta moi.~ bu<: 
Utiht)·~ 0+¡0.0009 
1000 kV A tromformor~ 

"'"''""''''w :O.OOló+ JO 0130 1200 ~ 

Total Ohm•• 
h.\mpedan<"<"-300·hp moto" lo main 

bu<: 

c. ¡,¡>«Janu-250-hp motor t<> ,. ... ~~ 
buo: 
250-hp mctoro- O.OIS1+j0.¡;6; 
so ft J.¡¡,.soo.:..ICM oabk • 

0.0015+j0.0013 
200 ft R·l (c.J50.)..!CM cohle • 

O OOJ8..1.j0.0049 

Totol Ohm•- O.Ol10+j0.1~9 

Fault rurnnu \<> main buo lrom: 
Utillty• 

Ev, c;cce'i'i'o¡,-¡¡ ~R+¡x·, O.uo29+iOOI4o· 
3929.85-jl8976.51 Amperes 

300-hp Motor • 
E~r~ 111 

~R+jX'4 •0.01~1+jO.lll1 
21431-j 1081.11 Amf'<'<> 

300-h]> Motor • 
Et .. ~ 271 

~R+jX·,, • 0.01'11 +jO !Jil ~ 
n~.Jl·i 1087.17 Amp<re> 

250-hp Motor• 
Et-~ ¡¡¡ 

.:.·R+jX"o~ O.OJW.,.jO.lúlO 
nu4-j 1725.'!7 A.mperes 

Totol • 4S90.61-j2487[,.8H A. m pete> 
l>JOO A.mpere. 

2. Di>tnbution bus 

a. lmp«l•n«-utili"· & 300·hp ""''"'" 
to dimibution buo: 
Utility to main bus- 0.0029 +¡O 0140 
.:.JOO-h)l mntm• to main hut• 

0.0141+j0 1312 

2 
~o.0070+¡0.ob56 

.:.Utility ood lOO·hp mot<>rs to r=in , __ 

20ü ft 8·1/c·l50MCM o.<bl<• 
O.OOJS.J..j0.0N9 

Totol Ohm• ~ 0.00!>0+ jO.OJt>; 

b. lmp«lone< 250-~.p motOf lo dittnbu-
tion bu>: 

",; ;"-~";'',.":;·~.-;,""0.01 ;7 ... j0.!567 

Fau:t cumnto to d":cibution bu• from: 
Uiht)" and 300·hp motOfo• 

E, •. , 271 

~IH jX'o~ O.OD60 tj0.01ó5 
S378.S7-jJ4)gJ.01 A.mpe"" 

' 

lOOft ¡· 

Total O<cm• • 
Fou!t n>rr<r.t ro p.>nclb<>ard buo from 
"tilrt¡·. 300-~p aod l50·hp rnot.on: 

Ev-: 177 
·~R+jX'o 002SS+J0.022S 

6!07.óS-j5lR910 Amp<reo 
• 8145 Ampcr.:o 

Arcing grouild fault 
current niagnitude 
l. Moin bus 

z, z, Zo+lZ, 

Uliht~·- ii:"1iOii9 0.0009 
10011-ltVA Tran•fotm<1"• 

0.0132 0.0132 O.OII! 
1200-A.mp. Bu,w.w• 

•óÜOJ 

1. Diotribution buo 
~ z, z.+JZ. 

Utit"y to main buo• 
0.01H O OIH 0.0135 

11Xl ft 8-1 "o-3lO~ICM C•bk-
O.üor,¡ O.OM2 O.OZ48 

TotaJ~o.o206 iimoo o.048ó 

1.~ ... 1._1,"-'"·'- ( lE¡.~ ) 
0.38 z,+Z,-'-Z,..I.3Z, 

•O 38 ( 3(217) ) 
0.0206+0 O~Oii+O 0486 

•3510 Amp<r.o 

J. Pondbo.>rd buo 
z, z, z.+JZ, 

U ti!"'" to ¿;,-,nbution bus- ---
0.0100 0.0700 0.0-186 

100ft 4-t:c•l Cabl., • 
or210 O OliO o.OMo 
--~-

Tntol -0.01](> 0.0-llú 0.076 

!,,.,.,,.,"''--'"·'• ( JZ,.x ) 
03~ Zr+Z,..I.Zo+lZ, 

( mm ) 
·0·38 00~16-0.0~ló+0.1316 
• 1063 Ampo:t<l 



The pha><'-<""'<mr<nt tim~ <Urrenl 
plot (Fi¡¡. 1<;1) ,..as de'Ormme.d by tilo 
lead con<!l<ton• ond «>l<uloted throc
pha.e foult currenl>. Re!eron~' :o how 
bme cunent plot• are d•'elnped con 
be Jound in the IEEE lnduu"riol C.Om· 
mece"'! Power S'"•"' T~n en;.rlod 
""Guide of Protemun Fundamen:OI> for 
L<lw·,·olta~e El<"trccal D><ll Lh\" ton Sy'
tem> >n Commewal Buildmgi". IEEE 
]Hllll-1. 

Fmm Ftg. 19. lhe niain lin~ prote<tor 
(E) tleori".g tLm•· L< oppro,.m.ttely O 58 
se<end at 6003 Amper"'- D"t"bution 
bl!> prol«:or (D) tleann~ tome i< op· 
prox.mately 0.35 >e<<lnd ot 3516 Am
per<>. Panelboard bu< protector (A) 
cleanng time i< oppro.,motely 0.022 
$<'COT\d al 14~1 Amp<'T<>- The <enli· 
tivity of <bese plot• to the cakul>tO'd 
an;;m~ ~rnund foult cunenl• appear lo 
be ocooptoble. hov.e\·er, in lorthcr anal· 
Y"" .. \"era\ lunotohOn< ~"" m 1h0 
pha...._,,..,rcurrent '"'""~' woL~ r<1<0rd 
to protoct•on for omn~--¡trotind-f.oult 

curren": 
A. 11 ptotector (E) ,. a"""''"' cn

<ran«> dioo:onnect. it \"iolat"" !-;EC 
an•ole :.ll0-95 who<h t~quireo pro
tector (E) lú sen.c• onr! cleor a 
1200-Ampere <><" h!~her ~round· 
foult curren<. lt ;, true thnt ¡><o
toctor (!':) lon~-time fun<Uen 
could be ••< lo mool tho ende 
requiremonll: howe>·er, duo to 
pwtO<tor manu!acturin~ toler
once. it W<>Uid havo to be set al 
1080 Amp<orO, to nnure lltppmg 

•t 1200 Ami"''"'· This ..,ttin~ 
ha• .. ,·eral objO<tior.<: tt pro
ven,. the use of the transformer 
full-load copobolLty ond ha, iln 
••«""'" cfcoring tit~e of 'JIO 
..cond> at 1200 AmP<''""-

B. lf the aetual aro:n¡-greund.foult 
current durtng foult condttwns 
only ottain• '""'""' tha1 ore 
oli¡¡hlly len than calculated, the 
protector ctearin~ time ;,creases 
to unoc<eptable volues. Prote<tor 
(E) 1ncrooses tn U sccondo al 
5400 Ampore• while protoctor 
(D) mcrea••• to 9 >e«mds at 
3100 Ampores. 

C. The back:up prot~'Mn " UOR<
ooptablo. Protector (E) coul~ 
only cl~or tn l& .. rnnrls at 3516 
Ampereo tn "'""' ol prorettor 
(0) failure to deor a rli"rthu
tion bu• cround lault. Protector 
(DJ could net·er .. n .. a panol· 
board bu< ground faolt on the 
.-·ont of ptotector (A) fa!iure to 
ole•r-

lly the addtt oon ef t:ro>Urtd-fault units. 
~ariouo degre .. of mcrease<l Rround 

System Example 

foult ptutectinn ,,,.]] be ronlired dopen· 
dent on the un)" tm•oh·ed and settings 
utili.z«<. 

A. Ooo ~<ound foult un;t oppl;ed on 
"'o•n p<ot•""' 1<1 ond ident;n,o 
... (<.). 

A Po~·or Sen>Or! ¡¡ron~d unot 
i< used duo to t~e eooe of oddi
lton to the Po""' Sensor ph,,.o 
o•-ercurronl function>. A Ground 
llr""k or electromagn«ic unot 
<ould be uoed in pteleren<e to 
the Pnwor Sensor Rroun<l unit. 

When (E,) ;, ..,, al 300 Am
per<s ond 0.06 sernnd in tome 
(l'tg_ 20), it pro,·idol o higl1 de
¡¡ree u! protoction. ,\t lhLS sotting. 
howeuer, it would t4USe de·ener· 
gization of the enUre <¡-s:em for 
an atton;-;round-fault <urtent 
m~gmtodo of 300 Ampereo or 
ttlme throu~hout lhe •Y"""' ox
<ept loe current< fto,.·tng thrGU¡¡h 
and of IUffi<tont magmtudo te 
operate protectur (A) in".\nla· 
neous function. 

When (E.,) ;, ..,, •t !200 Am
per<• ond 0.30 "..:ond in time 
(f'ig. 2]), prole<toon has i>eon 
""duc«< ond dc•-<OnPrg,ation u! 
the entir@ sy"em i• >till Pre••n
lent 1<1< or<tng ground foult t\Lr· 
tont ma~mtndes of 1200 to J1UO 
Amper"' on the di,tnbu<ion bu•. 
or !200 to 2200 Amperes on pro
te<:tor (C) lo.ad dr<UtL 

D. Two g<ound-louh """'""""""" op
pliod on moin p<Otetto< (El •dont;. 
~ed '" f[,) ond one oppliod on 
loedo< p<etotlo< 101 idtnMod os 
(0,1. 

Pow~r Sen>Ur &f"tittd ~nit, ore 
"""' a~oin ntoh•od due to the 
ea5@ of addition to the Pt> .. ·or 
Sensor ph•s< o,·ercurrent fun<
tion•- Grnnnd-flronk ,,nd/nr olec
tcmnatneto< untll ore oppli<able. 
if de<ired. 

When (0,) nnd (E,) ore ~• 
"' 900 Ampere< nnd O 18 >O«md 
ond 1200 Ampereo attd O.JO >e<
ond, r,..pectit-ely (Fi¡¡. 22), L~e 
de-<onor,izatoon ef 1he maon bu• 
due tu o ~round f"ult on the [nad 
side nf protector (D) ;, <lim•
nat«< oxcept when protector { D) 
faü> to cloar tloe fault. Thio im
prove• the '"""ice reltoholtty tu 
tite othor fe•d•ro fed from the 
rnaio bu<. Fe<'<lec (D). howo,·er, 
can be de..,ner¡¡"od b;- (D,) for 
a &round f>ull <undo!ion en the 
branch prote<t..U by (C) 

C. Thtoe 9<ound fauft wnito-ono op-
pliod to mo;n p<oto<lo< (!) idooti-

~od m (E,), one oppliod on ftod., 
p<ote<tor (O) ;oonlLf,od "'(O,), ond 
one oppliod on boon<h pro•octoo 
(CI idont,~od o> [C,). 

A PJC el<etromognetic Untt i< 
utoli.!ed for (C,). Sinoo pro<•·<tor 
(C) i< o branch fe<>dor. tts ~tound 
fault uni¡ (C,) (F•g. ~3) i• ,., 
at 15 Amperes ond m"at:toncous 
in tin'.e. Note thot •• tor all other 
¡round·f•ult protc<tors the time 
"'-'"""' plot of (C,) includes 
breakor tleann~ tome. WL1~ t~o 
units ><t at: (C,) 15 Amperos 
and in>tont•n<OUI in ttr.'-<. (D.) 
900 Amper.., •nd O.JS se<end m 

time. and (E,) 1~00 Amperes 
•nd 0.30 ,.cond in tmo.e, the 'Y•· 
tem i< new eompl<tely ••le<;lwe 
wtth a ruootu>ble d<gree el pro
toction. 

D. fou• g<Ound foult unot<-----<tno op· 
plied for pooto<!o< (A) idont.r.od 
o• fA,), one """ fo< p<oto<tO< ¡e¡ 
idonh~od 01 ¡e_¡, one unOt f"' •••

''""' (O) .dent;r.od m 10.1 ond 
one unit fo• P'""""' 1<1 idonl<f:od 
o• (!,.~ 

A Oroond·Br.•ak umt i• uti· 
lozed for un!l (A,l (Fog. 24) ond 
><'1 al lS Ampere1 ond in>t•nta· 
neou< tn t•me. Untt (A,) pro
vides oddiHonn! ptntcction '" the 
bron<h <ircutts f•·od b;· l"oto•ctoro 
(A) and p.aneli>oord bus. Frorn 
¡;-,g. 19, il can be""'" th-\1 lo~~ 
cl<arin¡ time< nf one "'cond or 
more occur for breakero (A 1) 

and (A) al <Urtent magnitndPs 
below SOO Ampor<"S. A, lMUnd 
fault• ee<u¡- furth<t down>lreom 
on the branch <or<n!t cnn<luctor 
IX'"~ted by (A 1), cunent mag· 
nirudeo less than 500 Amperes 
Wtll D«ur, mdtC,'-lLDg th~t the 
pho.c-oVercurrent ("""'""' w¡ll 
not prouide adequate prot•<lLon 
~pt in care cases. «»< to

-day pr~uen" applyin¡¡ a ¡round 
fault Untt foc eooh bron<h h<<al<er 
and unit (A,) wns appliod. Th" 
additional ground-fau!t unit aloo 
ollow• unit (D,) and (E.,) to be 

lowered '" t.me and w!l maio
'"'" !Oie.cH\·oty. th•teby ~•'<••os
ing ..quipment d&r=~~-

The ,.,uft• can bo •~mmori>ed as 
followso Tho de~oee of O<CPplahle <isk 
of equipment d•mace. and o«optable 
1)-.t<rn sei<'Cli•-i•;- atl ,.-ei~hed og.unst 
Cnst. ~etermines the •"•~' of &round· 
foult prot«otion reqt!Lrtd fot am· go,-on 
•Yotem. Thore ,. no •hor,-<:Ut mc•thod 
for artivin~ ot the toloy "'"'"'' rP
quiro~ foro ¡i,·en oyll~m. 
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Appendix A-Z·Ratios 
Appendix B- K Factors 

APPENDIX A 
Z Rotios 
PRA~TICill CIR~UIT {Z, + 3Z,IZ, lA TI OS 

llo ototed hy R. H. K.aufmann 16), it;. 
the vect~n•l evo\uation of (Z0 + 3Z,) 
and Z, t!Íat is roquired. Onlywhen z 00 z, 
aod Z1 all ru.,·e the same ph.oM &figle 
ot ;, >l<i<!ly proper to h>ndle !h..... 
quanttties ., scnlnn. The po,;tive ..,._ 
qu~n<e impedan<e Z, for the ""•v••• 
coro:utt con<tru<tion ,.;u exhibit phaS<" 
an,leo EeoO'<'IIY on the 45 to 90 d~ 
zone. Wh1le it io p<t»ihle that CZ. + 
JZ,) m3y sometimeo he highly ,.,..;,_ 
uve, producing O te> 20-<iegree pll.o"" 
antloo, tt i• al«> true thot in thio case 
the (Z0 + 3Z,)/Z1 ratio t....U .!so"' 
~a lar~e value. ~ «mdition. mini
mito the need lo< accurate ph .. e ao,le 
mfn<mation and pra<tical meful reoullo 
can be obtamed with (Z0 + JZ,) and 
Z1 con•idered "mply •• st:alo<. 

.-,. ,t,..t, l,p~"l ll,-joll0)11, ~- IM ooblo ............. ...,;..._ 

CABl~ CIRCUIT CONSTRUCTION 
IZo + lZ,)/I, RATIOS 

Repr....,ntativO'val""o[ (Z0 + 3Z,)/ 
z, r•tio• lo< a .nde variety ol cable 

• • 
' ' ' ! 
• • 
• • • • 
' ... 

---. -~· 

• 
........ _ n.. ............. ,,..¡ ....... -

••"" ''"'"" tl,-!-O!,It<, '"'" 

Tbe uppe• pr;ortion o1 the block on 
4/0 aoble with •luminurn annot is .,._ 
oociotod with a marked reduction whooh 
OC<Unt in Z0 -i- 3Z,. whi<h wao ob<orved 
tu ocCur dunng the for<t '"""'"' ~Y<les 
of r.ult <urr<nt flow. The prnenoe o/ 
intemal groundonR conducto« 01' ¡¡, 
ins!all•tton of ou<h cable in metalli< 
channel or oo metalhc <a<k> ,..,nders 
this property unimpnrtant. 

l'mm the explnrntory work repQner! 
hy Goin~e., Da~od!.On, and Brertdel (4) 
comH quanmau•e inlorma,on on the 
elle<~iv~ IZ. +lZ,)/Z1 rottOS of rnn
du<tOro!n """' ""ndutt (Seo Fi¡¡. i\·2). 

lt O> t"" tenMncy Jor the tt•tum 
ground-foult current to be lor<cd to 
How on • thin inn« lll<in of the mnduit, 
who<h ol<<Ounts Jor tbe elevated ( Z. + 
3Z,)/Z1 <abo al low rurrenL ln<teo>ed 
cu.,.,nt ma~notude prod~ m•¡netk 
.. tuMion o( sucre.,n·e .hells of <on
dmt moterial, thus lessenmg t~e e!lect. 
At hilhe< currentl, in«••>ed m•Jnetic 
"'turotion <>~ the perlornuonoe to 
approa<h that of n<>n·magnetk ronduit. 
Til@ preoen<e ol o Jull-<tze interna] 
<•ble ~rounding cOI'Idu<tor w., nh;e<ved 
lo hold the (Z0 + 3Z,)/Z, ratio toa 
value not veater thon about ~ ot ony 
current le,·et Aluminum mndutt wao 
ob,erved to exhobit a ohghtly IOwt!f 
volue <>1 (Z0 + JZ,l/Z, temainmg 
dose te a value of 2, quite iod<!l"ndent 
o/ rurreot. 

tOW VOtTAG~ BU~WAY 
IZo + 3Z,)/Z1 RAllOS 

Typiool valueo of (Z., + 3Z,)/Z1 
r.•tm lor low voltORO buoways rolau...., 

bui!Way ho\osirrg ond tb<o Z0 -!- 3Z, nJ.o.. 
tlve to iot~mol !Dou!ated o011trol con
ductol$. The .. tv.·o Z0 + JZ. valuea. 
woll oonerolly he doffe<ent and moy be 
greotly'd¡Úrent. Thc z, + 3Z, value 
rolotive to .ru. neutral conductor W<>U!d 
~ oi¡¡nifio:=t in relatoon to volt>&• ur>

balonce =te<! by nouttal unbalaoo. 
CUJTer.t. The bwt """""'<non eommoo!7 
u;ed for low-,·oltase-drop leed« bu.
wny a<rolltlts lotO hi~h (Z0 + JZ,)/Z, 
ratio be.,.,... !la! z, hao héen PUf'POSI'I:r 
roduco:d to low lev•!. la thO' <aoo o1 
cu«ent-limotbg l>mwoy, a low (lo + 
3Z

0
)/Z, <Mio i• to ~ expected becouse 

the z, has hr>t!n mad~ intention.oUy ··-
APPENDIX 8 
K Foctors 

u ... the multiplier "K" to o¡>pn>D
mat~ minomum value. of amoc fault 
ru""~nt in per untt of bolted voull val
ue~ Th""" ~al=> Are ba,...¡ OD test 
dato .. 

" 

' 

, .. 
' 
-; .. 
• ,_ 

' " < 
••• 
• 
• , .. 

foulr. do not ¡,. 
••• ;,.dudod "" 

-- -------- -------

.u¡_j 
-
g qgl!!! u~~ ••• ...... ~~~~ 

_,,, ... - .... ., '"'""' '""'"' 

conducto• cireu•t• u meaour..d under 
condttlons ol mnuloted """"'" foult 
(ourrent magnitudes of 20 hm ... oon
tinuous ratmg or more), are ohOWJ> in 
Fott- A-1. These dato are t..,...¡ dorect!y 
on cop~< ronduc:tono and a <ooeway 
oizod tn aooomm<;>date lhree power <<m
ductoro of tho si.ze ondicated The vari
ety ol cac.oway. o•ammed mdude rimid 
rondutt (RC), tnon wall (E..\IT), •~
trudO<! aluminum s)l(!ath (AL. SH.), 
lead oheath, stNI int•rlocked ormo• 
cable (VCI), aluminum intorlocked 
armo< cable (VCIA), greenlield (GRN. 
FLD.), and No. 12 mnducto< BX, Tite 
~do:d block se-gn>eflts indical<t the 
(l., + JZ,J/Z, utio whe-n an intemal 
groun<hn~ ""nductor io pro$enL 

to the bomorrg •• the ground retura !. 
<ttruit ate >hown in Fiit- A-3. 

lt ;, >m¡oorrant to d'-'''"RUislt he
........," the Z, + JZ, relatove to the 

r,._ A-J. typkool IZ.+ll,liZ, .,,;,. loo -
•ohogo bu•w•• ,;,,...,. 

e 

e 

e 

( 

( 
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Appendix C - Double-ended Swi.tchgear 

APPENDIX C 
Double-ended 
Switchgee~r 

Ground-fou!t prote<,on •<heme• con 
be ""'d in a doobl ..... ndod '""'"h~ur. 
ot OWltor.bo.ard. ""'"'"~ a ""u:.ral loop 
ond oinglo-point 2round. lo F•~· C-1. 
uoume the return monHotLn~ schomo 
"' replaoed w!th o GS """ at •"a"" ond 
''b". A neutr•l lond lrom •ouroe 1 would 
produre zem ourrent through the m"ni. 
ror •inoe the ,out~oong pha<e <urrent 
.-ould be oan<ello<i by the ne~tral ro
tW"n ourront. Therd""'. no op<n,.on 
would OC<UJ", ""hich is d.,.ocable. Un· 
fon.Únately. the ••m• re.~:r. e><rur for 
a do=•treom groond toult whooh io 
defimtely no• demable. Thus. thio 
oobeme ohould '"'' o"e used. 

N""" eon<>der tho retu:n mon•torin~ 
modo ohown '" Fi¡:. C-l. Th<> modo 
pr<>Yid .. e•~ll~nt Pf0'""''"" ,¡ no neu· 
na! (<>ad c<mne<UOT\1 are ~"''"'"'«! k.......,0 <UfTmt 1ronofonnen. t->ormolly. 
1>0 neufTal <U!f<nt pan"" throu•h the 
CUfTOT\t tramformero. When neutral <Uf· 
rent oecuro between oou"es. the cur· 
rent is monitorod by OOth ru<"tont 
uam.f0rme« aod. due to !he" i><>lar>ty 
<r>nn<-<tinru, th~ ~on<"rao!Od ....:or.dary 
CWT...,,. How m the oDter relaY loop. 
SitiO<" the rela)"' 10quire bOlh cool• to 
be energized before operatmn oco•n. 
no efle<t i' eaus•d by the ne~ttal <Ur· 
n.nt. For a ¡round foult on the lelt bu> 
wlwo !he t•e and bcth ""'""aro olo..ct. 

Ul Roloy 
1noton1onoou• 
U"IT 

{Tl RO!oy 
lomo ov.rcurront 

""" 
Rolay Rl 

RoloJ R2 

Í I !rip 

-r:.2.._ M 1 

Í ¡ !rop 

~1.12 

Souroo 

" ' 

®-
l)e 

Noutral 

. 

tho ¡mund ""''""" "'tumong to thou 
oour""' produoe a <."UIT<"nt flow in oaoh 
interna] loop. Alter a ILme ddoy due 
to it< low"' ,ettin¡:. the RT ••i"Y tripo 
(T). Immed1.1toly the ourrent fluw U! 

the right loop """''"· """" oource 2 
c~n no lonKH oupply fault curten< and 
tho R2 ,.,¡.y ro'""· bnt the lefl loop 
""'"'nt «>ntonu.,. !O flow ond u¡¡on e•· 
<:ee<,.ng oto tomo del ay. relay R 1 lfll'l 

(MI). The rioht •ource continuos,.,. 
v.dng "' lu•d. By obsemnR the current 
flow. >\ Oan bo ooen that when tho t•• 
" open. only (M!) ,..,¡¡ be triPI"'d. 
Whe~ tho tie and fM2J are e loS@<! and 
( ~\!) opon. only tl><o t><! wdl l>e triP~ 
!f a ground oonne<:tion ••i•ll ol tho 
IOOc<eo or bolwun !ho <o"""' ond ro
P""'"" CT, th" roturn .ohemc " not 
rob•blo •nd ohooi,J not be u•od. 

' 

Simolarly, th& GRT modo con olso 
l>e aooomplioho<l woth the <tatio Ground 
Ilroak rol>.y oO ohown m F>~. C.1. l'or
mally. no neutral current ~"'"""' thr<~ugh 
the rurront tronoformer. Wben neutro! 
<urrent ocouro between >Duo<«, tho 
curren! " soen by both GHR-!. ond 
GBR-~. but bnth reloys am inoperative 
dueto la<k of rontro! power. 

Fo• a ~und fault mt the lel< bu., 
when tll~ tie ond both m.>ins aro dOO<"d. 
the ground <t>rrent imtiat ... GBR·T 
e"her m<tont4n<!OUsly o; a!t~r a tomo 
del~y d~poondont on '" se!t!n~. 

Upon clo•urc• ol the GBR·T contnots. 
bredker (T) io lripp~d and conl!ol 
power ¡, •vplood lo tune-dclay«< G!JR. 
2 ond GBR·!. lmmed\at~!y. tho ¡round 

So u reo 
No.2 

GJ @~- ® ~ 

,,, 
1 '¡ ... • . . . 

' Ro!oy Rl\ .. ·' ' ' . 
(Y .. ' Roloy R2 ' ' .. 
• . 
' ' ' ' ' ' Roloy RT 
' ' . ' ' . . 

-·---···- - ---· 

eurr~nt ftow !rorn >OUt~ No. 2 .-eas"' 
with (T) opon. h~t cunont contin"" 
to flow from oource No. l. Upon ••
<oedin~ tho !Lme delay sot on GBR·l. 
GBR-1 tdpo (MI). Sauo<o No. 2 o<>n· 
tinues o.rvccon~ ''' J.,.d. 

By oboerving t~e ourront How, it o-an 
be .. ,., lhat when (T) ;, opon. only 
{M)) will be tnpped. ond whon (Tl 
and (M2) ore <lo•ed and (MI) open, 
only (T) woll be tripped. 

A gmund-!oult pmt.-ctoon "heme for 
double·~nc!od. nr multi·feod """<~ge>r 
or >Witohboords havon~ multi·&roond., 
is <hown in Fogure C-J. Thio •llos.,ate• 
a oumm.otion .cheme o! vrot.-ct•on 
wh«e th~ tran<fonner n~utrols ore 
groundcd ot the transformen. Tho <et· 

\"!Ce c4U•pmont connoctinn• to ~round 
ore mndo Ln the sw,.<h~Pnr nr ow•t<h· 
board on the hn• side ol the moin pr<>
t<"<tml oo required by the NEC Cedo. 
The .et• of <U>rent tran<fonlietS and 
rela)11 or~ onto«;onnO<ted oo tllat for a 
line·to-ground !ault on buo !. or foedeT 
<ir<uo" ouppli<d from this bus. ~ •ec· 
Qndory <~trO"t p;opo'""'"l to tho !>ult 
c~rr~nt will llow m relay G!. L>kewi,.,. 
loo a lino-t<>-ground fault on Oos 2. or 
feeder cimut.o supph<"d from th" bu'
a ....-olld<>ry ~nt prop<>rtion>l to 
that lault <u«ent v.·oli ftow on ro!ay G1. 
JI th""' currento ftowmg m the rela)""i 
ore abo•~ the r~la)· cuttent setting. 
ond peroi•t tl<!yund ohe t•tne-del.,y <<t· 
tin~o, roloy Gl WLII trip br~akers fT) 
and (M•!) ond rolar 02 wiU trip 
breaken (T) and (M·2). 

r"í) @l GJ @ 
~ 

' ' ' No u! rol '"' ' ' ' ,G-!iR, 1 

' ' ' ,, 
'---" 

~-h- Cootrnl 
GBRt Vollo~o 

' " -.-J jT!I~>Iio 
'--. ~roooor 

l GJ 

... ~-1. loN~ moolto•i•g modo "'"'"' '''"'"'"''"'" """•·doloy 
'"""' ¡.,, fo.,·wi", do"bO. .. •do<i t .. !I<Oooo<. •• <w!ltOboo«f 

f•l C·O lolu" MOOitO<iog modo "'"""0 oroli< l<mO·doO., "'''' fo< 
,,., ... ;,., doob<o·oodod ow•l<•o•o•, o• •~·!<Ob··· • 

" 

' 1 
' 

1 
' 

1 

1 
' i 

1 

1 



• 

Appendix C- Double-ended Switchgear 

R~lays 01 ond 02 mo;• bo> ..,¡...,. 
U>~ly ooordm~ted wuh t~e ••ound-foult 
p•Oio><tion rolayo npp!ied on !he feeder 
breol<ero by tho se!eotion of suitoble 
ourrent ond time-tl•I•Y ,otting•. Wtth 
rola yo G 1 ond 02 <onn•Cted R> ,hown, 
m,imoimnK proper polorit;· morkmgo, 
1hete Wtll bo no curren! flow throuGh 
the roloy cnils !or three·phase, phase· 
to-phooe, or phoo<-to-Mutro! currents. 
Furthermoro, the l!ne-t<>-~round !~u!t 

<urrent moy return over etther of the 
Gtound poth• ond tho neutral conductor, 
or Lt ma;· 1>e d"'idod bo>tween tM two 

tn any pro¡><>rtion, "'•thout up .. ttn>g 
th* prop<r flow of tho cm-nnt tluou"h 
tho .ola)' cotls. Allo, the hn<'-t<>-nOutrol 
load <>uood by unbolanced lin.,..t<>-nn
tral cunont on a feeder drrutt hao two 
parallel poths by '"hkh '' rnoy n>turn 
to it> oour«> ot one or both ol the 
tronolormero. Ono po.th io by mean• ol 

1M nouuot ronductor, 1~< other io l"'f· 
t~al!y hy tho neutro! conduCtor to the 
grouod pom! neor one trono!orm<r and 
then hy ground ro the neutrol ol the 
<<nJt<e trandorm~r. With the <Urt<n\ 
tran<lmmer< and r•loys ronne<te<:l oo 
show-n. theoe e<lCBneous curronto ft<>w· 
ing tn the neutro\ conducton W!ll couoo 
no odve"o ection on oithor of the ro
!ays. Tltot "· it W•ll not ad<l to or oub
tract lrom the requ,eol grounol íaul! 
ourrent fiow in 1ho reloy cotls. nor wi!l 
tt tntrodu"" any curr<nt ftow tn !he 
relay a:nl• !or non-¡round laul! <ondi· 
nons. Theoe condaiono ore truo for any 
combULatmn of breal<ot pOS>lions /op<n 
"' d.,..d) o! (!l.ll), (Ml) and (T). 

This oummation ochemtt can be op
plied with tbo proper modificotiono on 
molt>-l...ct •;-.tem>: n>-tnoly, thr~ or 
more tranolorm~n ea<h "'"" itt own 
ground rotlll«:Uons. lff<lin& o rwit<h· 

~Uf ot '"'''"~-board hne-up and eocl> 
owac~~ • ., or ''"''ó~oard ¡;roundod "" 
the line 01de ot the m~i~ protector li.Dd 
lnt<niod throu~h he hrc•ker... Practical 
¡,.,.,,,. on t~e numhe' o! mulh oouroet 
tha< thlS sommo:kn "heme can O<>
oommodate i> set by t~e comple•ity of 
th• power systom mcuttry and ttt. 
burden• nnpo•e~ on th~ curront .,..__ 
lormers. 

The summanon ocheme can be ...ed 
"''hero oM or mor< of tho sourcos on 
emor~..ru:y gonerator!.. Adm<nodly, thoo 
orrar.~ement o! foedec c,-o,nts .,;pt 
be dtñerent, but t~ "h•m• is opplio
ab!e. A• in the case of multiplo lto.,. 
!ormor '""'"'" v;hen tho rotm<rtioDo 
boot-woen ••l•~"< ond ccrro••tt tr>nolorm
"" be<:ome lenK".!o¡-, tC.e burdoD im
po...a on Úll! curre&t trandormera bu 
to tok<o tltto acot>unt tito load impe<hnca. 

-----------------~- ---~-----------------------, 
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FEBRERO DE 1980. 

REPORTE TECNICO DE lA FALLA OCURRIDA EN EL TABLERO "D" DEL SERVICIO DE
ESTACIO~ DE LA S.E. NONOALCO EL MES DE ENERO rlE 1980. 

PREPARADO POR LA SECCION DE~
DISEÑO DE LA SUPERINTE~DE~CIA -
DE NUEVOS METODOS, SUBGERE\JCIA
ELECTR 1 CA. 

Este estudio csti'i encaminado d Jd:.,rminar la naturaleza de 1" falla de -

corto circuito ocurrida en un tablero de distribuci6n de baja tensi6n --

(220 volts C.A.) r>ertcn~cientc al servicio de estaci6n de S.E.Nonoalco y 

a presentar las recomendaciones pertinentes a fin de evitar que en el 

futuro se presenten daños semejantes al ocurrido en esos tableros. 

1.- DATOS DEL ECIIIPO. 

los datos m.:is sobresalientes del equ1po se encuentran resumidos en el --

diagrama un i.fi 1 ar o Anexo N° l. Por ser de j nterés pilrt i cu 1 ar ·en e 1 es tu 

dio de la fa\ la se resumen a continuaci6n los datos de placa de los inte 

rruptores electromagnéticos principales: 

INTERRUPTORES 
ElECTRmlAGN ET 1 COS 

~lARCA 

MARCO Y TIPO 
CAP.INTERRUPTIVA~ 

A 220 VOLTS. 
AMPERES DE CALI
BRACICN (X) 
CONTROL 
RELE 

CALISRACIQN Al -.
MOMENTO DE LA - -
FALLA. 

lA (ÜIERGENTE) 

FPE 
65 H-2 

85 KA (S\M) 

2000 
125 v.c.o. 
SS-2 
TIEMPO LARGO, 
TIBIPO CORTO, 

2A (PREHI~E~TE) 

FPE 
65 H-2 

85 KA (SI~\) 

• 2000 
125 v.c.o. 
SS-2 
T 1 EMPO LARGO, 
TIEMPO CORTO. 
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INTERRUPTORES 
ELECTRO.IlAGN El 1 COS 

PICK-UP T 1 EMPO LARGO 
CURVA " " 
PICK-UP T 1 C.1PO CORTO 
CURVA " " 

lA (EMERGENTE) 

1 X 
MAX 
4 X 
0.25 (seg,) 

2A (PREFERENTE) 

1.1 X 
MAX 
6 X 
0.45 (seg.) 

El tablero <.:bñudo er·a unu sección de tablero construfd<1 de <1Cuerdo a un--

antiguo diseño en el uño de 1973. Esta Sección estaba unida con un cable 

de 500 :.\C~\ ;:,( bus del nuevo tablero de servicio de estación fabricado en 

el año de I97S. Lus burras principales de esta sección estaban seccionadas 

con unu barrcru de micart,, (ver detalle N° 2 foto S anexa) pues original--

mente se construyó para tener tensión reguludd en un~ sección de bus y no-

regulada en otru. Durante su instalación 6sto se modificó uniendo las - --

barras con el cuble que aparece en las fotos. 

2.- REPORTE DE DAÑOS 

La serie de fotograffas ancxus nos muestran los daños sufridos en el table 

ro, Se ha come"ntado verbalmente que la fillla se originó por una herramicn-

ta olvidadu dentro del tublero la cual originó posteriormente el corto-

circuito. Al momento de l<l falla el tablero se encontr,,bu Sin sus tapas--

posteriores, por lo que fu6 posible controlar e\ incendio en su interior· 

mediante extinguidores (polvo blanco en fotogruffas) y dfortunadamente -

~sto anuló el efecto de la elevada presión que se produjo por los gases--

del arquco.y del incendio," 

los interruptores termomagn6ticos se carbonizaron· especialmente del lado-

de lfnea; las barras puente de cobre se fundieron en sus puntas por un 

claro efecto de arqueo trif5sico y a tierra en sus extremos (ver fotos 3,-

4, 6 y 7). En !as barr,ls princip<lles verticales se observun arqueos en 



todv su longitud, pero el efecto miis drtistico se ve en el lugvr-

en que se encuentra la barrera de fibra epó~ica y micarta que --

seccionv el bus; ahf se consumió apreciablemente el cobre (deta-

lle N" 2, foto 5). 

Sin embargo, en los detalles N" 1 de la foto 4 y 3 de la foto 5-

sc observa que tanto los dos interrupt<>res termomagnéticos corno-

esa pequeñfsima sección del bus y los conectores de los cables -

loc<1l i::ados todos en la parte inferior del tablero no sufrieron-

los d.,ños que el resto del tablero experimentó. 

El cable de 500 MOl que al i01entaba esta sección daflada apat•entc-

m<.inte no sufrió dnños ni tampoco las barr,ls de 2000 A. en el 

t<1blero princioal·. 

3.- ANALISIS DE LA fALLA 

Del reporte de daños se presume que la falla fué originado en el 

bus pr i nc i pa 1 en su Jhlrte inferior (detv 1 1 e N ° 3 foto 5) y de-

ahf se formó un arco que se propagó a la porte superior de las 

bilrras principales. En lv barrera que secciona al bus este <1rco-

se estacionó .c<1usando el mayor daño apreciable a las barras prrn 

cipales (detalle N" 2, foto 5). Debido a que la distancia entre-

fases en las barros puente es relativamente pequeña, hubo arqueo 

.en todos ellvs y' la presencro del aire ioniz.ado general i::ó el 

arqueo en todo el tvbler·o, inclusive al gabinete de liimina (foto 

\ 
' 

¿ Porqué no operaron tonto el interruptor principal como el fusi 

ble en el lado de 6 KV? 

,. 

(j; 
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El v<1lor de lo1 fall<~ s61idu trifásica, es decir aquella que no-

es de arqueo, calculada paru el tablero duñudo es F3 en el di<~--

gramil unifi I<Jr. El v<llor d<.' F4 es el vulor anterior menos la 

aportación de motores, por lo que representa la contribución <1 -

lu full<~ que circula a travo'is de los tr<msform<~dores y los inte-

rruptorcs electromagnéticos. Este V<llor de 16,047 ampers h<~br·[,l-

disp<1r<1do en un tiempo de 0.5 seg. el interruptor electromagno'iti 

co o el fusible la habrl<1 interrumpido en un tiempo Oc 0.65 seg. 

segr'in se apreci<J en las curvus tiempo cor·riente, ane"o N° 2. --

Es de not.,;. ilhl la filltil de coordin<~ción existente entre la cur-

va del interruptor v la del fusible, debido <1 una incorrecta -

• 
calibr<~ción del primero. Ningun<~ de las dos protecciones actuó,-

por lo que la corriente de falla fué menor a F4 e incluso menor-

a 12000 <1mpers {6 X) V<llor de Pick-Up de la bund<~ S. T. del -

interruptor y si se sigue 1" versión de !os operadores de que la, 

falla fué libruda en un ti<Jmpo de 1 a 3 minutos en formd manual, 

la corriente pudo haber tenido un valor menor a 5300 o hubiera -

operado el fusible en ese tiempo. 

lo anterior es congruente con la teorlo de fallas de urqueo que-

predice la posibilidad de que una fullü de arqueo pued.;~ tener un 

vnlor entre el 19 y el JS% de la falla s61 ida (3000 a 6000 A.) y 

' no extinguirse por s1 sola, de ahl que se deduce que lo1 fal 1<1 --

fué de arqueo y de un valer menor al necesariO pdra operar l<1s-

protecciones. 

los <1rtlculos que se han escrito sobre fallas de arqueo indican-



que estas fallas son más probables en sistemas de 480/177 volts y 

muy poco probables en sistemas de 220/127 volts debido a que en--

estos últimos la tensión no es suficiente para reencenrlcr el arco, 

Sin emb<Jrgo, el .,;aso de Nono<llco es uno de los r.~ros casos en que • 
esto sucede y se presume que la falla se originó entre fases (por 

haber la mayor tensión) ' y después incluyó arqueos ~ tierra. 

En la gr~fica del ane~o N° Z se incluye la curva de daños admisi---

bies en el cable de 500 MOl que ul imentaba el t<Jblero dañ<Jdo y 1,~ 

curva de los daños admisibles en un circuito de Capacidad nominal 

de 600 A. (que es la del tilblero "D") par<1 fallas de arquen, calcu-, 

lada a partir de la ecuación: 

1.5 
250 nominal = are t 

que representa los daños adn1isibles en un circuito de cierta nomi 

nal (capacidad de diseño) ante una corriente de falla are y en el 

tiempo T. Esta ecuución fué tomad" del TRANSACTIONS ON INDUSTRY 

APPliCATIONS de la IEEE de agosto de 1977. Puede observarse que n1-

el cable de 500 MCM ni el tablero "D" estab<Jn adccuudumente protcgi 

dos. 

En el Ane~o N° 3 se muestra la inclusión de un interruptor termornil~ 

n~Hico de 3 ~ 400 A,, como protector del circuito del tablero "D",-

ajustado en su disparo magnético a 400% (!600 A,) Obsérvese que--

este interruptor (curva N°, 3) protege adecuadamente el cable al imc~ 

\ 
tador de 500 MCM (curva N° 4) y proporcion;;~ protección contra daños 

por arqueo en ese m•smo tablero (curva N° 5) para corrientes de--

\ 



falla mayores de 1600 A. (10% de la fallu sólida); como es muy poco 

probable encontrar ~orrientes de arqueo menores al 10%, el circuito 

estar~ bien protegido. 

En el m¡smo Anexo N° 3 aparece la curva caracterfstica del intcrru.E. 

tor principal (curva N° 2). lu corriente del sensor (x) se ha modi-

ficado de 2000 A. a 1600 A. cumbiando el tap del prop10 T .C. inte--

grudo al interruptor. Esto se sugiere pm'a estar m.'is cerca de la 

corriente nominal del transforon<>dor de 500 KVA (1312 <>mpers) y---

tener a su vez Coordinación con los derivados. También se ha despl2 

zado su curva caracterfstica para que exista coordinación con el 

fusible en 6 KV. 

En el caso en que se presentar;;¡ una falla de arqueo en el tablero-

principal, su valor mfnimo probable serfa 19% de la fallu sólida en 

ese punto, es decir: 

F1 =Falla sólida""· 20,309 ampcrs. 

(ver Anexo N° 1) 

Fa 1 1 a de Arqueo = 20,309 x 0.19 = 3859 ampers. 

El Pick-Up de la banda de tiempo corto sugerido en el Anexo N° 3 es 

2 X, o sea 3200 A. Esto representa que estamos protegiendo a partir 

del 16% de la f<>lla sólida un poco m.'is allá del valor probable del-

19%. 

4.- CO~CLUSIC~ES 

a).-La faii<J ocurrida fué del tipo de arqueo, con un valor de-

corriente menOr i!l que se pr·esontarfa en el caso en que la 

falla fuera sólida en ese punto de 1<1 red y menor a su vez"-



' 
la corriente necesaria para poner en servicio las protecciones 

de acuerdo a la forma en que cstab<m calibradas el dra de la-

b).-Se confirma que las corrientes de arqueo pueden ser de una--

magnitud mucho menor que l<1s correspondientes a 1.:~ falla fran-

ca, pero altamente destructivas, debido a su larga duración al 

no detectarlas las protecciones y· a la gran cantidad de encr--

g{a que se 1 ibera en el urco. 

c).-EI interruptor electromagnético estaba incorrectamente calibra 

do y en el anexo :-J 0 3 se muestr<l como puede ajust.:lrse de mane-

ra tal que el table"ro principal quede protegido contra rallas-

de urqueo. El tablero "0" y su cable al imcntudor no alc<m:ao1 

a ser protegidos por este interruptor principal, por lo que 

se muestr<l como us.;~ndo un termomagn<'ótico ese circuito puede 

protegerse. 

d).-EI caso de Nonoalco es excepcion<d por la teóricamente baja 

probabi 1 id,,d de que se presente y se sostenga una falla de--

arqueo en un sistema de 220/12i volts, por lo que debe discu--

tirse si la protección contra estas fallas debe incluirse f:n-

sistemas de esa tensión como poi ttica de protección en la Com-

pañta. 

5. -RECm.l ENDAC 1 mi ES 

a). -Ca 1 ibrar interruptores e 1 ectromagn6t icos de acuerdo a los va 1~ 

res indicados en el anexo N° 3. Cambiar los taps de los scnso-

res de corriente a 1600 ampers. 

·.: 



b),-lnstalar un interruptor tcrmomagnético de 3 x 400 A. nominales 

en la Sección "B" del t<Jblcro de servicios de est<Jción, cal•-

brudo de acuerdo¡¡ la curvu del une.'<o J, como protector del 

circuito del tablero "D". (NOTA: Su calibración debe verificar 

se contra los cargas conectadas al tablero). 

c),-Colocar unu barra de tierr<J en el tablero "O", elóctricamento

conectuda al gabinete y a la red de tierras (barra de 1 x - --

1/4"). • 
d),-Cambiar los tcrmom.1!Jnéticos 15, 16, 17 y 21 de la sección "R"

que son de capacidad interruptiv" normal "otr·os de alta 

cap"cidad interruptiva, debido a que el valor de cor·co circui

to en su punto de aplicación rebasa su capacidad interruptiva. 

C),-Se recomienda hacer pruebas" las unidades de disparo SS-2 de

los i nterruptorcs· e 1 ectromagnét i cos mediante 1 a unidad de prus_ 

bas F.P.E., ODT, 

f),-EI cable alimentador no sufrió daños visibles pero se recomien 

da verificar el estado en 4ue se encuentra o cambiarlo. 

g),-Cada vez que se instule un tabler>o semej;;Jnte al duñado como 

ampliación a un servicio de estación existente, debe verifica~ 

se que al interruptor princip<JI de ese servicio existente real 

mente está protegiendo el cable alimentador y el tablero anexo 

contra este tipo de f<1llus. 

Preferentemente se debe instalar un protector del circuito en

e_¡ tablero existente. 

h).-la distancia entre barras puente que por diseño es menor a lo

que fija la norma para potenciales opuestos a travós del aire-



(1") debe <lUmentarse mediante el uso de bar-reras de· mi carta o 

a i s 1 ando estas b,~rras puente. 

¡)~-Se recomienda que en las instillaciones de la Con,par\fil donde-

existan tableros de distribución de fuerz:.:> en b.:>ja tensión e-

inter·ruptores electromagn6ticos princip<:~les, se verifique la-

cal ibraci6n y coordinación de éstos. 

j).-En el caso de que se incluya la protección contr<l fallos de 

• 
arqueo en sistemas de 2Z0/12í V., se recomienda iljustilr la--

banda de tiempo corto o la instunt~nca del protector para 

operar en un valor ent.:e el 19% y el 38% de 3 ~ s61 ida, 

siempre y cuando lus condiciones· de car<Ji'l lo permitnn; de no-

se'r asr, usi'lr un sistema de detección de f"l l,¡¡ do arqueo"--

tierra, pues aunque 1" falla se or1gtne entre fases, inevita-

blemenb• incluit•á despu6s la tiorra. 

ACHS' CG P' BTH' "' 1 tm. 
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FOTO 3.- VISTA SUPERIOR fRONTAL SIN TM'AS DEL TASLERO. 
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ANEXO).:<> 4 DEL REPORTE TECNICO. 
fAllA EN El TA6lERO "O" DH SERVICIO DE ESTACION DE LA S. E. 
NONOALCO. 
TIPOS DE FALLAS EN BAJA TENSION. 

-

fa 1 1 a 
franca 6 
s61id,1 

fallu de 
urqueo. 

Corricntes de 
fugu en aisla 
mientos. 

• 

{

limitada por 1.1 impcdanciil del sis
tema. Rilrumcn~c ocurre en circuitos 
pr6cticos, 3 ~. 2 ~. ~-T. 

Puede or1g1narse entre fases pero -
inevitablcmentc involucrorti lu- -
tierra, Puede ser Cilusudil por fil---
1 1 Us de u i :.1 amientos, ilCC i dentes de 
construcción, roedot•cs, cte. 

{

Oc 1 orden de ,_, i 1 i umpers, sucede en
herramientas poPtáti les, oparatos -
electrodom~sticos, etc, 

la falla de Nono;;~ leo fué una fal !.1 de urqueo. 

¿Qué son estas fallas? 

fAllAS DE ARQUEO 

* Aunque la falla se origine entre fuses, inevitublcmcnte
se manifestará u tierru, 

* El valor de la fa.ll;;~ s61 ida " tierra.: 



Zl-Sec(+) 
Z2-Sec(-) 
ZO-Scc(O) 
ZG-1 mpcnd,;mci <1 

circuito de 
tierra va-
riable, 

*Cuando la fui la no es s61ida, existe un arco cuya corriente es 

un% de]., falla sólida, pero de un valor de IARC y VARC drfi-

ci le'!! de pr.,decir·. Sin cmb,lrgo, l<ls recomendaciones de protec-

ción aconsejan situar el valor mrnimo entre un 19% a un JS% de 

de 1,1 filllil "'61 idil en un sistema de 480/277 V. mlis abajo de -

este rango se considera que la fülla se autoextingue. 

*Dado los bajos valor•es que pueda tener IARC, es probable que -

la protección de sobrecorriente de fase (PSCF) no la detecte. 

*Si esto sucede, la corriente puede durar varros segundos 6 

minutos y su efecto es altamente destructivo, dada l<1 gran can 

tidad de energr., que se libera u través del arco y no se disi-

pa en el resto del sistema(huses, c<1bles, etc.) como en el 

caso de la fui la s61 ida. 

*Otra caractcrrsticil de l<~s f<~ll<~s de arqueo es que en lo inme!l 

sa muyorr .. de los casos se presenta exclusiv<~mente en sistemas 

de 480/277 V, debido a que la tensión teórica ncces<1ria p<1ra-

la re ignición del ar•co es 375 volts y este sistema si la pro--

porciona {277 >< /2= 391 > 375 V) 

' 
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t.'DDELO TEORICO DE LA FALLA 

' ' ' 

, .. 

•nv f 

TENSJON E"' EL GAP 

MAYOR DE 375V • NO HAY CHISPA 

MENOR DE 375 V•SI HAY CHISPA 

1 ~· 
•n \ 1 

L ' \ 1 
_\,j 

1 ·-T = 20,000 A 

IARC" 7600A (38%) 

V - 140 V ARC-



Asf resulta que es te6ricamente poco probable que en un siste

ma de 210/12í volts se presente una falla de arqueo y no se--

autoe><tinga, las recomendaciones no aconsej.:m proteger contr.~-

,·este tipo de falla en si stcmas de 220/12í V: (NEC, etc.) sin -

embargo e><isten algunos casos reportados donde estas fallas no 

se autoe><tinguieron ... y el c,1so de Nonoalco es uno de ellos. 

*¿Como se debe proteger un circuito contr<l f;;~ll;;~s de ar·queo-

a tierra? 

1° Calibrar sr l;;~s condiciones de carga lo permiten, l;;~ P,S.C. 

F. entre un 19- a un 38% del valor de la falla s61 idu-

(para efectos pr<'ict i cos) si estamos ce re" do.i 1 transformüdor 

IFASE A TIERRA 

2° Si las condicion<~» de cur!Ja o de coordin,~ci6n no r-ermitcn

calibrar lu PSCF en forn1a .,dccu.1dil, se recomier~d;, un siste

ma de protecci6n de f;;~llus il tiet>ra, 

* Sistemas de protecci6n de fui las u tierru (PFAT) 

Desbalancco de tensiones en f::.. nbierta. 

Corriente- re.'lidual 

Sensor donu ubPa:ando tres f;;~ses y neutro, 

Sensor corriente de regreso oeutro tr,1nsfor•m;;~dor, 

Ya se ha seleccionado el equipo, ¿existe olg6n critero paro-

determinor la· frontera de los d<lñ(>s udmisibles en fallas a--

tierra? SI: 
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n~t,..·ork o;ucmo hove "oo,n uÓO<l ¡,;, 
man¡• yc:oro by po"'er romJNinÍc; lo 
..,, . ., hi~h density l<>ad oreas ot ~08Y/ 
12(1 •·olts in a numho>r ol dtieo through
our the o:ountr)'. Thtse ')'li<"m• eomist 
ol ~rid• of intereonnrctin~ rahl~ ener· 
~,.e<J a\ num<"rouo points by tmn•· 
lorm•n; ,.-hich leed the ~ticl through 
net .. ·urk protcctoro u •ho"'" in !'ig. 1. 

Due lo the multiplidtY of tran;. 
forrnHI and poths 0\'er .. hirh rurrent 
can no..- lo any one load oerved flom 
the n~t,.ork, a hi~h degroe ol oervioo 
con tit~Uity i• mointainod umler ,-ariou< 
operating C<~ntin~en<ieo. \'olt.1~e re~u
lation ¡, II<'Od no! onl.> un<l<•r norrnol 
oper.,ting eonrhtions hut ,,l>o ,lurin~ 
period• o/ "'"'"m tro,ble. Thc•oe rh"r
acteristlco rn.>ke tilo nctwork •Vskm 
\'CJ)' d•·<irnble loe the '"Pi>lY ol P"""' 
lo huildinK• witb lnrp• ¡>O"<'r r<•quire
m<•r<l• <n m<'lr<<)x<lit.on nn·"'· 

Owr the )-~ar•, n• 1,,,¡, hn•·e in
nenS<"d Jo •n•ml tl,,,,..,,u kVA in 
>in~Je huil<iinG•, the prndirc uf >nme 

' 

po,.·er rom¡>anies has lx-en to set up 
banks ol tran>forme.-; in under~round 
nult• do,;e !<> th•oe buildi~gs. Pa,.,.J
Ichng of the trawiormen; in the banks 
Í• a('('Omplishe<l b)· eonne<ting th""' to 
a o:ommon ,.,.,-iee bu.< through net .. ·oc~ 
proi<'<IO!'>. Group.s or banks o/ ,,...,,. 
formen; <U<h as th~ are kn""'n as 
•1>nt nctworb in C<~ntrast lo di;trib· 
uted or ~,.;J-type netwoch. 

In ..,me <a,;es. where the magnitud o 
of the load oc the >ize o/ tbe building 
com¡rle• is sumdently lar~e. ,.,_ . .,~¡ 
~roUIJ' ol tr3nsforrner> are locotOO 
aroLJr.d the propelly to >npp]y the total 
load. H<gh-ri>< building• lend them· 

1 ><hes to the in,t~llation ol ~rOUIJ' o/ 
"""'/""""" at \'aTi~us floor leve!• 
wnhin the bui)Jing. Thc;.e groups of 
tr;mlormer< ~ac·h leed a number of 
floors anJ nuy be interconne.:ted with
ln tho bud<ltn~ by "'-"MÚary ties. 

The mcreasing use of, and depend
once upor<. electric cne<g}' in modNn 
ce>r¡~merc·ral bLJildin~s and wme t}'f'<'' 
o/ induslrialplonts, makcs it cconon>· 

• 

' ' 
' 
' 
• 
' 
' • 
" 
'" 
H 

kally <e>und f<>r both th~ pow~r com
)Jany and th~ U>er to "'" up tSOY/271-
,·olt spt~ms rather tban ~OSY/120-
'-oh <J·ol<·rn<. Thc si•c and imp<>rt.anr. 
ol th.,.e m_,..._llation• requirt"S ~rvit.o 
continuity that ¡, a<·ailobl~ only ¡,.,., 
multipl~ somce• of >Uppiy eontinu-
ou.<IJ· parallded h\- a net"ork. Coo
""'JUCJ\dJ". the ~d~•olt <p<>l n~tworil 
IM< I>L"Cn <"Oming into use more ~nd 
moro dur.ng the po_« lO}""'"· 

E•perienre acquired in the ope,.. 
uon o/ ~0-'Y! 120-m]l S)'Stem• hu fur
ni;'nt>d much har~ground thot h .. 
¡,.,,., iounr¡ •el\- ,..,¡ul in the opcrntíon 
ol -160-•·olt •)<lem•- On~ Importa~/ 
dqfcreec,· ob<e<ced b-<~.-~ th~ tw<> 
,olla_~~ '-'''"m' " that '""-'<>nd~ry 
iault< do r.m t.-nd 10 "burn dear'' tU 

r<'adrl,' on .;RI!-1 olr '·'·'lem& a& on 208-
1·oll •.»le<>~>. ThJS. plus ¡he lenl.o of 
a•·ad.,t¡le 'hull-cirrt~it curren! whiclt 
P"''~il on 'r•ot nor,.ark •.v.<t<•m•. gen
er•ll•· pb<C> ""'3l<'r empho.is on the 
JlllJ"'r!an<-e o! ,.d,·ct'tn~ prnper proi<'C
tiw ,¡.,-,,., and ,·.,ordtnntin~ their 
char~cteristirs. 

( 

e 
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PRIMARY f~f0(R 

-- .. -- . -
fo¡. l Typ<eal 208Y /120 volt d••tnCuted 5<oondary network system. 

_:T,T,;f; 
••l•••ll •)¡ 
1 " 1 : 1 
1 1 1 " 1 
LJLJIJ 

' 
fig_ 2 One-lme "'agr"''' !or ~ tyPital 
lhreH<nll s¡>et nerwouc 

A one-Une <f1agnnn lor a typical 
lhree-unit 480Y /277 -vol! o poi network 
;_, sbown in Fig. 2. Three trnn•lonnen, 
each led by an indivio!u-•1 primary 
[.,.,der, are ~nnnected in p~mllel on thc 
sec"<Ondary by a •en·icc ¡,.,, through 
network protectors.l\'nnnully. tho pri
mary feeder< ori~innw "' thc ,amo 
substation ho,; in nrd<r lo ~liminalf! 
cin-ulating p<>Wcr curren t. 11 i9 through 
the use of separa!c prunary !ceden t.o 

E!!Ui!!ment and arrasmement 
The basic .-.:;uipment-lr:tn!lormen. 

network prorer<ors anrl O<'rvice bus. 
Jb"'.-n in f•g. ~-may h~ l•l<"llted in a 
voult und<r rhe •1dewolk nr in on 
equiprncnt r<Oum in rhu l"1ildin~ heing 
scn·cd _ Owner>hi p of tho• 't"' no< ;mrk. 
b)" either th~ P"""' c·nmp"n-" <Jf !he 
·,uilding 0"ne.-. . .,.;JI inlhl<•nco \he 

¡uip1nent loo:auon. 

Tramformec c~tingo u .. d al<' d.i
n'!d.]y reloted t.o the curren! ratings al 

network protocto,.. nnd m~y be lrom 
3UO lo ~500 kV,\. Pcimary voltag"" 
t;lnge from li to M . .'i kV. Hi~h-voltage 
termination fncili1i<•• freqncntl)" m
dude a thrcc-poh•. thro•o•-pooiti<>n oli<-
tonnecling and groundit1~ 9WJ\ch. ·1 

:->etwork prole<:roro ore "'"niloble in 
eithor submo•r-.i~le or nnn-•ubrnersible 1 
enclo-<ures. Suhmersibl<• unito ~"' de
signed lor locatian• ouch no ha<•ment 
nr undorgn>und ,-~ulto "·hero ~oodin~ 
m.oy occur. 1'-:on-•ubmonible unit.s are 

-·- . 

transfonne,.., lwhkh m.v be lrom (\\.., 
to six in numh<td ond notwork pro
tectors on thoir ><"<<>ndaric•. that the 
Sp<lt nctworks aehieve th•• hi~h de~rue 
of «r>"ÍCú continuity proovided. 1\'ith
out m1llliple primary f•·edn:~, a ~roup 
ol ~-"~'~llr•l-eonn<•ctc.l lrar1<formers •• 
in "'"lity a simple rndinl <yolem wh•ch 
affcr< only a sbght a<lv.,nta~e mw onc 
large tranofonner of \he roquired ca· 
pacity. 

de,igned for use abovo ground or in 
locations whore thore io little or no 
chane-e of floaofing. Both t;-pci haw 
the same np<mtting 'horactcri•tic•s and 
elecwcal featuro·•· 

&ervice ho<c. to1""' n1onv !itn<"' of 
msulated c•hle wbich tic; (¡¡,e\her the 
load terminnls of the n<•!work protoc
tors. and nl•o ""'"'"" •• a c·onned1n~ 
point fnr sel"\·ice t.oko off•. Other '-'~"'' 
of bu. construction a].., are u,.,d, 10-
cluding fact.ory.a...,mblod bu•wa¡·. 

' 
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1 
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Basic nellmorf{ operalion 
OPERATION UNDER NORMAL CONDITJONS 

11>e ba.ic ohjo•etive ,,¡ lh<• netwmk 
•y•t••m i•to k•'<'P tlH' tr"n<lortner• op· 
orating in porall~l no mudt "' po•-•ihlP 
onrl deli<•erin~ !"'"'"' ¡,. lh<• J,ads Jed 
hy ¡he ll('rvi<'<' to\..,.olio. To asou!'l' 
power fiow lrom tho ¡,.,.,¡, . ., into tho 
netu·ork, !he trnn•formcts ""' kPpt 
connected to the """'in• hua •• Ion~ 
as the •·olt.a~e• on th~ )>ritnary Jeedo,.. 
are n~.arly <'<!UD] in mo~nitude ond 
pha>< anglo. 

f1u~tuation• in volt.a,o on th~ pri
mal)' Jc .. den m.oy cau.., po><or lo l>e 

T 
FEEDER 

BREAXERS 
NO. 1 r--G 

' 

'"' NETW 
UNIT ' ' '·' 

6 

tron<ferred /mm one feeder lo onoth~r 
throu~h the parallel tonnection of tho 
tranoforrner <ePondaries. One fLmctinn 
ol the sensmg rel"Y' used with net
work protector<; is, therelore, lo con
linually monitor power-fiow din'<"tion. 
U pon rew,al, ""that power do"' out 
ol the notwork throuoh a translormer 
lo a pri=ry feeder. the tr•nsforrner o! 
that circuit 'hould promptly \,.. dio
ronnc-eted lrom the se"ice hus hv the 
network protector. Power How ~~ ol 
tho network toa primary l••.'der III<lY 
bo t.he re.ult of [ow voltage on lhe 
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l<·e<],•r lr<>m normol looding or !aul! 
, . .,,,¡,¡ion•. J·;ither ,.,.¡¡¡he detectod by 
thc• net "'"rh pr.,tectm through tho ftow 
uf re\'Ct><' J'OI"''· In ca;e the protector 
¡,¡, "' "P"'""' nn hi~h lault curren!!, 
luoe• ore P'"''iriod "Hhin the prol<><
lot, "hich ohould o¡,wn and d!Sconnoct 
the tramformer. 

The •=md lunc!lon of !he sen.<ing 
rei3\'0 i• lo n-close the net,.ork pro
t<•·t.or. cau•in~ 1"'""' flo" into the 
net .. ·or~. a o e<>on •• \'Oita~e on the pri
""'"'' J .. -der has the proper magnitude 
and ph.:l .. an¡la. 

"' STAT]Qtj TRANSFORo,jER$ 

TRA. NSFORt.<ER BREAKERS 

SLI8$TATION SLIS 

'" 0\'ERCURRENT RELATS' 

PRit.< 

TO OTI<ER NETWOR~ 
UNtfS 

" ~~~ OP~ TRANSFOR~ERS 
NETWORK ~ROTECTORS 

1 •••••n · •o•t• ..-e no 
1 
1 '""' 

_J SE~VICE SUS 
4aO Y /H7 VOLT 

SERVICE TAKEOHS 

Fig_ 3 Protect.ve devices on '>'Picar th<ee-unot opot notworl<. 
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OPERATION UNDER FAULT CONDITIONS 

D 
Primor.· f<·t·der.< nre onlv on~ of r,,.~ 

possihl<• "iocation< of !a,;ho on >pot 
'"'''orks'. Faulh mov al•u oeeur at 
any ono of four ol her oi~niiieant points, 
narnely: 

• ..,,.,.;...,bu, 
• oen·;,.., ta1 ..... olh 
• netv.ork proteNOt 
• nemor1 tramformet 

Fcr .,.eh nf the•e location<. tÍ"Ie pro
i«:ticn nflcrded by the primary·feeder 
C\"Of<"UJTO~t reby•. the network pro
te<:tots and the notwork prot<'Ctor fu><.'< 
<2n bea..~oii"Zed wlth the help o[ Fi~ .. 1. 

Thc ormnoement .<hn"n is repte· 
8<n!OIÍ"' of a 4SOY 1277 .\"O]t <pot nel· 
"ork. Thr,.,• n..tll"ork unils. c"t"i'tin~ 
ni a notWnrk tran.<fnrr.¡er and riir.•r!ly 
connt•t·ted nctwurl; ~rutectm. "'" illll•· 
tratod. :\olt• th~l each nc!\l()rl, onit 
io oupplie<l hy a soporato ~nmory 
fet'd<r, ond tb~l all ptJma("'.· ft•<·ders 
ori¡:inate at t)w "'me ouh<tmion bu.•. 
Eo~h n~tlwr1 protector ;, connect~d 
lo tho 4SOY ¡Z77 _,-.,Jt '""""i<"<' lm<. Scrv· 

··ice tak<•-olf.< nre lod from the """"i«" 
bu• throu~h prctecti'c ¡Je,·ice< •uch •• 
circuit hre3k~rs •a• .<holln). rurr~nt
limitinK fu'"'· or hi~h interrup"n~· 
cat""'ity cable lin;itor;. 

) •

.... 'Y foodor Faul" 
· 'A prima~· ¡.,..,dt•r íault on 1<.-t••i~r 

#2./or •.OmpJe. j, .-ieorcd f<r,t hY iho> 

) 

) 

opmin~ of feoO<kr hrcakcr =~. 1"!1c·n 
not11ork uní" <ti ond "'.1.«n•[!lJ bult 
curttnt '" l"ulte<l h•.,.]er =2 in n"·or"' 
tlil"t"<"tion lhtouoh network unit <'2. 
ThiJ re<er;o) of l••ecl is nnted by tho• 
"""'"".po"•'t relay. an~ net"·or~ pm. 
t<octor =2 o¡><·n• and dears faul!o•¡] 
IMer ::2 from the •;-.'!em. JI the net
"·crk prot<'Ctor fails to opon a' re
<¡uired. the nctwo'k pmteoct orf "'" pro
vid'"" ••hack-up"" protection and dM"' 
the lauhed J....,der irom the sy<tcm. 

S...ico Buo Foulr. 

In a<X"Ord:tn..., <~ith con1·entional -·· 
ondory n•t~mk o:>porotion. th~ Olt"t· 
curn•nt rolo;·• controllin~ thc prima~· 
f<'<'der hre:tkc" at lile ,;ubstation me 
oct hi~h •o that they do not n'ach 
throu~h th<' net'lotk trnn<lurrner m 
"oe•i" '""ron<lar; bult.<. :'or.·H·e hu< 
l.oulto. thordote. "'~ not <en<ed hy th~ 
prima~·.Joodt·r mo'rcurrcnt rt"by< at 
!he oubst~tion or by the rew,..,.,.po11·er 
n:layo in tb~ net·•ork protector<. and 
p<"f"!IÍS! un(!) th• net01ork ¡>rol<'<!or 
.. ...., bloa 10 d~ar the /ault.< from th~ 

t~m. lt i.< unlikeh· that thc-.e laults 
J ""bum deaT" ~~ ¡50 ,·olt •. The 

fuS<"ll in all n~t"ork proteoctors ··, .. ,¡· 
ocn~c-e hu• laul"'. and al! fu"'' must 

dem to roono\·e !aults fron\ the >ystem. 
Whon thi• lwp¡wns. thc sr,-,.iee bu• is 
··,¡,.·"!"" nllJ o!f load at the >pot net· 
"""'k ;, ln<t. 

Tho importance ol the "'n-ice bu.< 
mu•t no! he undorc<timated. for ;¡ the 
oer.·kt· bu>;, los t. al! i< lost. Therdo,.... 
thiJ ocn·i<"l' bus should be de>J~od and 
ÍO•Utllod lo '""" the hi•he.<t po,;sible 
in:e;rit\". This mea~s :hat :he """.¡"" 
bu• •hoi..ld prelerabfy be of the phase
in•ul3t .. l ()"P" 01ith adoqu~te in•ula· 
tion b<h"-"•n pba>esand betw""n phase 
an<l ~round. 

~or pad·mounted network units the 
""""'k pro!O<"tor. in a dustproof en· 
.-luoort•. is installod in the metal cahinN 
"" the •i•l•• ni the nct11 ork tmn•lon1l<r. 
Tia• •ordce hu; ¡>af'llelino the severnl 
nel~<>rk [JTotccto'". ,., ,bown m Fi~. 
:1. m;¡v he cnn•trU<Ied "·ith "OQ.v.,lt 
in,nlnit•tl cahl.,s. To mmimize lh" 
t·hanC"e> t>f ~ba;e-to-phaso or phMe·to· 
~rnuncl laults on tblS typ<' of """·ice 
buo. onl)" c~blos o! tho same phase 

· ob~uld be in>taUed in ""parate non· 
metallic C<Jnduíts.or in oqui1·~lent cluct 
oparc. !Jo;t"'""n the "''·eral network 
units. Th~ nc'Utral cables may be bur· 
i~d diredly. or run in a ""'parate dt~cl 
opace. 

s ... ;,. Faultl 
To ""'urc furthet thc intc~<HY ol 

ti"' "'·rvice bu.•. oll servicos •ho.,]d he 
c·onuc<"t•••lto this hu; thmn"h omenl· 
pr<>t<•cl i'<" cl"v"'''" as ollu.<tr.,kd in F1g. 
:1. On ];,r~t· 'l'"t nctwork., the av,.la!Jie 
••·c-nnolot)" bull cuiT<."n( lends to" h<• 

· ~mlc• 1'"''" ond it ü importan! thnt 
th""" dO>i<"es hove adoquate ínter· 
ruptin~ c•apamy. 

,\ny f:tult on m ,..-rvic-e betwocn the 
'"'"""¡'"" !use ond !he <'mtomor"s "'"'ite
onu·ante oquipment 'hould b< d""red 
hv th~ ... .,.¡.,., fu,., or other -wn·i,..,.. 
p~t«H•·e d,;..., bdore any ol the net· 
"'ork proiP<tor tu'"' start to bfow. In 
sorne smnll;pot nctworb thi• m•Y re
quire more than onc sen;ce into the 
<U<Inmor"• buildin~ •o that th~ se· 
)ectc•l ,.,rvico fuse s"~<e may he ,mal! 
••nou~b t" m<mlinote 11ith the net,.ork 
p~•t'"""" Ju;,•s. even when <me net
""<>rk unit is out o! ,., ... ;ce. Also. it i< 
op¡mtent that the cmt<Jmer"s «TVÍ<"e
entr .. n<"<" "IUÍpmont .<hould he ,¡,cd lo 
allow it lo clear Jor a fault lieyo,.d ,¡ 
h<lmo the service /u >e at !he 180\' f 
277 .volt "'-"fVÍ<e bus is damagcd. 

NotwÓ<It P<o!t<kl< Faul!o 
The pr.,·ontion ol bulL< at the net· 

,.;,,k prot<."Ctor. as on the sel"'ire brn. 
;, m""t important. An importan! fe~· 
tufl! .o/ network prol«:tor> ;, the use 

ni ndt"'lual~ insufatin~ barrie"' bo· 
1''"""" phMo• and bct"ecn ph"'"" anoi 
~rou11d. lf lhe netwurk prn<<"<\or fuS<• 
,houl<l he roquired to hluw in pro1idin~ 
••j,o,·k·u¡i" prol•ction to thc rrotectnr 
for a primMy·feedor fauft. the>e b.:.r
rien hclp pr••ent the e;tobli.-hmcnt 
ol • O«ondary fault in thc protector 
duo to thc spl.ott•r ol moltcn metal 
Jrom the d~arin~ protector !use "hkh 
io not of thc current·limitm~ t}pe. "fhi> 
al.<o <mph<J>i•o• the imporrance o/ pm
,idon~ coorrlmMion betii'OO:n the ><""
ice prol<'dÍI"O •b·i""' and the netwotk 
protc-<:tor fu•e< to a1·oid unneces,.ry 
e<po•ute of the network protector lo 
Clt<"LJit intcrruption by t!-.e notwork 
I'mtenor luso 

In n1on)" , .. .,es tbo. n ,¡ work protector 
¡_, inst"llod in o dry loo.·ation. <tLt·b a• 
n dry \oult. Jtn equi)'tnent room insirle 
thc IHJildi!J~ •en·cd. or ¡n tlw metal 
c:ohint"t oí a pacl·mountod unit. In 
su eh on en' ironm~nl it m~,. be powblc 
an<l practico! lo remo•·o ihe net11nrk 
protc<tor fu-e /rom in.<ide the protector 
endo.<Urt"" and «•place it with a curront· 
!imitb~ fu"' m=nted o,t&ide th~ <·n· 
dosun:-. l>otw....-n thP ~rote<!or lnad 
terminal. and the ><l"'i<e bu•. From a 
prolt-rtion J>OÍnt of 1i~w. it 1\ould al· 
"'a)"o be dcsirablc to locale t!w /use 
e<len>nlly. 

lf. itt •Pite •>f nll the ai>e.vP prf"Nlt· 
t ;.,n•. " fnult <tno< occur in 1 [,e ne to1otk 
p~>kdm. tt,e fault.ool ~"'tenor '""~" 
¡,, deor<•<l lt'lm t~c .,eriJCe hu• hy 
"]JCmlion or lhe pml~ctar it,rll il tht• 
lot<lt i• on the tr.1nsformor .<ide o/ !he 
curren\ tr"n,[ormors . .,;hoLJld a tault 
"''"ur on tht• ]o.,cl 'icle o/ tbe cu=nt 
trnn•fomwts. it may be dcared h,· thc 
pmt=tor luso•. !he oF"."rotion of th~ 

1 

ptOI<'Ciot.·OJr both. The U'€ o! ext~t· 

' 

nnlly mounted curcent-limitin~ fU«"• 
imprm·es thc chane"" o/ de:!tiUl a 
faultcd P"'!""tor lrom the "''"'~"" bllS. 

' 
Notworio Tm"ofGtm•' Faultl 

Alter o laulted protector Í< thu• 
deor~<i from tho '""" 1ce hn< it 'till may 
po•,.i•t ns n /ault on the se.:ondMy ;iole 
of 1"' nt•lwork lr.on>iormor. 0\mnully. 
ti"' ow"·urrco)! r~lays on !he prÍm:lf'." 
¡.,,,]er breakcr at the '""'~"·,on are 
J«."\ hi~h so th~y do not """"e"" lhrough 
thc tran•Íormo•r to a «><ondary !ault. 
Thu• thi• fattlt may per<H untll ot 1n· 
vol1·co the trans/ormer primary ";nd· 
in¡ and is oensc<l h)" the teedor·breoker 
relay•. This ¡,in oeron:Ja.,c-e '"'h con· 
'""tional ...-rondary network operation 
philosophy onder ""hirh th• nct"·ork 
trat~~fotm~r ha• b<>en roruidered ex· 
pendable to mn.in~;in service conti· 
nuity on the ..,.,.,ndary bUS-
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Building ser111ce equlpmenr 
Anv discusoio~ of •pot nctworks 

lvoul<Í nnt J,.. eornplrl<• without Mrne 
<'OnSlderation o! tlw buil<lin~ """'''"'' 
e<¡u1pment downstronm from thc oerv
<co ta~e-olls. 

Tho >hort-c-ircuit eurrent a••ailahl" 
Jrom tlw >erY!ce hOIS >poi netwnrks can 
be nr:: hi~h. •ometirnes in t·«-cAA o! 
100,000 ampores, rms •¡·mmetriraL 
Good deoi~ practice dicutco thot thi• 
he held to lo\\n 1·alues when.,..·er JK>o
<ible. When laull> de1·elop in the 
buildin~ >ei'\'ÍOO "QUipments they can 
he di>11>trous, un]<'>> adequate equip
ment and protecti1·e ..-heme• ha1·~ 
be<>n ,;el<eted ~nd pmp<'rlr in•tall<><!. 

FI'Oln the "'perience ulned lrom 
mam· in>!aii:Hions, lypkal o/ "·hich i• 
that di>en._<o>d in "'ferencc 2, a num
ber ol ide3s ha1·e heen lonnulat..d into 
prineiple• in conne<tion with the main 
bmlding switchboar<l or "" itch¡:car fed 
/rorn a <pol nelwork. The.., prin<ipl"" 
are comicl~red unrler tho following 
headings: 

• Si>~ and number of oervict'S 
• Service enttont·e ph.,.e-o-.n·ur• 

renl prnlo~tive <levir"" 
• Subdivision and i"'llntiun nf mnin 

bus 
• Ground-foult prntC<"tion 

l. S<u ond lú<mber of $¡·rviceo 
Tht• u'e ul -.·rvin•' rat~d ¡,.,. th.on 

~000 "nlpere• " _,tfun~ly rc"-""'""""'1· 
ed' 10 the inlt·re•t ni impro>\·<n~ pro· 
t<•t'lion anol oen·ice cnntinllitv. ¡;rn,[h·r 
'<·nit·e mndttctors P<'r<ntl lu~o·r-mte<l 
)lhH>e•O\'OfCl<frt'lll pn>le<"lil'(• deYitt•,, 
•nd it lülln"> thot the•e witl pro1ide 
hetrer pmt.•ctíon ot >lwrt-rireuit cur
rellt len,!• not only for tho O<mduct<>" 
hut •bo Jor tlw >en· k-e t·quipment, 1-"or 
a gi1·en IoM] demon<l, thu """ of OC>'· 
eml >er-·ke' .-.,sult.o in improved .er-•ire 
continuny in tho e>·enl of the ]ou of 
one "'"';.,.,_ 

~ .\!ain Phas~-Ov~rrurr.nt Prot~c
tú·e Dct'IUs (Srn·¡a l:"nti"Cnr~) 

Three dolieren! kinds of d.-.·itc-s are 
nannally used for the main o•·~tcur
rent prot..,ti•·c lunttion in buildóng 
sv.-iu:hi>oard• or ... ~uhgear. 

' 

a. Fused Cir<"llil Hre~kc.,......und· 
atd ]o,.·•·ohde PG"'t•r drcuit 
breaker> inlegraUy mounted "--ilh 
current-limiting fuses. 

b. p,.-er &.1"1-ire Prute.:to ....... non· 
autom31Í~ low-vo!tare PG" or cit
cuit breakero in t-ombination 
,.;,h Class ]. eurrenl-limiting 
luoeo. 

' Swilches-hi~h- 1 

''"~-'"'ity s"·itrht'< o( o¡oecial de-
•i~n equiwed with Closs L eur-
r<·m-limiting im•:-1¡; 1 

All of the.e de,·ices ~enernll,: h.-·e 
slwrt -circwt curr<nt ratings of ~00.000 
arnpeff'•, nns s;mmetrical. ma~óng t 

them <•qually apphcahle on th!S bas10 
in practicall;· all ón<tall3tions. 

Tho protection u·hidt bolted-contact 
switch"" pro•·icl~ io strictl;- a functioo 
of the ,·haractemtiC>t o( the fu'"'-' used. 
Sincc f"""' are sin~le-pole inwrrup
le,., •ingle-ph:osin• •• a r<"Sult 01 the 
blo"in¡t el ooe fu.., uncl~r fault condi
tions'. may la~e place il >pe<"ific pro
tection · again•t it is not prm;ded. 

de•itn• \'ot)' in the de~ree of mC<"han• 
ioa! oepor01 ion nn<l comp.utmt•n1•1tiun 
u.<od. In G<'neral El<-ctric 1;pe Al\D-5 
.Po11erma.<trr ltm-t'olta~e ;wilchg<'ar, 
key functi<>ll> aro _,oparatt•d b¡· «>m· 
part tnentaTion, and i>obtion isachi"ved 
by 1he addl!iono ot b~rriers to elimi
nate lault comrnunication. 

4. Adduion of 
tWn 

Ground-fauft Prottc-' 

]',.er ••r-·ice prote<:tors. !<><:>, de
pomd upon the chaNitleri>tic> o( the 
luk'll u....-1 for the protection ,.-bich 
thcv prO'o·ide. Ht~h-speed prolectión 
a~a-irnt om~].,.phasing i< quite ea<ily 
provi<led. ho,.·e>er. hy anti-single
pha.e deYi<c>. B.cau"" o/ thL<, and 
ber•u><" of the coordinated pcr/orrn
anco ol · co"tat'l mwrruptin~ ability 
•nd fu•• mdtin~ chMacterJ,(Í'-'" oi up 
to 12 tin>t·> tho cuntinuot><--<·urr·ent 

rotin~. 1"'"'''' "'"''"" protedurs pr'>
l'i<lt• lw<tor '"'t•roll prN<"dion thnn 
IM¡Iletl-mntad owilche•. 

E•·en 1huu~h attention i• !ñ~<'n to 
fca1ures whic·h ~nh<tnco the inl<'grity 
<>i cunductors. ond to .. ~c<-tion of the 
¡,,, pha,..-..,,·dcum-nt protetti•·e d ... 
,-;c.,_ it i> el""' thot rnmple1e eluni!l3-
tion o( arcing iault• to ~rouncl ;, not 
J>O">Íh]e m practit-:tl di>trihution oyt
tem;:. Therefore. ~>hen ouch foulta 
ocetu, additional prote<ti•·e -~su,.,. 
are "''ee<.<;on· to n1oi<l destruoli•.., 
burnJ,.·n<. !Í the amnt-fauh C'Utrent 
i, rel3ti•·dy hi~h. the pha,.,·()l·ereur
ret" device, mav ""r.«' it• ptt'!ien<:e 
and q~ickly op.;,..,., tú ri:mo•·e lile 
lauh. lt is poo<tiM, ho .. ·e•·~r. u 

1 
man;· '"'" ht>torio> ha>o reve~le<l'. 
for ;he arcin~ """''"' !<> hn•~ a mA,• 

f nttu,]e "hit;, ü lt•» !bon :be <"<tntinu• 
ou<~·urrcnt rntin~ <>f tht• protective 
<ie•·k~. or to ho• ,¡ ,uch ''"lue lhAt the 

F<tml lo" •\'Oi~'~'· pnwer rireuit 
l><cilk<'fS r><o•·i¡Jo the hest phase
""'rcurrcn\ prol<'< tion. Thi.< rr>ult> 
lmm cal'dollv "·kclinc and coordina!· 
tn~ tltt· hn·o~''' lrip device rharacter
¡,,¡,., wtlh the 1<>'<''• ,o a• lo furnish 
an oplimurn eomlútl"tion o( the chat
aderi•lie' nl each cle>tcc. Li~e power 
wrvit·t• pto!t•cto'-'· hi~h-.•¡~·ecl prolO<O
tion n~in>t sm~le-pha,ng ¡, readily 
providcd by atlti-sin~le-pha<e de,·iccs. 

B'-"'"".., tht•"' lhre<> typt"S of dcvices 
ha•~ oen<Ltl\'ÍI)' only "' pha"' <"llrrent 
m.•~nituJe on<i nol lo current palh, 
the)' have hntit<•J abiltt.v lo pro,;de 
~rout<ti-Jault prut.-ction. Circuil break
e« ha•·e the acl•·anta~c tbat their in
Hantaneou< trip• can he oet no higher 
than required to a•·oid nui>anee trip
pin~ under normal condition<;. The ap
plicati<ln of shon-time trips is terom· 
mcnded to supplement or reptare in
•tantaneotlS trips .. -here•er pos.;;ible. 

3. SulxliuisU,n tu~d holatU,n o/ the 
Mam B"" 

:'11.,'hani<al reparalion through thc 
u<e of burie"' •nd seclionalizin~. with 
tie bre.tke ... adcl con<iderablv to !he 
intcgrity of the main bu>. E,juipment 

prolt-( ti<,- d~,-;,"í' <ope,.te< ~ni y nftcr a 
rebll\< Ir long ¡>t•ri<otl <ol ti•w;. 1 o oith<'r 
of the_,,. c.,,.-.,, '"P:JI<'tnt·tl:ory rround
lault prült•ctwn ¡, nel'e-"'Ot)' l<> l•rc<·ent 

f,g_ 4 Wond~w cuneN tr>n•!ormO< """ 
o·•erourreet ••l•y (GSR) combonoUon 
mcor:onn& grouod·!•ult cu<rentl. 

._,..,._, 

••• '-'••-· .......... ·--
·~ ....... Jft" .... . 

"~""' ,_, .. , 
fJg. 5 Delo<:ton ol ~ro"nd !au!l cumtnt 
in •oluro wcu't ot conducto• <ncl<>Wtol. 

o 
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the low-le•·t•l arrin~·fau]t current from 
Cllusin~ o bumdown "· · _ 

In ><>undl;· ~rounded S_\"st€mO. are· 
ing bulos oln>n<l int·ari;hly invoh~ 
¡m;un•l i"olf in !he ÍRult órcuit, thua 
pro1idin¡: thc opponunity for T<ad<lY 
detcctin~ tho P«~nce of •u<h faults 
with <imp\o ~roun~·O••rcurrent r,•lay
in~.l'nd<r Mrmal cond\tlon<. there is 
no •i~niñcant flo"·.ot curren\ in the 
ground p>th. The pro.er.ce ol appre
ciabl~ <"llfOnt '" th ~mm·,d <ircuit is 
dir«th· indic~ti•e o[ 3TI <1.-e:ric.cirroi< 
fau!t. One mothod o! :nomtonn" the"" 
!ault <urronu flo"·ir.• in the ~round 
path io pro1idod h)" tC.e ~ro<:nd ..,nsOT, 
..,;,ich i• o combmouon of a •vindow
tn"' cum•nt trRn•lormor andan o•et· 
curr~nl rcb_v "',i,o'ln in fig. ~- All 
of the pho"' rond'lctor; \<'l be tMni
ton••i. Ílldud•n~ t h•· m·tn ral conductor. 
¡¡ uocd. o re ¡>o»ed throu oh the mnd"w 
of tht• CT. \l"ith thio orr>n~emen\ only 
circuit hult• invohi~~ oround will pro· 
duce a currcnt in té.~ CT >econdar)' to 
eau.., Op<'rlltion of the re by. This com· 
binotion mav ¡,., =de to op<rate on 
rround cun~nt.o a; l<>w a.- 15 ampcro•. 

A \':trintion in applyin~ the ;:-ro~nd· 
oensor i• tho ronnection ol tho 
~round-<><t·rcmront rcf"> dore<tly in thc 
g:nund·cmr('n\ return poth. •• >hown 
in l'<~. S. For ~ro•"nd fadt; on thc ]Mrl 
cnd of th<• drcuit. n>nst ol the ~roun<l 
cum•n\ "ill r<turn al<m~ the tm·tollic· 
condui\ or IJ\l>Way h<>U>mg. a< do"'" 
po••il!lo tn tho '>U<ooin~-~hooo condut'· 
tor cnrryin~ thc fault c·urrent. 1 he u'<' 
of the in•ubtcd rondllit or !uJU.<m~ 
joint in tho return path !ore~ th~ rur· 
r<nt \o flow throu~h the jumpcr and 
p<rmito th~ gr.,u.~d·senwr reby 1<> 
detect it.o P"'"'"""· 

'l'he pn>t«tion <>1 the servi.,....,n· 
t.r~nr• equi~ment ~nd di•tcibution 
,..-;uhbc-ord in a rommcrcial building, 
ustn~ ground·>en'or cr>;,topt.<. is i!lu.
tut<•d in Fo~ 6. Thore ar~ many ar
rnn~cmenl5 poosihl<'-both electrirol 
and phrsiral-of thccommercial huild
in1 '""·in1·entrance Mti distribution 
switchboor~ e<¡uopmt"i1t. The "''""ple 
oho~., in Fi~. b L< no• ncoe>s.orily t,vpi· 
cnl or re~re;cn<otL,·e. bu\ ;, u'cd for 
purp<l."'• .,¡ illustration. Tbe dia~ram 
obo"; !he •e.,.·i<e·e~trance conducton, 
induding the neu!ul conductor, en ter. 
ini thep~mi"'u' the.eJ>i.,....,ntranre \ 
...:¡uip:nent and rontinuü:cg on to the , 
distribution Sl<'i,chl>card. 1 

In the illu•trauon. bcth the .. rvire 1 
(•y .. tcm) and the equipmcnt ate 
,roundod at the se~>l<e-entrance ·¡ 
..:¡uipment unn~ a cornmon orounding 
conductoor. It is a.~.;u:ned thot the net- · 
"'"'~ tronslonner.; ~re ~rounded at ' 
thcir nt•utml pomt. Thetc mayor may 
not he • me!3\lic en<]o,oure, <mh 4• 
ÑnduJ\ or rore .. ay, cnc!osing !he sirv. 

"Trade.mark <>1 Cenera] Electrie Co. 

ice «>nduclors from the network ~rv
iro buo lo the >Cf''ice-€ntronre "'lUÍ)'• 
mont. lf such on enclosurc e'ist•. 1t 
\\'OU!d he bonded tn tfle ,,.,_.,, •• 
cntrnncc cquipmen,, 

Two 5IOP• ol ~round·foult n'l.orin~. 
of lh< l)'p<'S ¡u;t tlc,nibed. are sh•l'm 
in thi• in>tnlbtlOn. For the h•dor <1r· 
ru1t al tho bottom, the "tit'!'t·•lep" 
~rnund._.n..,, uttltzes a CT •urrounJ• 
in~ th~ <>Utooinn>ha;.e arrd neutralron· 
ductors. For bu!ts t<> ~mu~~ berond 
the owitrhboo:-d. t[,e fee<ier ~round· 
..,noor rtl"'· "~!1 be actuated to tri~ the 
feeder hl'<'ll~cr. Tni, relay will not op
"'·"• ~n babnced or unba!anced ¡.,..¿., 
lood <·urren.,, on leed"' nha;.c lault.o 
not tn'nh·in; ~ruund. or for 'l>ults 
"·ithin the •w•tchbo.rd. 

Thc ~rO<Jrl~·sen•or rolay; at the 
,....,..-i, o-entronco equipmt'tl t.~ .1 re '"' 1· 
•ter of time-del,_· hchind !hn•c O!l thc 
foe<lerS. Thoy ,.¡¡¡ orcrat~ fr•r linc•·t<>
~rollnrl buhs ""hin the '"'itchbo,l!d 
or "i:hin the hu'""" or cob!e circuit 
•upplyinl the ·'" Ltohfx..rd. pronded of 
e<>u""' th.•t thc bult cuncnt uc.,-ds 
the ~\oy pickup value. 

Thc !PCder ~round-,..,nsor rolo y in th~ 
dio~ram <Ums the outeoin~ ph~sc cur
ren!• and !he curren! returnm~ in ~hP 
neutr~l. to <letermone ii utlhalance<l 
rurrent, inrlicotin~ ~ fault tu oround. 
"'i«.s in thc h·edcr wcutt. On thc 
othcr hond. thc """'"'" en\r3nC"e 
~.,,.,,,¡.,.,n<Or rdw '-"m"' , hect,; thc 
pre;rn<c ol oro~nd-bult wrrcnl hy 
ootunlly mcosunn~ mrren\ in the 
~round l't'turn (l'lth W the systo.;m neu-

ro s•o; ~' S!~V"' TlrOR•· ·-- aus 

Ita]: !t is npparen\ th>t. drpendin¡ on 
th~ oquiDm•nt arr.mccmont and the 
01,1i].1ble J~liberate connPCtionS 6f tilo. 
tron<iorm~r neutro! and or th< noutr>l 
conductm to ~ruun•l. lho lo.-.>tion of 
tht•,.. mam ~ro~nrl·>c•mnr relO)'' may 
vary omono in.<¡a]btinns. in ardor lo 
socure ma~1mum '""""'·it<" to tround 
fault•· Comp:ete d!>Cu"ion• of noLl.~d· 
fau!: prorecri,·e •eh"'""' utili•in~ ,.,_ 
by• ate lourrd in reierenre• 6 ~nd 7. 

" 

toctinrr. 
npphcatiun ot tnc 
1 ri¡' ~eYtt·e ¡, nrc·"'"'''~ m ro:,·r,·llcc e. 
\l'llh the P0WE.1\ SCHSOR ~rnun~· 
fadt Pr<l'~Cllon oc,·ome> "" int<~ra! 
p.>r< ol <he trip de,·ice <m thc• brt·akcr. 
,;, . ..,_,r:>te rebys and curn'nt trons
r~rmer; "e MI reqmr<J !rr ..,., 
.\polira:ions it hecomc' odun
tooeou> 10 u•e <'(lmbtnotinn• ~~ th• 

trir d.- ice 4nd up:~
n:l:tying. 

!n sumn•ar,-. i~ <On he .,,;d tha\ the 
~"'ducts ond the kn<>"'·how ow prell
enl ¡,. n <::nb!,lo [Qr prnt ectin;: oli.,ribu
tiun 'Y'"'"'' aeo>n•t thc <h•,.ru<li<·e 
oth·ct• uf nrc•~~·Ímtlt burr.,lowns. Fur• 
thc•m\Oifc•, 1h~ pr<oto·ctinn .princip!eo 
oh.'<'U>"·<l continue tn ~.oin ~·tdcr·ap· 
~!icati"" m c<>~•mcrti.<l builtliti~ and 
mdu•tri..L i~-'ta]J.ations.. 
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·l!dditional spot networl< protection 
\\'hen !he building distribution sys

t~m ;. •upp~ed lrom spot ne!Q"Orks, a 
gap currently e~bts in the protection 
p:.U~m- E•-er. with the mo;t carefu] 
pro•·ision o/ J!TOUnd-fault -protection 
within the buil<lin~. all electrical ..,,.,,_ 
ice mn)' be loot OO<ause ol srcing Jaults 
e>ccumn~ in the network •·ault or in 
the .,.,.,..¡"" t.lke-offs. Con.•ider fi"t a 
typical utilit;· 'l"'t network ¡Fig. 7) 
•uwl¡·in~ the commercial buildin~ 
pu><o•r oystem jusi '"amincd. 

case histori .. indicar.., howe•·er. lhat 
such /uses either lail \Q detect low 
lev~J. ol de.tructive a ... in~-fault crtr
rent, or may /umish interruption in 
only one phase of a pol)phase system, 
le;:.,·in¡¡ thc arein, foult han~ing on at 
reduteil eurront levok Thus the coo
nn!Jonol utihl)' opot net,.ork protec
tive t~¡mpmcnt connnt aosuro protec
tiun o~ninst an:in~·!nult bumoiu~t·ns. 

hnlntion ni t•ho•o' antl the use o/ 
non-mN.;Ilit• •·nbl" or hu• ondosuro' 
wHI ht•lt• Hohl ti><• initintion o{ drcing 
loL<]T,, 'l'lw''" mm•un•o nro e~"'-'ti1o Ht 
mlt<imilin~ the pn,hahility o! orcmg 
bult' ari;in~ 1 '"'" tbt• d<'l<"riurntion of 
insulot ion. 1-"oulta moy slill occur, bow-

e-.·er. caused by me<hanical interior· 
mee (physical attident•). pe<Sonnel 
"'"'"·'"by splatter from fu ... blo"'
in~ in the """'"'~ prot....,tor. Furt.htr
moro. the.., preunti•·e meaouroo do 
nmhing about rhe occurron<"<' ol o lault 
"ithin th~ """ice-entronco oquiprnent. 

lt is wise lo prn<ide o meano /or 
remo•·ing such taults whon !hoy occur. 
The ~round-sen<or relo)" pro•-id"" a 
mNhod lur do't<'<'ling ordn~ lnultl to 
r.mund, ami tl>cir remul'"l enn be el
{..,tod hy the nol~ork ¡•rntector. Jf n fallll to grounJ shnuld utcur in 

om• .,¡ tlH• oer.·ices or on the Se!'Vloo 
hu•, tlw ,..,,....-,,e !""'' or !he n~twork 
prot<•ctnr fuse• pos.ibly may ope,.,te 
pmpt•rl¡· to cxtm¡;uish the f•ult. l>!any 

Th~ olia~ram .,fthe utility 'l'"l not
><ork ··•n be r<·cn•l in l'i~. ~- lo show 
tho applieatwn .,¡ ~r<>Und·>t·ll•or relo}'" 
in l"Dnjomdion lt'itb the nctwork pta-
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t""'or for g:round·fault rem01.a!. Only 
one of th~ t:et"'Ork rr:msformel"!! and 
its net,.or~ prote<:tor i.< ;ho"--.r, but the 
arran;:=e~t ior th~ othero woulcl be 
•imiiar. Al;o ,ho"--.r ¡, 'he me o! a nnn· 
met.ollio ~ndo;~re lor ;he'"'"''"" tako· 
oft and the •er.-,ce bu'- IJ an ~rcin~ 
fault -•~ould de,·elop in thi< nre~. it 
wuul<f t>e dt!fioult ior it to in•o>he 
ground. and it wnuld prúb.o hly ú!'Cur "' 
a pha.'<'·lo·pha>e Jault. Tlt<• neh1ork 
protector /uses and """ice to!.e·ufl 
fu••• \\ould be t!:.e >ole mean• o/ pr<>· 
I<'C1ion aooimt mch a lault, ho"''"''· 
and in ,-iew o/ the ca,e "'cord, the n•· 
liabihty o! >uch protection i< """''· 
t.aizl, particular!;: om<e theoe are l<in~lo· 
pha.e interrupter;. 

Arrin~ bulto in or neor the ~rounded 
network protector, on the other hanrl, 
1\0Uld ¡)robabl)' im·ohe ground in the 

900 
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cireuit. Thus a ~round·>ensor relay has 
~><>en <OcJle<:ted at the n<'tltral of th~ 
network trans/ormer and arnn¡:ed "' 
open tire n.twork protector_ Tlr~ path 
of the /ault current /rom a net\\'Ork 
prot<'Ctorload terminal tnthegrolln<ied 
endo<ure is indic.rerl_ The u.e of an 
imubted neutro! bu<hing on tire tran•· 
former is necos.<at\' to '"~"'~ale thi• 
fauli cum'nt frorn !he normal neutro] 
eurrenl Ob>inusly, the ground·•en•nr 
r.-Jc<~'. 11i1h a ,emiti•e settin~ n(, ¡,,. 
''"'mpl~. ~ 11(1 ampere>, Wlll be <'ffcc·t i•·e 
in prurn~tl}' detedin• such a foult. 
Al•o. if !hure wece a memllic ondO>tlfO, 
>mh "'a busway or conduit, atnl!nd 
tire .cn·i<e condu<tors, then a lault 
to ground in this area wouM al«> 
promplly be r<':noved hy tho ¡:mund· 
"""""' relay and network protector 
operation. 

Compored to !he traditional ap-

' 

P""'Ch in prot.,tion o! net,.or!.s, the 
abo•·• arrangomento are n<nel in the 
stn<e of .-..quiring the network pro
t<'CION lo operate !or h:r!.·Slde !aults 
lo ground ocr"'ring in the area be· 
ti<'O<'Il tbc protector and the ..,.,;en· 
cntrMICe e~uipnrent. For the sokc ni 
><•tvke ,..,¡, tinuity, it io eon01dered het• 
!~r to tem¡_ourarily 'hut down tho nct• 
work rather than suller a prnlot\~cd 
tmln~e "' a re>ult of senous d.1mog" 
from •uotoined arcmg. 

Thc me of the n~twork protetl<>r lor 
de.1rin~ forward ground faults <liiT••n 
lrom thc tradtüonal approach, bul has 
prc'!'edent in ..,,-eral rorent applic~· 

tion•. !n thc"" """"'• ne!work proi..C· 
tol'!l are b·cing lripped by ground.,ensor 
reloy:o for ground fau!ts OC<.'I!rring 
down<tre:>m from the net"ork pro
tectoN. < 

SERVICE ENT~~NCE 
EOU!PMENT 

,~L~~-, 

T~tS lC"-VOLT'-CE POH~ CI~CUIT B~E~~E~ CAN <L"'SISH B~~UPGRQl.,.O·FAI,IJ 
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Fog. 8 Ul1loly •pot network equipped with ~round-.. n•or rotayln8. 



uariations rrom hasic 
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Spot n~tworh inw>h•in~ variations 
·om tlw bosic t'lrcoutr,l' ore •01netimes 
mplnyo·d. Tlw.•e ""ri"li,n• oH~" .;-om

i.Jine thn no·t~·urk '""'kc hu• with the 
bus,-,¡ lh<• buiiJin~ rn~in •witchboord 
or s>o-itch~car. 1 n the"<• cn>eo the Uam
forrne,.,. dire•:lb fe<><!, thmu~h nctwmk 
prol<>:\<lr.•, thc bu< !mm wh•ch feeder 
c·ircuits uro• oupplicd. Goin~ o •1<-p fm
ther. !l><•ltmtUon ol thP r><·lw<>rk pm
tcctoc mn.l' be lurnisheol ,.-¡¡¡, equiva
len! lo,.·>ol<"~e )X>"er circuit breaker<; 
eo:;uipped "'-ith network n•la)'s. Tie 
brealers may be ernplo~·c,! lO section-

summary 
Tbrou~ho\1l the >eetions ol thL< 

~uidc. <U~t~>tions ha,·e bcen made re
gardin~ th" d~si~n and prot«tiOn of 
.<poi networl.; and a»O<"ial~d l>uilding 
.<e,..ice <"<¡uipmenl<. 

o\<" ~uide in lhe dcsign oí new >pot 
nN\\urk imtallatiom tht• followmg 
<u~~e.tÍm\0 nrr made: 
l. Limit the <Í>~ o/ the ""rvke take· 

olls lo 3000 arnpere• or !e<&, and 
pro,·ide muhiple .,,...;~es, as rc
quired, to .<Upply lhe huil<lin~ loo.d 
requirem•·.,t... 
U>e prn\<'cti,·e rlevice< "'ith thre.J
pha>e interrupter.> for '"'"'ice 
takt-·nff•. SCI"'oice·entrance and 

' 

1 --· 

.¡,. the mam hu<. \'nriations such "" 
tlw>~C oro ,¡,mm in Fi~. 9. l!m.,•ver, t ¡,., 
b;¡;ic not~ork de·i~n t'OJL<Hlcroti"""· 
pnrtieula ti y conco·rnin~ pr.ltection.still 
ap¡jy Hen thou~h n<!<l'<tional ron<~der· 
•Uon> ma)" be "<'<"<'~<:Ir)." m the.o;e "'"""' 

lt i• int~restin~ IIJ note that the 
pn"><·nce o/ thc ti~ h"•akcr provi<l•·• 
IIH· "l'l""lun<l,l' 1 u h<-<'1' one h"lf <JI t ¡,,. 
¡,,.in o]'<)ra!i<m '"'''"'' though a faLJit 
tnO)" hove oecum•d "" the othcr halr. 
Th1< is ac·com¡>li<ht•<l hy mahin~ th~ 
ti~ brL .. kCr .'•elective with the networl 
protector< under phase.o,·creurrent 

main '"itdobt"nd poo"nions. 1 
3. e .. hich·inte~rit)" ronne.:tion• be-. 

ll'<~·n tho transformer ancl tbe nel· 1 

worl pro!t·ctor. nncl from the net· 
"'ork prrútlor 1<1 thc se"·ice !""· 1 
'!"In· •~11 it·~ lm• too, should lw ol 1 
very hi¡;h integrity. ' 

4. Where1-er poo.ible, "'"" enclosecl 
bu,,. ay or cabt.• in t·nnduit for ..,.,. .. 
;,.. uk~-<JIIs. to fadlitale dct ... ·tion, 
hy ~rour,o]-/ault rdaying. of •t<in~· 
lnlllt c·urrenls in,·oh·ing ~round. 

S. Pro,·Jd<· ~round·f,ttdt protut'!Ínn 
that tri)"; net"urk prok>cto,.. in...,_ 
•pon>e lo foult (tlrfents detect.>d 
in the tran>formcr &munding ron· 

nnd ~rnun•Ho"lt condilionl. (Since 
<he t<c hr.·.•k•·r i< .¡rmn~<·d to 1"' do>e<l 
""""in tlw ,.,.,.~,o[ th•· ),»., .,¡ one ol 
the- f<•ur ;nuKc~. ono haU of the bus 
<'Ould. al'"' tho tie opens. ¡,., oner:;ized 
b,· on:y """ t"'n>Íormer.) 

In th~ ,¡,.,;~n o/ the ¡¡rotoctive 
'<·hemo u."·d, tlw rt'<]LlÍremNHI oí the 
:;'l::C oot<) ""'" l•>col t"Gde< 'hnuld be 
oh>en«<l. In ¡>Orticubr. the l'<.•¡uire
mor.b ¡.,, ~"'undin~ mus! ¡,., kopt in 
mmd "nen clef"'rtiog from th" loa..r 
spot network Cti'CuiL 

ductor. Tr::m-<lormeTS muo! be 
"'!lliJ•P<"d with in.<~lated neutral 
bu.,h>~c• "' f'"rmit in•ertion of a 
cum·nt tr.,n•lormer and rola)' in 
th<· neutro! 'onnection to #r<ILlncl. 

o\. O'ole<t the numberond k\',\ rn!'mgo 
cf tmn,fvrmeO"S <o thal tho avail
able >hort <-ir<n>t curren! is not in 
H""'-' o/ 100.000 ampo,...., nm 
>Ymrn•trical. at tbe ><l"'o'ire take
o!Ts. 

Ily ¡.,¡¡.,"in~ tht"e '"~~e•tions, 
ot shoL>ld J.., l"'"'ble to d<"<i~n •poi 
neh,ork S\'>!em; -..hic-h lul!ill the 
objc"''"~ O! Jllo,·idtn~ the highest 
de¡;ree o/ .Cl"Íee coMinuity. 
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ML Shortell• " • Pro.l
u<t [n¡L,.., in t~e Vol!· 
.,, Re¡ut1tor Businm 
Soc!1011. Po!t!lield. Mas ... 
et.J.,tl> 

me lm~nrl~nce ol 

)\nnubcturin~ today is n rom
po.,ile of man's scietllific, nuturmtrod, 
and ro--op<•rati~~ abilitics. lt io a rom· 
plex rotnbinalton ol rmny •.vstems 
and \3.\ents all keyr~l lo the ~nd ro~ 

by Thomas R. Shortelle 

The Typical Load·center System 
Thc modern industrial oy&tcll"o uti· 

1 i<es the /()(fJ·cenler n>n<>•pl, IWWPV("f, 

\Oit.~~" Sprí'.td cxist.o even in o l=d· 
u·ntt•r syslnm in tite folltowin~ 

sult-a mnrketoble product. To ex- manncr: 
ist in thc COS\· .. ,,.¡ng computeriz.<.d - ·- On<· ol 1)1" most popular unit suh
wot!d ol t<xby a buoiness mus\ obtuin •~ttior" ¡, rated 1000-k.-a. 4&1 v<>lt.s 
th<:> ~real<'$! effidency lrom atl co:m· 

•ponents ol its .. peration. Al! syslem.'< 
must be GO, indudin~ the r><>w<•r 
rll>tribution syalem. 

Problems of llnre¡;ulatfd Voltage 
In the suppl)-' ol <•lcctric power lo 

nn inrl1"tri3l pl.mt th~re are mutu.1l 
obh~ations on the p.>rt ol the m.1nu· 
ft,ctun·r hein~ ><'"ed and the dectric 
utility. Among th.,..._, m:my obli~-•
tions, th~ moot ,-;u.! lrom a ;1-:\nd· 
pomt o! production effidency Íll the 
r~gulation or maint<>nnn<.., ol con· 
stant corrcct ,-olta~e throughout thc 
pbnt. 

Altei thc utility hns met ita ohli· 
~atiun of ddiwrin~ prOpPr \'Oltnge lo 
thc plan!. voltage within the plan! 
bN'om~s !he rcsponsibility of the 
pl~nt owncr. 

\'o\lag~ spread within the plant 
;_, e>u<ed by the "-1"'" kind o! basic 
factor& th" cr<·ate the problcm on 
utility 10('{\ers_ 'lñese r .. ctors indude 
the nature uf th<' !o..ds; the size, spaC· 
in~. and len~th of thc conrluetors in 
tbc main f<'o"ders nilrl branch<'S; and 
the P<>"'" l.<ctm o! the ,-arious pieces 
o! eqnipmcnt S<ermd. 

' 

t<•<UrJ<!nry. Assnmin~ mt · m·t'm¡:r• 
h"rl d<'n,ity n! 1() V<>lt.amP<'f<"' po-r 
squar<• /oot, thi• unit eoult! '""'• an 
aw~ ol :>pproxim.dely 100.\~tll o<¡u~rr· 
fe<•!. H !hi• "'-'"' ,1n idcal---<>r tcxt· 
book-squar<' lo.1d arca with th~ unit 
•ul'-'!ation in the <"t'nler of the square, 
!he lon~esl fec•ler would he "l>out 
~:.o ¡.,.t, \1 we w~re 1<> assume u re<:· 
tan~ul,lf i<>•rl area then 3 loedcr 

""'Id 1"" os long as 400 lect. 
Fi~"IIfe 1 shows thr> \Olta!:<l profilt> 

ot thio >r>"'nl ul no ¡,,,n at>d 01 fui! 
lo.od n> \-oltaoe dropo ent~r the pie
luw A ~<n,, rninllS fi"' l>t'r<'<'flt volt· 
a oc• crondouon os .1>>unwd on the pn·' 
,.,;.,, •v>l>•nt. ,\ ,u]ta~e drnp ol 15 
"'IL' <lue tn trandorrr.er re~<ubtion 
motld ••lso 1«• '''P~Ct«L 11 the 400. 
fo"t le<-<l<·r c-om.ists ol one ·1/0 atble 
tully h<dc,J at ~n p«n:'nt !""""" 
!a<·tor. it will intrr>d>l<-r1 :uoulhcr 11· 
\Oh óop_ A minitnc.rrt ol fl\e volts 
rlrop <.tn be ex,.-•r-le<L in th<• bmnch 
cirt'll<l. ,\11 ol th<'* \oJta~e ,-alues, of 

"'""""· vary witl> !he lmrling_ The 
resoli! is a mínimum <'olta~e lo thc 

-:;.~ __ ,_ 
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o 



i) 
1 

utili:mtion de'i<'<' of 4:!J vol¡,, which 
i• a \'Oltac<" •pTf•ad of about 11 Pf"C· 
cent. \"olta~e ,·ariation• of this rn.1~
~Hude ron seriuu•ly disturb !>r<>dU<'· 
•;on, 

,he Costo! Poor Voltlge 
l..et's look nt oome of !he inef· 

fici~nd"' of vmiahle 'oha~ .. in thP 
¡•lant <y:stem-in,.mdPnd<"S that dr:ún 
¡.rofit dolbrs mor<• r~pidly thnn 
water frum th~ b:Hhluhl. 

Every 1;--p<:> of ,•l••ctri~ f'<!Ulflm<·nt 
ut!lized lJ1 lh<" madern pbr.t Js d.,. 
•i~ned to op.-r.ol<• nt a specified \u!t· 
age. l>.ladcr:>tP \a<Í:ttioM from this 
d<"Si¡:n mita~" arP tol~rated. and '"''"" 
anticipated. but mntinuous etfici<•nl 
op.-<alion uf lwal<-rs. nulom.lted n"'" 
~hinPs, cmnpui<><H, nnd r<"clifvm~ 

<"quipment Je¡wndo nn consisten\ Jo~ 
oign vo]\:l.g~. 

Resistance Heating 
Heat \'ari<'S a• the square of th~ 

voltn~e. Take a t_,·piml con"')'<"r 
oysl<•m usillg r~<ist""c'· h<".llPrs tn 
dry painteJ ttmks An undc•,...ult.;_¡~e of 
JO porten\ r<•s\lll• in a diro>et hP"t 
loss of 19 peraonl. 'l'his """'"" th<" 
t:lnks will be t.1cky and become ,.,. 

·• 

fog. 2. S.l>emoht d;ogrom of regulolOd 
lootnkenle< """ •ub.,ohon. 

lndUSirta/ 
Power 

svsren:s 

j<"Cis or !he cycle mus! he l~n~thenNi 
1ñc addition nf mo"' hroter< ~o the 
!in~ merdy lov.Prs the \oÍta~e '" all 
he~ters ~nd the proh\pm sti\1 ''""'"· 

How would 1 h i• lw:ot lo..<> of 1!1 ['<'T· 

<'f'nt aff<"ct _,.,,.,, ¡mxluction? Sup¡n•e 
~·ou normally rould pr()('(';'< 50 h•nlo< 
per hour nt " ,-alue of ~50 per com
plNNi '"nk-that's S~."'-'0 of rom
pleo«i produnioo p<>r hour. Th<l\'s 
on an et1ic·ient sy"'em. On our s.'mplt• 
•ystem you r«n nnly proce» 40 tanks 
¡••r hour h.1«'d"" the 1~ perceul hc•nt 
¡,,.., resultm~ iu n pro:h•ction loso 
of S>Oü per hour-profito rioht d""n 
th., drain! 

Lot~tlng and Corretting 
Voltage Problems 

~i;-in~ up the pruhlem usunl\y rP· 
quiros a 'tudy of \'Oit.oge re"~ingo 

throu~hout !he pb.nl mdudinK in
coming ''Dil.:l¡;"- There are two re;o
sons for this: 

l. Volt.a¡:e eunditions m::ty chan~e 
at any hour. 
~. Obdo"' trouble spo!ó tnay not 
lx• thc mno;t ,.;,¡;m] in tcrms o! 
Jollars and nnto. 
The fiKUr<'!l in Table 1 are ba>t>d on 

""-rcful anal_vsi• of niOdern plant op-

eration and repr.-.ent hi~hly d""ir

abl~ limits for '"lt·'•~ drop. 
ThP ho.-st nwthoJ of sohin~ an)' off. 

,-olt,.~e probiPnl h.1s to be " """!'"~ 
mióe betw<'<"n '"""'"·" ~nd tnnP m·,.j¡. 
nhlf'". Here "''' the mosl contrnonlv 
r~port«l solution•. not n'-""""'-1rily 
in order of import.'""" or usa~~: 

l. Pl.ont.s ~row rnpidly, ron>o!Í!'Ml; 

more mpidly thnn the S)'Si<'ma 

lhat servP th~m. One ol tbL• •nlu
tions lo th<• \'olta~e problcm "'"Y 
be th~ s)nftin~ of lo..tdo frnm <>n~ 
!.roer tu onnthc•r. In other wnrrlo, 
b.'\ancin¡¡ th~ loads betv.wn <>Hr· 
and under·l0<1ded fet"ders. 
2. IA~ds •ueh 3S '""isttm<:e "~!de"', 
fuma<'f's, !.u~e high-<\.1rlin~ tnrque 
motors i""lnlo•d !<> sepamlP ¡,,,.,¡,.,. 
~nn he cwn '"""' r•ffcctiw. 'l'hL·re 
the voltn~<' ~ru¡o the.v "'""" will Le 
br~ely limitffi to !he conductors 
feeding them. These louds con 
ft<'Q\l~ntiy be led through •t>l"Cial 
low-r('Sist.'n"' hus\o:nv or mo\tod 
do""r lo thP lron<fnrmrr.to rNhn·e 
voltaoe Jrop :utd im¡now pt•rfor
rrumw. 
3. A pi.m\ •yotem >hould t"' ,·.,n· 
sidercd a> n ..-~""'C d!Slrtbution 
sy>lem in Í'-"<'11. A H>Í"'-ge rr~ub-

~--~-------------~-

r----r..---,,----·--,----, 
! •,"-lt:"':ll"'\1 
1 ·Y.~¡:'~ 

1!:.:! 

. ' ,;..=--:. 
• . 

.. .. .. 

1 "' ,, ,. 
.. 
• 

.. 

.. 

.. .. 

" 

•Ó 

o 

... 

.. 
' 
' . 

. 
' .. 
.. . 

. 
:: 

. 

1 

•' 

' 



tor ~"" lx> appliecl in the orune 
manncr as it is used present!y by 
the utili(j'"'· that is, lo C'<lmpen!i'lte 
for t·oltage drop. Rather than ~o 
to the ~xpense and trouhle of 
changin~ from a 20&-t·olt "."ilem 
to a 450-tolt syatcm. or rov.irin¡; 
the sptem "ith ]~r,e cable to t.:J.ke 
c:J.re uf thc vott"ge drop '"'"' 
cablin~) in prirmry f,._,.jers, simply 
add · " vol ta~e r<"gUl.<tur. Such a 
r<'!'IJbtor is <he lnductro!• \'O)ta~e 
re~ul"lor dt•sigm<l to rompcn&3te 
for t·olta~e drop tmd al the "'me 
ti.-ne n\aint.ain conot"-nl outpul un· 
der tlllC"'-" ing (.,,,d condition.s. 

The Regulator ltself 
Indudrot t·olta;i<" re~ulators are 

available for all 1""'·-t·olta;:c (600 
''"lt" atld [,..),>W) <"ireuits up lo 333 
cirtuit kt-a single-pha5<' ami !000 
drtuit kva thr....,..phase. 1loe r<>~u!a
¡.,, tS basically a varhbl~ outotrans
lorrner built in a m:mncr similar to 
a "ound-rotur motor. 

Dry•type indoction t·oltttge re~ula
toro hato b<'<'l1 widely US<-d to r<·gu

. lutc in~it·idu,) low-vnlta~e fet."<ler• or 

lndu<U~I v~lt~go tegvlctG<, d;v·tvpo <Gn-

•+<urt!Gn. w"h ..,ltd-•tciO cu!Gmctt< ·~-
t•GI '" IGcd• to 1000 ·-· ond up +o ~00 
,.¡ .. _ 
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luads. Thi• provid~• wh~l i< knot'm 
as indiüd~al feed<•r regu/arWn t>Clth 
the ""ltago on a particular fft'der or 
load b<-in~ independentl;.- and nuto.
m:J.tirn\ly rontroll..d by t.he ~i
ated regulator. 

lliduction Voltage Regulalors 
In Unit Subslations 

Anothcr approach incorporal"" an 
inductwn t·oltagc regublor m the 
]rn>;-toiLa~e ..We oi the load-a.nter 
umt sub.L,tiun. This pmvides whot 
;, knmn "' bus r~gulauon in t.he 
unit •nb.tation. or group fe~d~r re~u
lauon sine(' lile fo<,Jers lron> a ~iwn 
unit sub•tation are re~ulat~od M a 
~roup. In this way thc pbnt ore" 
..,,,.._.¿ b_v a ~iten unit sub.tatton c:tn 
he re¡n~hted indepcndcntly of other 
plint ;cre.'S tK"rv<'<l by otlwr unit oub
stationa. 
Th~ ochcmatic diagrom for eon

nf'ctin~ an induction volt.t~e rPgu
lator in a lo..,d..,.,n!Pt unit subo~1tion 
is >hown in Fig_ 2. The re~ubtnr is 
loc:.t..d in a re)><<ra!P comp.1rtm<·nt 
h<•tto.<~·n tllc tranof<>rm<•r nnd thc 
sw•lch~enr_ The norm:~l encl001im: 
<ase for the dry·l)'pe regulator LS 

Tobl< 1-Effotl• of lncdoquclo Vo\,.,go 

omitt..d. since thc comp:>rtment it
..,j( adequatt.ly houses th" re¡¡ulator. 

Areas Where Rcgulators 
Are the Best Solution 
e \\"ht•re une br~~ l=d or group ol 

loods "oin~ through on·0\1 ~·ding 
n•sullo in oiT-t·oJto~e lo other l""dl 
on the s:~me or adj:tcent ¡,.,.,¡,.. 
'ht•te the arljae>·nt lo,>ds may need 
th~ protection of t·ull.cl~e regui~!Onl 
-----<>• isol~tion). 

e \\"lwre the incoming •upply-volt
aoc spre3d i< normally ,.~de. 

e \\lwre a plant i• neat the uulity"s 
re~uLtlot. hut the lmU-Ietel pat
tem does not C'OrresP'>nd to the 
~cnPml lo.<d pattern. 

e When oP<"r~t.orS are actu.illy un
ablc• to pm.luce a "'tisfoctory pJ"od
uct lx•cau.<ü .<p,..~l, color. dimcru:ion, 
ami the like can'! be held wit.hout 
accurnte outomatic control of volt
a<e levels. 
Thc \Oft.,~e r~~ubtor can be !he 

~C<lt\Utnt'-'ll anowPr lo lhc tolla~ 

prohlcms m your r><""er sy>tcm lhat 
hc1bl>l•• the • <'lliriell<"Y ol your plan! 
trom :he t·olt.J~~ entrante riglot 
lhrou¡;h to the final product.. 
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~y f. J. 5hl•l0> 

By the P'"l"' ••l•o·ti"" •no! oJi""· 
'm<nl o[ >h<:orH!fru<l !'""''"'" J.,¡,.,_ 

thc indu-l<ial 1••~« '"''"' dc·i~n.c un 
<ft<et a time-cuucnt """d'""""" """""~ 
th••• dt'io-e< ~·hodo ach¡,.,., thc m»-

' ol 'in·uit •nd "lui¡•tn•·nl !"'"'"''""" 
>l<nl Wllh thc "'l""•mo"lll' ,,[ •m

irO'runlinuity. h """''"'"'tu im·lu<!.
llw- <On>id<wiun ul """'" .,,ntinuit,. 
oin« pr~lerti>e J,,,, comcclinati"n " 
1•n«all, a '"'"l""mi-• u .. ,.,., . ., lh< mu· 
lu&ll) d«irablc buo >Um•~loat ito<un>i•
l<nl goal> ol mutmum pro>t«tinn •nd 
mooimutn """¡'" rontinua~. Fnr O gr;al 
muy po~<r •!•t<m>, thc <optirnum de

l"' ol ~'"""'" de"" ,.,,,,¡,.,,,;"" 
conoi>l> uf >clcrlit< courdtou<i""• ~hel<iu 
only th< prnt<<ti>< de-ie< n<OCN thc 
loult 01"<0' to r<mm• a >hort oorcuo!, ancl 
dt< "''"' -u.,.treom·· prol•<ti>< de>i<eo 
T<mlin du«d. 

p,..,J!minU) "'"P" in C<H>rd!natlrm 
Slud) 

Prole<lhe de>i<< <nocdination ~hi<h 

l>.olan<« rr<>te<twn •¡:ain•t tho n«ci> o{ 
oeni« <onrinui" ;, aohic'<J ond mam
uin<d only ., rh• r.-ult .,¡ l<>llo~·ing 

lf"'¡ 
~ -.QD· . i#!. 

..A ··!:::l.. 

' 

"'· >'ioldo ;, on A,. 
.~ ............... ·~ 
""'"'"' Oo~o> S,o>om> ............. .. ..... .,. ... ,_ 

thmu~h !o cum¡,le!iom • mulli>l<o> pm

··•dure. He '""'"' '"~ i• '""''"~ "' 
>«Ufin~ a <>n•-line dia" .. m. r.~. l. .,¡ 
!he •)•l<m ou L.. <r.,cdinatr-d. The di>· 
~"m i- U>r-d ••" ¡,._, "" whido tu "''vrd 
pcttinent dolo .,,¿ :.,¡,.nnati"n '""""¡, 
'"" n-lay,, ,¡,. . .,,, lon·,,h,, fu-e•. ,-,.,. 
"'"' tr•n,lunn•"· and "l""ld<lng e<¡uo¡•· 
nt<n!. nhiie at the "'m• lim< ti pr,.id« 
• oun><niont """"'"''tion o! the r<l•
"""'hip uj t•irnut ¡orot«"" ¿,.,;," one 
~lllo anulhn On the di••rom ~j[j be 
rnrecocl the 'rl" and/n• rotino ul oll the 
¡'fot«l!'< d<'i«• ond &>><><ial<d equi!>' 
tnent (.-..loy•, air«t-a<tinK lrip., fu..,,, 

''""""' tran•furmers). 
The "'" '"~ ;, to ,.,.,,¿ lhe im

¡wdan'<> ond lloe raling• .,¡ lloe rnoJor 
•i«u<t equil""'"'· induding t ran<lo<rnen, 
rot~ting marhtneo, eoble., r<oclo" or 
other <Om¡>On<nts ~lcich conlribut< In 

ur influenco th< nu~ ni •hooo.cir<uir cur
""'- U-.,. tloN ompcd•nce '"'""' ancl 
roting• •nd lhe .one--lm< diagrarn, • 
•ho<l-<i«un "udy i< 1hen m>cl< to d.
l<rmine th< muimum and rnini"lum 
ohon-drcun ''""'"''- .,,;¡,¡,¡, at any 
l'""'cular p .. inl in the ""cm. 

:. ,urolror '""~ ;, lo o.>;<crtoin the m.,. 
imum load '""""" whi<h ~;u <>i>l 
under norm•l operatin~ cundition< in 
oaoh o! the po~•• '"""" dwtit•. Tne,. 
muimum load cumnt!. tu~<ther ~llh 

tll< m"irnum .horl-<iccuit <utr.nt>. dc
te.rnmc the lu~" •ncl up¡>rr b"ttnd•ri« 
uf current '"""'itt•itr ~·ithin "hi<h rhe 
dr<ull prol<toti" de,-k., mu>t operote. 
To narru..- lhio o¡><rating "'"" to re~e<l 
th< rcquiremonto for muimum prole<· 

tiun "'"'''"'"' ""h ""'" c;mtinu•tr 
ol.-rnand•. 11 ' ' nut·•·•" '" h•>< a J.nQ,_¡. 
•dge of th< •P>"<-i>l "'"""'""' prot<C· 
tion r«¡otir•m•n" !or •r«i•l condotion• 
~h~o-h mu>l ] .• ""'"".,j tn .tf<elLn¡¡ ""' 
"'d"'"'""· r: .. m1.b ,.¡ '"'h ue"" """· 
,¡,,. :'-iationoall:hlric•l c .. ,¡., teo¡ni«m•n" 
¡,., '''' ptnlcoti"n al <ab(.,, moto!> on,J 
lr•nolu<mct•. !loe \m.ri<"n ~t>odani re
o¡ui<emcnt l•or thc protwiun o) '""'" 
l<·rm<rs, lh< ellcct ul lral<•luttn<l 

"'"~""'""~ iroru,lo """"' "" '"'""'-'"" 
J.,¡,."~'"''"""· the starllng current ond 
ae<deralÍnJ limo ol !ar~c mutors whi<h 
tn>y afft"<t prot<<ti>e d"i« .. k<-rion •nd 
,...ttings, and lh< lherrn•l limJiaÜun> uf 
Ji,tributi.o" &nd utili.arinn cqnipmcnt. 

,\l•o, tho "'"""''i"ic time.cumnl 
'""'' ol oll the prole<lh• dedce- to be 
ooordin•t.d mu.l be nbooin.d. The<. 
.huuld be plutted on "aodord log-lo1 
<oordonotiun paper to laoilit"< the eo
ordma""" "udy. 

When the,. preliminar¡· >tep• in th< 
o¡ue>t lar <oordinalion h.,e be.n com· 
plero:-d. thrn th< ""'"''uy p1perwor\; 
otud)· (th< mcchoni" ni tuocdinarionl 
¡, undectahn "' a< hie>e o ,.tilia<lory 
d•gree of ""'"linotlon annotJ~ lhe '!'"'" 
prol<•"'" d.,i<., .\t the cumpl<tion ol 
ti>< coordination >tudr 1he theordicol 
achie>em<nt mu" 1>< lrtn>Íarm.,l 10 
real.,,, h) '""'ll>tion and •cl¡u•tment in 
!he ficld ,.¡ thc ¡<toper pr.,tcotile d,,¡.,,, 
Finallr. lhe roordination ~hic·h h •.• heen 
aohie•.d mu•t be pr<<<"<d and m•in
toin.-d ond, •• "'""""'Y- modifi.d to 
l«p p&<e "ith <han¡;<> in •pt<m <am· 
pononl> and Ja,uul. 
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' ·•¡n¡w 
·m ,.,"1"' '"1 ""''"!'"'" ~~· ,. >t••t 
¡>oJOOJjn¡..>oJij O">¡J-•t•"".~ O I"O<>ld .. J 

01 .•• , •.• '"' '"' ''"'1 p>ll"'l .... ¡J-... ,~, 
"1' J" ,.,,_, lf5'" •~'"1' ,, lUT'od r~~

"11 .,,.,,¡ \'OY "~' 1" ""·'1' 11"" 'P"''I' 
"'1' pu1 "'"'P""' ~"''''"11 •.•P ,,, .. 
ÁP]ol ''""!-d .>~1 JOj ~"'""" dn,>¡ol 
"'""P •'ll 'lU·"'"' "'""'J•>l<'ll p•u•J 
''"'" '!' u ql ,,,.,, "" '"1"' ,,., 
·••• • " ""'~" "' 1>< "-"'"P ;,.,,,.,¡ 
• 1" ,,, .•q< '""""'' :>:1\ •ql '"~""1 
l¡O»o> <l>[ ,.,.._ u¡oUl lo; .I¡J,.IoJJ 

• ;cq ""T"''l"' ·¡~, '·"'!ó: -'""'"' P""l 
·1[01 "w"'J--'"'' '·""!' "' '" l'"'"'!P•! 
'! ·¡: -;!.:1 ¡o -..¡d¡.•uud >q1 o¡ •u¡p•o>>o 
·(•1'" ilrwo.d •qo "'1 •t~•~·u• ~"!"" 
dn~J;d "'"'"""" ''1' "~"'1' ""! '" 1 "" 1"1 
''""' >qo '".:1 ·¡ ''Ü ¡o "''"'' ouo¡J 
¡e¡Jl<npu¡ >1:1 Wülj U>,'l •1 >J0~9 .oq1 
jO 1>'0! 1~1 Ll U0,.P'l•011! JU<j -''" >lll 
'""!""'P'"'" ••ll~l•qn• 11°0 u•·•><o 1" 
""'""'"11' u• '! '1 .,.,~~ '"~' '"P"0,... 

•'i• puo '''~"' """"'1 "P "-'"~'"'1 
p->>»p> ><¡ -"'"' q>!q~ ""!lou¡p~<><» )O 

.. J~>p >UO •'lrll•nll! '"1' ~·· '¡Á~j>l) 
>l)«lp ''!1-•>1<>1<1 úeuJu<i ·'4!-'"'' O 

·~·~· .,,~"4 ·r ''"~Li '"''l"P •·!'-"'' ;"JJ WO>)hl ~~~~ '" WNII>ñl¡ "'IW tptM 
"!"" "'!' , .. oi>'l•"·'!'"l" "P "'" '»!'·'P 
.,.,,,.,~ i:owu~ >~p"'h ~ ¡o ""''-"'1» 

'-!' '"'"'" '"''"'"'i:' 11 ''·"'""1'""" "'11 
'1"'"'"'<1 "'"-"1 '"'""'!"1" "'11 P"' ''!' 

"P "'l">IOIÓ >41 """~l>q d'4'""!"l'' 
1'"""' >4• <1uo "'P"""' ( ,n1,_¡ 

'"'!>~"!P""'J '"'!'"'''1'" ¡¡u l 

-""!"""1 l•nm "''"P "''' 
__ ,.,.,,~ """"~ '""''"1"'"" -''1' 11-'!'1~ 
"!'1"~ >UOT "41 •-' •m•~ >111 u¡ '"'-'"·' 
"~"1 pu• '"''~" "1' "''~1"'1 ~,,. P'P"4' 
"'l.l ·z "'.i ,, ""''"1·""' P·'' "l" 
"11 1"1 """"'"11! " '"'""' \~\' 'l'IJ. 
"»U•p>dllll l•W>~)oUOl] jo >OI" '~!>.'·'• 

,~, "' 'P"'"''"'"' 1""'"'! ""'" 1'"1'·'"'" 
"ll "·>uopu¡~ "' ~"'P"!~ '"" J" 1'"'"''"' 
oq¡ uo 110>1p Uoll< • I">J<IUI óiW!I P'9 
-¡,J< o'") <lldu¡ '""'1'!-~ P""'''l"" '" 
'14' "1 ''""' """"!'"~" • "4' •d>mb 
_, •p¡q~ ·p••r•••s ""!""'1' ·~' 'q 
P'P""'d •! ""'' "'1' uo '"!",¡ "'11""\' ·¡: 
·~!.i ·;¡un> hlloUl-'1 ¡>ddn uv uu 1U¡<><I < 

·•"!'"'"''!' •!'ll ''""""' ilowpd p>on• 
"'""'!'""" '""'!' Jl<q·" 1'"''""' ""'1' 
m-o>J;I ou ""1" '"'""' • ,. "'"'""" o¡ ¡» 10 1"1"' ><¡ ¡onw "·'!"P ÁJ•w¡td 
•q• '"P" 1"Y'"I """'!-' i1opuo '"' u¡ow 
• ¡nu~¡¡~ "''"''"!'""' '"1 )u>W>Jonb» 
1:):1~1 "P":J I"'!""IJ 1"'"'!'''\ "'1.1. 

'"'""''" '"" ""'" -'·'""~ 
"'!'"'"'d '-'"''"!'"'" >q¡ q"q" ""1-"1 
·z -~!.-1 '•""' ~"!1!"'!1 "~"1 • ""~··P 
'll''"'q "'·' ''"!'"' ~""!"''1 """1 ""' 
,.,~J. '1'"'""" 1'(1 "'1 1U>Hn1 I>Wl"l 
->0'" P""' '""'!' 1'1"!-' 1" '"'1"""'" 
"'11 " ""U" "" "" ' ·""11 1'·''"~·'"'! ·'""1 ~ 

-,,,o.,~ ''""!' ''"P'"' .. ,,.., o• ,,,~ 

"••~••~••·• o.,oo-•,•o '">"P '""""'" ''"~"d "~"l''"" ••o NOUYU40 IC. '""' < <>U 

..... o .. " .......... _..., 

'""""' '!'
0101 

"" (q P'~'"''P ><! '" 
... ,..,¡~ ¡ou m. ~"4~ ''") • '"!'""1"' 
•q !'""'"1" •! ""!"P""' ~""""'1 •141 
'">W'"I'""'' uopo¡•qn. """ <npuo,.,. 
"''-"l:l ¡•»••~ P"'"l '".l .,,.,.,, 
_,,,, -·~· ~U!7!"'""-' )IUW•I "' P""'d 
><¡ ¡.nw ~>¡q~ )U>IIn> qonJU] ~U!'!IóiO 

-••w >~1 •j 11'-"1] Jói~OJ »qlOU\' •>¡• 
•1'<1" ¡uu l•UUI >>i>.>p -'10\J>]<>tri 1H>1l00 
->><o Á:OIO!!¡J >ql ""1"' l)>!4~ •OI>q 
''!""1 ••~o¡ • '" P"'" m• ··••¡d .. ,., 
oq¡ ¡o ""'~" ·•Wll hu¡ "4' "' ''"'""" 
"'c11")'""" ¡>'!>!; ·~u¡ddu¡ ¡noq•¡~ (¡<no 
·nupuo• ""11 "' ""''"1•"'" >41 ¡o ¡u>.< 
-•n• 1'""1-11") P""' ''''1 " ~"11" ,.nw 11 
''-'"''"!'""" 0 "1 P"'l'"'• •¡ q"q~ """P 
"'!"''"'d "'""1'" "'1' , ... ,.q\1. .,..,,.) 
·•ucn '"' 1·"''"" 4"" ••!'-'P """'"'" 
0 _10 "'"'""'P'""·' •ql '"'"'"" •n 1..-¡ 

'""''"J'""'L q¡¡ .... 
-"!"'1! "'!>'-'""'1 jo> ""!IHU!P>"'-'] 

'O!'{l 

''"'"'ll! 11!" •'1·'"'" '!'1' "' "''"1 "]'lwo 
-•] ''"""""'" """'· wnw"rw pu• 
""!''-'""·' wnou¡•~w ¡o •¡•o~ >¡l,.ooldo 

"P "·'·'~'-''1 P·''"il-' "·"'1 ··~ '"'-""'d 
-wm ''""'1'!'"' • U>q~ 'uu¡l>uTP"'"" 
"'"'"i'' •••1•louo> ¡u 11001• ¡utod • 1• 
u.,,. "·'IJ" 11!~ ·'P"" ""li""!P'""" "4' 
"·'>l>qll>"\ 'P-'"'-"' 4 o¡ >1 uop•n<plo 

. .,,, "1""1" 1! '-'1"""''"'.4' '""""' 
·'"'!' "·"' "·'·'~'"'1 ''!" 1'111'"1' ''"1""'•0 

ou '" "U ···•!'"· "' ""!'"'-"!" "''!"'P 
"'""''"" .. ,, 1" •'!''!'-'"'"~' "'1' .... , 
""1 ·' ,.,¡_ '''·•1 ' " '1"1'1•!P '·'1 ''! 1·'~-'""q> 
'""'"""-'"'" 1" '"1'1 ""1'~"1 >q¡ ""4• 
'"'""' -~"1"'"~"1 "' P-'"'~'~" >q 11!" 
·'11""'" ""'"'"!1"'"'' ·''!'"1·'' '•u"!''"ld 
-<i• ''"1 "1"""' pu• iop• '"1 ld»q 

-ou<>ll•"~"l' puo '""''" 
·•In '·"''-'1' ''!''-''"''' "'1'" 4LI-• ""'' 
-•u•r,.-.,, ''!'""1" •p~ooJ•l PI""'!' •1q¡• 
.. .,, •• <pnm " ,_.; .,.,,.1'"""'1 ...,q, 

"'4"" ·'"""" ,.,,, '"!'·'1' '"""""d '41. '41-'01 "' puo '•IU•W"'!n!l>¡ >po:j 

1"'·""'1] 1'"'"''.\ pu• P"P""<; "''! •J,1WI' 'lu>W•I¡nl» 1" ''''"11 1•w»q1 '¡U» 

-Jn> ""!""'"'"'""' "'"'""' un>m-¡>oq< 
'""'"' PNJ •~\ "1 I•>U~•P "''"P"""'l 
"'" ""''1 ~''!'!" -'""11 "'1" '"1 ''""' 
.,11,. >111 uo l>q¡ouo >UD uo >»!"'P 
'""""'d •q¡ "1 r•·o<itu¡ '""''"!"'!1 
'4' '1"" "'" •"!"~''·'·" ~u•q''"'" "U 
'IOid qJ<I~ "41 "" 1'41°0• l>Ulr.i• >UO 
]''<l>l"lll >lH oJij»l> )" -'110 ''1'>< >ql jO 

'·'""' ·'"'"'" '""'1·' "'·""', -""'' """'"' 
·~· q '"!• '" '"1""'-' .. ,,, 1'"• '"·' .. ,,, 
.. '""' 1"'" 1 '.' >~ .. • '' """'"!P""' ' J" '''"" 
_ _, '"1 '" ·"l.l · '·'" "' '"'!'"" '!''""-' ,"u¡·~"l )" 
'"'"'1' -'1'"''" -'1;"!' • "" '-'"'·•r ,,..q, 
1" .. ""·' .• , .. ,., ''"'1 ' ,.,_,,,._,_,,!, •q• 
~"!"'''" '" r•w -,"'""'"·'"h·•• ""!' '·''"'" 
'"'"'"!""' '" ''""'" '"l"'!""'l q_>¡ow o¡ 
'''"" l'"r"'P"1 """·"!•· 1" """ '11'!'""" 
.. , •! "!'"' ut '"'1'·'P "'!''-'''"" ~"""'" 
""ll'"'P""'' """"1"'"1 -'" ""''"" >~.L 
""!l""!P.,'" 1 ~"!"!'1>\ 1" u¡u"'f>>\~ 



Th< <hora<t<ri•l~ '"'" o! th< _\1(-2>. 
400-am¡•<r< f"d" c"ito'totl ¡,,,k., lrad 
to b< dw-<n "' •• to alto" fuU-foaJ cur
r<nt to he o·arrird m th• +00-Jm]'•r< 

..... ,. •hile .. ohe .. m. l<m< r«•<!•· 
~ •• mudr a; P••OJ~lc •ele<11" ,.,_ 

ordinali~n •llh ti>< pmn•r> r.l~) a< lh< 
h1~h« "'"' ""'"' •.tlu•"· Til<· .. ,.,,. .,,.1 
"' 1"••<-• tr><OI• tlut thr•c non•li
ti""' ""' ¡,,. m..t .,,¡.," • -l(){l•m¡•o·n· 
Tqoe H:-:: td¡o. •oth • pÍc~up ·rllin~ ,.¡ 
110 P"""'· anda lu,.~-tin.c d··l.n ch"
a<l<ri"i< ol th< iut<•mroli"< hp< •• de· 
fined b) th< :'.L\1.1 ~'"""""¡, ''" L<>~ 
\"ol,.~< Po"" Cirouit Brea~'"· Com
bined ~ith tlt• lono-time del" on rhe 

fr<d<> bt<ok<r i- an '"'''"''"'""' rhar
ort<ri"i' m to ¡oirl. up " thr· .-on••ll· 
tional 12 nm" trip-ooil rati••- '" .;al)() 

'"'!'""'· ft"m rot•<l ¡,.,,~,, '""'"' up 
to !he hi<htH al&itd~le l«~<r >hotl· 
eirru<t c·umnl it i; appa""' fr"m tl.e 
cur>< plot• <il'l ,.¡...,,¡_,. cootdinalOon 
.,;.,, ~"~''" the lr·<Jcr ~"'k" onci th• 
primar¡ rda>. •~ that a leed" laoll J.,.., 
not op<,.t< th< 1'""'"'" ,..¡., '" ,¡,.., 
do"n lhi• >ub-tation and llo< cotn¡>.aniun 
unil• <upplicrl Jn,m rhc '""" ¡nim"' 
!e<dor. In tloi• conn«tion lh• da.h•~ ion<" 
at th< hoc ,1 tOé feed•r cin-uit J,reakcr 

tim•-current '"'" "!"'""'' the u•u>l 
l~ por<.-nt mar~in reqonreJ lor .. locll•· 
itv h<l"«" ptÍmBt) anJ ""'""''' pm
l«<Í•'< d"'k" fur •ito~l<·pho>e hnHn

•• fault• on lh< •«uncl>t> ui th< ~<)<-
:,. <ran<lorm<r>. ' 
l'he •ob.tOlion m•in '"'On•laty <Ífnlll 

bruk<r ¡, >ekc<crl '" olio" fot •hnn
tim< o>trloaJ•. or •ub-<oatiun or.,•ttun 
.,¡,¡, fan <o<olon~- and ;, ra.-d lfoOO am· 

pr:-r«- Th< mam lor<a~.,·, ""''""""'"' 
eharact<ri•ti< i• '"""" to ¡,, ••IWi>< 
"'"" ti,. f ... clet ci«uit Lrcak<> in thc 
long-time "¡;iun. oncl lo Oaoc •· lo~ '" 
inOlanlatoeou> ><ttin~ a• the ""cut and ''l" 
pro<<>• •h•~•· pn"ib), undrr thi• '""" 
ditinn. Tite intrnt l' tu ach">e a •••· 
i;la<lot} <Dmprom¡,e h"""" !he ol.
j<<li><• ni conlinuit¡ ol •er>it < lor th<. 
•ub,Olion during feeder loult•, ond 
"'"imunt >~c<J ,.¡ ~t,.le<lion f•or thc 
oubolotion in tloe n<nt o! bu• lault< 01 
<OUt•<. ~h•n Ín<lJntan<ou• Lnp< ar• 
u...! on tb< main br,..l.er. cumpl"" 
,_.Jc<ti.e <<><otolinaLÍon ~•th tho l<«i<r 
cirruil br<•~<r< ¡, ""' ochie>ed. 

Th< """" ,¡ Fi~- 3 .,. ""'"'"'"" 
lÍT< ol lh< ¿,,,., of coordtn>tion ond 
prot«lion och.-"J in man• iPdU.,riol 
lo~·•olu;e ""'"'' fmm •h• •ubmtMt 
f«d<r hre>hr• <o <he pflnt>r< m<lal· 
dod bre•hr. Th< "•mple <hn~n ¡, lor 
a "full, rateJ"" >ub•tooion ~\lh m;ton· 
ton"'"' lrip• on •11 <he •ul><-wion drcuo1 

••hr.. ll '"" be ,-,,n<iJ<tcd t1 ptcÓI 
man,- •uch suh•oa"""' "ilh re<p<"tl 

10 tlo< oo<'r-•11 '""'"""""" H3bli·h•d 
&hHml the ,.,,,.¡ ptot«ll<< d<>i<<>- Ao 

• 

•U~~<•l<J «tli'l. ll ;, • wm¡oromi-< .,¡ 
ubjr•, lne•. Mthrd ot ,¡.,,,.ha oml .,,,.¡ 
<'rtor f.ttin~ ond plolling ol <ariou- ,;,;,,_ 
""'""' <h.oro<!<rÍ"Í<> ,,,.¡¡"¡,¡,, ll1Jl•lo
tn~ one ""h onother and ol ... ""h lhe 
l•oundn¡ r•oint• ond linllting o·ondlli"'" 
.. hich Opp!, lor c<ch ,-imoit inl<tru¡•ler. 

~;.,,.,. "'" ,¡,"'"'' "' '"""''""""' ~¡,;, lt ;. 

"''"'''" '"" "'"" ''"' ¡.,, ''" 1""'"'' 
"1"'"';,., .. 1 " ''"";, "'·" ,, .. ~··· ...... ,, 
¡, a molt<r .,¡ jud~ment. the numlort .. 1 
~ml,blc co,mloi".oti .. n< <>1 '""'''''""' •1••· 
•Í<<< ;, hmitte. •. n ... lurth<r otud. •nd 
"'""" «a.tin" r<~,.¡,..me"h lut the ''" 
l<m ol fi¡c 3 mighl r<-uh in lh< -<lec· 
tion "1 a <ilffec<'lll '"mÓÍliJ1Í"n ol tione
o·umnt <h>ta<t<r;•tt<• lo repre.inl lite 
Je;ur·d cu,tJJ""''""· 

Tbe Primar¡- r<l"' and main ...,ond>rv 
··~routt bre.ol.<r .,¡ Fi~ 3 "" •<'iecti"·lr 
<..,rdin•ted only for ""'"""bolo" 6'JJO 

"'"!"''"' and , ¡,.,e lQ.óriO ""''"''"- r'""' 
th< •Í<~point ol oenk< continully on <he 
o·nmpon•mt ,,.¡.>ldtion• icol b) ll" ''""' 
prim•n fc«ier, contpl<t< .,.¡ .. ,;,. <o

'"'lmoti,.n 1"''""" tl.e>e t~o pr•Jle<'ll<e 
d<"l<<' mor be ol mojor im¡Mttl>n« lo 
.,.,;J t:nnoces;arily d.-cn<r~"ino !1"" 

""- ,_ 

"'"" ,,.¡.,,.,;.,., l"t ¡.,,. buh' o! tho 

;,.,¡,,,.,1 '""'""' .. 1 ..... "" '"" '"'" 
·Ulion .. \1"". lor •«ond.,, l•u• lauh• 
~,.¡, cutt<·nl •·olu"' belnw 6•1!0 ""'""'" 
and a f.,, th• mnirr>nm pi< ~up ui the 
Íll•tdnl>n<ot« ";1' "" ,¡,. I.,.J., dr;·otit 
lotc•l<t. th< m•in ...-.·ondo" br"~" 

'""'' ~"' loot "1"''"';"" ol il< lun~·lim• 
,¡,.¡,. ,¡,..,, ... , '" ""'"" ,,,. ];"l' .. ,.,¡¡_ 
""''- '1\o,· ,¡,.,, .• ¡,..,¡,_,1, in tlw ,,,¡., .,¡ 

IU """'"'¡, an•l "'"'"· ar• tuno'""""" '" 
rc-olt in •erinu• d>n,.¡:•· lo tlo< ·u~'"'¡"" 
'"'ondar) «ru•pm<nl. 

Th< '><'l<'<lt« Suh•<•tinn 
lmp'"''""'"' '" ,¡,.. ¡,,,¡, Je,..J ni pro

t«:tion atlordecl b1 lh< <<lb!,IÍon '""" 
<ee<on.-la,. ,.¡"-"" ~te>hr. al.,ng ""h l 
hi<h<t de~r<< o! •~l«lioe ;ourdtnat¡on, 
moo he ochie<eJ b• ><IWi<>n .,¡ th• 
d<"« ch>ra<t<rÍ·lÍ< lÍO'<<Urr<nl cut< e< 

,¡,"~"in Fo¡:. ~],>e • ,.-/wil'/_,- <'MtJi. 
nal<d '"b"""'·'· ll•re. lhc l«dct eirouit 
h•o•~« ,-l,orWeti•tk «lt>e ¡, th< ,..,. 
•• in Fi~. 3 iot thc lull) tal«! '"b•lation. 
He main ><eunolorr t'Ítcuit lor•·•ker. ¡,.,~. 
""· ""~ h0< a •horl·tim~ delar el<ment 
to repl" ,. tho in>tantanc<>u• trip element 

""''"' n •~""' tt ••o "'" 
~oH'P'I .. lOO 

-: 
' 



' >1[1 »pun •¡un >pmt >q J•nm '~"!'"' 
••!••P >1)1>>\oJd u¡'''"'~' 10~1 '>>~un¡ 
'1"'11'""' 101 ¡n~ P'"'"·''' IU>w~¡nl» uo 
U><> ',HU)l "o JO ~lO~ pll><iW<I >q 01 ]QU 

•n '~""' .. •>¡•>¡> »¡lmn>d '"~' ¡ouuo; 

-'>d ""'"., ""'" P"" """'"'"!' """' -u¡ 01 '! do , ;mu»u>]•ldn• J>~I<>U~' 

"'"'"'d¡n~• '11•1'od 
~'!" '1"'" '" >¡~¡··"~"'! 'li''"'" •J•q••d 
!" '"''""'"'''"' "1"' "'! "'"' p¡>g • .., 
"! '"'"''. "'"'"~~ ''·"''[' """'''"d >ql ¡o ~"!'" pu• uo¡w>q¡¡<> ''"'"1 
"'"''" o o >u 1' >q ,.,w "q l 'P'""I"d.•J• 
•q '"'"' "''"'' <i¡H '""'""""''uo >q1 uo llUj)OI [!O> • IW'l i!•q·o·pu•..;>•g 10 ')UOUJ 

->¡• "I"P """-~""1 ,11 uo dnV"' '""' 
·•n• !"'l>l ,,,,.,¡ OH " 1'"' 'p>'!"b 
·•> itu¡m• ·~•-»d• ••p 'p>P>[» "'"'l 
"'"[ '"1''1'·'"1)'? ¡o oinoJ J.>•IOJd "1' 
ql!" "'"!'"' "'!"P ,.,,,,.,d "'1~-

·p•>¡nl"' •q Á•w 

"up01 jiO> ''"'!\ O<J~~~ l! 10 O>W!l JOOj 
., .. "l' ~]Jl •nwu~¡uo¡<U< >~\ JO o~U'l 

-··· ·""'"' J -~'"1~ "" 1'"'~'1' 11!~ .,,..., 
·••~ '»JO~->~!;.>J. ·~.L -p••"->q !ow 

~"'"' 1'"' "'"'" '~1'"' "' 'l' "'"'J '"" 
'" -~"''"' 11» ""''' '"!" 0\ '""l "'"'J 
-~~.,onfr• j]" < )<<fl]O '<h>1 h]l'P-\>>Hp 
P "" ¡·>>]UE oJ " ilu,o•J 110' •o\U]l '!' 
¡o ~U]ll>' ,¡ H <m'"'"''""'"' uo J' '"''Ll 
--'1'""' oq 1' •W '"''''"·''!'''"' "'"''"J 1'"" 
lU><-»J l>-'' > <>l '''1"1''\>nlpo JO J~U>' 

l><luJd o ~1!, ""!"~ "!'""''d ¡o ""!"1 
"1"'"' 1'"' '""·''1'' 0111 .,,., '"J '""' 
·<»>u ,,. ··1>~• """'"''Jddu; ·¡l!l"" 

"'"' ""'"'' ••q>r ,.,¡.~ '"1'""" ".1. 
l>"-t u¡ i><o•OIJ. WU1J 

-,,¡,,¡ "" '"'1 ,,_ 
w>¡qold 1""'-'" >~1 p.><¡o• "'1 ·~ """~ 
""!""'P'""' .~utuo¡d JO-.,.,.,,~ .,"l 
puo ¡n.> .. >1 ¡ U] """'"!!"""·' JO "'~'P 

·••q• p•q><>l ·•q "1 u•qn -"'"''' '""'od 
""" •!'1 "" '1'1"'1."·" ·• •·'·'''"r "'!' '·" 
-uJd ~uowo UO]!YU!P'""' ¡o'"~-'~ "~" 
l'"f 'P'"P <>; <\"! '."•UJ;lU_, UO]l"'J'll 

'"P l•M~ 1-"!"'"P'" "1''' '' .,.,,, '1''"' 
"1 ·~"''" >~ 'II""""''P""J "' uoun¡o; 
¡o '"i''""'" "'i' f'"" """1'1'"'1 ·"1' '''00 
I'"P!'!P"! '! "\ "»J'"I"'""JI• 'IP"~ 
'"'1 "oUOt\011 'FUI f"'PO 1" »JP'lU>•>J•I-'< 
.JO!'-'""'" l' '-')<ILU.X.I 04_L '"'"'"!""' 
''!'"' ,,,,,¡ """"']U\<1 "'1 >l<'>¡• .>~1 

1'"' '""""' ,,¡,.., "'"'·'·''""1 '""'"'!"''·' 
P"• '!""" ·~l .,_,_.",.q I"""D' •1 _...!'" 
~.,,.,, '"' ·~·p" ,_., ,,,, "! "'"!' '"' 
'"!"!' '1 1'-' ··!~·'" """""'!"'"'. ,,,, '·'1"' 
)" "'~"!' "1' d>UC:·U] '1'"' u¡ ·¡•.•l•n 
"'1''""' ·"1 ,,., '·'"'·'1' ""''·""''' ''"'"' 
1" ,.,,. -·~· ..,,¡ •• q•!'i" '" "'" "'"" 
'" .... ~, " 1' '"'·"!'"' ""'"~-'") "'1.1. 

• 'P"" '·'' 
'"! PI""' •1 •·"'"·' '1"'1 "11''"' "'J "">1 
'"'"'~ '"~"'1 "·''·' pur •lJOH'I )" '·"'" 
u• "'1 ""'·'"!!'''"'' ''!''"1·" ''"~"'"'"-' 
-.~., ... rl"1'"' 1" ""Jl'"l-'' '·"''""' ·"1' 
.iq 1'"" "'·"'"""'"'!" ·'"-"11 1" ··~·" '1''" 
l"ql ""~' 11'" 1 ~'.l 1" '!'"1' 1"1"'-' 

000" '''"'"" 
'""'o•• Q ~ .... " -• 

... , .. ''"~"· f'0 "'"'"'~"' """"P'DO> 'I""""J~, '"1 ''""' """""'P'•~ IN1UnJ•lWI1 > '0" 

1' ,,""'1 '"'""' ••p»J ••11 uo P-"" 
"'l p¡nm """""1' '""'""""''"' pu• 
"1·'1' .••• ,,.~"''[ ·"ll '1'!~ "''!'"""1"'"' 
Ul lU><Il-'j-' ol•n iPjdp JUJ]1·1JO~< • '"!' 
'""''1" "" •1' -,,._,,1'!"""·' '"~'""'·" 
"""' ·'41 "" 1"·""'1' .<r¡•p """'-'""!' 
·~' ¡u P"' •~,""'1 '""'!' ••r»¡ ·~· 
Un lll-'"'-'1' >lU>.mni\m),UO J~) )" •-1U]ll·" 

dn1 ·~·1 >~1 1upul"' iq '"'"!' p.-~<><UJ 

-·r '""'""P"r J' ·•r•w .• q 11!'' 1'1"!"' 
''"·""·''"'""'' l"""!llPI" '"-'1•'1""'\: 
"•-'-'!"1' >IJO »10"1 ••fow >q1 '"l -'""' 
·'""''''·'"'4·' "11 1" ""!"~ 1'"" """ 
·>->¡•-l"l'"-'. ''1 .,~ .. p '''''1""' p "' 

I'·•;J·>p'• """']''"'1 '"'!" 'll"H ·ill"'"IL'"' 
"'""' "'""'!"'" 1"" ,,,,_,,,.,,¡ "'""' 
-]'"'" 1" ., ... , ·"1' """"'·"1 ""!"'""h"'" 
"''11·'"·' "" ,,_, __ ,,,_, ''1'-'·'J '"""''' 
., 1'"' "'""''''l"' """ "'P""'-'' 'i'" 
•!!(;1,\0itt . .,,_,J<~I[ ·'<111"1U·•·->1d.oJ r '") 

! "'.l "' 
11
~"'1· ''"1''·"'"•·"1''"'"' "1 

..... , .. ¡ .... '1"'1''"'"'" '"''' 
.. ;, ·''''!"'"'·" 1"'" "'""''' ·"1' "·'-'"'·"! 
""''""!'''"'' '"ll 'll'"l '"'! '"'"'""" -""1 
.. , ... "![ ..... ,,, -'1""!' • _,,_,,_,,,,, '1 ... ,. 

., •Jl'!'-'' ""'1' '"·' ''·"' 'JI ·"'!1 1'· '1'''1' 
"'111 "''"'"" 11'..,! ~"[-l<j ''"""". ,, ... , 

J" P""l """"" .(¡>m>JJ•-' uo '"1 ld» 
·•] "P"'"'rl"'] ,,,~.,~ ""~ •<4 "., ... q 
'"'-'"' '"'P"" ''" "!"'" ·"11 P"' "1>' 
ilPW]HI •~l """~'"! ~Utl•]<> UOJIOU]p1n 

_,., -~1 wq1 ""1" 1'"'"" "'1 1'1'"'4' 'l 
't ;l]j "! d]U 

>Wti-U"~' "1'"'~ UtoW "ll JO >•n >~1 

"1 P•'"'"'""l' '1'''"1 ""~ •<tj ~ '3!.{ u¡ 
~~D~· •OIJJ¡ '"'"ü'IU•O•UI 1>1<>11 UUH*I• 

''1"' ""' "'fl "'""'·"! ·-'''~ '""'"''""!! .. 
"'l' 'l""" '"'1'" u¡ ···~•·"'1 '"1'") -'q> )" 
<in poi •nn>UP\U.,,U] UlOWI\PIU •41 >l'"l" 

,.,, '1"·'1 '"·"'"' '"""1 "'1' '" ''1"01 
''"! '"] UO]l"l"'d ¡n p»d• r•·•>J.o 
_,, 'W"'" n "'!'!'""' ,,,,,,_.,,,,.~, 

'·'1"""1 'm"!·' ••r•·! 1"'" ""~'""'"' 
U]PW -'<1' In .. ~"!''-'U, ""'1 O >ql "'"J\lr 
'l"' Uf 'liO>H'I"J"f !''10Ul)'JO>OJ> (/-'""'/-'< 
.JWOU "1' ',O '"-'11 '•[<UOWI>\ J•,•>lq 
'!"-"!' '·'P·"'J ""''''"'J"' """ '41 1• 

"" "!·' ll"q• • ""'P"I '"! '1"-'""' ''""P 
.,.,~, ¡o ''"1"' 11' '"' "'!1-'"1"' -'P''J•I 
...... , '"'1""'1'!"''!' '·'P"'' 1'"' '"r"" 
._,,-,.. ""'" -''1' -·~•w "' u.o.IO( ··~ '""""'!' 
'"·"11 1" 1 '·'JI' 11•·•·"" ·"11. •(p>[~!l-
1'-'"'-'' '"! "·'·"1 -·~ ••t··· '""'!''' -·~· 1" 
~•><11-" l"lr ""'!'"'1' pu• 'f'"" '!''""'-'''' 

. . . 
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oup•f'i•ion of on tn~i""' "' olh« quali· 
"•d indi>idual. 

fin•ll). •in« almo" all ind~•Ui•l 
po~<r ., . .,,.,, eh•·~• .. ;oh rim< in hoth 
<quiprn<"l «>m,....otron •nd in prorwion 
•nd ,,,...¡,. conrmu>l> "~"'""""'"·''"ir i• 
"'"' .. ')lo,,,;,~ rht "'"""¡¡ prorenwn 
plan pm.,lnllr •••1 ''"1' " ol"""' .,¡ 
rht tim.,. 1\"ht11"'" o·ondnion• I<~U>r< 
"· rt•d¡u<lment o! prot<cti" deoke ..,.,. 
rin~• .Jtould O. madt and ch«ktd. oith<r 

• 

~irh tht ai.J ni '1'"-i"llv •bigntd ¡•ort• 
aLir «¡uipm<"" ~hrdr '" ,,.¡¡,¡,¡,_ '" 
~nh rhe aid o! -.pri¡•m•nl and r.chni· 
d•n• ,.hich «rlain '"''"'"« com~ani.-. 
.,. re~d· to ¡•to·.;,¡,_ 1\ hore · .. lli .. foct"" 
r<a~J11•1mtnl• '"""'" lw modo in rhr 
forld. rtplacen""' '""'""" ,¡";,,.,, 
b"'"' "¡,¡,,_,.,¡ ,,,.¡ ,.,¡¡,.,.,¡_ ,¡,,,,¡d 
¡.,. urclered and in•t,.]J,.] 

Onl• ~h•n all ''"'' •ttp, h.l't ¡.,.,, 
ac.,.;mpli,htd-tho pr.l>mina'l O«Umu· 

lation o! dou an.l inform>\""'· ,¡, '"'" 
aml-rn '""'"'' o! ~l<>tting ¡ornt«<i><· 
J'"'~ charocr'fi•li< mn·.-. th- dtti•ion 

•· '" th< d'""'" oi coordin.r "" "''"'· 
'"'!· rhc 'l'"ifit>Iion nf oho ¡>.O!Iocubr 
,j,.,¡, . ., anJ """'~' '"l";,..,J, on~ rhc 
periodit re '"mitoali<>n uf pMtt'lion 
,,,¡ ""ice '"""' ¡,. .. ;, > r•·qmrem• nt•- omh 
rhen ~ill ""'''lin.Lli•>n of P'""''"" ,¡,. 
•k., be >t<urod b..oth m rhcor¡ •nJ in 
r., .. 

:) 
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Primcry lOne overcvrren! pro!ection, boávp zone pro!edion, 
ond relcy sc!!ings mus! be con.idcred in 

Industrial Power Systems 
Proieci'ive Device Coordination 

Part 2-Medium-voltage Systems 
by G. W. Wcl•h 

Th< d.-<lof""<nl of • ooorrlonat!'l! ~,-.,. 
'"""" P"'""'"" •_l>t••m f.,, ,,,,¡,,m. 
\Oh>f< indu•ln<l 1'"~" ·:·,tern< ¡, ¡,_,,.,¡ 
"P"" th< "me ¡,..,. princ~plr• ,.,,¡ Ap
pro>eh "' nu1!1n•••l "' l'm l of ,¡,¡, •etie< 
.. hi<h UW• 1~~ -•oh;,- '' ·t•m !'fOO.tt>on. 
Ho~<>et. thoro ·'" J,ofeoenc~·• '" pl"l"'" 
ph) of o•«n,.rent protectÍ<>n kt•een 
th ... ·~· ,.;~,, l<>h·~· ""''· 

Due '" tl.e """' ;!'<"·'''''' ""' .,,,¡ ,. . .,,¡ 
tnÍI)' of l<><>toon ,f rreJo"m 1olt>"" ')" 
tfm tOmp<•n<nh. prflmed pr,.tioc f'TO· 
,-,cl.- th•n• ,;,;, lbo ,,,,,,¡,., ''!'""'" 
"''""'""' rrnt«'"' •)•''"'' bh<r< 
proctir>l. Onr ""'' '"'''m, th• pri'"") 

"''· w •.•• ,, •• ~ •. ......... '"''"""· .. . 
••••·••• ,,w ..... . .. ~ ............ . .. .............. . ,. 

r:::::~;b 

(nr ft"l >nU<I ftln<!ÍUolo ·" the pri"'·"Y 
pro,..ction u~.oimt hi~lo >hort-drcu,;. rur
rent>; lh"<fo«. 11 sltnulJ bt- «r; f.t't. 

·¡¡,. '""" """""''"' !''"''""'" .,,.,, 
tlo< b.lclup rune. fun<tion•;; ¡,<lup pro

''"inn for ti ~e rrin"')' "'"" onol ,¡., ·"" 
tu deJt IA<IIt, n<t"OIIILn~ •n """ nol 
'""'.,¡ h; the primuy 1one prooewnn 

1'''"'•'! 'l:<m< lho.cur«nl 1'<<>1«11on 
Th• mher<nt ,_..¡,..,¡.,,.. nf d.!Ter<nti•lh

rnnn••<'teol Curren! Tr.o;(,fnrme" m th~· 
•iiff<t<UlÍ>I r<l>1 in~ ochrm~ ""'l" ¡oo;;,\.le 
len fu,l .• ,,,.,.;,. s<ttm~•- .\.• oucb. ,j,f. 

':centi•l rel.o" are j,!-.l!o '"'"" fu<. •nJ 
•• .,¡ '"'"'';<ly m. ~o.-dnptno doe fif't 

rono• !''""'"""· lh •irlll' ni th" inherent 
.e!«t" "' ... ni; " ; no~l"'IP' of th< •;•lfm 
•o<Oin thr prut<et<d """ '' '"luirod. 
Outsiol< '-"''"' J,,,¡ Jneo not """""lly 
olf..:t d,ff.,entiol ,.¡.,. •rttin<'-

Thr .lco.od ni 11" f'""'"'l '"'"' <hii<C

'"""J reb;-mo .- mo;!.., l;por.oll; "l'PiitJ 
tn tl1c \'"'"' >)>tem nf Fi¡:. 1 ltho '"mple 
')'""' tnLrool"ceJ in r.n 1 of ,¡,¡, _,.,¡,.,¡ 
i• •ho"n in fig. 2. four ><par•t• dlff<r-

,,,,¡ '""" ·"" e-L ,¡,¡;,f,,,¡ one [,., e.och 

m•in tr>n·form<'- anJ on< f ·r e<l<h 13.8-~' 

¡,,, '""""· \\'hen > fdt "'""" ~""'" 
Ull)' """ of tlto>e d•lhenliol lun<> tho 
•••oc;.ttJ doffrreniÍ>l rd>l ><1• to lrip 
nnh· th• ""'""'" l•r•••er; '" "ol>te tb< 
ton~. The '"'P"rl~n<• of 11-• 13.8-l.o- bu! 
><<lÍon• of tltis '""'" ~·•ul.i nomulh 
.. -.orront tite "'P"""' p•ot.·<Li"" nf th.
o·olt•;<·I)P" Jolferenll>l relo;'- T~p< PI'D 
"_,lon~n in l'i~. ~- Símil rh. th< '""in 
,,,,¡,,, ... .re o! •uch ,,,. •nJ '"'P"'' 
unce to ~"""' th.- b.ttrr protwion o! 
h.trmnn,.·,¡l\v r<""·•Íned Lcon;forH"'' ,¡,¡, 
ter<nti.ol relo)•· T•p< BDD .. \ conlp-.moon 
.,,;,¡, on p>g< 2\J ""'"''" tit<>< t•o 
I)P''' ol "1'"'· 

llo<ku]> J:om· Pro!o<liom 

Tim<·o•·ercurrenl ,.¡,_,. '"' th< ore· 
duminot• •en•i"• clrment· u-!'11 in' J<-
\o•lopill~ >he [,,¡,·l"l' tutle ,.· prolcctiun in 
m!'l!oum·'~IU]t< moluolfiol¡o~er <)•"'"'· 
r ...... •hido .. mo.,.ll· tln •cn;io~ '"" 
de>ring prot<e"o·e lu.octml·• ln one de· 
ment, •« •l•o u>«i. Sd«h'") ;, not ;". 
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••• , .. ·······~ .... ,~···· ., •••• 0'"'01 '" •• 
'''""' ,.,., ''P"•"'""'' ••••w ''"'1 ,,, r• '""""'f' .. ' ... ,.-unnnou~o lWH• • "" 

-Oto~> r'" ""·'"' '""""!'""' tunw"""' 
l'"!tol>oJ f''" '"l•tl'mm¡• IUolln>-OUUI 

!'""1 ""!""'!' ""'1' ,, '1·'"' ''!'"'1 .:"" 
--······~ .. '"''!''"![·""'' .,,,.,, ... ,. 'l"·"'"·' 
"'1"'1 '1"! 1'1'1'·' .. , ,,.,-, .... , •. ) '"1'""'" '1·"·'1 
'!'"'!' ""'1' '""""!"'"' "'•"''' ···"'"' 
""W"'I''""J 1" '"'""!,¡ !'"'·"" ·''"J<'II 

••u•r• ;. •••H" '""'"!~'11 
uu "~1~11 JU~sm.>H>t) •uru•.; 

-~ ·¡ •! " 
~•r:.q ru• "1"' !lOII': •• "H "''1"' ,.,~; 
.""1' ''!".'"-' "'J '"''"J "".El" 1'"''''''·" 
·~1 '1UJl'" >:tCt¡o><-miHf'><U JOj ')OPWU 

!"!""'' .,¡., U!<O·]U "l '""l<¡n>¡r.> 1"-'1 

-•o• ''" "'''""'; ,.,,,_,,..,; ... ,,, "' r··•r·l 
.,jo '''1 , ... 1LI lc'I"J P'jlO 1 p 'I'!''J"JoliiC 
Uf ~-·""'J' '""JUflll"l'"llj :iHJLP• "·"1.\\ 
'j'HJLL-'• ,,,_, LU,<JJI'Jl-"H->Hijj Olj (11'·'"1' 

!"•" "' "'""'1'"1" 'P'" 1" ·>1""" "'11 
·¡u.>uou 1'·'""'""" ;, ._,,,[' ""1''"'''1 ~"! 
-l'l"·'l'-' '""m>'!"-'"·'-"'"!' 1'"-1'""' "1' 
O>IU~ ·¡u.>UH.> l!""!'·UO'I' 1""'·"""'''' 
'" ¡n_"' "'1' "' ""!'"'' ''" ¡ipo""l-~ 
'" '"'1-'' "~""'·"-""'"'"'' '1''~ .,,_,,., 
•>j W)Lf ,,. 1•-HI '·' 'j ,_,, 1'""'-'1"' ~·u-u.>• 
' ..... ' "' • '·" " • ""· '"' ' ' "''', " 1 \ ,_., ' .,_, ' " ,_, "-' 
., '"'1' , .. '" ,., .. 1,., ... 1'"-"LL·"""''' , .. _,_,. ·"11 
"1 '1"" '"'''"" ._, .. ," "1' '1''"' ··''!'·'!' 
·'."' "'1"" 1' '!"' '1 '·"""" '·'1·' ·'"' .,,_.,,,,,1·' 
"'1 '' 101·'"" ''·''""'""'I'"'I'"'''S-"I'""'./ 

"'"""' •'ll f''.""' .(j"J"·'"'"' 1-''I''I'J'l'> -"' •>JI'J''I-lC"'I-' 
·'"'·'1'-·'"1'·'''"'1 ""P" ·'"' "·''Jl··'"'l 
1'-''1'!1'1''1'·' '! 1'"'1 ·"JI .. , '''""i" ·"!"!' 
''"' ,_,,,,,,¡ ·"1' 1'' . .,,.,,_,, ''"''1' '"·'JJ"·' 
-·""'' ·"1' '1''"1 ·"11 1"" '·'·'"~" , .. ~ ... 1 "'1' 
"·'·'"'·"1 '"'''1' ,,,,,.,. ·"1' """1' '"·""1' 
· " " •· ''"" 1 1' • '·"'·•· " · • "" ,. o¡ o • . \1 -¡u !'I.L 

-.;., .• , 1'·''"'1'1'-' 1'1-', 
'"/1''" ··-·~··"'! '·'"''1 )" .>-0\ "'1' '1'!~ 
1'''"1"' -~1 '""' '"""'1'1'" ""!' ""CI ·"IL 
"''·'1'' "'1 "'"""' !'""·'" : 1'1! 1"" "'"'' 
""01"·"1" '·'1'·"'1 ·'1"'·'-"F'-' '"1 1'"0-•·
l't u J" 0-''"""11' 1'"'" ... , '! 1'•''"·'11'"' 
'"1' '1'""-'-'' 111'11 •! 1-''"'"'" ''1" '") 
""'""11' 1""'" "'ll 'l ·;f!,l "! I''I'·'!P"! ·~ 
''"'1"'"' ·'""1·' 00' '" ,_,.,.,,,, ""'1 ·' ·''1" 
""' "1' J.' '1"·'11'"'" 1 .,._,. 1"1"''1 ''!" 11'" 1'"'' ~ '"\ -'·'1''"'1 iq_>I"!"'·•P 'I;".J 
'-"V 1·'"-"'""' w~ 1 ·u-: "'1" ''"'"""11 
·e 1"" 1 -u_-:'''~"''" ""!1''1'" 1'!1' "'"""" 
JIO. li'"J '"11 ¡u"'""""."" "'ll ·~ -oj_j "1 
'1" '""'·" .,.._.1 ·n1 ;,.,.,..,1, ~"'" _,_.¡, ,\Oj-'' 

.OjJ l·'lJ' (fjl'-"" "l ·'"\') l''l' '''l'> "'JI JU 

'""'"'" 1"""''""-' ·"11 ! 1·' "'' '·' "' ''1-'H 
., .,,_,_._.~ '!·"'''"·''" "'1·" 1111"'" '"•'/"' 
'"1 "'"""' 1.~. '\')·'"'·~· ""'''1""·'1"' 
"''" '"' I'·'L''!-'""'-L" •'''"' "'"'''·"1" 111 '"J 
·'1"""' •"1 ''"'" ·""'''"'11'' '·1"''' .,.,,.,,,, 
"'""""'" ,,. "'"'',·" "'""' "1 .. ,.,.1 ".,,,; .. 1'""'' ·''1' ""'".,,, ... ,[,le¡ 1"'-''1" 

• '"' ~uuodwo> lq P"1'>q> <pp•" '! '•'-"1 
-.»1"' •wn-:iuol 'l"""''>-""1 'L""'I~noJql 
1!'""1 11'" -'""''''1"' ""1' '»JI'!"P• 
•J<q> \U.,JnJ "WI\ >ljl )" o>jLJW'-'l"' 
'' r""'"-1" ., -'""'"1"; J' P"' 'P"I" 
,. '"-'""P •"l><lc'IJ IU.JJOJJ>.Oo->O>o~ 

·>ll>\UI JO ;,d 1! -'"1'WJ• .,.q_\l. -P"""S 
"UOTl<l>pj•UU) l>pUft >>]»p >~1 _iq 

p->¡:>>ooJd ""'"'1 ••u•uodwo> ><JI ¡o -'"l'qft 
-~> IU>J>n:..•>JLL >ql \q pJU)WJ>i-'!' >Jt '11 

"""'! • '""'"'d .,,,,,,,,,m¡>'"""",_."'" 
""-"'P '""""'d '"''•"' """PI >pJ; p•o¡ 
Jo¡pu• '»Jli"-'"'"~> IU•UONWI) p>OI 
•"{1 .iq P•""""''P '" """'1 »Jl»I>S 

' \¡1 Oj\-'>j·" 0UJ"JOI O \OO~l!~ 

'lq"'"J •0 -"01'" l>< '11"''" '! ~u1lm I'!P 
-""''>u¡ '""''•' "'"'' "~' '''1 pu• iu•u•• 
d" "1' -'" "'" ·~• "' •V ''""'""P" ·UO> ""'"'"'d pur """"1"' ,,.,.,.,.,~, 
·~1 ''"!"'""''"'" ""'" 11 .,;;,:, •• ,, 
·uoq• ·~·u<"""' o¡ ,_,.¡ . ., ~·~~ ,.,,,.., 
·><>ru> '""'"'-""'" •'{1 -u•m'"'-1 ;•¡;; 
'''"""""'"·~'_lo"""' .. !"~ .. :u" 'U ··>"nlodul> \Un-,wuf<l JO 
'! """'"'"'d """'•-lloq• >1·¡••·00 o•m•¡ 
U>~• '"/P"' P"'l"'"' "'" •>ji'J"""'q> 
'""'"-'-""'" "l'"'';••r ""1" -.. 1.!"'."" 
~"'"011°) "'11 "' 1"'"""11' ,. '"'!'" "'" 
-'1"-' »l(l Oj HHJIJ'"> Uf 'ttutLJ-'LOid -'-"1 
·]'"·1·>•0'-" "11 '"P!'"'J •! "' ~""'•' ·''1"-' 
r ~""l''H''"" un >'J"'I' '"'1 "1' " ÜT\]\ 
'"1"' _,,,.,.ouo¡ ,,.,.,,_,,¡ "'11 ,¡,, """01 

"'ll '11'"'.1 -.¡""'1 '""'"' "!'"'"'d pn• 
•lll>'l"' >WJi•I:uo¡ "'1' mputu>uo.m I!Otu 
LO ·~;n; ,~--,u¡•l Uul¡euoplu->O O>fl uu 1 
-Jn> 01 ,_,.¡,, ~"~ """'-'-'""!' ¡u;, 

_..,,, ·~· '""'''""' 1•'"'1"'1 ... •> ""''""~ _,_ Jq '"~'' , .. .,, .. ,.,._,,,!, "11 ''1'"''1 
'\'i"'_,_c,; uoqii"-·•]Lll'" 'l'l'"dtllOJUT 
'11"''"1 ""'-'"'""""'J ,.,..,,1.,,¡,, puo 
"'"'-''/" '"'"'1" .. ,_,,.¡, '"1-"'""t '""' 
-JH,>J'I" 1'·'1""1"""J >IJ."I"l11 1(-J'"l 

''·'1"" "! ·"1 ;,.,, '"'"'''"P!'""' 
-''""1 -""1 • 1" "·'!'·'• ,. ''"1 ""1 '1 ·;IH "! 
"""'1' ,,,,,.;, ·"Jl J" ...... , ·'·"'11"''"""1'"" 
·"Jl '"J 1'·'"'"'"""'·'1' >•¡ 11'" ·""P"'"d 
'"IJ. '·""1"""'1 .1 ,,,.¡,1,,¡'1' l"l'"·' ' "' 
!""'""'' ·•! ''""' '"'1 --· '! '•'1' ·'•"!' "' '"'"'1 

•~.•~¡ •••oo po,o>•P•' •O, ,..,n •• 
... , .... , ........................... , ..... . o¡•o¡ ~·~,.•~ •• UlN•M<>ll• 1>'11 1 <111 

, .... ..,, _,, 

• 

' 



"""' luJ•hoo nm·t 1.- ,,¡,).j,.hed. ~Ímol.,. 
l;, tho "p1<>te<-L"e"' lm11h •ueh "" ,¡,.r,,.,.,l 
lo¡ tho• c;,,;,.,, .. lllel ttÍcJit:,.Jo• l•l•erc OJO• 

pli<a~le) ,,.,¡ lnoO<ÍoJn ~und,,.l ,\ • .,.,.,,. 
tÍnn prut«·ti"n '"I"Ít<n><•"·· cte .. •1'""1'1 
j.- ol<lemnn.-.J ¡,., tloo ''"""" •H<'In .tnol 
"ni ¡,,, Ínn '""' 1"' ,., . ., 1· . , 1 .-. "" ,¡.,;,.,,¡ t ""'" 
' " 11 .-nt 1"' ,.,,., 1 " ,. ,¡, ' ' ¡, ' ' ' ¡.,,. .. ,, ' ' ; •• ;, ' "'" •1 
1""" ¡,., •.. , ... ti .. ·-·· 1'""" .• 1 .... - ti .. - ... 1,-•. 
,.,.¡;,,,. "'"11.1"" o l .. - l"'"l····•n·· '""''"· 

lt ,. ,,].,. "'" ,¡, .• ,,,,,¡,. 1' ''·"''.di "'1" 
,.¡ all ,,.¡,,, '""'1""'''1 ""'1 ;,,1,-"·'l 1·•··· 
l"í;. 11 oon ti,. "''''1"'"''"" ,¡;_,""'"" '" 
fao·tht>t< o¡uocl ""'"' ut •11 l""·tl•le teb~ 
p;clul'" jiN p,.n t:T <atÍoh) •lu·n' th< 
.. ,..,J,,,; ...... ,.,, . .lf< ,¡,.~ ... _<,,¡, ·' 
,.,¡, • .,¡ '"1' ., .. ¡, .• 'n,_,¡,¡,., "'" '" "1'"'' 
,¡,,.,¡-- '" Ll ... --,1' ..... ,,,. ,.~,, '''''"]'· 
.,,,¡ tiiU> f"<mot• .1, "'"'< ooiuc,ot•••l 1.1p 
o<I<"Íon tlut ;. ], .. •nhj.« ''' , h-'"'" J· 

tO< cvorclm~non •tuol~ P'"P'""'· 
l"in•lh. ~hcn mote thl" no< •_l•t<tn 

;oh•~• l.ocl ;. ;.,,,.¡."¡ in • "''" ,.,_ 
norlin"i"" ~IJOtJnl. th• .¡,,.,,_,¡,,,, '"'' 
oont•, prc•t«tn•· .111d "·lo·o'Lit• ''"I<'JIL 
lirnll•, an<l tJ¡• "'·"'' n1mnL. '""'' l•• 
«f<ff"l '" • "''""""' ""'·'~"' IoN '" 
1""'"'" Jote. 1 •p¡•l"'""" ·u( puloli-loeol 
ool..¡ time-o um·nt ,.1.,,., to•ri·tt<·. lloÍ• ¡, 
"'n.ll) th~ lu•o·•t ·~·kno tult•::r- im"l"•l 
in tlo. cootdtttotiutt do•~""'· 

TI,. fnllo•ino •l<p• outl1nc o t•ptr>l 
"I'P'""''I> tn '"'"'•OO•'t• "'"'ltt to·lo~;n~ of 
Lioc nocoiiUt•I·H>h.o~·· '""''' .,¡ tl1• -.,moplc• 
•Hcm ,¡ l'i,;. !. 

Rdo~ ~wln:• ¡,, ~;.;n.J..u non•· 
¡.,,..,., l"•<olrr on<l '""""'"! 1~1111· 
"'"u,,.;,.,,; •. 4¡ 

·"' r• '"· 
' n, "'' o "" ,.,. 1, ,,,.,¡ ro·h-o ti, 1" 1" ~ 11' 1 , .. 1 L 
¡,_,.,. ·'""""""" 1:1 a.,, 1 .. 1. ,,. ¡,,,._,,,., 
.1 ... .-.1. ¡.,,¡1 lt• ......... '"""¡'""""" '" 
,..,.,;,.., >IJtt•IJt•l h•n•lo"m" im¡.-.1•'""' 
óPd • tcp«·o·nt•tno· !"'"'"''~ "·"'"" •hn<l
eÍ«ull <-'!•"'''~· ti"· re•ultmo •ltnrt-<Í«UÍt 
le,.!- -m ·'' ;.,,¡.,,.,¡ .,¡,.," tlor l.nttnm of 

Lloo ""-'"'"'"""" pi"L. 
Stop .lo . .:!-t:.lculooc ,lmeoio·.nt "'"'"1 

,,.¡ ,\«no·i•tÍIOn ,,.n,fMmrr -.ti""",¡ 
point• 1,1,1 ¡;;7.1~-.0H.II~l.lll<l c;,oti.,n.tl 
t:l..otr«ol ,;,._¡, ¡SEC IJO.J, l'J."o')) prn
tcrti-. lomi". 1-"'"ll< th"" f><Ji"" on tho 
''"'"donot< -n ,¡,.,~""'· 

S1rp ,\,., ,1-L.-.coto tlor irotu>lt timo· 
cnrrcnt ¡mmB l~r tloe "'"'''"""1•· ¡,, 
ttJo>fotm.r• ni tlw ,¡,~ ,..,-,,1.,.,¡, e~~ltt 

timO> nnrm.ol c11ncoot ol 11.1 "''""'' Í• 
u,u..J!, <•lon "'"o -..lwi;o l""int ~hich 
mu•t r.:: kl,.• th< ,_,.,,f,.tnt« primo<;-· 
ocl•~ oh•fJct<«•toc-. 

Y<p ,\"o. 1-1" '"""~ tl ... t J,...;,,..¡ ul<t-

OIG. $, COMPA.ISON Of !H' •U.v "'""o+ »o <wo boio< <yp• "O-k• ¡,,o,., ''""'"''d '•• 
'"' .. omplo ohow< '"" "' 10-~•o ''""''"-' ,.~odo•r "'"'' '" "' " •• ~1•<1'•• w"O "• 
J 7J mro """''"~" 1ood.,_ 

ln.ool< ~ill 1>< ptetntottod •otl .. out o.tn•>nttO 
~<·l.o, lrippio~. ,n,Li,,oto· .,.,1, ln.,d le>cl< n 

tln· l"n~tinw "'''"" ,f ti" '""tdirutoon 
Joo~tJm •u tl .. t .o--oo"Í·"<J t<J_,~ ''P' .. 11 
nn\ ¡,.."'l.-In~ the-o <OIIt<t•t 1<><1<-

-'"•r ,\,_ .i-!:.,.,¡.¡;.h tcln up ,.,1.
•hio-h IIO•hc.oto· tho· ¡•••<t--•·km <m<'nt 
¡,..,,.,,,¡ '" ·' ~~ ...... 1\ ¡,_,_,., ..... ~,,,..,¡ 
bit lo tlw ''1" ,.¡ .oll n·l.n•. 1· , . .,, '-'1' ,coh 
,,,. ·'" ,1 .... ,.., ,¡,.. ''']' ,¡' ,¡, ....... ,,¡;,,," 
rl .. , ¡.,, ''" ,,¡""'"'' c:1 ", .... ''"""''"" 
tho• n>< ,.¡· •tJn•l.tnl ;. tn Ir.'"'!"'" """' 
onercotto;oL td•~· ~;,¡, "1'" Jt l.~- 6. O. 
10_ l~ •n•l 16 •m¡-~ 

;,Jrp .\'o_ o-D<!mntn< tho ,.¡,. ,ettin=• 
of <>cll Z ¡m., .-.lt 1«-Je< .-l. , .. 1 ,., "'" '" 
an•l clarit~. onl~- the frcol•r :,;,¡, Lloe lon_i. 

,., ,;,,.. >rt•l hi~he-t ""'""' '""""""''"· .,,¡, ,.¡,;d, tlo< •u<e<eolin• ~roWtno de· 
o·occ• '"'"' Oe -•<l«to•e. ~tll !-< t«>teJ h<« 
ancl on f i~. l. _\,.nmÍn< th• 1 tt<< ( IOOJ·hp. 
indnctÍnP~ moto; Lo t-< tht· d<t<rmioín¡:. 
loocl. ~•whli•h it< '"""'"" ·nt dtar•d"~ 
i>tic nn tll' c.-.ordinat .. >n ,J, "''"'· lf10 1 
in,Joc,ltt• •L.Il lln' C\n '"'" ol .¡, '""'' ''"d 
o Ufto•Jil f,t f11e 100011•]< duri1 ~ >J;f[m¡: and 
,,,,¡ """"' tl«reofw.l -

,\nomalh·, for o mnlor col tOi• ,;!<. • 
tlw:-omol ,.1,. (><hirh •rl"••imll<> tho 
mnt,.r·h<JIÍn~ rhua<L--<Í>tt« ~lth ir.•'>n
Wnonuo otiJ<hment ;, "1'1'¡;,..1, lhr tf..,m,l 
ol<tnrnt i• •o•t ''' j><"moit' .... ,¡,.,, ¡,,,,- !O 
]"'"'""'' ''"'"'"""" ,.,,.,¡,,,¡ ¡,,_,.1 ·.>r. 
"'"'"'_,_,,,.,¡ ,.,,..,.,_ r_""' •IJ nf f,,, l" 
thc oime """"' chor.lOt<rt·tic ,-,( ;uch • 
r<lay ond ,¡,,."¡,¡ ¡..,.,¡,.."o o th< ,¡;,.,,.,.,, 
c;ot< th•t thi• char"""""'' !"''"'"• h;;¡, 
shofl..-!ur>tinn ooerload> on :he motor •nd 
is "locti>< btth ,¡,, •P'""' 1 mot<t ''"''
'"'""' <lt.1fO<teri.:oc. Tlt,- ""'""'"·N'" 
atta.·hntertt Í! "' ju't ahm< ti" .Xp<Cle<i 
mnimum o.¡ rnm.tricol mo\1 r-~lmong CUt· 
r<nl haO<ol on 1.6 off><l 1-•<lor •nd l.l 
'Y"<m • o\to;:e Í•<!or _ 

Sup .\'o. ~-S<t 3~00-~• o tr>n<formet 
>econdlt~ hr<•ler relo~ (2). l'•p .o.Je 1~1-
fi¡_;. \, 1ho~• that the r;l'.' "P «lection 
po!!tlothtiooore '"";""" '" the : •.• 6-, and 
8-am1• tap> to "'"'""'"'"'' ,, c-onlinuou• 
lo>aJon& o•r-t~iltt• of ot 1"'' 1.33 t<IT"• 
normal tt>n>foomer """'"' but not to 
H««i th< :!.:> timo" notm•l ,o,;EC litn'<a
tion. R<pnile" o[ ~hi<h ot th.,. '-'P' ;, 
«:ht<oi. """'" rrotectÍOI! tiooe ,.,ult< 
when a tim• di.!" cho«n ti " ¡, «lectM 
WLÜ\ tite l.tt¡e molor-f<edor heim,ll relao·. 
Funloermoro, t!m •lo~· pl•lt-ctton ~di 
ne<eo•orilr b< r<fleot<ol in th.- ''up ,,.,,,,-· 
..,¡,,- •tUÍnOi that mu•l b< •<lectit< "ilh 
rot.j- (Z), li~· ~oin~ to , tine-o:!hl ""'"-O 
th&t r<tulto '" thc mimmom ""'"'"" 0.~ 
«cond to 1n•ure oelerti'Ít< at "'"'"'""' 
(Bu o q o¡mmotrical hult e~ ront, the pro· 
twion tim< could be re!lor; 1 tn thc mtnÍ· 
mum &t th< co" of foto<Oirt~ "loclí•it)' 
with tolO>' (lj•ithin, •m>ilean•• of f>ult 
euonn~ 'rhe re<u!'-' of >U<h '" '•rrrooch, 
doem.-d p<~fenble in <hi• ·•••· is illus· 
tul«l b, Cune t~) embl;. o«l h¡- ti1• S. 
a:mp ,.¡. and 2.1; timo-di.! "'""O· TI.< 

' 



lu~lu·•l '·'1' ~Hiun ,.,. .. , "l,•d 11""'' ".,,.-1 
'" mi!'ln<i"· lhc ,..,,¡,,1' 1,.,.,,.,., ,.,.,,., 
(1) ,,,¡ 1~1-

-"''1' \'"- H. ~--• .17,;,1.\.o.o lt.oll·lnr"•·• 
"""' 1-rc,,l. .. , ,..¡,, (.1). lh .... 1.-· .. ·~ ,¡, 
n¡l, 'nf 101.1\ , !w.wh·n-11<"• .ol""" '·'1' 

''"'; (.lj. il ;. ·~•U 10<'"0"1-""•\ ll>.ll ¡],e 
rio\<l·>ll<p l•i• ;. thr ln•e-1 olool ••11 1..
..-h"" ··•1· ,]., "'""• •ll ,,.,¡ 1!1 
.,,,¡.,.,,,lime-~,.¡·,,,.,,, ... ¡,,.¡, "''1"'"'' 
nnlo "'"';"'""' ,,.,.,., __ ,., Únu· (11 1 .,.,·,-n,ll 

'"' "'"''"'''~- "' """"'''"' .¡, .. , ,.;,,.,..,_ 
Thr , .. ,..¡_,,,..¡ ,.,.,, .. ,¡,_,¡ .,.¡,., ,;,..,, ~ '•· ol--• 

j.,, •ullo<i<•nl '""'""' '" "'"'"' •1-I<Ctl\ih' 
""1' p·l.w 1!1 "" 1111<' '" ¡,.,. l.u1il•. lt,•n·. "'"l o:•¡·.,,n.,., ..• 1.,,,,,¡,.,_.,,.,. ,_; !".,., . .,, 
mn" • Olfl«ll ''"" to•ld\ 1~1 ¡.,, 4 lonr-ln
lonr r,,\t "" ,,,_ ¡,._,,¡' -i•l•· .. r ,..¡,)- 1~1. 
-in<r ¡¡,,. ,.,. ... 1, lt.r "'"''"'"''" ,. i'I'L"''"'' 
oh• '"" ,,.¡,_.., \ ¡_,,¡,., IJ[• 1"'"'' Llln<-
,¡,_,: ·'"'"" --- .. 1·1 ¡ ........ ] •l ... l ....... ].1 
'""'·•·• 1"'· 1 ·~ti"" """' ¡ •. ¡ ... "'·"""""' 
\!.,. •: -~"''"''"''·' .¡,.,,_,¡,..,,, ' .. ,. .• , 
·~·1 ,¡,., 1 ,., •• -lid·•" o l .. - " '·" '"~ ,,,,,. 1 "" 
l~crll 1111'"'""" 11,·,. t: .,,.,;,, . .,;,._,¡ '"'' 
..-ni ,.,.¡ oh• "''"""'"~'"· oO\>ol•ment 
''"'"" ""~"'"'· ,¡,¡. "-~~~~--~·· " "'" 
,,, •• 1 1""'"''' ~'"' "' ,¡,, .. ,~; .. , ~~ 
>n<IC,I•r<i i<•\o, 010¡: ton><· ot 1'""'' r'UIIr·nt<' 
tller<i'nre ,¡,, ,,¡,.,,.. '"'1'""'•1 .,.,¡,."~di 
'""'-''" undoon~C<I. :'-utr ti .. '""ltuo~ 

•o•ttou~ ;. _.¡,., "'• """ ""' _¡_;;, . ..,, .. "·"'" 
[,.,,,.., ¡,.,,.¡, 1'"""· 
llrlar •.tUn~• f,r 1 ""d t'entrr .r<der ,, ;~. ~) 

'"'!' ,\n. ,, __ ,, n·l,, ill. lloi< fr···l··· 
,,.¡_,; m1H l.- •ele '"" •ilh ot• ¡,.,.¡ l'r<•
l<•li<<' ,¡,.,¡,.,.._ "''"¡""- ,,,,. """ . .,¡,_ 
,,,,i.,n<·l "" ti,;. f<,_j,., mu·l he ,.,.,,,¡,, 
"·'"''' ¡,., '11"·1••"• ,.,¡,,, 1,,,, I-cen rlct;,lo•l 
"' l';n 1 •illt Lhr ''""1''"-' i""\'"'..-1 
-euu" ni ,el;; ( \1 .. r r .......... p t.rp. !r hm< 
oli.rl. on•l -'" iu.t""'""'""' ..-ttin~ .,¡ ~~ 
'""P'"''· 
'1<-u-\l\ 1 IIAI!,f<orruPr '""""~·~ 
llrluo. ::;¡ 'rrU,.~ ¡1 i~t. ,;) 

'>~•r h. W--"•t n·l·"' (.'•l. R, lhr ~•mo 
,.._,.,.";"~ ¡:i1• 11 m _,,;.1' .\n q_ ,,11 Li.e 
1·····1··· ,..¡_, .,.,,,.,, "" ¡.,, ... , .\ ·'"" 11 '""'t 
¡,.. ,¡,.,..,millroll .. -f,,,, r''"~''''"' ,,,1. rloe 
·•·llin" ni"'"' 1~\ .. \ .. nmon~ tloc "'""•;:• 
.,¡ ohc '"''";,",;,~ frNio·t tol.ll> ro·•ult in 
11" ir '"'""' ""' '" , 1'·"·" ,,.,;.,;,, f.LIIur,: 
1 .. -1 .. " thJL ,.,,_,1,¡,,1, •• ¡ ¡,, n-1 .. [.11. f<•l.ry, 

151 "'"'' 1 .. "' tn ¡,., •rl«'"'' "ith r<l.r•· 
f]l, •onrc rcl.ro {1) cull' lie• c.•mplrteli· 
¡,,¡"" ,¡.,. (:11 "'"''·.In ei~ill-on•p ••r 
;. "1'""'11,., """' u.,..f,.rmol ,.,,,.,1.,, 
ro•l>;• J< ot 1"'"""' e11l"'' ,¡ the ''""""'''] 
l~>m'-' ttan•f<>rmtl> rn '""'' buth bu•e-

fiG. 6 
vol<ooO 

CIAC.AM ANO COOROINOTION <UR-.S o 1 ""~~<•do0 g<ov•d 

'"'''o+"' •·•~oJo '''"~ oho~. '" p;• l. 

,.~ .. -.... , .. ~· .. ·~-

. . -

' • .. , 
. 

•• 

•• 

in '·'"' ,¡ '"""''"'''· .\ ut<oe-oiL.ll "'""'' 
.,[ ~·, 1,,,,¡,¡,._ tl~o· ""'"·"" IU •«'""~ 
o;nn· "'·"";" .ot tln• """;"""" ',¡.,,.,_ cntuH 
' "" ,.,, .-..... "'"" 1 " ""'-" • o:ll " ,,¡ "¡., • ¡:. 1 ' 

~lrlnou~l· the l.o·t<'•i ,..,,.,.,¡ r."l"''"' 
,¡,,,,;,,¡,1,- ··ilh ,,,,_,,,.,,.""'''·' .e~.,. 

l\0• l•·en a<hi,H·•I, rd>\ ''"· ,i ""u(J O. 
.¡.,. in deorin~ • l>u• i.ult. lht· pto>rl 
ti>< •orth of ]'<imm· '""' drlTroento;l 
rr1>_1111~ •IL~clo """1'1 proti•l< onuch lo<lc! 
rlr.ni"f· 

t;ruund 1\~la~ln• ni \lt<llum \'ohOJt;< 
S)ol<nr 

l'rdmed •Y"'''" "~""'¡'"' prarti•'<' 
lttnl" ti,.,.,¡,,. or "'""mi útrlt <""""' to 
11'-'l n«<·-··~- r ... ;,., po•otioc rrhoin¡:. 
f.roul\~ fau\t <Uff•nl ao" in~ in 1\ r •> '"'" 

" .1,-t, .•. , ... l 1" •• ""'" .,,,;<etc-1 '"'" rhr 
,,., . .,.,,[.,, wi.l,;i .¡,..,,, ,f 1l1• lt!rr<"-) 
pb.1"' CT• "' int" rloe "'""''·"! , t; ob•nut 
cr '"'"'"'' .loich all lhrrr-~1·-e ···n
olnrh•f• 1'-'''· Tloe \;llrr --,;,.,.,.,,; ~.n.of' 

'"'·'"l"'"'<r11 1""''"''' "'"" .,.,.,,,, "'"¡ 
¡,_,..,. '"''·' ,-,~ ¡.,,., krn." ,,.¡.¡, t '" rbr 
""" <uurnt.• th.1t >rb< in th• r.-.du>l 
órcuit• of cr·,¡ ""d •• '"'";. "'""'11~ 
id<>ll!· '""«l [o; foe<h !""""'"·'· p>.fliC
nl>rl)· mOl<Lr ·'"'¡ tr.n-f'""·''' Le. del!. 

The ""labl•· CT\ fnr tic.• Cround 
~""'"' .rrr.ioO<"n"'" ar< nnl ¡,., •n•uoh 
ro ¡,.. •prlo«l In ""'" m"•l-d.r•J '"'""''"·• 
hnr on.l ¡,.,, "' ¡,.,. """"r•: '''"'''orr, 
,.,¡,¡,,1\, ""'""'"'''' "'"' "'""' ~~ ,,.,¡ 
in thr.e '"'"- T" nbt>in -,,,.,.,ble "'"'· 
in~ ocmsil;,;o~- in oloe,e ,,,_,, tfe '!"'"' 
¡;~oun<lm~ '"""''! \'<''""' • c•~und-f.rulc 
"""""' m"'·'""'' ;, tbo .,,,¡,., c-f the r>l
ins of ohe i:r. ¡,. tlri- "'"'!"''• ,, "illlr,. 
... umed ohoo 11,. W ""' ''·'"'["'"'"' 
""'ondari"' at<' <onnecte<l •i• bu- ~o•l. lo 
oheir J<>p<clior l,.d bu'"' rh•·,ho· rrr
durlon~ ohe "" .. r c.ou"d .<.-n, ,,,_ Tht" 
with (o(){l/~-ainp e¡--,;, ti.,·•<' ""' uLt, re¡..,. 
u>rd for rr•irho.ll ~'"""'' rrl'~'· e><h \!), 
m•o l<>n•fo<m<r neutrJl · ;, orounded 
olorou~h a 60!.'-arnp re•i•inr. 1\, ~" rr . ., 
lho loarl bus o[ ol,e 3.7J IH\,\ mn,lormc!, 
only Ground Son""'~;:¡ be""¡ •nd 100 
amp i> •ufficienr for ohcir '1''""·••-

Th< d<i»l of , rw:rmmcn.id ,.-,ound 
t<IOJ'ins arran¡:nnent foc tln• <'--'"~"' '·"· 
ten> i• itluwoteol in the di.1mrr '"d '"' 
ordinotion <Ufl<' nf fi;:. ~- lh< ir,;tant,n<
ouo Ground Srn>or> (;,or.5¡ pro• ide !<OlÍ· 
•••• hi;h-·¡-«<1 pr~t«tion for 11 r .. o.u. 
U'hrlher appli<'l to ;"itch~"' or cnn
lactctr•, oheir pi<<np" n<•t ·'""'" 15-"mp 
:;round-faulr cuff<nt. Cuf'C (~l indud<o 
rdayin; time plu• oontactor rkat~n~ lm«: 
thrrefore, Lt ;, no'"""""'l' ohot oh rime 
marsin bet~·<r·n it and th< ¡,.,,,p neutro! 
reloy (3) cune oroclude hrco'" operolin~ 
lime. n ....... ,, lo rn;uro ,.,,. (" «lectc•
ity wirh ohe 21(Xholt ••itcÍ.;r _, Cround 
SeniOr <V<>< fll, tire U>ual llf'l< m"~"' &1 

m"imum ground fault (<>f 100 a npeml io 
rrurint>ined lr•t'"'" '"'"' ¡)] onrl 0) 
wilh • two lHr><·diol >ellin~ on reh~- (3\. 

<O'fljnv~ 

) 

( ) 
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~¡,,. ,..¡ .. ) J,!J ,¡ ••. , ""' ¡,,,. '" J •. ,,.¡,., .. 
,;,. """ ..... ,,¡ ... , ,,.,,_.,,.,.-,,,..,, ,.¡ .. , 
.nJ '<"<• n~h <munol-t,mh ""'"'"· th~ 
lo•e•t O>Otl•blo· '-'P in • •l•ndm! ,.¡, 
<oil 10 u<..J. i-<-- ti>< O ~-om¡• "P nf • {)_;¡. 
lo ~.0-om¡••re '"''"'" ,,.,¡, Tl•i• cnmplele· 
thc ~,,.,..,,¡ I<•IJ) ,,.,.,,¡,,,.,,.,,. n¡• tn tlw 
t•n 1.1 H-l< J,,"¡¡,,,,.,, 

f~··h '"'"'' "·"''''"'""'' '"'"''"' ¡,,,, '"" ,,,. ...... -.. ,,.,.,,,,.¡,..,:;u;,¡, . .,,.,., 
'" 1''"';,¡,. J,,.l.np """"'JJ.uh J~nlo•flt<>n 
¡,., ¡.,,¡,., ,;,.,,,.¡ ,,, . .,,. •wll•tt· ,¡,¡¡-,.,_ 
<nti.tl ,..¡_., •. R.-1,. ¡:;¡_ •lndt tro¡~ tlw bu •. 
,,.¡., ..... ;. ; ....... ·<>•-"''' ¡1) .. ", ""'1' '-'¡•) 
onJ a• l.o•t t.l 1 1 ""'' ,¡,¡¡ '' 1'"""¡¡,¡,. ~ttl•· 
out ""'"'"~ •ele"""' ~ttlo tite lre<(er 
Gtnuu<l !'<n-ot •. TttrJ;,,.~ 11" '" 1r-.oler 
""''" tlo< >);I<O< ond -''"1" lh< ~o~ ol 
FOunJ f•ult eurrent on <h• oound .ide of 

lit<" >1'<1<'<1<. (;.,thnuco] Oo~ nf .;wunol Í•nlt 

• ""'"'" "" ti.- Í.>ul«·•l •i·k '""'"'' "' ,..¡,., 
(lt) '" tti¡• tlo< ''""'(""''<' •'<""d"! ¡,,,,,,.,' .\ ,,.¡, (6) ""'"~ oí o .. ;-omp "P. 
:;•; ,,,,. ,¡,..¡ ,_ ,¡,,. '"'"'' """"" '"d 
¡.,,,,, ,,,.., k,J]J., .. ~c.-,¡,,. .. ;ti,,,¡,.- 151. 

r •• ,,., ,.¡,,. "'" ,¡ '' .. ,.¡, ''""'' ·•·cond.or.•. 
,.¡, . .,;, ''"""'ll.,olt-. ""'""" iollo•fl"('till" 
l'""''f '" •·HI..-r J,,,,] ¡,,,, ,.,,, ¡,.. "' ¡,,.,,_¡ 
]n ·']'l'],;n~ o]i.,.,-Lonu,ol ~,,,.,,.,( .,.],,.. (h::\' 
·~·oin~l ;,. ¡],.. tr,,,.,¡,.,,.,.., "''""'b" ,.¡,_ 
''""'· ,\.;,,¡,..,,.,¡in ,¡,..,¡,.~.,m,¡ l'ic. 6. 
,r,, . .., ,,.r.,, "'' 1'"¡";,,..¡ ¡,, ,¡,.,;, «·r.,•· 
""" tron-1• '' '"" "'""'"¡,..¡ ''""""] ' i"-"'''· 
,,,.¡ ,,.. '"'''"" oonh '" ~,.,.,,,¡ Í•uh• "" 
tho tr.on.J .. rm<r .,,¡, ül ti" •-'nci.t<e<( 
-ccon<~m ~o ... , ... -r~ .. ,.r .. , •. •h<> "' ,., 
•• ''"'";,, onJ lo""' 1"'--"ble (O.~-omp 
lop. Ji TDJ •• there •re no oth« pro«< ti>< 

ohi.e> ~olio "horh ol,.y muH <Oo,.]in"•· 
.1 "'""''"'"" '"-"""'J,,~-rirruo' ~<ouno! 
t,ulo -ill k dt>tnl h.• t<ipf""ol of tho 
l"im>" .tno! ,.ronoiJf.' bt<•lm by tht 
clirc<loon>l orounJ tri•). 

l"m!f(u,lon 

Tl<ti ollot-tr.llo·, Ll.,• ¡_,,, -'PP""''h '" 
m•••hnm-•olt•'" ,.,,, . .., ,.,..,.-""'"' !""
"'"""· lb1n ,,.,,.,;,.,, ,.,,] .-.-fiO<n<tnl• 
"'-'Y be in,htu(,..j in • ~i><n ·~·«m. On< 
~nnh~lule. '"~mm•n•I..J ¡-ra<li« ;, ID 
.,!jnU "<h reJ.o J., \o.l \o tn;ure thot 1\ 

~ti] funclton '' inl~nd .. !. 
l'on"ll;. tloe ""'"""''" !"'"'""" ''"'h 

"""'be ltpl up '" ,¡,,,.., 1:;,-lo •nd e< e<~ 
d"nge ¡,. thr ""'m-do!Jouon ,,¡ <>· 
p.¡col)' or ¡,,.¡ or ;,.,,n,..m•nt-mu;t f.,. 
><tullnizN •nd follo~ ·Up m.~de., H>docaltd. 
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'J Selecting and Coordinating 
Elecirical Trip Devices 
By R. L SMITH, JR .. il~plir:atíoo En¡;oneer. Industrial Pov.er Systems. General Electric Co .• SchenectaOy, NY 

u y HE FAL'LT WAS SO SE\' ERE that the pl~nt 
sen·ico enaano;<:- br~a~or trip;:r~d."" This <late

m<n1 ;, ofton maJo tu Je>cribc th~ '"'""'Y c>l an 
el.otrical l.Juli. Tnpj''"g ol !he pbnt rnain brea'"' is 
no! ne<:es>aril;· a mcasure or lault •e.erLtr; it is. quite 
oftcn. Jn ind1oation that th<rc i, a bcO uf coordina
tion or seloctÍ\Ít) in the trip sctttng' <>1 dcctric·;d 
prutcctÍ\ e de~ ÍCé>. 

A l}"pical e<amplc of impro¡>Cr coordinatioo i< the 
case ola sm"ll pbnt in thc •nutb 11h1ch cxrcricnccd a 
fault M a l~rgc lo" mlt:Jgc• b•dcr" lcw )Ca" .1go. 
lhe nnly pmlc"<li'e de""" ~>hich opcncd "'"' !he 
sen>:e emrance bual.cr. Fi~. l. 

This ohnrt cirouJt ""' <>1 a limitcd natUt<". .tnd nnl a 
'"hnltcd 3-rha"' lault.'" .'ihnrt circtttt curront \\cl< c'ti
matcd In be ahout IU.OOO amp' ~~ .l~O >". Sub<equcm 
e•amin01ion ni ihc '.-ttin~' on protocti'·~ dc,·ico' 
t<O>calcd thc i"PIIn" in•c "pcr J1in" l inlc> 

Low 'olt:orc leed,:, hrc~lcr ." ..... 1 3 to 50 seconds 
Tt~n>lormcr moin ,cct\ndary 

hrcakcr .. :-110 170 'cconJ, 
Pl"nl -en ice ontrancc brca!.er ""d 

telay .................. 0.93 "'<ond< 
A OOitcJ 3-pha<e fault nf ~bout <>0.000 omr-- "ould 
havo c"uscd oll thrce hrc"hr< h' trip imt:mt:meGu,ly. 

Conrdin~lion, ,dcdhit~ ond ha1·kup. Thc cxamplc 
dc..cribo:d iiJu,trote> a lad oi coordinatinn or selcc
ti>ity bctl>ccn <worcurrcnt pn>tcw'c de'"IC<> in a 
lypic:ol P"""' <;-,ten¡. "1 he ""'J' '"coorditl.tllon'" and 
"sdccti\it~·· are, in a ..:n.,c. complemcn1ary temt<, 
andan: u.ed 10 describe thc rdati,·c '!""'d< at ~>hiel>. 
rv.·o prmcoti\C dcvicc' <'pcn \\hc•n subkctcd to thc 
samc 'hMI circuit nr ernuntl fault. 

By industl)" <!Jntl;rd dcñmt100, a pmte<'ti,·e de' ice 
is •aid to be Jelff!ll"J "ith annthct. di1WO<tream, 
pro!céticc dcdcc if opcning ,,¡ thc up'tream dO\ ice¡, 
intetllioll~llo d<by<d ln p<:nntl thc do\\ n'trcam doc·ice 
1<> op<rate fir<t ~>hco thcy t..Hh ··,.,·· thc <:~me lault. 
Althrush not on indumy derini<ion. it is commun 
practk·~ for rol") en~inccrs to ,peak in tcrm> of thc 
do,.n<!rcam dC>ice mmdmatin~ ,.·ifh thc urstrram 
de\ ice. Wi1h such an nrran~cment, 1he sdc~m·o <!.-ice 
is somcllmes colled ··h~c·kup"" lor the doc·icc <et 1<> 
opcratc ficst. lt mac· ol<o b;; thc onl;- prmecti<:'n 
(prin>an· prote<:tionl for the circuit ekmcni' be'""'" 
!he 1"" de\·ic"'. Thesc rdatirnshlp• "'" shm' n m Fi~. 2. 

Proh·ction mul 'oloclÍ\Íl). Prntcc•tinn and 'd<"C!L'"Íiy 
are oftcn contradict<>J}" rnah. F~'' remmol nf a f~ulty 
ponion oF a po"er '!-""""' can cause nuisonco tnppm~ 
on short circuit> in an ~Jjaccnt por11nn 11f lhc "·stcm. 
Slowing " pto!Cct"<ve dcvi<:c to aéh"ocve selecti,·ny I>Ítlt 

anothcr protccl!,·e devke in an adjacent porlion <>f a 
r<'"'" sy<tcm can rc,ult in more dama>• t<> the 
clcmcnb of lhC 'l""""' for "¡,j,·h !he 'lm~er dct~ce j, 
tl1c oniY prnt<CtJOrL Compromi>ing nf prc)!ectinn 10 

limit the c.tcnt of ~ po,.cr outage must b~ bolanccd 
a~ain>t tho cconomic; ot f""'iblc incrc~>e in <~Lllp
mcnl da111Jgc ami thc illcrca>cd potcnti.ll ,.tkty h.11ard. 

Protocthc de, ir~ '<llÍn~' mu•! be detcnnined. ~lo" 
prntectÍ\C de, ices rccei,·ed by thc mor ore prc'ct at ~n 
ar~i1rary l~'int. u,"ally. low 'olta~c i'"""r circ·11it 
brcakcrs urc >hippc·J llÍlh thc lnng·limc Jd~y prL,cl 
~~ 100 po:rccn! and the in•t~ntanrou; trip dcment 
p""cl ot m<UÍIIWm. Timo O\CfC\Irr<nt reta~> fre4LJC'nl
lv .1re roc,•iwd by thc U>cr with Thc time Llvcn:llrrcnt 
tap presrt ~~ ~n arbitrJI)" \O]uc •uch "' 5 Jmps. 

The time dial¡, prc<et ctthor ar ··tr or "!'" and 
blndcd. Thc instanlancous ckmcnt i< pre;<t JI lho 
I!IIIIÍIIIWIL ~1 nq mnl<iod ca« Ol!Cll.ll bt~akcr m
stantaneou~ demcn" ore pre•e' at ""Him11111. Con
•idcring tbc sctting' of dcviC« a> rrccived. tt i> 
"pparcnt th.n ncithcr lhc dc1in·U ·'""'ithtly nor ,oleo· 
tivity can be achic\Cd "i<houl on;ite dct<rmin"tiun 
and readju•tmcnt. 

.lnl<')(ratin~ "ith !he P""''' '~<len>.. Often a lo.1d 
cctltcr or 1111it >lll>>IOIÍ<Hl i> pl,,nnc<l anJ nrdrrcd prim 
to cnmplction of thc entirc pü\\cr ')"'lcm dc•i~n. 
S<>mctime' prim~"· •yMcm data are not ~CJilable until 
alter thc lnad ccntor ;, ordorc·d: 11 is thcn dtllicod( '" 
~ccnmmod.ttc am· chatl~c; {;cncrol 'uggc>llOtl' givcn 
he~ are npplicablc to both magnetic aod "atic low 
,·olta~e tr"1p d"ic"' ~nd protecti'" rcla;<. 

. Thc Sllg~c\tÍom' in,·nlvc dcction <>1 ratin~s and 
<cttin!-" for hoth priol.on ond •ocond,ry tnp dc•i<<>. 
plu• wmc ~cncrol ¡:uidcs to lcedcr ttip de>ice <;,.e 
•elrction. Adhcrcncc W !hesc r<commctldntion' 1>ill 
incrc:t>C thc probab1hty thal ~ SÍ1cn "'b<biiNl t\tll 
intc~rate prorcrly ,.¡¡¡, the rc•t of the 1"'""' ,ystcm, 
and that am· luture. p<Miblv more refined. coordin~· 
tton" otudic< \,111 pre>cm nn \litu>U:tl probkt11<. 

l'rim"t~ '}'l<m pr.,!<•c!lve dc,ic.s. Prima.,· dj,. 
tribution •y•tcm pho"' overcurrent rolay• protcéting 
load centcn; or iccdcrs to load ccnlcr> u>uall)" ore 

.,rccificd v.ith Dp '''"""' tn allol' pickup'""'""' fn>m 
2 v, ¡o 6 times full ioad transformer current: "1 hc<c 
ate the li:ni" recognited b,· thc :"a!tonal Ef;;ctricol 
Cndc for llquid-fLIIcd tton,fort!lCr>. Althnugh a pidup 
pnint of six tim"' full load curren! Í< po:rmittcd for 
proteetion of tran•fonncrs "ith matn •econdal)· 
brea~ers, lo~>Cr scttings are oftcn u>cd to prmcct thc 
prin10ry feeder c~bk. 

Low time dial"settin~s and rcln:i,·ely high instan· 
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T 
nANl SfRVICE";-;---,ii\ 
ENTRA~C> 9R>M!R 

INV'"" """ QVfRCUR"f"T REU.Y < TO " 
A>'P<OE "ME OVEOGURREN" S "'"""' NQ 1 
Tl'"f DIAL >ETTING 20 <0 00 AMPERES INH~NT~· 
NEOUS. SU .t 10 AM>, 

Fig. l. Ono·line ~iar.<>m ol oowe1 0) .. 

!em di><U>S<d in c>amplo lacO ol co
ordmaloon oaused '"""" cntrance 
b~ker to II•P on •elati,el¡ h¡¡t>l lovl< 
curreot ol obout 10,000 amps. A lault 
curren! ol 60.000 omps ~ould cau>e 
all three ~'"'""" 1n th" ''""m lo 
opon. 

b 
~00 KVA ,_T 

TRA"SFOR"':':" _____ .,;¡: 
SECONDARY ¡ 
8R(MEH 

••• 
lOV< WLTAG' P'OV<ER CIRCUIT OR>A<ER. 4000 

·~·. 1110 eERCENT. INTERME01>TE HMe ""''""' 
,_>TAM AN!OV"" Al 211 000 A~O 17't, 

8REAK(R ---------
•EEoEA l 
POI"T m fAUCT---~:r 

CIIW ll[llTAG' POW!A CI.OUIT ORE••••. 1003 
~MP. "" •tRC!N> '-'l!AMECH•TE "'" S<ITING, 

'"''""''"~'"''"" Al "·"" AMP "'XI. 

Fig, 2. Graphicol deocription of «P•••· 
sions in common uso lo deSC11be «>
ordonatoon (or '''" of cocrdioot•onl. 
Vl<th oroper cocrcMal10rt, only the h!SI 
br.,.ker UQStre•m of 1ne ~aull lri~. 

pn:se"'ing seM<e to tho '"" ol lho 
system. 

1ancou< lrÍI' ckmcnt ><:lling.< on 1he transform<:r pri
mary l'""·idc f~,¡ opcr~tion for o•·CTio:.d conclitions 
and ""'id omt:lnlanc"u' uirrin~ íor íaul" on thc 
=o>ntbty. Ptinlar) IU,C>. if "'"'.!. are u-ually rntcd 
from ahoul r b '" ~b um<' tulf load tran,t<mncr 
curren!. lf ~ .o11in~ 01 b timo< tran•furnlcr fulf load 
cur,.,nt ¡, u...,d, lhc prima~· cable may nr>t ~ pro-
ICC1cd for nwrl.,ad by tho prim~~- rda;<. 

Hnv.c>rr. if tho sum <1f all thc main \CCIJndary
brcal.cr "'1110~' alln"' a curr<nl in thc primary cable 
v.-ithin ;,, ratin~. thc primarv reb•·in~ <an be sel to 

trir abo\C thc <Werload ratin~ and befo" thc <hon 
circuil hcalln~ llmll nf lhc cabk. A Jow time dial 
selling and rca,onn~ly high instantanenu< clemcnl 
1ottting U>uall; ot!ord> adc~ua1e shon c¡rcull protc<· 

tíon for prim•ry ca~k.-
Thc 1~71 c•dlliun ut 1hc .\'mi<mal El<·crrical Cod<" 

rr~uiro• lhal the ma,.nwm rating m ,win~ of the 
prim•r; m·crcurrcnt pmh;Lti\o d<>ice tora drv ljpe 
lran,f<l!mcr t>c no """" 11\,tn 250 pcn:ont ol rntcti fulf 
lnad cum·nt toor a tr~n,l<'rmor cyuippcti \\llh a main 
scrondar~ ~rc·alcr lh.u ;, rotcd ur "'' at no mure than 
12~ pcrc't•nt <'! lran,(urmcr lull loaJ ralln~. Oiher 
mies opplv1ng 10 in,l.illall""' ~<hero no m,11n hrca~cr 
is prc>ont :lll' \ell<'rlll in ,\nicle ~50-J oí thcC•<lc. 

Muin ""t"llndar¡ t•irt·uit hr<·a~""· l he wntinUOU> 
currcnt roting .,¡ thc• moin >CC<'nJ.It\ Cli'CUil bre>lk<r 
trip dc·•·kc ;, u<u,oll\ r '¡ '" r 'o lime. tr:m>lormer full 
load cum·m. '!hi< break« <hould ~e cquippeJ "ith 
long·limt• ami '""'t·IÍmc Jclay trip ckmcn1<. 

A long-time dt•lay Jc•ic·c ¡, ·u,u~ll)- "" al lOO 

pe"'""' of thc trip <<'il ratinc. ~~~d it "'"'' not be >et 
any hi~hcr lh.<n ~511 perccri't ni full ltw( rallo~ for 
!iquid-~lkJ lran•f<~rmc". Thi> "the uppcr llmil per
mincd h¡ Cc>Jc. 

POWEA HOW 

• .,.,,. r<O. > os •u 10 ,;••• """' 

"EA<ER .0. 1 1> S<UCTIV' Wllll OAE.«R .., 2 

BREAKER rG>. t CO<lRD"ATE> W<TH o••••ER ""-

8R,AKER 'OO. 1 1S ........ >CA o•EA<EA ,0_ 2 

Adlo..-oneo lG 111- '"""mml<l<bt<>n• .,;u lollo """'" 
on '""""""'Y eoordlnaoed lood een1or ""'' tubl'tl1"'" 
deoign; 

• Eouip mam '"''"'""'' c.rCUI! brook"' w1lh long
Ume del•• tnp '''"'""" ,., ot 1~5 ..,.-oent ot 
tran•form« full lo.O cuno M ond '""" Umo ttelov 

'"" el'"''""""' .. ~ '"'"''" p d"'l<' "''"'-' 
• Eoulp f.OOe< """'"'' b«a<<~• rotod "" lar1or t~1n 

t/3 of ll•ndorm..- !ull lo•d cu'""' wlth long-tomo 
delov •nd m¡tontilneou• etemenU. Sot t~o '"'""' 
"'""""' ••• .., ...... " 6 !1m•• "" '"" "'"" """" 

• bulo feedor ol""" bre•''"'"'"" at more thon 113 
toon>lO>mM full load <uotont W1th long·!lmo, •h<o<t· , 
!11"10, and instontaneou> elemenU, S<t tho1ho<t timo 

''""'"" " 2 ""'" the I"P """'" """'- Se~ 1he 
on"'"'"""""' oloo-.ont at 6 time~ tno t11p ""'" 

"''"' . 
o Set pnmary re!.v p.ckup no low" than 2\\ ''""' 

to•nsfo•me< tull lood curront on<l no n1ghor thao 
6 """'· S.< the '""""''neou> •lemonl no low" 
<h•n 20 !1m., tr>nslorr"" full lood current rOI•ng. 

o Ch•<k th• d..,,., ol p•otecllon atro<dod th• ,.,. 
mar-.¡ C>ble by """'"Y ""Y'"'- Q>.-eliood proloc
tlon may "" obta10<>d by lo'"' "'"'"'' on 
tronsformer >econd"y breok.,1. whilo relylng on 
pnmory ""''"9 lor short <lr<UII proll•<'"'" only. 

o Altor fin;sh.o ""'~~" of th• oomoloto powe< ""om, 
pedorm o fln•l, lo< mOl coo•d1n>t•on !tud> lo vo"fY 
,.lo>c11on of n11ng1 orod '"""'' lor proteo!'" 
devic,., 

()' . ' 

") . ' 

o 
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f 1¡. J. Tri¡> ct)aractero•tic cm.e; aro 
plclted tor JODO,,. suosta:•on (~no"' 
tow volta~e circuot b:eaOe" are 
e<¡uioced ~lth ma~net1c o;ercurrent 
triO>). Value el devo<e ra:'"'" aro; >el· 
Ml' were oe:errnrned emp.ucally "om 
table 1n th" art1Cie, triO chO'ae<er,,toc 
CUf\'e plot ,.,t,es vai•C1ty ot ente"' 
rnUb1e. 

fiR. 4. Tup char"<lerostlc '"''"'are 
plolted lor !500 ''" subs:arion (M•ere 
~o>< .,¡~a~e bre<>kers are OQu•ooe<J 
w1th st•toc trop d<vocesl Caordonatron 
wto"on haO oeen oeterrnoned lrom 
table; rnults ar< ver~l•ed by these 
CU"'"'-

" o • o 
" • 
" •. 
' " 

CURRENT.AMPERES Al •BOV 

CURRENT, A'dPERES AT 450'1 
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lOAO CE~'HM PAOTECTION COOPOlN.HO SYStEM 
4,lWV P<LTA-4iOV \Wl\lJ 

Thc •horHimc dday clemcm •houiJ be"'' at ~ to 3 
tome< thc trip Jc\lcc '""""""""' ra11ng in ooclcr w 
coordinatc ,.,¡¡¡, prirn;ory pha'c ~vcrl'urrcnt rclay pick
ups. lf an in,tant~ncou' elcmcnt is u"'J in add,tion to 
a •hort-timc dolo)" clcnJent. it 'hould gcncrally be sct 
m> hi~her th.Ltt liJ time•; thc c.ontinuul" current ruling 
of thc brc~lcr. 

}'udu circuil brcole.,, To pcrn>it coorclination 
with tlan'f"rmcr main sccoml.1ry h~e·alcrs. ic•cdcr 
brcakcrs ""''el VJ o[ trun_,fmnu" [ull ].,uJ curren! or 
lc•s should ha\0 in•tantaneous dcmcnt ""'"~' 110 

grcatcr thon ó time< the ctrcull hrcaker tnp clcment 
rating. Feeder brcakcrs ratcd at rnorc th.ln V> of 
uan>furmcr ratmg 'hould be c~u1pp<J wtth long-time 
Jda). short-tin>c dda;-. aud jn,,mancous trip de
monis. Short-tlme Jcl.t;- trip dcmcn" ,¡,.,u]d he <el at 
2 lo 3 time. thc trip Jc•·ice cominuou' current ratini 
Sctliog of thc imrontanc-ous trip elemcnt shouiJ be 
lol'oer than 10 time> the continuous rating o! thc trip 
de vice. 

ff an in•tnntancom trip ekment •ctting of more 
tban 6 times ;, requircd on 'mallcr f•·cdcr brea~crs. 
the incorporotion l1i •llnrt·tlmc Job)' ckmcnts in thc 
trip Jc,icc h),L\' be nc<c""" W achicve coordinotion. 
To a>oid 'l"'"i;-in~ dttfer.nt \\"¡>e< of trip deüce< on 
lhc samc tran<.'Cllon. '"nlC cngtnccr> 1\tll specify long
lime, shurt-timc. anJ in>tantancom lL ip dcmcnt< for 
all si1cs of feeder brc~l.cr<. ' 

!kttin~ up the 'l"""'· Empirical solutions can be 

RotinV• ond t<ip 'devic~ oeningo con 
be dolermined ~mpiricotly from rhio 
toble, minin"""9 Hiel ond e.ror plot
ling to determino devo<o '"'""9'- Ro
•ult< •houtd, flowe•er, bo •euriod by 
trip choro"e"'''< plol> ofrer powor 
'Y"""' cie!ign Oo! been comp]etod, 
Note tflot •ioutor roble• con be deoel
opod lor d;Heront primory ond >«· 
oodory voltogel by odOoring to thi• 
lormot ond '"• P"""ple• ootlined in 
thio orlicle. 

applicd to protc<ti•·e de>'iC"e •ctti~~'- ~rcatly ;implify
ing cnnrdinalion ;tucllc<. Thc troblc• ~;,-,, n11i11g; ""d 
•ctting< for pn>tc•ctivc Jcl'ic~' for >e\~r.tl <iZe> ot 
•ub>tatoon>. Thc dc~rce of coordmation that can he 
achic,-cJ hy applying Jat;o in this t:oblc "ill proh"bl) 
mcct "'"" nf lhc conrclifl,ltion r<t¡uircmCnl> tor !)pi
cal j)O"<r 'Y'lcnt<, 

Sorne !cede" nta~· be c4uipp<J "ith curren! trans· 
formcr> <>f diffcrcnt ro ti o< than tlH»C 'h"" Ll. rc4Lliring 
thal appr<>prialc aJju<tmcn" he m.tdc in trip de\ic.• 
•ctnn~s t<> achJC\-c Jc,ircd rcsult•. Tab]c, for dttfercnt 
pnmury ond sccnnd:u• \lllta~e< can.ea,il~ be Jc,cl
opcJ by Utilizin~ thc formol and princtplc' '"' lorth i11 
¡¡,¡, arÚde and ihc toblc. :-.'11te thot picl.up• " hi~h a< 
1> time• r;Ucd iull load currcnt mov 'Hll rrmect un , 
indi,·id11.1l lr~n•fr>rmcr '" 1\'CII :1>, or l>ctlcr than, 
indL\iJual iu;e pwtcc:10n. 

FiJ'UfC> 3 anoJ -t pro,idc graphical proof ot thc 
\iabJI[!; nf this tahlc-. JI oritcriH llUtlincJ in thc tahle o te 
adhcml to. plotting of trir <uno< f,>r ~more r::f.ncJ 
coordin~tion study can b< an int~re"ing. ple»ont 
e>orci<c in"cod of a frumJting ohorc. 
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Some Fundamentals of Equipment

Groundins Circuit Desisn 

R. H. KAUFMANN 
fUJ_OW "'"' 

S1<>o~ols: An <ff<•ot>"< <O,Yil"!><nl·"""'n<l· 
in1 sylt<m sllould, und« oondiOons of 
wuimum ground-f>u~t "''"'"' aow. o<
.-plish ,¡,, followin< ob!«Uv<S: l. 
moóntoin alow pot<ntio.l d<~u<ne<, p<rh•p• 
W volll m..,imum, ¡,,,...,. m.«hoO< 
¡....,.,... oqu1pmont <n<lo,...tes, <0<1duotor 
onolosureo, btdldm• tn<Ulik """'""'• ond 

. m<Wh< '''"""""""'-' «>ouon«< tlt"'rin 10 
noid tl..,tri< sbn<k Oo:=d ond unv.antni 

<~latin• <•m=:, o.od ~ """""''~" 
&d<qu>to <'Oodo><t"""" to ,.,... th;. .....,;. 

rnum <oound short-tireuit '"""'"' "'"h''"' 
th==l d.,,_.., ond tho .,,.,..u.,, ór• 
l>u>.n:l. Th«< i> •"'><~ ,..,..,, "' b<ho>< 
thot """""' a.;w ¡., ti" tquopm;~t-ground
ÓDI >Y>1<m in o-c ..,....,. ovot.m• ..-ill ,.., 
1Uay hr ln>m th< pov.,- ,,¡,¡, oWt "hi<h 

•, <>Ut<oin• eurr<nt <lowo. ll follow• 
t tho oo>t•ll>.t"'o ol ron<!utto>< mat<nol 

- on '~";""""' orou,d •Ystom unl'"'' 
....,.,.,.ly l=t«< <=> b< on<rlO<to>< .,d 
..-..toful, oncl oon "'~" • ¡,¡,., "'""' or 

...,.,;,y. Thi• """""' "''""'·' tOo '""!"' 
<>f o <p<ri>.l ..,,.,. ol J~ll-s=lo «<U d..J'"< 
wit~ tl!i• spe.oof" prohlom and • <<nor:>l 
.,oly,;. o( tho <i=.oit beh..•óor. 

A ~lfJCH bettn =d=tanrun! o! 
pro\ootiv< groundin~ >V>l<m> io 
~ to ~nrur~ !aedcrm imm haurd 
to lile and pr,perty. TOr "bjroliw of 
thi> 1"'1'"" ;, to ¡n~~• the •if"tficant 
faoto"' ~·hkh co~uol tho beit>~·oor of 
¡m>t<otin grou~din< ci:rouits i~ a·< 
industrial ?O"<' di>t.nl"'tiom cirmits 
during ohort·circutt rondotion•. lt i• 
hop<d th>t thi• pr«tnUtion ,.,. omphO· 
W. thatimprop<r apphcation oi ;,.,.,.,¡,¡ 
in cqWpmonq;rou~run~ O)·otems <ruto> 
the waotrfulne>S and un,.arrnnt<d sert>< 
cf oewrity r~" me~tio"«<. 

Undu • ohort·cirrult to ¡;Tound condi· 
tioo in a~ a-e ,¡;,u,l:rllti<rc circuit, 

graunded or \OrtgT<>Undrd ')""'"" altko. 
inducti,·e r<aot.anee "ill exert a I'O"trlul 
inl'luenee in· dJreotin~ the roturn =nt 

~ow i~ a ¡>ath el"""~ paralltlin; tho 
_¡<>ing 1'0"'" eo~ductor. The encloo· 

in¡' =dwt r;r me\.ot.llic ra.,..,...,. ..-<>U!d 

eon>titul< suoh a ¡>ath. Te att.mpt to 

reli"'' th< conductor encimare by in· 
o<all•ticrn o! an nternal conductor i• 
qtu\e incl!coti•·e. C<.>nncctions tu nc.\T·hy 
bulld;o~ <tru<tural momben ar< equally 
ineikrli•-<. Only thn>\¡~h thc itosta]lation 
cf an int<rn>l ¡¡rounding rond~c\m ""n 
th<: <"IU'f<nt "'hich ntu;t be o;¡rried by thc 
onclosu~ be noticeo.bly rodu.,d. JoinU 
in ccndui,. ood raco,.ay• roquire •pecial 
coosiderotion lo avoid a ohowor d >p:trh 
and ott<ndaot ru, harard durinK the 
>loor\ cirC"Uit"s durotion. A.ny thouKht of 
koe¡.in~ tbe c=duit or ra<'<Wa¡· inS!Jl>ted 
ft"m ¡1"<>»nd '"''PI at ono ¡ooitt\ ..,em< 
tntaUy impuctic;ol. Funhmno~. "''h 
practico ot " conteml•l•ted ""''"i''" o! 
the m<taUte enclos•>r< "'a-'· nll l<•d to 
l.u~< inducod volta);<S in near· by metallic 
•L..,otun:< which may appeo.r <cilh<r as 
do.n¡;erous <hock hazard< or unwant<d 
cir<ulating eurrenU. Uogroundtd di<· 
tn"bution systrnu rrquiro equ>lly c•tdul 
tr<atrncnt. \"try oft<n o second ground 
fault oceun befan: th< pr<,;ou• one ha< 
1><= located ond rorrected. Thc prob· 
le"'' di<OU$<ed in thio paragraph theo 
oppeor <lmult•n<'"-'<ly on uch uf the 
uoo ci=úa 

Test Proudure 

. "- <pe.,;aj io.•tallalion of ~·/,..iocb 

conventional heary-wall st<el ronduit ond 
-1/0 eopp<r <"'hlc eonducton ,..a, made 

(OT thio inve•ti;:atl<rc. lt """' imtalled 
in a buildinK prt,;<JUsly used !or <hort
<irrutt t.stiog b«au.., thi< building 
rontained • hu.vy stffi column ccn
Otl'llctico anda U cclumn> ,...,.. lit<i t~ an 
txten<Í>"< grouorun~ mat compo:;<d of 
:!SO,ooo.circuiOf·mil <»pp<r <"'ble<. The 
test in•tallatioo i• illustnted in Fig. l. 

.Th< eonduit ""' oupport.ed en in"-'la\0!'$ 
thrwghout thc 100-foot lon~th. The 
eouduit run ,...,. about 51«\ lrom a lino. 

of building oolu.mn•. Thc o.t<rnal -1/0 
co.bl< was >paced about 1 foot !rom the 
eonduit on thc •ide opJ>O'Íl< thc build<n~ 
eolumno. 

Tho partit"1.1i>r ornngement of ront· 

ponen U makts pos<ihlo the "'""'""''""' 
of all rurUnu and voltag<> 01 one 
locati<rc. This ;, tsp<ciall)" nluablc in 
that it avoido th< nmnin~ oí lcn;;thy 
voltagt.measuring ltads. Tho ><tup i• 
int<ndcd tn simubte an •leotrio l«dot 
.,;,.,;, with power source at th< l<ft en~ 

and variCU$ simulat<d fault eondolion• at 
thc nght ond. In all oa"'' h<"' f'<p<trted 
1h< t.e>t """"'"' ,. .. caused to t1.cw onr 
thc A cahle lo the f>< cnd ,\ >"aTÍ<ty 
oí doil<r<nt P<""ble r<tum patho wert 
cnmined, rontrolkd hy thc connootoons 
m.ad< •t thc l<lt Olld. 

One .. ri<> of t«t< wa< made at low 
rurrent, ~00 and .lW omp<re<. u•in~ an 
O·O .. dding tiondormor •• • som<e of 
60-cyC:e ¡>o1<<r. At u,.,. lo~· cmunt 

rna~nitude$, th< """""'"' now could be 
mamtoit<<d for e>londcd p<riods. Volta¡¡< 

"'"""'~""n" ""' madc with hi~b 
quolity indi,atin~ vdtm<tm. Cu=nt 

"'''""'"""'nt "ü made ,.,th a clip--on 
amno<ll:'r . 

.~ """"d ..río• ol t«t> ••• modo at 
hi~h ""'""'"'· around IÜ,I'JO amp<rn, 
u>inK a ~50-ho 3-pb>.se OO<ycle tnns
fornoer ,.;lh a GOO-Yolt 5<eo!ldary as a 
><>UrCc o! powt<. Swit<hing "'"' done 
at primary Yoh•gr. R800 volts, andan 
!AC i"duction ,.la)" ""' u,.d to eontrol 
the duution of eutrtn\ ftow toan in ten-al 
of about 1/4 ,.cond. An oscillogr;¡ph 
,..... u<ed lr;r •11 ~n\ oí curt<nt 
aod voltage. 

hP<< ...... , ...ro~o. .. dod b>' lb< A!BH <o· 
....................... c .................. ... 
.,. •>• AIEH "-"""" oo T'"'"'""' """'""'' 
!Or >"~'''""" ••• Al~B '"'"""' ~· """'' Gco .... .>< .. b ........... , .. ~···• .. 1••• :t-01. ......... _ ···~ .............. """ 
"'''' ••~O•>lo 1~ Pf''"'l A>nl "• ""· 

a. "· ""'"'~ ... " "'" ... ero ... , .,....., c.-, .... -.-.... ,.~. 
T .. "''"""'-~,.,. o!). M."''""'' ~· bo< 
~ .... ·-"""' ....... ~ ... ·"'· """'"' Elocth< .,.., ... , ... ;, •• , .......... , ... ,... 

~ .. o! ""' ,. • ..,,,,,.., To """ 1~1 00• """' ,.., .......... , .. , ~~·"""'· ..., .. ~ .... . 
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Results 

Tbe ma~itud<S ~~ v~Jt.a¡;< and cumot 
obu.in<d io the entiro "'rios of ~·ele 
a-e t.sts aro pr....,nted i~ or¡;ani~ lorm 
in Table l. Tbe ''" numbe.r is an 
arbitrory a>Si~nment lor rder<n<"< pur· 
poses The "''' twu column• itirntify 
the oonn<rtion• u...-d and indi""'' the 

·•iblo p;!tbo of ~•nt fiow :->ext 
c-;neot v>iuu ar< t>b-.üat«\: fnt. 

the tot.al input curnnt into t.he A oon· 
ductor and. ne>t. t.he "''""' ru=nt i~ 
tbe <<mduit nd itt p<rr<ntage of the total; 
•nd theil the noa~nitude; o! cumm in 
the oth<r po.<íble path• ore gi,·en. 

ln al!""""' t.h< tabulat<d value1 tak<n 

c ...... ., •• 

flr. 1. ldonUko~on ol lhe \otl lnotolloUoo 

Ir= osál.!o¡r>ph ._ro. ""' \he .,...., 
cugnitudes 4ivided by ..,;2 "bioh is tb< 
tn>< rmo only ü the ..-a.-e form io l<inu· 
ooidol. Tht ""'" •hape of F-eo .,.., 
<»mmonly quito dillerent from a •in< 
.. ave. but iu the ex!ITme ""'" th< 
magnitud< ol.-.o .. a, >mal!. S.e Fig. 3 

pertaicing to "''' Bg. 
~l=mmts of d..: ~>tanoe "'" 

made of t¡, >evuo.l return potho mm· 
pri<ing the equipment·groundin~ oystcm. 
S<e Table 11. A rontrolted m01¡nitude 
of di"d otLrront wa< cauo;cd to ~ow 

tl>rou~il the <:imlit ~nd the d·c p<>1<nt1al 
drop acroos th< desind ,.ction ""' 
m=n...-d "·it~ an indio:o.tiu~ millivolt· 
""'t<r. Th< poin'-" o! meuwcement refer 
to the>s< indic:ated in Fog. l. 

!-<o furtñ<r analysis is needed to show 
condu;ively that onty by U>< ""' of an 
interna] ¡rcunding oonduotor can any 
$Íz.able fn.<tioo of th~ re.turn <:U!"Tcnt be 

.... ,. ,. •• 
"" 

Po• Coot 
• ,.,.,., ol Tot" '" •• ... 

1-oo-..c...-t T-

dh=ud from the oonduit cr r><eway. 
In opite of th< extwneiy low '""lance of 
the building struotural fr•rne. it .. as 
ineflooti~e in r<~ucir.~ the magmtude of 
r<tum rurnnt b the o:onduit. S.. 
""' AU. A7. B6. and B7. Furthor 
acaty¡;o is <ksin.bl< to utabli>h a bett<r 
undentanrllog ol the n>ttu< of the 
circuito io~olved. 

Sorne interestir.g "'condary df.ots 
w= obserwd in th< oou.-.. of the tests 
The fint high-=r<nt t<>t prod·.>oed a 
5ho .. er el 'P'l'"-' from about hali the 
"""ptinrs in the conduit run. Fro"' 
one .. me a b!o .. tO"rcb streo.m of >park5 
whicb burned out many of thc threods. 
S.verot >malt f.rcs "'' in near-loy OOm· 
bu>tible material """Id hn,·• b<on seriouo 
if not promptly e.tingui5hed The 
<Onduit ruo had been inst>llcd h)· a =w 
regululy eng>g«! in ruch ~<>rk and t.!ley 
gave I.UW"ance t.!lat thc joints had been 
pullcd up tono-; mol ~ghtn ... ond perh•P' 
cvou o httle more A oh"rt 410 oo~pc 
jumj.><< ,. .• , bri<lg<d ~rou"<l this ¡obt 
but. even "'· som< oparko o:ontinued to 
be expeUed from thi> ooupling on sub· 
seqo~t tests. Otber roupfu:¡;s th."<w 

no more •parks du.-i";¡ subs<quent \e>ts. 
Appa.r<ntly small ta<k welds hod oc· 
rumd on tho fir" te>t. 

In one hi~[o . .,,,.,.mt test tho conduit 
t<nninotion w" alterod to .,mclate a 
ronne<tion toa •tecl oabin<t or jur.cbon 
bo•. S.. lx>ttom oi Fig. l. The bush· 
ing wao applied ñ~oger·ti¡~t. 0n test 
''"th about ll.OOO amper•• tlo-.·ing · !OT 
ahout 1/4 <eoor.d. o fan·<boped ;hower 
of sparl:• ocrnrred par>ll<l !o tlle pl~te. 

In the ptO«$$. a weld ruulted and the 
paru were ,.parated only with con-

v .............. .. 
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.;derable ilifficuhy. with tbe ,_,.. of 

...,.eoclo .. •nd a hamm<r. Thi, t;uggest<d 
that a,..¡,.._, ohot would h:!se produ<-«1. 
oo disturbaooe. 

Dwing high~nt test Bio {condU1t 
ci.""elit Ofl"ll) • •bowu of sparko ...... 
ob50tved at ac intumedi~t• bui.ld.mg 
rolumn. Cardlll inspection ilisclo><"<l 
that tbO n<igin ""' at a spot at .. rurn 
a water pip• paS>ed thr01ogh an opemcg 
out in tho "'h of the stool boa m involved. 
TI>< pipe hod ~ loooely in eootart 
with the .dgu ol tho bote. Hero is 
"~done-e of the ohjecti<>nable ef!octs of 
forciug the sltort"'CÍtC~>it cun.,t to.o.et~ 
nturn paths remoto frnrn tbe outgo~,, 
cooduo\or. Tbe large SparÍng betwe<n 
<n:t~oi~~ and "'tuming current "''""'' 
a powerllll magr.etÍ< l'i<ld whiclo e.tendl 
for out in opa<"< around tbe <UJT<nt· 
<arryi~g tooductots. 

Cirtuit An.o.J.ym 

Toe "" in•t>.ll•tion as identi~ed in 
Ftg. 1 ~tlow• a study of a ,.¡de '~"'Y 
of equipment·groundmg arrangemen\:i. 
The ..! roodu<tor in •11 "'""' i• u"'d to 
n:p;eo<M 1M p<l''"' conduotor whido 
has lalllt<d to ground. One sido oí tbe 
t .. t po..-er ,. .• , eonnocted dir<ctly to th< 
A caoduo\.OT in •ll t<st,_ Tbe B con· 

Fi!. J. ÜKillo!"'" al cl..cuiool q"'""';., In '"" Bl 

Eco cono"'' oo ''""""<al«, 1 ~6 '"'" pu mili'""''<' 
1. loO< ~"<r-t, 761 ""'"~""' um:O p<T miiHmrt<' 

• r. ,.,,e "ble '""'"'· ~iJ ""'''u""'""'".,... ... u._,., 
le <ood;ot ''"""• 941 Answom ""'~ P" mHiimcl<• 
E.c on~t •ol~. iS.S volt> pcr milh•em> 

duot<r can t. <:<>nru:t\..:1 to act as an 
iotornal grotmding cond1\<lúo. "file /[ 

cond~oU>r can r<pr<..,nt an "'"''"1 
groundin;; "'bl< run parall<l to the ~"'""'' 
caLles witb ah<,ut 1 !out S<P"'"';""· 

In a<\dition to a '"'""anoe ,.,duo 
a..oc'..atro witb uery <<mdu<tor el•ment 
is un inúuoti•·< r<aotance Vatuo of a-o 

impedanr. The ''"'~'"'"' wi\1 m<T<a"' 
as tbe spao.n~ incr..a""''· 11ou•. for 
oond•tÍons in ~·hkb tlt< out~otng t"\!tn:nt 
v;iJ] in OJJ CO"'S h< carTi<d IN the ,¡ COU• 

du<tor. Ule ruotanceo o! tho v>riou• 
ole~neoto ,.;u increase "' lheir 'P"oing 
from tho ..! con~uctor ;""''""'' 

The upj,..r •lel<h in Fi;: ~ dtfin., 
the spodng charaottri"i'"' of thr circ-"it 
ekments h<Ín~ otmli«!. Tite stcel con· 

duit '"'P'"'"" an annul>r "''~ .,¡ high 
<n•gr.<tio pettnt~bilill". t·ntol .. ,\!f~Uon 
occurs the magnetÍ< flux produtcd in 

........ 
'"'"'"' , ....... "' =· 

"",.''' •• 
~"-"• 

...... ... ···• •·• 
,,.,~, ...... ., ,,¡,,.,, .o'''"' 

.. HI "'"'"''-••· 

S.«l buOd,.l f,.mo •••• 

. . . '"' . 
.... ¡ :.:. 

.o"'"'" ••. o OOJ(J\l 

·"·""'" 

thc "e<l¡rtf."' ma,· be ,\00 or more timos 
v;h>t it ..-ould ha,-e bo:e>l ia ooom>gaetic 
tn.:Ue:-iaL Th< roodun may be =
sid.,..,d »a .ori<:-< ot thin-waU magn<tk 
tuk o~c ..,mm U.e othu, su<h .. that 
i~dic.atocl in thc «'"-"' •kctch b Fi~- 2. 
Th< rc>u!Úng «¡uivaknt ,-;,,,;, ol tU 

>)''"'"' t!lld<r in''""ti~a~on Ul:<O tbc lorm 
i~do<o>'<d at thc OOttom ol Fig, 2. The 
reonaoce ol th< <.Íwuit mo.:luding t.he 8 
ccmciuotor wtll be the lo~•"· !'>e:n will 

b< thc inner:nO<t '""' of the <Godttit. 
followod lw thc othcrs in'"'"'"'''"" ordu 
unl~ fi""-U)' lhc out<r tute ;, re;oched. 
Tbe tc.duct.>~"' oi <.~><>< tubWu et=..,ts 
of tbe "'d oondu=t a>S\lffi"' unu>UO! 
imponon«; b«;o~..,. cf tbe hi~h ma¡¡netic 
perrneabihty. !'e>t in <p>oing io \he 
extor~•l grou~ding cc~du<tor (H ""ble) 
>od. l»t. \~< '"'"turol •mtnhors uf the 
b~tldm~ tr>roe aod <),.¡, ic.teroonno:<tinf 
gro1Jr.dm~ cohle• hUri.d bolo>< Jloor 1<>-,J. 

.\ny ¡:i,·en circ-"'' d"""" ;, h!"OU{ht i.oto 
use h)· roor.«:uo;; "'' tmmnal lo Ule 
ro,-.rnon bU$. 

The offecu,-eness oí tbe cooduit i.o 
roolinm~ Ulc flo~ ,,; Ü;¡lt rum:r.t "ilhin 
the rood\ht = be "<"tma!i«d ..;th \he 
aid o1 ¡¡,;, eq~it·aient cirruit. Conoider 
onlt· the cooduit (C l.<m\lr.al) COnnected 
to the '="'''"· bu• Thi• for= al! the 
runent to "'~m on tlle conduit olor.o.. 
The eq";,.,lec.t tic<•mt iho""' that the 

t"UIT<~t he- "'"'"';r.¡; <m \he innor ourfa"" 
oí tbe eondu" ~;¡¡ ,,.oid the r<act>.n"" 
of tlt< nth.r annuiar sectiotll. foutl:<t· 
mor<. tbc cor.<bÍt re>Cl.OO«" "ill imp<de 
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the <liY<cion o! curn:nt to the ronduit 
outu rurla<t. The ,-oltage drop in o 
cirouit p>tb externa! to the conduit 
>hould be ex¡..-ct<d to be lo"' 11ntil 
m>gnetic "'turation OC'OU,., übsen;e this 
«Tcct in tests A2 and A3. The Y0]\.0.¡;< 
E,. Í< a ''"]lag< drop mea<oned aroutLd 
a c~m01t ntemal "' the condu,t_ Tbe 
o·olue o! 0.45 ,-ol! \l'ilh 2[1() amp<res 
tlowin~ i< loss than tbe pnxhoct o! the 

"'"""' ma~tLit•"de aod tJ-,c couduit d-o 
rcsi>lan« The '"me is true olthe <alue> 
obt;úned on tests E2 ano! B3 at hi<h 
curren t. The as<ÍliOg-¡-dm as>ociated with 
te>t BS is re~roduced in Fi~. 3. :-/otie< 
the bg in the app<ar>n<e of \"oltage in 
the cirruit e>temal to the rood~it (E,.,) 
)b¡:neúo satur.~tion h~• l>«n occtH·rin~ 
·,n the ><«1 ronduit '"'-rtinK at the iooer 
<urhoe and p«ogressinK toward lhe outer 
w~\1. .\< rornple<e saturation occu,-s 
the >oltage •P!""riog in the e:<l<rnol 
.,;=it ri><• ahruptll·. ~ot. that lh< 
<"tt,.,..nt flow in lh< rond~it had tooady 
"'a<hed <T<" •·•lue ~hrn t.'li• occurred. 

.\~o,her intere<<Íng effe<t of lh< <00· 

duit i• di•?laved "ben the ronduit is OGt 
a pa¡t of lhe re\urn ele<tric .,;,"'~iL 

SuPI""" lh.at only lhe H cahk ;, arailable 
a• a rttu"' rurT<nt patb fa\1 othot t<nni· 
nals op<~). Th< curunt fio.,;ng out "'"" 
\\:.e A rooduct<rr a'ld r<turnir.¡¡ O>U the 
li ""hle lin~• th< ma¡rr.eti< ronduit as a 
tran<ionn<r ,.;ndtn:: ltnb itó =· Thero 
t<nds to b< r<Ae<tcd into lhe eleotric 

Cirruit a hi¡:h maen<tiun¡¡ ''"'"'"""" 
rnOO:iied m,],- by lhe tirrulaú~g CUIIT.Ilt 
tn the ro~duit meto.! The rooduit. 
not l><in~ hmm>ted. a\lows a ci,.,.~)almg 
<urr.nt tu dow muchas a short·cirruited 
""""'"d"f)" "'ndm;:. This cirrula~o~ 
rumnt fio.,., in a dm·ctiM oppoS1te to 

th~t in the A <Xmduotor on th• ronduit"• 
tn>ide <uoh<-.: and ,..turns on tho <>Ut>Íde 
surfacr. !u tbe oqui,·o\cnt rirruit thi• 
rircu\atin~ rurrcnt is acrouttttd ¡,, by 
a hi,hly """''"' circttit ;., P'""lld .. -ith 
the ma~t><li>in; rcoctanot. 'lht· uot 
itnpc<l.<n<"< rc~.ctod i,¡, thc <k<tric 
';.,,,¡ ¡, mudt hi~hcr th"n "ottld pT<vail 

,¡ the oondtút "'"'' port ,¡ tbe ""''"" 
e\Wr"" Ór<\lit. 1hc« ciTcots in irnn 
condu11S aro dc<;erih<d el><"h<,...' 

l'i~'· 4 and :, ~'" iho ph..tsor rd,ti<>n· 
ship o! mita~« and curren"· to~eth<r 
v. ttlt tite wavdnrm paUern ,¡ the v"luge 
op¡.-onn~ olong t\10 exterior ol the ron· 
duit as dorh·cd from ,.,.,.,.¡representa. 
ti•·e O<Gt\o¡¡Tams. 

In 1<>1 11~. Ftg. 4. the <ntir< ''"""'' 
, . ., !<:roed to rctum nver the ronduit 
alo""-. l'otc that 1M vo\t.>ge F.,., 
app<ann~ along the rondutt ,.,,,.;,. 
l>.gs consid<rably bo:h1nd lhe conduit 
rurnnt 1, . ..., ,..,., prcdi<tod. The ,.,,., 
shape oi thi• volt.age E,., d .. rly •ho"S 
tbe abrupt ri« at th< time of <:ompl<t• 
mag~r~c s;oturatioD. 

In"" D9. Fig. 4. th• internallJ .,.ble 
""'in par.Uel "itlt the conduit and 1M 
r<tl!ffi curn..;t di,;dod Dearl¡- <qU>Jly. 
The /act th.it lh< <Onduit OUrT<nt /~ 

\e.>ds thr 1J cable ru~t by a .... b.,antial 
ande ;, indicati,·< tb>t the ronduit 
rurr<nt is t.a~ing U.. hi¡hly <"<.;,,;,., 
path alOTJg th• ittn<r oondui! "'rfa<-<. 
The .xtornall¡- m""sur<d •·olta~e F-«~ 
e>.bibm tito p.~U= lound in test 1!~. 

Alter ronduit saturation thr externa! 
,·olta~• d<»<lv approarh.- tbo "'"""! 
r<sistance drof, OQmputrd lrotn roitduit 
d..c ,.;,tan«. 

In ''" 1!6, Fig. 5. tho building •true
turc wa• parollelod witlt the ronduit. 
'¡ h< lar~< an~le bet"'"" th< ronduit 
<urrent and thr lnBiúm;; !rocne curT<nt 
i~e.,tittr> <ht• buildin~ stmctur< as a 
hi,hl;· inducti\·e ctrtuit whtle the onnduit 

l""h "PI'"""' '" hi~hly .. ,i,tive. Al. 
th0t1~h the r~trront in the buildin~ lrame 
""almo" l.ltl<l :tmpcr<s, it re<ult<d in 
unly a ,r,"ht r<duction ·,n th• rondult 

'"'"''"' !"'"""' d tho lar,e pha!.< di .. 
pi."""''"' het~·.on tite t~u .,,,..ni 
rompnncn". Tho \"nlta~< appo.,.ing 
alnng the rondutt r>t<rior in thi< test 
v.·•• impr..._..,.,¡ nn the buil<ling "ructure 
an~ """Id app<:tr a• pot<nttal ddl«<n<e: 
alon~ b<am• ond ro\umn•. 

In trst l!tO. Fig. 5, both th• ext<rior 
¡;roond1n~ ronduotor (1/ cable) and 1M 
buildtn¡: ¡,.,.m< IG terntimtl) ,..,.. con· 
no<tod to prm·;de Jt.>.r>llel pa<M for tltc
"''urn CWT<~t. Out th< rondWt cimUt 
v.·a• \elt opon (C t<rmin•l not <Ono<et<d). 
Th« "" ,..,.w,. okarlr .,·!de~« tbe 
ponrlu! ior<-<S t<nd;ng to m>iotaim 
""""'' now in the ronduit cimUt. 
:-;o,e that aa,.. th< <>p<n e<mno<ti<>o at 
tbe C tcrmio:o\ appea.rod a Yolta¡;< o! 
H6 •·olts (or. mor. >i¡rr.~~ca~tly, O\"U 
50 per ot~t o! tite tot.al ;,pre>s<d driving 
•·<>Ita¡;<). lh.at ¡-.quirod to for<-0 tite <nr· 

r<nt to "'''"" ,;a lh< H cable aod 
1>-.>ildir.;;; lr:ome in panllrl. Such a \"Olt.a¡;e 
could be • !.<ri<>o .. bock b:t=d. F"nbec· 
mOR. un\e>S U.. ronduit "'"" "el! 
tosul.:ttod thr<>o¡hout tbe entire longth, 
l.ll= v.·""ld b< • •ufS.ciont number o! 
•parh at stny ronuct points to con· 
stitu!o a ..,rious fue h3.Z..\!"d. It ,. .. 

duno~ thi< '"' that • sho"" of •parks 
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ob.<rl·td l"'t"·een mttallic mtmbtrs in 
thc bqih!ing ')<Iom ~as oan...,,!·sim?ly 
by tht mong magn<tÍ< f<eld ""nding 
lar oot !<011> tht P<'"'"' rondueto...._ 

Concluslons 

Th< .ógnifica.:e< of thts innsti~ation 
points u~mi>:..bbh· tu the """<lusioos 
J>f<sent<d o.1rl1<r m t!Jís ~aper. I·:ITco"''' 
""' of th< eon~uit or rae<""'" in lht 
oquiprn<nt·groundtn¡: •)-Sl<IIl is p4ra· 

mour.t. Ad<litional ... -ork ¡, noodtd to 
do\·<lop jomts whic-h will no\ thru~ liro 
during ground hu\t. To imprn" tffe<:· 

ti,-.ri.,.. roquíres ¡r.oter c-onducri,·ity 
in tht ronduotot cndosu.-. or lht u« o! 
an Ínt<rn"l Ktoundtng ronductor. 
Groonding e>bln rnnn<eting ~uilding 

•tru«nr-< ,.;,h ground tl<ctrod..- (ron· 
n«tion lo torth) aro needtd tu conn\ 
lightning <UtT<nlS or ,¡mol"' t'\ITten" 
..-.kmg a P"lh to oarth. but llttse <On· 
duoton ,.;u play a negli¡;iblo part in tho 

ptrfurrnan« of th< rquipmcnt ~"rund1n~ 

spt<m. tlf "'"""· th• ""~"'"""" of 
rroper oqutpmtnt-¡;rouc.din~ btrom" 
prMor "ith th< l>rgcr ,;.., f.o<kr ,.;""''" 
>nd tho "'·ai\aLilot¡· of hi~h<r •h<'fl· 
circuit CU!"f<nls, 
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A Review of Lightning Protection and 
Grounding Practices 

CEORGE W. WAL<;H 

A~""rr--GuKl .. m P""'"'"' <o f"dlllle pmptr <ronoml< 11911nin¡ 
pro!<eUon of Yl<lu$1nil ""'"">Y"'"' «>mP"""'' .,.ngo:n,.•t~ Bul< 
"'<>«r" of the !n><\Lo~ ,.,_., """" of ~g.~!nong.,. ino!oded ""••· 
han« undorsundong "f P"''"'~' pt><lim ~~ !h<~ ¡,.,., do.,lnped •n4 
omphal< tho n«<< for curful ><ih<r<n" r<> >pp!OY<d pu<!Ooes in tnh· 
al><<' .. lho ¡;t<>Undi.o~ !f<>tn,.n! i> ""' bn<f. bo<ng lio'lned <o U.. 
mO>! »>!on! oon.Odontion< <>f <quipmtn! g¡oundo"g ¡, "'"''"" !O !he 
.,..,.u ti~<nwg P'""""' 'Y'""' '"" ohe 1l'"""" f>ul! pml<o!!'l< 
1)'11017\. 1 he p>p<f ¡, ..,¡,,.nted thoou~ut 10 .,,.,..,, iroduotty ,,. •• 

dud<. II'Pii<><ion ruOJ«. and «><<es. 

JNTRODUCTJON 

T IIE PROTFCTION of powtr dístribution sy.,eon• against 
Ughtnir.g invo!'"' fim. tho ""' of !iY,tnmg pro!tcli•·• 

~uipmont (anoot<TS, surge C3p.onors, shiddong. ond ground 
5)lS!em•) so apploed as to lunl! the magoH!ude of li¡thtníng· 
pmducro """·oltoge5 (and c"<rcunents) txpOTiencro by 

pcwer """"'" and •rP-''"'"' to d<'imto lowc• lovels. and 
"cond, !he provi<oun ol sysrem '1'1'""'"' onsulation •dequotc 
o with$!.rnd the<e hmited ove¡m]tages dunng"" economical 

,o fe cf 1he op~amm. ·n"''" ·'"'" roquioos a kr.owlodge of the 
nlllme nf hghtBíng·p!!lduccJ ovorv~lto~c<. cha¡actcrisllcs nf 
lightníng protectwc equrpmem. and ¡e~uiroment• of appara1us 
inrulatíon. 

Brid bo<ic cnncepts and prmctpb rolating to thcse factors 
will be pre>ented "' •~ a id in develupmg a cogni>ance of tloe 
background of hghtning prmecti,·e practicu. Much of the 
orea of ligllfnmg pmlcctiun p!Jc\lce en¡oys rclatívely long· 
otand1ng acceptance and usagc; howev"· prO!ectíon de'1C., 
contin!13l!y improw and "new"' approaches to applícatíon 
practicos evolve. The subject ;, vef}· bmod wíth nume!OilS 
ramifocatíom •uch that il is pouible to treat on!y the ma<t 
oalient upect> of 1ho associ>Ierl cone<pt>, prrnc;ples, ond puo

. tice eltnlwl>"'" single pJp<r devnted 10 an o•erall [t\'1""'. 

lú, TU~E OF LlGKT~L"<G l'ROTFCTIO:< PRosU:M 

Lightníng·prod"ced Mo,.olJa~« on e!ecllic pawor •ymms 
pe duo 10 la1ge quor.uues of cha<g-e placed u~on the lino by 
the actíon of h~]11n~'l~. In case ui dorect ¡trokes to lines, tho 
charge ;, pbced dortc!ly on the lino by the mokcs. Charge i< 
airo accumu!lted on ti~., by eiectr05!>~I• onduction due to el«· 
lric fidds prollucod b<twoen euth ond doud• rlunn~ !hundot· 
Jtorm•. !olear by lightning stroke• to ground collap•• lhi< focld 

Por<< TOO 7~·146. '~'o"J bv <h< Potool<om oru! Ch•m•tol Iru!u!lly 
Lornm""' ot <11< !Uf. lnd"'"Y Appl"'"""' Sooooty tor P'"'""'"'" 
"tll< 1~1! r"'oloum '"d Che<ruo.l !nd"<t;y l<duuG<I Con!mnco, 
llen><r, C"oto .. S<pl. 10-ll. ~1.,"'-'"P' r<k>«J foo puO!iauo.o 0.«.,. 
b<o :':'. 197l. 

1 h< ou1hoo " wl!h the Gen<!>l Ele<U" Compony, Sthenoct<dy, KY. 
12345. 

Fi¡. 2. 

"'". 

<H•OO< 4CCU~UCOHO 
1' LlOHf•o•O 

Two "!toV<1ll\l!" bodi<• of <h"P' te>ult ,..h<n qu•otl!y of thltl'« 
b d,.,.,..,,.,¡ on oon~uetmg bne bY ligh"""'\. 

G«>m<lly ..,d l<rminoloO)' tultornully u«d to d<<ign.ate •Olt· 
o;e .,~ eunent urvehng w••<<iup<~ 

and rdease tho bound dt>rge on tht !in e. V.'heth<r the charge ;, 
~eleased on th• ~ne by direct mol<e> o• Mrnducro mol<••·" 11 

divido. and tr.-el• in both direcllons, olong the line frorn the 
!he orea of Jccurnulalion (see Fig. !). 

Tho q!l3ntity of oharge uaV<ling along the hno cor.stituteo a 
'"trovthng wa-." of ouner.t and vo!la~. the zono ofmajor in· 
fluenco or w>velength betng of the order cf a few thousand 
fttt toa fow mi!t5. hoepting gradualauonuation, the masni· 
tude and ohape (voltage """"'time, see Ftg. C.) of t!l• surge 
rem•in appro><.im>tely tite samt at all poínos of • uniform lino, 
but are displaced m time piase due to the troveling r..:uure of 

thc wave. 
The di<tributíon of charge ond its rate of trove] on thc llne 

>re ruch that the rate of nse of vo!tage ar • point can be H· 
ITern<ly high. The complete lightntng di•ch>rgo may reach its 
crest in appro><.imatoly 1-20 1'' ond ptodme oonduc!Or fiash· 
Ovtf vo!tag .. of S-20 times normal in l ILI ot lou. Dir<O!· 
stroke overvoltages moy be of the order of m•ny milliom of 
volls with di«harge cunent• of many thuus3nds of a:nperes, 
while the mote froc¡uont mduced suokes produee orJy a r~ 
hund1ro thou....,d voln with discltiig< cu:rrents rang-.r.g flom 
S0-2000 A. 
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fi¡. 3. Se•"' of '"""~"'"' "T" ot "~·· "'"""' :o r<pr<><nl41>tnl>u10d 
""""'""" o/ hn<. In ¡>roetioo. L ;, "'d~><unco "' horu1u p<t foot or 
"""" wniWiy e,, "-'!'>"'Ll""" "' f>lldt. 

1112 VI' sJw P<' 

Wave!h:tp< is cu<IO~mrily ex~f<SSOd by IW<> time tnlervals 
aosoci:ued ""ith ,..,,., ~eorn<tcy. Reforri~g to Fig. l. !he flm 
time in torva! ts betwecn ~•"' vol!< or ampetes and Ciest <on the 
wavefront; the second !Jme int<I'ial a betw<<n toro vnlts or 
amp'"'" and half-<T<<I .ru~o on !he wave tlll. The wove Íl 

completo!Y upre...,d if 1h< Cf<SI wlue is added to lhc two 
time interool dcs:gnations. Fo1 e:o;ample. a ¡¡O kV 1.2 X 50 ¡¡s 

wave '"'" f1om roro lo a ere" of 1 1 U kV in 1 .2 IJS ( fronl·time) 
and decay• lo 55 kV in 50!!' aftor l<ro. Curr<nl wav"' art 
simila!ly design>ted. Note th.:n typically m;my 1Jlovol15 or kilo· 
amp<T<< are in,·olved al eres!. and the wavtfronto ""Y from 

. perhap< one to a few mJctO<ecood•-the r«ultutg grad.enls 
beiilg excecdingly hi¡;h. 

-r< lm~a~a. ~~~··• l'do<"iry 

When drCUll geomrtty is <hon cnmpared lo wavelenglh, 
Jumped circun constan a (!,. R. C) oftcn •uffice tm the par· 
ticular analy•;, at hand. !lowe,·er. whon w•vehonll >re sho1t 
comp>red to !he ten¡;th< oí ürCIIitrY tnvo!ved. then it may be 

nccessary to "'' dht,buted constont representahon. Such i> 
!he c"'e with llghtmng·produccd waves trol'ehng on typtc>l 
powtr linos, cables. and Jpparatus. Fig. 3 illuu,ates th< dts· 
tributed constan! concept of a üne. The equi•olenr distributed 
constan\ ·,.L:Itionslup< u.i51 m ap7arorus (transfonnen. rotating 
maclunes, etc.) but a1e s?ffi<What more complex ro analyle 
ond visuali<e. 

Note from l'i~. 3 tlut eacll elementlcy induetance has 1 
surge cunent magnitude and each demer.tJr)' Cllpaci«nce hn 
1 surge •ol!age rmp,....,d upon 1! hy an assumed travehng 
wave. The ossociated el<ct!Oma~neltc energy (~ 1.1 2) and el<<· 
trostatic energy (\ó Ce') a« expresscd injoul<1(wattoeconds) 
"''"" urun are "'d<fmcd m Fi~. 3. h is a profound property 
of tnveling wave< th!t the rwo torms of energy are of equ¡J 
magnitudes and a su1ge voltagc/cunent ratio will lo result. 
Equating the two energy <X?I«ston< and sotving for e/i. 

• 

e/i E ,fiJE • !Urge imp<danu ~ Z. ,,, 
J.pin using ba•k con«P"· but necm.anJ;• mucft more com. 

an¡Jysi>, \t may be sho"~ that veloc\ty of wove 1!3vel i.s 

' .¡¡;e :o unitlenglhs p<r second. (2) 

TA~LJ;\ 

SUOG> l~,.,.OA"C' A"D T >U G W V>: Vrt.oerrY ... ' ' 
·-· ~ .. - ,., .... , -· ·~· .. , •..... ~. 
"-~ 

.. ..... . N~""«"'""' .... 
... ~ .... "" ,.,.,.._ "" ..... "'""' -" ... ........ " •· no . ...... ........ ..... _ . ....... 
........ NO ..... - '""" 

,.,,_ .. ,Hoo ,oo .. "'·"" ....... 
0000 _ .. ,,~"·O~ "·•~•""" .. .,_oH 

"O~ .... , OO ... ~ ..... '"'' ...... 0 UU. 

S.e Toble 1 fOJ typteal <urge imp<dances and tn.veüng w•vt 
velc.:ihe! in power sy"em components. 

In actu•l systom•. vol"ge and curront wavos 11e gradual!)' 
auen 113ted do e toa 1ehrivelY sm.U amount of loss ass<Xiated 
v,,th !he energy tuo•f~r a!ong the cucuit due to dJStributed 
resistances, corona, etc. These effects art negltctcd in \he« 
exprcsstons fo1 •implic\ty <mee the error tS rdO[ivdy minor. 
pallicularly m a><ociat\on with !he shml lcnglh of mcuits 
encountered in the type of systenu four.d in reftn<ne;. p!o-
ducing flelds. and chemical complues. E•en in somo <>f tho 
much )Onj':Or Jiu< utility app!icauons. 11 "contmonly a<Sumed 

the1e" n<> loss invol,·cd. 

R~jk<:tir:m o{TriJ.t"<!ling klH<"J 

AlJ typeo of troveling V." a<<< (such a• sound. light, curren!. <>1 

voltage) e.xltibtl marked ~jumge> whcn the l!oo<l ;-tec!tur.t i> 
changed. Thi• l< dueto a new u:wehng "'r<:lected' ••ooe !ha\ 
il aeated when !he ori¡jnol navohng Wa'< impmges on the 
chango of nave! mcdium. The reflected wavc uovels in e>Ch 
directJon f1om thi• pmnt cf origJn and is ,uperimpo'"d on the 
origmol wavt (called lh~ inciden! wave). adding to or submct· 

ing from it. 
Referring te Fig. 4. if at •~y·•nstlfll E i< the vol!•!':< of !he 

incident wove al the ¡unctton, then (f.) (Z, - L 1 )/(Z, + Z, ) i• 
the vohage of the renected wave at the juncuon. wh<Te Z, i• 
!he surge imp:..t.,.nce of the n,., conductor (ov01 whtch tho 
surse amved) and z, u !he •urge impedance of the "'cond 
conductor. Th< voltoge of !he !<f13Ctod wave at the JUnotion 
is the •um of the voltag., of tite inciden! and re!lected wave•. 
that is, ti equal• (E) {2 z, )/(Z, + Z 1 ). 

Fig. ~(a) i< a frequently ltsOd simple de e<¡uival<nt cucwt 
whkh may be 1erived from !he foregoing lo determine •urge 
cunen! and voltage at tho ¡unction of surge impedanoes Z, and 
z,. In this de eqU!V!Ienl. E is a de voltage equal 10 surge vol!· 
oge ma¡¡rutude and !he JWgt L't1pedanc•• display !he charact<J· 
istics of restnanee of the same ohmtc magrutudc. Tlu• !alter 
property g10atly simplifics •urge analy"'. Furth<l generaliza· 
tion" valid to the e~tent z, may abobo a pule lumped mduc· 
tance. '"'?•citance. 01 combin.ltions of lhese lumped cncuit 
demems, p1oviding the usociattd over.U rime conotJnt " .non 
compared to twice the surge nave! time oi the line, andE i< a 
ll<p function. See Fig. S(b) and (e) . 
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""""'""-< ""'"""" 
"" ... , 
"'"""' 

'""""' 1 1 

•••t--"2-;-;::;?c=" """'---;;- ~ 1 ,, , • • ,, • ,,,.~oc,,,, 1,,,,,,'~---·· ,. ' 

,., 
1 ¡ 
' ' '"""'"' 1 1 

~ 1 - __.... 1 
~-;-~ ,, · ,--"l-oott7·---- ~ , '"'''•· \..~.,.,. ... ~ . '1 ' 
"""'" w .... 

"' fil;. 4. l<<nw;on of ''"'"'l>n¡ "''"' ., ¡on<1ion nf "''" '"'~ Un!"'~· 
'""''{loo o g!O<n '"''"'"' Oi """'· 1u<•l Wl\"e m.><ni\odc" •ll<b,.;c 
tum ol !ntidtn¡ >1"1<1 rol"k<<<<l .._.,..,. (o) w.,e ttl>tbn; m ""cdmm of 
no ehongt of '"'-" ""P'~'""." "1 ""<f<>l< no r<ll«ltd "'"" p;<>
doood >1 ¡on:t10n b<lntn z, o><! 7 0. ib) ¡;,,., ol Z; "'"'" tnon z1 
o•Z1 beco""'..,,.'"'' "'mrmJ wl1. J<otl<<t<ol waoo "''f"''""' 
oppwoebul" o hmtt> !luto! "'"'"'~' "''"'· iel Ltmuon• <>,. Z· l<» 
tlun 71 "- hm z, • O. N<t w"' "'"""""' on 11 IOt "" """ ~">1"<1 
;, UtO """' lncid<nl ~·••< ond r<li<"«l .. ,"' com¡><>ncn" 110 rq"'\ 
In mo¡mtude "'" OPP""" in pol.olllf ¡nz, "I•On. 

' 
--'; "/''"''"'"' t 1 .c .o• e .. ~ 

·~·~·r-rh 
~LLJL.1_j 

"l"""(~) ,., • .,, •. ~.·'¡ ., z,.z, <j•U(t·(· 1,c 
lo)" tbl (CI 

· F11. !. f_qui,.l<nt """'" for d<tm,mtn¡ j"n<t10n vol,g< lmaximum) 
!01 d.tlú<n< '" ""'"'"""' o f "'"'"" ;mil<"'""' 111 ) _ 

Thll3 it is 5l'en that .urge I'Oitage (and curren\) al lhe junc· 
tion miY be dcterm•n•d by da,ical m.:uh<mllkal tf'•tmo!ll 
of L, R. ande lumped con<~anl elcmen" dependm~ nn the 
manne1 in ,.hkh the cu-zwt ro1ge imptdance (Z,) ;, t<rml· 
nated (Le., in another surge 1mpedance. R,L. 01 C). 

Solvillg for the junotion vol10ges (E1) d JlrangcmenU ~~ 
Fig. S for >":lnOU< !<rtnir.3tions of z, we obta!n foo surge 
lmpedance (Z,) terminolion 

E¡ • 2E(_!,_) z, + z~ 
(3) 

. inductance (L hennes) termina non 

( z,,) E¡~2E ~-

' '· 
{4) 

and for cap>cilance (e farads) termina !ion 

E¡~2E( .--') 
1 ~' z,c 

whete E is th< tero front·!lm< stop function_ 

,,, 
The ¡nductanco letmll\ltion r<sponds initiolly hke an op<n· 

ciicuiled lim but bw behavc• like a <lwrt·oucmtcd hne. Th;1 
;, impoiianl to lhe undtf<tandtng of 1ho dmornenlll oifect nf 
long inltrconneclions to sut~e p<0'"1J'"" equipment. On •he 
othor hand the e>pad~an~e wminaltc>n re•pon<ls ini1i:llly like 
a short ClfOUitod lino, bUt later bohoves like an opon...;ucuited ..... 

Ao v.·ill be de•·eloped in the d;scuuion of liglnning arr<ller 
ehalicWisiJCS, the acflon of moste" 1• to make ;:, tcla:i>·eiv 
low. Thi• p10duces a lowered •urge voltage at lhe anestel. :md 
in \he imrnodiate alta o! th< ane""'· thu> prO>"iding SUI~e 
proleclion for elewical app:~ratus in the areJ of th< anester. 
The txtenl of this ""p<otcctod"" znne IS ;amble. bemg sub¡<ct 
¡o ma.ny fae1oo>. Funhtt trcatmont of thi• osptrl oi hghtning 
protection is presente<.~ in th• discu.,ion of ane<ter loeot 1on. 

The úoregomg has deo ir Wilh lhc 5Jil<plc "" of o <mglo ¡,,¡. 
dent wave o. it •mpinge. on a junction of IWO surge lmpedances. 
Ob>-iousl.v • p•~ctieal •ystem w11i exporienco on occasion a 
rnullttudc of WO'e compononts navding through liS 'lrious 
surge unpedanc«, plt"lducong a mulmude nt ronect;on< onJ ,.. 

f<>Ciion• 31 v:~nou; junctions of '"'~" impedances. 5uí!te< it 
to slate Itero. thort are c>labiJsloed me~looJs and progr•ms :~ 
cvaluatc lhosc n¡mo wmplex oa>C> 1f dcsirod. H!lwe·ler. os a 

prachcol pr<><cdure. the •d•~u>C)" of surge p!Otecti•·• "''"""'. 
;, ofttn judsed on the basJ• uf Uoublio~ Jt lh< juneliun (Ot 
protccted apparatus l"ntillal) ~~ .t sutgto in::dent Wa>"l' o.' <s· 
t•b!ished maximum p10bablc >ohlc. 

A•··~RATliS !NSULA110N CAI'ABlllfY 

An objective of ""S' protcction is to ochicw an oplmtum 
economic b•l•ncc between inve>lmon\ in the SUige pro\e<11•e 
system and in,·e",tmenl -lillinc, cable, and appalllus insulation 
~<q<>!l<d lo Wllilmnd surges tluoughou¡ ~eJ>on•blc IJk TitCIO· 
fore, .urge protection syuem properties ond oellrcd 'PP''"'"' 
insul11ion capabililics "" faidy wcll >tondardilod. T "'' \e<<l< 
for Yarious cunf,guiJI;ons of wav.,h.:ip« hove been «tob~i•h<d 
IS a basio fol haulauon capob1hty •n•l fur hghtntng ane5fcr 
protcelive ab!l11y. 

Th< most impo¡tont sin ¡.lo waveshape test detived to tstabli!h 
the surge C3p>bilities ofm<ula1ion "IUC1U!<S is lhe 1.2 X 50~' 
"ll.3Ve. A g<>~n m•ubtion <!:ucmre "si."-n<d a gw•n in•ulalion 
class musl be copable oí "ll.¡thstandin~, wi1hou1 tlasllo-.t o1 
appa~ent dam;gc, a 1.2 X 50 !'S "'"'" of spoCJf!<d "'" kV. 
Tñi1 <pecil\ed n .. , v:tlue is tho basic impulse insulmon leve) 
(BIL) of the <<¡uipmen• for the paniouln '"Ollagc or iosub 1ion 
ol= involv.d. l"he 1.! X SO ¡.ro """" 11 al.u refcrrcJ to >< '"fuH 
wavc." See Tables ll~lV. 

Tables ll and lV CO\"ering tr3nsfo:me" inc!ud~ nol only im
pul"' test le> el< which ale o[ prime con""' in iightning prottc
tion. but als" low-frequency diol"llic test kwls (induding 
hi-pot) •nd >O·c:dled Mchopptd w>YO' test le•·els. Tho chopped 
wav• te" ;, ju<t ,. \he nan10 imph••- \'oll•g• is inc~eased ata 
steady !3le "'"" lhc t<sl spocimcn lo a leve! "'dicated In tl¡e 
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WALSH' LIGltTI<ING PII.OTECTIOI< AND GII.OUSDU<G PRACTICES 

br may bo damagmg lo r0!3tmg matht~o' of mulriturn coU 
conmuction. Hus indudu virtu;)]l¡- all motors and >lw snuUer 
-•nemo" (up!O appr<>Xm1ately 35-40 MW al 13.8 kV). A fol. 

."ing disoussion of motor protocuon ,.¡¡¡ cover tltis asp-e:l 
of surge pmle<tion and asse<lated appHcation of surge 
capacito,.. 

SURG~ ARR<.SHPS 

Hist.orkally, vanous ty;>es of >rrestors havo becn used for 
po\Oi<r system protection; ho""'""'· toJ.ty the valve4ype ar
resler i> appUeJ to the p<aC!loal ndusoon of other type•, in
cludJng o.puh.ion. The ba<tc tlomenB of the valve·type 
ur.,ter >re the g;.p unn 1nd the sodlod v>lve u ni!. The gap 
unit is configurtd and augmemeJ such a< lo adaeve the most 
desirable sp:llkover pro;ec¡i;·e choracte!ÍsltCS and teseal capa· 
bility con!lstem wuh cosL. Tbe valve urut comu!! of • non
hneu resi$t:ince 

(whtTe RA equ3ls the \-.J,·e te<im.nce. E equals Lhe volt>ge 
3Cr<>l< volw resi.,onco. and 1: equols thc COn>Unt for a po!\icu· 
br drsigr~) "ltich exhtbUs 3 relatively high te<i<Lance a\ low 
voltages (and curren!) ancl a much lowor rc•tstanoo at high 
(Singe) voltase and cunein. Th" nonhn<, pmpeuy peatly 
enltances nverall auoster cle<t~n hocou"' t1 pre,.,nts luwest 
<esi>Lanee (sutge irnped~nce m ef(ecq at th~ imporL30l higlt 
•"tge conclition wlulo ir< hi¡:b '""'!once pr~pcrty at low surge 

I.J ass.im the pp umt m I<sealmg allet sur~e dischar~e Lo 
.• vent wntmueJ llnw uf puwer lnilow cutrcnt. 

Ba>i• o{ Rating Va/t•c-1)•p• Arre>t,-rs 

lt is intpo:ratl\e Ll,at tbe ~ap uruL be capable of '"""~ngmtlf 
(with assislance uf lho cu:rcnt throttllll~ •criun of the v•lve 
unit) ag•inst power system frequencv l>nNo.ground vohage 
afler the >urge bo. bocn dischar~ccl thmuglt tilo ancsrer. The 
liglttning •urge has a Lime dul3uon that '''"'Y Utort compared 
to thot of o half..:rdc nf fund;montal frcquency. The anmer 
i> cap:tble of di,·ening !he <hou dutation surge cunen\ to 
ground quite rood~y; hoMver. the ,.,st mojomy of mesto" 
in scrvice 3nd most o\ !hose a<ailabletodoy are not e>;>able of 
carrying the re]othely lnng duratwn h;lf-cyde~ ol pnwor tolluw 
ament (>~leaS\ beyond a vcry limll<d number of such half
cycle petiods). Thi• 1Spect " crucml ID thc opphC>tioll of 
""-lve-type orre<ter< and for Lhis reo!.On arresten ate tated ..>n 
the basis of the m~"imum power <ystem frequency ml< voltage 
which Ihey nuy be <.p<cteJ Lo reseJ.I ag;.inst. Thus arrmer< 
are no\ tated direody on the basts <>1 o patticubr surge pmtOC· 
tive spedflcation. Speciol overvoltage arresten are avat.b.ble 
which are eapable o( •usta>nmg a spectlled. nmdomemal fre
quency O'<rvoltage foro ·~·cJii,d number of cycles. 

Arr~ster Protecti\"e Clurraclerisli~• 

~he sur~e prote;:ti\"e choracL<nstics of >Oh·e-ty¡>e arresters are 
cbred "-ith the two ba<ic uniu compmmg tbe arrestcr: 

1 J 5p3I\.;O\Of .-olugc ch.:uoctemtic• rebung 10 ~'P um\ p<tfOr· 
manee. ond 2) dJSchar¡:e >oltage tharattcri<ltc> rclltmg lú val.
llnÍ\ petfotman.;e. The •par~over charatL<rist>c. i.e .. the sutge 
voltagc al wbch the gap unit conducU 10 engage the >alve 

unit, v.nos Wtth the WlV'>~Ope ofthe surge. A pcrfectsphore 
gap will spark over •l mat~Miy highet l-alues of voltoge on 
stecper frunl wove< and ot luwer volues of>•oltage un ""slowe[" 
"'"'"'· i.< .• "oves thol Loke a longor tune lo re>eh 3 gjvcn cr"'t 
value. M<>dem volve arr<stor g:tp units. how01•er. are dcSL¡:ned 
!uch as !O produce a more urufomt •parkover clta!actensLJc as 
a funotion of wJVeftont stoepness. 
An~<I<t stand~•d• [l] spectfy vario011 wa .. sh3pe tO<ts 

"hercby orrester sporkovet performance is 0\;hmcd. Arre''"' 
rrunufacturt" ti!! performance charactcristics blst:d on thtse 
""'"hapcs .. The two tem mosL frequently '".U t"or such 
li<ling are the front-<>f-wave ond the 1.2 X )0¡<1"->ve test. The 
front-of-WO>"O sparko.-r i< tho voltoge at llhich atrostet·¡;•p 
spar~ovet ocoutS on the front of a wave rlstng"' the me of 
100 k\'f¡<s fot each 12 kV Llf arre<ttr ratrng for orres\e" ratcd 
3-144 kV, and 1200 kVj¡.¡s for •rresten roted abo,-. 144 kV. 
For an•>Lers "LeJ 1<51 than J kV. the tes\ wa,·e rate-of-rise is 
10 kV /JJs. Also, oll roLattng·nuchine :llre•ters have 3 sp<citied 
front-<>f-wave test rate-of-me of lO~ 3~<• tn gap spJrko.-or. 
The 1 .2 )( 50 ¡.¡s •pari;OV<r is Lhe eres! ""1ue of a 1 -~ )( 50 JJ• 
waoe thal causes arre<ler spatko\"et al the lut1C cteU value is 
reacheJ. 

So..;allcd slow-front or >Witching.,utge spatkover volues are_ 
_also !Omelirncs li•ted. Tltis is stmilar in natureto the l.~ X· 
50 JJS 1"'1 1\-:tV< e.cept o >eries of wav.,hopc• or< u><:d wllh 
front> varying from 30-200 ¡u. 

T able V lim spar~o>er ch3tae<eri•:ic; bose~ un the foregoing 
'tandard tcsr wove<. Aloo note the !>bl< mdudol m-callcd 
di><:harge volta¡;e values. The.e >re valu.s of •ol,.~c that 
appearac>nss thc anestcr whcn thc tndJoalod ma;:nJtuJo (cr<l1) 
of 3 stand>rd!Zed [!) 8 )( 20 ~· curront \\Jve is cr.n~uo!ed 
through lite an«ter. Tllis -.•ltage 1< li<o som~t!ne• refemJ 
Lo as the ""IR"" vohage. ~ote that vcry l>rgo '"""'"'' m d10· 
chargc curren! resol! 10 rclal1voly srP•ll l11Ct<a>es Ll1 di>eha1ge 
voltage. This e;UübiiS th~ nonltnoar natuie of the ,..,¡,.. u ni t. 

Arreli<T CloSJ 

Three cla!<e' uf valvo-type orrcsterS .ro rccogni<ed by indus
Lry stand»ds. lo order of cost and over¡IJ ptoleotive qualily 
anddurab>hty !hoy are in order limJ: 1) s\ation class. :!) Ul\01· 
mod~ate dass. artd 3) d!<Lrlbution elass. ~ote from Tabk V 
tllll the srorion claS>. imerrnc<lbtc doss, JI\J spectal di>lnbu· 
tion dass h»·e oomp•roble sparko,·or le,·els. The '"OL3ndard·· 
dismbul1on ol;ss """'"' h» a >parknver le vol 011 front--of-wa>·o 
of opprox.irrut<ly on<-Lhird to two-Lhnds greatet. The "ation 
da;s Jrre>tcr can di5Charge apprn\imatcly twice •• rnuch 
trnpulse cutrent (8 X 20 '"cunen\ wa>·o) as tho int<rmed1ate 
do" mestor lor a ¡¡tvon dischorge vnltago. The intormedrJl< 
dass U<ester llrnil.:nly an disch.trge approxi:nately one-half 
greater magnitud• of impuL<e current fnr a gn·en Ji.cha1~o 
•ollage !han the distribunon class :urester. 1t sl>ould be notod 
thot th< valuos limd in Tablc V ato based U?U!1 the or'fering 
of one manuf>CLurer and may vory somewhaL hom othcr 
listings. 

Arr<>ttr Di•dtartt.curr~m O:robil>tr 

To en•ure ""'''"" Ita•·• an acccpt.oble caplbJiity to discharge 
hghtmng cunents and line 1nd ooblc c.pa¡;mnce. an Jrf3Y oi" 
discharge..:utrent withst.Jnd :111d duty cycle tem ate specllied 
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JABLE V 
SOoGI l''oOTf.CTWT C~AUOT .. cnn o• V ACVl'-T>,_ 

Su•GE """""'"'' 

' " W!t . ' .. __ ,, 
• " "'" 
' ' " 

__ ,. 
• " ""' " ""' 
" " ""' " " '"" " " 

,,., 
" " " 

__ , 
" " " " " " .. .. " • " " " • • 

" " '" " " '" '" " "' "' "' " 
" '" " "' " "' '" "' '" " '" "' ... " "' ... "' .. • '" " "' " "' '" "' "' "' " "' "' '" "' " "' "' "' "' " 
" • 
" '" '" '" '" "' "' '" "' '" '" '" '" "' 

... 
'" "' * "' '" 

'" '" "' '" '" 
... 
"' '" •• "' * "' '" "' 

" ........... NMO- ... '"'"''o<---· .. ·~~ ... -"" - ,_K ........... . ........ -......... ~ .. -"· '"' ...... - ........ .,._ ...... "'' 
• ,.,_,on '" ,.,., ... _,.., ...,"""' "' '"""" •- , .. ,_,,.,,. 1 "" >•" '"''w>w,o,_ 

o<~o<oo oo<oO 0>0 0 """'" ... ·--•••10 "'''''"' ... OKUM, 

by stand>rds ]!]. Two of the tests roble to hlgh..:urrent iliort· 
duration and to Jow-current IOng-duration duties. The high
currcnl short-dur>tion test COD>ists of two disclurges uf a 
<UEEO ouuent (of ~5-k.A crest for mtcrmcdiote and distnbution 
da" .rrrstero, lOO· kA '""" for <la !ion colss) ha.rng • (4-8) X 
(l 0- ~O) ,_., "'""'hopo. The low-cunent long-durnion le.ts rt

quire stotion and intermediate class arrestcrs lo di>play capa· 
bihty to disch><ge capacttance equ"·alent to sp<Clfted tron<· 
mission hne lengths (150-200 mi for station daiS, dep<nding 
upon an~S!er rating, and lOO mi for intermodtate doss). 1'10· 
codur< for de~ermining cable longth oquivalent i< indudi!d in 
the <>me stondard. Distnbul\On arrosten "'"" oxhtbit (in a 
sp«!fttd "'""' of d!schargts) the cap>btl!lY of wlthst>nding an 
opproximJte r<c<angular wav .. hape of 75 A minimum surge 
curren! o! a minimum time dumion of 1000 ¡a. 

Sorne mm•" ha-·e dischatge capabilnies well in excess of 
th<le mdicated minimums. l'.ñete high disclutEO cwrems aro 
oí concom. consult arrester m•nufactuter data lo determine 
adcqu>ey of arre>ter discha.rge capability .. 

AP!'LtCATlO>i OF Á~RESfERS 

Th• applkalion of surgt a.rreSters d<pends upon thJee baste 
con.lld<rauons: 1) selection of arrester Tatmg, 2) "'l<CTion of 
arrc<!e¡ location, and 3) sel'CllOn nf arrcwr da<s, 1\'hercas 
th<re ts <elatively littlo 1.3titoide in !he selcction of anester 
ratings m most applka1ions, thcto a somewhat moro room fnr 
the exorcise of judgment factoJS m t)lc selection of arre<ter 
location :rnd arre<ler dass. These bttcr two baSte cun<Ld<r.>· 
tions do provide for different dcpees of ri•k that moy be 
"-'"tmod by the owncrs :rnd opcrator< of a systom. 

• 

Se/ecti<Jn o[ An-~m:r &IU!z 

As establi!hed in the foregomg dixuss.ion on val>e·type surge 
arresleJS. they are rated on the b>Sis of the m•ximum power 
sy>letn frequency rms vohage at wh1ch they m> y be expected 
to ¡e¡ul agoin>t alter havmg sparked m·er, The lowcr !he 
anester rating the bctter the protection afforded circuit and 
apparatus inml.uon-oloo, the lower the cmt .. Therefore !he 
selection of arre>ter r>ting u prlmar!ly one of derermining tbo 
maXJmum fU<Ta"!ed hn<·to1lrOnnd ••oltoge that can occur at 
the auester location and then choo<1ng !he closc>1 arreOlet 
rating that u not exe<cded by it. Thc wcumstance of a line
to-vound fault on •he system >nd the aS>OCJated hnN01:fOUnd 
volla~o on the unfaultcd plt»es" the usual pnme crit<rion for 
uleotlon of arTester rating. 

Lme·tO·ground faults tend to <hift tho sy•tem fund:rmenlal 
frcquenc)· phasor pauem from 1U notmal po•ition of sym
motry with respect to ~round. In the case of ungroundod 
syStems. thls sluft is •1nually com;:leto, Le., the unfaWted 
(S<lund) phase(s) •nester wlil be <ub¡ected 1ll 100 percent of 
tlt< line·to-line opcraung <iOltaEO, resultir.g on the so-called 100. 
pc!Cent orrester rc~uirernent. Ho"''•"· symm "so lid" g~ound
ing (depcndm~ upon depee) pro•ides conSlCerJbl~ remzint in 
voltagt pattorn shift and usually pcrmtts a con•iderJble roduc
uon in arres\er rating requircment_ 

The prev•tltng IEEE ""nd:ud for <Urgo arrosters ¡ 1] deftnes 
roeffidenr o[ ¡;ro11ndu:t :r.s ••the rltio 1:."1.Gf1:.'¡_¡_, expre""d 3S 
a pcrcct1tage, nf thc lughcst rms linc·IOi'fOUnd power-frequency 
.•oho~o l:'u; on a sound phau, ata selectod localion,dunng • 
fault tu grüund affecd"g onc ur more phlS<> lo 1he lme-to-
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WAI,.S>f: LIGHT"l"G PROTECTION ASO GROln<D!><G PRA<':JlCQ; 

!in e powor frequency voltage E u w!uch would be oblained, al 
tite S<locted Jocolton, "ith lhc fault rtrno .. d." Thu>,the mini· 
mum rtqrnre.i aruJtt7 ratiq u 1/:e m::nmum ornarmr •-ol:age 
r.mtl roeflid<nt o{ r,rour.dwg. ]". >ny '""'• ""''0US aids are 
availzble to facilitll< the r>kull!ion and dotmnmalion of co· 
efndents of groundm~ [:']. Such a!d< are ofton prc..,rlled in 
l<rms of <)-mmetricol component p>ramelea, and •urge u
restcr ratLog p;acti:.s have .-·ol-.a toa cermn e~tont Jtound 
s;-mmeliical compon,nt mm;noloor. Funher, ~·uemo have 
bron tategorizod [11 '' foliow1 to oid in arrwer u!Lng¡el<c
tion: J) dfocti\clr ~round<d-co<ltl,ient of g-rouodtng not ex· 
c«ding 80 p<rr.nt (X0{X1 11 po<ili>< ond ¡,., than 1luee, and 

R0 /X, is po>i"''' and le<• than one); ~) nondfeotively 
g10unded or ungrounded when coefrldent of grounding <x· 
ccods SO p<roen1. 

The ''"" m>jOril ;• cf medium-vcltoge (~-4-13.8 kV) inclu,.ri>l 
pov.-<r <y<tems ~nduding «11nery pov.-<r <y<tems employ wme 

form of '""'""'' "'"em gmunding_ For ou"l<r •pplk>!ion 
purpos-:s ti""' "o noneffecti,·ely ¡rouncltd syucms having co
effidenl< of grcundin~ of 100 ¡>e:tr<:nt. The "'me;, truc for 
the ver y mi<equemlr -ustd ungrounded ;y•tem•. Tlns simpty 
mean• lhot su eh systcms r<qUL!C 'IICSter <ating• of otleo$1 100 
pcrcent of thc m• xunum o peral ing voltaºo of !he system. 

Sorne chemJCJI ond petroleum comple•es are ser>cd by 
medium-voltoge •ystems ~<hlch m !lile "'sohd •• •y>lem g1ounding 
only 01 (usuolly) the pomt of entr¡;y S1!pply 10 thc syuern. 

Th<SO >O·cal!cd "um-gwundcd" Systems cxh1h11 a wiJc '""~' 
of coefncietlU of gwund•nv ('bout 75 percent). clepenJong 

upon the <y>t<m cr 1ocarion on thr <}<t<m, Th<rofore the"' 
>Y!Um< rcqul!e ind1<idual <tudy lo Cn<me the mmt economi

ca1.securo. "'"''"1 ming solcotion. 
M•ny hi¡:h-vol:,¡;e !rac.<mi<>LOO <y51ern! m.1y e.<I-.L~it cocffi. 

dent• of g10unJin~ as low 01 70 percc~t. and cert>tn multi

¡::ounded fout-"-ite di<lr.buuon 'l'"'"'' nuy b< "'" shY,tly 
!e,.. A recent ILEE 1\'orl.ing Group [J) prop<''" upen-w~re 

fom·wire mul11groundrd U""'button symms "" """'"' W1th 
mimmum !Oltng of 1 .25umeo hne-to-nwl!al (nomtnll) voltogo. 

ind similldy • 1.50 f1otor for '"'" t;-p< ~"1"m utiliring 
sp>eer-cable con,ruwon. Bncd u~on a 1 .OS upcra:m¡; voha~e 
rogubtlon factot, tlm com<p<>nds lo coefft.:ionts ot" ~rounding 
of 69 and 8-1 percent. r<sp<eiL'Oiy. Thi• working '"Jup em
pha;il., that the "'le<ticn oi li!C>l<r m in!• fo1 muhi>rOunded 
di>Uibuticn >}01ents ts u'uall;· b•s•d upon expmence and not 

on •ystom da,.iflcauon !Jtio• " dofined in recent mdmuy 
•tand>rds [-+). 

A nnal note on anester ming "'1e:tion "'hich ;, dttorminrd 
by mn.imum o~•raBn~ ,·clta~e ond by coeltlcieni of fround
ing. Maximum ~rtrolln~ \'Oiu¡;e may be '"allled by such 
focton u g<m!Jt~r OW1>~e<J<. lood rejections, onj r<>Onant 
po..;bUnie>. Aho. eme:goncy operaling moJ" mJy •i¡;ntl1-

oanll)' a~tet >;->1om ~rou~dmg su;~ " to '"''"'" cc•ir1dent 
of ground1ng. Roc<>gnillon oi 1heoe :a< IOn wtlt <nhanco Lheir 

prop<r ev:tlu•ILcn in a plr11cul" ln•roll••inn. Seo Table VI for 

the u"u.lty selecoed ra1mgs of """'"· 

Se!r<:rion o{ Arrem.,- aa .. 

The vogaries of h¡:lllning with its wid• llng< of >urge Juties 

th:t( moy be impo"'J >1 !Jndom >Y>Ie¡n locotions m11uduc-" 
such • drgree of p1ob:lbUit;· ot uncenointy th>t conside~>bl, 

TA9lEV1 
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ldti!udo ;, founJ in Jctuat lt¡Ü:Ining pmtcctive prJtticeo. Un
ders,.ndobly the1>, seloc<1<m of onestet da!S i> no «COpli~n 
smce thcre are wicle ófierenees tn sorne of 1!".o protective 
ch3!oclermios and m :he du13brl:~y ohorocton<aos among the. 
threo classes_ 

Arro·<ter CL;n Ve"~' Sy<r~m C~mpon<nl S<: e: A< • 8•r.oral 

gutdc 10 aac>ter c\1" ""'~' """"' •Gui~mcm s:Ze. tho foacror
ing appeats to prenU "typical pracuco: 

componont protection of 7.5 MVA and 

ahove and IJrge 01 ••senml rotating 
m>chmn 

m<ermedi>te clou tomponent protettion of 1-::00 ~IV A sub· 
mttonsanJ rn;a:mg mochines 

dillnbutJon dass' di<lnbution ciJSJ 'I'<'Jt>IU<. sm:tll rOI.11· 

ing machmes. and dry-t)·petransformen. 

Constdollhle o<.,bp of thtz cot.,-ori.s prt"atl<. tondir.g 10 ""' 
of ht¡:hcr class lll«l<r at r.,,.'Icr ,·oltogos. 

Lj]úli>·eiy Shi~ld,•J ["srall:lwm {D:;d:::!'fe Cw-renl Venra 
Anes/tT ~u}: SU1ce e~ceUI\"0 did:aroNuneoiS >re a pnme 

ca u"' of """'" foil~~e. a knÓw!ed~, cf the dison>rg•-<unent 
dutieo bkely to provo1i at • g11'n locJ\1011" n<co•<.a1)" toa 
secute ,,..,,., appikalion. F L~- S( 1) ;; 1UI'!dos o reajy apprcJch 
to !he apf'rO:<i:nlllon o;" ;na:umum ¿_¡,_~,.,~e~,,.~, fcr eifec• 
tne1y' •hielded locl!ions. The magmu~e of <u:¡;e \-oltagc 

l!J.., of sp<mllo .. oparko•et model• r<oomm<n<l<d."' h<t n<<r>
'"fY· in oomo '""''· 

'!:el"'""' 1 ~. "'· J.~.t 1 "''"' ·-s~J<l~"-~ ;, r<p:-"d ., <ffwi-•. 
if Uoo f"O~>bili1> 01 •h"lóoO< !Jtl""'· or O>'> llllh" trom ¡(u< id "'"' 
or pounJoJ '"Pr<'rltO< "'"""'" '" ''' """""""· "' "'~" b>< p>rt>. 
io so •m>ll Uu1 "" "''" '""""'"" ""P"'·' 1or lho '''""' >ppltc:o· 
<tot>. 1 "'"'"-' >1'""" '""'11'"""' h!•< ''"IJ.oo '"""' Juoet 
'""'" pro»JoJ 101 "" '":oon >nJ io>r 011 ~'""""j Ú<! !~< ¡,., 
rn•1- ~' "'"''"'~ oh< "r.o'• """" ••• ~""''~'"" !<>r " 1"" ~••·lu!l m~• 
f1om th< """"" thM <nd p:ot<ctton) 11 r<pl<l<J """"""-'Y-~ 

' 
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being del"''"~ to an Jrr<1l<r la<;ation '"' a ~ne surge unped
ance oannot o.ceed the actu>l tm?W>e tnsubl!on strength of 

,¡¡¡JJ¡;.e lm<. A"umin< thts .,.,11 r.ot b• more than 1.1 tinl" the 
• BIL (l.~ X 50~· ""ve, cntic;d fhsho,.r), then the result

lllg max.imum •urge current through the a::rcs<er " 

,., 
.,;itere in Fig. 5(•) E i> :he lino BIL (1.2), z, i• the tine •urge 
imp<d•noe ZL, and z, i• the atT<ster smge 1mpedance z •. 

At the Júgher disdia!Se currena of concetn l'_, "g<R<r>lly 
1IIL1ll compa<ed to z, and rs often neglected. For enmple, 
refernng to h~lo Y, !he J 5-~ Y rated mtermedra<e class atretter 
liote<l dJOploys • ma:umum of 2.~5 '1 at 20 kA doo.::h.uge, 
similarly lS n fot the 120 kV r.md orreS!er. Th" ">ery 
sm>ll oomp01cd ro typical ltne surge tmp<dance of 400 n_ 
Since IJn< BIL mere"" with increasing ope101Lng voltage 
but surge mlped>nco do" not (tn Iocr docrea<es rnndestly), 
lt is tu be t>p<Cled that dtschargc currcnts WLII be Rreater at 
higher ope,ting vohagc Jevols A 13.8-kV 400-IJIL 4llO·ll 
surge impedanccltne rcsults in appr<lXImately :"400-A di"horge 
cutTenl., deri"<d by the fot<gomg expression. Simrlarly. a 
138·kV line will tesult m 5000-A conseN3ll''' maxrmum di•
clu!-ge curren\ sin ce 111 BIL "'di be 3lleast twice as ~real. 

Thus it is scen that for effecttve!v >hielded in1lallalior.s. the 
arr<Ottr discharge currents are rather mode>t. lt " un]¡kely 
shat arrcSltr di5Chaf&e voltage will exceed s¡mkoveJ m such 

alhtion•, t'o1e from Toble V L~at .ven th< !S-kV low
.• rkovct di,.nbution cl .. s arre5l<r "' lmcd ..,¡h mtually 

equal s¡mkover and dt<chargc •oltag« at :'500.,\ discharte 
curren! .. Therefor<, orr«tcr •~orkmer " used u b0<1s of 
lightning protcction coordmaUon rn effecuvdy sluddod onuaJ. 
latiom. In •uch in<l:Lllation•. whioh <ncompa" the mo¡ority 
of in-plant pt>wer sy<ltms and many rcJimry orc:u, dischorgo 
curren! hos lrulo boanng un <clcctmn of arr,ter da«. · 

Nonrff<'Ctn•rly Shiddl!d irrslai/aliono( Drscharge Ütn'CI!I l't'l'· 

JUS Arrcurr Clas< ¡· lt is tn the noneffectl''ely shieiUOd in"alla
tion• where !he ,aforemenUomd '''!"'"" of lightning truly 
affcct protective <onS!dorauon> ond approache<_ Obviouoly, 
oearby direct sttokes 1·< hn« and apparatu• subjecnhem 10 

extreme] y high su!go etrrrento a~d mlugos. \"~lage gudienu 
in the OJdtf of 1011 VI• r~r may be m•·olved. s.,, . .,. g:udtenrs 
aloo tesuh from Jlaoho•·cr. E~ten<i•·e field measutemenu accu
mulated over m.my yeus ha <e establi•hed a "t1rm" prob1hility 
of SUI'g< comento in '-arrous areas oi ,..,,,m expo.roro. In b3dly 
UIK"'d rural area• (peater than 4~ rhundtr<torm daV1 por 
year), diStrtbutlon da" arre5ter di>et:ar~o cumnn in exceu of 
65 kA nuy be found m, say, OJ porcenl of arte<1<! l~uon,, 
However, in urbJn ~toas wh<re a greottr densi·: of atT.,let 
populati<>n oxim >long w11h more mherem shielding af sur
toundings, thts ftgure drops ro abom 20 kA. 

Simibrly, "'m" disobargc curronts assodated with nonef
'·oth·oly !.hielded inst:UIJtions up to !3S kV are ~early teJuoed 

.~mpar<d to the •urge currents for hghtning ot such mtit>ns. 
~'""'k' •nd expetionce :ue such <hat "standard" tecommen
dations ):") are to usC~O-U arresw d"chatge cunen! for 
con,.rvall\'t ltg~tning pwtection coordinar ion fot thesc instal· 

lationo. Le!.! conserv:uive practico may be acceptable in sorne 
c.>sr:s (say coordlnation with arre•t<r dischargo cunent as low 
" 10 kA). However, the wnserv•t<ve appr<lach would appear 
prudent for power syStems S<rVlng sensll<>< hi~h-invo>tment 
petroleum and chemicol mstallalions. 

Tlterc io a preference on the p>rt oí many to keop the dis
charge vohage of """'" below the spJJkoveJ. This providu 
1 more uniform marpn of prol;clion throu¡.hout the durouon 
of 1 sur~• "'''"'· Tlm. along with the odded unctrtauny en
tlllod with non"'ieldtd inual!uions, graVIta tos pucti<e toward 
use of )l;gher d= a:rres:en. This would be pmkullrly true in 
the htgh<r isoketounic Jevels in wh1ch nw1y peuoleum inllal
bltons citen re<lde. The result is to use otauon clau and 
imermediate da .. "'""'" ._. a genor>l practico m noO>hi<lded 
i:mallation• wh"e o!herw"" int<rm<doote cla;s and di1lnbu
tJOn da.<.1 orresl<rS, respeotivel;•, would be used. Note tlut 
whlle both <lation d•" >nd ¡n[Orme~iate das! arre•ter d"· 
~h,go volt•ge '' 20 kA may e~ceed thtl! spor<over (1.2 X 
SO ¡n) lhe <lation da« may do w only sltghtly whtle tho inter
rncdro~le dass moy do so sigrutkamly. 
l·h~rwntly Swuc/~ed Applirotio"': Switclting surges, being. 

of relotively long duration, ore of porl icular c<>ncorn in syotems 
expetienctng frequem swttching. Particul.rly wlton capwtoa 
(powor factot) are connected, ¡witching mnsienls may impo" 
a more severe time-<:urrent duty on arresten. Such •pplicattor, 
ohould utdize mtion class atTe•ters. Eleclric furnocet (snb· 
met&ed are) servirrg certain segmena of the chernical indumy 
involve very frequem swrtching (3nd tn>y >l•o invoh•e capaci· 
toro u wen) and are cla,..;c appltcatiorr.s of thi• type. 

f.oaz¡jon r>/ A"~<tf'TS 
Tho rdoalloc•non for surge arreoters, ftom the st•ndpoint of 

protoction, is dírcctly at the termina lo of equiprncnt to be pro
tocted. Howe,:.,, as noted prev10u~y, practicol •ymm dtcum
stances and sound economics dictare ofton thJt Jtt<Sters be 
mounted remotely from eqLJipment t<> bo pro,tootcd. Some
timos, for example, one se\ of arrestors i• JpplioJ neccssarily 
lo protect more than one poece o[ •pparatu•. [Yc•n so, it w~l 
be found that the low BIL app>ral"' (COrl>ill dry-type trons· 
formen and rolating maohin") wtll ofron requtre •urge pro· 
:c<th·e deV!c" tn direct shunl wtlh aSSl>Oiated tn•uhtion_ lt is 
nec••>-UY, therefore, to e51imate the dopreciJtion in protection 
occ:~sioned by ,.paration diotmcet betwecn arr .. tou md pro
L«t•d o~uipment. 

Th• tra"<lrng wa•-e mechanics devdoped prc•iouoly (and 
dlustrated by Figo. 4 and 5)esublioh tflat tho total (refracted) 
SU<&< voltago (E¡) app<aril1~ at a junotion of surge impedancet 
is • function of the mcident wa<e volt>ge n\Jgnitude (E) and 
~,. surgo impedonoe< 

E¡-E -- •C ('"')(') z, +Z, . 1 +Zr/Z, 

TI!Otefote, for a g.iven connected pair nf sursc impedal!ces, the 
total jul!otion surge voltage is dependont dircctly on tho magni· 
ludo of E, 111stont by. inmnt,., it (F.) imping" on the junc· 
tion. An <>n<<ler, lll ordet lo inftuence (reduoe) tho surge 
voltage at the junouon, thetefore mu" hove a protective clur· 
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"' Flo: 7. 1>) Junnlon '"'"'"' bm"l on<1dont wn< •ol"-~< >1 JUn<llon te 
r.,. """ """" t¡>Ul<O•" •oll.>!< 1f 10,1 J<p<twlUig upon ,.,., ol 
""JO unp«l.>n«<. lhi> >tJ<>I<! IOelltlOOI>I<"'I4« b<>1 p<Ol<,llon iot 
i"""tiOn, lb! AH<It<t lo~1<d t<molfl) b) .> d111•n« «¡uol to l<ngtb 
of fumt..,{·ln<~d<nl .,.,., .>t one-tulf '""''""'· lbll 11 lh,<llold 
loauon-up 10 1l1>> "'P>"""" ~"''"'' r<~<md .,.,.., "'"'"''" 1111>< 
<o Ofl<<l<! \O oui<l lp>!'D''<I ond thUI "dUO< mt.d<nl WIV< 21 JUOC• 

liD!! lo "" than '"'"" '~'-""""'· '" Arr<<l'l""' r<mot<ly '"'"'od 
from ~""'""" thOI r<O<eted "'"do" not .,,,.,""'""'>por'""'· 
"'''' ~~><i<l<nt to june11on" J'<'"'""d 1o '"'" """" 'P"''-""" «· 
IU!UnJ in p<l!ot tlun .,,.,,., >¡wl,o•rr •·oJL>.g< >1 JUOCI!On. In l!mit
lnJ<>"' "h<,.. Z 1 /l, ""!)' unan, th<n J"""'"" '"'"'"' .,¡u •pp.r<>-Ooh 
._,;, "'""' IJ>OÚO,<I, ' 

oct<riotic and location such as lo roduce !he iru:ident wave 

""''I•J>I' E. 
<fming W Fig. 7(3), the arresler is oplittl.1!1y located at the 

•. oclion lo bold JU sur¡;e •oll!ge 10 a minimum (of ariester 
spatkowr). Al ~''"Y inmntof llmeat !ltis locat1on tho arrester 
cxpetienc« bnth tho tncidont ""'"" ond rtll'OI<d l<'ave com-

'""'"" ..... ,. '" """'" ""'"'"' '""'"'' • 
..... '""'" ,.,, ""'" 
"''""'"' 

~- "" ... ____ ,.,, "" ""' ,. . '""" '"'"'""'' .. '""' 
' '{ ..... - .... "'"' ""' ...... '~'''"" ........ " 

'""'"'" """". ''"" ..,, 0- "'" _,..,, '""'m<•>OO••• ....... ,. .. """"' ... ;'; 
• 

·' 

" 

• 

.. 
o ,_,. ...... -· 

j¿ 
-;;. 17 

I/ C< 
1 I/ -· 
f/1 

'' .. .. .. .. .. .. 0.0 .. • o .. 
"" ... ' •• ·,;,;:¡t.,__ ................ "' ........... . 

.. 
F'ljl. S. l'ffe<t of «patation d"""" b<i .. «n o I~Pt<run~ """" on~ 

prot<<l<d equ1pmenr on oatm ol ma"mum •oiUJ!< >< equ,pment lo 
:utc<ttt o,...-k<n-<< mli•J!< • 

ponems. Ncce«arily then. f.' mll51 be held to leuthan ureote1 
sparkover to accommO<!ate thi< circumstancr. Equaltng tho 
p<eceding expression to aneS<<r •parkowr. E is seen to b< 
Umitod by anestcr sparko•er to 

(
1 +Z,fZ,) 

E~ 
2 

(>nester <parko•e-r) ,,, 
z, (reprosenting prote<ted equipmenl surge impedance) is 

<><nally much gre3ter than Z 1 {rcpresentmg Une 5Ufgt 1mpod· 
ance) lhor<fore the inciden! o.-.•e is usuall)' hmilod lo appro><i· 
mate!y slightly more than one-h:tlf the arrestor >P·3!ko><r in 
this arr<'Sier locuiott. 

In order lo hold the ~oltage of thc wave inoident lo the 
prole<ttd junction to below diJCSier sparko••r vol1age, the 
anester mus\ be located sufficientlv clo>e 10 ensure that the 
:ellected ,..,,e f rom the junchon participa te• in lhc sparko>er 
proceu. This ~~be found to be> distance J3nging from zcto 
up to thc lenglh commen<nrate with one·half s~arkovet on the 
front of the inciden< "••• [>e• Fig. 7(b)]. This dimnce m 
turn depend< upon the '"" of ri"" of lllCldent W3'e volta¡e 
and travel velocily. Fig. 8 illrnl!atcs the rffect of >epnat1on 
distance between surge arrester 1nd protectcd oquipment for 
<pe<tfic seu of surge impedances and wa.·e travel vclot<l!es 
associatod wtth line and cable circuits and may be used for 
estim>l!ng purpo,.,_ 

Fig. 7(c) illustratos the caso of an arrester remolely localed 
trom the protected junction. lt is seon that the retlected wave 
is, in this C3se, delayed by tra.el time m geltmg to lhc anester 
and does notconlnbute lo anmer sparkover una! the incide ni 
Wlv< ha• reOecled fully at the proterted jnnction. The '""'' 
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dent wavc arriving al lhe junclion oannot be reduc:d bdow 
!par\;over volt•~• on the arresttr rcmore locallon. A< 3 limit 
the jun<tion vol roge will approoch twice the '""'" sporkover 
voltage sine< 1he me>l<< at its locarion wm limit the mcident 
W3VC \'OIIlgo lo 11> •p:uko•er IO\·el. 

More •~ciloc rommena on re;;o:nmended pr>cti<« reb.:ing 
to orr<St<r loc31íon ;, prolide1 m :he foUov.>ng di>russion on 
protection of cerraín s;'Siem componen lO. 

SPECII'IC SYSTE>f CO"''O"ENT PROHCTION 

\\'hile actual lig.IHmng prot<c1"e pract•ccs m•Y necess;¡nly 
"IY from one type of UJ>talbtion to thc next.the mo" ba<IC 

categoritll d"'"on r<late• to "'h:th" the mll•ll•llon is etT~c· 
\Í\e)y -.i.icldcJ or noneffe<li\ely ó.idded. Time are. oi cou'"'· 
difieren! del"ees of jeop.lr~y thJ! may prevz~ in e~<h oflh<se 
two b"'ic calegories. 1ndeod. suoh '"'alion m>y occur "'ith 
chan¡;e ;.; <y"em auan¡:emenl or O?<ralmg mode. In any '""• 
cnmmon procticc ;, In prm·,de ' sof<ly fJ"O! of prototll\'e 
margin bcl\o.<cn <'1Jbh>hcd impul<c copobLirly nf appar>~u' 
imuialion ond 1lic proi<ellve 1.,<1 prov¡Jed by orr.,len. Tlu; 
protectl•e margm, e~prc=d (os o pt<c<nlage)" commonly 
ddin<d as 

(•rp:u31us insulation 'Oilh<l>nd r) 100. 
surge aue¡ter prote<me leve! 

The gcnc,.lly rccommcndcd pmlectiYc mar~in tn he ob>crved 
is ~O p'loont fur impul" cnordln>ln1n (f¡ont-nf-Wdl'c; full 
':""d and 15 perccnt for switching surge co•,~motton. 

E/fumely SilidJcri Subllatio"' 

Rd<rence [!J ducribes ctTe<u>-dy >hield<d in">lla!ions" 
h1V1ng •• ..• >hi<ldín~ o~om" dir<cl mokn ptOI'Ided for the 
S!alion •nd for Jll connc<led lines. l"hc ~nc¡ may not be 
shiehled lhe whnle knglh bu! shieldmg for 01 leaS! one-half 
milo frorn the mtion (lin" end protectíun) i< rcgarded as 
llOcessary." 

Shíelding of,ímmeJjOio outdoor substotion a:e>S í• usually 
pro1íded by mam, or oqmval<n:, wluch "" doll¡;ncd 10 forrn a 
pwtec!ive zone v.ilhin 'O.hi,h oll •ulncrable pom willlie. 1\'irh 
a single r:uM the pro!<C!0\'0 zone os u'uallv con•ídered to be a 
cone hovin~ il< apex 01 1he top of 1he m"l ond who•e ,id" 
make an an>le W1lh 1h< l<rtical of 30" -~5'. With !'O' O or more 
mms 1he proteCIL\'C z~ne nf eJCh is mcrea"d somcwhot in 1he 
Or<a betweon them. This ml)' be consid<r<d " >n 1ncreas< in 
the '"~1< (made "í th 1 he ven 1cal) of the •ide of taoh protoclive 
cone 'Oh.ich Ue• be!l'<een tWI> ml<IS_ Wnh the u•ual 1pacmg< 

bet'O<<~ "'"'"· lhi< ar.g!e mi)" ín""'"' to 60'. 
Themoom>n~ ~ne .. dud~:n~ i! ;:ro\lded by OI'Othe•d groond 

...;,. lh>< í• ¡:;ounded Jt ea~~ pole ;luou¡.h '' low a ground 
'"'"""ce os 11" practicable !O obtam.and 11 ohould be COn· 
Meted 10 ti-.; groond b•a" lh< 5Ubstollnn. Low !:fOUnd resis· 
''"'" ;, panicularly impnrtJnt lor 1he ¡:.rounLi conncotion al 

the flr•t f~w polos adjacent tu the submtton. 
In addinon 10 proper 1hiold1ng >g.>lrtll di,.ct ¡ITokc•. oub

oUiíon equipmem olrould be rrotecled ag:¡inst voh>g• sul!l" 
entering owr thc incoming lin<s by the pro por •pplie>tion of 

ligh1n:ng anesurs. T)p!Cally, a "" of '"''"" i< w¡uued 

" 

on eaoh ewosed o.vcrho:~d hne '' 11 enters lhe 5!atíon lo pro
YÍdc prot<c1ion 10 dl!conn.,tlnS >Witches. buse•. <1<. l'.lteiher 
or no\ lheso anesl<rs wlll :!lso pol<~l the t <>miorm<l deí"'nd s 
upon the <y<«m volta~e. m«hod oi g;round!~g. and circuit 

di<unce b"ween th: '"''""' and tn. trans!~rmer. lt m>y 
pro•-e nec<""tv lo i::"ill an >d.!Jnonil set of :uremn ot !he 
tran¡fotmer. AS5<,.:r:ent oi 1uch noed mlv b• m1de with the 
asmtance of aiC< su<i1 " f"ig. S. lt will be found lhat urullly 
111ther signifl=t «;,Hatlon dJSr.nces c:tll be tolerattd (uy 
75·200 ft-somotLr:l<! m<J[<) for I!Jtlon eqtLlp:rten1 :3 kV and 
above with full BJLmsulai!On. For eqwpment in the lS·kY 
d,.< and btlow. ac:ual p1301ite U<ualiy h>S b<"n lo .-·oíd any 
•ppreciablo oopamton di"ance. L>w BIL dry-u:uufo<mero 
and rotalíng rnac~.;ne< reqlliro spee1i!l a11ention, even in 
We!ded envirorunenl!. -

NOM//«Ii•·dy Shidded Suh$WiC~I. 

Arrmers •hould b< applicd al or v.ry doS< to terminal• of 
tr>nsio•merS m nonefJocli"<lY <hieldd suOitotlons. Such oub· 
suuons :ue hkely 10 be .<mall.lo"w·voltaoe (up ¡o and induding 
34.5 k V prir.ary J ~os!.:tllat1o~S enlat\tng ;elatmly ""'P!• circuit 
arran¡:ements-oiten only one 1ncor:ling ex~o;ed"hnO •nd/or 
one ;econd:uy e~po""d circuil. In such ca;e> U.coming line 
Of!e<lers m> y <uffice lo p:ote" the uar.srormer if • mínimum 
of circuir lcnglh ís de vote~ to a"OCIOttJ o-.-crcurr<nl prole<!Íon 
:md <Witdling oqu•prr '"' ( bro:;.cr or luscJ sv.itch. f or examplo}. 

When a numoor of c'l!cUJIS .Ir< tnvolvcd. the l'l~hln'tng· 

produccd sur~< duli,·s ,,. d¡I'ÍdeLi among óom m 1nY<1!< pro
portion lo the11 >urge !mpcd:Lnce• and In gc~cral tbe h.:rurd ís 
redoced. Therdore. p:ut<c!l>e coord:nation iliould be e!tob· 
lished on lhe b'"' ci tbe min.unum """'~"' oi citcuiis in 
;e!\ice. Al<o, it is 1m¡mr1ant In on•ure that seo<IUV< 3pp11atu• 
is not lefl "obt<tl (irom ns •ut;e p!til<olron) as a 1o•ult of 
scclinnali•ing 10 "com~Lodal< an unu•ual operoting condition. 

S•nce nnneli<m"IY olueldeLi ~pplicollon; ent.11l a much 
h•¡,hor •ur~e cxpo,ure. ít ís r:IOSI im?Orlont tlt" lhe lowen 
P"Ciical gtound re;í51an<e be ~btotned and that cirouitou1 
oonne.;llons bctween orrester fiOund and wrmn.J and prO· 
1ee1d «i"•pmem conduoung fr>me be avoideJ. Shon rround 
inlerconnecllcn¡ bet'-'O.n th<;e ,,..o potnl< are of~en e:n?loyed 
to place3!T<O!er in do"" praclko! ohunt wnh m•ulatíon to be 
prol«tod. 

Melai.C/4d S...·irchg:rnr 

Mctal-o],d ,,.·uch.o<" !r".<i.:tlltd in sub~talion• should be pro
teot<d In sim•br fa<ltion to 1ht Ltnpbed in ~ie foregoin¡ for 
lt>n<(ormen os BIL's of the 1wo typtS of eq~J?m<m :ue wme
'Oh>t compuobie. Oiten melll..;bd s•d:ch"" l'..:tlalimite<i 
e~poswe, thJI o:- • lcnph oi _.:\o in1er>en.:r.g ~""'"" the 
m<lal·dad ond <Xposed ~n<. \\;,<re the cable" of continuous 
m<tal.llc 1\t <3th. 1' 1;. 9 Ulu>11J1<S th'ts c»e ad PIOild" 3 guido 
" lo the poosthlo neod for an """"al th< m«al..;lad "'itch• 
golf. Note lhll on ar:es:er" r•quir<d 11 tho líne <>b!< junwon 
in any case t<> protect lh< <>~lo. 1\"uh :urest,r dt.uacterioticl 
comp>rable lo 1hose h<ted 1!\ Table V. 11 wtll be found tlut 
:ur<sten are nol 10quued 31 the ,.....·uch~eat fN •~Y long<h of 
conunuous m<llllic ,ÓeJih C3ble e~ce;>t 1n cen:U.~ cases when 
Slandard d!<tu~ullon dus """''""are u<C<l >1 !he iine cablo 
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u• JO >OU:><q• 041 U! "<Jto.( 1U>OOJ Ul >p<tU U»q JAt4 <UOl1 

·"!'U>WWOOOJ UOJPOJOld o0m< J010W . .:uow 1041 <)<<q <!41 UO <J 
11 ·n ·~·~ ut ""!1 OWII-110·' <nonunuoo p•¡<>< "1' ~q p>U!J>p '1 
!:Jtpunoq oOr¡¡oi·>HHJ ~ULJ]n<oJ otp ¡o '"""' "1' 04 1 ·o~r¡¡n• 

~UII"><lo I•JJnJU·OI·>UIJ p;wmu >41 _¡o "'" <t lr>l<> •• ''""1 
¡o .:i<IIO~ m do¡; !"!IIUI "" :lu¡purm¡¡tM ¡o o¡qodro oq p¡nolj' 
,;n¡onllii'Ol JOIOUI Jtj11<41 rn<~oouoo po"q li¡pooJq w¡¡t• • 
<t >l>ll,l "<o:iln< t )LHll_l JtUI) U"l 1 .>:ltll'" dm OlOlO!Ol o¡ ill'J!q 
·vdt> pOlHlilOOO! 0 '·"4 <O)n]Onl)S U~\lt¡nstH jt<>O IO)OW ¡>UOOS 

Á¡qcl)¡¡d<Ol ">JO!OIOIJL ·on¡OA l<>l~ ~~~ll >~1 Ul.li>~; jtllJUI <\41 
WOIJ 0\)l ¡cc~tll 0101>p01ll C .\q i»-"0110) :ritljO,\ ¡tU)W!OI UJ 
d•¡< ¡UOJj-dOOI' IOI\1Ul u! ·""li' t¡c~¡M 'lUlJHO <lloll'>10JJ >~1 U] 

1U"'>Jd <OT1jC' oou0)011pül211li)U111 01< omJL ·~¡ "li1:J Ul (>U1] 

:.WU-110' P>'!<<p •~1 .iqlp>J<otput « s¡ru¡wm JO!OW >~1 ¡~ 

¡<OJO 0) 0:01 !UOl_J :Olll ;¡i;~¡¡O.\ ltOUI). Ul 1111<01 llL"<I !jll~l\\ IUI:l 

·11> >All»1oid e omop 01 "~IIOO!l)Cld ">iq,md IOU Sl ll "<rl 01 

Ul O~"llü' 1<01 10d•J1J >1T1UIW 011!\ 041 _jO 011[ •. \ I'O!J 041 <0\Ul] 

s;:·1liUlp>OOX> lO U >l 01 t ¡r 1'·"'1 WnWlUW t 01 ,\¡¡rnptf:l !>SU 

4>n¡M ~I<Ul!!lJ>I J010W 0\jl 1< >'IO"l >:it:¡O.I • JO IÍllllqndooJ• 
>41 JO 1UO<ll><10pUO J•lO~l_JOUn _10 ;;¡u;¡pLIO 11 01041 •>!1! JOIOW 
>41 U! 'J>.O.,O)l 'SOnHpt!!l iU!J 01()) OC JO_I SOl npru¡< UOII '1"'"' 
>41 uo 'P''P~'" "'indu.q P>'i"IG""' ou ,,. >"'11 "41 P'"'"' 
-<¡<1 U>>q liP"'I" 114 1! _-q¡~IMS ~<¡~.iftu¡ Smpl•\11 ~uu¡.>m' 

-uolt~>U>~ puc uo1ow ,, JO <Smpu>" "''"''u m¡ 
·Jl!nW UJ Olll]''J ~~!PLOA< U] fl"JilD »WO;>oq 1J'Ilj."<l UO\IOfl'"Ul 

um¡ >41 ¡o UO!ll>lOJd >tp" 11 "ltoo p:mwm >tJI _¡o o011tln<u¡ 

omHJI-WnJ 041 uo """' •>•110-• ,,._,., n u<>dd• '1''*' 
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-niUOOJt ~ll<>lil • !J 1111'01 ~~L ···""' o;itJIO' ~UliUlC OliJ 01 
osuod<>l 110:¡1 u1 po,\q•p pi: o (punoril 01 1'"' WOJJ oounptd" 
~'1 ~J>.Uit[>l <!lll ,(q) p>U]tlJSUOO >'t 5UlpUC\\ >l!l UJ JO<l>Op 

su.m¡ >~1 ¡nq "Ulnl ¡tUOU:J>l >111 JO 11:11~>10d >41 <1J1[ f'U!WJ>I 
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l.!OitllU~j pUO <JOIOW JO UJ>Iitd U:il»p 5UlpUIAI >!'«! "'ll. 
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>~1 p>l>PISUOO ><1 >1qto l"ll>t lt41 p>pU>WWOO>J .\lltJOUO~ 
<1 1! •uo¡onpuoo o¡q<J >41 Ul <o3m• ¡U>Jlno put >~•110\ m 

11"'"' "~""'""' >41 01 >~om eu¡un¡il•¡ .\q o¡qoo ¡tu>t JO "" 

-uo,.ow 041 "' P"npo•d "''"' 1""'"' P"" oOn¡o., •41 ""'S 
"PUMI~01<t 
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>41 PO!t>ld 01 UO]IlUO[ 0111 lt PO\Iq<tn >q r¡r.C'!< U>II>UO 
~UIUJ~S11 ">tll\ >lJ.II·U>dO u• <UJO! o¡q<J ¡ti lOO Ut J 1 '<J01lnruoo 

•¡qto >41 ,10 >l<1\0~ 0~1 o.oq• ~¡>.>I<S>;>X> ><Jl 01 410''1' pUl: 

J>JU><<>Ul >41 J•' ,:¡;¡10' >41 lloqsnto lnottl!" ~'"" 01 IIIOL! IUOJ 

-Jn> liq JJO "'"'P o¡ "'""""'" "'1' o1 "~'"" ""'""l'i'l " 111o¡¡e 
o¡'! 'l'IL -"""1""" pur.oJll ¡o on¡oh .... o¡ o "'""''11 >¡oJ "'"'" 
1• 41••~• ?"' ~>Sumow >41 5u¡punm;i .\q <>~011< Su¡u>q":i~ 
10>1)p ISUI<:it P>P>IOld .(¡¡.,J>A]Un l'OW(T S! >¡qoo ¡t)l>V 
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"<>mt 
.\¡ddno li11row '!"'ll uo 10 »(d,uo)um>¡oJ¡od puo f""""'~" '41 
U]lll!·" UmOJ)' pOOI[IOhO un ~<l]IJJJOJd ~U)MLldWI P'"hiOI UOI) 
·!l>po$Uol t >q li¡uotJJ» p¡no4s <14L -A'l6CJ·r JO oJucJ >LII u¡ 
<]ln)n) pt>'ll>\0 ~Ul)l010!d U\ 40001ddo 8U10f¡110J >41 ><n 01 
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'" "\l•IIO.\lo.•o o;Jms .,,odns n1 <PU>I I"JJ> u¡ '1'!~-" <>"TI 
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·L<U>I 01 """'U'"~" 'IG"'P!'""' JO so:ir¡uCApt<!p P>I•Joo.-.• 
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calion>. Surge <apocitors plly a ,;131 role in ourge protec1ion 
of rotating rnaduncs. Thcy !lwuld be comlected in the clo><>t 
pi>!illble •hunt rolauons!up with thc ma.:hinc imulauon (lino lo 
grounJ), a< the followins discll""'" will omphJOize. 

Actual pr>Chte indtoates a Vot)' hi¡¡tt p<t«tl!Jge of motors 
abO> O 4000 V aro provided wnh '"'"''":m el smgc capacotors . 
Similarly, at ¡,,., holf of the 4UOO.V motor rmtallotrurlS are so 
equipped. v.lulo nOOV are so equtppcd in only a minonty oí 
applto.tions_ 

SF'f't:itii Care Requited for l'roprr ln<r~ll121wn of Swge Caf"'C· 

iwr>: hploratory obser>3tions conftrm the presonce wnhin 
"shield<d"' en>itorunents of voltage tr>n<10nl> wlrich apptoach 
arre.let sporkm·or magnitud-:1 •nd wluch ]U,e excetdingly 
!letp fronts {0.1 .trs front·llme). Althougll Uglltning doe. not 
usually entail such steep frums. cettam ... uching e•ents do; 
for e<ample, msula~ion brea.down. copacitur swllching prob
kms, or dischorge oí lugll li¡;htning curren! to ground_ As 
e•tabU>h.ed pre"ou>ly, sepamion distante l><t•;een protectwe . 
equipment and app.:rr>tu< to be protected in'o.es (sometomes 
serious) clcprotio~Uon of protecuon. This is particularly truc 

-when step wavcfronts ate invnlvcd. 
F1g. 13 wil! illumate a •pcciftc cJ>e uf' surge occurring al a 

motor whkh h" a surge capacitor e<>rmcctcd to ti' tcrmmo~h 
through lead inductance (/, ). ,\pplyin~ thc principie' of hg_ 5 
ond itSrcloted ttaveling wave dts..,Ilal ¡.,,. this phystc' l arran¡:e· 
ment may be represented :ts in Fi~. 1.1(0). llore it "assumd 
1) arrcster sparkover is 16 k\'.~) nwtot surge im¡>Odancc ln~h 
enougll to be consideted an opeu circuit, J) mndJtd O.S·¡rf' 
surge capaCJ!Or wtth lead inductane< ol/, henries.and 4) 100· 
n• w•vefront. Wnh tbe.e ¡>.rametet1 it is cvidcrrt frorn {5) th:!t 
the capacitar cannot possibly clw¡¡c l<l a <i~ntt1cant ,-olt:rge 
(only ~60 Y) in 100 ns e .. n wtth a ""P functi<m voltage_ 
Therefore, during the 1n11i;¡J <rtllc:tl 100 ns the C3¡>a.citor "'-'Y 
be con•idertd rcrno .. d, resulttng in the equwalent of frg_ 
l3(c). This is a Une terminated tn inductance "'hich. as 
developed previously (4). ,.,pottd< inili>lly lo a surge like an 
open·chcuit and later like a shon.drcuit t<trnination. Thus 
during the ver y en tic;¡,{ short period of time assoctated wllh a 
very stecp wavdront, the load inductancc n1ay invo\.:e • high 
dcgree of surge CJpacitor iwlatinn, rendcring it praotlo:lily 
useless at the critica! lime nf il< no,d. 

Quantilati,cly. lhe limits <>f lcad inductancc may bo deler
m!nod by ¡udioiou• aprlkation <>1 (4). :\ote that in thtS 
equation the incidont wave vnltage i< a zoro fmnt-tlme wave. 
A ftnite·tune wavefront m.1y be anJiyzod by appto~Jmatmg in 
fmnt by a ..,,;., of inctementol step• and processmg thent in 
their proper time sequence via (4) and addmg. lftlus is done 
for the il!usuated e:umple of Fig. 13. il will be found thal in 
order to abide by the mntot proteclion prescnl><d by Fig. 12, 
it will be nece..,ry ta mainllin ¡ >Ut8• e>p•<tlor lcod induc· 
lance of oot more than one·founh microhenry! This lrnnts 
thelead length to ap¡>to.-.imatdy one foot 01 "'· 

\\1\ile the10 will be variancO< ftom ~liS typrcal uample, it 
does illustrate that temote conn~ction o( •urge capaéitots {say 
at "''itchg<ar ot motor startot) rcndcrs them hclpless in thc 
mitigation of gtadtenl< of vety steep waves ofton pre,·atling m 
"sheltercd"" plant location>. Thc <urge capmtur should be 

" 
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g,-an!ed the most preferred locallon such lhot it moy be con· 
nect.d in the clo5est pa<<ible shunt rebtion wnh tite motor 
termmal·IO·ground inrulalion. 

EQUJF'IL'<T GROUNOIN<l 

Dejinition"- Objecri"f 

'"Groundlng"" a• rela!ed to elrotrtc power symm protection 
ma) be consodered to be compriscd of two basi;: rompunenL 
practke•-•y<tem groundin~ and eqt~ipment grounding. Sy<tem 
grou~drng rebtn to the connoction of th< neutral or one of 
ttte normal cunont cou)'ing ,·onductor< of th< power syS1em 
lo grotJnd ior the purpns< of <Hh•nc•ng ov"voltage Jnd fund>· 
mental frequcnty me<curront (shortcl!cull)?IOt<ctlon. Such 
connectlnm ntay be effeotod al various poinll and lhey may 
be connecllons nf no ul\Onl!onal impodance (•olid groundmgl. 
reSJstancc (reSislance grounding). or inductor (react>nce 
¡rroundmgi. A sys<em that ;, pro\idod with no •uch intenttonal 
connec<ion to i;round " said to be '"ungrounded'" hu. it " tn 

fart capaciti,ely grounded thwugh the <ltslfthuted cap•ci<ance 
tu gruund of the >OiriOU5 sy"om and lo•d compononts. 

Equipment [:fOUndong rrlatr< to the monncr •n wltklt (nor· 
mally) noncutront-c.1rrytng co11dncllve P"'' (appa!ltus ham« 
3rld tanks. mota! con~<ms, eto.) are tnterconnected and 
grouncled. IEJ:E rccomnwndcd P"oticc ji O] >lates that the 
ba<lt obj" ti ves of equ,pmcot groundin~ at< '"1) lo aS>UIC fr<<· 
d um f rom dJ ugoro<JS tlcctnc slwck vohagc e~po•cro to p<r.ons 
tn thc o¡co. 21 to provilie adequatc cumnt<arrytng <>p•bilny. 
both m mognt!udc and durot•on. to accept the pnund-falllt 
outrcl11 pcrm¡Úed by the ov.,current p1otootion 'J''l<m with· 
out Cle>l ing a fire m e~plosivc haord 10 build1ng >nd c<>tlle111S. 
and J) to contnbute to •uperior performanoo uf the declrical 
•Y•Iem." 

D"li"''to" of f."quipmmt Grmmdin¡ Ternl5: Nat¡onol Eloc· 
trie Codo (:\EC) (11] dofmos a number of letms ~<lrlch relatt 
to oqn1pment ~rounJmg. S<>me of ¡¡,..., dcfinition• aro te<llt•~ 
he re tn fac•lllate thc en su •ng diScussion. Th< follo"ing " from 
Mt1Cie 100. 

(";round; A grout>.l "a conducting conneetion. whether ,n. 
tCiliiUn.l] nr acctdent.ll. botween an electrioal mcuit or equt¡>· 
ment and emh. or to sorne conducting body wltich serves 1n 
ploco ofthe earth. 

Crc!lluüd: GrounMd mean• cnnnected W ""lh or l<l 

somo conductmg b<><ly which serve< in pla" of tite <anh. 
Groundf'<l conductor: A''" cm ~r circu!l conductor "'JUch 

is inten tionally groundod. 
Grmmdm¡: o:mdllC!'"' A conductor used lo connect equi~· 

mont or the gruunrled ClfCU!I of awning .,·otem toa ground1ng 
de,·trnde or olectwd.,. 

Grow~/in¡¡ COI!d"C!OF. ~quipment: The condu"ot used to 
connoct noncurrent-<earr)'ing metal p>rtl of e~uipmer.t. raer· 
wa)'S. and olhcr eneJo sur e• to the 'Y"<m ~ronndcd conductor 
atthc "'"""" and/or the groundtng elemode conJuc<or. 

Grmmdutg el~ctrod~ ro<tduoor: Tite conJuc!Or u•cd lo 
,onnect the grounding doetmde to the eq<apment ¡:rounding 
conductor and/or to rhO grouncled c-onductor of thc circuir 
at theocmce. 

" 

The follov.ing discnosion• will use rhe term '"cquipmenl 
gro,';ndrng ne;wot~'" or ··g¡ound1ng network" ,.·Júdt will in
dude zll of these dofined cond11ctor t)"pcs. Sin« m>ny con· 
dUctiVO components thlt íind titemselv" tn t~e equipment 
groundin~ network (wl•er dtrcot<onne.:t<d or by mar;netic 
cou?ling1 exi" f01 p11nUnly nunele;:tri.:ol reason•, they may 
be ovcriooked " possible current<arr) tng members. l! is im· 
ponant thJt thcoc eqmpment ground nerwor\.. components be 
connected such ., to dl<pla'' the !ime<utrent caplbiHty re
qutred of a g.roundod con~aclDL lnadcquado• in junction 
conductivity will not be maruiested untll a gtound fault occun. 

Curtent Distributioll i~ Equlpmom (;;ormdm¡; Network 

Econom!Col re.!l•.ution of the objectivos of equipment 
grouncltng ClO Oc att;mod OJÜY by an undenta.ndm;¡ of !he 
nawre of curren\ di"r~bution l., tl:c c~u•¡>ment ground net
wurk. lliswically, COI"1.0.ln mi,.on.oeptions preVltled which 
rcsulted 1n a f:tlse sense of achte•·ement of thC'S< cited objec. 
Hves. !n•deqU>to prmision oi current-<earrying abl]ny Ut cer· 
l>•n conJuctne fiounded componen" resulte<! duo to noo
recognition of th~ magmt ude of Curr<n1 th.r lt1.1)' llow througlt 
titen• under fault conditions. 

When a •ingle linc·tn·ground foult occun on a grounded 
1"'"" sy•tem the poth ur fault curront Jlow " "'out'" "'" 
•mulatod ph;se c~>n<lu<tor tQ th< fJclt alld ··back·· (retutn) 
througlt tite oq<J)¡>lltem b:'<IUnJ nc,wo,k 1~ the {<J-•tom) 
gro1Jttd11l~ ,onductut. rhc C~Ct¡m!~~l fic'~~d ne!W()tk t<nel• 
olly <>fft•r< a numb<r Ol path:. for rhe return fault cmrent. eaclt 
wuh "spcC!nc (dtfforent) resatanco Jnd rcJctana. Tito« eir
culls cltaiJCI<O""CaUy ex.hibtl X/R rotio• sudt that the · 
'"etance gr<atly preUomin>t<> ;~ '" eifeor on cumnt d1slri· 
bu(ion "corOJlllted to resistance. 

1he r<3Ct3l1« "htbttod by Jn endosed circu1t (Juch .,lb: 
fauh loo¡>) i• a functton of thc nta~nettc tl "' enclosed by (or 
"'linkin~"") the loop. llte sttt...:ler !he area endosed by the loop 
thele« the tlux <ndo>Od ond t!toroforo the lower the re>etan«'. 
Those poth• •n tite oqllip:nent gmund1ng network wluch are in 
clo.est pro,inllt)' to tito power condw:to"' resu\1 in m¡n¡mum 
fault h>üp "'"'. tlterc foro '""' )eaot reacranc. an~ conscquently 
C.lrry most curren l. l'hus rher< i• good r<W>n to beli•ve thot 
cunont Jlow 10 the equipmenr grounding nerwor~ wtll adltere 
ver y dosely lo !he power conduelo" 0\"<1 whkh tho outgoing 
curtent tlows. Actord•n~ly, thc eqUlpr;tent ~¡oundmg patlu 

dosc" to the power condu<:t~rs mu11 be Sllod to <l!ry """"" 
t1.1lly theentírc llm•·cutronr dut)' permittod by tite m·ercutrent 
protecth·e devk•• ~><thom thcmal or mechom~.!l dimeu. 
X o te that rhe mode of sy01om $rounJing hM !i!tle 10 do "''th 
rhis requiremon<. Eq01~n:onJ groun<lin8 p>rh• tn"alled re· 
motely fr<11n pow,•r <Lr<U•" a<' rollti<eiy inoff-.tual and rn>y 
indeorl he wastef"l. 

Condu,ting conduH• 011d race••ays :ro of prime importance 
and co~oern m the oquip:nent rroun~tr.g ""'' ork Becau"' of 
their arljaoen<). lo the powcr Cl!bi<> lit<)" ~111 C3TI)' a vorylti¡h 
p<Je<m>go of the grottnd fault curre~ t. Ba"'d upon a "'rie•of 
les15 in,·ohing cOO\'Otllwnol OeJ\~··wdil "col "onduir (!2] it 
,..,, found th31 tho condmt retutncd berwcen 90 onJ lOO por· 
<:en! of the foult cunen!, the moro remole '"outsirli:'" p•tlu 
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carrying the <mili r~m.atndcr_ An rnt<rnal gronnding conductor 
in thc condtllt, howevot, being of •ht-~tly ¡,., reactance, very 
offecti>tly iliores the murn cumnt l_gcneratly 50 P""'"' or 
YIOto) wnh the condun. Therofore tf the condmt dot5 not 
11>0 the thcrrrutl car>blJJty to carrY the anmtp.,cd m"-umum 

fault retum current an interno.l grounding conducwr \S eifoc· 
tive in redudng the cunent in the conduu wo.IL ~"' SEC [11, 
artide 2S0.9S J for intema.l (to race"'lY) equtpmcr.t groundmg 
conductor requi,.ments. 

Control of l'a/!Jge Gradienrs m Eq~ipmcnt Grormd Srnvork 

Th< O o"' nf a gi,•en current thro•Jglo thc vanous ground P"h' 
prodoc" ' •oltage grad'tent ilt thcm thot is proponionalto 
th-.r re•pecm·e impe~ances. rhu< mtmm,llng the equipment 
grnunding networ~ impedanoe rednc<5 the a"ociated vohage 
gradionl! and theretore enbnces at1a<"ment of one of the lm· 
portant equipment grounJmg ob¡ecti,·es-that of elimina!lng 
dangerous eleotric shock volto~e h:lzard to people. The reqmr<· 
mont bocomes nne of mairH,jning sufflcremly low grc·unding 
network imped:lflce ,,; occommoJ,te íutl magnitud< of yound 
fault curren\ wuhout producing dongernu• unpedance (/Zj 
vol!ages. The key factor< in controllmg the grounding network 
Yoltage gradiems are impedanc<·!'bl<d (grounded conductor 
lize, length, and •pae~ng 11.ith r<<pe« to the pha.e conducto") 
and currenHeloted (magmtude 01 grOund fault current). 11 is 
the double hne·to.ground lault th.r unpo«:< thO most severe 
dnty in r<SI<tance grounded and u~groundcd systems. 

&q~ipme1!1 Grou'llit"K Xttwork f.Jfect on Growrd Fault 
~olteli>< Spt<m ' 

The equipmenl groundin~ notl'iOtk is a VItal link 111 the 
ground·f•uh prole<ltve system_ Ir• 1mpedance mu" not be so 
hi¡h asto rfflue< ground-fault cu~rcnn below proteotiY< devrce 
sensitivrty ("< ~EC [11 . anide 110-10) l- Tiri< is partu:ularly 
pertinenl lo mony solidly groundN low.,o]ta~o ;;·stems which 
ut~iu rtl>m·cly "'"mm,·e ground-fault current d"ecton. 
Also, the groundrng n<I"'OtO: impcdonce may become stgnifi
anl ;ompllred 10 the !OW-\"Oitago <y<t<m iliorl"Cltcnit imped
ance whrch m.>kes ground·f•ult currenr rm~rutude qu¡te oenst
!lve to Ylriotiom m equipment netii.'Ork 1m~~nce _ 

Rt{trene<< ro Equipment Grou'lliing r.~hnique< Ven-u¡ 
Otsuo[ Area Use 

Tite foregoing hu soup.ltt lo provide •n insighl ullo the ob· 
jecth·os. md approaches to att~imng lhese objecmcs, of eqn1p· 
ment ~rounding. Variom equipment ground1ng techruqn"> 
hne been de,·elnped and dotument<d whlch represen! "prac· 
tico" to tmbf3ce the •pectfic need• of ,·arious sy<tem """'· 
References [10] and [14) m panicular provido dotoiled gurd· 
&neo on r<commendations relnttng lo equipment groundmg in 
thcs- ..._rinu5 cl3<ses ofarea U5e. 

Connection to l:artlr 

Sine< c"t•in ground fault currents anJ l1ghtning curronts 
lir"t or through arrcsters) flow to cartb thro"gh vanous of 

.te equipmcnt ground components, the connectwn to eaf!h 
b. a most im¡xltlant pan of the equ1pmem ground <ystem_ 

Wtth the exceedingly high curren! ma¡mitud<S thll rnu5l be 
accommodotcd safely, the eanhing connection mmt be of 
mutimo.l remtance of ,.¡, .. IR" volta~e• are not to be e.coerl«l . 
largor subsuuon• and generatmg '""~"' invo),·e h<¡1ler cur
rents and the '"oda"d eorth rrsistJnc< should nnt exceed 
1 fl. Simila~ly. S !1 should n<>t be na•d<d fnr <m•ll >ub· 
sUhons and indumial plana. NEC [ 11( sets the ma~.ntum 
resi>1ance to e"th at 25 !1. 

Arr<5ter ground> are securod by u«: nf dri'<rt gronnd rods 
near the arremr toan arbitrary limit <>f 5 n. Additiunolly, thc 

'"'SO arreslet ground slwuld be connocted tn the '"""""" 
station ground bus (rf m m noa¡ sub>latinn). :O.'LC [lO[ 
requires amstcr gmurtdlcad of notl«< tlw1 N<>,¡, AWG. 

CoNcrote·Drrnsed !Jectrmie<: R«istanco h> earth m•y be 
calculatod or ntoa!ur<J [ 1 O) . but in any '>!<' ot m•y be ncced· 
ingly ditTkull to >ttom demably h>w carth wnncetiun rcSL>· 
tances. Sornehmes no>!m~ rnetalhc structuros >uCh as wal<f 
>ystems, Sleel ptling, eto., pruvide sntftoiently low emhlng 
Tesrstance. !low<'<r, •o-c.lllcd "maJe" electrO<!« are oftcn 
""'"''"Y lo esllbhsh a <uitablc ground, The¡e to~e the form 
of counterpoises. plat<!, well•, dri1·cn rods, etc, Variou¡ Je<¡gn 
and application aids are 0001I•ble to f•cihtate llw;r use and 
pro¡>er applicotion [1 0). 

Concrete-enca«:J eleotrodes h•ve recenlly been introducod 
[15) and ha•c evol.od muoh interest bt<au~e nf thttr dfrictt•e· 
n<>• at generatly promising co" •dvontage, 'lo'luk some con· 
structors are .. walchfutly waiting" to a..:~nain the •pplioabtht)' 
of concrete .. ncased electr<>de•. soine largo u"'" repon favor. 
able ex¡>erience to d•te. Cuuent IEEE recommended pr>ctice 
[!O) e>lls fur .. eloc1ncal bondmg between the meul to,.·er ba" 
plato and the rebars in bu11ed concrelt foolm~•· Thi• '""be· 
accomplislrffl readily rn mosl in.,anc<5 Yia hold<lown J bol u." 
This use of foohngo ;. the key 10 the tcuoomy ot concrete· 
encased elecuodes. lr~<t•llation of con«cte-enc.:rl<d electrot!cs 
for the sote function of achi<VIng a «Guir«l low-remtanc< 
connection to ground ,.·ould no! bo ju.,ifioble ecunom.iro.lly. 

NEC [J J, 3Jticle 250.8J(a)[ rtco¡;nius concrete footing• as 
a bona fide made electrodo proV~dfflthtrc i1 " ... not kss than 
20 f¡ of bate coppcr conductor not 1malle! thm No. 4 enc.sed 
by al Jeast 2 inch., of concrtte and located "ithin 31ld near 
botlom of o concrete footing that ;, in direct comact with 
the earth." 
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Selection of Protective Devices for 
• 

Paper Mili Power Distribution Systems 

N~ED fOR ~N OVERAlllQOK 

Proccss << ntmwty tro< ltoc·omo '" tO\· 
port>nt to r ,por "''11' un ,, r>l.ri" ''"ll:rr' 
and cm" b.t• ,, th .. L! 1 t sht>ui<lll< <'llit~.Llnr) 
lO enBtn«r Jnd pi.Ln P<>"or '"'""" lo 
aloid unnocc·«af) <hu'""""' cllhct l'ur 
mairH<nJnco "N'"'''"· or c~uipn"nl 
faLiur<. Pm"nnd >-•lcl). oi cou"'· ¡, 
al~•;• a m.:tor or lmt L'rtpon:wce. Our 
ob,enatJon> ol mon'' mtll ro"« <)>t<m> 
ha>< rndoca>Od a trcnJ ""'"'J I.L)<'UI< 
ronsi"in~ "' ~rour< ot oompon'"" ticJ 
to~cthcr rat oer lhon a< an '"~'"''"'J 
sy.,em. \lhat" lac~on~ ;, pi.O"'""~ on .on 
o...,rall b."" 1/). l'roJuct>. 'l''""' .onJ 
drcu'L! arran~omcnl>. and tcchnical nt.ol<· 
·1al are a<atl;blo lo aid m Jni~ning rdi· 
~e ~""'" '.,le"" ~~-7). 
All t)p:-< <>' prvt<Ctile del i«> may h.:>•·• 

theic place in t~e 'l'«n>-lll< choice 
dtould be t'l':tde on !he roqu'rrcmcn\1 n( 

ti>< sy>tem at thc p.:uticulor rornt <>f ·~Pir• 
cation. Sound ~onomi'-'> requrrcs an e>al· 
uation of bo· ~ t~e elfect ot th< \)'"em on 
tbe d<1 ice ac.d th< dfect of rhe de< ice on 
th< <)"""'· lt ;, n<>t economicoll) j"'t•lt· 
ablc to spox:f, mcurt breal.<rl for all 
loc:o.ttons, bu ncithor ;, it JU<ttriabk to 
si><clf)' fu<O.< fm aU locatton< base.! only 
on an e<Omir atton of hf'l en"<. In wme 
ca= tbe judi< ion' combmatiort ofcutront· 
limiting fu;e. 1<rth brealot> "' motor 
start<r> ¡, the <dcal and econo•nic•i 
~ccanFemcnr. 

Itere ~fain. rhe !.<) i1 o1etoll rlannin~. 
One >hould •tart I<Llh" ,.,,,.¡,,., rloaorum 
and theplur p ·a, or loa<! o t; rro«" are>>. 

, 

R•"o~ "" 
lloelri<OI ["''""";"" Commlttoo 

A,,;,nooont No. OOSfi 

W. C. BLOOMQUIST 

The >ecret 10 a rel'loble po"'er >y>tem ;, plonning-<Jnd on on o•eroll >y>tombooio, 
ond nol iu>l gtoup• of con,ponenh ccnnected >og<lilor_ Tilo bifu"oMn principie 
'" oppliod lo power circu•l orrongemenh Íl o relo>iveiy new technique '" popor 
molh ond oOO which con ofler'good ¡y>tem prO>ediOn ecor.QmoColly. Sev.rol doO· 
groml dlu>troto The oppHcotion lor poper mili power >y>lem>. TOe rello~il;ty oi ,.,, 
>y>leoo con ooten be motor'1olly '¡mproved by pmper ollention to the opol"ot.oo of 
prote"i.e device>. Th~ u>e ol o ground-¡en>Or type of reloy ood on bolh low· 
voltogo ood medium·voltogu 1y!tem1 will greotly redU<e eguopment ond oomponent ' 
domoge on >yllem ground foul1< ond arcing-ground loult>. Knowledg• of the 
Notionof [le<hicol Code ond USA Stondord• role• cnd e•pe"clly the" cppkct100 
relotin~ te the 2\'t ond 6 time• rule> con result in good equipment ond >y>tem pro· 

lo<lion. 

EIWrt< pm•<' di>lfrbution Prot«rots Circuu protWLon (""'~"""' 
~wnom" fa""" · Ciocurt br<akers · f:l<«ric r<la)• · Elmnc '""'' 
Subsro<oor., Tran!lorm<r> · 1hott drcutt> 

determrno lile circuir orr•n~oments, .;able 
""'"·ore., and thcn the reliabrhl¡. roqutr<· 

COMPARISON Of FROTECTIVE AND 
SWJTCH:NG DEVJCfS{EG(;If'MONT 

• menh and ~<~ree of ;elc<tLI'L!)'. Cune> 
ar< o•oil.>bi< >howrng t~< draractcmlic< 
of •·orious prote<ti,·c Jo,""" •nd th; ''"'" 
ci!c of >Cm< jot<,!iciou> cn~rnc.:rin~ <•ami· 
notion ot thÍ> r<>•nt should gro> ti) "mphf¡ 
tbe <kcision u to "hic~ de' ice " requlf<J 
for a ~'"" locotic.n. In most ca,_., this 
>hould not bo: o matter cf opinion, bm 
should be a detintt< dean-cut dec>'ion 
bo"'~unrbeorr¡:onal pbnnrng r«¡uitomem>. 

The decision mado at th" p<>int tn the 

Tlte foil~"¡" g com ramoc. ll!l> <·>~·~ "1 
lbe rrnporram ~pplico• .• on ,,n,rJ<rll<~"' 
of fu= ar.<> bre•l..o<"- Th•> "d.=r<d to 
me.Jium·'oltag< >:s«m> !óOI' ro 151..,). 
although sorne >tat<m<n" are al>o arrh
eable tOIOI<·VOita~e<\il«llS !:-ci<'"" óOO <·). 
Thr> ~uidon<< along v.tth r~< fcof!o,.rng 
disc~"'"n' con h<ip m <he "'l"""on of the 
apprcopriat< deo.·ioc. 

The applrcation arca• for ~~l..ers m 
popcr m<ll< ;, well eitabli<~.d ba"'d on 
the fun<tional need\. >al<ty, fie"bll=t~. 
'"""ilit). and <>r<tatrr.g rmcti=. Tlte 
I><~Or rhe p<>l<er <)irom. the mor< rrn;><or· 
tant th•>< f~ctor> become. 

• 

'"'""' pbnnin~" rll be of1 L!al rmj.'Ort•n<< 
to lile ultrm.,e 'l"em. If the mnimum 
d<~""' of coordm>tion and pro«orion ;, 
de-.rr«l, Lt ML'Sf be pr01rdoJ for 1~ th< 
ori~ino~l >rc:etti.c'" ions. To tO\JS< o poorl)' 
Jeot~n.:d >)"<"'M ter 11 1> in>talle<l con be 
prohrhttllel) nrc:n<i>e. The bifuroation 
principio,' "hich unfc>rtunat<l) ;, n•>t ~•11 
k""""·;,, llelpfultool rn wmorn:c.tll) 
nbto~inin~ circ"" tle,ibilrt¡ and sy>tcm 
C<>utdtt!.otic>n and '"I«!LVII}'. f.>.> m pi•"> or 
tho "'• .,r thi• l>irurcation ptirlcipl< are 
induded in the >L:<tion or l<Chmqu<S fclf 
impro'i"~ S);t<m prmection. 

'il<r;"'''"" To ,¡.,¡,¡, or fork into Lwo 
::~-~·::~1;,~~,;'/',~,".':·,~.n;::"h',',:~:,:·::~~·~.~~ 
,,, "~" "'"'""" "''''"'· 

fv••• ond Swrklre, 
l. Fuse' ha'< inidal lo-. co>< Out: 

(•1 Do no< ha>< 5~ ;tchrng c>pabrl,t; 
alone (requrred m mo\t circuot,). 

t b)1 hcy ore a <ingk-pC.a<e d.- reo. 
(c)"lhey are limit<d rn ch.tra<1eri>tte 

><l«tion (coordmation ap¡doo>hJiit) l! 
lim¡¡e<:l). 

(di TI><) ha~e poor ad•ptabiiL!y lo 
•l"tem e<pon1ion. 

(<)Thc) t<qu'rr< sparofu>e> on ha rxl 
•nd rr•incd pcr>onnd for rcpl.,.;m~ fu•<>. 

2. Ko maintcndn« "' te<tm~ rcqurrod. 
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- = ., .. ,. ....... "' AYA<LASLE CURR(NT,o..,0 ''"' 

Fig. l. Cur.o ohoung <h'""«i>li< ot o rypieal <Uff<nl-lumt
lnt !use. 

Fig. 1. Ch><«"<ioti< '"'""' ol rnuemum 
curren! for (CLF) \ow-voltoge '""'· 

P••~ lot-through 

3. Fusc, are f•M on high shor1-dr<0uit 
corrent> OLJt: 

(>)Aro ,low in o;><""ticm on otor<ur
r<nls (offc" roN pro< e« ion in lh11 arca). 

(b) 1' ""' may be ~•m:~~ed" l>cn >ub
jected lo r<rcated opora1ion al c'llff<r.ts 
r>ear thei1 f'nl:llin~ poie.ts (alftc" s;stem 
coordinoo on). 

C"ouil Br--nl<r< ond Reloy< 

OrcULt breol.c" and <do.•<: 
l. Are -l""i~ncd ~mi ro1cd •~ be safely 

<:lo><d an.l Of"""'' at :~lllctcl< of load and 
fault cun.-n, ""hm ohcir r~lin~. 

2. Elimonaoc "ngk-pho<e inoe,uplmn 
and "'"" "<<! rrobkm>. , 

J. ProO<·ctivo c~ordin.LII"" ""atol•';- i' 
almo" unl•mitcd. 

4. Repcltcd broakor ol"'raoi<>n "'11 not 
affect il< >ntcrrupoing ch>rJ<kmtics. 

~- Auoo-nauc opc;ouon can be omUa<ed 
by a varico;-· of rda;- runcoion•-

6. Provi Jos 11e<Lbilll)' in acc(Ommod.nmg 
load el! >O ~e<. ( 1 hq are dc»t:<><d lor a 
nrieoy ol l'unctions) 

7. Cir<onl bteokers aro n<>l •• fa" in 
nperntion al hi~h short-circun cu"er.os as 
are m o" lu>es bu o are la>!cr ohln fosos at 
curren! 1<-<1• of mo<t Wol". 

8. Requ re pcriod.c mu•nocnJtl«ioe>lm~. 

CHARACHRISTICS OF fUSES 

This dku .. ion ~oill pena in to cunent· 
hmitin~ 1..-,n sm« lile;- oller so many 
ad;ouua¡c• o>er thc noncurreno-hmi<mg 
typc. 

Figure : <lw"s thc ouosUnJit>g char
aooeristiC' ·fa '' pical currcnt-lomiLLOS fusc; 
thal is, io •'pcrat<s long beh>rc ohc current 
ha• =•~cd ohe m•"mum curren! "llich 
a p:trticul Ll P""'" <}SJ<m could produce 
un~er a <hOrl ciroutt. 

The ad,·ant;tp' of ohis currcno-limllmg 
dfccl i< ~~"~"" le" current n·ca"' ~<>• 
dama~e "hich " <'('Ocoo~llv Ln'P"""n' 
>i= o!>e leHhmu~h encrg¡ " propor-_ 
tional 10 !he mtcgral of J't_ h " this 

current-hmiting choract<ristic "'hich ¡,,_, 
porrn.tted thc marriage of current·hmioing 
fu>e• WJth othor opp.,rotm l<l extcnd cw· 
Homicall;- thc r.Liing ni combHLOtlnn> or 
prot<Cli.-e dC"ice>: o;-pbl applicotion< 
are le~> -W>IIa ~· a:nd rncd Lun•-•·oloagc muto r 
conuolk:,, low-•·oloage molded<a"' and 
powtr circuit bre.il.e,., and fu!C<J '"itches. 

l'i~urc 2" a plnt of typical IO"·•oll>~t 
cumnl-limllmg fu lO<. 1 his dcarly denwn
"r"'" thc currcrLl·lllnioin~ ,1ct=cn '" IWtL< 
ol ohelu>e •m.,.,rc raom~. The <lrat~hlli!Le 
,\-A i• ohc lirr:it Y.herc ohcrc i; no <:urrent· 
lnnllmg acl<on L<he "thre-.hold" •o~luct: 
note ohat as tilO fu•e ratong tncrca,.., the 
fusc hrmmc< le" C•JTrcnt-'imllm~: "r 
;tal'"~ 11 anolhcr "•)'. ohc 'Y"'''" ovail
ablc "'"" '""""'' l>cfmo currono-lornllorLg 
lCOion Slarts. 

lt is importan! 10 un<lc"tand that a loso 
m pcrfcrming ots curreo,.-ltm"i·'S funcl!on 
J<.>e< not •imply «>nvert oncl<•cl of avoil· 
oblo <hort-circuot curren! ro a lower IC\'CI 
ot ha"c"lly the ""'" oype of currcnt: 
ÍJ»tcad ot nLO(l,tlcs !he l1r<t mojor l"op, ao 
l'i~. 1 show<. toa wav.: of current arpro,i· 
mol<l~ triangular in •ha pe. Al•o. ohc fusc 
docs "'" te-duce oh< •)stem a;atlablc ~uo¡·. 

·rhe 1mponant po,nt in this conne<tion 
i': lt simply is nooenough to colculaoe Lho 
"'" volue of the w,L'CS and motch thc 
•·alue to that of a Orca,cr ~nd thcn .L•si~n 
an intorrup\Lng <Oluc for thc combm:uion. 
U.is cannot be ~onc for onangubr ~.-es 
b«l\1"' th~- ha1c a hi~hcr peal curn:nt. 
a hi¡¡hcr r>te of rise •nd a dirlerent 11r 
o han ~ brco,cr on ohis combina\Lon. There· 
forc, !'<rform .. n<c dJt.l '"'"t b< rrmideJ 
h~ ful/-,ca/e "'"' for •uch c:ectro-m.:<hon· 
ic.1l combma,.ons. Ho""'"'· th< 1'1 lct· 
ohrou~h can be coordmal<d .,;,¡, •uch 
Je'l<e:< a• s~ nchC'> u ,:a bies, for e.ampk. 

1 h<>< ch.ITaCiori"i<> of currcn<·hmottng 
fo1cs '"~~e<t ""'"'" IO~lCal trplocat<on 

"'""''"'h'"' l. ·¡ ukmg adv.lntl<~'< of tho ourrcnt· 
lomiting acHon lo pcrmil lho IT'lrri,~e of 
'""'' and appamws 1>1lh rcsuloon~ eco· 

nomical equipment of hij!h inlcrrupting 
capacoty. ·r¡pLCal of tt<SC ore: 

(dJ Currcnt·limllmg fuscs either in m· 
di,·idual >t:lrl<ts or m thc inoorning bus of 
motor-control ""'""- (Thc quc>lion of 
fu<es '"""' ~real«" for opc:rar.ng roa· 
sor.s is anoth<r rr.a!'e.; •f th< opc•aror 
dO<"< not <~dnl fu'"' and rh< O)stem a•>rl
able t> abO\< thc rat1r.g cf ohe combona.,on 
"arter, 011Lor solullor.s <uch _., a ~Jgher 
lmp<d.me< tr.~n,formcr ora >críes reactor 
in thc motor-eonrrol.ircu.t can Oc me d.) 

(b) bocnding the a~plication ~'"!:"M 
breal-ers, <u<h a• po,.cr or molded-c>SC 
breolers. 

(e) Fu sed contactor mot,>r ""'"'"' on 
l4- 10 4. 8-kv <;-·stcms of hi~h •horl<ircuLt 
capaclt~. 

(d) E"cnoion of the rotin~ af panel· 
board<, f<>r lightin~ S\'<lems. 

~-Terminal or end Joods "herc sin~e
phasing moy not affect oth<r load>. 

3. Small noncritocalloods. 

SELECTION OF FUSES fOR 
IRANSfORMER PR01ECTION 

S;-,;oem and circuL1 arron~ements and 
prooecoion fealurcs_ becomc ol=ly ""~
ciJo<d ""h !he pcculior r<quirem.n<S f<>r 
prooe<ring '"'''-"lt<d tran>fOmLers m con· 
""" ""h '""'" olh" I)P<=> ü( nLolllood•. 

~lo>l ofthi• dl5cu.,ion .,,¡¡ ~' dLrocle~ 
'"""d seconda,_· unn subl.totion tran•
forrocrs ~lthough oh< >3m< problems, prm
ciplcs, and rcquiremcnu •PPI) 10 ~i~'1or 
vOlt•¡¡c and lorger po"er lronlformors. 
Hu~<>OT, 111 mcdoom-H>I'-'~' .1nd hL~;h
''oltage pu~>er c1TCull>, tilO proocctlon 
probkm• >re U<uall) not •o dllfLCult h<· 
cauS< !>""'~' '"'"h~e>r c~uopment and 
relo¡s •re ~ncrall) u<ed lor •u<h m01n 
"""" loo do. T!>c u<e of rd3.'' offcl5 oon
•iderable ~c"b1ht) m stmplof);ng s¡,.em 
11Lyouo CLnd protoction probl<m<. 

1t i> •mr'"'""' to rcalllc oiLul IILerc are 
cenum rc4uiremcnts nc«I'LI lor tito ap
pl<CatiOil of foses for "•n•Jormcr proooc

> 



ticn "hioh ~en<c:lll) ro•ult in 0\ormed 
fu~ >nd. thcrdoco. ¡X>Ot<t protecllon for 
thc: ~<•nsfofl"ler. 

rus .. on 1he pnmar)' of a lr>n<formc• 
should: 

l. l'lll bl m on m.o~net171ng cunent 
lTU>h, 'lhiCO " U>U:III) ~-~~ lime• thc 
~11-lt>OÚ CUifent, In l<."'• than 1/10 •<C 
d<r<n~in, U;'On lh< lron<form<r 1.10 tal· 

ing. l"or >«:·>nd>C)' unot •ubSiati<>n<. •O< 
inrush" "'" tll' t~l.en at S 11m<> fu!Huad 
curront for 1 IO•<e. 

2. l'r~tw thc tranlfMm<r 'lot<htn tilo 
USASI r<•in rL'nlled Sl.ll<> ~1 .>,mon.·a 
S!lndard< lo"""''· "h1ch "'~' formcrl) 
d<>it:n>~<d ,\~.>, fm lhc Ammcan St>nd· 
anh A<>oc:i.lionl "hJCh rr<>mt.:; ttlat 
thc: tr.lmfor~ <T m u« ~< oblc to "tth>tJnd 
wothout inJU' ,. for 'fi<CIIic<l time m ter> al< 
a shori-Cif<U ton 11> \\ inJin~·· (l'or """'' 
forrnor< cc>nllcctcd dcll;l·"''· \\hiel> are 
'" comn1ot1 in ro~rcr mtll•. u•c :,;<; ol' 
thi< .alue: this i< hccau•c tl>e primar) 
delto·side fu.e "-= MI•· s.<','; <>f th< hne· 
to-~round ,~on·CJrCUII ourrent on t~e 
.econdJr)' ~ ) e·<ido l 1 oble 1 f rom USA 
Stand.~rd C7. 1 :' inJicate< lhc<o 'allle>. 

3. Mc<l the ~atin,al Hootricol (',,.¡,. 
f!'FCl rcqu cc:r,ent "hiCh ""'" 1ho f"l· 
lo.,·mg '" re """'" t~ pnmor>· and <<"<· 
ondar;··,do >mtccu<>n <>f a toon,formcr 
(ArtJ<k4~0.: 1%'!: 

'",\ UOO<f•• ffiCf ""in• 00 (IIOf·,LffCOt 

de>i<c on th< · """~"' '"""-"C\100, r.\lo~ m 
><:1 01 n<>l mm: thon !ó•J rcc«·nL ul LI\C f.l1e<l 
«C<>OLIJf)' OU f<Cl "' th< [j,¡n•l•>em". <>f' 
u•n>f.,rm" • ""'~rcJ """ .1 <'OOr<lln"<~ 
'"''"'1 "'"''"'" r'"'"""" h; '"' n"..tr.ul.«· 
J<<r, i; no1 "qut<<d IL> hO>< an md<"du•l 
"'"~"'"' ~e-,,., '" ,,, r~om.:u; '""""' 
tmn, proü;ld lhc prom.>e; fccJ« O•<r· 
curr<nl .J<Lk. "'""J "' '" 1o oren"',, 
'""'"' \.llue '"'' "'''"' tll l(t 'i' ''"'''' "" 
'""J ''"'""' ol <he"·""'"'""'''"'"·""' 
{""'"" h.LLLn~ no< ''""' ll10n "' pcccCo\1 
imp<d•nco, ond not "'"" 1l10n Jour Lime> 
<>1<d curren< of lh< """.r""m" fur non•· 
fo1mc" """' g ""'" '~"" '" but nQ! mo"' 
1h>n t<n 1'<'''"' •mr<d>n«." 

Fi~mc l. '" "nec> 11<" curve. illu<lral05 
tho >o no of opcm110n fm tromforrrer PI"' 
t«:tlon and illu<lr.\1<' how the rc·q<llr<• 
mona di1ou"ed pr<>'t<>U\I•· are tr.ln>IOtcd 
in<o a tim<·•urrcnt plot. Thm. thc rrol>· 
lems of prm.oti<>n and oo<>rd•nation and 
"""'iat<d •; '""' or <I!<Ull arronf<m<n<> 
are inl<rlin>:d. somo •oiullom "" di•· 
'""'"m the follo"'"~ <ectton>. 

lo""''" \1 '" rrol<c"on r<oolr<m<nl<, 
the fu<< curcont '"""~ "'11 ha< e IU be 
much lot~er 1 "" ro~uin:d for on cqui•·oknt 
nonlfamfor< •er 'H"' ond load. gen<rally 
rongin~ frorr. :!00 t<> 300'·; !01 uoo<formor 
rallng• <<>mc<onl; u«d '" ~a por nllll<. 

fu.o .,,n,'ard> ~''"""te c<rl>~n tin·e 
and e u"'"' 1 oqulfcment>. for e.umplc. a 
lOO E and <rn.d!er f o <e <hall rnel1 in )CO '"" 
ata current ~r:: O 10 ¡.,, lhan :A e! the 
fu..: contmu<>u• cuncnt raun~. Thcrrloro. 
if thc: fu,_"""~ i< :!~ Irme< ;ho f~ll·load 
urrenl of ·~• ¡ron<lormer and 'm<el> lh< 

'"" OlanU>rd cn<oflnn or '"" oirr« roted 
curren! fc•r !00 «<. thot mean• lit< IU>o 
ohall 1101 mclt in 1«< thon 300 se<(~ nlinJ 
at five time> ral<d tran•formcr full·l<>•d 

current. In o<hor "Ord<. <h< o>orall pro· 
te<!Jon of > uan•fmrner b; a fu« ;, no< 
~ood. nor i• 11 claimed tO t>e: > fu•< 
•h<>uld t>e <on>idcrcl » rnmoril) for 
>horHin:uit and not <><<rcurrent rrot«· 
li,e. ~l•nul."lurm' sdocuon l>bl<> •n· 
Jic"< tho >lllr<~< r.111n~ of fu~c-; fur 
'.uious """'lnn.•c• k'" '"""~' and ore a 
h.!r.d; ume·»""~ rofcrone< 

Qb,.ou;]) t-ec;u<e of 1he ri-.d time
curren! charoCI<rL5llC> of a fuoc, coord•· 
o3lion ofprtmJr) IU5<> ""h IOII·>OIIO~O 
lccJor br<"~"' anda ma•n II.H,.formcr· 
"'"''"~"Y brc.1k01 ~ecomcs d1lilcult. In 
•on'e ""'" thi• ttta) hmll thc ')· .,,, 

'd<"<U<Jiy \><cou>< of lito r<>llictioo< on 
l<"<der bt<.tl.<r currom rotinp m rol>~ ion 
\O <he tranoforrnc1 ful!·looJ curn:nt. 

SERIOUS PROSt!:MS INTROOLICED BY 
S!NCtf.fHASE OP!'RATION OF 
FLJSED SUBSTAiiONS 

T he di«u" i on of ,; n~ le- ph:Í•in g e o• orod 
hore ;, not t he o>< rl ood pr oblcm '"'"" t<d 
1>ilh an indt~iJuol mot"' """''·Out lh< 
o><roll problem '~hen To1 •om< r<,.on ,, 
iu<e un lh< pr~mor) ,¡ a loa.J-.:on\" 

tr.ln<l<>nl'or or '"""'<·<"""""" •urr'' 
oren•. Ho"<>er. \his " ""' oo "l that 

Tcble 1.• USASl Yalue• 

>ntJ """""'""' '''"""""'"" Pm , . ., / '""''"' '" ¡,,. ,,¡.,,.,.,,, ¡,,,"e 

~ ~' lm " 1int., rat<d cunen! ' ' " ""'" ratcd '""'"' ' • 1 6.6 ''""'' 101«1 '""'"' ' '"' ~" 1~ l or 1<« timos r•••J curren! ' 

" 
'" 1 i' !. ¡ 1 

:~ -j ' i 1 " ' 
" 

CLJRRENT.amp al 480v 
Fi,.3. Zon< o! prot«"on !oro lfon•fo¡m.r primory prol<<li"< duice. (Pio1f<d in 

oetondO<y '""'"' for '""'""'""·) • 
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Fig. <. 1 "noiOio!o«·>«ondHy ~ ... k<r 
destroyod b> •n """"laulo m alo~-volto .. 
swl"h¡eor '<<'ion. 

thcro are n<>t P~<>hlom' rolotin~ lo "'""" 
oporatio~ Otl<l ,;n~lc·rl'-"'"g. ¡·"' «am· 
pie. a rathcr d.""' C.<'<""' th< In" of 
1400 mo•<>r• '"a lnt<k rn~l dueto thc 

•inglc·r"' >irr oli~< fu,cOinccmtr; >er""· 
Ho"'<' er. thi< ;, not to .,, th>t fu >e< Jo 

not ha>c a pi•<• in """"' >;'lem ""'\.· 
Th< choracteri,uc. of cmrent·linntin¡ 
fu ... '"~~·" <Cflain logicol appl<e;Lti<>n 
are."': "'"11 or toOtl<rll~<ol load•. "rminOLI 
crcnd lo; J," horo >in~lc·ph"ing n>.ty not 
a!foct oth ;r h>ad•. t; p~<ally a motur oppli· 
cation; "' <J '"'~ a.I>"Ool\og~ ofth< curren[· 
limi<tng; :tion .,¡ thc fose to permH thc 
mamaye of fu-e. and appar>to• l<oth 
re!ultm~ • ..:onomical equiprt'<nt of hi~h 
intermpll ·~ car•<"l· S~;aightfor,.ord 
applio:ui, n< are "n~lr·rlw" !- or J.""~ 
dt>tributi"n fm 'm.1ll l~.l~< on in<Ju<•.ro;,l 
or comnh <ci.tl hui:~,,~, on ""~l<·pha•e 
branch co """ nr 4·"""· !0~\"11!0' or 
480Yi!77 ,. <)<l<""''· Thc kot h<r< "lll,,t 
in <m~le·r ha >O "'"'"'"·a blo" n fu" au<o· 
malicall; ·k..onor~i''"' t he c"c""· 

Sin&l~¡ha'ln~ ol >Ub<taticn< i< a t<la• 
ti> el; fOC• nt probi<m. Ti>e que-.tion i<. 
What "> ~nolic~nt aboul th<: umin~! In 
thc early •la y< of 1he introdu<tion of thc 
load«:nt.-r pr~nciplc of d"trtbulion. pri· 
maf) fu"' """ ><idom w;e": '" 1.<<1. 
power Fu<,·> '-'ere .tvo1dcd in the pla"'lin~ 
"age "hCI'C\Cf P">"hlc. . 

Ji "·" '"'' unl<l ool.•li•cly rccen1 1) ,.¡,,, 
p.ower fu•.;< un lhc rnmar) urc be1n~ 
>ub<titutc~• in pi•~ ol tran<former·"'C· 
ondar¡ "" ·''•" '"' mcrcurront protecti,>n 

SOURCE LOI\0 • 
' ' / ' - 1 

... , le- BLOWN ~ • FUSE • 

' 
,.., 

"-'' ' ~ _ ARCI:-JG FAULT 
....._ ___ - ----- TO GROUNO 

IIRRO".'IS SHO"II FAIJLT CURRENT PIITH 

Fi¡. 5. mu"'ation of how r<duo.d fault <nrren1 moy ~ow 10 o.n otoin< !•ul! aft<r o 1~1< 
h•o_blown. 

on <ocondary unit sub>talion• thot trouble; 
arose. Ji""' th< im,.ti~>lhc an•l¡ticol 
"0rk of Kaufm:mn (~) lh31 clcared up 
lh" area. fi!'Ur< 4 is a photo~raph of a 
t¡p:cal bomdo'-'n of IO,.·•oltaoo cquip
ment. Tltese b<Jr~do"'m ha>< k.n nu· 
m<rous ""h the d<'lruelJon of non •nb
il>tions. mowt-<:ontrol cenl<". bo>'-'OY. 
'"'tchbo;rd,, anJ pandb<>.lfdS i11 equ¡p
"""" of all manuf.,ctutoN, 10 dcan and 
dort)" atmosphcr«. aod in C<>mmcrcoal and 
mdumial plants-in <\thcr ""'d' quuc 
uni>ersal. TOo:se burnJo~<n> ha~·e oe<utred 
in lo,.-•olt.;)~'<' and m<doum·\Oita~c >)"S· 

l<m>. but h.-o bccn mote frcquent on 
lo"·Yolta~e •JSI<m• bcc•u<e of the nato re 
o( 11>< s¡<tem <:r<:uJ! arrongement and 
type of cquipmcntJ 

Usually the wquenco in <>pcration h 
•nmething l1 \,e this: An arcing f.tull qon< 
ill lhc cquirmcnt on thc low·>oltOL 1:c >ido 
¡.,, <•oc o[ a vamty uf fCO>OO•: >1noe luw· 
•oltagc equipmcnt doc• not employ L>O· 

lated ph= cons~ructi~n wit:: :n•ubtcd 
busc•. an are fla;h ,.,u in~ol>e oU pha•,.,; 
nllhcr promptly. The ma¡:.mtude of tht> 
fault" largc: enough to open a fu« >uch 
·" fu>< e m Fig. s. but note '""' lhL> do<> 
not shut off tho PD"Of. lt JO<> cnongc thc 
""'"'' charaooeri>ti<:"l '" that much le.> 
curreM tlnw<. accor<li•1~ "' Kaulmann ond 
l'o~e 1~). In o ~S(¡., >)>l<m tlll< ma) be 
oO~ucoO con.,dorably and le" than th< 
fuiHoad thrcc·ph;;e fault curren< and. 
nuy be belo" the roüup >aloe of the 
prote<tM de•i«. :-;ole, tO<O. that e>en :f 
fu«: 11 open<, th< •)•«m " •ull '"ho<."" 
He borndo" n or meltin~ acuon is caosci 
b) <he Cllnunu«l arcing al the pomt ol <he 
foult "h:ch relea'"' a tremond""' amount 
ofcnerg¡ m thc IOLui1Cd aroJ. h,; ompor· 
t.mt to undcr>tonJ th.Ll burt>do'-' n> con b< 
much more d;mogon~ <11Jn thc n>uol 
•hon drcu1li eneountorcd in pov.cr ''"""' 
operation. The ordino!") •hNt mcuit re· 

· •ults in a shutdo~ n "f th< c~rcuJl in1 oi\Cd, 
but thc damage i• gcnorall¡ Joc:olll«l and 
the fault otself i• promptl; rcmo•ed by 
th< Clroull protocll>< d<>i«. 

One ob,ious >lllutio .. " a proper pro
le<llon iehcme. Sincc procttcnll;. all fault' 
"" l"w->oltago >)stem• ~ui,ll) ill>ol•e 
ground. a ground·foull son;or to trip the 
ma~n tran•fonn<r·se<ondar) brca>er or 
bockup brcaker~n be ""d. ~uch ~round· 

faull '"'"'" are .. ""*• and operate 

qu1ekly to "r<n thc r"'" er "'"'"'· ShioiJ, 
(/0). C"onr•d and Dola<>a 1/1) • .:nd HniT· 
man and Retf>ehnei~er ( 1 C) ~<rJ~e ""h 
protoclion "hkh i; no" bocomin~ ~on:· 
mon on lo~<··•"lta¡;e ~rounded "<t<m<. 

Thc U'< of " thr~c·pha<e iñterrupter 
~<o u Id l><lp reJuce th< amount of d•m•¡:c 
~~ Of'<nm~ all pha>cs prompll). >-lfiOu> 
te<loniqLJCS fN "' oidm~ >u eh <ln~l<·ph.l>c 
problcm< "'" <ug~e>ted '" tho """'" ~" 
tcchni4ue> F L>r lmpro<·•rE ') <tem prot<·ctoon 

TRANSFORMER-SECONDARY 
SRfAKERS-PRO ANO CON 

Pape< moll> <ar> io thctr U>< of ""'"" 
form<nccor.d~ry brealo<i-<Omc dn anJ 
<omc: d"n"t o<c thom. Th< f<>lk>'-'Jng "'"< 
'"''" "' ·' guodc to the >dcction ,."' " 
"'""f"r"'cr·>ccondary brookcr. AJ<.on· 
ta~o; .lfc tho foilm<lng: 

l. lt "lfm ~rcater 1-11•\udc in prn<idmg 
O'<r<urrent rwtoct10n for trJnsfmn•m 
a; require-d by t!.e '>EC(Art. 450·11: th;s 
1n turn m.o~c< Coord1nation of tho pnm•r> 
•nd <O:<>n~af) P'ot«:lO« Oe>i<os mue~. 
c••ócr 3nd aUo"'' the u>< ol l.r¡¡er ,. .. ~er 
circ'"' prot<elJ\"0 do<~cc•. 

!. lt pro<idos f.>ult protOcttO<t for thc 
ma1n bus in conjuneti,>n "ith ~roun~· 
"""" rda;ing. 

3. (! permm adopliOn M the >OC<'ndnr;
>eloc<i•~ •rrongcmcnl whl<h " «r<«olf• 
usef ul (a 1 in pro<1dmg P""'"" WlJCal or 
imp.ortont load• and (b! m pro<ldong 
1'0""' and hghtong durmg •huldol'n• lor 
maontcn>ncc. 

4. lt pro>idos backup protoction :n <he 
01 en< of faolure of dov.n·>tr<>m de>""'· 

5. 1 1 prm ideo; a di<eonncclln~ mCJn< for 
"" 1ntenanco purro«< ond <.lfot), 

t.. lito"'·"" ><Cond.\fy llro.t>cr pt"<id<' 
the fun<ti~n of ovcm~rrcn1 protee<i"" lor 
lhe tran•fom1cr. 

1. lt prm·od"' fast remo,.] oF lo,ocl, 
(~[C requor .. a ""Sic do><onn<ctin~ 
mean< <>hen rloero ore more thon "' 
fccdo~ per bu> <O:tion). 

~- lt prMid.-. a >implc methoJ of ••<· 
interlod.~ng lo,.,·>ohag< bre.o<m "llh tho 
lran<formor pnm"'l '"'<oh. 

Sorne ~,,,,d<.lnt.l~<' aro thc f<1llu"'"~ o 

l. 11 "'"'11)" rosuh< '" hi~her "'"·bu\ 
th's dopend> upon the ••111 '" «l«lln~ 
lh< ~treo" arrongen'<n1. {Th" m.T) O. 
olfl.<t '" d...:n b-ed tn thc f oll o,. in ; '""'' oo n . ) 

' 
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Fi(. ~ i'J, !<<ti"" mO!~od• meot>n~ !h< 
N•bonol El,<t<icol Cod• roqu".,"""" '" 
ontonN<nl P'"'""'""· 

2. lt ~•u\" on grc.at<r •paoo rcquncmcnl 
or low-;·olto~o '"itch~o>r oquipmont. 

--~HI>IIQUES FOR IMPROVI~1G 
TEM PR:JTfCIION 

~I«Mn n,d the 2\1>-fome> Rule 

Accordon~ 1<> the SO<ion,l El<C1tiool 
Code ~ord•n~ in ¡he .oo1ion ··seleellon ol 
fus"' for ·rran<lormet Prooc·«oon"; the 
requiremeno ol oran<IMmor <"u•urrcnt 
prolocli<>n '' me\ b) an; of thc arrangc

men" '""~~'" f•~- o. 
The choKo from an overdll <tandpoino 

\oOuld pmbtbl; fa>or motho(!' A or R. 
Method C" Llh ots lom".m~n< has alr<:>dy 
b<rn e mere.•. ~le<hoJ D," "'ndong l<m· 
pon~ture or equ01alon1 '""'"'· hd• not 
~n us.cc! '<'Y ol\en, <•Cept for abrm 
P"'l"'"'· pr.,babl; be<'""'" M th< tran•· 
fer trop reQ~iremen,. ~lolh<>d F "ouiJ be 
Pf<ferred "'"' l. on oh~l oron,IMnoa:s úf 
any •izo and num~er coul~ t>e connc::occ' 
in a fe<der corcu" a> each or.1n,fMrner " 
prol<"<!<d onJwidualh·. \leohoJ A or G 
is ideal "hon indl'odual bre.oke" are 
U<ed for po~<<r oron,rorm<r>. bu o is sddom 
oconomical 1 or '"'" 11 >ocondor; uml sub
•Utions t>ecau« of e os<. 

M<!ho-d A or G become< economically 
•macto>e for l.r~e >econd:Or)·Unll <ub
>lation lron,oormm. s.¡v 150ú b-• and 
lar¡;er. Fi~ure 7 >hO'-'> tho '"otch1ng 
a"an¡;ernen< of '"" m<thoJs ""<<t•oa!ed 

l o o.dl·'-no-..n ~nn:sulttn~ cngoncenn" 

lo lhe r•P" "'"'"'"· l.ohlc 11 ~""' 
<<»t e " no ,.. " ' ''" ' , •1 "" 1 ,. t he cu u , r "'"'" 

for IJ.~-•v '""'« ha,cd "" a>>nrcl· 
hlled tr.m<fo<men. "'"" '""'"" lulty ru!<O 
switchsear Al• o included. hut not •ho-.. 0 

• 
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SELECriVE STATIC 
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B. GRD PROTECTIO/l 
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Fig. 7. Two maogomont> fof "f'lom protoctioo (,.• Toble 11 !or <oot <<>mpari«>o~ 

Toble !1. P<iee Compori<O~ for 13.8· 

1'•" fiz. H . ,.,¡,,.,. •• Pr<m. ••ir<lf & ~;~. 7~-
Tal m~. . , .......... p,;m . . ti,C 

''" b,'""¡"· S b""""· J 

u.s-~· s..,;.,. 
noo 2l.71j l6,~Jó ·- 28.ll0 l9,1ó0 

4.16-h Smi« 
1500 25.4)0 ~4.740 ,_ 

18.04<; lJ,Jll 

m th.,;e sketches in the intcr<51 of smt· 
rl•c<ty. were PT"s. •oltmeter and watt· 
hour m<ter. a< "ella< CT"s and ammcte" 
on feed<r mcu•K 

~.nce rhore wa< <uch a small price d•f· 
ferential the consultan\ recommended and 
thc cl1ent occcpted thc promary breake" 
mett.od of F•~· 711. (For a 4.16-kv ,,,. 
oem. tho brcal.er metbod ol fig. 71! ¡, 
favorcd by a few peroent. 11 WO\\IJ be 
o-en more fa,orable on a ··,.·eak '" >Y<Icm, 
which could u« a 75 \há brcák<r.l 

A mod1licauon of ~!cthod A of Fi~. 6 
u>mg th< b•furcalion pnn"ple a.' d.,cnt>ed 
la ter and >ho~<n in Fi~. ~ ma~e< thc mam 
pflm>r) biO.<\;er m<ohod amacrivo. 

••• 4.16-k• Servioe 

Co<l d•Jf.,.o«. B "· A • 

' % 

HlO +J.l 
HlO +l.8 

-·~ -H 
-690 -l. S 

M<thod• ll. E, and F requ¡rc a transfer· 
onp CtfCull to tho partkulor moin f<:<der 
C!r<U!I bro"kOf. Thi, m.oy Jf \11.!)" 001 be 

on ·'""'''"""' "~'<""'· tradmg tho e o" of 
., tnp ""'"' fur thc '·"in~< in rrnn.1ry 
'"''''"'a ''""""·"Y b•<·''"· l'.orcr m1ll< 
"'"' C<!'CCI L<> '"""ror.• Le mure ""conorol"" 
'""""' lo central pomt>: fm O'.!mplc. 
•cn>ol"5. proce-;< controllers. and d.ola 

Fi~. 8. Di•gram illustfating 1~• bifu«•· 
lion prindple. 

ch"nood< '"'"ciatod '"lit comrutcr in.,al
l.lllom: remolo conlr~l of o10ny JO'""'"· 
remoto moa5urcmont5. and c>emually atl 
moJor powor funcO:ons in<Oi>ing control 
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f;¡-_ O, A circuit illuouatm, a P'"Ctiul '"' eatioo of fu•••-

and info,notoon doto ,.,¡¡¡be fcd into a 
Ccntralized compu:or or opcratmg pmnt_ 
Therer<'r<, contr<>l mcuits lor •uch pro
tecti'c fu~<tions as m D.!;, on<l F <houiJ 
be comtdcrcd "' currcm P'"e<icc_ 

Thc remote uip circuot .. ;¡¡be n«dcd 
for arcor.g-ground fault protwmn and 
Ú<Jund tela;mg. Ob,·iousl;, m a ~i,·en 
oub,tation arcd '''""] ro by ompu" con 
be fcd mto a <in~le trip circ"" w "' 
common !O<d<r bre~l.er. 

, Pámary Proledion ond !he S>X· Time< Rul• 

Figure 9 shoM a praciLCal economLC.'I 
syslcm arran~emo.a folT '"''' v.llcn a 
tramfcr·trop '"'"" " •mrr.c11cal Such 
appiJca<inns ore goncroll; for nnncn[lcal 
loa<is. ~o te thot thcsum 01 thccnnno<teJ 
transforrncr k•a 1< <<l<!OI w .1)00 "hile 
tho smalle'lt tr~nlh'rntor" JOO ha. or. 
tho rotio of tito 101,1 t~ tho smallc<t tr>n<· 
former "<qu:LI to 14-t·. or con .. i~crolll) 
aboco thc ··m·tlm,.·· rule; ti"'· tltcrcfc>rc. 
"'qUJTO< the U'O oj 00 "'<TOl:rr<O( dC'ICC 

m tliat indi1 id u al tran>lumt<r. 

u,. o/ Mu"olico Prmciple of Ci"u'lry 

Btfurc.>tLon of ''""'" emanJtiog 1 rom 
•witchgcor is relaticel; ne": n Nf<r< ""1 
opportunitie; fnr r<Jucmg >y<tcm ~""~" 
CO"-'· of!<n niTe" a >ub>!antLal '"'"'"~ m 
cable com, and olkr. b<ttcr protoction 
at lo"'' cO<! than m'"Y nther ci<eull 
arrangrmmts. 

Figur< g shn"' thi' primipl< m cl<m<O· 
tary form 1he h•fti!Céllt'n "madc m thc 
s\litchgoor """ \\h•ch mcludcs both sol< 
of CT"s in tho """P•rtmcnt and both ..,, 
of reb)s mountN m thm u .. uallnoation 
on lhe '""'h~e.1r pand 

Tk mcull arr.tnoemcnt m 1'<~. 10.\ 
mech ti"' C<>Je·, ~\~·1101100' rule "'"hout 
thc nc"<~ M '' "·'"'¡,""'"' ...:e""~"')" 
¡,re;, ~ or . rro " oJ '" ~ 1 lw Lr. " '' t " 1 """' r ·" ' n "' 
ore <~uol "' arr"'""'''L<I; "'· :>."'" '""" 
Fi~. IOB 1 """ e.o"IY th" c.on be <'p.~ndcd 

) i 
' 
1' A 'T' 

8 
eeot~omicol oppli- r;¡. IQ. llluotati0<1 ol how .. oily • po'"" 'T"'"' <a.a be 

<ll"ndod •;• b~u«ot;on. 

,--- R SET PER ~[C 6X RULE 

_L 
T. 1000 ••• 

,) 480 

L---.-, 
HT P[R 1 
6< RULE 1 

L---,¡-1±1-j-----,r----•3 OT"[R 1000 '•o 
SU65 

F;<· ll. lllu•lr41ion ot how one pop" mLII <Ooployed tbe biluocatloo pti..o<Lplo. 

wllh the bifurco<ion nt<thoJ-"ill offor
. ing ~onct prolcctic>n. 

Fi~ttrc 11 '"""' "" c<onomical u•e of 
thi< principie 1n une P"l"'' mili layoul. 
SoliO <l,c inoorpor.n">n "f transfer·tripo 
r·n~ '"' pmtc"<tive funotton>. 

l"ogure ll shows anothor e•.tntple of 
b1furc"""" 10 •impliftod ft'fm. 

VALUE OF GOOD GROUND·FAULT 
PROTECTIYE RELAYING 

P.>p<r molls h;we used ~roundod PO""« 
•Y>t<ll" for many yc.1r< r IJ). A< o m.mor 
of iaot. they werc among th< <~rly procc"· 
1) re 1ndu>trie> to ro«•gn 110 tho "r<r>lin¡: 
bcnol>" of ~mun~cd ro• "<)S\on" .ol~n~ 
~ ith l1mttin~ tho m"~mtude of tho ~r~und· 
f.,ult curren\. 

At thc noo,\iunH!'It.,~c k>d. for ox· 
'""Pk 2.4-1.1.~ h. ti><"'" rn~or 'Y''""" 

'"u"ll) '"«"P'""'" ·' '"'"''" "' lomit the 
ground·fault curt>:t>t Lo .1 •alue about 

---

' 

• Z COBIP~~ _,, 
ro st.es 

l'flOPQSEO 

' 
El".TTE:R 

' 
Fi¡. Jl. A simple ••1 \o !m~rovo prol«
tioo. 

400 amp on tho ncwer syst<m< u•in~ the 
~rounJ·•on>tlf rolay ond 1000-JOOO >n>p 
on old<r 'Y"""'' hav•n~ t he ,.,;du.ll•tel:l) 
motlwd or llft>IOCh~n. In ooth" ca>< th" 
r•:rn>lt• '""'il i>c rola) in~ woth low pl<'·up 
value. of ~r"und cumnt. Sine~ n<arly oll 

' 



:le" TO 4.8 ., 

,.OTOA BUS 

' 

f 
MOTOR 
BAANCH 
CIRCUIT 

A 

•,,. A' loull. '" oh" ""•' "'"""" ""'' L.C 
·'<V O< O mac """" Oy 1 he '"Iom P'""";t"o 

.. "'""o nO '« not ,nlluon«d by the '"'"''" 
<h• mola<''"''"'· 

A<O& B: f•un 1 in ti"o> "'" ''0""'"' • "''>10< 

....... ··~"'" """ ... 1 '""'"'"'' '"'"''" c<Oun<l. 

Aou C: F'""' '" "">roa olmol1 ai~•Y""""' 
(O r.oound. bul '""'" ""''" ••• '"'"""" l·l 
"''" onYoiYe g<OunO "'"' l•\t" oeta,. 
Fi(<. U. Element< ola lvpic.l sv•l•m wLib 
a l<~<tator powor 50Ur<e. 

fauliS in thc>< >)<tems "'" "' • gmund 
faull. or ,.¡u quiclly on-·olve ~round. the 
main Jlflmorv f«:Jer "iU opero1e anJ 
.. ~ump"" thc entir< '"'"" f<>r ~ oround 
fauh. ll "r.,r< f<>r tho "'"·'' lfan<iurmer 
prin.ary fu" to ··,.e·• thi> low ,·aluc of 
rround currcnt. dc['Cnding ~n "' rotm~ 
nd '" ¡ime-currcnt chara<teco>"C'. In a 
..,><. ther<forc. JI i• 1hc main foedcr 
~tla¡'n~ t~>: is doins m<nt of the "'O!Ch· 
doq¡n~. 

The use of a curr<nl·limlling fuse wllh 
hi¡I"Holt•~• mni,«N-1) f'C motor "amr 
is cummon. lf a''"""' fu;o btu"'· 1hcn 
only une m~\or ;, in\"c>h eJ and Lt doc. nc>t 
cause the same prohlcm> of ''"~l<·rha•ms 
for m.nsfcrr>er pnm~r) fu se-,'' d'""'"'d 
urber. Ho""'"· a ~round·><n;or rel~)" 
-..::omm<n¿cd in each mctor·t>ranci> cor· 
:uot <o op<n il< O'-'n contoctor, Nher"'i>< 
the ~ntire motor hu, '>'oul~ be oc-o:r"l<r• 
gizod for f'"und r.,ul" o"ho"' n m f '~· 1 J. 
Note thor .' ll; ¡, tho 1111.1! Oackup ~ruund 

......... 

1 1 TRANSFER 
: TRIP 
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' 

24-49~, 
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6 
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,, 

ol • •1picol •rst<rn wilh 

''""'"· 

rola~ "hi<h olso ;, ••1 to prote<t lh< 
re;i\101. 

Anolhcr •·e" ion o/ lhis ... me prOl<CIIon 
melhod bul v.ith a <ron>lormer f>O"'tr 
•ource i• shov.n in J"i¡¡. H. Sote hor< that 
a u~nsfer·tnp Cll<uit i< requ,ed for the 
srnunJ rday .\IG. 

l'hy•ical coml"'rtmerllatiun ,.¡,¡,;,ola· 
oion of kcy functions cmbod1cd 1n tho 
e~uirmentm<ha>incomin~ line.m>~n bu•. 
broahrs. i""orum<niS, and cable oonncc. 
tiono i< used to P"''"tnl ioniution of ares 
from spreadong "'"hin tloc enclo'"'"· T~i• 
tn>< of ;,olallon virt<J.<ily climinate< une 
of the major cau1o< <>f ""' tault>-tho 
or.trodU<IIOn of f.o"i'"" ut>ject<. '"'" "' 
l"h taro<. tool•. 1odrnt<. ole. m tu the 
ownchgc;¡r. 

S.vorat protocllon mcot.rnh [,,, lo ... 

>olla~ "~"'"'' "'" ava~lablc dr1>endong 
on 111< Ph)~ic:•l arr.>nscmenl of the •wnch· 
~ear. but mo>t m>nufacturo" mako U<< of 
1 he .. d<'nut""·t)"p< c.nretll tramf~'m« and 
a ><n>ilt>e groun.t·'"""' rei.Iy to J<loct 
lo" lc•els of grouml•l.;ull cumnt. llne 
nunuf•cturer "'"' .; loneor-o:oupkr t)p< 
CT. Vanou• lnppong :trran~"tmoniS for 
g<ound faults on lo«·voltagc system> >ro 

•~o" n on Fig. 1 5. 
General!~·. m Jl:lp<r mili• the lo,.·•·olla¡e 

r,..,d<r cireuots go to mooor-control cen1ero . 
CMrd•natoon os neodcd bet,een >ub">~•on 
br<.>~C" and Jo""''"'"" dcviC<> fnr 
~wuncl·fault sclwiVII)" too. SomctJmt< 
lhJ> i• Obtainod autOn1:1ticall) b) ''""' of 
th< n:lall>ecurrent rallng of th< re>~O<li'O 
do"<«. o.e .• P~"•' ""'"" breal.cr; and 
moldcd-ca>< brea~on 01 fu><• in motor 
Olarl<15. In man)" """ 1t ,. net1h<r pr •<· 
110~1 noreconomic•l tu Obtdin 1hi< ground
f.tulo rro1ectJon ce>ordtn.!twn on inJ,.id· 
Ual d<ViC<S. 

N~l'l' LOW-VOlTAGE S"IITCHGEAR 
ANO PROTKTIVE OEVICES 

\"ariou< "' IIChgear m•nufacturc" havo 
impro,od thm lo"·>Oitas< protecto,·o do· 
,;,.,, u;ually by cmplo¡m~ soliJ·«at< 
tcc.'1nolo~~- "1 he'e '"'"' '"l•d·<l.\le protec· 

GENERAL$ ELECTRIC 

m,_,,y~~ 
;R,~ 

• 
' T¡-4 

Fi1. 15. l'<oro«ion m<lbo4> [O< groun4 
· lou\11 on low-•ol1oR< o¡O"m•. 

li'e de•«= otfcr mon) ad•on»~"'· such 
u 1tle follo"ing: 

l. A dotícrent ch..r.Jcter""" 'h.1p< "hiCh 
pormill bcttcr ooord111011on an,J selocu• 11) 
ond f.t"er opcr .!Hun. 

2. Jonrrmcd 'l"<"' <cl<cll'") ;nd pro-
te<:II<>O. 

J. Much gr<at<r aocuroq·. 
4. [conom.:al ~round·fault rr01«:1ion. 
S. Frocdom from me<banical ""''-
6. Elimin~tion of much pn:""<O~oneof!ng 

anJ <clo:<tion of tflpptn~ chor.lClW""'· 
/. Strnple tldJ ""'"~· tSm•ll b<nch· 

1) re d«=IIOnic oquirmcrtt ""~'; thi> <im · 
rte. O ni) "'fev. amper<> aro noc.lcd r•tltcr 
than thousand> l'l ompon:> """'""d 
"oth the olccornmo:<h;nic.¡l brc• l.<r 
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Providing Transformer Protection 
... in accordance with American National Standards lnstitute 
and National Electrical Code guidelines 

By ROBERT L. SMITH, JR., Application Engmoer, lndustr~al Power Systcms 
General Electric Co., Schenectildy, NY 

T HE FUNCTlO:-J OF tran<
form~r prot•ction i< U> aUto

maticall) d~<connut a uamformcr 
from the ¡><"'"' ')''len> for an¡· of 
thrcc r~a><m-: 
• To pre1·~nr highcr than ralcd 

lcmpcrotur"' from <.le' do>ping in 
thc trdnlformcr lwm C'Ccs.<i\C 
load currcnt antl, thcrchy. éau<
ing rapid <.kt.-ri<>ratinn of in<uiJ

tion "' '"'"'""'""· Pn•tccH<m 
providcJ h> :n;llic•w ti"' " 
known U< owrhL<I pr<>lt'Cli<><l 

• To prc1cnt ntc•dt.Hllc'al :JIItltha

mal ciTcc" ol larrc "thr<>Llf'h" 
curren!< frnm cami11; pcnua
nem ddnrmation <>r <>lhcr dam
agc to !he tran>formor. Sc.rh 
pr<>lcrtion is """"" "' >hon-rir
cuit pr<>lct•tinn. 

• To minimi1c thc •prcad <>f clam
agc insidc a r~uhcd uanMorm<r. 
and minimi'c p<>wcr '}'tcm clis
turb~nce rC>Ulting frnm a lron,_ 
fom1cr faull. 
Tra•,.lnnll<•r lhcrlu:od Capal•ili

lies-Capohility of " lfan"onncr 
10 \O.ilh"ancl """'""tl<>a<J lur an 
extended pori"<l of IÍUIC tkpcnch 
on it< ability '" <11"'1'"''" lhc llclút
tional hcat <"tcatcü h~ tll,• ll'crl<>a<l. 
Thi• capabilitv is afft•ctcJ b\ 
ambicnt tcm¡wiaturc. !rlntforme! 
loadin!! prior to nwrln.:acl. duration 
of ovcrload. and <ronsformcr mn
Stru<"lion. 

Transformcr capahilni~< ha,·e 
bcrn c•limated and lfan•fnnncr 
loading gui<.klinc' ha'c I'Ccn "'"'b
lished b.l"'d on cnn<iJcro¡,on of 
lhese facl<>r>. lnadin~ guiJO' for 
d<y-typc and oH-imm,•rtt•d tran•
fonncn. are l'Í>"<"n in ,\c-;Sr stan
dard C~7.~~- lllkd ""(iuidc for 
l..oading Dry-T~rc Di>tributi<>n 1<: 
Pnwcr rranslnrmc":· ar1d ASSJ 

MULTlPLE$0F FULLLOAOCU~Rfi<T 

fig. l Three ANSI trans!ormtr star>d<on:ls ore impor:a.ot in determinin~ prototlion 
to bE a~pl !Od to transformero. Loading cu"'"' shown are de•elope~ from enteria in 
ANSI C57.92 (Guide lor Loodmg Oi l·lmme""'d Po""' i!. Dist,buloon Trons!ormer>l 
onc A~ SI CS7 .96 !Guido lor Loadong Df)"· Ty;>e O•s<noutlon l. P~we' Transforme.,¡. 
""ANSI Points"" lor speodic lf,1n•lorme•• sMwn ore de·oetoped trom c"t<ri.t '"ANSI 
CS7.l210 The ANSI Poi ni ,.lhe t•me-cu"ent pe¡nt oelow ~h•th """'form<r pro· 
tect•on mu•t or><rate o~a•nst lhrough •hO<t-circuol cv"ents. Note e•tendeU l1me 
scale used in thi> illustroticn when componng fig. 1 .,,·~ Ftg. 2. 3. atld 4. 

© T edmooal Publ ""'"1 Com,..ny- 1 975 
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"Profedive devices musl nof operole on energizing curren!." 

standard C57.9". titled 'Uuide for 
Lo~ding 01f·fmmersed P<>v.<r & 
DIStrihution T romfnrme" ... , Time

'"'"""'"'""'· fi~e th<>"' •ho\\n in 
Fi¡:. f. can be Jc,dopcd hy apply
in~ thc ouidolit1es in theo;e puhlica
,;.;m, ~U eh""'""' Mfinc ihc ~cncral 
plramcl<" rcquired for op<,ution 
oi currcnt·detectin~ protecti•·c dc
"ce<. 

Tran,furmcr Short-Cirruil Ca
·pabili¡i,•>-'l'hc ability <>f " lr.lm
forma '" "ith<tand thr<>ugh 'bnrt
ClfCUll curtctlt; (curren¡, pa.,ing 
thmu~h thc transformo. and leed
in~ into a fauh dov.nmcam of thc 
trnn<formcr) i< dd1ncd ·,n ,\:->SI 
>1anJord C57.l~.IQ..I969, titlcJ 
.. Tramf<>rn•cr<. 13S.OOO Vol" anJ 
lk lnw,'" '1 hh 'lanLI.ml 'P~t"ilic- thc 
ma~nitudc anJ duration ot """¡. 
mum P"'"'i"ihlc thrnugh c·urf'l:nt 
that a '""''''""''"' can "i1h<tand 
"i'h""' '"'taining Jarnag<. l'hi' 

• "'ASS!l'<únf'~ can be pl"ncd for 
any 'P"cilic tr~tdormcr, F_ig. 2. 

\'.<lu<'l <lf the A.'\'SI i'<>i"t l'ary 
'""" 2'i lirn" >he r;<led i<Jll·htd 
Clllf0111 ¡.,, 2 '""'"'h. for" lrJn;
lormcr \\ilh -!-pcrcent ur '"'' im
p~Jan"'. W 14.3 tinl~' th• ral~d 
full-load curren! fnr 5 •<oond<. for 
" tran'h"""'' \\Ílh 7-perrrnt im
pc·d~ncc .. 1! a primary pn>ICCIÍI'C 

Je<ic~ '""'ili'T <mi< lo curro111 
m.t~ni!<ldc ;, ~lllpio)~J. thc ASSI 
Pni111 ¡, 1hiftcd tn rolk<lthc thlfc•r
cnC<' f>cl\\c·cn dd~c!ed tran\lormcr 
primar;. curr~m and windtn~ cur
ren!. ,\lcchanical and ¡herma! 
>trc" on "inJing1 in thc ;hort-cir-" 
cuit "'"~~ bclc>w the ma~in\Um 
•rccilicd-,·""""' ,.,,.,."'a funeli<>n 
of u me outd lhc <4uarc ni thc cur
rcnl (l't). ,\., l't plol Í> ind11dcJ 
in Fig. 1. 

Ttan,fnnnor lnru'b Currcni
An•· dc'i"" u,,.,¡ in a tran;Í<>rnlcr 
pr.,"¡,·cti<ln loChome mml allo\\ thc 
tr~n>fMmcr to be cncr~ircJ v.·ilh
out actl!;llillg !he prot~élÍ\O Jc<ice 

'""''""' ''"'" """""" '"""""' ''"'"'"''' 
'""'""' ' '"' .. ,, ... ...... ! • .,. ·'· " ' '"'· ·' ,. "" .' ' ' ' ., " '" "" ' '" ""'' "" . """"" , •.. 
d .. J. "' • ,., "' ''""'"'"''• j "''""' c., .. ·,,,., ,,,.....,,,, "'"''·" N "'' ''· . ''· 
''" ""'"""' "' ''"'""' •"" c .. ,,,_,,., n,,..,., '"" """"· n .'!."!'.'. • ·"· ...r ""'''""· ......... "" ·~···"" " '"'''"· ... . 

on tho magn~1i1in~ inru•h currem. 
Th~ pr~ci,o ma~nitudc and dura
t•on of inru•h curr~nl .ar¡- In'"' 
c>no trJn>f•>rmcr lo a<wthcr arl(l, 
(or an;· ;pt·cilic lfamformor. can 
onh he dctcrntincd by ""'· Com
ntonlv mod ~uima~o> Óf ma~nctil
ing inru•h curn:n" for prim.lfJ· and 
scoond~')· wb>lation tramiormc<'> 
rango fwm an oqui1·alen! of S lo 1 ~ 

tim"' fn!l·l<>ad nns curren!. lor a 
duratJon o! 0.1 S<>cond. 

T'"n'l""'"'' l'mloefion per tbe 
:"F.C and .\:\,,1-Scction 451J.J o! 
the 1'175 :-.·ati<'nal Electnca! Codc 
-titkd "O<ercurrcnl ProioctmnM 
--establi>hco ccnain cmeria for 
det<rmining 1ht ma.Timum trans
lormcr primar;.· protttti\'c Jc,·icc 
raang or ><lling to pro•ide tho n:-

Fig 2. A~Sl ond imu>h cuu~et ¡ooonts. aM 200E Ty,., EJ tuse cna•acteci;tocs ""' 
sl>O"n Jor !OO(lk>O, 5.75 ""rcent "''P!<l"'":e. 4160..:80 VOl! !·a~slormer. Fuse 
"'-'" opero<e below ANS 1 P<MI. b<!t be eapaole ol ea"yon~ tran>!ormer eoergizirog 
1r.rush curronl. lnru>h ""'"'"' will .ary !mm or.e translo''""' lo anelMr, o"<! c.on 
only be .er~lte<j lora spect!tc tr•nslormer by actual le". lt" cu>tomo"' lo a"wme 
a voice ol '"'"'h currcr.t ol Sto 12 ''"'"' lull load'"'' cwront !or 0.1 second . 

CURRUIT IN A,'dPERES A T 4 lGC PAlMAR~ VOUS 
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quired protection. Thc ma~imum 
pcr~ni'"t>lo f<N' rating i< :100 pcr· 
ccnl of primar~ i'ull-lo"tl currctlt 
Maumum pc·rmi"ihlc da;- >otting 
;, prc<;crib.:d "' 600 po<r.~nt <lf 
primarv full-loaJ curren!, 1 he...: 
critoria apply t<> tran,lorme" "ith 
prin1aric' mér bll\l •·olts ami 'n'
ondan'" of 6()() '"'" or le>s. prl>
tectcd hy m:tin "'rondary brea'•" 

or fu•c• or se! at 2~0 per.em (or 
b•J of f ull-load <LJ rr<nL 

f:kc<rical C4u1pmelll manufac
IUr<rs puhli>h cithcr rorommendod 
or mínimum iu"' ratin~· (or bothl 
Ior lu>e• u<.ed as llamfornl<r pro
tecll\C Jc•ices. Tho•e publi,hcd 
dota '"""""'' bnth NfOC cornpli
ance and A~SI l'oints. Ra1ing< 
usu:llly fall ~!Wc<n 100 and 150 

f•~- 3. ANSI oM inrush oornto, and lyDical proteWvo reiM cl>a<aclerisltCS •M 
sc!long, are shown lor 1000-~<0. 5.75 .,.,cent 1mped>·\C• 4160-480 volt trans. 
rorme<. Becavse con..,r.t,onar f@lays w1lh rnverse. , .• , "'"'''"'· ond ••t<•mel¡ in. 
..,,.., charact•"st'c' operate in cOnside,.bt·¡ l~ss '"'"' tnan t>o<m"led by ANSI 
tramlormer o'e<lo.,d guodehnes. reloy• ore'"' to pock up at '•'""' gCEater l~an 
any anl1copaled ovcrlood. 

' ' ' " > 
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CURRUH IN AMPCRCS Al 4160 PRIMA AY VOL TS 

percent or tmnsfomler !nll-loao.l 
current. U f"'"' of n h"''" rating 
than the minimum Sf'<"Ctfied ~y 

thc tran•former manufacrurcr ore 
u>ed. tht)" u•u.:JI) l<ill operate on 
magn~ti1ing inrmh curre m. 

Pñm~•) (horcurr<nt l'rul<<lh< 
Dnk<·>-l'<>"<r or curren! limit
ing fll<C' that m<cl thc AS~I fu>c 
"andard C37.46 are rcquired m 
O!"'tatc in 300 second• at 200 to 
240 perccnr o{ their rating if raled 
100 amper« or bs. anJ in 600 
second• ttl 220 ro 2M ¡>crccnt of 
lhcir ratmg il rarcd abovc lOO am
P<'''"· Protccli•~-devict opcr:uing 
llmes in thc o•·alood rong< of cur
ren" are not >PCC<Iicd in A:\SI 
standard'. A recomtncnd"'-' fmc 
characteri;ric for a 1 0(1(1.\. \"d lran'O
formcr i• 'hov. n in Fig. ~-

Con>emional. stambrd. oll·<he
>hcll rcla;< u>uall)" opcr.Lic in con
<iJcrohlv le" ¡jmc th¡¡n perml!led 
h;· ovcrlnatl ~UIJCitnc ,,·ucrid. anJ. 
therdmc. are><! !o pickup al v;ll. 
UC> grcalcr than any anl.icipatcd 
o'"rload. A !)pica! primar;· rday 
sctting i< <hnwn in F1~. 3. 

C:on1pa1""" of l'i¡;. ~ and 3 \\Íth 
Fi~. 1 ,iJ,ws that thc llrll<·currcnt 
charactcri•ücs of con,·ennonal 
prima~ currtm dck<tin~ dc•-icc-. 
Jo not pcrmit th< >dccti"n oi rat
ings or scllin~' tn mar,·h thc o•·er
r,,a<.l cap:.hLILii<" anJ protcclion rc
quiremcnt> of tramlormct>. Any 
rating or sclling >ckctcd in ac"ror
da:occ with the maximum per· 
mined by the ;o.;EC or t\~Sf "ill 
pcrmit nl<·rlo.tJÍng a tr""l<lnrmcr 
in cwc" of thc ANSI loading 
prides. I~>W >clling> o! pnmar;• 
dc\ÍCC' may nm permit cncr~izing 
a tr:t<><l<>rmcr be'"""' oí mag
nctizin~ intt"ll Ourfl•nts. Low 
,ming' nl'o compountl ""cm 
protectivc o.lnice comdination 
probloms. 

Serond~~ O•er<U<r<nl l'rot..,. 
IÍ\0 (),.,;co.._.\fa."murn rdling or 
>ctring pcrmittcd b,· thc ,\"EC for 
main "''"<>ndarv broal.c" on tran,. 
forme<"> ,.;th Primario• uvcr 600 
>olts i< ~50 po:rcent of transformcr 
lu!!-loaJ currcnl. An} ><COndary 
breaker ratcd or sct at tili< ma,i
mum pc~misstble valuc Jocs nol 



"Fui/ advantoge of short-lime overlor>d copabiHties might be compromised." 

pro•·id~ ¡r•nsfnrm.:r mcrln~d pro
lOOlÍ<ln. HO\\t'\C., '""'" dc~r"c nf 
o•crlc••d pr<>1t'CIÍ<'r1 ,·an he ob
t•incJ h~ >dllll~ m.dn ,ec·ond.l'}' 
hrca~e" ut k" than l11c n>O'inlllm 
po:rmittcd b: sn.: ~ection 450-3_ 
A •~uin~ of aprn,.imatd•· 1 :'S 
pero-cm ,)¡ full-load currcnt -.. ould 
prmido r<a">nahlc t\>erlo .. d pro
"ction, hui \\Ollld nnt n,•ce»arrh' 
permit tuking foil ad•·unt.lge uf 

>hnfl-time ourlnaJ copahilitic> 
f"'""' than 12'i rcr<c111 nf full
hl."l rJtin~. ,\ l)picall>it'.okcr-prn
tcctiun ch"ractcristic curw is 
>ho~tninfi~ 4 

Olu~inin~ the '"Ue,f" rroto.-tion 
-Ir a tran,formor Í> 1'"'' iJcd "ith 
a primar:· and a M'condary bn:a~or 
--<ach equirpeJ with a rdiabl.; 
>enoin~ do• 1<'<'-go..•d prc•tenictn 
cJn he obtaincd for <'Wrh>aJ, for 

f;g, 4. ANSI ancl inru•~ ttment P<l•nts, ancl typic•l maJn se-conclary ~·e•ker t11p 
eharaclero<lics ancl <ollong ere ,,.,,., !O< 1000 •••. 5.75 pereont impo<lanee 
4l&o--480 vol! <ran•tormer. Seuiog breo~•• o'•dcOd trrp elemeol well below tne 
250 peroenl ol turl load currenl permmeo by NEC gives reasonablo tronslormer 
o""rle»d or~rootrOtl. 

CIJRRENT IN AMHRES A T 4160 PRlMAAY VOL TS 

'hmt-ci"·uit through curren!. att<l 
fur irll.'ff"tl ltoHt'IMrncr foul¡ (•on

Jilinrl,_ (hctl<>oJ pr<>lt-clÍ<llt "'·')' 
Ultltic ;cnoin~ J<'ic·,•o thal <cae!''' 
\ÍmulatoJ ~tin<ltng lt'm¡>eraturo tk· 
•icn .. \u,•h >cn,in~ Jo•·icc• can t.r; 
u•oJ lo cithcr actívate no alarm or 
ore rote a trippm~ d,., ice. 

'] hntu~h ,-urrcnl shnfl·cir<·uit 
pnM<'IÍ<'It con be obtai<tcJ hy ap
plying ,.,.,. in•·crso or ntwmly 
¡,..,,, rdav<. Thcso 'h<HJIJ loe "" 
al a hi~h Í>ickup tuluc ami low 
limo dial '""ing. anJ 'houiJ l>e 
u"--d to ttip thc prima'}· brcaLcr. 

Thc l><>l a<'ailahl~ prntoctit>n fnr 
min'orni1ing Jamage from an Ínlcr
nal lault in thc lmn,(<>nn<r is a 
dttfor.•tllial rl'la)ing •<hcu~e,'' "'·in 
tho """ ,¡ li<¡uid-ftlkd lfotl\l<>rr11· 
cr<. a fault¡orc"U"' rcla). 'lhcrc ¡, 
a trcnJ tnwarJ prc:crrc,l ""' .,¡ a 

· fault prc"urc r.;b,-rath~r th:tn 
'Ji!lor~nti~l rcbt--ln iiqui,l-lilk-d 
ttamfnrmcr ~pplic-"t~m<. 

The "l'r:rc<k~l" l'mtcotirrll ~rolu-
1i<>n-lto many Cl>c' 1he "be>1" 
p<i'>ihlc· 1''"'''<'1''"1 C:trl\ltll he,., . ., __ 

'"""'"''11) j"'"l"''l. '""' thc plr,,1 
cng.nccr "'"'' "'.Jiu ate thc d.;~rce 
<>f pn>lccti"n thnt """be pro•id,•d 
\\Ílh ><>rnCibing k" th:rn a ma.<i· 
mum prt>te<:tinn p:t.c~a~-

lkcaur-c 11 is not prac11cal to ~~
wmpt to prntidc o.-orlood prntct'· 
tit>n \lÍth cithcr prÍill.lr)' fu,c; "' 
'""'''lliÍ<lll:tl pr1n10t-y OW«'llfl\'111 
rcl.l)''· tbC<C Uc>·icc< muO! ¡,,. con. 
,;dcrt•d "'itahk for prut,·<ting 
~¡;uin<l thruu~h <hort-circuit cur
ren!< anJ interna! !ran,fonncr foult 
t>nl¡-. 0.-crlt>ad prntecl1on can he 
obtaincd hy tho OlCr<:urrcnt Jr.-icc 
in the ntain >c•·<>nd.•r;- >el at al"'"' 
1~5 pcrc-<ont of tran,formcr full
lt>aJ <'llrrcnt. Sd<•'ting thc P"'l'"' 
>horHimc t1ip dc1icc for thc nwin 
,ocrrndaf\' hrcal.cr can oi1e sd<<· 
ti•itv ~~-ith do11n:;trea'ín feeder 
bre~l-.ers, a< .. di as coordination 
"ith primary fu>~ or rda)<. 

'1>•6--···~' '"'"'"·" " ... , ....... ,,, .... . 
ri• 'A-( ""'"' ''"'""'"· 'C </'11< • 
""-

fiTh,o rho" " lJ1lill1l illili 111 g g J ll[[l 
S<l'l[I.'"ER 4, '"" 

n.~ ma~""" r~at hol~ olant oogi"'"" 
><ol•o tholr <'<r-.doy ptoblo"'' 
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APPLICATION LIMITATIONS OF SINGLE-POLE !NTERRUPTERS 
IN POL YPHASE INDUSTRIAL ANO C0M.I.1ERC1AL 

BUILDING POWER SYSTEMS 

R.H. Kaufmann• 

Beginning some !ive to ten yean ¡ogo, there appeared an increa.sing numher o! seri
ous burndown experienceo in industrial and commercial power systems, the reason• for 
wh1ch deúed explanat•on. The low-voltage are a, particularly 460 voits, was prominently 
involved. What was most dl9turbing was the fact that overcurrent protective equipment 
was found to be operative and 1n accordance "ith acccpted protectlon standardo, The re
sulto el intensive invesügat¡on oí burndown expenenceo and concentrated an .. lysis oí the 
electric circuits involved, preoented in this paper, ohow conClllsively that single-pole in
terruptero, improperly u sed, c<>n be a maJor <:ontr1butlng !actor. lt develops 1hat the 
areas of adverse behavior can be catalogued inlo a íev• discrete patterns wh1ch aimpliíies 
the matter oí recognition and undentanding. lncluded 1n the paper are guide rules by 
which the troublesome areas can be avoided, or at leas! correctly understood. 

There is ample evidence that the problem io chronic and widespread, Mr, Wedd.,n
dorí 10 his paper (Ref. 1) describes and Illustrates a number oí typical caseo 10 which 
only a pi! e oí burned-out rubble remamed. The el.,ctric<>l section of NFPA (National 
Firc Prolection Association) íound the problem sufficiently serious to creale a special 
tcchnical committce to deo.! with "overcurrcnt protcction·problems m h•gh-capacity low• 
voltagc networks," 

The reaearch time <>nd ef!ort expended in untilngling this problcm has been unbeliev
ably great, largely because the single-pele interrupter (a írequeTit o!ie:c:der) was iuelí 
not distressed. L-. a ~real many of the early ino1dents, the acc1c!ent re por: íai\ed even 
to mentton that a su::gle-pole 1nterrupter had been pres.,nt or had open•1.ed. He:-e and 
there,' a report would contain refercnce toan observ.,d oingl.,-pole bter~upter operation, 
From the accumula,ing reporto, there began lo uniold a repeaung farr.ily of operating 
patterns in wh1~h the single-pele interrupter commonly played a vil\a.inouo role, 

A íew basic facts will aid in underotanding how the single-pele interrupter may act 
to dcteriorate overcurrent protectlon in polypha.se oystemo. lndllstrial and commercial 
power ~ysterns are generally thTec phase servmg a large arra;: of polyphase load app<l
ratus and perhaps also subotantial amounts of line-to-line connected single-phase load, 
Eo.ch polyphase circuit is in reality a single e\ecnic power trans!er chiir.nel. All no~
mal owitchmg operations open al\ ungrounded phase conductou simultaneouoly, 

Alll1ne-to-line connectec! load circuits constitute physical cor.nechons over which 
curren! can ílow hom one ph<>oe conductor to another :n the load. Fault curren! to a 
particular circuit breakdown mo.y thus approach the fault dHectly Írom the supply source 
on !he phase conductor involvcd, or a\so v1a e1ther or both oí the other pha.se conductora 
by trnnsferr1ng to the faulled phase through !he electric circuito in t~e load apparatus. 
To mterrupt the flov: oí curren\ \o the íault will generally require thal all phase conduc
tou of the polyphase circu1t which serves the íaulty member be opened, 

*General Electric Co., Sch.,ncctady, N. Y. 
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To a.tternpt to accomplish chcuit protection by the u~ e o! independe:.t phaee-over

cu~rent mterrupte,.s alone may be next to imponible. The opening of the first single
pole device doeo not assure iault curren! interruption. What it does do,. modiiy the Clr
cuit conne~tion geometry wh1ch mo•t likely w11\ dim1nish the magmtude oí fault current, 
perhaps seriously. The remau:ing phase overcurrent devices (whose opera.tion mus! be 
accomplished ;r the fault is to be cleared} may, because oí the reduced fault curren< mag
nitude, become UlO?erative, or perhaps operate only after a long time delay, Prolonged 
durauon of even a rather modest fa"lt current can produce catastroph•c eíiects. A 
single-phase arcing fault of 600 amperes and an are voltage of 200 represents heat liber
ation at the rate of 120 kw! A lot oí copper (or aluminum} can be melted with 120 kw con
tinued Íor lO mtnutes. 

Another a~nous ciíect may result from the prolongcd operation of polyphase motors 
wüh badly unbalanced power sup¡>ly. Aftcr the first phasc mterrupter opens, the power 
transfer to the poly¡>hase syste:n beyond the protector locanon w¡lJ be predominantly 
single-phase. Sustamed opera,on of motors w>th badly unbalanced power supply can he 
responsible ior detrimental eííects which can result in motor failure in spite oí the pres
encc of normal running overcurrent protect10n (Re f. 2). lncluded in !he examplcs under 
Case 1, is a case report in wh1ch about one-third of the connected polyphase mo\orS fa>Jed 
incidental to a single poi e mte r:rupte :r o pe ration_. 

SpecHic Pattern• 

Out of the dozens of reported serious burndown inc1dents which originally defied ex
planation, there developed severa! repeatmg speciíi<: patterns oí mosb~havior. 

l. A hne -to-ground íaull on a mcdium -voltag:e polyphase feeder ci rc<.ut se rvwg bne• 
to-lin~ connecte'd polyphase or single-phase loads, either d.,-ectly or through 
step·dov.m tranaíormers, protected by aingle-pole, hig:h-Blde 1r.terrupters. 

ll. A Jow voltage arcing fault at the secondary of a step-down polyphase transformer, 
with sing:le-pole overcurr~m protector& used as the sole htgh-side pro\cc\lon. 

lll. An a:rcing íault in a low-voltage grounded neutral polyphase service or mam 
feeder with single·pole overcurr_ent interrupters consututing the so!e fau!t pro
tection. 

The ability to catalogue most oí the experiences into three distinct clnoses makes it pos
•ible: {1) to more ~asily descnbe the mechanisms involved and {2) lO permit the identi-

......._, hcation of the fundamental weaknen tn a new burndown e~perience to be qmckly ma<!e • 

../ There íollows a detailed descript1on and analysis of !he three fam>liar patterns. 

Case 1- Single-Pole lnterrunters 
Appli~d lo Polvohase .),Jedmm Vol\aQe Feeders 
Serving Lme-to-Lir.e Conn~cted Loads 

Both instances in which {uses are applied close toa step-down tr:ansformer (see 
Fig. l) and those in which a substantiallength oí feeder is monitored by stngle-pole m
terrupters (see F<g. Zfpresent the &ame basic problem for a high-side !auit beyond the 
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protecto~. These two varieties_difler tremendously, however, as te the degree of fault 
exposure, In !he close coupled instance (Fig. 1), ao !he protector location approachet 
the transformer (with a tranofonner mounted protector representing the end limit}, the 
degr"e of h.ult exposure diminishet to near zero at the end limit, In the remote-loca
tion u::stance {Fig. l), the entire length of the primary ;eeder conductors represenh 
potentially-trouble&ome fault expooure, 

In either instance, the iniüating event >S ar. msulation breakdown beyond the single• 
pele protectors Jocation {1), This wHl most frequently be line-to-ground as illustrated, 
but involvement oí a second phase conductor presento nearly the same oituation. The 
oupply syotem available ground hult current<S r.ormally pegged ata leve! whi<:h will 
produce prompt operatien of the íaulted-hne overcurrent unit {Z). U net, lhe íault i• 
ferced lo sizzle and burn until it burns into a secend phase befare even the firol protec
tor could be operated. The opening of the úrst phase condllctor (Z) llllerrupts the flow o! 
fault curren! in that particular phaae conductor, but does not disturb the continuing cur
ren! ílow te the fault from the other two phases via the e\ectrtC c>rCUlU comprising the 
load apparatus. 

The electric poten:ial wh1ch the faulted ph"-Se conductor tends te as sume en the h.r 
tide of the open protector will depend on !he character of the load being serve d. Refer 
to the block explanauon to the right of Fig. l. Thc symmetr1cal tnangle ABC repre
sents the normal b:~lanced voltage pattern. Pomt N, the system electrical neutral lo
cates ground potential. Al\ polyphaoe rotating machines, aynchronous er induction, 
generators or motors, havc the property of generaung nearly normal voltages in all 
phases, ií any are excited. Thus, the opening of on<: supply line, say Phase C, lo a 
group ef rotatmg machmes weuid result in only a slight displacement oí ~he "C" phaoe 
volu.ge at the load, for example, point G' on the d1:1gram. On the Óther hand, had the 
load apparatus been of constan! impedan~e (llke lamps or resistance furnaces), the "G" 
phase voltage at thc load would tend to as sume a spot on the straight line between A and 
B such :u C". 

Both points C' and C" are substanllally different than groLmd potential "N". On a 
4160 vol! systcm, the"potentlals te ground would be: for Polfll C Z400 V, for point G' 
P"rhaps ZOOO V, and for point G" about !lOO V. Thereiore. the llne-to-greund fau\t a¡ 
(1) would continue to ha ve a voltage of this erder impressed on a after opening of the 
"C" phase line conductor. It is at once evident that the magnitude oí fault curren! will 
be greatly dimmuhed since the load-apparatus impedence is in se neo wtth the fault 
curren> circuit. lt is entirely pos"sible lhat the fault curren! magnitude will be reduced 
toa value less than the normal full load current oí the circuit. Phase-overcurren! pro
tectors 1n the remaining two phase conductou are hopeless!y hand1capped and cannot 

e 

e 

e 

functton to tnterrupt the remaining fault currcnt. e 
Modero medium voltage industrial power systems commonly are res1stance 

grounded and equipped with sensitive, prompt acung ground curren! tnps on feeder cir
cuü breakers as illustrated on F1g. J. An industnal pov.er system oí th1s deoign has 
the ability te provide prompt back-up protection for a Case 1 faul: whether or not the 
firat smgle-pole interrllpter (Z) opens. lt is important, hL>wever. that the ground relay
mg be senaitive te the reduced fault curren! magnitud~ v.-hich wlll e><ist after opening of 
the first phase mterrupter at {Z). 
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Examules 

Du~ing the course of t!üs inves:igation, there were twenty-two reported exper>ences 
of ur><•xpla;ned b;,_ck-up p,-otector opera: ion which fellm the Case l category. In ene 
case, ground <:c:!">:ent !"espo:::si·.·e tripping directed the feeder breaker to open befo re any 
of the single pele branc:h o.-e,-c·~rre::t dences operated. In most of the expenences re
ported, feede,- 0.,-eaker o~e,ing m response to ground curren: flow occurred promptly 
alter the íint ::o"-ase o,·ercurre::: protector had opened, thus e:fectively limiting are dam• 
¡¡.ge. All these inciden!S """'" regarded as roucme. The quesllon w"s milinly, "Why did 
the o,·erc,.,ro-er.: pro:ectio:1 sys:em ope=ate as 11 did~" One reported experience-.clear\y 
illustrates óe sever:ty of the problem 1f back-up protection is no! present. Anention 
was !i~st doree1e<1 to the prob:em by g;owls and groans among the operating motors. 
Ouick work by a cerotral load C15patcher directed maintenance men, via a PA system, to 
shut down all motor S in t~.e area 1mmediately. None the less, about one !hird of the mo
tors had failed beíore be1"-g reached. (About one·lhhd had already tripped oí! befo re be
ing nached.) 

Preventa:ive ~:easures 

Of course, ;¡ goes without sayin8 that a polyphase 1nterrupter, in its operatior., 
avoids entlrely the.problem presented m Case l. There are a number of syBtem design 
rules which can minimo<ce the adverse performance described. 

In systems represented by F1g. 1: 

l. Locate fuses (if needed) d~rectly at the transformer lo m1mm'"e expos<Ore. 

2.. Make sure that 'he primary c~rcuit feeder breaker is cquipped with sensitive 
ground respons1ve tnps to back up the s1ngle-pole protectors. 

3. Avoid the use of single-pele mterrupters on polyphase transformer pdmar~es 
where system design will permll. 

In oystems represented by Fig. 2' 

l. Combine with fuse interruptcrs a power switching in!errupter or o!her mechanism 
arr<mged to automa!Ically open all phase conductors in response to the operation 
o! any onc fusc. (Th1s, o! course, could also be applied to the Fig. 1 pattern.) 

Case li- A Low-Vollage-Side Arcine Fault on a 
Steodown Tra~s:ormc~ L"suo~ s,,ole-Pcl~ lnterrupters 
for Hi~h-S1de Ov.,!"CU!"!"e:n P!"olec:1on 

This family of misbehavior is assoClated with !he c•rcuit geometry dtsplayed in 
Fig. 3. A majar !raction of the reported burndowns ha ve been of th1s class. The h1gh 
side protectors are Íound generally to be rated or se_t at two to four times transformer 
rated current. 
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The burndown sequence begins "'"h the creation oí a low-stde fault at the trans-
1orrner, loca! ion (1). In many inotances the origin oí tbe fault is known; a workman left 
a wrench or other too! on the low•voltage buses, an tn•pection plate alipped as it was be
ing removed and contacted energized buaee, a metal fish tape upon entering the switchin~ 
center enclosure made contact with an energized bus, etc. There are also mólny in
stances in wh1ch the exact origin ¡a not kno"'"'· Th,.re is no doubt .ibout the íact that a 
fault a.rc was initiated, 

Low voltage equipment does not employ isolated phase construCtlo'n v.,ith insu\ated 
buses. Hence, an are ílash can readtly igmte a polyphase an:>r;g fault. (Arctng fault 
testo, at 480 and 600 volts, show that automatic invoJvement of all phases can occur with• 
in one millísecond • a small fractíon oí one cyde), Th~ expected magnitude of arcing 
fauh curren! {Ref. 3) would be judged ample to operate the h•gh-side protector. And •o 
it is - that is íor the first interrupter, 

One high-oide protec.tor (3) opera.! e o promptly (m the arder of secando), lts opera
llDn does not Interrupt the :fault, ho"·ever, lt rnerely c!:anges the pol)'phase circuit char• 
acter, W1th one hi-side line open, the power trander at the protector location becomea 
1 OO'io $Ingle phase. Except for some poooible polyphase back ieed lrom rnot.>rs on the 
lines, all fault curren! ares go out simultaneously, Following each curren\ zero, the 
fauh ares must be re•igmted, This requhe> a hisher recovery voltage thao does the 
mere transfer of a iault are írom one phaoe lo another. lt is the del a)' ir. the re-ignition 
of the fault curren! atter each curren! zero which in Jarge me asure accour.ts lor the 
severe reduction in fault curren\ which accompanies the Ílrst high-oide ptot~ctor opening, 
The character of the re8ulting delayed re->gnillon cu~rent compare<! \<lll: what it wouid 
nave been v.•ith immediate re-¡gnillon !S ohov."I>. in Fig. ~. An 2r.alyttc:>.l 'reatment of the 
degrec to which current wll! be redc:~ed by this mechanum ts cor,t<tineci 1n ~eference (3). 
Th~ory confirmed by ~xperience indicateS unmioukably that the fault current on 460-volt 
systemo can be dir.nni8hed toa value too low to operate proteeoro rated or set at two to 
four times tr&ns:forrr.er ra:ing, 

ln this behavior category (o ce Fig. 3), it is pertinent to note that no grec:nd current 
flow will flow in the primary feeder whether the transiormer be connected ~~. ~Y, Or 
Y~. Hence, no back-up pro,ection can be secured direct!}· írom the suppl)' feeder 
breaker, It ia possible, and perhaps sometimes feauble, to transíer tdp the pnmary 
feeder CltCUI\ breaker from a dcpendable fault-sen•mg relay momtortng the low voltage 
equipment, 

• 
Examples 

Dozens of catastroph>c burnrlo"-ns have been checked out and found to be in exact &C• 
cord with the Case !l pattern, Many varieues of low voltage equrpment construction h_ave 
been involved ao should be expected, The majonty of reported inctd~nts have involved 
460-voll systems, This shou.ld not be rntcrpreted to absolve 575-vol! sysoems, but merely 
be & reflection of the much gre&ter aggregate amount oí 430-,•o!' equipment ln t!>e U, S. 
The 230- and 208'!/!20-volt systems exhlbll a rather strong, but notmialllble, tendency 
toward autornat1c se\í-exllTILIÍOn of single phase ardng laults, T)us can readily explain 
the reasor. lor a. m1nor number of the burndowno in th1S vo\tage range. 
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After the dearcut repeabng íailure pattern began te appear, a íew interesting inci
dents occurred 1n data ccllect=g. In ene of the later reported incidents, the report 
•tated that no htgh-st¿e mterrupteu had operated, ln other respects, the burndown re• 
ort Httad the regular pattern, A letter quary brougbt a written reply conHrmmg thc ini

tial report in this respect, bu\ was cO<Jntermanded by a telegra.m from a residen\ engineer 
stating that !:te had rel!ab\e inforl':1ation that ene high-stde luse had in íact blo"m dudng 
the incider.t, ln another tndde~.: report ciescnbing the typtcal burndown expenence, a 
letter query asking for details brought a reply that the events con!orm e><actly v.:ith Case 
1! pattcrn, and no""""' knowledge ccmld be genera.ted by making a deta1! report of that last 
incident. 

Preventat1ve Me asures 

l. One of the most effective solunor.s in industdal power systems would entail the 
application of primary feeder system de&Ign which to as great an e ><ten\ as pos• 
81ble elimin.ites the need for individUal overcurrent protection at transformer 
ata!10nS, 

2. The use of a multipole circuit breaker, of course, is a teehnica\ly-correct solu
tion, bu! it mus\ justify the economic handicap oí substantially greater cost. 

3. Another solunon could be achieved with a coordinated interrupter switch-íuse 
combination wbch cor.tained ¡:orovision for automatically opening a\l three pha&e 
conductors m response to excesSlve curren\ sensed in any one phase. 

4. Still other solut>ons could be ach1eved using a dependable low-side arcing fault 
sensor relay te: 

(a) Trander tripa pnmary feeder circuit breaker. 

(b) Trtp a high-oide shordng sw>tch which would in turn !orce a trip-out of the 
pnmary feeder breaker. 

(e) Tripa main low-voltage circu11 breaker, the equipment construction of which 
so isolates and sectlona\i~es the supply-side run to the transíormer that a 
íault 111 this zone ts next \o 1rnpoasible. 

~. ln installations in wh1ch the Bize and character oí the load block will a.llow, and 
the transformer with >IS associated switching ei;¡u1pment aie mstalled apart lrom 
buildings or other apparatus. lt m ay make reasonable economic sense to run the 
risk of an occa•ional burndovm, s1nce only the stepdown atation and con:inuity of 
power supply te thls load block are tfl jeopardy, 

Case lll - AnA reir.~ Fault in a Lar11e Ra:ed Circuit 
írom a 460Y/26::0 VoO: Sen•ice Svstern Protecte<l bv 
Smgle-Pole lntern,:o:ers 

Thia particular íamily ty?e is ddined by the circuit geometry shown in Fig. S. All 
oí the cases which have.been analyzed and catalogued by the author ha ve be en at the 
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460Y/2.65-vol! leve\, There are known to have existed situation~ of prolonged ardng 
hult incidents on 2.0SY/IZO-volt systerns, but it U not kno"'n whether th1s particular se
quence pattern waa involved, No cases of this type have been reported at the 575 vol¡ 
operating leve!, but this doesn't mean that they are unhkely. (See comments under 
Caae U. ) 

In common with the other cases, the initiating event is the occurrence of a short cir
cuh beyond !he oing\e-pole mterrupters (See Fig. 5), The most likely 1s a single-phase• 
!O·f!"Ound fault, but other typea of faults will trigger the same troub\es, lí bare conduc
tor~ are u sed in a common encl<>sing housing, !he fau\t can be expected to invol~e all 
pha.aes quickly. 

lí the fau\t occurs and :cemaino oingle lin~-to•ground, the single pele 1nterrupter in ( 
that line opens promptly. The backieed curren\ vi a the load apparatus connected beyond 
the íault continueo the arcing fault and the burning. The curren! magnitude m ay well be 
Jess than the rating oí the !me overcurrent pro1ectoro. ·within a relat1vely short time 
(perha.ps only a íew aeconds), the hea.t resulting írom the released energy i!.\ the fault will 
have burned through any msulation en the other phaoe conducto"rs, allowing them to be 
electrically connected to the are plasma. (Had the conductor S been bare, this involve-
menl would ha ve taken place wühout del,. y.) 

The result is a double line-to-ground arc•ng fau)t on the oupply syotem. The supply 
Jine currents can be expected te be increased, but Sttll remain well below the three-phase 
arcmg fa.:lt value. By now, the dehvered volage tO motors beyond :he fault has become 
so deteno:ca.ted that these moten ha. ve llkely sulled a.nd dropped oí! :he lme. Hence, a 
source oí polyphase bac::k-feed short-cu-cuit curren! üom motero ts unhkely. Th~ con· 
tinuing hne curren! to the fault alonc noad current largely· dis"ppeared) mayor may no\ 
be sufficien: to operate a second pole interrupter. Records indude both cases in which 
only a single pol~ Opened and casu in wh1ch two pele mterrupters opened. 

Opening oí the 5econd hne interrupter reduces !he con<inu•ng íault current to pure 
single phase. Al\ Íault ares go to zero curren\ at the sa:ne instan:. The great reduction 
in curren\ "'hich can attend !he delay m re-ignition of the a:cc fo11owing each curren\ ~ero 
has already heen deocribed. Furthermorc, !he magmtude of bolted fault smg\e-lmi.-to
gro•lnd curren\ m ay be much lower than a casual gucss m•ght indtcate. (See relerences 
4andb.) 

Examples 

Severa\ severe burndowns have bcen expericnced in high-ampere-rated trunk circuiU 

( 

typically 4000 ampere, fed from large capacity ocrvice networka (typically 150,000 am- ( 
pe res lC, but at much lower levelo aho) protected by sir:gle-pole Interrupters (typically 
5, 000 ampere fuseo). b ene case, severa! iloort OÍ ve~tical run were burned out. ln 
another, a considerable length of hon~or.tal run was bu~ned out- and l mean burned out. 
Another actual case was unusui!.l in that 11 mvo\ved cascadtng of faults (se e Fig. b). The 
íault was initiated (rcason no! known) at the l•ne tcrmmals of a fuoe-b:rea.l-.er combination 
protecllve devicc (1). The fault promptly enveloped al! three phas<'S. Two oí the co
ordinallng !uses opencd (Z), but the third remained intact ind!callng that the lault current 
(oingle-line-to-grou.nd} was probably \ess than' 3, 000 ampereo. The corrtmuing arcing 



o 
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developed lots o! he:n and ionized gases, which after a modest delay ignited a fault are 
on the service equ>pment buses()) which probably went three-phase at once. Two of the 

!Se protector• at (4) op€ned but the remaining one dtd not. The continuing ardng fault 
.urrent, in ;.dd:llon to doing oevere burmng damage at location (3) darnaged !he trans
!o:rmers and ne:work protector o at (S) lo the e>ttent that they required replacement. Sorne 
10 to 15 mirr,.tes clapsed bdore the !ault was cleared by manually trippmg the htgh volt

age service. 

Preventa.tive Measures 

1. Combi"e w1th the htgh-•peed, single-pele interrupten a coordinated multi-pole 
switching intern:pter wh1ch will be oignaled !O open at once should any oí the 
single-pele interrupter.s operate. 

l. DeSlgn the equ>p=er.t ouch tha< operation o! any o! the •ingle-pole inter~uptero 
will signa! automatic opem:ng of the next adjacent polyphase interrupter an the 
aupplr si de, i. e., operation of any smgle-pole interrupter at (2) arranged lo pro
duce automatic !Tipping of the drcu>t breaker (b). 

3. Employ the "crowbar" prin6ple of tripping a.multi-pole shortmg •witch to apply 
a three-phase shor! cinuit ahead ola set of aingle-pole interrupters 1n the e,·ent 
that a s¡ngle-polc unit operates yet an appropnate sensor md>cates that the !ault 
conditwn s\ill cxists. 

4. U the S>Ze oí apparatus mvolved is modest and the load equipment w¡ll not be en
dangered by temporary applicatian.o! badly unbalanced or single phase power 
oupply, the divorcement of this apP<úatus'from othcr cquipment or buildings may 
justi!y the risk o! an occasional burndown m which only the local port>on of tha 
e\ectric"-1 syoterr. >S in jeopardy. 

An interesllng obsetvation is the !act that the recogmtion o! !he proteclion de!icien
cies he re descr1bed were btougf:tt to hght through serious opcratmg troubles in service. 
Present knowledge suggests that al\ these deÚc!enc>es could have be~n predicted by re
AHstic analyiis._ The breadth o! understanding o! the genera\ subject can be expanded by 
analytical techn>quell. The frults oí thi• work can provide addaional gu>de rules. 

Single-Phase, One-S,de-Grounded Circuito 

From the concepts airead~ developed on !ault clearing requiremenn, analytica\ 
rnethods \ead to the concluS>on that a s>ng\e-pole interrupter, unassisted, can properly 
monitor a s>ngle-phase cinult operating Wlth one conductor grounded. Whether exioting 
a.lone as shown in Fig. 7A, in single-phase three wire configur¡otions (Fig. 7B], or in 
three-ph¡ooe, four-,.,.ire combin¡otions (Fig. 7C) does not alter thio !act. 
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OverCllrrent in any single phaae c>rcuit of sufftcl<mt amount and duration to operate 
the overcurrent protector resulto in complete interruption oí the abnormal drcuit cur
ren!. Power distribution using tfl.is prinC>ple of Single phase protectlon wil\ be found 
almos! universal at 240/120-volt, Single phase, three wtre, very ex::ensive at 208Y/120-
volt, three phase, four wue, and lo a Jarge extent for iixed area lighting at 460Y/Z65-
volt, three phase, four w>re. 

Note that control switchea, or relay contacts should be wired in the hot line on the 
load side of the protector to avoid uncontrolled turn-on created by a graund fault and to 
insure that re la y contacu are "dead'' when the protector is in the "oH" position, 

POL YPHASE COMBI:->ATION EQUIP!I.tENTS 

Fuoe-Power Switchins Combmations 

Combination ~quipments are available m wh1ch {use. interrupters are wedded to 
power switch¡ng interrllptero to accomplish a proper three-phase circuit monitor, (Fig. 
8 illustratcs one variety.) 

At moderate overcurrents (within the capabtlity of the swnching device)," the switch
tng devi<:e alone is directed to open. An ¡mmediate open>ng of .,_Jl phase conductors is 
accomphshed wnhout operation oí ""Y !use mterrupter. 

At elevated currents ("bove the c"pability of the swttchmg device unaided), the fuse 
un1t functions to intcrrllp: quickly the high current How in the aiiected phue, having been 
m"tch~d with the •witching device to preven\ c:<cess dllty to its elements. 

The acceptable combmation also contains a dependab\e means of mitiating an open
ing of the three-phase •w•tching device in response to opemng oí any oí th~ !use inter
rupters. This combinat1on incorporales the 1mportant íeature that any overcurrent con
d>t•on which openo a fuse unit "'·ill in turn result indirectly in !he opemng oí all three 
phase conducton. 

Fuse-Protect~d Motor Combination Starters 

Combination fused switching devices are u sed extensively to control and momtor 
motor branch drcmu {see F>g. 9). Although it ls not customary to employ a direct 
means of opentng the swu.ching contactor m response 10 a Íllse operauon, there are a 
vadety of mean• whereby this may be accomp\ished lndirectly, 

There are available a number oí auxiliary sensors which can be counted on fo:r de
pendable direction such as, (l) ground-lault-current :rcspons1ve :relays, (2) llnbalanced
phase-current relays, and unbalanced-voltagc relays. Thc normal undervoltage protec
tion function can be made to assist in performing the dcsired end result. 

An opening ol one fuse would activate curren~ unbalance relays and callse the switch
mg contactor to be opened. The normal reason io, a !use operaüon lS a motor branch 
circuit íault wh>ch a\most always ~oes to g:round enher at once o:- wnh only httle lime • 
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delay, Grounded supply system operation would then insure operaüon of !he ground re
lay with direct consequenüal opening of the switc~ing cor.tactor, Volta.ge unbaiance re
laya would very hkely respond to an open fu.,,, A motor bran~h chcuit {ault would tend 
to aggravate the voltage unb,.:a;,ce and inaure relav opera!ion, while norma\ load without 
a fault should e reate re la y operation, A lightly loaded motor might rema in blind but, of 
course, a Hghtly Joaded motor with no drcuit fault preser.ts no single phase danger. 
About the sa.ne general comments apply to the operation oi an undervo!tage device. Of 
course, the sensilivity ts not so good and tU response depends on one specdtc line-to
line voltage. One hne-to-hne volta.ge may remam normal through a des:ructive burning 
!ault. 

There ia this much to be sa1d m de!enoe of independently fu sed motor controlleu. 
Only one single utilization ma.ch1ne ia be in¡¡ rnonüored, rather than a m'lln power channel 
serving many load machines. The oeverity of burnmg wh¡ch can continue without auto
matic interruption u thus Jirn1ted. Unlesa the danger o!: nearby combua~ible material or 
explouve atmospheres 1S present, the risk o! extended burntng on a "mgle uul!z .. tion 
branch circuit might be tolerable. Of course, d the motor bra.nch circui~ is run lfl duct 
or cableway adjacent to other cables, the da.mage exposure 1s expanded to include these 
other circuiu. 

CONCLUSlONS 

Polyphaae electric power c~rcuiU as ·incorporated m mdustria.\ a.nd commercial 
power systems possess lhe ability to transler curren! irom ene phase conductor to 
another by·w .. y of lhe line-to-linc conneCtcd citcults in <he load eq111pment. Thus, the 
flow of fa.ult curren! m any ouch polyphaae drcuit cannot be assuredly intcrtupted unlesa 
all pha.oe conductor S are opened, 

To attempt to sec1.<re polypha.se circuit protec\10:1 througl-. the use oi individua.! mde• 
penden! phase overcurren\ protector&, unaU>~<ed by other means, can spell disaster. 
Each such single-pole protector, upon opening, mod1fies the electnc circul\ geometry 
and can adversely a.ffecl remainmg protectors, even lo the ex,ent that the¡: are rendered 
inoperativ~. No useful purpose ia fulfilled by delaymg thetr operation. The protechon 
equipment should seek to accomplish immediate opemng oi all phase conduc\ors m re
sponoe to "xcess current sensed in any one phase. 

Single-phase, one-side-grounded branch circuits may be properly monitored by a 
single overcurrent protector even i! this circuit originales irom a pol)'phase supply 
system. 

A wide variety of apphca.tion pr>nciples have been dtsdosed by which the single-pele 
interrupter may be properly embodied tn polyphase circuil protecttve systems. The im
portan\ potnl hes in recogr.l\lon of the possible de!iciencies and what mea sures can be 
taken to circumvent nouble. Th10 paper is devoted p:-i:nanl¡: to presen:ing an under
standing of the tech,ical circuit problems crea.ted by t"-e presence o! single-pele o,·er
current protectors m poh-phase industrial power systems. 
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Fig. 1, Step-down trnnsformer 
high-side fuses are vulnerable 
to a higll-si.de ground fault betwccn 
the fuscs and transformer unless 
backed up by sensitivc feeder
ground-responsive tripping . 
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Fig. 2. Single-pole protective 
interruptcrs in polyphnse medium
voltagc fccders fa ce t!"oublesome 
limitations when confronted with 
a line-to-ground fault. 
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Fig. J. Step-down transformer 
high-side fuses are of Hmited 
utility in coping with low-slde 
faults. 
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Fig. 4. The opening of one high
aide phase overcurrent protector can 
seriously reduce the rms value 
created by a low-sidc arcing fault 
bccause of the delay in current 
re-ignition following each current 
zero. 
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Fig. 5. This low-voltage circuit 
pattern which relies on single
pele overcurrent protectors alone 
has been observed to display 
protection limitations. 
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Fig. 6. Low-voltage protection 
limitations of the type illustrated 
in Fig. 5 have becn observed to 
occur in cascade sequence at 
two locations during a single short
circuit inciden!. 
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Fig. 7. Single-phase one-side
grounded circuits properly 
monito¡·ed by single-pele 
over-current protectors. 
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Fig. 8. A limited-capability 
multipole switching device co
ordinated with fuse interrupters. 

Fig. 9. A combination motor 
starter employing a limited 
capability rnultipole switching 
contactar co-ordinated with 
fuse interrupters . 
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. new /olid /tate 
motor Protection 

tmproved electrical 
prowwon ior: 
o Large Mrs~:>ower mOIO'S 
o Motors on essent,al dnves 
o Mo!CrS in crrtrcal process opem~ons 
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FOA VERY 1~.1PORTANT MOTORS 
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accurate 
with 

protection 
equipment. 

' ... 
... 

mea M 11>11 you can take cr>e tunctoon 
Trom each ol 1111! lhrH ateas."""'" 
lemperalore, phase pro\eCIJon and 
ground laoll protec1ion and package 
them inlo a sell-contalr>Od base or door 
mounled u M. The tunclior'IS are !hen 
coordrnaled to make an economrcal, 
effrcienl package replaclng relays which 

_ ,-' Now you get hignly acc~rate, 'highly may have prevoously pe<formed soma ol 
• rel1able solrd slalo m olor ,.-otecllon .· . these funclior'IS As needs dic1e1e, . 

aS much '" as htlle as yovr equi p;1enl addiUoruo.l proteelove_lunctions can be 
reqoires ... wrlh Geoeral Electuc·s new added either ·separalefy 0< In a se<:ond 
Lt:iOTRAK inol!>f prolection equipment mulllluncllon _packag-e. - . · ·' 
Wilh_ $Oh~ ~la le cont<ol. you 11<'1 Quicker. - Wtth U>e LODTRAK muh•functian •.•. 
more accurete response anda l&habrllly.. package, you can selet11hree ollhe 

- lactO< lar Qreatar lhan w1th convent•onal- ·, . !ollowi~ tunclioM: overrempe;aWT&, 
electromechaliiCal 1elays. This means ~ , ,_;.~ · · over/oal (rime 8Jid CU<!enlj, 
maximum prote-ct•on againsl moto.. . :!-.- ·, ;. ·,:..( bearing o...-remperot..-a QPel"l-p/llt$0, 

·. ~OOII!sand shutdown ol o~ation:.-::....:-::, • •. pllase-raversaJ. r>pen·p/l&s, phase-, •• : 
. •. Starllng w1lh IM! ~».sic lunchons:· ~ ··,;, ·, ' unbalana., ground /aun .•• ·. • : ·.-

overlemi>erature or'ovcrload, <)P<ln· ~ · '; i·· •:: o.,.·rtempo,ature, O .. rti.g Ovei-- . . 
pt\ase, pl\asc· rever sal Of opon· phase. ~ •·. • . ·lemperalura and Ovtrload ProtectiOfl • 
phase-unl>alance and ground tault you · ~ 0 · . 

. can select the combinatioo or tunciions • • • ~~ntmeter type p<otect•on ... 
to meet your appl1cat1on needs. Each >rttng resostanca temperal"'e · 
lunclton •s contained on a replaceable detectoon ,wolh load cu~enl reedong!> 
plug-•n pnnted Orcu1r board thol pi"'JS . • D11ect tempe1ature 1eadout 
inlo a prew11ed module which tus neatly • Push-to-test capabll•ty. 
in!O you1 present COfltrol equopment The lOOTRAK ovenemperature 
W11h a m111im'-"" ot mounting and protaclioo system is a dUII~ parame1er 
recon~ectJon worl<. Alte1 •nstallat,on, ·• < ; _. type system which combo.- analog 
lunchons can eas•ly be added or . ; ._ · resistance tempe1ature detector 
mod~l·ed lo mee_l your exact protectton •• readong• wllh load cu~renl readongs. 
requ"e".'ents. · -' , . : _- ·-.. ,. This.Jesults..irl.a.highly aocurate . • .·. ·: 

·•. .::· .• ;_:.;~.· •. ..:; del~inatiooolheatingat!hemotor 
Multifuilction: ,-;.- ·.:,:_,·: :·::·, · ·'Wlnd_ongs. Separateovertemperature 

. o; ·.:;' - ". ~ • ~. beBfong p<ctectoon can be accompi<Shed IOd lrak ·>,· · , · ... ). · Wlthenaddltlonalretaymodula ·, 
.-~., '· ·. • -: •" momlorlnglhemotorbearlngRTD'a. ;·. 

Features: - !· LODTRAK p<ctection lets you use yo .. 
• S•ngle b<isa or door mounted ,,,;.;,1 · m01or 10 lis lult capaeity end yet protects . 

conta•ning up 10 t~ee p<Otectlve ~ und..- al! poss•ble operaling siluations. · . 
. tunctlons. You get protect•oo during stalls, hot 

stan-up, high ambients, coohng fa~lures, 
and running overlcads. In tact. you get 
prolection a¡¡ainst any normal adversa 
cor.dotoon 10 wt>ch your mo101 is !ikely 

• SeU-contalned annunciatoon. caminan 
atarm and t11p rellys w<lh visual . 
lndication and automel!c or ma.....,l 
reaet ol alarm and tri p. 

• Foekl ad¡ustment ol variables. 
• PtuQ-in electronics. 
The lODTRAK mulhfunction package is 
•n BHicient means ot combonii\Q up 10 
tlw(l(! prctect<ve luncuons a long w-<lh 
indrvidlal annunOabon and common 

alsrm and trip relays onlo one uno t. This 
. . 

'" .. 

to be exposed. · · 
W1th LODTRAK duel-paremeter lype 

protectlon you can often lncrease the 
u¡rtime olany p<ocess 01 production 
hne. Alter ohutdown. tor e...,pte, you 
can allempl 1estart sooner lhan normal, 
know•ng lhat your molO< ls lutly 
p<Otected dur•ng hol slalls ol any klnd. 

For motora W11houtlmbedded · 
res•stanca tempera! .. a detectors. insta U 
L0DTRAK &•ngle parameter IM!rload · 
proteclion wh.ch oensn lo;ld cum:nts 
alone tor aimut.ating motor heat•ng. You 
w1t1 fond thal lnDTRAK sol•d slale 
reliatM11ty and repeatab•loty g;...,s you · 
p<elerred protecloon. 
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Phase Protectlon 
• Open-pl\ase, pnase-reversal protect•on 
• Open-phase. phase-unbalance protectron 
• Ad¡ustabte lrlp teyets 
o Push·IO·I~sl capabilrly 

LODTRAK control adds an extra 
d~mension lO pilOSO prolecuon by 
operallng Ir cm current signals ratne< 
than vollage levels. Wrth an open phase 
cornhtion. a three phase vollage can 
appear atth<l motor le<mrnals which 
could pravenl operatron of a pllasa 
unbalance relay that senses voltaga. but 
would not prevan! operahon olthe 
LÜOTRAK rctay. L~DTRAK oNers open 
phase protectron when the posst· 
biiLty exosts ola hne openmg upstream: 
phase reversa! proter;hon !O prevent 
motm heatmg due to phase sequence 
changas: and unbalance rxote<:tron to 
O<event motor Matrng dueto an un

alance rn Ir M currents ca u sed by hrgn 
~rngle pnase loMs 

Ground Fault Protection 

• Ground lault rrotecllon and doagrw;ÍSioc 
capabihty 

o Manual"' automallc reset 
o Buill-tn lest corcuot 
o Front panel callb<atlon 
lODTRAK control giveo reloablo sol•d 
Sta te protectoon against ground laults 
and. at the same t•me, rrovodes a 
convenoent toolto lacolotate tOO 
rf:C<)Qnotoon ol onsulauon <leteroora!lon. 
You can apply L00TAAK prOie<OIIO<I lO 
eotOer high m low rr>Sostance grounded 
systems A bu•lt·•n trip delay accom· 
modales tronsoenl con<l•llons and lront 
¡>anel calobrol•on permHs precosc 
ad¡ustmonllor tr~p out. 

.. 
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Whcn Your motor 
Rccdl(oc:J lral( Protcction 
11 you have a motor that rnust wo1k at 
lull capacrty, a motor M r~pe•tadly 
w•th transientloads. a motor IMI muot 
restartlrequemly, or any motor cnt•cal 
te plant or process driV<IS, you have a 
motor that needs sol•d state LODTRAK
pro techan. 

For e•ample, take a motor that must 
Ope<ale continoously, such as one 
drovon¡¡ ma•n blowers on a cataly1oc 
cracker. o na dr~vmg cruda pumpa lora 
doshllation plant, one dr1v1r;g auXIliar res 
lora pawer statiOn. Svch a motor os 
cmicalto the !>"OGess and •ts prctectum 
snoutd be a•tra reliable ro prevent loss 
of the molar altogether. In such a case 
it '"al so highly advantageous to receive 
a warning or impendrng shutdown so
U'latthe motor load can be redoced or 
other eC1ion taken. LODTRAK's 
computad temperatura lelllll signal 
(analog) can be made availabtelor 
close<lloop load control systems_ Other 
applicatJons tnclude· 
o Operatir>g on an atmosphere that 

contatns aH ltlter cloggong matmials 
potentialty destructiva to your motor, 
such as on cement plants, text•la mtlls, 
minin¡¡ operattons or chem•cal plants. 

o When your motor'" subje<;t to severa 
traMtent load•ng such as lounct in 
Chtpper and cruSMt dnves, positiva 
d•s~acement p<.~mPS ar<J bulk mateflat 

. -. • conveyors,L0DTRAK allows OUIDUI lO 
the very hmtt of motor capac•ty wtlhOut 
nutsance tripp•ng 

o D"lhng cteep well i~t~ga110n ¡:¡umps, 
unidlfi!Citonal conveyors. com¡:.essors 
or any ¡:.ocess wMra reverse p11asif1!1 
is destruct•veto tha motor or other 
equipment. 

o When u is im¡:,<,rattvethat conllnuous 
operallon bematntaoned, slJCh as matn 
blower• on catalyttc ctackers, crude 
pumps on d•sltllot•on prooesses or 

' fuel pumps on high onvestment 
lumaCIIS. Daoge< porm alarms and 
ir>dicators gil'e you ex1ra wne to react 
lo potenuat shutdown condtltons. 
When you expect to obtain maximum 
availabla sate power lmm your motor, 
even at elevated ambienttemperalures. 
you nced L1'iDTRAK pwteelton. 

Sto.my p<J'tab!B boo./BT ~""'~ w!lere ocn1•n~w• opera/1011 
,. •mooroli"" antl lht! molor mus/ bo ¡yotocled a~ams/ 
/}liase reve1ssl. phaso ~nt>alaoce ano" opela/e O>fll a wlde 
1empe1af<TII>I-. 

Wel dOfl txo 1e<¡fd>d ba~ rrul! -lO tÓDrFIA~ C¡,..,l10! 
orotects du1mg molO< ¡<>¡¡Qm¡¡ a/lowmg tite m•••mum 
numl>el ol sale stMs wr un.! o/"""'· 

GENERAL ELECTRIC COMPANY 
INDUSTRIAL CONTROL PRODUCTS DEPARTMENT 
SALEM, VIRGINIA 241$3 

GENERAL$ ELECTRIC · 

e 

e 

( 

e 



e 

.~. 

L· 

e 

o 

Technical Paper 
(Rcviewed cnd A~cepted for Publicotion} 

The Effects of Arcing 

Ground Faults on 
Low-voltage System Design 

•n• ''"'""''""' on lod....., 
ood "''""' •••''""'"' Vol lA a No. ' ......,n, .. ••n 

J. R. Dunki-Jacobs-Senior Member !EEE 

A1 llgh~ o,...,.od by 
Th '""''"• of Elo~•l<ol 
ood !ro<+coo;., '""'"'" 1•~ • 
:145 lod "'" S""' 
N ... ~'''• N.., y.,, 10017 

ijtho lo USA 



i 
' ! 

¡ 
! 
t 

1 
1 

r- ,, 

The Effects of Arcing Ground Faults on 
Low-Voltage System Design 

J. R. DUXKl-J.\CQBS, SISIOR MEMDEB, IEEE 

A~"'o<!-Reonrrlng "f'O'" ol a<dog rnnwd loult burndowno 
bovo gone,.t<d • <onoidoroblo omount ol ln,.reot 10 tbe oubjoot 
on the pon ol lhO>e indovid.,.to wbo are roopono1Me !or the deoil" 
o! po•or oy11em<. In fo<l tlle U.te<eol !1 10 •tdnprud lhot u one 
con .. qoon<o, ortiolo IJ0-'1!1 ol tOo IQ72 oditlon of the !iot!oll.ll 
EI«Uieal Code «quireo lbat o<l"<ie< ontron« d<>kes of opeulle 
t¡-p« be equ¡pped wnh oddotionol gNJWld lo u!! pro<o<tion. 

T hiO pope< atte:npto to pre"ot a lundamontol 1101> on the oubjoot 
o! ar<in~ oround faul(5 to tho <ilent th" not only o grootor op
p<O<iotion "" bo gW!ed from the <lu<ivo noturo o! tblo lJpO of 
!>ult hut oloo o he::or u.odero,.od.ing of tho r<qul<Omeo" /ot opplylo.¡ 
prOIO<Ii .. deo"e>. lluo l<no•ledge i< •••d to e•oluo!e the decroe o/ 
•h<U•enen o! Cue<t a<l!n¡ plu.><-Q'<en:umal lrip do>i«l wbi<~ 
leo do inlo o dl"U.,ioa of the >OriOu• grouod louh prot<<tlon modo&. 
~uboequently th< <muequen<" ol ground foulto occorrio¡; oO low
volto~o •Y"'"'" pmte<led Oy fu'" ore d•"uued lO hlghlight tho 
ad,.na conoeqoeru;e> of oia~e pita=&. 

CoSTHIBLI'ORY E\'OLUTtO:<hRY D"''ELOPME:<TS 

TJn: F.\CT that arc"1n~ bUrndm\nS an• u relatiwl\• rc•
<"<'TH ,¡,.,·elopmrnt pr<ompts thr <jtl!".\lion os lo wh"t 

fact•"• hu\"<' ndvr,.<·ly nffccted thr O~ér~tin~ record 
of low-\'ola~e sy.tcm.•. lt nppcars that the iollowing thr,_.,. 
circurmian•~-' ru-e thc primary """"""· 

l) ,\ gradual d<>ng< Jrom ""9'0UII.k<l ddta--conn<><:tM 
thrcc-p)m<e tlm•('-WÍrc )m,·-voltu~c "Y"Tcm• to solidly 
groum].,J nclltral s)'>l<'ln" ><'rving b<Jih !ltrt('-pha<r• lhr<·t~ 
wir<• uud thrc.,.ph"-"<' !uur-win• ~mun<l<ri systcms. This 
chan~c w:o.s motivateJ by tbe reali"ation that uo~routnlt-d 
d<•lta--connectM SJ3l~ms wcre >U.<ccptible to tran.•i<•nt 
lim~to-~round own·olt o~cs which N>Uld b<• mo>t effecti,·~l)' 
controllcd by convcrtiu~ 10 a >ohdly ~roundcd neu\ml 
S)'SI<•tn. Thi> dr•,·do¡1ln,·nt eneoum~<·d tlw use of thc 
neutwl by hn('-10-n<'Utr:d loocliog, ;uch "-"in 4>0Y/~ii-V 
ó)<tem•. As a con>t'<]ll<nce, ho~>nrr, a linl'--to-grutttld 
hult (the mOO't prcdominaDt iailurc modt•) re•ultcd in a 
torL•idrrabl<· f:oult rnrrrnt iiow. ~b~nitud.-. as high 
"-' th¡• thte•~ph"-'c /nult. value could Lt• "-'Pe<:ted. com
P""'¡ to ju>t a /ew ampcres lor a oimill!r fnult on llll 
ungruu !ldcd ;~ >tcm. 

2) The e:ll'IJ low-,·oltagr .<¡·,terns were prt'<lominantly 
o¡>o>ratí'<l at :'QSY/120 \'. Du~ to Í!ICI'C:>.<ing loo.d drnsity 
r.-qui"'"" nt., m• iwr<a•• m .-olla _ve lo !,JJY)l'j~; ;- 1 · bccamr 
a.rt <'Cmwrnirnl n<><:rS>il)' but "'>Uil<•l in "" incrcMc ;, 

Pap<r TO!).OJ-139. opprovtd by th• P•oroleurn_ an<1 Ch•mioal 
1 ndu.tn· l'ommiu.,. Q( •~• ¡¡,;n; lndlt>tl'' .\pplirauo"' ::-oci<t1· lor 
p<lbj¡,.._¡ oon ln !hÍ> TR<~• 1<--rro_., ~!o.mt.<npt ,..¡•"-"'<1 !or publica-. 
~>on Oo"'b•r z;, 19; l. 

Tbr •u!hoc i• ~>th the (Oon.ral Electric C«mpon)·, Schen«O&d\·, 
}; . Y. 12H:>. . 

"'cing {,tU]t bun1Jmqu¡ becan<~ o! ino<l!<¡uatr ~round 
fault prul<•ction. Re;carch hn< sho\\n th~t ~t the lowcr 
,-olta~•- thc arein~ hne-to--~round iault is t'M<'ntblly •df
extin!llJishin~. while at 2~~ \' the are can be· >u>t:Unt'<l 
nntil an int~rruptiug Jc,·ice di.;ronnr<ts al! t hrec ph'-'"" of 
the iault,-d circuit irom thP source. 

3) A qru<hml CÓ<ll<fl' from lou·or inlo•rrupl" currenl 
ralillgs, ,-i:., 601) .4, lo e;rlrtrnfly /ar~e rolill~l, up lo ~000 A. 
F:cooorni,. lutther populari•<'<l the ap~lic~tion o! fuoed 
S\\itcb.,., whirh under "'rto.in circurmtauc"" may provide 
thc ban:-st nrciu~ ~wund fault protr<tion, íi any at &!!: 

The ac<umuhted PIT<·c18 o! thc prr:ccdi!l~ rlevrlopments · 
,,.¡ thc stage lo; po!<•ni •~1 ,¡,.,¡ cu<'li,·c arciu~ ~round i aulto. 
When the mtmbrr uml <•xtem,in Mturc of thc fault 
d3trm¡¡c inciolrn~CO! be<:amo• oppru-era, 3 ~nWual up~radin~~: 
in cpwm dc,iv;n practic"" ~met¡_;>'<i. The :--;:ttiorul Etcc-
trical coo~ reerntly ae~<·pted " pmflOJ!:tl (~:I0-9J) to 
ma~<· thc ns<· oi ~wuwl bnlt ~nH<•ct'oon !nandatory· 
nn nll "''"'"" o•ntrnnoo '"l"i~llH·»!' ratPd tUllO A or rnme 
when o¡x•rati!l¡; !l\ more th:m j,jij Y to ground. 

R>:\'OEW o~ r .• nT Co,.-orno~s 

lli•tori~slly, power >)·'Iom d<--iv;nr,.,. ha,·e gcncrnlly 
concemc<l thcm,dve" with thr<·<~Ph"-"'' holt<~l i:u!lt 
Curren\ "'"~uitudt"l L<•call><' the,e qn"n!iti••• '"" uscd lo 
sel,..-t adequ:>te ittterruptN,g, ;urh a- circnit bceahr.; nnd 
!uses. Line-to--linc iault magrutud<é> are o! con,;idernbly 
le»er im¡tOrtancc. but ha\·c b-<>en u;,ed b)' ¡orot<><:li\·e "'!ay 
cn~in...,rs to incorpom!e prutre!ion auinst hnl"--to--line 
laults. Thr line-1<>-~rou!l!l lauh CUrt<'llt ""~nitudes on 
low·vuh•K'' spt~m<. hU\\!•\"<•r, \\etc gtl'o·tL h.,rdly any 
conoidcm!tnrl. A ~cncral modrrstandihg o•<i<t• to the 
effr<t that n holtN lin<'-"l-~nmnd iault eould re:1eh 
ln3gnitud""...,. hi)!h "-> the hohN thr..,..phase fault nug
oitudes. Such knowlcdgc, howf'ver, ""-' not r<>ally used 
since nci!lwr prntcctivt• ,¡,.,·jces nor inl<•rrupters wcre 
scle<:tc<l on thi• b...,;,, 

In ,ollth••><• >hort·circuit calcubUoM it , . ..., Ctt.SI~mary 
to a>>umc th~t thc iault "'""' n bol!tJ hult. [t h:<> bec'ome 
app3cent tht thc ará¡¡~ nriety oi iau\ts h,_, rt!':ltt'<l 
,.,·ere proL!em>. ,,-hich up to ·"bmn a d•>Cnd•• ago were uol 
dearh· rrro~niZ<'Ii. :--;ot until repeoted rt·por" \'<'te made 
tliat «¡ni¡mH'II'" ""'" 'en·ro•l)· cbmn~ed b.'· >Ume ob•cure 
type of lault, \\WC thorou~h in>"e.<ti~ntion> initi3tt'<l lo 
determine the nalure and caUS<' o! th...., faull.> a.nd bum
dowm. 1'ho3e in•·c,;tigatiott.< re>"cnlí'<l that aróng iauiU 
may haw curren\ ma~!litudes 'uh,tantiolly le'-" thon 
bült .-d f ~u\,. <Of the •·~""- ty pe, with ti" re•tt lt t hal ph""c--

3 
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o,·~rcnrr<'nt protectit·o· d~t·ict.,. may llOI be !<eu•itit·e 
~nough to d~t•·ct the•e ~round fault curren!; and initiate 
hcir ro>movnl. 

Boltd Tl.r<e"Phau Fault 

Consido•r a 1000-k\".\ hm-t·olt.,g~ snb<tntiom \\ith a 
conventional l>-pen:•111 •hort-circuit im¡x><!anre traru<
former (Fig. 1). The caleubtion ot th<' bola'<i three.~ho.sc 
fault curr~nt \"nlue Laóicully inYoln; only the drit•in~ 

,-oltagc, \\hich ;, tbt• lin<'"to-!lentrnl ,-olta~e or ~¡; \" 
aud tht• tr~rdurmer imped:mc.•. Tht• !J.olt,•d thre<'-phn'c 
fault curreut mognitndc in prr unit will lh<·n l:K• thc 
JI'" unit line--t<>-<w<ltral vohn~<' dividt-d by the per unit 
tramJornwr tm¡wda<>ct•. or '""" pcr H!Lll dividctl by 0.05 
v.Joich is about hUl p<•r uni:. ~i<>cc. in tht• pt•r ll«it >)"Stcm, 
one per unit .-\ L-<¡U3I• thP iull-lo~d ~mpercs of the trnns
formor (1203 A). it folln'" th:tt lti.ti p~r unit A" ~otuall; 
16.6 X 1203 or 3bout ~'1.1 000 .\. 

Balied Line-(,,.(;I"UU!Id f"a<dl 

For a !J.oh<-d lin<'"to-~;round huh. thc line--to-ncutral 
dririn~ Yoh:<~'' ";11 !Lot·ouly be r«¡uirt'<l to dri1·e the 
¡:round In u lt t·llrr<"nt t lotuuoh tht· apprnpr;,,,. t ramf,rmer 
l>-inding impe<lancc but ttl-o throu~h the imp<-dance of 
a ¡;tOU11d r~turn pnth hack lo the n•:Utrol ul-thc tmns
formcr (Fig ~)- Th<"tL•iorc. 1\•o impc-d,.ncc ch·mcnts 
•estrict the flow oi cutrtlll. TI"" trllmformt·r impc-dnnce 

the """'" impt-dan<·t• u;;cJ nnd di>CII<><'d previtH!Siy. 
<"he"~" c-lcmcm. dO<• ~round retutn impednnce '" Zc. 
~ a vnri~bl~ <¡Unntit¡- a!ld is coutrollt•d pritnarily by the 
lype ol ~roUtLtl r~t<mo pnth ovailabh• "' tiH: ~rouutl fnult 
curren!. A ground r<•turn pnth phpicall)" clooe to o\11-
going power rondllttof5 mtulil)" eNhibib only a ver:;
small r.•acta!Lcr• ~ml imp<'<i:.t<CC. lf the ~rtn11LJ fault 
curren! path i• throu¡:J, remoto l~atcr pipe~. buildin~ st<'t'l 
a.nd ~ther mt"lallic or nonmt•tnllie ,.],.ment>, ¡he ~rountl 
return impedat<c<• 1\ ill IJc e<m--id<"rabl)· ludwr. Th" sumplo' 
calculatiou in Fi;;. ~ a.,um"" th31 the ~ruu11d rrtnrn 
imped"ncc is 1\\u )JCtco•nt. '""lthe mltgomg ph:.oe eir<;uit 
impednnc~ is Hegli~iblo'. T],,. ¡¡rmmd Ín\llt cmrrut i; 

•~in the linP-to-n~nu--~1 per unit ,-~ltage diYided by the 
total pt•r uuit irupt•t!nnce "f the trmdurmcr ontl thc 
ground return circnit, or on~ JIN mlit divitletl by O.OS 
or ahout l2 . .J per lli<Ít. In t<•rm> of actual nonper<:S, th¡_, 
rcpre•t·uls 12.!"> times 1203, '" uppr"'''"'"cly 1;, 000 A. 

XATtlnC Of .-\RCJ:<G J-"At;L"l"S 

Th~ as•nmption oí bultt•~ fnuh-< ¡, quitr• hypothcticul 
W.e.. the•e fnult> nre nat U>Unlly cnoountere<l in actual 
situation•. C.lore renli>tically, faulto ore of the "r<;ing 
type, mcaning lhat rnergit,•d cunt!uctors ll\5.' come- in 
accidental errntie contact \\ith cnch other or ground. 
~o b.-tter unrl<'ri'lantl t he ph<·nomcn"" 3!ld ,¡,,. calculntoons 
-'WCi3led \\"Í1h an arcing fauh. it is belpfulto Introduce 

at thls poiot a spork gap"-" n m:r.thematical faosimile of an 
arcing fault. Consitlcruh:t: re,cnrclo done• in thi• urea 
indieatc-s 1hn1 tbe •pnrk ppon a 400-\' syslem would havc 
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a "spru-k-o\'<•r" voltage ora "restrikc" ,·ohage of abont 
375 \' (Fig_ 3). In 01her \\Ords, it tak., nn irutantaneou• 
,·aluc uf :Ji:, \' belnre thc •park ~ar h~gins to oonduct. 
lt furthN d~Hlop.< that onoc thP spark gap conducts, thc 
voltn¡>;~ oorr"' thP ¡¡op ro<luc<•S lo appru>imatcly HO V. 
11 lS !l.e "•<rgy of IAis are u·hich rcha>ra a lrrmn>doul 
amowol of /,cal in 011 r:r/remdy •horllime. The surroundin¡ 
aii hcat. up, hui!din¡¡ ur pn·"u"'' which l,]ow o¡w" doo,., 
nnd cau•c eopper or aluminum bn•('l; to he mdtod away 
in a matter uf 'ccond.; or ¡.,,, ~lmt •urpri,ingly, thi• brge 
nmoullt uf Pm·r~y ¡, rclcn•"l at fairl;- lo" cnrrcnt leve!.. 
The '"""¡ pha•e-o,·ercurrcnt dir..,t-:•cting trip> may no¡ 
ahYa)'' ><·nc<' thc.w lnw lcvd nrcing bult, 11ithin a rcason
ably slwrt lime_ lt ;, th<•rdore oppropriate to gain on 
und~rotandi"g uf lh<' currmt limitiog effcct;; of nrcin~ 
faults. 

Co"p_,no.~c Tlo~TEP -'~o Anct~G 
LI~E-TO-Gtmu"t> l'AULT 

Goiug hlü to th~ btJllrd line-l<>-~round f!iult example 
[Fig. 4(a)], the dn!t<•d ;;in<' <Yan• ropre"•nts th~ 277-V 
rmo hn<~to-nrutrnl \'nlto~c. ;\oto that tlw in<t:mtaneou• 
j><":l.l.. \"Olta~e uf thi• waw is 390 \'. Th~ ;olid ,inP wave 
rrpr<""'"" ,¡,. \wltt•d illH'·!O·~ronncl fmLlt 11hich WIUl 

prcviou,l; oalcubt<·d nt l.i ()OlJ A.' :\ot<" thal tlus curren~ 
io a continuou' >imo;oid~l currcnt with nn rm;; \'nlue of 
¡:;otlO A. 

l'loltin~ 1he •am<" 277-\' rm.- lint-to-n,.,nral \"Olt,~e on 
annt her t inw ho'e, it ¡_, e-;cutinl tu fi.,¡ i<l<·tLT if)' th<• ,park
owr vol1a~e nf :¡-¡-;¡ \', [1"1g. -!(h)]. Uptnthe poim in timt• 
thot the in,tantan<'OU<' \"Hha¡;e ¡, )c,._, thon 37."> \", thr 
'park gap <loe< not con<!ntt, ami th<•ro•ior•• th•• arcing 
cum·nt is ,_,.,.,_ \\'lwn thr \'Oita~e inrrea,e• ton \'aiue <>f 
3-¡-,-, \', the ~:op bt•gin• tn conduct. At <hnt in•tnnt an 

nrci1 ·~ currt·Bt l"·~i'" t o bllild up, "hole ti"' v~ltn~•· ""'"'-' 
thc c:op r~mai"' rdati,·cl;- cou-tont at obout 1!0 \'. (This 
"'f~'''t' that the nrc ro_,¡_,Jatoce i-• trl\"Ct<rly pmportion_,¡ 
to tlw nrc r-\lrrt'nt.) Tbo aro cnrrent roncho• j¡, ¡>ea k "-ho•" 
tht• line·to-11cutrol dririll~ roltag<' "'JUals the ore l"Oltnge 
,.,,; tlwro•nito·r th•· ""' currrnt <limini-'h<•<. Th~ ore ••x
tingui>loc- wht·n the JwC'-tu-n<·utrol l"<!lta~e '''"""''' 
f,obrit)" to r<•orh a Yaluc M \1-hich the \"oiHimo nrea• 
,! '""1 /1 ""' <••¡u,,[, [Fig. ·l(b)]. 'l'hi<·proce« i< r••pco!<•ol 
OHQ' halí--e~·r],. :md rc<nlt.• in an arcin~ ~round rurnut 
nf a di<contitoliOU> nnnoin«;oidil chamct<·r. 

ÜHrcurr!'nl do\' ice> ~eno•rally ro•>pond lo rm• rurrent•; 
thi> Yalue uf tite arcing ground iauh enm·nt ¡, a• indicat•d 
in 1-'i~. l(h) .. \lthuq~h tlw dotrrminati'ln of thi> rm; 
,·.o.lu<• ¡, <¡uitc• complrx. r<·>earrl•r:> werc nblc to rchtc• 
thi, \'aluc to tlw bol1<'1l i~ult currrn1 l"alue. In thc ca.<c oi 
t lw arcj¡,y yrowod fault, <hr prub:oblc• miHimum ron; YahH• 
¡_, onb- 3~ ¡wrccnt of the Onllu/ thW<'-ph:'-"< fault ,-aluc•. 
.-\pplied to <he e~lelllatt'<l '""loe in the ox.,mple, thi" would 
t,,. ahout o_:¡s x ~o tXIO ~ 7000 A. 

\\"ith a ba>ic under>~nndin<: of thi> pheno.nooon "-' it 
:tpplio•• to li>H-10--~round fmtlt<, it eutli<e• ro M;· thnt 
bm•tv-linc nnd tlm•c-ph:"''' nrcin~ faults cnn be >imilo.rl¡-
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"''""- (b) .\temo !in<-to-gm,nd (>•lit 1• • dj,rnnHn<=<"'-' Onn<inn
"''itial w.ve. 

C']liai<led. Tho bi~ln•r Jri\'l!>g- Yoho¡;" (linc·<o-linrJ 'athcr 
than hnc-t<>-neutral \"olta.ge) couoes the gap 10 eonduet 
ior" onn,iderubly lun;;er time .. \lthoe~h th~ are •·oltage 
build, up '" ~,,-, \' (a.• com('"'c'l toJ go \') tbe ,,.,ultant 
prob3blc arcin~ curren\ nlue- ""' eon.;id•rablr higber, 

The importune<• <>f th" S,l'<tem \'<!ltn~e can now a.l.a be 
\'Í'n"lizt'<L On ~ti"-\' -'Y'I<'m>, neithor tbc peak line-to
ueut ral ,-olto~e ( 1 A 1 X 1~'0 ~ 1 ;o \') nor the TI<'> k line-to-
¡;,, . .-olt,~r· (!Al X 2fh ~ ~~:, \') <·xcecd.; the 375-V 
rc;.trike ,-oltag•. On thi> theor<-tical rnu,;,, sn arcing ¡¡,.,... 
to-~round hu!t cuuld not be oU<tainM. In practice how
evcr, nol ~11 ~(), .. \" "rcing ~"""'J fnuho nrc knmln tu havo 
bo:-<>t> >Pi!--extin~uishing. 

In sumu\:~r;·, ll ,huuhl bP remembcre<l thM nrcing 
~r<>Uild foult• ar<' limnNI not only by \he ~round retum 
r~th impeo.laocc, but al>o by the = Yolt~~e value. lt is 
al<u impnrtant tu remcmber that the pru~able mínimum 
arcin~ line-\Q-...-roultd lauh eurrent vnluc io only about 
3~ pencot of the bolted thre,.ph:>,;;e fault tna¡¡nitude 
cnlc•ulated nt 4~0\'•. ,\, n matter ui >utere-'t, tht• minimum 
lin<'-to-lin<• arcing fault is 74 pe.eent oi thc hohed threc
pha.5e val""· whilo' thc minimum threc-ph:>>e arcing fault 
\"aluc 1-' nbout S~ peroell\ .,¡ tbe bulted three---phase 
iault raht~ contributed by the tr:llL'iOrmer ooly. ,\ny 
motor coH<ribution ;houlcl not he coc"'idcred part oi the 
c~lcubte<lth""-ph""e l:>oltod nlue. 

The knowlcJgc ,..._;,,.,¡in the di,cu><ian "--;:11 pror~ 10 be 
excremolc· '"eful in dNerminin~ .. ¡,,. circuit interrupto"' 
h"'" in the pO>t f:úled tn 1.,o,;de the prot...,tion ag.úMt 
low [e,·el ar6ng ¡;mnnd laults. 
• ~.,. oml<Ot'o noto oo p>;o 10. 



't protectiun fe~ture can no hm~or b~ justified .,.,.,_ 
Jully. Thie d<"·dopmt•nt "ill ocon;;<"'Uently rrq1.1ire t h:lt 

grot<rld fatdl pr<llector< on the hr~er llf"'Ue~m inter
rupl<"' moy h~Y~ 10 be conrdinatod "ith dO\\ll•tre&m 
phau-ottr<1<>Trnl direct-~rting tri!"'. The nnticipation of 
the proper com;•~tihilitY !Jet\\ eo ·n '"eh tlPYÍro•< lD t hr •·~rly 
6p<'OÍfioation ph:l."'' of the dl'i'Ígn octiv1Íir.• requires &n 

incren•ing imt•lli~rtoce ~nd <'~l><'riencr Jc,·•·l on th•• part 
of thr dc>i¡¡tt en¡::\n..,.r. A• a t('SU)t, •rleetit·ity >lUdie;; on 
Jov;·-Yohngo •y;;tcms nrr r~p<.'Ct...J to be<:ome the rule 
rather tluu the e~rt·ptim¡_ 

In ptcporotion for a rt'f't'3luotion o! th~ ~round íault 
protrction o~tlon•, i1 i• rMential tn idcntify four J!;'\Ínct 
mod .. o! ground fault drteetion. 

1) Grour~J 8'"'"' l'ro!.-rtioa: lt ;, bn.,ed on a combination 
o! a donut-type curwm. tr-'ln,formrr (CT) tdUch sur
rounds al! thrce or lonr out¡;oin~ comlucto.., anda •p<rific 
O"<'PTCurrtnt rday "ith Pithcr instant:menuo '" timt~ 
d~lay opemting ch.v.iCICristÍc.'!. Thr curren¡ tran,Jorm~r 
produces an nutput prnrortÍ<•twl to th" ~routLd lault 
componcnt oi th<· totall>ulgoi~g curr~nt (Fi¡;. 7). 

ln the c:"c of habnc<"d thrc<"-phn"" opcrntton, thc tutal 
eurrcnt wm al~<·nye M¡u:l\ zcro. rihd oon;rqu<·,tly tbe 
ground .<rn>or re by will not """'" any cu,-.,nt. f. ven in the 
pr-nce oí lin<'-l<Htcutrnlload>, t!JO• rrln_v rurrcnt \\illl><o 

-~ /ot thp t'-"1-«mthat the phn.'e CUfr<'Dt pa..•sing tbrou~h 
wind<,w witl rpturn thr<•u~h th•• n<•utrnl eonductor 

.. ,uch is al<o l<>catP<l in.•ic!P the windnw. Then:/ure, the 
totnl CU"<•ot "out" <'<ptalo the t<>tal cucr<'nt ·'in" \\hich 
restdts in o. caocelbtion o! llu••-"- ln thr pr<,;ence .,¡ a 
ground bult, hm1e1·n, the ¡¡round fault rurrent 1\ill pa'" 
throu¡¡b !he donut oni)' once ""d will rt>turn thr<nt~h ,o me 
ground fault p:uh Ollt>idc the dnntll GT. 

Thc gt<ouuJ "e'"in~ print·iplc hn• heen usc<l fnr. nt~ny 
yeo.n in medium-,·oha¡¡~ '>-<1Nm antl ¡, cnp.~blP o/ detoct
ing curret\ts "" [.,,,. n• 10 ..\. ln low-voltn~c ,,-.(ems, it is 
used in conjunction with molded ca.'!e breakenl or po11cr 
circuit hreakrr:< <'<JUÍppecl with diro·ct-actin¡; trip;. Phy<
icntly, tl1e CT can b<• ea;;il)' applicd ou cabi•' ciTCLÜt<, 
hut bus" a.'- circuil" rrp,..,ent realpwhlrms in t!ut the 
donut C'l' 11ill beculnt- extT<•mcly lar~c, an<Í '''pen<i\·c. 
In the.e Ín>tsu~, tlw ""' of sotid-•tate CUTTent relays are 
particulndy advat\ta~o'<lU< •ince these r~by" rcfjuirc nnly 
a omatl iton cor~ ero" gcc<ioa. 

2) Brol.·,, Dr/ta GromuJ Faull l'roitcU<m: 1'he •econd 
ground fault protccti"n principie ><'Il8<"S a br!lhn·Ll<-lta 
voltage. Ttis principlc ha• bt'f'n applied in 1be GE <taüe 
ovcreurr<-1\t trip (Po\\''' ~OIJ!or). The gr<>und falllt option 
Power Senwr ~round (PSG) a\·aihble on tbc Power 
Se"'or trÍp> opcrateg in conjunrtion with thri'C curff"nt 
seM<>rs (CT) \\"hich are connert<"tl in >críe> <>r d•·lta. 

l· 8). l'n<ler bt:tla•wl load conditions, the outgoi•g 
: current, ;, ph:»<'' A. H. nnd C witl illduoe ~ !<•con<lary 

voltage signa) proponional to the prim:try rurr~nt
Dorau"" <>f thl• d<'l!!\ onnnrctinn•. tht' three individunl 
oeeondary \'Oltft~<'> will appear in deltB to iorw a elu•ed 
delta "ith tho· re>ult thnt the voltnge •ignsl ¡·~, to the 
PSG "itt be •ero. 

cON<-NlUfOAC 
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Fig. 7. Op<r>tion of o¡r<>otnd '"""'"" ,.¡,y protwion prinriple. 
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'" Fi~. 8- Op<mtion of broloo dolt~ prot.-.:tN:>n principio. 

üccurrenc<" uf a gromul Jault will ndd nt\olher vector 
(G) in ph._.e With \'<'l:tot (B). On tht• .oe<:ondar¡· uf tbc 
currcnt •en.lor:!, n corr'-"'pondin~ \'~Ctor (~) will he in
trodueed which tends to opcn une corner uf the ._¡,,tt.~ .• \ 
.1eeo!>Jary volta~c,. ¡-_, \\itl nppeor, ""d the P~G witl 
rc•pond pro¡wrk. 

:\ote th..~t 1h~ l'SG sohcme reli"" on th,.._., indi,·iduol 
c1.1rrcnt sen""" nnd c~n t hcrefurt• be "'"'i\y ll.'<"d 011 bu>" ay 
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Ulu.h•úon o! offeotiveD,... of lo.,_t ohort-Urno tri¡» in 
P"'""""" o! arcicg ¡¡ro<Ond (oult. 

P11.<~¡; Ovr.RCC!IRE"T TMt"'' AS Ana"" 
(; ROU.~D }'A CLT J'nO'l'ECTORS 

To bo• ~fkctive, phM<"-onrcttrrt'nl proto•otor- should b" 
N¡uipp<'<l wi!lo ;h<!rl·tim~ nip• or JR>lnntat>eou• trips >el 
lm1 en()u~h tü quickly ""'"e the nl!ticipate<l miuim<nR 
atrin~ lii>C'-!<r~routtd bult. ho l'Jg . .J(b) tbi, mngnitude 
"''" id~to!itie<l n> "it)()(l A. lt is eu,tmnnr:~· to <ot prO\('tlÍve 
d<'I'ÍCl"> at ahout 70 ¡wrt<'nl uf the nntirip~tc·J mi<~ÍlllUm 
fnult emrent lo ho•lp n""'" th~t, ;., the !'"''""~o! this 
rnÍJLimtWl cunr·nl, the uvncmreHI pro«•ctive do•I'ÍC<' \\Íll 
cnu•e pm<itive tripping. 

Un the tim<'-cutrent ¡tlot ,¡,,\\ll in l'i~. ,;, lhe l'<•wr 
S<nsor~ (G!-: >Olid.;t<\tc dirrct-actio¡; trip) ;drcth·p :rO¡> 
rharactori,tic io ,¡,0\Yll, con,is1in~ ol !on~-1\mr• nnd tbe 
•hort-ÜmP p)pmem<. lt i; ~;;oumed thatthi; trip rt'D"''onts 
tl~<• IÜ()().,\ tranofornwr moi" ,ecundar)· Lrc:tkn ll>Mll)" 
app!i<'<l \\ith a 1000--k\'.-\. unit ;ub;.tatinn. Tllo >etling; 
,¡ 1 hP >bort·l i me 1 rip han h<·<·n cho11 n ~ une at 1 hr<>e 1 ime< 
nlld on~ at he times tlw llliXI-A coi! m!ing ol the Poi\"Cf 
f:.o•nmr trip . 

. \o pre1·ion<ly dcri,·O<J. tlo<• bohed l!.ret.phosr Jaull 
vn!uc is 20 000 ,\, 11-hii<• 1 h<• holt('<] ~rou>1</ fa ult valuc Wa< 
e.~lcubto:-cl to be nbout l.) 000 A. Th~ arri"g ~rouud fault 
mogni1ude jg ,;hm1n to be rnughl)" 0000 A 11hich i• 3S 
prrcent of ~O 000 A. 

Fir;t a•"U1ltP 1hat th•• ;hort-time tri¡t """' •et :11 fivc 
ti m<'>. Thc nrciu¡:: ~rouJLd hult oíOUOO .\ 11 ill not ca m<• thi• 
>hon-timr 1rip 1<> pick np. Con•<"qn<"nll¡-, th<" lon~·lime 
t rip "ill. nft t•r ,o m<• .j "· time out and 1 rip t he rn:tin brt•ahr. 
Thi> jg an extf<'mt•l_,. loti~ 1im~ ior an ~rcing ~round fau\t 
to per>i;t in a bue •truetur~. 1~1\\Win~ th~ ,)wrHim" 
trip •~ttin~ to thn'<' time<. it breom.-; immo:-cli~td)" e1·ident 
thal the 8clnH' OtlOO-.\ :orctn~ grouw.l fnult 11ill h~ rrmnnd 
in 1~ cyd,... Thi< ;hort fa\l\t cleuiog tim~ i; 1\ithin the 
tk•in·d falllt olc•arin~ tim<- for areing f,ouh• which i• 

., H•,O"erod prnf•<"On>l 1 cadomork ,.¡ the Gtner•ll·:l•ctrir Com· 
pon y. 
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ilh,t.olion of "'l""'"'l npec.li"n o[ fu.e in P""''"'• uf 

>rnng vvuod lault. 

g~urrall•· roo•ide¡-.,d tn b~ bt•\1\"l'f"O 5 uml 30 O'"drs. This 
•·x~mi!la!Íon <h<>w> that il is c;r:lremcly im¡Mianl lo kup 

lhe oltMI-Iime lrip pick-up ln<-1& a~ /ou:- a~ piWlibk lde..Uy, 
nr<"ÍllK grmmd f:oults 'houlol be deaml in h•.s than 12 
c:-·el,.,. 

h•'~" •" ,\nct~" Gnou_,D F.1t:'-T f'~<OHCTOt<S 

tJ "der t h~ -anw eireum-t:t.ntt.<, fu...., "ill ¡wtform rath~r 
ponrly (Fi~. il). ,\~ai11 :t-'lltnin~" 1111111-k\'A",ttb"t"tiun 
n<in~ ~ H.OO A "l." /u.;~. th•.- a,·cr3:r<" nt,.hin~ curve 
mdicate> that """ ftH' v.ill bi<nY "":e 7olGO-.\ arci"~ l;u\t 
j¡¡ abmtt 3 '· Tloi.• i, c,n,idN":t.bl:; ion~er th:t.n the .Jc•il"<'li 
12·•·;-ch• bult ,.¡,.,,.;n~ tinw. lno<Ltltl'"h :t\ th<• f•t;<• ch,uac
tcri•tic ;, n~ed • .-cQ' litll<· eau lw <ionc tu imprOH thP. 
~""'""¡ iault "·n•Í!Í\"tl) .,¡ tbe flt•t•. The .,ttl;· >olution 
apJl('llf!- to bf- the additiun oí a '<'l"'at<• ¡:;round fault 
rphy_ ,\ htcr <li'c"'""iou 11ill brin~ (n li~ht 1hat, evcn 
•f aot< fuu- pr<>p<"r),· '""''"' " cmun.-1 hult, thc mh•"''ucnt 
fu se &/,,-;,.,¡ oó/1 "01 remo" lioe ,·rouml fatJ/t. 

l'u'"" in the primal)- ora d•·hn·W)"<' conuect<•tl tmns
fmnwr an• le•• df,•ciÍYt' in th:\1 thr- low-mlta~o· ardng 
grau"d Jaull current (/ .,) app<-o." tn the primur;- luso• "'"
pha't O!'t'CCOJFI<III ui a m~g<litnd•• <'<jU~! to uuly ,jS per~cn~ 
ol / 6 • (Titió '' >huwn bt<•r in Fig. 11.) 

REl"tE" oF Gn<H"<;D 1'.1CLT l'R.,TEcrm" ~JoDES 

The continuing Nnph<~.•i• on ,_,..,¡11~ f~ttlt proteclion 
111ll Ue nt•compani<•d ¡,_,. iiL<'fect>Ítl~ <i<·m~wl< lor eleclrical 
...-¡nipmem< d<··i~n.-.d to minimizP tlw initt:t.!Í<m ""'wel\ as 
<"01\Ununi<•n1Íun oi orcin~ hnlt.• 11ithin >'IIÍ1oh~r~r ~od 
>Witehbomd>. In •pite of >UCh <wlipmen\ fo~tures :t.nd 
imprO\'o•tn('nl>, th<• prnb.ütilit.l" oi arointo: iault' c:.nnot be 
i~nor<-d. H~ck-up prote<'"tioa in tht• form uf 'en>itive 
~rouud f:tult protect ion ;, e'prcted t o timl "ce<-pl3nce. 

The odditional groun.! re-pon<iw nh) • und tnp< are 
likely to inon•,t.>e thc eo•t oi intrrrupt<'"' appr..,i:tbly. 
Thc percenl o~P H1CI"<.•a.<e ;, <'>P<"t'i"ll;· >Í~;-..iilcont "" 'm:dlcr 
an<l \011\"f pri~cd o·•¡uipnwnt<. Tlw funNion·co<l tr:ul~ 
off 11·i!l r·>tahlis!t a price !ewl b<ln11 11·hidt tll!' ~r<Hmd 

' 



¡.-,~ g_ ()roond '"''"" prot.coion opplied to t"nsfnm"r toeutrol 
groond p.-ot"<tion. 

1......:1~"'- A fourth rurrent •~ruor "il! be requiw:l on thr,.,.. 
phn.••• Iom•" ir~ <pt '"m-<. 

3) Rrndual Ground Faull PrMtelio": Althou~h ire
qu~ntly appli~d iu mt"llium-t·,,lta~t· ,_,-.,.m,, thi; <ehfmP 
is seldom uucl "t lu\\-\'"lta~r· l~wl.< brcau•c of tht• 1\E'o•d 

,.·hereby thc ph•e--onr<:urrem protector hM suftirient 
8Ct>.Sitiv!ty ano.! 'P'"'d to pro>~·ide nrcong ¡¡rmmd fnt!lt .'_~ 
ptolection ._.¡"el l. ..._ 

Thc tL•~fulno''-' nnd limit;UÍon of ph"""""wcmr<•nt 
trip> to iunction "-' arcin~ ~rouncl bult prot,..,rion ~reto~ 
¡¡r~nt o•xto•nl d••to•rtn.inr•l b,- th~ r.-~atin chractcri"ic' 
and rating' of the i"terrupte"' opcratin¡r in 'crico ac W<"ll 
""th•• anibhle ,hort-circuit eurn•nt, :\o ancmpt will be 
made hcre 1<> put<U•• thi• subjcct for th•• rc;,on that it< 
comple~itie; han• nO! b.-en rc<olwd .•O th~t a ,implo 
proeedure oun b•• ou~g<·•tcd. ln<tenli, 10 n.'>i>t tilt' .¡,~ 

oign engm~er in <elfftin-g the proper ¡;rounol f:mlt .-.,_. 
prot<"rli\·e function. ~ broadrr dioru,i<>tt on tht• n\<>tC ,,; 

<ubtle periph~ral con>id~r,tion< ";11 be ptP0 Mltod which 
i< bclie\ c•d tn b<• of ~r<·ater •Íglltfit•anr<• in ti"' ov•·rall 

for three ~urro•m trnnsfurme'". in C"'-'r 0¡ th,..,...pho..<e comcxt. 
tbr~e-wire <pt<•m<, or iour cum·m tramf.,rmer' for tlm•e-
ph,;;e !out-\\ ire sptem•. Only ior <pt•cíal ~ppl;rnt ion• "ill 
r,..idunl grounol fault pr<Jt•:cti"n ¡.,. P""'tir:d. For thi• 
tea.<on, no fut'thcr t<•fcro•nre will be mad~ 10 tiU• toodr of 
~roUtlll hult prot,.rtiott. 

The option; ;o f.u dr,crib<.U rcly on th~ dctf'Ctiott of 

ytout<d fau/1 o:um·t<t "-' it fl'"'·' fr,.,n llo< pourr """" ro 
tht grDtwd jau/t. Tlt<"-0 "Piion< ~re tite mu-t t.-lia~le >in re 
thcy "';pono! lo¡¡,., t&la! ~ronm! 1.~\llt cum•nt. 

') (.'round Jid¡m¡ Currn¡t 1'>olulim.: TI"• fourtlo ~"""'" 
t prot~ction princi¡ol.- att••mpt; to ;r-11<f th~ ~muncl 

tuult currr·11t "' it r<·turt>' tn rh,. tramfotm{'t tH"H1ral. 
This option "hould be u«•d unl¡- ln v~ry limitffi applicn
tion• for t}t<• n·a,on ti'"' it i< >U>cepttltlo> tn np<•raliiJ~ 
falocly du~ to th•• iact that ~ro1lntl returt1 cmr~nt- tnay 
!\ow through mnrr- t h.m "'"' p:~t h_ .-\ v,·r}' dfecti'''" "I'Pilr."
tion of this •ch~me ¡, in thP rran•iornwr hCJntal e<>nncttton 
to ¡¡rm¡nd (Fi~- ~1¡ lt •hould lw Oh\'iou• that nll grottud 
fault cum•nt will haw lo retutn 10 tlu' c•mnection. 
Th~ ground n·!urn n·lay ((OHH) ha-; t<> be <N -el.-.clive 

"~lh the d<>"n-tream pha,~ nl!d ~round bult pro!eetire 
devi~rs to aohic\'<' .;rlo'CIÍ\'ÍI)'. OpNati<m oí thc GRR 
•houlol cau.r- th<• maiu <r-romolory bre~ker tn trip and 
A timing rela_\·tn .<tan tio~ing. li aft<r a pr•-<:-t time deby, 
the lault. hu; nol ¡,,.,., "'tntlH•d hy thr• main >c'CúllliL<t)' 
b"'akcr, th~ timing relny -hould tran<fer-trip thP trnni'
form<"t primar;· pntlt'Clltr. Thu; th.- GRH nnt nnly bncb 
up the m:tin hre~ker ptot..,tion, bu¡ al<o proride> prot..,_ 
tion a~uinst gruuwl i:¡ults th thr tramform~r •econdary 
...-indin¡¡ and it~ CQmlf'CI ion lo the hr<"ahr. 

GROt::<P }'u:-LT PHOTECTIO:< Co:<StDERATto:<s 

Th~ applioathm of ~round fauh prott•ction on •olidly 
grot~ndecl sptems i_o rclatiwly 'imple il a completP and 

'Arate _;et nf ~roun<l fnult r~lap is unibble \\J!h t'a<h 
:ttup1Pr. Tht• m~iu r"""on for th~ ab.<ence oi th""c 

ground r,••pon•ÍVe de\'iee; ¡, thr eo-;t oi thc sdditionnl 
ground fault prot..,tors; somctimr< a.• hi~h as 25----10 
percrnt of the b~>ic intrrruptcr pricc. A• a rMult, ,ystem 
designcrs are "x~""tcd to ploce a grNtter empha•i• un , 
system clr•i¡¡n pracdces which tend to produce coodition.• 

Efftct on Combinatúm .\[olor S/1Jr!cr& 

By dcfinitimo, ,. cmnhin:ttinn "'""rr cons;,o, "/ a 
c-ontactor ancl unothcr io11crruptr-r, <-ithcr u fn,e M ciro•uit 
brra~•·r, u,unll;-" mol·l<·d C:l"' cireuit br<•aker_ 

The majority of combillntiun ,tartcr< tttilizt"' breoker' 
Wtlh n mng•• of ratin¡¡" "hirh tnhrtt•ntly pro\'Íde urring 
¡¡round fuult prot<-etinn. !ncro·a-itt¡: mn:nr ltoN'I'""'"' 
mttll~;, lu"'-e'·•·r, requirc circuit hrt•aker ratitt¡:, "hich 
m".'' ho• lO-«'noiti\'P to arcing ~rou"'l iault<. \\'),,,n t~ddi
tioaal ground i~ult pmtcction i~ ,....-¡uir,..!, th<"'~ brmko·r~ 
"''''d tu k •·quiwnl 11itlt ,]ntnt trip, Ull<l "" npproprintc 
control pow~r 'Uj>ply. 

,\n.,th•·r ,.,]tt!iotl '"",¡,¡ ho• lo "ltnw lhE' ~rmon<l Lllllt 
protector to d.....--n~l'l!:i<r tk .<tnrtcr ¡..,¡,¡;,~ eoil. Thc 
prob:ohility lhnt thr cnntnctnr wi\1 b~ cnll•••l upon tn 
interrupt "currettt itt ex«"'-' oí io. cunt,.ct Ítttorruptin~ 
ratin~. hn'lev.-r, prohihit' thi• appt~r~nt •ulution. ~lindful 
uf thi• limitntion. th•• fn><-d comhiMIIO" <tnrlcr 'hnul<l 
be ,._, . .,¡,¡,.<1 \\heuever udditional ~round lauh prmrction 
i< mn\\dt~tory. 

F.ffut on Ftmd S~t•dc!Jca 

Fn!ed <'\ itcht-. rdy "" itt•~• to int~rrupt pha<~ owr
cum•nt> \1\ •·~C~'> uf about ,¡~lo"''""" onJ n ldf time• 
tbe •witch ratio~. Th~ &witeh ¡, munll;- oP,·ratecl br a 
mal\ual ur "lec~riral tncchuni'm initi,.tctl hy npet:\IÍn~ 
pe...onn~l. 

Grounol fault rch!\'" require that fu;cd •witche~ k 
equipped with an eicctrical trip to remow a ~rounol 
fault of a ¡m•det ••rmiw•d ma¡¡;nitude cit lwr in,!antnnl'OJtt>l;
or alter a"' time d••la,- (Fig. lO(a)). lJnolrr thr><• Clf· 
cumotuucr< th~ owitch c~nmol be pcrmillecl lo a\\·ait th~ 
<>P<'tation of thc fu"" becauso, e<pccblly on larger fu<cs, 
1 h~ arcin~ ~tOU!Od fault will i""r;Í>l too long. Tht- dr-,•a·WI
ing rem\ts of prolon~ed arciu~ ¡:ruun•l inult; ¡,,.,,, h<·~n 
previouolr cxplain<.-d. . 

1-'urthertnor~. 11 ;hnuld he rcc.,~niwd th"t an ,.rctnK 
fault mn;' be initínt<'<i as an arcing line-to-groumJ fault 
1nth a magnitutlc bc•lo\\· the S\\Ít,h in!Otrllpling- rattn~ 
[Fi¡¡. !O(b)j. Assumc that, eithcr in;t,.,.ta,.eouol;- or 

' 

1 
' 

1 

-_¡ 
i 
' 

1 
i 

1 
1 



{•) 

'·'" 
..... r· ... 
~w.;•- 1 

••••• 
'·" 

.... 
'""" .... , .. 

'"""' .. ... ,. . 
'" . 

' ' ' ,,., 
l.'"""'., .. -.. ., 

,. """ ,., ..... 
'""' '"" "" ... . "'""''" .... .,,.' 

(' fig. ¡n, Potcntbl r•oblctn ""•l•d b;- oper.,ioto of f ""'d ,~ i"h ;, 
'- p,..,.,D<"<" of dynunic Of<1n~ foult- _ 

-

-t !J·l'· ,, ..... , ·í 
• ;,_ o '•'" '"• 

o'"• 

,., ., 
¡.-,~- 11. ,l>i•g'""" il1uotratin~ tLat x.-ound f~u1t !"'""''" ofU't 

Woono~ ono ttan.formor primMy ¡.,.., 

aft••r 'omc tinH• <lol"y, thc 8\\Íirh r<:rc•ivcs thc .<ignal to 
open. B<'Cau<e uf its turhulent n~ture the f:~ult could, in 
b~''' Luo rquipmcnts, Paoily c<eabte into :m arrinq lin•
t<Hi"e fau\t_ Tlo~ fanlt currmt mo.o;uitud" would th~u 
inoro•a;;e rnpiJI¡- abu\"e thr .,witch i"t~rruptin¡: abilil\" 
ju,\ "-' 1lw >Wilch nltrmpl8 to oprn lh•• •lJOrt cirruit. . 

It >hould br rt•co~ni•eclth:ot the fu""<! >Witoh !Jrule<:tion 
~oordin"liun plHln>uph;· is hn•<-<1 un n no:od\'-sb!~ inul\ 
curren t. 1 u thr ea.•e of an nrring ¡;toum! fauh, i.owe\'rr, t he 
f~ult tUrtr'll\ Í$ lr:>l"itor.l', impo.•in~ an Unpn•o]Íot"bh• 
Íu<Ottup<iug du¡_.- On the >witch m""han4tn. For this 
reu'<m, the ""' of fused ;wit<·hc·s \\Íih in:odequ;ote load 
~n":ll rnt in~> should be 3\"0ided. 

l'ran~formrr l'Flmar¡¡ Círcuil. .Si>1gle Phasing 

¡,. th•• nhH•noe of n main 1K'Cll1><bry hn•aker, an arcin~ 
¡crouud fouh in the main Lu< •trucmro """ be e•tremrh· 
do•Y;LS!atÍll¡; in that onl;· traruform••r primar;· prutecto;" 

~ "-'"" nn.ilablc to d•·teot •uch a gruund f~ult. 1t will he 
•ho"-u that such protection mar be inhcrently inndequQte 
to preYrnt ~ burodown. 

In Fi¡;. ll, an nrcing ~round fault i• IUISUtnttl on the 
"b" bus. Thr re<nlt""t ~round <utl"<'llt (i,) in the low-

voltage "b" pha•e wiudin~ causes a currc.•poodin~ currcnt 
(J0 ) io the high-voltage "b" ph:t.;e ..nnding. Ob.erving 
tlwt the p:-imnrr dclt~ current must be 5S percc11t of tbe 
correspoudin¡t e..eonda.-:>· 1'0·• curren\ to •~tL.f~· the tr:u~~t
former >'n<rg)' '''lll~\iun. it follows thnt lo - o_,;s i,. 

h ;.. nppropriste 10 point out a\ this time, the dif
fercnce in thc n~tUr<> of tbl· primur;- / 0 onJ scccmdary i, 
eurrents. Tbelow-1·olt~ge i, Clltr<:ot is truly a gruund laul~ 
in thal thj,¡ oU:-rC!l\ r<·tttrns 1<> the neutro! of tbe low
\'OlWg~ "-inJin~ through a >""ttnd rrtum circuit.. Ob>cve 
that th" primor,· I 0 curr<·m is not n ground currtnt .Unce 
it tlows only in the pha."'' conductors. As 11 '"'"lt: ground 
fat<it r.la¡¡s Í~ the lra~s,farma priman¡ st~pp/y circt~.íl t<-.11 
not rt~lld to lo..--¡:o/tagr oround f ault cttrrc>liB. Only phn.oc-
0\"o'rcurr.•nt relny• in the unn<former primor;· :supp]y 
circllit will «·tlf'P th" IG currcnts but nrc likrly to operate 
Ollly niter "'"'e ¡;me ddny, since they are sct t<> P"'"' rcl:>.
tively lli~h •t •·od)·-stute lood c\lrr~uu. 

Ji thn trunsiormer primo!}· protector Í! in f~et a fu.se, 
the nrcim; foult. currruts uf redllced mo~ni~ude:l o.re 
likelr to blow 11. primal}· iu'e only alter a cotL>ider:~ble time 
do•ht;·. Uf """"". t hr• fu<H meltilLJ< ti""' will br mc'asur~bly 
•hortenecl "hen the tr<LD5Íormer nppro.ach._,. full-loa.d 
cn!Jditioos. !n th<• mr•antim<•, hO>wevcr, o lm1·-vnltage 
arcin¡: Iault ._.u..,. coU>ider~blo· burniog do muge to <'<¡UÍp

.nwnta. 
In the e\"CTII only one primn..-:>' fu'e Joe" blow, ¡Fig. 

!(b)], the problcm is cumpouuclcd >Ítlt'" not only tbe 
ground hult perSÍ!l> nt low curren! le1·•l•, but :Uso tbe 
motor lo:.d i< "~er~ted !ro m "- ~in~lf'-~ho;;<_,] ¡>0\IW supply. 
The •in~le-ph:t>Jll~ ""P'-"" iorc,•s "- cnm•nt dL>trihntinn in 
tbc motor branch cirCUL\> in n two-ow~uoe proportion 
jFig. ll(h)) .. \.>u ;-~mlt .. only onc'pha•o will sense a.n 
unrcurrent, which diotatcs tbe neecl ior thrt'e onrl03<1 re
lays. 

Tha occutrencc of arcin¡: ¡:round fnulu :~nd "--"-'ociated 
tbrun~e <:an be <'ffcctinl;· rc·•luce<l li;·thP use nf compnrt
mcntnlion in equipmcnts such "-' antil.:oLie in GE AKD-5 
•1\itch~c~c Thie icatnr" muec ¡,,, cnonplemented 
"ith suitable nrcing gruuml iault vrotection to hdp 
u;,urc' tb~t ony <len·h•ping arcin~ grmmd hult 11iU be 
quirkly ,;~n_,.,l and properly removed. To J., this, tbe 
llWBt rcur<umic~l opprooch im·oh-es th" use of lowcr 
amv~rc c~ted three--ph:L!'e protecto". such ._. the po..-er 
rirouit br~"kec; Tloe me o! do•tices \lith long
time and 'bon-timc trips ratLcr than tho•c 1\i!h i>lllt 
long-time aud inst~ntan<'OUS tri¡M ehould be ,;eriou<ly 
con.-'•idcred in nn ••iíort to oetJ:<e ¡:ruund fault• :>nd remove 
,;uch fanh• ·1\ithi<~ the <leoim.l G to 1~ C)'cle fnnlt remo..-al 
time. To nccomplish this, ehort-ti1ne trips ""d olso, wbere 
poO>ihle, in•tantaneou~ trips ;houlJ k -et "-' low M 
pu,,,;bt., .• \Jditwnul sdN:m·ity will :tbo ¡,~ goin,d_ Where 
thi> cumbiuation of re-qui!'emen¡• cannol inhrrently 
prm•iclc• gr<nmJ fault proi<'<"Íun, it will be neoe,.ary to 
ndd one of the four •ug.o;.,ted mr<hods of arc:iag ground 
fattl~ protection. 
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Author·~ notP (l)cc. tn::;) 
1., tho "''"l•le. «>lnpOrlno: boltt"d ond or<in" l'fouod [onlt m•~· 

"""''''· tln• ¡,,¡, ""' "'""''"" "' ti" trun•i.,ro>et '""ond"'" 
trt,.ioalo oo ti.- loo•l.,...nl<r unl! •ub•totiou ""'· Fot !ht> loaft 
lo>o•tion the rruuod "'""' P"''' im~~l•lt<o ¡, n•~li~oble. '"~" 
ll" ~,¡,..,¡ ''""."'"'" iHnlt "'·'""''"U' •qnah ''" l>Oito.l ¡,,,. 
gcooond r.,,lt moo~l!ude 1•, ~ •, = >

0
). 

'f)w "'"'""'"'" ol,ot ti•• .rtio~ ~r,.und IAdt nhoo <"<]U• lo ~' 
["T<""D' ~~ !ho boltt"d !hte .. pho" loul: io •>nl< ""' In lito• <'· 
ootpl•; \'Íz. • l•ult •t t!!•I=J«n<" hu•. · 

.\lo;e ;«·n .. nlh ll«• '""''"'"' •ilo'lhl T'n<llil"' lb• "'""~ L•nh ,..¡,,. '"'1'"'' 3; ["'fotO! o! lht bol!t<l ¡¡.,. .• ,ou .... alut ao "'¡. 
,.,¡,,.,¡ ¡,, ·' l"toticoo!nr lonlt l•><otion. 

For '""'"rlt, to ,., .. ,hla!o lh• ocdn" groUod ¡.,,:, "'"'"' "'"' 
·" • motor '"''"'"'' cono.r. ""' c·•i<.,loto tht boltt"d !hr< .. ~h·~ 
l»ll\ '"''''"'"· ¡·,;,.~ Ih< ~'"""d """" lmt"'''"""" maenlt•<•l<. 
.. l<o!lot<" tbe holted line·Ototlnd f•ult "'"""'· ~I.,IHpl¡· thi< •••.•· 
nÍ!H<Ie b¡ "-~' '" ""'" rntno tbo !""Wble mtttim"ru otc-in~ ""'un.! 
f•"lt ""''''"' ,,,luo. 

J. R. Dunki-Jatobs (~1'5¡;...~~!'5.~). nooiw•! tho D.E. <legrM in <leetrioa! enginoerin~ !rom 
th• Highor T""hniea1 ('ollo~e, .\m•terd3tn, The :\"otberbnd•, in \9!S. 

U pon grooluatinn he~" employed by tho ~~~no!ard Oi! Comp~ny a m! wu m oharge of the 
Jl<l" er ~enor•tiog and clistroUutton fooditie; of ~ reünot.l' io ! J\Jone'i~ UtlÜI 1 \>53. l!o Ita• beon 
>~ith tho Genero! F.!cotdo Comp30)" ;inee 1%1; fur two yea,.. in g<norotor cngin,.,rin~ •nd up 
to 1969 in \he Elll'tl(J' ~Y'''"" Operalion ;,, ~chrneclo•l)·. :\".Y.,"' a ~Y'''"m' lh·,i~n Enoi-
n<<r. lto thot funetion, he ,.. ... principall.1· '''P<l"'ible for the denlopmon< .,¡ ><>•tnd indu,~,;.,¡ 
po"""' •y•tem do,ign proOli<« on<l lhe ¡n •'PMOti•>n o( P'"' l'f '-'""'''Tll ;tttdi•'' •>' lor~e indno\r"l! 

') 

plan u, po«ionbr!y erude prt>dueing fariliuo• in .\r3b;.. a~•! Lybis. ¡¡,. in toro;: • indudc<l the 
appliootion ,¡ C(>tOpnoo" '" pot~rr o) •le m otud[,.,, 1\"hcn ho trolt•fem·d '" Philoddphio, in •J 
1009, he became ~lanaoor oi Ad1·ono• P,..,-lnot Pl.>nnóne lor the Low-l"ol\"-¡e ~wllch~t·oc 
llepnrt me ni. 1 n 1:172 he tc'<uu1cd hb rC<i""""ibilll ;,.,. "io lo the f:ner~)" ~Y•tem.< l>;>eration, <~~neml 
Electric Compony, ~oht:teotad,·. X. \"., a' " Consultin~ .'r.pplication E,~¡.,,...,, la the laH yo a r 
he loc\l!red M ~ '"'"ido•rablo mt mber ,,¡ "'~ineorin~ seomn>t> ou the •ubjccl ol aroing ground 
laulls. lle Í< tb• author o( sover&l teé.mcal papero. 
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. . 

An lntroduction to Protective Relaying . 
Modcrn eloctri<: powe< oyat<mO ..-e r<

markably dependable, >tandin¡¡ reody 
night &Dd day to delivor their oneru 
V<ithout- interruption. Protective rola)'> 
llave an impo<tant put in ouurinc thio 
contmuouo =vlee. Alwoyo on F>ord, they 
react inotantly lo PfOiect the oyotem r,..,m 
damag< and lo minimi.e ony oervice 
interruption. 

THE POWER SYSTEM 
To unden.t.ond be<ter h<>W protective 

rolays fit into the mod..-n power oynem, 
lct uo lint r<Viow the mok<Up of that 
oyot"""" A power o¡r>tem ;, dro!¡n<d to 
gencnte electric powu of oufllcient quan· 
tity to m«t preoet~t ..,d ntitn<lted futw>e 
demondll of thr usen in -.,. ~cular 
oru., to transrnit it to the uea where it 
will be UO<d, ond then to diotribute it 
within thc area. For normal operation, 
th .. e are minimum requiremrntl. 

To inouro the nuoocimum r<1urn on the 
lotge inv<>tmrnt in «¡uipmcnt whkh &Oetl 
to moke up the powor oyot<m, and to keep 
the uoero oatiofi<d with reliable oervico, 
the whole oyotem ohould be k<pt in op-

.,atioo. Tiús may be ae<:omplished in '""" 
""'Y'· Tbe fint way io by oJes;¡n ond 
malnt<na.oee of each eo<npotletlt to pre· 
vmt any failur .. whioh woilld dntroy 
the cmnpOn<nt'o usefuln ... in the pow..
oystem. Sinee th< eoonomio oonlidorotiono 
of d.,i¡¡n an~ mamtenonoc" P'"""«lur<o 
aUow thio oouroe to prooe<d omly oo for, 
a oecond coune must be foUow<d: to 
conttol and minimi<e the e!fe<to of any 
f01lur<0 thot do occur. Thio io wh<re the 

. prOtective rolay filo into !he poWOI" O)'O· 
tem. The protectivo T<lay io the deviee 
which "~"'""'"' to <lioconnect o foulty ¡>art 
of the P<f"'OI" oyot<m, th<reby protectin& 
thot part and the remoind..- of the 
oyot<m fr<>m dama&e. 

Tha:e are a numb« of .,.,._ for the 
failure or br .. kdow>! of the variout com· 
potl<nU of the powu t)'Ot<n'l. Foull.l O< 

oho<t cirouiu oan oeour between indi
vidual phA>e w .. O< ccilo ond betw .. n 
o phooe wirc or coi! to vound oo o r"'ult 
of a breakdown of the inoulotlon pro• 
tecting them. The r .. ultin& <lectrio ore, 
uoually oontoinin¡¡ oonoiderable power, 
con wrea~ terrilk damn¡¡e in a ver y oho<t 
time. not only puttin¡¡ thot oomponent 

of tb< tyotem OOJt of immed.iate oe<vice 
but oioo malring it inoperable far o l<m1 
time. These foulto 0< ohon circuito ore 
cauoed batically by in>.ul.atiort failure. but 
the failur< may be induced by ouch thin¡o 
as voltage outg<ll, ovcrlcad.in¡ with oub
'"'luent av<rheating of apporatuo, obra
lion due to expe.noion and oontractlon. or 
foocei¡n motter ll> the apparatuo. Trono· 
ml .. Ion lin<11 dev<\op foulto from Ouoh 
cau""' as wind. ioo and olo<t, lar¡¡e birdo 
brid¡ing the irtoulaton. U~tnin¡¡. owlnc• 
inl tree limbo, orane boom>. ond mony 
othor <;au .... S<nn< of the oth<r abnom>OI 
conditiono wbich impa±r o componrnt"o 
fw><:ti<m iD the p<nt<r" oyotem are <>Ver· 
h .. tin¡ of bearinp, ova ar undet- opeed. 
'""encd pha>< se<¡U<D<e, and oinde·phaoe 
supply wh= throe-phue ~ obould 
be ¡xesent. 

A ~""""" oystem can be thou¡ht cf oo 
a eb.oin, the link> of which aro !he l<n· 
eratoro. the powo: tronofotmo:o. the 
•wlteh¡¡ear. the tra.,mlssion lin .. , tho 
dlotribution cirouiu, and the utilization 
apparotw. The orrongem<nt of th .. e 
linko moy be oeen in Fi¡¡. l. The foi!ure 
of any link destro)" t~< eapocity of the 
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fi<IUII l. a.._-., of _ .. ••- llob 

d>Ain to do the W<><k fm whi<h it wu tp«ffi< poftion of the """''" oy>tcm b<in& dition ond to mlnlm!n the dfcct on <he 
i.Dtmded. protocted. Thi> information ;. thon re- ran&inder o! the power oyotcm. 

0n · hkh th · loyt<l in lh< form of 0 tripping impulo< • Ever-ine.-.in¡ oy.tcm ¡rowth, heavior 
the e:.;;;.•~'-" ;:' "'...,.,..~ 'f:'1~"~~;! to_...the ciccuit breakers, ~<·hich ioolau the line loadin¡o, hi¡h<r foolt rurno>ts, ond 

d<O<Ctive apparatus '-• intern~tin, the · --• L. _, • • alt<rnote links. Fe.- .. orn-'e, the trono- ur · -~ rncreo .... numuera m ¡<noratlllg O\Ati<)nO 
"' Aow of currmt frorn oll ><mrces. ntiooion tine>. brin¡: oxpooed to the noturol hove all tonded to malle rornote bacl<-up • 

<lo:rnento, are muoh more vuln<roble to Of cours<, the oour« of the rclayin1 roloyin¡ indf<rtive. Remoto bad-up ;, 
ohort drcuit faulto than the pow<r trono· informotion, the inotrument lranoforme,-,, inher..,tly olow, ond "'hen it does opera te" 
formen and •witchgear. Hence, olwnate •nd the particular ci"=t bn:akero w~ich it oft= dioeonn..:to ono<e of tho pow<r 
transmission lines may be ecrmomieolly ore to be tripp<d by the protective relay oyotorn thon io neo.,..,.ry \o clear the 
jootifi<d, whereas olternates for th< ~ - whon . it. operates. muot. be pr"'electod. _ fault .• These. «>nditi""' .ontn>duoe prob- . 
tranofonmrs and the owitch(I<Ar would Thio io dooe when the «lay ;, applied lo hmo of foult domo¡e an<l oyotem dio· 
not. The networh 0 ¡ JXIW"' oyotorno now the power oyot.m. For example. the in· turbonoe ond indieote that footer back·up 
blonketing the Unit<d Stat« ore often otn~ment tranofonnen would be odected re!ayin(l is n<e<NafY. Thio con be ac· 

o 

o 

• 

, interconnected ot vori""" pOÍnto to OC·- oo u to ln<l;cot<: tho a""' of curren! into - oompli>hed by placin¡ the back·op, r<· , ,_, . 
«unplli.h tirio.. Sinoe each li<lk ;., th<.cluúD_ the P"'tect<d P?rti"" of. the ~;om _ _,.¡ layin¡ in th< oame location .. , the p!jmary .• • ·o 
in~olv<$ a Ia.rg< ínV<$tmrnl in equÍI>ffi<nl, the vol~ drop ac""" that portion of m.yinc. Such prot«."tion is caUed "local 
olt«n<o\<$ are trequ.,tly p«>hibitive\y the oystem. Tho ciccuit br<aken oelected b&<k·up.'' l.o<ol back-up re!ayin¡ iohould 
~ve. to be tripp<d wwid intern~pt al! oourca be u """PI<Icly oepuot«<lrom the pri· 

cf .,.,.,...,, 6ow ll>to \he P"'tected portion .n&ry m.ylnc u is _,"ble. Tbis wouJd 
of the oyot<m. úoclude . ....,1<01. ,;..,;ti . u. well · u ;,. 

THE FUNCTION OF RElAYS Thioluneumptecrprimnrrr~g. ::~ '::':~:o·~Localto t;:.·::_ .·. 
Protective m-y. are placed on the the6ratlineofd<fenoe.Whmthepnmory · 1 foil of th · . elayin .". 

lyskm to roduee the number Of olt<mote.; ~' ope"'teo to trip ito uoociaud - ::""- <o ~';'.rtect .:..n~~ r:nure J
linb toa minlmum. They do ooby ovoid· arcu" l:nuken.. on!y the fau!ty elom""' the .-xiaud c:ircuit breaker. lt ¡, ar-
in¡ equipm<nt dama¡e or by !imitin¡ i< CT' the mínimum portion o! the JlOW<r 

to the oingle unit that moy be in trouble. oyot= io diOC<mn«:ted. 
Quiel:ly the re!.oyo locat. the fau!t and 
trip c:if't."Uit broakon which will interrnpt 
the Bow e! current intÓ tbe 'defectivo Back-up Relaying 
ap¡>aratuo, thcreby iool.&ting it. The dlett lf o prlmory telay ohould malfunclivn 
of thio quick iool.&tion io twofold. Fin!, or a cite<oit br .. kcr foil to operote wben 
it minimiu:o, or prcvcnto oltog<tber. dom· nceded. damago wi\1 , .. u! t. Often, oome 

ron¡«! for futer l>ocl<-up trippin¡ and 
abo <o de.or the fau!t by trippifl& th< 
mínimum number of cif't."Uit hroaken. 

DEFINITION AND BASIC TYPE 
OF PROTECTIVE RElA YS 

oge to faulted·appa"'t"'.-thuo ....ducin&- elemento of the powor- oyotOffi..aN oo im-- To dcfuoe·o ·prc~=t¡.,.0 . relay,~we·uy •· 
the time &nd .-.pen>< of· r<¡>airo ond. portont ond the eortent o! the poooihle that il io o dtvi<• Ulhi<h. Ulhtn onorgüul 
permitting quicker reotoralion to oervi«. dama¡< oo great that oupplemont.aq te· b¡t •uitoblt """"''· uolfog••· or both. 
Soocondly. it minimizeo the oeriou,.ea • l.oyifl¡ known u '.'bacl<-up re!ayin¡ .. ;, ,.,poru¡, lo lht mognittJdfl cflif rfllrlion-
and duration of \he fault'o interlerenee pr<Md«<. lla<k-up relayiflg can be Jo. •hiP• of lh<nt =••nt• oflif t'OI/ogtl lo 
with normal operatioo o! the unlaultod eat«< on onother element of th< perwet indico/o or ioo/olo on •bnonn41 oMroling 
pa.ru o! thc oyotem. ollowin¡ thcm lo oyotem. perhops the n<tt adjae=t ItA· tolldtlion. B.uically, th<. protoctive relay 
"""tinue to oupply their.norwal power.- tion .. Tbis lllill tend to fW"'""\.the ~-.,.,.,.;w, ot.an ope~ clement and-a-
In many cases. the unlaulted parb of the cau>< !mm inducin1 oimultan"""" Failut< ·oet of contatto. Tbe operotin¡ element 
po>w<r oystem caro supply the odditional of both the primaty and back·up e<lay· tal<co tloe Wonnotion !mm the in>tru· 
pawer to repl.oee what ,... normol!y oup· inr,. Wben oo locoted, this type of t<· ment tronofomoen in the fonn of currentoo 
plicd throu&h the faulted opp07oluo. layinl;, caUed "=note back·up." S..cl<· aod voltac ... po:rfo..- a -~ "1>" 

The protective relay pino the Wor· up rdoofo>& uou.olly dio<onnecto ""'"" ol entioo. ond t,_,olaloo the TeJU!t iflto 
mation it n«<<o to local< • foult in th< tloe p<>w« op\<>D than juot the port with motioo cf the <Ontlcto. Wl><n they dooe. 
form of cutr«tto ond vol<a¡eo lrom in· tb< faulty elcm«tt. but thio is n=-ory the """llcto eith..- oetuote • '"•mine 
otrument ,,...,.roornetl located "" tite in cnler to ........,. the abnormal «a>· oi¡nol or complete the trip ciccuit of • cir-
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-
rnit breaker, which i.n tum oomplotes the 
ioolatioD of the faulty e~t by ínter- · 
rupting . the-. !low _ of. """""' . into that . 
~·- Tbe rday usually i<lcludoo oome 
fo<m of visual indicator to llhow tho.t it 
luu op<tated. ' 

Eledromognetlc-
Tbe opemtinl d«rt<:ntt. for el<etro

magn<tic protectiV<O rdoyo con be duoi
fi«< aecording to thcir oon>trt><;tion into 
four bu!c typcs. Tb<ee aro J>W.nvor, 
hingtd '"""'/uro, induclion di•k, and 
i.ulucli<>n cujl. 

Tbe fi,-,t two baoic tY., .. , plun¡er ond 
hing<d armatu~, aro ma¡¡netic attroction 
typeo. In thio typ<, the armature io at
tracted int<> a O<)il or to the polo foco of 
a.n electromagnet. Thio principie moy be 
applied wlth <iU.<r alkrnotin11· or direct-

curr<nt quantitieo. Tbe other two hooic piV<OtO ot a ñxed pcint "'h"' attractod to 
typooo, induction di!.k .00 iodu<:tion cup, the pele face of an dectromagn<t. The 
.,-., 1DA&D<tic mduction types wherán. ormaturt qoin carrics the movinz portion 
torqur is devdopo:d ;, a movablc roto< of the CO<Ita<t whl<:h mee\> a &.«1 «><>tact 
in thr oame way that it is produ=l in when the arm.oture is pid<ed up. A ok<tch 
""induttion motor. Of «>Un<, lhil prin• of this C()<'IOtruction is sbown in Y>&. 3. 
oiple may only bt appU<d with olter• The induction disk cl<ment COtiSisu of 
.... tmi<U"''"' quantiti<>-- _-•. m<t&llie <fu.!<_ of_ ropper _ or. alumilluni 

Tbe plu.ngor type of e<>o:tructi<>fl eon· whkh wt.oteo b<tween the pok fa.o<~ of. 
aloto of a bar or cylinder armature whkh "" electron\lllfi<t. There are two ¡oneral 
ia attrotted axi.ally into a oolenoid ooil m<thodo lor Ootu.o.ting the inducbOn diok 

type ol ret..y. One is the shaded pole 
method, in whi<h a portion ol the eleetro
mqnot pole lace io short circmtod by a 
o<>pp<r fin¡¡ ora ooil to cause tho llu1 in 
\he o«tion to lag the flu1 in the un
shadod portion. A o.ket<h of thi• type uf 
cono\ruotion io ohown 1n Fi¡¡. 4. The o\hec 
operatin& method. known ., the watt· 
m<\ri<: type, ooes one oo:t of colb above 
the diok ond ono\her O<:t of colb btto>v 

The o.-mature carri .. the movin1 portion 
of the oontaot whkh meeto a fixod oontaot 
wh"" the a.-mature ;, pkkod up. A 
lketcll of this type of comtructlon is 
ohown in Fi¡. 2. 

The hin¡¡od armature oon>truotion, 
whkh aloo indude> cant~ever and l>eom 
types of con1tructloo, cot~oisb of a ftat 
ptate or bar type of armature wbi<h 
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oel<ctiviey; ond opeed. The ro\ay must be O 
oensitive <Dou¡h oo that it will opuate 
uod« the miDin>um COQd;tiono apoctod. 
In ""Y...,..,... o¡r>tem at variouo timeo of 
the day and duriD& variauo """"""'' of the 
year, theloo>d oupplied vorico 0\'1:1" rother 
w:ide limito. To meet theoe ohe>l¡;n¡ te· 
quiremenu, variouo eombiDationt of ,..,. 
eratiD¡ oour.,. are tw:itehed io and out 
of th< oyotem to P"'vide the moot effieient 
,..,:.¡, of operotioo. The <:m><litiOD wlúcl! 
provideo th< mioimmn of &<r>eration io 
often the critetion iD decidiD¡: how oenJI. 
tivo: the rday must be. Under theoe ron. 
ditiono. a ohott circuit fault would drow 
the mioimum eurr<-rlt throu""- the relay 
fgr which it must be oenoitive .,oug~¡ lo 

ftGU .... , ......... oupoooo......,.o opuate to dect removal of the faull.. 

Thc oel<Ctivity of a protectiV< m-y ;. 
th< disk. A ok<tcll of thi> type of .,,_ ito ability t<> r=>¡ni<e a fault and trip a 
otnlction is ohown in Fig. s. In cithcr"""" StGiic Elements minin>um numb<,r of cirruit break""' to 
the moving oontact io carriod on the The developm<nt of otatie ...nio<>n- clcar the fault. The Tclayo <1\ll>t od<ct 
mtotin' ohaft of the diU: demmt .., duotor doviceo with 8 hi¡b degr .. of re- lxtw<= faultt. in thcir """' ..-otect<d 
sOOvm m Yt¡. 4.- - - U.bility ·•u<h n-tnmoitton bave Jod _ to ___ equipm_mt fo.- which they oltculd trip. 

The iDduetioo rup c!ement conoiot> of 
a metallic cylioder with ene en<! ~ 
lih O rup, which rotales in an annular 
air go.p betw= the pole faces of oolectTO

'magnetl and a =>tral rore. In i"' preoa1t 
fonn the ónductloo cup urut ..,,... four or 
ei¡ht poles ap.a«d oymmetrically abmlt 
the cin"Utllfe<<noe of the cup. A sketch 
of the induoti<m eup type of rnru~truction 
;. """'""in F">i. 6. 

The plun¡er and hinj;ed onnature typ<s 
of conotructicm have no inhen:nt time 
del.oy; hmoe they are used for funetions 
wlúcl! reqWre in...,...,..,.,, operotioo. 
The hing«< armoture type of "'nstru<· 
tioo, aince it changos the lo:n¡¡th of ih 
mogo <tic air gap u it open~tes.. inher=tly 
produeeo a opread between _ the. foree 
neeesoary to just piel< up the annature 
ond the reduced for<"< nec=ary to juot 
allow the """"tun: to drop out again. 
Therefore. ito ffie«>Uring <¡ualitico are 
oomewhat in>paired. Tlú!. is abo true of 

the ~n of protective ffi.oyo which and faulu in adjoiniog equipmeDt f<>< 
ut:ili.« the>< mmponmb to produoe the "'hicb they ohould Dot trip. Somo rolayiD& 
roquir<d r<Op<>D>eo. Static ccl.ayo are 01• O<h<meo ore inhurntly oel<Ctive; that is, 
tr<=ely fast U. th¿,. opuation b<ause they are urutffectod by faults trutside of 
th<y have oo JnOVing parto, and they u,.,- own ~ectod apparatus. An e>
hav< re~pome tin><> ..,. 1ow .. ooe-<¡uarta- ample of an mh<rently oclottive t<h=e 
cycle. Circuito ore-doo;good to prgylde io diiJora>tial Ttlayini. Otha- typet of 
the variouo function• of ¡0 .,¡ dnoctiotl rel.oyin~o whio!J "P<'"&Ie with time dclay 
phaoe ang!e meao!lfo:n>ont, amp~6oatlon: for foulto outside of the protectod ap. 
pubin¡c oquarin¡¡. timin¡: and othcn. p&rotus. ore ..úd t<> bo: rclativcly tdective. 
Th<>< cirroitl . react ;nnontanoously • Their odectivi~ io ~btain«< by ..Jjuot. 
to the i'lptltl of curren\ ond voltage 00 mont of op«ating times aod c:har.ctor. 
"'to oupply the proper outputl fOI" the iotia rdative to the rdar>.w:ith whic:h 
~uirod c:haraet<rilltico. they are intondod to be oel«:t:ive. lf the 

Aa an cumple of how a notie ulay ~· ~~ of diff':"et>t ~ of c:haraet<r· 
could meuure th< phue angle betw= • 1rtico. 1t '" <Sp<C!ally tmpo<tant that oe. 
voltoge and a OWT<rtt, ufu to Fig. 7. The lectivity be <Stobliohod """' the full rani< 
voltoge and """""' sine wav<O at the of obort tin:uit OWTet>t magnitude. 
top ...., ouppliod to ~ate oquartn¡; 
""'plili,.., whooe funetion is to convert 
the sine wave to a oquare wave which io 
"""' d.,.;,g the n .. ative half cycle and 
provid<11 a <:en<tAnt oignal durin¡; the 
p<>Oitive balf cyo:le. n. ... oquare woves 
are =ooly called blocb, and oon be 
ouppli<d to a oompar« circuit in ouch a 
woy that on output io obtained only 
wh"' both oignab are ~·· The duro· 
tion of thcir over\ap O< the duration cr 

• the plUDger type of con>trt1etion, hut to 
a ¡,..., dq;ree. The ind.,etion disk ele· 
m<nt ;. ol-Y> used "" o time doolay 
cl""'""t becau" of the inerti.a of the 
moving disk. The time deloy f"'-tu« io 
add<d by mean• 0¡ 0 p<Jmanent mognet the eomparer output io thon a measure 
The disk rotales. betwcm . the pO!es of of the <:ornpl<m<nt of the phaoe &ngle 
thio m.i.gnet causing an induetion drag. - betwoen the. OU!T":'t and the voltage. In 
Since the rot:oting parto of the induetion actual praohee '' " uo_ually the romple· 
cup unit ate 0¡ low inertia. thU urut ;, m""t of tho angle that 11 meoourod. 

" 
•• 

..... ~<o,.. .. ,, --capable of high ope<d open~tion; henee 
it is .-d for funetiono ~uiring in•tan· 
taneouo ope;ation. The multiplicity of 
poleo aloo prrmitl rn<ASU.rement of more 
than 0<1< electrieal <¡uantity. 

• 

RELA Y SYSTEM REQUIREMENTS 
There are th!"<e c:haractorilltico requlrod 

by any prot<ctive · re\ay to p<riorm · iu 
fun<tion proprrly. Theoe are oenoitivity, 
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-----------------------------------'-------------------11 INTRODUCTION 

Tbe ulay mtm: .loo cporate wltll tlle Over<Umlnl Rele~ys =monly u>ed WP<t fot thc W..e..,...,.· 
pr<rp<1" opet<l. Of mune, opeed io naentW 

11 11 n«<<&*fY te trip 0 drcuit htoaker rurront charoct<rittioo wtúdl <Wf<r by 
in dearinl o dam..oc«<elcmmt ola_., whm ,...... than 0 certain ~n><JU.Qt cf the nte at wbich U.e time of cporatiotl 
oystem llioot it h.u • dinc't bearinc "" ~· 11owo into 0 pArtkuJ,.,- po<tion of ol the ..,¡.y decreu<O u the rurront In· 
the d&m4< do!>< by a ot-1: cirtuit l:ld, 

0 
pow<r oyrteon. Thls Hquircrn<»t p<>iDts .,.....,_ Thes< curv~- oha~ ~_in 

rnnsequcnUy, the <OOt ....:! the dellly in out the n«<< fO< the ov<rcwnnt «l.oy l"i&- 12, ore call«< '1nvcne, "'«Y 1n· 
- mñinc · repain, · The -opoed -al -ope<otian -chsrocteristic: FOt an innantaneous cv<r-- • ......,,., .,.,¡ .... ltftD<Iy ;,..-:·-

a!oo h .. a di«« eiJrct en the crnorol o==t cbaract<tisti<, rith<r the plun&<r O"_, ___ , ____ , > c. • 
oul>ility of the _.,. oy>trm. Durin¡ a """"""y, av .. v ... tU< re 0)'1 nav>nc 

typ<, the bin¡ed.arm.oture typ<, o.- the L.. • • L. __, --" 

ohon: rircuit fault. the , .. , of th< pow« oUnilar cnaratt<nStlcs moy "" .-~u= 

' 

,_ ., > L. induotion...,.ptyp<ofcporatingel""""'to ''•"<~"<••"•~-•~•ontit' 
oyo <m can ~ ononu ... pow<r .,..nuoe «>uld be US<d. Althou&h th<>< elemento ~· - "' ...-
the voricus OOUTon of ¡en..-ation tmd to ill t~e op«atin¡ ei<ment. Simi~ly, an 

are jnb.,-ently fut, they do require ><>m< ··--' • > > . 
1<> out of oynchr<>niom. The 1 ... ti- that ""''"''"''""""' 0< an unaervc 1&1< re ay ,. ,~ ohcrt time to oper~t<. ,.. illustrated by tho ~-' . , ,, • 
a foult io oUowed to poroilt, the omalle< produo.,. by aamn& • Kt «>ntaoto ''inotantanoouo" tim< curve of Fig. 12. ...... , . 
the effect on the l)'nohfon!om or ltO• h .. d • ed 1 ha tim wlúoh "'" ,,.,. ... when tue operabnl 
¡,;¡¡ty of the opt..n. W = ~~~ ~· e v~ more 

0 
e!omont r....U in r .. ponoe te the deore&l< 

_ For 
1 

t<o __, 
1 

de\ay ln e on¡ tho """'"'" or purpoa<a r th< actuatin& q tity bolow 0 pr<· 
0 "' •Y"n:"""' ,.,...,orrn ptoper Y-of .,..ordiñotiOn with other protectivO «' 0 

·. """ • · · -

lt rnuot have reliobU>t~, Thl• !s a rneaoure • layt the induction disk comtructi<>n rnoy · detertrunod value. 
o! the degree o! oortotnty thot the re!.o.y be~- The time d<ioy;. controllod by a 
oyot<m w>ll perf""':'. oorrectly. 1t rnuot pormanent magnot orronged to produce Dif11ctional Relays 

-hav<.the.dependoholity.to cperote.COT• · d ction d the diok Tb time··- Oirectional reJo•~ ••e r-uired for .~. 
_,, .. "•L---· d">" h .. ,_anmu ragon . e ,.- -~ y 

'"' un,..,. '"'"'"" con ' wno w en ' o! contaot dosin¡¡ vari .. inv<ts<ly"' the plieationo where it io deolroble to aUow 
ohould operote, and it muo! hove O<curity current. Sucl> eharactori>tico ore ohown trippinl fO< curren< How in only one di· 
whieh lo freedom from lnrorrect opero· ~-" T IP"o~hicolly by o •-~Y o! time curren< r<ttion. be dir<rtional re!oy ean bo pro· 
tiono dde to "'""""""' co.uoeo. Tho ,..,. ~ curveo for voriouo multipl"' of th< pidmp. duoed in either tho induction oup or. tho _ 

- li.obi!ity o! o rolo' optem de- on the · .... '· . curr""t and for vano110 oontaot. ¡¡ap OT _ wattme,ue indw:tion diok <:<>notruttwn •• 
inhuont >di.obllity of the relays th<m: time di.ol oett:inp.. Thero are throo moot · One windini moy bo ener¡:ird by the 
oelvoo Rnd on thd.r opplloatlon, !noto!· 
lotion, ond rnaintonan« u o por! of 
th< o¡rotem. • 

RELA Y CHARACTERISTICS 
A relay may bo actuatod by o oinlk 

qwmtity, oucb as o eurront, "' by two ; 
qwmtitieo, oueh 01 o eurrent ando volt· ;:: 
q:<. In !he latter ,_ the roloy moy bo 
mode te ,-eopond to the phaoe an&le be· 
tween the two qwmtitieo, oe to the rdo· 
tive mqnituda ot the two quantitieo, 
oe to o combinotlon o! the mo&nitudeo 
~md th< phase anlk. The rel.otion bctweoo 
the qwmtitleo that wi11 couso tbe reloy to 
operate m.oy be ohown craphically by 
wluot io eoUod the "operatln1 cluoracter· 
iotie." Wll<n tbe relay io actuatod by a 
oin&]e qwmtity, ito '"'1""'0< lo purely o 
{Uncti<m of time, oo in F!¡. 8. When the 
relay io octuotod by two qwmtltieo, the 
oharacteriotics moy bo ohown in t«mo of 
th< ma¡¡nltudo of one quontitY ond the 
pha .. an&]e botwoen the two quonbtieo " 
ao in Fi¡. 9; in tormo o! th< rolotiV< ,.. 
m.aanitud .. of the two quantities oo in '" 
¡ri11. JO; or in tormo of the combinotion 0~ o! relotivo ma¡nitudeo and pha .. an¡:loo ~ 
of the two quontlti .. ao In !l'i¡. 11. In 
oddition, the opeed of responO< may bo 
obown by the time eurv ... The cl>t.ro<ter· 
IOti< curv .. are uO<fu! for determinin& tht 
reloy oettinp. that will provide tho ne<a· 
oary opeed, oelectivity, and ..,oitivity to 
protect th• pow<r oyot<m ond to .,. 
O<dinote with other protect!ve dev!oeo. 

' 
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'• 
•uou•• 11. Timo<••~"' '"''"''"'''"" fiGUU 1>. Di•HIIo• .. '''''""''"' ,.,., fiGUII 1•. D"''""""' ''""'' ,,, .. ,,,,, .. ,.,_ 

circuit volt.o-ge to ·~la.-tle" U.e Ul>it
that is, t<> ~et..-mine U.e difcctiol> of 
""'''""' !low f<>< .,-hich u.< unit ;, to op. 
"'ate by providing a ref..-eno: quantity. 
The otha- winding nuoy thrn be mer¡iRd 
by th< d~d cw.-cnt. Curren! il<>w Úl 

the op<ratin¡ di:-ertion will prodo« o 
to"'oe to dooe tbe rollt.cto, bot rutrent 
Bow in tbe rev.,..., ditection will produce 

_, a torque to =<rain !he wlit or to hold 
', the cootact• opon. 

with oome purpoO<Iy~ntrodut<d time 
deloy. 

On occuion, o directiorW unít may be 
pol.on..ed by oome rd'<rer>« 'cunen! ;,. 
otead of o vclt.o¡<. An uampk of thio 
ty¡>< io a dir=tio:ud """''''"rtnt uní! for 
protection opinot short oi<cuito involvin& 
,round. lo thio oue, the cefe«nee currrnt 
can b< obtaitled fr1>!'n o <:unml trons
formor """""«t«< ;, the neutro! of a 
&rounded tranofonner b&nk. 

thoir a<a>nd.ori<s are ronn<Ct<d in po.ralld 
lo o reloy <>p<rotin¡ · coiL So kmc. "' 
rurr<nt 8owo normally tht<>U&h the 
prctocted oyn<m dem""L the cum:nt 
tronoforrne• O«::t>d.oty curre»bo mo::rdy 
cim.Jo.te betw=> the eurro:nt tnm• 
fo.-men.. and <><> cur>=t !lo.... thruugh 
the rcloy <:Gil- But ohauld a o!wrt cir-cuit 
""""r Úl the pwtcctcd >)'llem clo:mmt. 
a difl'ermce eur.-.:nt will ll<>w in !he relay 
<:Gil aDd ""-""" !he relay t<> trip aD of !he 

SiDce voltA~e io uoed to po!ari>e the 
directional unit, itll piek-up ourrmt is Current-balance Relay1 
dep<ndent on !he ""'l'litude el th< volt-

b..Uen in the circiltll COD%lect<d to 
- the faulty clommt. 

a.¡e ond the phaK an¡:le between the In situotiono where it io dooi,..ble to 
ew-ront and the voJta&e. The putktdar trip • brealrer whonovtr thet< ls"" ol>
phaK angle al which the pick-up au-rmt normol chm¡e in tJu, divioion cf eur=t 
;. a micimwn io caDed the """&le <JI betw=> """ clr-cuitt, o t'llr""'t bioW><e 
m-oximum ta-que." n.;.;. obawn in Fi¡. rdoy moy be oppli<d. A t'llrr<nt boWJec 
u. Any modition <JI rurnnt at 0 -- rdoy may u.. the tún&cd ormoture, i:J. 
ticuJa,- pt.a.e aD¡:le, u up<n<nted by 0 durtion ditl<, or ~· i.ndu<tion cup con
vector en the dio¡ram, will indica« bolll ot<u<t>on. Such o rday bu tWD torqu~ 
the dil-«tional' unlt·will· roact.' Cun-<Dt .. produ<in¡ deonmtll Ktuated by a~rronta
verton .,run¡ on one .Ode of !he ehar- obtaincd fn><n the two circuito. Orle de· 
acteris!Í<: i:Jdi"'l< <>:mditionO • wluch wiU • mct>t pfOdu<:a OP<"&tinl !Of<IUO tmdin¡ , 
po-oduce a n<l Op<Tatin¡ torquo, whii< 
v«toro en<lin& on th~ <>th<r oóde of tho 
ebaracteri;.bo in<tioate mnditiono whiolo 

to dooe the c:onlactll, while !he other 
eltmtnt producn reotrainin.¡ torque tend· 
in¡ to opon !he cooto<U. The ratio in 
pereent of the operotinc <:urrmt to !he 
reotroinin¡ ""'""'' to <Ouoe the r<lay to 
opetate it caUcd !he peK<nt "olope" of 
!he oper.tln¡ chorocteriotie. The reloy 

Fi&UU 14 dJawoo tbe dill'e=tial prin
cipie applied to <>ne phaoo windin¡ of a 
1""".-otor. Here, a cur""'t bAlano: rday 
io uoed to provide wb.ot it caDcd "peT
ocn<qe difl'<!'mtiol" T<loyin¡. The two 
..,. of =• uansfonnen an: """'
n<eted in poraDd to tJ><, Ope.-otinl ""~
u pr<Viouoly deoo:nbed. In IOddition, 

th.o- ""''""'- ,,_- each- ""'"''". '""''" 
forme< it malle to llo..- tbrough a ~ 
otrainin¡ , <:OiJ_ The, pu<p<>O< of !he re
otroinin¡ <»iio io to prnmt uodesi.red 
reloy """"'ti<m. oiK>uld currmt &w in 
the operotin¡ coil oo o ro:o•llt of curront 
tranáormer erro!'l_ Ao obown in Fig. 15, 
the operatin¡ coil current (I.-I,) mus< 
n<=<l • =tain peroentage of !he 
"through" cur=t (!,) for the T<loy to 

will p<odu« a net n:otroinin¡ tor~ue. Th< 
eharactcriotie will bo: ~!Op!.oeod f«•m the 
ori&in of the diB¡:ram b¡t the amount 
«¡uivalent lo the piclo:up of the unit at the 
an,;le of maorimum torquo. 

A orn•itive dir<ctional unit will operote 

alto «quireo • mínimum eurrmt to op- operote. 
orate whrn the currmt in the reotrainin1 

. •• 

for a "'Y •mal! value of t~e actuotin1 el<n>ent ¡, '""'· Wire-pilol Differenlial Relay1 
quantity when the polaoizin¡ quantity io Since the dilferential inte=ection 

·- the normal· ratNI- valoe:·tto- fun<:tlon io Differenllal Relayl - - of ·curren!· tranll'ormer · oorondari<11 m-
only lo T<=¡ni>e t~e proper direction. Difforential relo:i-;n¡ io the moot oe- volv .. a lor&< number of wire """"«
With the addition of reotnint, the dir<c· !ective reloyU,¡ prU,ciple. 1t io oohieved tiono, !he applicatioo of diffe=tial 
tionol unit can perform a meaouring func- by 0 certain eonn<ction of eurrcnt relayo io n=su.rily limited to oquiprn.,.,t 
tion. An example of thio type of unit lo tranoformen, and o!m011t ""Y type of t<nninotin¡ at pointo rolativdy dooe 
the directinnal ov<rpowcr r<lay. Both the relay moy be uoed. Curren\ tranoformen to¡eth<r, A modified fonn of differmtial 
""'oitive type and !he m.asurin1 type can ore put ;, all of the connectiono to the .-.loyin¡ <rnployinl; o wire-pilot chonnel 
be modo to. operote. in•tontaneouoly. or _ oyotem. demmt. to. be. protectcd,_ and _ ;, owüe.oble for the pmtection of line ot _ 
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,, -· •.ouu "· ........... ,. ......... ··-- ROUOI 10. oan•x•..., ............. ........ ....., -.... ....... 
<11ble- oectl<m> with more ,.¡ddy O<pa· of>d r<a<tive romponcnt> and ;, ~ vory 
rated terminolo. The wire-pilot ol>onn<l uoeful od.aptation of tho "tw<> quontitios . 
is o two wiro mrtallio cir<:Uit jcinin¡ the vo. pha .. 01lill<" rep=omtatioo of rol<oy 
two pointo b<tw«n which it !o dnirod '<:haracto:rirtios a. provioullly llhown·in 
lo pr<Mde !he differential reloyin¡;. Fi¡¡. 11. The r<L>.y unit will operate ., 

The ,..;,...pilo! circuit is uoed for the ony impedance voctor whkh terminatal 
interdlan¡e of relayin¡¡ information in inoide the cirouhtr characrorilltics of U,e 
the form of currento or volto¡¡., b<tw<en mho odmittan<e unit, or the impedance 

by utin¡ o oombinotion of opo:ratin¡ 
unito <J< clomenta in o prote<:tive rcloy. 
Th<y moy be eombin«< oo that """ 
cho.......,tistk <>erci,.. cl<rtrical control 
of anotllct, cr tlley moy be =bined 
mecluonioolly 110 that a.ctuotin1 torque~ 
are opp~«< to th< oom< oh&ft or """""
mcmbcr of the opo:rotin1 <lemmt. An 
cumple of the =bination m>ptoyinl 
electrical control it the Wrcctionol over· 
cu.....,t rdoy. The di~ Wlit, 
...túdl moy be of thc indurtion cup 
<X><IIIn>ctlcn, only permito torque to be 
devcloped in tht OVOn:llffCIII ""it (&n 
indu<tion diok cloment or on induction 
""P el,.,t) when the directionol unit 
contacto ""' cl...d lndiC1tin1 rurrrnt 
1\aw in the proper difeetion for trlppin1. 
The oontacto of the dir<rtional unit are in 
a ocrieo circuit with either W<>und ohadin¡ 
ooUo o! the iruluctioo dio\c element mAl· 
net or phose ohiftin¡ coilo of the induction 
cup clemcnt: dooU.¡ of the direetionol 
unit e<>ntocto permito torque to be 
develo¡}cd. 

the rol.oyo.at.the.two.line.t.,minab. -unit, or.below.the otraight line cllarac- One form of the impedonce r<la,y io 
Th ... ula)'l hove o c:urrent bolane< toriotio of the reactan« W>it. an e•ampk of o rneohanioal combina· 
ohoraeteriotio arran¡«< te <out< rcloy tion. An induotlon cup unit amtoino 
opo:n>.tion if the current onterin¡ the Carrler-pilot Reloying current coilo whlob ~<ton the cup rotor 
protoct«< linc t«<ion it not bal.on«<< by to produce operoton1 torque. Actin¡ 
the cure<nt Jeovln¡ thc Une to<tton. Under - Juot •• o wi~pilot clumnel io "'"" to -en. the .. ,.,. . ohoft. throu¡h . o. forn>. of 
enema\ foult or 1oa4 conditlono. thcoo provide rclayin¡ over lortger dist~mceo hin¡«! ormature ccnotru<ticn io a oet of 
currenu ""' in bo.IIUlot ond, heno:<, the than i> f"""ble for the direct form of potentiol re~trolnt ...,¡¡,. The net torque 
reloyo wiU not trip. ffowever, for int<rnal d.illo=tiol rclaying, 110 8 carrier-pilot ;,. the ohaft. whlol> io the dillet=ce be
faulto. the currmu wiU ""lon'er be in cl!arulcl io uo<d to ~rovi<le Protection tween the cUrn:nt opo:rotin¡ torquo ond 
boJIUlot ond the ,..¡.yo wil\ trip tlle over evm '""''"' d.inarloeo than tlle votta¡e reotTllinin¡ torque, pr<>duceo the 
h,.,.¡,ers at the line terminaJo. - wire-pilot <:h.uu>cl. 'I"h= = two g=enol._imp<dance cho..eteriotlo. 

Distonce Reloyo 
The ttrm "disunce" is oppti<d to a 

fatnily cf rda)'S that reopand to o ratio 
of vctta~.e to tutftflt and thorefo ... to 
in>pcdanct e< o <amponent of in>peda:J~ 
lmpcda= il o meuuf" of diotam:c 
alon¡ o lfanomloolcn tino for wh..e 
protoction ouch ,.lays ""' uoed. whi<h 
upl<oint the choit"< of the tem1 "'dis· 
ta:Jt"<."" 

The"' are thr~ dilferent buk typeo 
of diot.ance "'loyO' {1) lmpedance, ('1) 
admittan« o< "mhc," and (3) <eactonce. 
AU of these typet, tike the curr=t balance 
type, <»mpdoe o balance betwt"<n two 
torque·pr<XIu<in& elemento. When tlle 
operatin¡ elemrnt !arque uoc<do tilo 
rto.troinin¡ olement !arque the relay will 
doo< lto oontaeto. ' 

A ¡rophkol rcprcoentotion of tilo lm· 
pedonce. reactam:e and -.:lmitton« char· 

· aetedotico may be m-.:le on On R and X 
dio¡:rom ao ohown in Fl1. 16. Thio dio· 
¡rom. os !to name implico, lo tlle plot of 
impedance on the booio of ito reolotive 

<ypes of <:arrier·pilot rd.o.yin¡,: pbue 
mmp&riooo:> and d.irccti<:>o81 oompo.riooo.. 
Phue comparioon corrier·pilot rclayirtc 
"""'l'ü"' <he pbase angk of the cur=u 
enterin& and JeoviDg the protect<d line 
oection. The rclay~ opo:rate when an in· 
ten'Ul1 fault am ... o sul!icient dilfe....,.., 
in pbase anal< betweeD these curr=ts. 
Tbis compo.rioon is made direotly aver 
the carrier <h.onocl. 

Dirootlonal rompori>on conier-pilot 
rd.o.yi"' compares the raponse of di· 
reetion41 rel.ay~ at the ends of the pro
teet«< tine. Tbe operation io ouol> that 
for e.t<mol faulu, a carrier oignal ¡0 
initiat«< by the directional rel.ay ot the 
line terminol wbere the curr.nt is 
fiowing out of the line to block trippin¡ 
ot the othcr ~ne tertninol. nu,;,.1 in· 
t<mal faulb. thio canier blockm& oi&nal 
io ohut off by the directional unito ond 
oimultaneouo tripping of both lino tor· 
minal bree.kero io effoct«<. 

Combinotion Charoderistiu 

The buk typeo of ch"'actcriotics that 
hove b<on deo<ribed may be produ«<< 

APPLICATION 

Ao T>Oted previouoly, p<Ol<Ctivc Rlayin¡ 
OQIBpment obould be m-.. ond opplicd 
to a power oyttern on the bulo or ito 
opecd, ocloctivity, ond .. noitivity. The 
ptope< oppli<adcn of tbe ptotective 
reloyo <an """ttibuto a hiel> <iqr.., o! 
retiability lo tho pow« 'Y''""'· ~ 
ciot«< oy~tem apparotuo that oiTO<"to 
the relay opention muot alao be oon· 
oider«<. Fot exomple, inotrument trono· 
fcrmero or adequate rolayin¡ quality 
are a deftnite contribution towardo the 
over-all rcUability cf the oyotem. 

The beot appli<:4tion opprooch io an 
over-all otandord plan or oyot<m Proteo· 
tion requirin11 o minimum of <llort in 
ocleetln¡ .tbe proper equipment. Such 
a plan ohould be odaptable to tho ¡;rowth 
of tho powor oyotem. For protcetion 
a¡¡ainot ohort circuito, tho baoi<: element 
of t~b otondardiz«< plan e<>ncept io 
diffcrentíol type reloyln¡ with iu in· 
horent oc\ectivity. 

• 
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't Bosic Apptooch could alfect the ro.t o! the oyotem. Each 
he voriouo typ<o of rol.oyo onilob!e relay indiroctly protecto much more 

to prot<ct power oyotem el<monto h.o.ve than ju>t the irnmediate equipment. 
ltnown choroct<riotico, ond thcir rango or Tbe relay protection recommended ••uY..._ ..... •onc of op<rotion can be predictod. The for grneratOI'>, tran.t"ormen, ond Mtch· 
primo<)' r<IAying equipmrnt io arronged gear io o otandard package of ro!ay 
with overloppin¡: >oneo of protection 00 equipmonto that are conoidorod necoaaary 
i!luotrotod in Fill.. 17. ThU!I, no m.otter for the ovor.~ill prim..-y prote<tion of 
whot the location of the fault, th<fe ,..;u th""' power-oyotem OQmp<)nento. Thio 
o!woyo be ot leaot one protective relay reoommendO<! reiAy p¡ctection io ao fol· 
to provide tbe nec....,ry itolotion of thot lows: '• 

\IO[l.AY 00U 
IIOT Tlll~ 

fault. lt con be oeen thot a fault could l. Each generotor protectod by 
roncdvably occur within the overl.op of product-rat»int pe-ro:ntage-difforen- fiiiU .. ... , ..................... ········~ 
two proteoted •oneo, whioh would cauu ~tia! relayo 

lotl< "'"" '"'""''"' olo .. 
the opcrotion of more thon th< m;nimum l.· Eooh powcr tranofonnor pro-
number of cirouit lttcak«o to olear thc tocted by harmooic.restroint pcrcent- Tho d1fferontial proteotion ohould be 
foult. However, thio type of opcration o~e-<liffef'<ntial reloy> orran¡¡ed to trip al! circuit br<akm to 
io much preforred "''"' that of o non- 3. Eaoh Jooi¡;h- and low-volto¡¡e bus which the ¡¡e-uerator lo conoected oo that 
overlappin¡; 0)'1t<m in whioh faulto oe<tion diffen:ntially protocted by outoide ooure<o will not oupply curren! 
could occur for which no prirnary rday- volta¡;e relay1 ' to the ohort circuit. The ~eld circuit of ' 
In¡; would 1eopond, ond only the back-up the macltine ohould oloo be opcned oo 
relayin¡ would clear the foult. Fi11. 17 Thio otandard relay prote<tion pack- thotthe¡;eneratorwillnotollpplycurrrnt 
ohowo all the •oneo of protection over- og< con be duplicated when , oimilar to ito own fault. The neutral ltt<aker, if 
lappin¡; =und circuit breakero. Thio io rornponenu are added·at any·place in uoed, ohould be trippcd, ond the prime 
the prefe,-ed rnethod of pro0din¡; the the power oynem, thereby providin¡¡ mover ohould be ohut down. 
overlap. Thuo, it io evident thot whi!e complete prote<tion for the oyotern oom- With a unit &<nerotor tronúonner 
eoch relay proteoto the oervice of o pllrt ponento with·a minlinurn of application arnn¡;ernent, ohown in Fi¡;. 19, it ¡, the 
of the power 0)'11<m, <Och port io "' effort. Thio io not to Unply that thio io pra<ti« to pound the ¡enerotor ne-utral 
cloa<ly o>IOCÍotcd with the nert part the on!y fotrn of primory relayin¡ pro- throu¡¡h a diotnbution tronofotrner whooe 
that the prntective relayin¡¡ muot be o tection thB.t can be ~pp!ied to th<O< P""-"'' O«Qndory io loaded Wllh o r<Oiotor. In 

· rdinated oyotem and not jUJt o oyotem componen!>. Otber relay> are effect, thio io hi¡h r<Oirtance pouDdin¡, 
<tion, of oin&le itemo of ~uipment .. - fr«¡uently _ applied, _ and _ they _are. dio- _ the. CIU'fent. to _o_ powul. foulL bein&. 

lt io not olways the oi.e or importance cuoocd below. !inúted to opp.-ozimotely 10 ompereo. 
of a oyotem elem<nt thot detumineo the An overvoltqe «lay en.,-¡ioed from the 
qu.lity of protective rdoyin¡ to be ap- Generalon oa:ondory ol the diotribution tron.ro:m.,. 
p~ed. For eoomple, if o failure in a omall Ge»..-..toro ..-.: oubj<ot to variouo typeo is arranced to ocnmd on odarm or, tllo<IU 

.,. unirnpc.-t.or>t element of the oystem- of faulto in both !he altornatln¡¡-.current usua!IY, to trip tbe ~<"'""'"" moin ar>d · 
io not pranptly removed fmm the ayo. otator • ODd. the direct-curreot rotor. fie!d breaken when a lfOW'd fault OC• 
tem, it COIJ!d jeopardize the ..,..,.;,., Sorne of tbex are phuo to phuo or curo in the l""""ator, IU ltadl, ot the 
equolly•mnchaoof.oilureinoomeother ]>hAx to ¡¡round ohort circuits, ov.,.- P"""""' transfarm.,. ..;ndiop dii..Uy 
!ar¡er elemmt. n,., <>iterioo io bow a o:urr<nt, ova-beatlng, motorin¡¡, ond loa connected to the ¡en.,.otor. Thio t.ype 
foult on ony · one · part of U.e oyotem- of <1CÍ.tation. ol ¡¡rowul pn:>to.ttion can be mode ~ 

•• 

' . ' 

""''"""" ,.OT<CH"" 
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lt io particu!arly linpc.-t.or>t to provide oensitive and otill prevido oelettivity 
hi&h opeed reloy p-otection fa< ¡merator f<X pow~d foulto elo<-wbere. 
*"""- cirrniu because of the ~bility Prot..:tioo opinot overbeatin& 111-ay 

of ex..uive dama¡e if the ohort circuit be provided by the """ of a tulttancr 
io not promptly ioolated. Tbe moot temperotun dete<:tot embedd«< m the 
eff<rtin protection ogoinot both pbase mochine windinp. Aa on alternotive to 
ond grow~d ohort cirrniu in !he ototor tbe temperoture det<et<X metbod, o 
io pcrttntqe-differer>tiol relaying. A reptieo typc teml'<"••= relay ...U..: 
P""""'tage-dilf<rentiol reJa¡ with on the <:uJTent ot the mochlne !""""""' 
increasing l1op< characteristie io beot fa: may be -.:1 to detect ove.-h<atln&· 
thio ptotection. Tbe oi¡nifi<anee of the Bearin¡¡ overb<atln& moy be detected 
ina-~¡¡ l1op< charaot<ristie, ohowr> in by moano of a tb..-mo....,..tive, bulb
Ft¡.- Js.-;s tbot'in ord...---to <>peratr" tb• - atttmt.d·-reJ.y....-ith·tbe · bulb·Jn · dir<ot 

_ relay,. th< ratio of dilferenee _ eur<ent <:Ontact with either tbe b<arin1 meto! ot 
to tllr<ruF> ourrent mU>t in<=>.oe ao tbe lubrieotin1 oil. 

, the throu¡¡h =t Í~><.Ta~,... Thio per- lvlotorir>¡ of o ccnerotor upon loa of 
mito o larg« diff..-= current ""ultin& prime <nOVe< power moy be harmful to 
from runcent b-ODúorm..- inoccurocieo •t the prime mover, or ot leoot it moy be 
the hi¡¡h..- currmts without couoing in- obj<ctionoble to the oystem. A oteom 

• «><rect relay op<r"ation on ozternal faults. turbio< may overhoot under ouch cir
and ot the um< time ... ur .. tripping for cumotanceo, and p<ot<ctiOJ> ohould be 

- "auu ,._-o ..... ._... ••- ., "'"'..,'•• · intemol faults. · - provided- by- tbermaJ- _reloys •· l<>CO.ted 
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wb= tbe tutbi<>e temperatute 'will be 
the highest. Oth« types of prime mov<n 
m.oy impooe obj<Ctionably hi&h \oo<h 
on tite o}"tem.. In ouch caoes, &..,.....or 
rowne powor rday> with ouitable ..,...;. 
tivity will p«>Vide lh< n<C'OOOU)' p<ot<e· 
tion. Such rdaY> obould llave ti>= dday 
to avo:id W>d~ operation on """"""'" 
tary ~ _..- oynchronizing '""¡¡<>. 

Looo of ~t.aticm in a ¡m<Tator may 
bting about a -..ore voft.age d;oturb.oro<'<' 
on the rest of the p<>'liU I)"Jt<m, ~by 
cau<ing instability and impairiDg syn.,.. 
operation. lt may oloo eause overbeoting 
;., the r<ltOf' due to o:urr=to indu=i iD 
tho rotor. when the ,enorator · ]"""" 
•ynclu"oni= wi.th oth.,- ""'ehin<ll. Pro
te<ti<>D is offorded by m<ao> of a 1"'" of 
euitation rrlay with ao adnútts.ne< 
chora<t<ristic. Tlt< admittance charao
tai>tie, l'i~ 20, io orrang<d to trip th< 
re\ay whm W ¡<t...-ator b<gin• te draw 
reactive """""" from the o¡m_em upcm 

' 

_, 
¡ ...................... ,,.,,,,, 

!osin¡ ito ""citation. The clwacteristio 
O<ttin1 ;, oudt that operation of the 
unit "" paw..- ..,;.,p ... n><>m<ntary 
Joos o( oytu;hr<mi= is avád«L 

Opoon cir<:uit .,.- IIÚ>i\< ~ O!""•tioo 
af .. K=•to< moy be d<tott<d by th< 
opp[icstion ol a CWT<nt bol&n<r «l.oy 
of the ioduction disk ccnttruction. In 
thio ap¡>lit.ation, ead!. phU< CWT<nt io 
balan=l o¡ainot each of tite othe.- two 
ph.ue =to ÍD a three-phaoe maohiDe. 
N<ptive piUls< oequence OV<raliT<nt 
rdays are .voil&ble f<>< p<otottin¡ the 
ge<~entoi rotor ogainst cv..-beatinc in 
the ev<nt that unbalonced at=ol 
foult> ..,.., n<lt promptly romoY<d fr<>m 
the oyttorn. The nept.ive phue oequrne<: 
overcum:nt rd.oy reopoD<II only to 
neptive ph.oll< oe<¡U<D<e ctm<nt> aDd 
p«>vid01 brtt..- protecti<>n ¡.,- the ¡moro· 
ter apin.t Jocol;.od h.._tin& th.ot reoults 
fr<>m unbalanced foultt.. 
~=al foult Wclt·Up pratoction, 

usin¡ a vol.ta&e-ro:otrained. U.v<n< time 
ovaounont ro\ay or o distan« type 
r<\ay with a timor, il provided to di•· 
mnnoct a gen<rator from a bUI <>< f«der 
fault that io not properly clearod oth<r· 
wi ... 

Tranoformeno 
Pow"' tranoform<rs m.11.y be oubjoctod 

to ohort circuito Or overlolldo. The 
effcct af pro\onged llhort cireuito on 
oyot<rn ot.o.bility, oo wdl "" the poooibility 
of coniJÍderobl< damo¡;o to on ••P<noive 
piece of poW<r equipment, moh hi¡h· 
opeod roloylngeooent.iol in moot caoeo. 

'••,;•;~~":,:"';~~::;,~~~:~:t::· induction diok rola)'1 hove 
modero!< opeed 

lo utiofoctory ond where 
i equipment could not be . 

Fr«¡uently, additionol equip· 
ment muo! be omplayod to dn<n.,ti« 
th< re\ayo to prtvent improper <>p<f&tion 
durin¡ the nuol'\<tÍ>ln¡ ourrmt U.ruoh 
too power tro.noformer. Sueh dn<noiti>· 
in¡ may offoct the dev•• of protoctlon 
ol>ould o tro.noformer foult oocur durin¡ 
the inrullh period. whi<:h is juot th< tim< 
wii<D o fault is lil<fly to DCCW". Aloo. th< 
~oitírin¡ equipment i.o not efl'octive 
whon inruoh """"" be<ou1< of voltoae 
r<:=V"'Y fallo'Winl th< romovol of on 
at....W foult. Hi¡h opeed percentq;e 
difformti.ol re\ayo witb humani< reotrolnt 
ore ul«< whmner tlley oon b< justified 
o<:onomically. Such ro\ayo or<: ltl.ll.d< t<> b< 
inber<:ntly immune to mll&llctltio¡ tur· 
r01:1t lnruth under ony cir<:uroot.an<eo, 
ond yct tlley ore fater ond n><><e ....,.;. 
tive than the lnduction disk typ<. eo....
<i.u<Dtly, tbát ...., io reoommmdtd, 
portku\arly wllcD<V<r ttobility lo • 
factor. 

A otbemotie diq:r""' O( .,.,.¡'"""""' 
difforentiol • prot.«tion opplied to o 
three·win<Ünl tronoformet io ollown in 
Fi¡. ll. Reotrodot CDils ue provided 
for the =t <Dteriq "' t..mc eoeh 
of the three troriOfom~er windinp. ond 

the nn diffu= ""''"""' J>l.""' thtcu¡h 
thc r<clay opcntin1 .,jndin¡. 

Foult pruoure rel.oyo ore uood to de· 
tect oudden chan¡eo ;, the tronofom><r 
oil tuth u would be caused cven by 
indplent a< low lovd foults. They ore 
eopablc: of dctoctin¡ foulto oven below 
the omoitivity leve! of mod<rn differ=• 
tiol re\ayo ond thm pt<>Vide "oellet~t 

p«>tection by trippin¡ off thc """"" 
formor imrnedi.otely. Abo, oinoe even 
!ncipient foulto ...;U produ<:e poeouo 
by-producto from th< oil, foult dctoction 
ca.o be """"""plioh<rl by o meoowe of th• 
omount of occumulated ¡u 0< by .,. 
onolyoio of tho ¡oo t<> detencine the 
omouot of <cn~buotiblc ¡oo prn<nt. 
Uoin¡ <ither of thetelotter two meti>Odo, 
urly detoctian of incipient foulto lo 
poorible, ond in m.ony lnounc01 !he 
damo¡¡e can be repoired. qukl<ly, ot 
mínimum ccot ond with o mínimum out· 
•1• time. 

Unil Generalor-Tranoformer 
The one lino dio¡rom of Fi¡. 19 ohowo 

how tronofonner ond ¡oncrotor dif· 
ferentiol r<layin¡ ore opplied .,¡¡h o 
unit ¡enerotor·tronoform<r orron¡ement. 
Th01e «>nnectiono hove thc odoonu¡¡e 
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,r uoing one oet of oun-<nt tran.Connen Jl.port from the ov.rcurront r.!oyin 11 one<. When an ert«nal fault o=ro, 
in rommon. With the tran.C"""<r dif. uood'for e•temal fault boek-up prot«:· there io conoidorably !ou voltage pr0. 
f.,-ential zone arrangod to indude the tion, it il not the practico to provide dueed aoro .. the roL>.y cirruit becauoe 

_ the gen<rator; additional protection for over!oad proleotion to romove o pnw<r the oemndary <urrent io only op¡>OO<d, 
tbe genorator io provided. The uoual tronlform<f fro¡n mvi<e. at the most, by the CT lead rooiotance 
unit gen.,-ator-tranúormer arran¡¡ement and the intemal oe<ondary irnp«Ll.n<:< 
rupplia -vow<'"- to 'an-awriliary · ototion- ~Bu a Prolecllon of the current tran.Conn"' ;, the faultod 

oorvice pow..- tranoformer which io Switch&ear io the power otation equip- cirtuit when it io romplet<ly .. turot<d. 
oolidly <:<>nnectod to the gonerator buo. mont that io uoed to dir.ct tho fiow of When interno! faulb occur. hnwovor. 
The main P"W"'" tronoformer difforential powor and to ioolat< pow<r opporatu, or the O«ondary cutront ;, oppokd by tho 
=n< ohould al><> include the otation circuiu. lt !ndud<1 circuit btoakon. ma¡netirin¡ impedaru:e of the trono· 
...-vi« tr .. nsfontler in O<d« to avcid any diotO<Iti<Ct owlt<h<l, bua<~,- roone<:tóons, ~ formen ""d by the high impedonoo of 
b!ind >poto in the prOt<Ction ocllemo ond the Wuctur<l on which thoy oro tho rcloy clreuit, thu• producin1 o 
wh<r< faulto could oceur and not be m<>unted. To loolote !oultl in m..,, al! lar1< ope<atfu¡ vclto¡e on tho rel.oy 
promptly i110lated. H~a, UU. do<t aourC< eiroulu OO<m<Cted to th< b\lSel ond inouring its ope,-ation. AD thot ;, 
not pwvide adoquate primary pn>t«oti<m muot be <>poned. Sin<:< t.liÍI dil<»nn<ction n<C<IS&IY to preven! falo< oporati0<1 io 
fa< the otation·......,;oe·tranof<>rtner ·but~ may include. l<n<r&tiD¡ ooun::co. M. wdJ ~ to. odjult the. minirnum pickup. of tite 
obould be roo>oidoted crnly ao addltiOil.lll u tra....,;,.;., lineo, thuo afl'<rtin¡ 0 rcloy .... n above the muimum volbl(e 
prot<rtion. The otaticm ...-vi<:e trano- lu¡e portion of the oyotem, it ;, vay obtained on an atemal fault. Jo !oct. 
foimor ohoul<l be prot<rted ~atdy importan< to hovo «><r<rt oporation for o 2 to 1 oettin¡ can uoually be modo whilo 
with hi~ tpoo«1. prrr<:~>ta¡e diffenontial faulu on the buo ooly ar>d to ovo:id otiU rd.ainÍD¡ ¡ood ...,.¡tivi<y for m· 
,.e~ayo tbat are irnmun< to maEt><tizin¡ ina:n.ct trippl.n¡ durin1 utunal foulu. tern.ollault prot<Ctioo. 
inrusb CWT<:nt. Difforentiol «layin¡ io ._,tiol becoux 

of iu inh<l"ont Kle<:tiv:ity. 
Wh"" differential "layin& Íl not <oot bove cunent tranoformon with 

oppli<d for the primo.ry prot<ttlon of Overvolto¡e diff<rmti.ol relay;nl io <har.cr~ suit<d lo the opplicatioo 
tranof~, overcwnnt .,. di<.ctiOfUI! ]*"ticululy applioable to buo protertion of DVUVO>it.o" differential Telayt. time 
ov~t rolaying of the induction dio!< becoUS< it diotinlllioh"' b<tW«n ínter,...¡ ove.-currmt relayo with o diffaontial 
type nuy be used. Sufficient time delay ond enun.ol foulu on th< buio of volto1< coru><rtion may be applied. a.,.......,, 
;, neerssatY to maintain tole<.1::iv:ity witlt rotl>er than timo, t~uo p«mittin¡ more becouse of l"""!ih\e curnnt tronof0tme1 
the relay;ng on odjoining •Y"= ole· "'""'"'' porformoncc and !oot.,. dearinv; ..,.""' undor high rurront ertcmol foult 
mont~ In '""'''cases,-direetionaJ· over· ·timo without • tho • don~<T • of • in«~<rort ~ conditiono, the rd•yo muot hove a time. 
curren! reiAying may offor fut..,. oe!.ctivo trippin¡;. Tltio oquipmont. oonn.cted dolay Ion& onough to provide the neceo. 
tripping than non-dir<Ction.ol «layin¡;. oo ohown toh<motieol\y in Fi¡; ll • ...., oary oele<tivity; oth......,; .. , folse trip¡ñnl 
o... .... current rel.ayin¡ of the induotion otanda.rd buohln1 type or ope<ific window would re>ult. Pucents.¡e difforential 
diolr type ""'Y ol110 be opplied in conjunc· typ< curren! tronoformen. lt derives «loyo are applio.oble with =tain orr&n&e· 
tion with diffe«:ntial relayin¡¡ •• baok-up iU oe!ortivity from the fart that the menu of the twitcll¡ear oe<tiono. For 
prot<rtion again>t tranofnnner ovu- int..,.nol toronda.ry impodonee of the uample, a bU> oortion hoving on\y 

· h<Otin¡ · beoou"' · of. enana!. faulto. that _ cuuent. tnna!ormero io V<TY _low when thre< circuit conn<rtiono could bo pro • 
..,... not prom.ptly dear<d. ~ compated to. thcir _ mo¡¡netizin¡. impcd. te<ted by a pen:entoge ."diff<rentiol .olay 
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havin¡ !:bree '""trllinin¡ coilo, one for tranmuSIIon line protect>on. Diotonoe 
each circuit. Oilferential relays for thio <"<IAyin¡ is 10 caJled bc<oau>< it io respoo1· 
form of proto:ctiort are noilable with a o.ive to !he impedane<: of a faulted ocction 
marimum of llix restraint coil.s, thus of tranomission line, &nd thiolmped.,oe io 
provldinR for restraint on .U ><parat. pr<>p<>rtional lo the dioton« from the 
buo circuit conn<ctiono. Thio orrong<- rcl<oy to the fault. DiobmO< r<Ltyo ha\Ónl 
ment may be extended to buS<S having the "''"''"""" ond odmittaru:e type char· 
more than. ai:J; connectiono il' o<rtain acteriotk CUl be produce<~ in the induc· 
uoupin¡o of the circulu can be m.ode tion <Up ro<~olnu:tion. SU.« ouch r<layt 
oo that <eatrainin¡llCtlon will be obtained op«ate on the ratio of voltq;e lo rurr<nt, 
for ony .. tema! fault. th.eór op«d of op<ration io rdo.tive\y un· 

metallic ronnection between t~e two 
terminaJo. ouoh oo • telephone wire pair. 
Due to \he "~""'" of leo•in;; or e<>n· 
otructin11 ouch o wire connection, t~i• 
type o! p.ilot ohonnel io limited to •hort 
line applicationo. The ''carrier·pilot" 
chonnel "'"" corrier·C"Umnt oi¡¡no!tron•· 
mitted ovor the lino condu<ton. T~e 
len¡¡th of line thot can be protected by 
thio type o! pilo\ chonnel ;, only !imited 
by \he powcr of ti>< oorrier equipment Ofld 
\he 1ignol ottonuotion or ~ of otrrn&tb 
OC<:Urring durln11 trllllon>iA!on. 

Under oomo conditiono, partial di!fer- affected by the ohort ciro.>it curr=t ma¡· 
entlol prot<ttion moy be opplied. Th!O nitude. They provide 11ood od<Ctivity and 
protection is connccted to the currrnt IQOd oensítiv:ity, often op<ratin& on l<>a 
tr&noformen~ in all the >Out<< circuit> 0¡ than notmal load currmtt, .. ,...u u Wlr .. pilot RolQylng 
the bu>, omittin¡¡ the conDectiono to op<ntinr; at hi¡¡h tpeed. Their pnm.,ry The rday equlpment ~.od with the 
feeder ond diotributi<on circuito wluch ..,.,. of protection io uouolly arran¡¡ed for wire·pilot oll.onn<l may bt "" orronced 
have no ..,urce. Partial dilfer,.,tial rol>. y· hi¡h opoed op<rati<m over 80 t<> 90 pocr that o th"'u&h rurrrnt, duo te eitber o 
ing ;, 1< .. """'"ti ve toeoou.< tbe rol>. y =t of tbe line 1~, witb o ohort time normolload or one•temol loult. produceo 
piclrup Ktting mu1t be hi&h« tbaD the ddoy in op<ration !or the remainin¡¡ 20 or oppooinc voltq:es at tbe two ond• o! tite 
total oonnal load CWTent. ond oe!ectivity 'lO percmt;and with a loni<1" time del.oy- pilot wire circuit, ond "" op<r&tinll cut· 
with the f<ede<"-circult relayin¡ must be in operotinn for adjoininl dem«>ts o! the rmt will flow. Al tbe oame time, curren\ 
m.olnt.oi.oed on o time-curren\ )).ui1 t<> powu oyat<m. Thio back·up protection io in o reotroint circuit of the rday will pre
ovoid 13olati:Jc all of the bus for a feeder pronided by o oeparote reoctan<e or vmt !ol,. trippinc of the t<loy. On an 
fau\t. odmittaw:c: unit o::ontrollin¡ a timer. intemollin< foult. eitber phue or vound. 

Sllo<t-circuit faulto in g=era«n. power Whm diotan<e relayo are used lor phue· the volr.qeo ot tbe tw<> <ndo of tbe pilo\ 
tran.r"""""", and ~ ,.,.. not gcnerally lault ¡m>t<ChOo, directionol overcurrent wireo wiU be odditivr, coulioi o rolo· 
trODsicnt in oatur<. Even if tbe ori¡¡inol relay> are \I$Uolly used for l'"OW>'l fault tively l.or&e ope,.tinc curren\ to 8ow. 
couse .,..,.. traDoieot, the posoibility of protectioo. H.,....,.,, tbere oro owllu· The operatin& torqu< tbU> produ<:td will 
permanent d.amage bcinc done to th.: tiom for mcn: O>mpln •r••=• where OV<tcome tbe restroinln¡ \orque, cauoin& 
<quipmcnt i> ""¡:real that a<"'P!!Iication ground diotsn<e r<l.oyin¡ would provide 0 - U.e · rel.o.y unit ·• t<> clooo ito • trippin1 
of Y<>lta;;o immedi.ately aft<r cleving 0 distinct impo<>v.,.,<nt in protection cxontattl. 
fault ¡, usually p<ohibited. However. o.¡ainot ...,g~e pluo.., to ¡round foulu. 
oinc< thi.o «¡Liipment ;, rcl.alivcly wdl 
protected !rom tbe natural dem"'" aod Pilo! Roh•ylng 
fn:rm human =• the i.ncidence of . Pilot rela)lÍnK, bo:Wc a modi6ed form of 
loults is ratber low when a=pared to differ=tialr<l.oyi:Jg. ;, tbe b<o.t protertion 
other parto of the power oyotan ouch u tbat oan be applied to tranomi>oioo !in.._ 
tra..-istlno lin"'. 1t i• inh<rmtly oelective. witsble for hi¡¡h 

Tronsmiuion Unes 
Tramoni.osioo lineo are tbe hi¡¡h voltage 

circuits intenoonn<rting parto of U.e 
poW<r oyYten> 0<¡>1>rated by a ccmsiderable 
distan= Sin« tbey muo< carry largo 
omounn of P""""r betw=J parto of th.: 
oytt=. tbey are very importan\ t<> tbe 
operatiotJ of tbat •Yitem. Th<oe !ir= ..,.. 
~ to the nao;ural elemenl> ., "'oll. ., 
to human orto<; hmoe, tbey on: muoh 
more vulnerable to ohof"t circuit foulu 
than ue U.e generaton. trarWormen. orul 
bu•<>· Alao, many faulu oa:urrinr; 
on tronsmislion lincs are tranli<nt ;., 
oature ""d do little or no damqe t<> tbe 
<quipment if U.ey are quiokly ;..,lated. 
Therefo«, once faulu are cleared, it ;. 
oftm ,.pedient to reapply the volta¡e t<> 

th< circuit immediate!y. 

tpeed operation, and eapablo of &ood. 
ornlitivity. Back-up mayin¡; uouolly 
mtat be provided by otbcr ouwle
mentary <quipm<nt. 

Pilo\ rel.oying;, dusilied RCCOrdinl t<> 

tbo typ< of pilo¡ channel tbat it uoed to 
coorn;,.,te U.e r<l.oyo ot oppolite """' of 
U.e trllllS01Íioion line witb =• OfloU.er. 
The ··~ire·pilot" cbannel <equi,.,. a 

Ccurl.,...pilot hiCiylng 
The relay equipn>otlt ..-1 witb U.e 

corrie.·p;lot <honDel moy be o! either tbe 
phue oompo.riooo type ot tbe dir«<io<W 
ccmpo.rison type. 

The phue compo.riooo type of re1ayirq[ 
<quipm«>t rompo.reo t1>e phue .,..e of 
tho cut<m .. &t - end or tbe lino """' 
tbo oorrier channd. 11 the tM> turr=,. 
are noo'ly in phue. u tbey ....,.,.¡,¡ be lot 
normal lood 01" l<>r enemol fault coodi· 
tiom. trippin& ;, blocked. On intemolline 
foul,. u.- tu<<=" ore neody 180 
<lq¡;reeo out of !>b-; the«fo<r trippin¡ is 
permlttod. 

Since the tenninol• of tranomi,;on 
lineo are uoually ratbor far oport, truo 
dif!crential n:laying io not awlicable; 
therdo«, diotonoe relaying ond pilot 
re!ayin¡; are partio:ular!y opp!icablo to fiGURI U. Coni"·•LI•t tto.,ml"'""""' ,...,,.,.,,, 
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The diT«tionol rompari..:m typ< ot 
rclayin¡ equipmrnt ochomatically ohown 
in F>CU"' 23 uoeo dir«:tionol rdayo ond 
diotanoe reb.y11 to .t.art the tronomitoioo 
of 0 oarrier oi,..W to bloek trip~ at 
both J;ne terminal, during edema! foulto.. 
On on Ulternallioe fou!t, oth« diroctional 
and di>tan"" rdayo stup the tranvni»ion 
of the corri<r oignol, permittin& both line 

• terminaJo to trip inotonts.neouoly. 
With "ther the pho>< romparioon or 

the diroctionol cumpori"'n type of rolar· 
in¡ equipmrnt, th< carn<' channel io uoed 
only to pr<ve-nt tripping on e>t<rnol 
fau\ta. If the protectcd !ine ocction io 
foulted, no eonio; olgnol Íl tran.mittod 
for bloclcing, and bcth terminah will trip 
instantan«moly. Convmtionol diroctionol 
oomparison equipments indude bo.ok·up 
rcloying foc both pho~~< and ground loultl. 

Pilo! rdoying equipmento, becauO< of 
th<ir high dogre< of O<!oct:ivity and hi¡h 
opeed operotion, are capablo of iootatin( o 
foulted tron~ line oection inotan· 
taneoutly at both line termWoJo. Thio 
n<pld clearing of tbe foult oftm permito 
the imm<diate crtlosin¡r. of the citnút 
b..,]<e~ ot bot~ tonnino.b of tllc liD< by 

"'"""" of ~ «<ayo. Thuo, tllc tran•· 
..,;,..¡on lin< is i:ltcrrupted for tho ohortest 
¡;>OOO!blo time. or.,..,..., i! thc foult con· 
ditiom penist "" th< liD<. thc prot«tiv< 
r*ys must re.trip thc lin< breakcn.. 

Tf<lnofe,.,.d Trlpping · 
""other f<>rm d pilo! <*~ fe< 
~ liDe protectio<> employo 
tnul$1'or..,.¡ trippinc. a ochem< where o 
''""""'ni<:atiOP cbanDd. is u...,:! tt> ,....,. 
mita trip signa! froon tho rd.ay lo<:atit>n te 
a ren>o<< Jocation. Lio< trander..,.¡ trip 

ochomeo o« olso l'un<ticnoUy differenu.! 
in noturc linee the fOflt el prot<ttl<m io 
prtcittly dtfined ond hl¡h opwi trippin& 
of aH linc tenninalo lo ebtoi:led !er o!oult 
onywhere on !he protected 1~ 

Thrce buic linc trono!«nd trippin& 
~<horneo ore uoed: di<ect underr<O.chln&, 
permi lli ve underreachln&, ond pennloolve 
overreochin&. The communk.ation chon· 
nelo commonly cmployed con be !re· 
quo:ncy oh~t audio tone oi¡;nolo over pilo! 
wlreo er ov<r a mkrowove chonncl; or 
norrow band, fr<quency ohift, carrb <tir· 
rcnt equipmcnt con be uoed over thc 
poW<r lino oonductoro. Al\ of theoo 
och<ffi<O r<quiro IWO·way communicotion 
betwcen coch poir of linc tcrminolo. Eoch 
tcnnlnol, In oddition to tllc communico· 
tion chonncl, r<quires !oult dctcet<>r 
relayo which ore dire<tionol. Th<Oc are 
uaually o! thc diotoncc typc for phooc 
foulto and o! tlle ovcrcurr<nt or diotonce 
typ< for ¡round foults, 

The dir«t und<tr<od>in¡; tronofcrred 
trippin& ochome, Fli[Ure 24, uoeo foult 
detecton oct te r<A<h 80 te 90 pc=nt o! 
th< lino oectien. Wh<n on undcrreochinJ 
!oult detector o\ onc cnd o! the lino opcf· 
otes, indicatinJ o foult. it trlps ito l<>Ool 
breokor di~y ond K<>do o ttonofot trip 
,.;~ to trip \llc r<m<>\e bruh:r dirc<:tly. 

Thc pcm>ial-n undeneachin& ocho;rnc 
oddt on additional oet of foult detecten 
wbicl> al'< oet te tadl beyond th< <en>ote 
lino tettcin.al or overtadl. "pin the 
underreoehin& foult detector ulpo lts
breakcr dirto:<ly and oend• • tranof<t trip 
ol¡nal to th< """''• liD• breaker. The 
r<m<>te bac breaker la pcnnltted to trip 

only if iu over,..ochin& foult detector has 
opcto\ed "" thio oome foult. 

Tho pcnnlooivo ovenuchU>& ochcn>c 
u ... only over,...chin¡ !oult detector> 
whkb, whm they opcrate ~na foult, """d 
• tronsfer trlp oi¡nal to \lle rcn><>t< ter· 
minal. At the T«J>>te termino], iU over· 
ruchlnJ foult detector will aloo oee tlle 
foult and wil1 K<><! o trorWer trip signa! 
to thc local termino!_ Eacl> tcnninal 
breokcr will be trippcd when both a 
ttan>fcr trip oi¡¡nal io · r<=lved ar>d its 
ol'<rrnohin¡ foult detector hu opcroted. 

Another uoe for \lle tranoforted trippiog 
chann<l io to ttip \he ro:rnotc breakcc o>f a 
ttonomi,.ion lU>e \llat terminat~ in a 
powcr troMformcr with nocim:~it breaker 
betwccn the tronofotmer and \he line, ao 
ohown in Fi¡. 25. Whcn a ttansf~nner 
fault occur>, !he tranolú trip channel io 
uoed lor thc tranomiulon o>f a tripping 
olanal lo thc remole llnc break«, \lluo 
<Ompleting thc ioolation of the tran,. 
fotmer from oJl pewer O<>UrCeO. 

Thc carrier curren< cbann<b provided 
lor TC!aying ore oom<timeo Uled jointly 
for ethcr function, ouch os =unica· 
ti<>n, oup<rvioory or rcmote rontrcl. ond 
telemetcrin¡. Whm "" uoed, the ciccult 
must be orranged to ¡¡;.., tho rdoys 
prd"""'O< during fault eo<><litiono "' thot 
correct bloclcing ot <X>IT'tct trippin& """Y 
be ..,plished. 

Multi-termlnl'll Lines 
Tbe idul trMomi..WX. lirle ftom a Jl<O' 

teotive <d.ayiro& peir>t <Í view is onc with. 
out &Dy topo &nd with a liD< circult 
break<~ o\ each o;nd.. For OCilfld cronomlc 
.-.-, maDJ' ttonomimon lineo ...., 
t&ppcd. ond thi> produceo o .nulti. 

fiGURO ••• - ......... do ,,.,¡ .. trlp -· 2!. • •••• ,.. ..................... . 
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di.tribution tirotllto und<T va.iouo e<:m
ditiono of oclecti>rity w;¡h other prot<ctiv. 
<qUÍpm<nt. For <Umpk, tbe <XI:r<mdy 
invene characto:riotic lo most ouitablo fa< 
~tioo with W.tribution cirruit 
fu>«. It is abo tbe lean likely to trip 
und<Sirably wh<n pid:i.Dg up a fe<d<r and 
a isJ-ge aocumulat«i l<>ad aft<t a prO

Iongcd ~ out.age. 
The applioati<m of <rv<rourr=t n:!ayo 

r<quires a •s>t= ohort-.circuit .tudy to 
<!<termine the fault currmto on which the 

tripping of the prote<tod line oo<tion 
unle" the foult eurrent Rnw io !nto the 
oection. 

1
Thio olmpli~e• tOe oel<ttivity 

probl<m betw«n odjoinin11 O)'>l<m ele· 
mento, .. p<cially on loop oyotemo wh<re · 
intcroonnectod circuito roturn to the .. me 
otortin¡ point. It ia irnportant that dit«· 
tionol ov<'cu<nnt r<!ayo be of the type in 
whicb torque io not developed In the time 
or inotontaneouo ovo:<cutrmt unito until 
the foult =<rrnt ;. llowin¡¡ in the trippin¡¡ 
dU"oction. This footure io cal!«! "dir<e· 
tional torque rontrol." lt provonto any 
fol"' Opc"ation lhat mi¡ht rosult ft<Jm the 
pow<t r<verul occwrin¡ ofter the olo•r· 
in¡ of an exlernal fault. [M<ctionol <>ver· 
curren\ Ttlayin¡ u•od for phue prot<etkm 
=¡ui~ a volta¡¡e IOU!ee fo>r polaTizoticn 
in <>rdo:r to eotabl;oh t~ ditectionol 
referem:e. 

Ground relayin¡¡ of oubtranomiaion 
•nd disbibutitm dm..ito iJ a=npliohod 
by m"""" o! inrtont&n<ous, time ov<t· 
CWTent, .nd. dl=:t:ion.ol ~eurrent 
rela)"l. Tb ... relays CllD ¡¡en<tolly be 
made to <>¡><rote r-or ond with more 
ld>oitivity for &round foulto ond otiU 
maintain oel=tivity becauoe theiT ..,. 
ne<:tiooo render tbem intmune to la.d 

Mlscellan&Oul Applicolions 

Thero aro other typeo of protoctive 
relayo that oro not prindpolly concerned 
with the rernovol of o foulted el<ment 
from the power o:;otem. A oynclmmiom 
check reloy wlll pe<mit clooln¡ of o ctroult 
brooker if the twc pOrto of the oyotem 
thot ore lo be joined ore olreody joined 
by porollol cirouito or hove not bcen 
ol!owed to &el OU1: of oynchroniom wlth 
ooch othor. An out<rmotle oynchronizin1 
reloy oon be uo«<. to join tW<> parto of o 
power o:;ot= thot are ll<lt in oyn· 
ehroniom but ore <>p<ratinll ot nurly 
the oame frequency. 

In COM<ttlon with the ptottctkm of 
tranomiaiOfl bneo. oubtronom!ookm lineo. 
ond feeder or distribution cir1:11ito. it 
woo mentiontd thot o lar1e proponion 
of tbe foLIIto ou tronsient in ooture, 
doin¡ little or no phyo;col dama1e il 
they or< quicldy ioolot«l. 1t io therd"ore 
poooible to roopply the volto¡¡e to u.
circulto immediately. Thio op<f11tiotJ 
moy be perforn>ed wlth &n outomoti<: 
rec!ooin¡¡ reloy. wlúch wlll outom.oticolly 
redooe o circuit breakor upon tripout 
with os m&llY u on< immediate ond 
three deloy«<. r~ 

•layo are ~«! to operate ond be oum:..to. Tl>e dite<tioouú reloyo ru¡uire • lt io oometim<O n«<<laJY to IÍR>It tloe 
lectivo with the rest of \be protoctive OOW'O< of polarizotioo that il obtoined . arnoutlt of power oent ovu 0 lirw in a 

_yst<m. For ozample, in oetting the piclr.· cither frorn • eurrent tronoforma in the porti<:ular dire<:tloQ, u to JemG"<C 1 
up <>< ....,.;tivity of a relay, the mínimum neutro\ d • ...,....,. or &«>w>din¡¡ trons· ]>Oltieular ¡enerator frotO the oyotcm 
faLIIt cun:eot erpected is colcul.ot<d. The fom~o:r or frvm the brol<m ddto of • when the powor bein¡ ddlvored follo 
<doy pickup is th= oet ,., 81 tQ inoure ito ¡row>dcd-neutral wyc-ddto poteotial below 0 <ert.oin _,1• Fu thne 
opo:n>tio<> on that cun:eot. The time traooformer bonl<. . ·oppücationo. ov.,. pow..- ond unda...,....,. 
~ o! the rday it ma.de usin& tloe relays o1 the induction dioJ¡ type ore 
rnaxirnttm f~ult eurr..,t upected oo tlu>.t A ~ ditoctional ...,¡¡ wlth indue· ..--~ uoed. <>p<rOtÍlll; wlth oame time delay 
the <doy wlU <7>-.ordinale in time with the tion cup CO<>ttrutt>on m.y be llkd in 10 ovoid uon«<<laJY trippin1 "" 1...,. 
IJ<Otoctiverdaysonad1cininl;..,....ofthe o:m¡uo<t>on wlth time overcuJTent unito -ory JKl"''<<" WTIIU· Theoe av.,. &nd 
oynem. to pr<rvide poweT di<ection.al prot<rtiort UJ>d<r power relays ore moot oemitive 

Th 
. .• . _, . · for \in., and dinribution circuito. Other und<r I>DI'1fiOl- condi•'"'""' wh•• .~. 

e oetting Y> 8 ..., .. "' bme OV«·" of riir=ti [ • ,....... - ~ "'" 
rurrer<t reli.,.. on ·a focda or ~bution types p<l'O'<I" """ uruto m.oy be curront io in phue with the vol~e. They 

uoed to trip a Une on , ... .,... f>O"'o'<" ·····• •· -•·--' • ·• ..... ~ •• eiTcult is begun"' the point fartbest re· conditioDO wbue thot line woo intend«<. """" not ...,..,.D....,...,.\h.,.e..., .. w..,. 
n><JV«<. from the ¡;eneratiog ~. Ao ol rcloyo uood for fllllt prot«<ion, whieh 

only oo on iocominl feod<r. · · .•.. • U.. rdayÍII¡ is ""' aod .,..,..dinated boclr. _,.., moot O<'fli>Uve tQ lhoot ==t condi· 
toword the ¡en<ratmz OO>urceo.. the ,;.,, tiono whm the CWTmt ;. "'ually hl¡hly 
reqi>Ífed to dear a fault be<:cm.,.longo:r 81 Utilization Apporcolus louin¡¡ the volto¡e. 
the ~ io approached (te< F~ 21). ¡0 ~ upcn the importOliC< cf Tbore ore aloo o number of owtiliary 

·«d« tQ ovoroorne thio dioadvant&ge, in· <ert.oin typeo of utifuatioo opporotuo. rel.oyo llkd in <or~junotiotJ with 1'«>
rtontaneouo ove=.JITent relayo are ofien v&rious formo of ~<Ctive rcloyin¡ tective r<la)"l for ouclo functlono 01 
uoed to provide high 5peed primary pro· that hove •lr<ady beo;n diiCUOI<'d moy be timln¡. lnt<rloelcin&, contoct multiply!n¡. 
tection. Theoe relayo must be oet to pick »pp]ied, oueh ao ovu &nd under fr<· eot~t•ct or circWt duty r<lievln¡. IJid 
up under m&Jrimum fault rurreot mndi. quency IIDd ovo:r ond und« V<llto&e. ele<tricolo<pou,tiotJ. 

_ tiom. fot.throe_phau. faulto ·""'""'"'haL Protcction. ogainot oin&[e. &rul. revened _ _ The • vootly . e•pand«l el<etri<:. power 
- obort of the end of the line, .. illu>trated- phao.e otanín1 m.oy be appli«<. to oertain- oyot<mO ptb:li<ttd for tloe futuro will re· · 

in Fig. 11. The t>haded ""'" of the figure typeo of alternatin1 curren\ motor in· quire much In the woy of reloy ptote<:· 
ill,.,ateo the in>provcmcnt in tripping stallationo wh«e ofuection of rotation ;, tion. The belt OI'Pf<*Oh to thi> tr<mon· 
time obtained with inrtantaneou• relayo. Unportant. Ov..-eurrrnt reloyin¡¡ io the douo job io th< uoe of the otondardi.z«<. 

Diroctional ov<r<."W'Tent rel.oyo ore uo«<. bao.io form of prot<rtion &KIIÍnot ohort relayin& thot hao beo:n d;I<."Uooed, which 
·numy place'5 on oubtratlsmlasion ond circuito. Dill"uentlal rel.oyin¡¡ moy be con brin¡¡ about better electrie oervice 

..,.tribution circuito .. Tho purpose of, tbe .. appli<d. whcr<. the oize of. the opparatuo wlth o mínimum 1 of applieotion effort 
dirocti<mal d>aratterilltio ;, to prevent juotifieo it. &nd expenoe. 

,_,. , ... , 
'' .,. 

HECTRIC-
-. 

e 

' 

o 

o 



e The 
Art of 

Power Syate~a Prolectlon 

' 
RELAYING FOR 
INDUSTRIAL ELECTRICAL 
POWER SYSTEMS AND 

EQUIPMENT 

Protective Relaying 

e 
' 



. 

\ 
, 

'"' Uf Of 
,..OTICTIYI lllUING 

1 

Contente 
• 

THESYSTEM .............................. . 

DISCONNECTION OF DEFECTIVE SYSTEM ELEMENTS 

METHODS OF OBTAINING SELECTIVITY .................................... . 

INCOMING·LINE RELAYING • 
Single Line Op..-ation ....................... . ............................... • 
Parallel Line Operation ' 
Single Line Operation Witb Stand-by ' 
B.i. Tie Círcuits ...... . " 
Generetor Cir<"llitll .......... . " 

MEDIUM-VOLTAGE MOTOR PROTECTION . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 13 

lnduction Motan ··•···•·•······•••···•·••••••• 14 

Syn~hmnoU> Motor Drivlng M-G ~ ........... . . .......................... 14 

SynchconoÍis Motor for Power-Utilin~tion Equipment . . • . . • • . . . . • • . . • 14 

Broshl""" Synchronous Moten . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

CONCLUSJON ·••··•···········•··•··•·••••••••···•··• 16 

~ REFERENCES ~ .... ·········•·····••·····•·••••· 16" 

GENERAL ELECTRIC PUBLICATION REFERENCES ......•••.•.•.•.•.••........• 18 

' 

o 

o 

o 

o 

o 



-------

( 

o 

...... , 
DUITII.O.L IUCIIICAL 

I'OWII OYUIM. 
-.o.ND IQU .. MINT·-

Relaying for Industrial Electrical Power 
Systems and Equipment 

Post d<-vclopmento ond cootinuinr; 
innovotiono in tbe ort el &moratln¡. 

- dlotributing, orul convcninc e\ectricol 
enerv bav< mode powcr tho backbonc 
of our pr«<nt-day indumiol monufac
turin~ and proco.,in& plont.l, Thc ccn
tinuou.o oupply ol thio en<ru ot a roa•· 
""obl< cost ¡, vital to tb< operab<>n o! 
theo< Jacilitin. ~tiol to the achievc
"'""' of tbese -1> io th< onvioing el 
thes< plonl> by o pmpe1'!y d<oign<d 
powor oystem wlth odequate and oo
ordinot<d pwtoctive <quipment. 

The ¡reat .. t ho<Ar4 te tho continuous 
oupply el olectrical <n«KY te its utili
••tlcn equipment lo o ohort circuit 
couo<d by imuloticn lailurc. Wben thio 
occueo. it i> nec..,ary t<> quicl:ly lnter
rupt tbo flow of ohon;-cit=it rurnnt. 
A prop<rly designed cloctric oyotem bao 
tuffident o .. ib:ility oo thot onvice "'"' 
b< moictained n-rn wlth the defectivo 
portien dioconnect<d. Ad<quoto ond ..,. 
crdinoted protectivc e~uipment will <n· 
honco oyotom opcraticn ami minimi« 
domo&e (dowt1 timo) by quicldy and 
outomotically diaconncctin¡ enly thot 
pon of tho oysl<m which io dof<etivo. 

THE SYSTEM 
In th< d<Sign ond loycut o! a n<w 

induotriol pow<r oyotom, one o! the fint 
problemo con!rontin¡¡ the lnduotrial 
powe< O)l'tem engin...- io tho """""' of 
rn..-¡y. Wbcre tho <eoncmlca a<c favOr
able, thio <oergy moy b< co.npi<t<ly "' 
p.~rtl.oliy oupplied by in-plont t<n<ra
ti"". Where in-pbont JmerO.tioo ;, tho 
oolo oource el ene,-¡y, multipl< ¡me.-.
tln¡ unito ore usually poovid<d u o 
meono el •«uring ¡:reate< r<liobility. 

Utiliti" oro n<l!od fcr th<ir vcry re
lioble ond ecooomicol o<rvlce ond, •• a 
rnult, tbe mojority of lnduottiolpowor 
·~stemo ore oitbor completely or par
tlolly onvie«< by thcm. The utility thuo 
bocom .. ., importan< p.~rt of th< In
dustrio! pow<r oystem oml the lw<l muo! 
b< propedy int~ot<d to oehi<V< ac
coptoblo oystem desi'n ond perform
ance. The induotda! power oystemo <n· 

tinc<r ohould be aworo thot one ol th< 
oimo of the utilily loto prov!de ro!iabl< 
oervlee lo oll cuolomort. Te thio .,.d, tloe 
utility must be oure thot ohould a !ault 
oceur In o usor'o <ir=it it will b< auto-

motloolly dioconn<Ct«< witl>out j«>par<~
irin¡ oenke to otb<T C'Uotomtn. lt io 
thtto!ot< not unrommon for the Utibty 
to hove <Stobli•h«< r<loyin1 rrquin:

]oled ¡..,m th< systcm by optninJ o~< 
or moro Jwookcn. Funb..-, th< pn>t<c
tive roloys which control th< tripping 
ol the breokert oboukl b< coordinot<d 

rnento for it! cu•tom« oervlce cirou'"- with resp«t to coch olh<r oo oo lo trip 
Th .. , roquin:men" aro quite ol!<n v<ry o'~Y the mlnlmu.n numb<r ol bt'<okero 
opt<ific, <mbrocing not only the typc o! duoctly oupplyin¡ the d<!<etivo elem<nt. 
r<l.oyin1 but obo the particular cba,...c- Thio type ol coon:lln.uion io calle<! 
teristl~. ratings, and ~~<ttinp lo be uoed .. ..,l<rtivity". 

METHODS OF OBTAINING 
SELECTIVITY 

Tllco< are importaot "' the indu.otnal 
""""'"' oyst<m d .. i3R« o~ they mu.t 
be cootdin.otod with tl>e downstR&m 
dovictl In bis oystom. Therdor<, much 
can be 1oin<d by oorly rontoct .o.nd clo« Tbe moot pooitive O<!<etive r<loying 
coop<ration with the utility. oyotom io the dilf«<ntial type, wher<in 

Tbo r<liability 0¡ on el«trk pow" r<loy op<rotlon io obtain«< whon th= 
oyslom con gmoully b< lmpmv«! by is • difforrn« b<tw«n cwrrnt ont<<in¡ 
prnvidin1 multiplo "'"'".. o! <O<r&Y- ~nd lonin& A pmt<ct«< ol<mmt- Tbi> 
lt ¡, th<r<for< quite commOB ¡.,- a syst<m ol rolaying r<quir .. o "pilo! 
utility-lod ir>d.,.IIUJ oyst""' to hove two clt.onnel" or lnt<rC'O>l<l«tirr& rltcuitty 
or moro in<:<~min& cim.ita. Th""< pnl- b<two= tho t<rminals ol the pmt<ct<d 
enbly ohould b< locot<d on '"'''"' el<m<:ll whicb can b< us«< in moking 
rl&ht-ol-wayi ond' orlginot<- ot difforent ~ the currmt · mmpa.;.ons. 
oectloJU in th< utility oystem. Yurth<r, Wh<r< A pilo! cbannd io not ovo!!-

• whero, 11 ;. l<aoiblo, improv«< oontinuity ~ able,- oole<llv!ty con- be obtain<d ·by a -
of oorvl« con b< obtain«< and syst<m grad<d time-ov="'t rel.oy oyslom. 
dioturb&o>«< minimi=l by oporating Bridly d<ocribed, this oyst<m us .. rue
the dreults in p.~rallol oml ptOVidmg ero! ond ti.- Kttinp .., lhat tho rel.oys 
.-.l.oys oond ctrCUÍt b<Nkon to outo- intmded fcr prot<Cting the foult<d ole
mlti .. lly o.nd quicldy disconn..-t a de- metlt openot< bdor< th< rel.oys loeot<d 
l«tlvo dreult. upotreom 01' clos« te the ooureo op<rlte. 

Wh.,.. it is not poosible te par-.llol Directionol relays may b< us<d in com
the incoming cirruita duo to '""''"' binotion with tho ovcroumnt reloys to 
b<ln& n<ln-oynchr<mous, or the inl«· prevonl op<rotion exc<pl In on< p«
ruptinl ntin1 of th< drcult breoken d<t<rmin<d diroctiot1. of P""'« flow. 
b<in& oxc<ed<d, etc., urvi« can be im- Wh<re the muimum currmt thlt can 
pmv<d by providin¡ outomatie throw- be f«< ov« a oound eiem<nt io <X«o&<i 
ovor oquipmmt. Witb ouch on uran¡e- by tho o:urrmt which wiU fiow into tbat 
ment, ohould the normal ooun:o fail, e]""""'t whm it ;. (itsdf) ohort ,;,-. 
tho Industrio! '~"""' would b< out<>- cuit«<, lnnantanoous ov..-curtent rel.oys 
maticoll~ switch«! to tho otand-by can b< u•«< to oupplemcnt tbo time-
circult 

DISCONNECTION OF DEFEC
TIVE SYSTEM ELEMENTS 

'I'be <OUipi<te iruluoiiUl oyst<m eom
prioeo mony <l<m<n!:o, oudl •• vn•· 
ro.t<>rt, tronofono<r~~, convtrtln¡ oppo
rotuo, owitch;ear, diotributlon drcuits. 
ond utili<otion oQuipment. In crder te 
molnto!n oervlce re!iobility, the indus
trio\ power oyotem deoi¡n<r obould m· 
dcav<>r te oo intorconnoct th<O< clomonl>, 
prcf..-obly thrnugh circultlwookeeo, oucb 
th.ot o d<focti?e clcmml moy b< iso-

overcurrcnt r<lays, thuo minimirin; 
trlppin& time. The in>tantantous rolays 
ohou!d b< o<t above the moJdmum 
thwu&h-foult curreni-

Wh«< on <lcmont ombroen •PI""· 
ci.obl< impe<lance •uch •• opon lin< 
wir .. , diotance .-.:Lays m.oy be used to 
obtoin "lectivity. The chorocteriotle of 
theoo r<loyo io •uch that they rcopoml 
to on lndicol<d impedonoe or compc· 
n<nt of th< impodon'e oucb os rcocton<e. 
Thio ohmic indication cu b< us«< '" 
pormit roloy O¡>e«~lion only whon • 
fault oceuro in the <lomen! ..-hlch tho 
rc\oy io protectin; 

' 
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INCOMING-LINE RElAYING 
Single Une Operalion 

1 

Mony indurnial •yst<ms oro 1«1 f«>m 
utilitl .. throulf> a oind• incominc lin<. 
Furtber, it JS oot uncomn>cn lot tho 
utility to oupply powu at a voltac< len! 
wbich io oultoble 1<>< ritber dir<et """ or 
diotributlon by the indu>trlol. Mínimum 
«loyin& lor th.s< oingle lneomin¡ dr
mits eonoiolll .,¡ 11=< time-ovet=Jnnt 
rdoys. Uouo!ly, tw<> of tho r<loyo are 
amonz«< to mtnUtor the phoK oumots, 
with the third n:lay monitcrin¡ pmu>d 
cunents. In od<hhon, the pbooo unit> 
may olio indud< hi&h-o<t inoton\onrouo 
<l=<n11. Fig.ur lo ohoWI ouch on OT· 
un¡ement. Op<:ration of the Rloys, 
D<vic<'l 50/5! an<l S!GS, ohould trip 
c;,uit btukor, Devi<e 52. (For ,,..;w.. 
, .. , devi~ fUDCii"" Qumber oet ,¡.,.. 

"""' No. 1.) 
Wb<1'< the voltage of the utiUty oup

ply io.ot o level that is unouitoble for 
tho indumiol systrrn, o tronsformer 
muot be includod in the utllity iot<r· 
,nn..ction. Figureo lb""" lo ohow two 
su<b typiea] or<oogm,.:fl\0. 

In Fl¡~ro lb, tranolormor protoction 
io PfDVid«< by the primory lu•«· The 
over<UNetl\ roloyo, O.vicn S0/51, pro
vide oyote111 b.dcup prot..-tion fot ph••• 
foults ond obould trip the tircuit 
breokt<, Or.ico Sl. Syot<m book-up 
I""Und rc!.oying ;, providod by D<vioo 
5\G-1. Thio dovico ohould trip tho ci<
oult br<okor. In oddition, oinoo it will 
op<rot< for ground foulto in the trono
formor oooon<lary, it lbould olio op<rol< 
"-" upotr .. m d<Vice to OOUS< tb< t>-ano- · 
f<>m>.r to be de-=&iud. Wbm it is 
importont that the upotroam device be 
tripp<d ao o toot resott, o otcund l""und· 
ovrn:un=t rolo y, D<Yico 51G-l, moy be 
add«<. Thio r<lay would be oet with A 

!on¡or op<rating time thon 5 tG- l. 51G-l 
would trip Dtvi« 52 only, ond 51G-l 
would trlp th< p¡-.mory b<eok<r. G<ound 
loults out ;, the industrial oyot<m ...,uld 
be <~•<od by the <op<rotlon ol D<vi<eo 
SIG·I ond 52. The primory lm:aker 
would br tripp<d for ¡<Ound foult. in 
!he !<Onofo<me< oeoondory ond ito oon
n«tlono to O.vice 51. Whero it is de
,;~ lo provide protoctlon ogoinot 
oinr;le phooio& duo to blowina of o oingle 

fuO< on the primary, o volta¡e-unbolanoe 
rolay, O.vio. 60, ohould be induded. 
Sin« thio r<lay io of the lnotontoru:ouo 
typo, it will reopond to tronsirnt un
bolanceo ~""'""' by owltchi.n¡. <te. Tb«<· 
lot<, to prevrnt unwanted of>< .. tion~ 
undrr theoe cond;tiono, o time-deloy 
ttloy, O.vk< ti?, whioh will ovenid< 
tbe tronoients, ohould oloo be included. 
Tho cutput of the Devl« il!l, 62 com
l>lnation ;, uoually uud lo trip lm:aker, 
D<vice n, cr, if thlt lo not d<SirM. it 
con be us«< lo oound on olonn. 

Fi¡¡ure lo toV<"'' th< arron¡.-n><nt 
wher< circuit broak<ts are provido:d for 
the primory and oe<ondory windinp of 
the tranoform<r. Overcurrent r<layinK 
ronne<led to th< tronoform<r O<o<mdary 
cirruit would b.- the oome oo tlul.t ol
reody dii<Ull>ed undt< Fi¡w-e lb. Pro
tcctlon lc.r tho tn.<llform..- wou1d b.
oboained by inotontontouo - time. 
overeum:nt pbase rolo yo, Dcvi<:e 50/SIP, 
and lll< time-overeurnnt residually 
ronnect«< ground r<lay, Dov.« SIN. 
O¡><rotlon ot theso drvie<o ohould trip 
D<vioo S2P. Althou&h only two pha><
ov<ramrnt el<rnents are ohown, mor< 
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•.nsitive !><Oiocti<>n for oln&le-pho~< 

lault in the o..:ondory drcuit ron be 
u•u«d by provid.in¡ thr.., ouch pho>< 
elomen,., Wherc tbe trondorm<r rotin11 
io 5000 kvo oM obovo, tbe imp<ov<d 
prot<ction Pf"Vidtd by trarulormer· 
dilf<rrntiol rol.oyt, Oev!ce S7, is desir
oble. Tb .. e -rola yo· cpcnote · through · • 
hand-resct lo<kout device to trlp oru:1 
loe k out both th< prlmocy ond occo!>d!uy 
br<ok<n, ~ ... S2P aJ>d SlS. In oome 
instanc:<S, • oudden-pnsoU<e relooy, De
~ fi.l, m•y be fumW.<d u en occeo
sory for the tr....torm<T. ft ron be US<d 
in !iou of, or to oupplomml, tbe tnons
form<r difforontial ,..]oys. " 

Pe~rclllel Lin• Op•rgtion 
As not<d Pf"Viouoly, multlple lneom

ing linos aro uood lo lmprove contlnu!ty 
of O«Vic<. Fi¡ures l, 3, and 4 oover 
three ouch arran¡emrntl where the lin" 
• ..., operatod in pe.rollel. R<fenin¡¡ to 
Figure 2, the voriouo rel.oy prot<ctive 

function> ""' •• followo: 
DEVICES 50/Sl llnd SIN-Tbese 

«lap p<oride ''b&<:kup" proucticn for 
tbe bu.o oond f~ eln:ults. A.l oueh. 

•hould • fault O<eW" on one ol U.e fttdor 
<>T load cir<Uito, U... !e«kr ,..]ayo and 
cirouit bruk<r ohould normally <>p<cat< 
to diocoort<ct the ddoctive circuit: how, 
ev<r, •boold tboy foil to do '"· tho in
.,,,.,;,~ tin< ffloyo, O.vioos SOjSI or 
SIN, would op<n the incoming line 

- buok<r< to cloor, tbe foulL Tbt op..-ot
ing time of U.e O.vicos SO/SI ond SIN 
should bt &O't l""'or thon the rorus
pondln¡ !o«<ot circuit ,..Loys. ~«olly, 
the D<vi<<O SO (lnstootoo<OUS ov<r
cwnnt) pntion of tilo p.b..., l'<lOJ'I 
""'uld be disconn«:tod on tilo incomin¡; 
line cirruits. Tbey would be inc!uded 
only whto it is desittd to mne U.cst 
«layo dupUcot<l of (int=:h.ongeablt 
with) rorr<Opondin¡¡uloys on tilo fttd<r 
dreuit.J. 

DEVICES 67 ond 67N-Tho<oo diret
tional ovtttW'1'<nt ro!oyo provido prc
lection for faul" thot occur on the in
comin¡ line drculto ond tbe utility oy>- • 
tem. k oucb, U.ey oro o.unged to 
optfil\e fot <U<nnt flowin¡¡ owoy from 
the bus. In oni<r to o«:»« compl<te <:<>· 

ordio.otion., their Op<"tot!n¡ time ohould 
bt: l<ss U.on U.e nOfldlrottio<lOI ov<r-

IR.UING o 
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.. 
cum:ot ffl&ys on th.,. cireuits. 

DEVICI!. 811..--Thlo rdoy, beU>.¡ of 
tb< diff<rrntiol typ<, providos o roeans 
o! cl<orin¡ o foult en tho u\ooming lin< 
circui" much fntor thon con be don< 
witll the directional ovettun<nt relay•. 
lt sbould be u•od te ouppl...-nent, not 
reploce, U.e dor«tionol-ovor<Un-ent «
la}OI oincc it operoteo only 101' loults 
wbkb nnbrooe the incominl IÍ<l ... Tbt 
dir<etioturl-OV<<CW'<<nt reloys on Uu: 
otM!- h.ond wiU op<rot< not on!y for 
foults .,.. the inmminc elrcuit oboul<l 
D<v~ 87L foil \0 <>p<nte, but aloo fot 
f~ul" furtb..- out oro the utility ·~ 
..,.¡,¡clo, mi¡ht bt fod thr<>u¡b thcsc ;..,. 
comin¡ dr=its. Tbe O.vlo:e 87L o<b..ne 
Rquirco tb< inotollotlon o! o relay et 
ucb eod o! tilo prot..:lod l!ne, with ~n 
inttteonr~tctlntl polr of loado (pilot 
ohann<l) bttwNn the two. 

DEVICE 87II-Th<>< releys provide 
hi¡:b.-•p<od, •onsltive prot«tÍ<ln !01' 
faults which oco:ur en the bus. They ...., 
of tbe differrndol typ< ond would bt 
""""!l«< to operote. the hi¡h-sp«d, 
hond-reset au•Uiory ffloy, Devio< 86B. 
This rel.o.y, in tum, trips all Uu: circuit 
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2-Relay Dev. 50/51-I.O.CSI or 1.0.03 

,1-Rolay o.~. 51N-I.O.C51 or l.O.C53 
2-Reloy D.-.. 67-18C51 ""IBCSJ' -~. 
1-Relay Dev. 67N-IBCGSI or • ' 

lBCG53.+ 3.0.u•. P,T,'IJE-27'': 
: ' r'o -1-Ralay Dn. 87l-CPD 11 + lnouloting 
r )t,_ · : ~ ~ 5 

P _ "9, · ·. Tronolorriier, Too! SwilcO 8 Voltmetor L-y;2-:¡-··-------¡ ;---~- ~z-z ·~,'Oneoalalou•.PT'omaybocomman 
! -- BUS ' X ' X --.- "" lo both lineo ' 

. -
1 1 1 Each Buo Section 
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lo.- - '-' 1-Relo, Dev: 96B-HEII ,_,,_,,_f----- "·18-" -------- , ~Zf , Note, Do!ted Er:julpmonl Optional • _,_, 
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b«ak<J'3 oonnectod to tho bu• and pre- toction again!t singlo pha•in¡¡ due te 
venls the reo!osing of those breokors the loss of a fuoe on th< primary side of 
which can leed power to the bu•. Buo eith«" or both o! the transfonmrs, a pro
diffon:ntial n:laying is ""f>«iolly dosir- te<tiV< >ehem< which indudes Dovices 
ablo wh<r< a bu• !lo drouit br«<k<t, •• Me, ~OV, and 62 may b< uS<d. In thio 
d<Scrih<d lot<:t, hoo be<n provid«< sohom<, D<vi« tiOC is arrangod to rom· 

F;gun: l ohowo o typieal arrangoment par< lh< ma.,itude of oaeh indhridua\ 
whe<< tron•formen ~th fused primari"" pha« oum:nt of one trandonner with 

' 1. Wb"" !he tronsfonners 
op<ratin¡ in parallel. 

""' not 

' 2. Wbm tho tra""lom><n on op· 
erotin¡ in porollol ond fuse failur< 
ooours in !he same phaoe of botb 
tra,.fonnen. Suoh • oondition would 
no! be detocted by Devi<< 60C. 

are provided h<tw<on th< indu,triol ond the oorm<ponding phooe currento of !be Where the utility •Y>t<nt is grOUnded 
utility oyst<n>•. O.vic« 50/5!. 67. ond othor. Should o fuse on on< o! !be tron>- and !be transfonner vrimari<'l ""'delta 
67N p<ovide protoction os outlined in forme"' blow. the pbase ourrents be· <onne<ted, line·lo·ground foults on tho 
connecti<n1 with Figure 2. The indusion ~ the units would b<eome obrtor· hne• feedini the tran<forn>en will not 
of d~tional ins.,.ntanoous ovorrurrent molly unbo\on<ed cau<ing O.vioe 60C be detected by tho fu,.. and overcur
•• o part of Devio. 67 im¡>r<>vdl trans· toO!'"'"'" and trip !be 5econdaty brook· «n! rday• ohown. A •ensitiv< power di· 
fonnn prot«lion. lly oetting th«< r<· er of !he faulted unit. D<pmdini upon nctiono\ r<lay. Devio. 32. "'hich oper
lays to op<rate on bus-IoM lronsfonner oumnt·lnlnofonn<r ratinl!". etc .• O<:vi<:< •tes on power llow ftom !be induotriol 
fault ·=ents which a« above tho cur-- 6()C moy b< sol· to '""pond ro a· mW· • oyotem may b< US<d to dioconne<:t ouch 
'"""' thot cim I!Qw for fau\15- out on !be · mum unba\once · of ·¡o· percent · of ·!be- fou\ted lines from tbe jndustrial <yot<nt 
utility oystem. high-op<ed tripping for tronoform<T rating. Whon !be banlul OT< bus O.vie< 32 io se! lo opera!< oo tb< 
the more sorious trandormer failures not op<ratlng in porollel, Devioe 60C ;, no-load !coses of tbe tro.uformer and. 
~•n b< aecuced witbout aacrif;cíng co- m~d< inop<.-ahv<. Th< vo\Uge unbol- •• oucl>. will b< O<ollitive to ,nomentary 
oroination.- Devied SlG( )A and 510 -- one< <oiay, O<:vice 60V. and its tune<. pow..- . «V<na\s _ whkh _ .-eoult from 
( )B provide vound baol<-up protection O<:vice 62, operate .. <i=bed. ..,-evi- owitcl!.in¡ operations. Timina: .-.J.ay, 
•• described. previously und..- Figur< ously. lts function is to detect • blowo Deviee 62-1. is provided to pr~t un
lb. Wb.,, it io desiced to provide pro- tu .. u!!&< !be fo!lowing com!Jtiom: ne«UUfY opo<111tion under th""' tran-

' 

• 

o 

e 

e 



e 

o 

o 

oient ..,.¡itioas. Wh<n biP op«d bus 
ptolection ¡, <l<sired, Dcvk<s 878 aJ>d 
868 obould be induded. 

FIEU« 4 ohowo an orn.n¡em ... t whett 
cir=\t htuk.,.. teploco th< !use o!>d 
owitch _ ohown _ connectod to lile tr&n.l
former prtmari"' un<le< Fi¡¡ure 3. Tbo 
buio minimum roloyin¡ ond many of 
tho opt:ional p«>t..:tivo <levic"' wiU b< 
tho ume f<>r the two «mditi""". In 
Fi~JU<• 4,itwiU b< not«< U..t theopticool -
oi,.Pe·pha11< protectlon (Oev!eq. 60C, 
loOV ond 62) inc:\udcd under Fi~ 3 
l>.u b<en omitted. Sln« tbe fusa ud 
o..;tth.. on tbe prúnafy oide of tbe 
~;r..,.!<>nn<n hllve b<en r<J>lo«d witb 
cln:uit b<eolr.<n, tbe pooaibility of 
oing\e·ph .. e opero.tion lo moteriolly re
duood orul sin¡\e-ph.,e pr<>t..:tion is 

,. 

\ 

" -· • 

OllA' 1-
' lniAl IUCTOICAl 
OOWIO tu·, 
AND IQU ... tiN1 

sddom cunsidcnd noussary. The addj. to oporat~ tbe ineomlog lin<s in po,..l!el 
tion of th< primo.ry clteuit bttollu<:l pro- Wb«< th<oe cond>ti.,. <ri&t, it ;, usual 
vid<o o,_.,.. o! , .. di! y looloti.n¡; <itb..- pnctl« to f...:! tlu• bus f.mn o oin&]e 
tnuufcrn>et from botb the utility and !ino; tbe remoiníng Line providi,.z on ol
industriol oystem. The """ of tu""· tomate <>r otond-by ooun:e. Servke «m· 
form..- diff<rentlol ptotection {D<vkn- tinulty at tbe buo ;, impr-ov<d by pro· 

· 67T ond 8liT) ohould U=dore ,.,.;.,...¡y vidinl oontr<>l which will out<>moticolly 
be oomider<d lor tronsforn>ero roto:<! owitch tbe bu• from a foiled •o=e to 
5000 kvo ond obove. Ao .fucusl<d pr<Vi- the otond-by <ireuit. Such control lo 
ously in conn<ctlon witb Fii'I'<' le, D<- coolled automot:ic throwov« <quipment 
vio. 87L ptovid01·hiih·•P<ci trippfuz ond moy b< of tbe ¡=1..-e<>tiol or non
for laults on utillty linos. p«f.rmtl.ol and o~hronew <>r oon

Single Line Operotion With 
Slclnd-by 

Under oome conoj;ti<>n> oueb •• U..W
Iici.,.t breoker intenuptinc¡ capability 
syot<m opo;rotin¡ pn>e«<ureo. n<>n·O)'Q· 
chronous oourc<S, etc., it is not poa!ble 

oynchrnnaw typa. Rd<rrlnv; to Flrp>« 
S, t1>eoe ...., ddin<d ,.. !ollowo: 

PREFERENTIAL 
T1dl ~ of oonm>l would b< or· 

r~«< IUCh \hot tbo bu& wouJd 0\· 
woyo b< conn<ct«< to tbe pref=«< 

• 

··:,., 
·•• r 
-~· . 

.. 
' • 

~ .. 

• ' '...-~-~------- --'~----'--· ..... ....-
l'v••• 4. IO(o-ondod '"'"'""''" ""'"'""" loo '"'-'"1 llnoo OOoOOtod jn paoolt .. wltk IO<oj """'"''"'" ho•l"' ~,¡.,..., b, ... ,., 
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ltl um.ITY 
UNE 1;0.2 

RElAYS 
Ct< l1NE 2 
SA"E M 
SHOWN F'O • 
LIN[ 1 ·~;_ __ ) 

' 
.. ,_. -

' ' . 
,-"'"~ TO ~E 010. 2 

• • ' fclch line 
~IN· r-----~ELAYS 2-hloy Oev. 50/51-IAC51 or IAC53 

' . • 
< ~·' • • • 

Dc.:---,--c _______ _ 
. 

1-Relay Oev. 51N-IAC51 or IAC53 \ 
Dev, 51G-IAC53A moy be ouboti-
lute<l for Dev. 51 N. ,.. , 

1-Reloy On. 27-IAV -• 

"" ,~ .. ,( ' . ) ' 
EnJS ':._ ~ r (,_S~~ 1 

. . . . . . 1-Relay Dev. 271-NGV (include only 
if oourceo ar• oynchronauol • 

Each Buo •"" • '. 
' . 

- • 
. 

• • • 

' .. • • . -· •';_ . 
lli -: . . 

• 
• 

.. 
1-Relay0e•.81-CFF12 •, 
1-RelaiDev. 86-HU, 

: 1-Relay Oev. 868-HEA 
3-R.Iay D.v, 878-PVDIIC ··-

• Note, Ootted Deviceo Oplional 
• -

í .•. ' '-' ·, 

' • • 
. "' • 

1 .''--_ -,-v-, ~-'----'' 
. ¡ 

' 
L....-----'--~ .c. -'--------··- -~- -- . ' -------

...... •• • ..................... _ ....... tlo ........ , .. _ ... ''"" """ ...................... . 

oour= whenovcr lt io av.il.oblc, and 
would connect to thc otand-by 0ourcc 
ooly whrn thc profc=d ooun:c fmilcd. 
A .. umin¡ lin< No. 1 ha<! h«n odect
cd •• thc pr<f<ri'M oooroc, tben: un
d..- nonno! c<m<litlono, clrcult break<r 
~~-1 would bt cloo<d ami círruit 
'omolo:<r ~~-~ ...,uld bt open. Sbould 
lino No. 1 foil ond <n«zy be oVail
oble ov..- !in< No. 1, the ccntrol 
"""'kl ouromotl .. lly trip circuir 
break..- 51·1 aJ>(I then olooc circuit 
break..-~!-!. Should lino No. 1 sob.. 
O<Q\<rntly be rt·<n<f'Ki«<l, tbc cru¡t.-c! 
would outomotkoUy switch tb< bwo 
bock lo !in< No. 1 cvcn though linc 
No. 1 obould be <n""'::Í%ed, With tbc 

i" prefcrmtlol typ< of oontrol. a UQ!t 
ocqucncc selector switch, Dcvioc 10, 

- io p,..vlded oo thot thc op<rotor may -
- oel.ct • tlth<r ·!in<· oo tbe · pref=M 

• 

-· 
NON-PREFERENTIAL 
. This \yp< of control io orrafiiCd 
sud> tbot tbe buo would rcmo.in ,.,.. 
nrtt«l lo on< of thc lineo until sucb 
time os it obould foiL Rcf=inl lo 

Fi~r< S, oooume circuir breakor 52 1 
woo clo .. d ond rh• bu• wo• cn<"iÍ%«1 
from llne No. \, Should lin< No. 1 
ton ond voltol< ,...., availoble al lin< 
No. 2, cir..-uil br'"ker 52-1 wcukl 
opon oml <ircult br.akor 51·2 ....,uld 
<looe. Tb• buo would th<n contlnue 
to be 1«'1 from lioe 2 until mch • 
time os it obould foil. 

pr<l<r<ntiol-typ• throwovtr, thc con
trol would be arrang<d to prev<nl 
overlop wheu ttono!erring !rom tb• 
otoo>d-by I<'Urce to the l"'<f<rred line. 
In oth<r words, the break..- collf!.ct. 
in¡· lh<"olond-by !ine to ·lb< buo 
would be oponed be!.,.. tbe puf=M 
!in< br<ok« io <loo«l. 

VoltOI< rcloys ore I<D<rally US<d in 
oU ocb<m<S tn initlote _.,._ Tbey 

SYNCHRONOUS ohould be o! the tirnc·d<lay typ< m IK<· 

Thil typc of «>.ntrol ....,uld be used vcnt uon«<SSoey DP"'•tion of !he 
...-hcn thc two !in"'.,-, olwor> in orn· cquipmmt due tn mom.,to¡y voltoge 
ch.-onlom. Witb oyrn;hronouo ~ dioturhonceo "" thc oyst<mo. Othor 
ond pn:f<r<ntiol-lyp< tbrnwov<r, the {..,turu whleh would be inclodod .,.. o 
control would be orunged mcb tbot monuol-outomotlc tronofcr owitch and 
witb both Un"' cnt1Ki><d, a tn.Jl.of<r o hond-rcs<l locknut r<lay, Devioc 86. 
lrom the otond-by oow-ce lo thc pre· Tbc monuo!-outomotic owitch llfOVi<l<l 
lcrnd oouroe would be modc witb o meono of <endcrln¡ tb< outomotic 
ov<rlop.-Thot "lo; !he· bruker- oonc- oquipment' inoperotive- ond "plocing !he 
nectin¡ · th• Pf•l•rred ·nne ....,Id· be control ol the circuir breo k,. uod<t th< 
doo<d btfore tb< otond-by l<lur<< il oupervioi<m o! on cp<rotor. Thc lockcut 
oprned. reloy io aeuuory to prev""t c<mliDuod 

NON-SYNCHRONOUS 
cper11tion of the tbJowovn oquipmeot in 
th• nml • !oult obould occur in tbe 

Tbio typc o! control would be uoed " industrio!• oyst""'. wbldt • uqui«s. tbe 
wbm tb< ~a !ines "' not in oyo· ~a! tll< ;..,.n~n¡.tP>c bru.ker1 to 

chronio"'- W1th llflll-Oynchro- - ekor lt. 

Ol 
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TO U11l.ITY 
LINE NO. 1 
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T0 UTIUTY 
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•nATINO IOfl 
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1 
1 

' -1 

' -<·~l'l\ 1 _1_ -~- : 
Zf-1 'Z71·1' ... :w-ii' , , ·r 1 ,-:·¡· --.--!1 

Ea<h line · 
2-Relay 0"". 50/Sl-IACSI or IAC.Sl 
1-Relay o ...... 51N-IAC51 <>< IAC53. j ' -. ·-~-~.' ~ :F:-...., 

Dev. 51GS-IAC53A moy bo oub-
olilutod for Dev. 51 N. i. 

' ' 

. 

k . . -
' l 
1 . 

' 

. 
' 

' -
"" ' . . 

. 

' 

1-Relay Oev.51G-IAC11AoriACI3A 
1-Reloy Oev. 27-IAV , 
1-Reloy Dev. 271-NCV (indud• only 

1
1 

if oaurceo are oynchronouol 
1-Relay Dev, 60::-=NBVII A . 
1-Reloy Dev. 62-IAV51D + JE-27 -¡ 

Au~. P.T. Cat. 760X906C2 "~"V·. 
Each Buo ', __.. ~ ' "11 • •- ' ~ 

1-R&Iay0ev,81-CFF12! -, ':·.~·~ 
1-Reloy 0...-."86-HEA _,:, , 

1 1-Relay 0"". 868-:HEA ' ' 
3-hlay Dev. 878-PVDIIC \ 1 
Note, Ootted DnliH ~ptloñol. , 

,~. ~ . . . -. . . ~ . 
• ,.,_ ,, ... 

• 

' ' 
TO \.OAOS ,. .. . .J·· . ' • ·-· --' . • , .. •. • ·- --~· ;..... -~------

- , .. ~ -.. ·- ' ---'-'-'--
, .. ,,. 6. '"'""'"'""""" "''"'"'""' ""'"" .. 1>< two '"""''"• lln" '"''""' .. '""" konolo""'" 

ond wlth th,.,. .. ,. "'''""''"' 

R<f..-rin& to Fi&Ur< S, the ov<m>rr<o-t 
mayo, Dt-vk<s SI end S IN or SIC, pnl· 

vide bus ptet«tlon •nd bo<k-up prot«· 
1 tion fa.- the feeder rir<:uito. Tb .. < reloys 
O!'<'"" o.v;cc 86 wbicb tri¡>~~ the m. 
comins line bn•kers Sl·l •ad SZ-2 ond 
rmdcrs the outom•tlc tbrowov<r <quip- · 
mmt lnop<:n~tive. Dt-vi<e>l7-\ ond 27-2 
"'""' the pr<-~one< or •bo-en<< of voltai< 
on U.eir ru~!ve ll~<• to initiat< op
erstion of the •utom•tio throwov<r 
<quipm<~t. Oevke 271 would 1>< in
oluded only 11 the oouroel oro •ynohron
ou• to p«v<nt op<rAtion al the throw
over <qulprnent due \o momentary 
volto~< dipO whloh mi~ht occur Olmu1-

taneouoly on hcth linos. O.vi<< ~7B 
wt>U!d provlde hlch·o_.t prot«tion for 
th< bus. lt """'Id open.te Do-vice 86B 
wbicb, io tum, lripo ell oircuit breek<f'S 
<:OtU><ct«< to tho bw. Wb<« >ynehro<t
ous motan or< f«< ftom the bw, op.ra
tlon of tbe thr<Jwov..- <quipm<nt would 
be deloyed oin« th<>< mochinn would 
aot u ¡;rnetotol'l rn m•intoin vallo¡< 
on O.vice l7 whon th< i~oomin¡ oervke 
lails Wh<n thio io tbe <•••· Oevioo 81 
would 1>< included ta op«d up the trano
fer by deteotln¡ o decline in frequ<noy 
ond removlny; fteld frarn the motoro 

Fl¡;ure 6 caven on orron~.-mmt simi-
lar to Fi¡u« 5. exoopt thAI tt•nsformon 

witb primory IUS<I ""' included b<
twoen the utility o.nd the induotriol oyt
tem bu>. Th< uLoy;n¡ lo .,..nti.olly th< 
sam< "' U.ot «>Y<red under FiiUI'< S, 
witb tbe fo!lcwin¡; ueeptlono. Wb<r< 
SIN (or SiCS) ¡, not ineluded, O.vice 
SIC >h<JUld be •rr""'-«1 nat anly to trip 
a circuit hreAk<r on tht primory of U.. 
""""form<r hut o loo op<rote th< lock<n>t 
Dt-vioo a6 and thwo trnder the-outomotic 
tlu-owov<r oquipment inop.rotlve. lt 
sbould be noted lhot SIG not anly pro
vid" ¡round-fault bock-up prot«tion 
lar the feeder olrouit> ond protection lar 
tbe bu•. but it wlll oloo OP""'' lar 
fault> in th< tronoform<r o«:ondary 
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windin~ and lh< ccnn«:tiono lo U.. 
tronsf<>l1II<r _,ru~ary b!Takor. Thc 
tht<>wov<r oquipm"'t will th<rdon b< 
~rily bi<lclted lor tb...., lotto1 
faull:l. With tho odditiOft of o,.,;« SIN 
(or S!GS) ond orrongin¡ it to op<TOI< 
O.vic< 66 oOO block tho outom.oti< 
lh~<r <quipm<tlt, ocrvie< continuity 
at tho b<a ia ¡,~lo this ins~a<~«, 
opention ol ~ 510 -..Id trip tbc 

" 

transformer primory ond o«ondory 
break<n Ofld initi.t< outom.otie throw
OV«". \Vl,.,.. it is deoiRd to initiate 
throt~~<JVn u¡><m lou ol o tronslorm"' 
primory luoc, D.ovka 60 ond 62 would 
beinol~. 

F~ 7 is tbc .._ u Ficw"< 6, .,._ 
<cpt <i=lt breaktn luou """'- oubrti
tutcd f<>< tbe na.. <><> tbc ttanslormer 

primori<O. Deviceo 50/51, SIN, SEOS, 
5!0, 27, 271, 51, 86, 86H, ond B7B oper
att u deoetibtd fw P'lguR 6. Tbc o<ldi
tiCII> of Dev;""' 63, 86T, B7L, - BIT 
wi1l provid< impnov<d and lute.- pn>
trction for tho utillty Unet ond trans
formen. In addltion to trippinr; break
... 52 lll>d 52P, ~t~ ... obould aloo br ar
...npd to Wtiate throw<>w<, thua 
•Ytridhl& the tim• &!ay owhkh W<><ll4 
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Circuits · o~e ~ nec ... !toled in woitlna; fot ··ro.oyinl pwvideo o luto< ov<r·o.U rday·· Generalor 
tbe time-dd.oy undervol,.g< re1oy, 0.- •ystem tb.on io poso!bk w\th tbo oon Pr<>Udion fe< g<r~rrotor clrouib i:o 

cov<r-ed by Fl¡U<e 9. Tho volt"i'""'' 
otrained over-currmt "'''Y>· Devke 51V, 
provide optom boook-up protection. 
Whrre !he ,.,...._ lt OJ>tr'l~ in 
,..,...n,¡. witb other- ..,.,,... .... they- a1so
provide proteotlon for tbe l'fle<Btru". 

Ground prot<etion i:o provldrd by eitbrr 
Device 510 or ~oGS. lf tb< oyotem 11 
""undrd ot oome point other tb.on the 
J<n<"''to1'•n<Utnl U..to.ntaneout-~ 
.-.lty, Devi« SoGS ohould be iodud<d. 
1t wiU prnvide ,..,.;tive hqb-operd 
ground-fault prntection for tbe grn<r•· 
tor. lo the rvent tbe •yottm lo """"ded 
al the 1'""!'1.1<1< P<Utrol, r<loy ~ 
~IG oiiDuld bo lumiohed. ThLo rday Lo 
of !he timr-deLoy typr ond wiU pmoide 
oystem boc<k-up •• well ., l.,.,..tor 
¡¡mund-fou!t. prni<Ction. _ Devicc _ 510 
wlll be o!owor operatina thon SoGS. 

v!ce 11, to op<<at<, vmtlonol orrongemont uoing an individ

Bo,s Tie Circ:uits 
ltl¡llfe 8 caven !he bua tie circult &<· 

"*"'.....,.' wher-rin oll. tk CO<lfl«ti""" 
ore In !he owlt<:h&eor ooxmb1y o< o.-. 
bwo duct. O.vk .. ~0/~1 ond SIN pro· 
vide ov=mt protection lo< tbeir r<

op<dive bwl ..,d boc<k-up pmt<ctlon !ot 
!he 1..-.:len. lt ohould be DOled • •inlk 
oet ol relayo ap<n~l<d lrom cu:nnt 
tronsfenn<n In tbe incomln1 ond ti< 
cir<:Uito hu """' provld<d for ooch buo 
oectlon. Tbis t)'P< of rdoyU>;: Lo oomo
tlmea called "p.ortiol dil'l<rentiol cr oum
motion rrloyinc." Witb tbio ~<. the 
curr<:nt transi'orm..-. are oo ¡,......,. 
nocttd tllat thtoud> cutr<nb, i.o., ow-
r=to that ftow In the lncomin& <in:uit 
..,d out tbe tie o!r<:Uit or vke vrru, do 
<><>t oppear in U.., re!.op O.Vkr ~0/51 
or 51N. The rdap tbus W<>llld open.te 
oaly oo tbooe !o.ulto wiW:h involvr <h<ir 
po.rticular bus oeotloo •<><~ fr-rd<r cir
cuito. Portial-dil'frrential or ownmotiO<> 

ual ott el eve=ent re!.o}'ll for e..:h 
ineomi:t1 cin:u>"t ond tbe tie breoken, 
oioce .,.,. rday ot.tp lo eliminat<d.. 

The use ef co.bl .. ohould b< avoided • 
in mol<inc bwl tie ecnn<etions oince tbe 
intepity el tbe bwl ooction to whkh the 
eab! .. or< oennocted wlll b< no botter 
tbon thot o! tbe oob!eo. Wllere lt lo 
=-ory to use eobl<o, considcrotion 
ohould b< ¡¡ivrn to prov;ding o tie <ir
<:U!t btooktr 1<>< e..:b buo s<ct!on o<>d 
¡m>vidlnl tbe n<e<Ooory «:layo te epen 
U...e br<oko"' in oue e! c•ble lault. 
Cocltinulty o! oe<Vice ot tbe buses wouJd 
thwo be moiDtained. The r..:o<~>mrnded 
rdayi"' for !he cableo wouJd be of tbe 
dil!:.....,tlol types, typioolly the !JO, 
C)I'O or PVD. Whe<e lt Lo desl<ed to 
oponot< witb tb< tle drc-ult normally 
opon, operat:ing ~uro ohou1d ~ to 
lt<ep th< cobles .,...P.ed !mm ""' er><L 
Thio wl11 .,.""' drlectln1 eabl<o loulto 
ohould they """'' when tbe tie ct..-..!t 
i:o 1101: In UO<. 

Anti-motorloJ pmteotiDD, O.vice 31, 
ohould b< provided for ..n maehlneo ""' 
<ept hydro-1=-tono ond .-.: •too.m· 
turbin< len<r•tors wbi<h ... pmvided 
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3-Relcy Dev, ~IV-IJCV 

' 1 

! 
b _......-~ .,, 1 

~IV ¡z ?.'o)-:--(~) 1-Relcy Dev. 51G-IAC51 or IAC53 
(uoe il genorotor neutrol lo 
grovndod) 

1 

t "" 
1 • 

• 

1 Rf$. 

¡ 
., 

' ' 

' ' 

-• -· -' " . 

'n) REG. 

• 
' • ~ 

' ' -, . 

1-bley Dev. 50GS-PJC (uoo if 
gonera!Of neutro! io ungroundod) 

1-Reloy Dev, 32,-GGP (Sreom Tur
bine Drivel or ICW IGao Turbine 
or Dieoel OrivO) moy be omi!tod 11 
protectivo fun<tion io includod wilh 
oteom turblno. ' _. -

1-Reloy Oov . .(Q..:..CEH ISiotor lmP<'d-
anceTypelOi' 1(2820-AIOO lla .. 

• of fjeld Curren! Type) 
1-Reloy Dev • .(6-INC 
1-hloy Dev. 64f-PJG 
1--Relay Dov. 60V-CFVB 
1-Reloy o..,, :59-IAV71 B (In elude 

wj¡h hydro only] 
1-Relay Dev. 86--HEA 
3-Reloy D.-.. 87-CFD or IJD 
1-Reloy Oev. 87G-ICC -

Note, Dolted Deviceo Optional 

• 
• ·-. " -.... '• ~' . ~ ' 

' . 
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o;,,.,. •· , _ _,.., '"'"''"""' .,....,,_ lo, ..... -n 

with buih-in b!.& trmp<uture prot<c· 
tion. Wh<1'< th< motorinc loars aro 
~bov< S per=t o! tho maohlne uting, 
tho Typ< ICW relay ohould bo u.<d. 
Mct<»·u>c lonoo b<low S ¡><t'Crnl would 
=¡ui« tho Typ< GGP «loy. Twc typa. 

o! ut.yo &« &voit.<blo lor US< u Do
vi<< 40 te d.t...-t loos el rocitaticn. Th< 
oimploot lyp< io th< IC2820AIOO uml<r· 
<."Uncont r<loy. lt would bo <onn<ot<d in 
oori« with th< ¡<o<rator liold and would 
<>p<!'O\< wh<r<v<r <."Urr<nt ''"'" to Bcw. 
Th< rdoy obculd be provi~ with a 
<bort timo cl<t.y to rid< throu¡h ""'· 
meotary int=uptions o! eunmt flow 
whioh oorn<timro ocrur duo to ohert 
circui!J on ti>< oyotom. Tho f<lay wculd 
no! cl<toct IoM of =itotion du< to obort 
circuito in U.. li<ld cireuit. Wb...., mm< 

" 

compl<t< pn>loction io roquired, U.. r«>t. The mor<·s=sitivo open.tin¡ <:OQ. 

1'ypo CEH 1'<1oy ohould be usod. Tb's '""" lo¡.,..,..,lly ~ to IOUDd an at.rm, 
r<t.y op<n~tt-o on th< chongo in lmped- wblle th< cthtt contocl io ll$0d to takt 
onc< of tb< gm.,..IM otator which oc- the machlne cut o! ornrlc<. 
run upco tcoo el e>citation ond, thWI, Jt io u.ual practico to o~ol< 1"""'•· 
wculd o¡><nl< lor coru:ütiono whlch the ter li<ld circuito Ufi&J')Uildcd. oc th.ot o 
olmplu lidd unóm:wTmt och<me """"Id oingl< ground will nol I'COult in "*-e< 
foil to d<t<et. Dovic< ~O io nonnolly to the 111achine. Howev<r, oinc< o O<CO<>d 
arrolll<fl to automoticoUy tak< th< mo. ¡rOU<>d m&y cou.c domace. the uso ola 
chino cut o! l<rvl«. Type PJO, g<n<rator-fleld pound ret.y, 

Wb= it io dooi«d to provido Pf<lt«- O.vi« 64F, io dooirablo. Tbio rolo. y In-
ti<><> opinst g<n<rotor rotor ovo:rll<otinl- corporoteo - • - orponte - lcw-voltat< 
duo to unbolaru:ed phao< =~>. o.. ~ oource and a pct<ntiol ret.y. 
vx. 46 ohct1ltl be fur'mohod. Thr no;:•· Thr ~ olde of the oourcc io 
tiv< pbas<-oe<¡ll<fiCe, ""ercurter>t rdoy, connected. in oerieo wlth the rdoy coil 
Type INC, r«:cmmended. lcr uoe .. O.- ond to ""' oide o! tho fidd circult in 
vloe 46, is provi~ with twc rcntocto, such • monn<r thot ony ¡¡r<lund o<CIIt• 

ueb el wbkh cporato •t o dill'umt rinl in tbe circuit wiU operot< tbo ~y. 
1<-v<l ol nqotivo phao<-oequeoce eur- Thr uo\1.01 po-o<aiur< io 1<> &rro.n&< tbe 
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BELOW I!IOOH.P. 
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' . 

fig. 10 (a) 

' q 

ph .. e-to-phue ond pbA~to-cround 
foull>. Prot<etion ptovid<d by o.v;. .. 
21, 50, SoGS, 41, ond 46 io oo d<S<rlb<d 
under Figure lOo. 

Synchronoui Motor Driving 
M-G Set 
Rd~ to Ficures !la "-"d lib. lt 

wiU b< noted th.ol thr dM«S op«"ified 
are ....,.,tioUy the u.me os !hose r=m· 
rnended !or inclur:tioo moten, with od
dition< .. notrd h<Kinofto:r. Filld-un
do,.,rrrnt r<loy, O.vioe 40, previd .. 

" 

Dov, flg. 10 la) 
27"-Und~rvoltage-IA V 
'!!lo-Thormol & lnot. ShO<t Orcuit-TMC 
~OG$-Inotantonoeuo Ground S..noor 
•B-Incomplete S.quonc.-Tim• 
•7'-311' Unde<Vohogo & Reveno 

Pha•• Rotatian-ICR 
For Wcund Rotor Motero Add ' 
2-Dev. 51-IAC . 

'lnclude il Control Pockago io Reduced, 
Voll, Slart 

•Omit Dev. 27 when Dev. (7 io 
lnduded. 

' 

o;.., :· _ Fio.lO,IbJ 
27•-Undervoltage-IAV ·~ , . 
(6-Currenl BalanCo...:.uc •, .o· ._ ' 
(9-Thermai-IRT ,--: '' '¡. ·,,-
495-Thermal 1Stalled)._IACó6K .- .... • f· . .-" 
50-lnst. Short Cirouit-PJC . 't.. • 
SOGS-In.tontaneouo Ground Senoor, • 
87-Dillerenlioi-IJD lbelow 3000 •' 

hpl, CFD • • , • 
47'-3"' Unde.-vollogo & R.voroe 1 

l'hooe Rototion-ICR 
d-ln<~mpleto S..<¡uene.-Timor 

• for Wound Rotor Moton Add 
2-0ev. 51-IAC . 

lf 87 io Self-balancing Primary Cu;re~!" 
Add 2-Dev. 51 • •' 
"lndude if Control Podogo io hduc&d '' 
Valt. Stort 

~Omll Oev. 27 whon Oov. 47 lo • 
lndud&d. ' 

-' -

' • 

' 1 

1 
' 
1 
' 1 
1 
1 

' 
1 
1 
1 

' ' 
1 

ptotr:<;l;<m •l"'inst out-ol-otep op<rotion 
due !<> 1= ol ft<ld. Th< roloy io ¡m>· 

vid«! witb a obort time ddoy lo ride 
throu¡¡h momentary int..-ruptiooo In the 
now of ~tld eurr<nt whlob oometimes 
oa:un dunng oyll<m dioturbo.ne<s. 

Und<l Figuro 11 b. the over=rrrnt ...,]oy, 
Devi<< S lR, prov>deo ptotec:tioo ogoinst 
continu= ope.-.tion ot hip i<v<h o! 
otator ournnt. The Type lAC n:Loy U$«1 
,.. Oevi« 51 R io provid<d with o waund
obodin¡; coil whiell io oo C"ON1ected to 
pt<vent iu <rpe.-.Uon until oil« the mo
tor hoo b<en oynohronind. 

Syn(hronous Motor for 
Power-Utilization Equipment 

Synehronouo moton u><d with pow<r 
utilizotion tQUipment are oubje<t<d to 
oom<whot different condiriono thon 
thooe lormin~ o part of motor-generotor 
orto. During otartin¡, they uou.olly muo! 

o<eelerote ond oynchronile while urry
lng nl.otivtly b..,vy Jo.ds. A!oo, wbile 
op<l"Otina. the overloods to whieh !bey 
moy b< oubjected caru>ot b< oo "'-"dilY 
rnntroU<d u U.ey are lllith M-0 oeto 
..-hc1e th< J<neroton haY< bt<ok..-. lllith 
oven:urrrnt trip d<vices. The oddltionol 
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Fig. 11 (al 
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, ... , ,o. 1 SUIU ILICTr 
POWU SUTIMS 
.f.ND IQU,.MINT 

º'""· flg. 11 1<>1 
27"-Undervolroge-IA V 
40-Aeld Und~rC\Itren!-IC2UO·A 1 00 
H"-liil Unde<Vol!oge & R'""eroe 

Phcue Rotation-ICR 
48-lncomplete So-quenc ..... nmer 
'%o-Thermol & lnst, Short Orcuit-

'MO 
300$-lnolontoneouo Graund Sensor 
"Omil Dev. 27 when O.v. 47 is 

included 

Dev. . Flg. \1 (b) 
27•-u ndervoltoge-IA V 
40-Field Undercutrent-IC2820-A 100. 
46-Current Bolance-IJC 
47"-3111 Undervolte>Qe & R .... ,., 

l'tlooe Roto!ion-ICR 
48-lncomplele Sequenc ..... nmet 
49-Thermai-IRT 
~0-ln•tantoneouo Shart Circuit-PJC 
SOGS-Inotontoneouo Ground Senoor 
SIR-Running Over<urrent-IAC 
87-0illerentiai-IJD (below 3000 

hp), CFD 
' 11 871o Sell-balondniJ Curren! Add 
, 2-0ev. 51-IAC 

•omit Q.,._ 27 when o .... 47 lo 
lncluc!.d 

. 
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• 

• 
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• 
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""''" ll. '"'"'"'"'"""" m;n¡.,,.. ,..,.,.on lo1 ....,,,., .• ,¡ ... , 'Y"'h'""""' 10o1on d- M-G .... 

p.-otortlon OVO' ond obovo tbot rooom
morut.d lor U>ductlon moton ;, lh<r<· 
foro oomowhot dilf.....,t !han for M-G 
o<t oynchi"OI>OU> motcrs. R<f..-ri.ol; to 
Fl¡¡ur .. !lo ond !lb, it ..-iU be oot<d 
tbU opporatuo thormol devloo. Dovioo 
16. hao bocn induded. Tho dovl<o pro
video pwt<Ct!On for tho motoro' ohort· 
timo-rotod oquirrd-oo¡o winding durin¡ 
otortln¡ Tho!C2810F!Ol lo o fre<;tueney
o-mtitive. lnv<R<·tim<·cu=nt. tbmnal
t)'P< r<loy. lt> ch.oract<rl•tle io ouctr 
tbot, for o ¡ivm ou=nt. tbo oporating 
time docre., .. •• th< fr<qu<ncy ;,. 
erou ... Tho rcloy lo connoot<d to tilo 

Hcld drtult in sw:h a monn..- oo te mon
itor tbo indU<<d CUIT<nto whlob flow 
durin1 otartinJ. Wben tho motor io al 
otandotlll tho frequency of th.,. in
duce<! cumnt> ;, oystrnr lroqurncy aod 
tho trippinl timo of th< ,.¡,y lo ohort. 
Ao tho motor rototeo ond oomoo up to 
op<«<. th< fr<qumoy dtcpo. !nc,..aolng 
thc tdppin¡ timo. Such on arron¡omont 
outomoticol!y O<>mp<moteo for tho oddi. 
tionol motor op<Toting timo whkh lo 
ponniuibto " a , .. wt of tbo oocl!n¡ 
ofl«t ¡>fodu«d by rotad<>n of tho .-oto.-. 
Oporatlon of Dcvi<:< ~~ &hould b< H· 
ron¡od to ohut down thc motor. 

Tho powor-foctor rdoy, D<l<l« ;;, h., 
olso b«n indud<d to prot«:t tho motor 
from oporotin1 at oub-oynoll<oDOUO 
sp«d with ito fidd oppliod. TIIis 00-

coUod out-of-otop opuatlon ..-iU pro. 
duce .,.dllotions in thc moto< otator 
rurr<nt. oowln¡ th<m to pou throu¡h 
lb< "lonln¡¡" qu•dr•tur<. Tho powor
footot t<l•y lo connocted \o oonoo U.io 
curr<nt ond will op<roto whoo lt b<. 
0<>m01 obnormolly lapin¡. Upan op<ro· 
tlon ... cltotlon io imrnedlat<ly «moved. 
from motor ollowing it to tun u oo 
induction mochino. Altor uc!totloo boo 
b<on r<movod, tho control lo orron¡od 
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Fig. 12 (bl 
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o.... fill. 12 {il) 
26-Apparal•> Thermal Dovice

IC2920-f102 
27¿-Unden<ol!age/IA V 
~7¿-3" UnderV(IItcg.o & R.v..,oe 

Phcoe Rolalian-ICR 
48-lncamplete Sequ•nce-Timer ' 
'%o-Thermal & lnot, Shcrt Circuil-• 

'"' SOGS-Inolantcneauo Graomd s:noor 
55-Power Factor hloy-IC2820-

17SIA 
6Qmit Oev. 27 when Dev, ~7 ¡, 

lnduded 

• Dev.-
, •• 26-Ap,iorchll Thermal 

• -F102 

Fig. 12 (b) 
Dev.-IC2820 

27 -Undervaltcge-IA V 
~6-Cu<fent Balanc•-IJC 

'476-J¡, Under.altage & RevO<oe 
Pha•• Ratotion-ICR 

48-lncOmplele S.quenc ..... nmer 
49-Thermoi-(Rf.-
50-ln$!ontcneauo Shorl Gt<uH-PJC 
SOGS-InslonlaneaUo G<ound S..no<><' 
55-Power Factor Relcy-1(2820- • • 

1751A 

~ . 

• 
87-Differenlioi-IJO (bolow 3000 ~ 

hp), CFD " 
11 Dev. 87 ¡, Sell-balondngo Primary 
Curren! Add 2-Dev. 51-IAC " 
~Omit Do•. 27 whu Dov. ~7 io 

induded .. 

i 
• 
' 

1 

-- .---. 

"••~ 12. ""''"'"''"""" "''"'"""' pto!o<!lon '" • .,¡,,.,.,.u,., ""'h""'" '"""n wUh ,.,.., ""''"''" '""'""''"' 

to rith<r ol>ut !he mal<lr dawn. or, ll 
tbc dtlve 11 equipped w;th 011 automotlc 
un!.,.dor. unlood th< mach!ne ond al
low it l<l acccltta~ a<>d rnyn<brrmiu. 

IC282{1Fl{)2 r<loy 11 notmoUy conD<d«< 
11 nm bt-ou&ht off tho macbin< rntor. 
Sl.oUod-rotor pn>l<ctioa. ~ 26. for 
btusl>lcss mocb!nn lo a ol.otor·cutte»l 
op<rat<d TYP< IAC reloy. Tbc cb.,rac-

Brushleu Synch ronous Moton teriolic ond rotlnc el thlo r<Loy ;, pickod 
Fi¡¡ur .. !Jo and J3b cov<r tho rtcom- al thc lactory lo <loooly coordina!< with 

mondcd minlmum protoction lor bruoh- thc ot.artin¡; ond op<rating cbaracl<ri•· 
lou oyn<hrnnouo moton. Th< prol<ction- tioo of tho individual mocbiñe • bein¡; 
io noentlally !he umc oo tbat ucom. pzott:cttd. 
m«Jd..:l lar pawcr utiJ;.,ation drivn un
dor Fi¡uns no ond 12b. Tbc typc o1 
roloy ut..:1 for Devicc 26 hm\...-.,- bu 

""" cbon1«L This ;. <>«<>oory oio.cc 
< JDCtor fiel<! ti=it to wbicb lile 

.. 

CONCLUSJON 
lt ohould be r><>l<d Úlll thc prol<ction 
~ iD thio buUotin .,.;n pn>vidc 

odequ.oto protoction f<r< lile mojority af 
awJlcotlono. ~ ..m b"""'vcr bt 
oomo «quiring op<ciofucd rd.oylnc or 
ma« compl.., protootion. Th<oe o~ould 
be .-.lrtn<~ to the Pcwer Syot.,. Mon
occrnent O.:po.rtmcnt of thc General 
Elcctric Co .• Philadolphio. Pa. 19142. 
In J<nenl. tho rolaying dcoorlbtd m«b 
the «<1;_,_¡...,..,.,., al USA Std C-31.2. 
lllli2 Toblc l. 

RER:RENCES 
1. ••s.,.;tch¡¡;ear Devicc Function 

Nu<~~btrs." a,.,..¡ Eloctrlc ComJ>Ony 
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U(AI fOR ' ···-¡ .... rowr• SYSTlM'I 
-ND IQUirllllNT 

o.... Fio;~. 13 (al 
2ó-App<>ratuo Thetmal De.;ce-lAC 

(0pe<<>ling che>rocteriolia care
fully CO<>I"dinaled ,.¡,¡, mol<>r 1 

27"--Unde...-ahoge-lA V 
~7 .. -3 lil Unde...-olloge & Revefle 

Pha•• Rolation-ICR 
~8-lncomplete Sequenc ... nmer 
·~0-Thermal & lnol. Sh<><l Circuil-

'"' 5DGS-Inolonl<>n..Ouo Ground S.noor 
55-Power Factor Reloy-IC2820-

1751A 
•Omit Dev. 27 when Dev. ~7 io 

lnduded 

o .... fig. 13 (b) 
26-Apparotuo Thermal Dnice-IAC 

1 see above) 
27"--Undervoltoge-IA V 
46-Cuffent Balcnce-IJC 
47•-Jiil.Undervoltage & Rovefle., 

Phe>oe Rolation-ICR 
d-lncamplele Sequenc ... nmer 
49-Thermai-IRT 
50-lnolantoneouo Shc..-1 Circuii-P JC 
SOGs-lnotontoneouo Ground Senoor 
55-Power f<><lor Roloy-IC2820-

1751A . 
97-0ifferontiai-IJD ibolow 3000 

hp). CFD 
1187 io Self-bol<>ncing Primary Cuffent 
Add 2-Dev. 51-IAC 
._Omil Dev. 27 when Oev. 47 io 

induded 

... 
Flo- 13. • .............. -·-· ·- ......... -....... ••• - .. ~ ...... _ ....... .. 
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PREFACE 

The purpose o! this publication is In promete the uoe of &OUnd engin .. ring 
p:rindples in the duign of t\ectric ayotem• for industrial plants. It e><plains what 
is good electri<:a[ pract~ toda y, but ;, nota handbook of deoign data. Because the"' 
a"' a ¡:TCII number of difieren! IY!"'S of industrial plants, it is impraclical lo cover 
in dctail a!l the varied clectric systtms required. This publiCI.tion treat! !hose fea
tun:s o! the electric d.i!tnllution lylltm which are applkable to most typcs and sizes 
of industrial plants. 

The fint edltion ol Electric Power Distribution for lnduJtrial Pl&nts wae pub
lishcd in 1945 by the American Institute of ElectTical Engin.,.n. lt wu widely 
ac<:rptrd by the mgineerinr profeuicn. The te<:Ond cdition was publishtd in 1956, 
and npre5tnted mbstantial additiono and revisions. The third ediliCIO brought up lo 
date the practice resulting .from tec:hnical developments since publication o! the 
semnd tdition. The preoent edition, the fourth, incorporaleJ minor modificationo. 

lt is antidpat..t that in addition to illl uoriulstess to elcctrical enginttrs this 
p.>blication wm be informatiw to othel'l involwd in the design of industrial p!ants; 
the p~ engineer~, ardlit"<U ond managen wha are responsible for deei&ion• 
affecti<lg tbe elcctric aystem.. 

Coamtents, correctiom and liiR"stions for futurc <Miion of this publication 
~ wdcane. TMy sbould be •ubmitt..t to the lndwtrial and Cornmercial Power 
Systems Committee of 1be lnsti!Ute o! Elcctrical and Electronics Enginten, 345 
Eut 47th Stl'ftt, N<"W' York, N. Y. 10017. 

lndwtiiil Plinti I>Owu"Sj$1iiini Siibcommittee 

of tbe Industrial and CommercW Power Systcms Committee 

of the IEEE lndurtry and GenenJ Applications Group 
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El .F.CTRIC POWER nJSTRIBUTION FOR 

INDUSTRIAL PLANTS 

CHAPTER I 

SYSTEM PLANNING 

An ir<!u<trhl olont ¡, only oo """'' "it• <l«t;ic <ii•· 
tribution lf>l<m. For thio """"'- c.udul oy>l<m planning 
lor on indu>trial ~~" IY!l<rtl is v<rr imporlonc Thio 
chat''" ooHiir." tho pr<><oduc" ol >Y>I<In plonning >01d 
¡>rtl<n'-> a ¡;uide wltich ,.¡¡¡ m>~< th< dot>ih of ruc<«d· 
ing chapto., more u,.lul and undo'!tandabk Ao h., 
b«n olton quot«l, •·¡¡ ynu oan "' the probl.,n in your 
m;oo·, ,,,·, the ,.,, ;, A, B. C." 

A otand>;d ol«lric di<tdbution '''''"' ;, not ad•pt>ble 
to all indnmial planu bea.u« no two pl>nu lu v< !drntkal 
r..:¡ui""''"''- M<thod> rnu•! k uoe<l lo •n•ly« thc 
•P<'<i~c r«Luirom<nu ol tho induotdal pl>nl quo.lit>tivtly 
..-.1 'f">.~th.,iRir, ond d<>ign tho '''''"' ,..hich wiU mo.t 
aMquatdy fn«l the d<<trie>l """'""""" ol thc por· 
tinobr plano, with conoidc,.tion ~·., to both 1" .. .,, 
and lutuc< op<ratin¡: con~ition~ 

' BAS!C DESlüN CONSIDERATION3 

AnT'appr,.<h to the ~lcrru ""'" ln<lude «><rol 
baolc con>Í~or•tiono which will affc<:t tho overol! dcoi¡n, 
Thcy are: 

l. Saf<ty-S.af<ty takco two formo; .,f<oy to p<r
oonnd and ,.fcty to matcrialo, OOHdin~> ond clectrle 
rquipmcn". 
Safoty to ¡><r>onnd {nvolv" no compromil<; only 
tbe _..¡.,, <rolcm can be <OOoi<l<:red. 

Saf<ty to m>tcrial!, buil<lings con<! cle<tric rquip
mcn!o may in•olv. som< comoromi,. """' ... ¡,oy 
ol pcnonncl io DO! jeopor~i<«l 

l. Reliability-nc continuity of smOcc rcqWn:~ io 
dcp<n<lmt on thc lfp< of manuloctnring or pro«" 
OJ><<•tion of tht pl•nt. Sorne p]>nh can .,.,¡¡y tolor· 
ate momentary out>¡:« "'"hile a<hen cequiro • ""l'l' 
hi¡:h dt¡:rc< ol ><nice cootinuity. In l<i<w ol thio, 
th< ontem ohuu]d Lo dcsig.,od to ioclalc faull< with 
a minimum dioturb&ll«: 10 the 17'\<m on.l ohould 
ba.e f .. tut<o to givo the moximum dcpendability 
con.iolent with the planl rrqoi«mont~ 

J. Firot Coot-Wtúle ~"' ""' io importan<, it ¡, oltm 
min!mi"d if thc <yotem ;, rcliablo ond ito op«~tion 
.,,;,¡,.,.,..,.. lt ohould not bo the dcte•mining !octo< 
in th< design of tho pl•nt oince d""tr'¡t.Jtion oo>t rep
rc><~>tl onb l 10 lO p<r<<nt of thc pla.t U.v01tmcnt. 

4. ~jmplidty o/ Op"•timl-Sim~li<ity of ormtion 
¡, • bi¡ l:a<tot in the Ale and ce!ial>lc ope"tion o/ 
a pJ;nt. Avoi<l «>mprocot«l and <b.n~<rou• owitchin( 
op<r.,iono unclcc cmorgonoy conditiou 

S. Volugo ReguL•tion-For oome plant oowct ,,,. 
t<on~ >oltogc oproad ""'Y bo the d<t<rmininl hotor 
o/ the di"ribudon d.,i¡n_ Pooc r<plation io d<tti· 
mental to th< lile •nJ op<ration of tle<tric <qui¡>
ment. 

6. M•inton.an<:<-A wott ,¡.,;IPI<d diotfibution oy!lom, 
with proP<rly doooen <Quipm<tL~ will r«lU« cmct· 
(m<y m.int<n>.noe. In pJonru.g thc >Y>I<m. the 
""'"ibility and ovailability lor inoP«:Iion and r<
pai" ohouiJ be giv.n <>.ceful ro...;dor•ti"''. 

7. Plant R~pandon-Pian! load• genonlly locrcaoc. 
Con,;doration of thc pl>nt vollagco. ratings of <qcip

"""~ ~· for odditioml "'Uil'f"C''I and <apacil]' 
Jor incr,.o<d load rnu" be ~v<n ocriou• otudy. 

P!arut¡,g Gol~• lor Diotn"botlon D••~ 

With llo< 1bove l.actoro in mind. the lollowinr pro
""'"" io givrn to auid< the ..,.;i!!t<r in thc deoirn of an 
tledrio o!istribution •Y•Ion¡ f<>< any induolrial plant. 

l. Obtain a gcn<cal lo)'OUI and ..,.rk it with the 
maior load• >1 various T"""tion1 ond determine 
thc •l'l'r<Wmatc "'tal plaht load ¡, bo.r>q>o...,., 
kilow""· •nd kiloyolt·>rnpcreo. 

]. Eoti..,.,. thc lighli-.. alr-.!itionibg, and othoo• 
k>ado lt<nn lmowo <l>.b and th< m- load our
Y<Y in/nrmation g"Lv<IL on PU" 10 and 11. 

J. I><tm.,in< thc total <O<tn<tlod load 1nd O>kul•te 
tho m»imum dorn•n•l by uoing d<m.lnd oru.l d"ner· 
oity !><toro. 

4. lnvo•t;ratc omuou•l loado, IUd\ U tho oUtt\ng of 
~g< moto.r~ ope.ation ol are fumar .. or "<Wet~ 
O<!d ope.-atin¡: conditi.,., ouoh u boil" aw.ilia•T 
motoro, loa<!o that '""" !>o kept ;n operation onil<t 
•U condition~ and toad. that baYO • opecb.J. dul]' 
qd<. 

5. !nv.oti¡atc th< nri""' lyp<l ol d;oltiOOtion '1"'"" 
and O<l«t the ,,,..., ot .,itomo lo<ot ouited to lhc 
r<quirem<nh of th< pl>nt. Mako a ~rclimin>.l')' ono
lino: ~iuram o! the (I<>Wcr "'"cm. 

' 



6. 11 pown- i> !o b< porcho...S from ti.. o!HiiY, obt..in 
such inlormotioo «m"minK t~< oupply >Y""'" or 
,y<l<mo a~: p<r!arm.>n<< data, volUgc aooibbl<.
volto¡< •pr .. d, typ< o!''"""' >r,oilobl<, m<thod of 
<yst<tl1 neutro! g"'undmg, '"~ ot~<x d>to >U<~ ., 
«b,.ing. ,..,.,;.,~ ond tJ.. ph¡·sic.ol rewir<m<nh o! 
th< «¡uipm<nt. Thc intcrru.,tin¡ nting •ml ""'" 
rn<l1t>ry nting> o( poW<r <ircuit bt<ohn should b< 
obt•incd u ..,.,11 •• tJ.. pr....,t •nd fuhl« ohort
drcuit oapohilitico ol tho utility ''"'"' " tho wint 
o/ O<rviot: to ti.. pbn~ ln\'Cotiptc th< utility'o 
pow<r rontntl to dcl<xmin< il oii-p<ok pDWOf ot 
]ow<r rat« i1 ''"il•ble, ••d any athor «quit<tn<n,., 
ru<b •• 1"'_,. fonor ond d.m.>nd o;b.,..., thot <.no 

in~""'"' p<>w<f «><1. 

7. JI <Onsid<ring • l<ll<r>.tin¡ ol>.tion lor uo induotrial 
plo11t, >U<h itcm< >hauld be dotermh...J ><' 3<11<rat· 
ón,g ha rcqui"<d i11oludir,¡¡' ,t.>ndbyloo<b, g<t'l<<>ting 
voltog<, and ru<h ! .. turco u '<hP.r.- md<ring, 
;-olt>go «gub!ing <quiptnrnt, oynchroniring <QUip
m«>l ond ¡rOW>ding cquip......,t. 1! parall<l op<r>tion 
is '""t<mplat<rl, be '"'< to t<viow thio .,;th tbe 
utility an<\ oblain ito r<'qUi«rn<n!L 

a. A <O>I onaly•i• nuy be r<quir<rl of thc diiior<nt 
volt&g< lov<ls and v•riouo arran~<n><••to o! <quil" 
rnrnt to itUUfy ond pr<>p<dt dttonnino th< ooltog< 
and oquiprnont solw<rl. Th< ,tudy should b< mado 
"" Lhc ¡,.~ 1 o/ in1t>.llrd w 1t indudin¡ oll tho ....,_ 
ponmts in tb.ot >«<ion of lb< 0)">1=<. 

9. Chock th< nlcul>.tiono olobott-tl.-.;oit '"'~"'""""" 
to b< onro thot all br<>k<ro =<o! tloo cotr<ct rating_ 
R<vicw tho O<l«tivity of variouo ptot<cti;-o o!ovi<co 
to ... .,, odrttivity during load or fauft di"urh
an<eo. 

10_ C.1<uldo tho v<lltsg< opr<>d >1\d ''oll>g< drop at 
varicru• <riti<>-1 point!. 

11. D<tctmine the roquiocmcnt> o/ thc voricrn• <Ompo
"""1• ol th< cl«<rk rr.,tr\bution 11•t<m ...ith opocial 
ottontion ~iv= to opodol op«ating ond <'qUiptn<nt 
<OIIditio.o>. 

12, R.,iow oll appHcoblo notio""l and IO<al Cod., /.,
f<qUÍH=cr.lo .00 l<>lfi<tiORS. 

ll. a,.,k tn '"' th>t tho rnaximtiiH ,.(<ty [•"""' >« 
incotpor.ll<rl in all ~""' o! tbo oysh:"'-

14. \\frito >r«ificatlon> on tho <QUiprnont •nd inolu~e a 
Dn<·lin< diog""' "'a part of th< 1p«ifi<.>tionL 

15. Obt>in typical dim<n>iOno o[ tquipmonl •ru\ mak< 
drawingo o( tbc cntiro oy1t<m. 

16. Dot<rmin< il tbo <Xi!ting <Quiprnrnt io ad<quato to 
,.,..., addiLlnnal load r<Qoir<m<nl!. Ch«k >Uth ;>l· 
in11 "-' voltag<, int<rrupting apacitr, ond rutt<.ol· 
tarrying <>¡.a<ity, 

17. P<lornoi"' th< b<" rn<th<><l ol «:c>n«llng th< tl<w 
p>rt of <he pow<r ''""" with tho <xi~ting >yotorn 
>O ., to loav< a minimum ""'"" •t miruo~um co>t. 

Nabrolly thc oi>O>< pro«Joro w¡ll not oulom><i<>lly 
do¡i¡;n lhe ei«tric !-'""' >)'ll<tn in it!cl(¡ it rno>t be "'<d 
w-ith good, """,¡· ba>i< rn¡;in<ori•K judgm<nL 

• 

a ... ,ru 1.11ont 
A ;....,,¡ layout of ti>< plan! ohould be avait.blc h<~or< 

1¡,. engin«r""" h<gin hlo study. This taroo;t uoually v•<> 
theloe>.tion atN! th< si<< of th< propoo<d build'ong « INM
irigo in tht initial particular projocL Thc cxt<nt of th< 
aniW,1e lafO"I ,Prt< tilo engi....,. on idt• o/ ti.. poooiblt 
<xP"n>ion of tho plant in th< !utor<, and ~"'-' ~ ~
>id<r<rl by lb< <~n«f in p!anning ti>< clectn< dO>\r¡buloOO> 
mttm. 

T)'¡>n ol Cltcttlt Arr.mlctnmto 

Mo" rnodorn indwtrlal pb.nto m>h ust <o! th< load
cent<r oy11""- Thio sntem K<fl<folly conoim o/ ocv<ral 
onull ,.,ll1Uiiono m;oiving pow<r !toma nt<rlium- or high
v<llt.agc ootem ond >teppio¡ do..n at th< >ub>Ution to 
utoli<atiun voll>K<> ot tho v>.riouo IDO~ aro.o. Tho '"' o/ 
many '""'ll •ubstationo introdutco tho po .. i!Miity of """'1 

dil!'eren! <ircuit '"'"'"""''" Si- th• typo ol dmUt 
arrangcmcnt o<l«tod wiU havo on Importan! <lfcot "" 
pow.,- "'''"" p<l'!onnonco, «>•\ and r<li>.bility, it io a 
f•""' whioh mu>t be coruidcr<rl in th< ''"""' pl•nninr 
•t&rc. 

Thc baoio ty['<! of drcuit '"ang<m<nU !<>¡cth<f with 
thtir r<<prttlvc cbara<t<ri>Li" Or< di"'""<rl in dttail und<f 
Sch:<ti"" of Gr<uit Arrangcmrnu on pa¡c 18. 

Plano For Futu.-e Eopar~•lott ond Modomln.tlon 

Wh<n ph,t fod\iti<o hol'< to h< cxpond<d "' tnodc.-n
izrd, tbe rngin«r ;, aiiotd<rl an opporturuty to d<OiJil hi• 
i<l<al cl«tti< !yOI<rn Fi"t, a ""t-line dia¡rom >~ould be 
pr<partd ,bowin¡ th< lyp< of oyll<m ,.IUtb """'d h< n><d 
lor • ""' plont ol !Ímilar d<Oign_ HO>·ing modo ti>< plon, 
he ohould ]<t it ""d< Lhc foturc modorniution ond uparl· 

oicn. E>ioting «¡uiprnmt ob\iou>ly <annot be r<ti.-.:d at 
""'"· bu< •• ar\ditiono otod «plawntnU ol <qui¡orn<nt aro 
r<'quir<rl they ol>ould h< m>d< on '~'¡,.,;,o! bcin¡ int<
grot<rl i~ thc i~<.>l plan ""~ not ., ¡,pla«m<nto lor tho 
old oy<tom. 

Fl<Eiblllty 

l'lanh chango rnannfa<turirog P"''""" !mm timo to 
time_ Wloor< <a1Ling! ore U!t'd today, wcldin¡r moy be u>«! 
tomorrow. llol~ pr<><:eoo at>d prod"'t m>y <b.onoe o< dc
mond> and styl<l d10"~' Tho olo"ri< di>lribution !)'<l<m 
lo>< ony ,..._,. obould be ~oxiblo """""' oo thu «Htlpi<t< 
n<w p«>«" layoul> o;.on be modc wi<hou< r<Qolril1g major 

'"'"'"" ¡0 thc di!tribution 'Y"•"'-

Ficxibilitl' lor oxp>lllion ohould be conoidet<d In lin< 
"'ith thio the ongin<<r ,hQUM ,,,;,. (or o oyd<m ol<>ign 
tbat ,.i]¡' pernút r<>oonablc e>p=•ion ,-;,h núnimum in· 
'"""''"' ond mínimum Jownlimo to cxi>tin• rrodu"ion. 

Two ¡r<at contribuÚ<m> towatd Rc~ibHi<y are: (1) thc 
l""d-C<nt<r >y>!<m wi<h "nall >ub<t>tion• ~hi<lo ""'Y be 
odd<rl in ,,.n b'..xl>., ,cqu;,..¡ and (2) plug-in Wsway 
whith pttmit> tho in,,.lt.tion of ~uibl< !"'"'""""' po~ « 
di<tribotion >»L<m> on .. hielo mochinc Loo], >nd o<h<r ole. 
,i<o• "' rnmly p!ugcrd in "'ho" ""'"'"'7· 
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87•<= Roliabüity 
So"i" r<li•bility in any rl>nt is im¡>otl.>nt. M o>! "m•nu· 

l><tmir.r P'"'""' .,, "" • p'l>docti.,-lin< b..sis .., th>.t 
a lino ohul-down '"'Y hold uo >n <ntir< pl.ont, Al>n "'""' 
pmc<M> in thom><l,., '<OUÍto • vory "'"h or~« o/ ktY• 
i« r<liobility, 1bny f..;tofO inRucnco thc "li>.l>lity ol 
olo<tfic oupply in th,: plant. Amon~ the mo>l imP<"t.>nl 
lacto" uc tho fullowingo (1) Hdiolnlity of bu'.k ..,wor 
Jupply lrom util"y and/or loo:ol go..,n.tion; ,olt>K< Auc
tuationl u;uolly ü<CUt more l,.quently thon mutn«ot"y or 
oust>it><d mtenuptiont. !'aulLo on 1l1o >UO>ly •>~tm '"" 
cau« ....,....nt>ry vo!UK< <i<t><'<>~ono in tht «>PJ>lY >oltoge 
which moy ad,.r!tly aff«t indu>lriol O<lttipmtnt; (l) Plont 
distdbution syolom •rrong<m<nl ~ (l) Sim{licity ol ''"'m 

ortong..,..nt; (') Simplitity of ''""" OP<,otion af1<! 
maint"""""' (S) R<l',.t.illly of <~n\pm"'' and Ín>tall>· 
tlon All of Oh<'< f•<lm> >hould b< <on<'d"<d in ~<>ÍgnÍnl 
a oyottm lo m"'l lht ><"Í« r<li•b11ily t«¡ni""''"" of • 
gi-.n >Y>I<1n.A ~'<lt ol "¡uipm<nl r<lüli•l',ly i< co¡.od~l 
;,. l!tftr<n<o 5-

S<lootion of Equipnl<Ol 

Tht fund•mtnL>I con>id<ratioo in O<I«IÍn¡ oqnipmer.t io 
to choo'< thr o"timnm <~uipm<nt con>i<l<nt with lh< «· 
quirem<nll o! tht plon!- F!«¡utntly it e<><h oo ,.,,. in th< 
loo~ run lo u« lht b<•t «¡uipmont >V>il>hlt •• i1 ¡»)'< 

di•ioltnd> (n ,.,.¡« continuity ond low<! main«n;mo<
Somo widol, ooetpte<! pdndpl« >ro: 

Fi""'" 1.1 
lnduouUI nnlt onbouoion inotollat!on o! 7500 k V A with lood-tap-chan,-in¡ 

"'ltñpmrnt arul ont~oor -..!-dad owit<h¡ou 

l. U>< ol mrtol cloJ om! mtL>l-tndo~ e<¡nipm<nt. 

2_ Choo.e POillluru,oabl• or dry typ< tr.>noformno for 
;.,door inoto!lationo, 

J. Uot l.cto<>·as><mt>led «¡uÍpm<nl for <Uitr fitlol in
>~allation •nd btll« <oorclinarion. 

4. ll< '"" <Q~ÍP"""' ratin¡o a« ><1<-q.,.,. in ""' ,.,: 
•P«I, >u<~ a. voll•g<, <nr<<n~ mon1<nW1, ond inl<<
rupting raling, 

l'il<ll« 1.1 lhow• • t)'pical ;,.;¡ • .,,;..¡ ..rut oubot•tioo 
im:orfl"<atin¡r U.... roa...-.._ 

Erooomko 

E<-ooomi<> lo a •«Y Ímpo<Unt ,.,, of -« oymm 

<ngin<oring. Th< <ngin<"<t mu>l «>mpat< 'Y""'" on tho 
h>>i> ol <OSI •• wdl a. othr< l.atom_ In ,.k;,g """"""ir 
coo,,,,;..,,.,, it ;, im¡oortant oO in<lu<le ,11 ,.,,. of ''" •y•· 
Iom ftum 11>< fi"W« ""'"' down lo >n<! indn<!ing the 
ntiliwion "'"ÍpmtOt. 

F.«;>nomic «""'['><i•n"' rhoulcl >l•n indml' in>tallotion 
"w<ll a. "'ui¡>n'<1\l •nd ""'"IÍng ...,.,,., A> >n "'tnplt: 
•nt<m .-\ ""' <"'UÍf< le" lron>form« kV,., 1!.on ''""" 
B. t,,l the <unneotiu'" of >»I<Oll A •nd nlk·r fadoro ""' 
<"'UÍ!< lar """'' .. p.ns;., ov.·it<h¡r.., •n.l moro =hl< 
'""" '''""' R Ti>< Ín<<«..,.. <O!I o! ,,.il<hRr>r >nd c;rble 
m•y ruo" lho" olf"' ,.,;,.~, in """f"'""' "'nipm<"'
A """'P"i""' on lht h.~o ol lr•n•lo<mtfl only would 
«Í" ti>< wrun¡>n•v.or. (l!rl<t<O<t ~) 

' ' 
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'""'!l'""P!' 

·CO> ~"!"'"'""' P"• o¡wou= ~1"'1 u(>ln 1'>''1 '! >lJOlp 

''LL ·uol<:n>» "P>'J {,~, JO """":dn p>q>1J"'' 
'"01'1""" l•npo.upm 'WwJOjll<<J! '"J""''l'·d'l-pro¡ ><] 

...... >1>'-LL .... ~; "'J {nu IJOI'j""» .... ,,O.! lnq >0 

"P"'J «>qo '"!""" <¡ ""~'!'"' ''"1"-' ''""'!-'d ''1' H 
'i'>'iO•u• )U><••d<nb> """'"1"" ¡u ><1(1 >ql UO<In ~u¡¡>u><l>p 
>w<><•¡q~ou >q i.,. w;,u; ~'1!"' ><JI u¡ p<>Jd< >!Ol[O.\ 

·¿¡ >3~ uo >~ .. ]0,\ U<>i'.(S ¡o uOJl 

->OPS "I"J" J>l<¡f"J>A<»" l»[qn• '!'I.L ·pro¡ >q1 ¡o"'"' 
·"-'IU>><m f"l< uo¡<u..!<> JO .fl!Wl!'<Od "(l uodn ~mpo>oi>p 
'y¡\~ OOCf O< pu< 000'01 U»~l"'l <p<o¡ JO) p>l»¡>< "'l lq" [<U 
l><Jl!> p<><: VA~ OOO'Ol '"''l' 'P'"'I Jo¡ u><oo¡> •! A~ g-r¡ 
'YA~ OOO'Dl u•q• "'l'P«'I '"1 ""0'1'" A~ 9r> '1"'" 
-a>~ u¡ <u>wdmt>o ""!l'"'!l!l" P"' ""ll"'l<Jl'!P oo.¡1 ¡o ""!' 
.,..,.., >m¡n¡ ¡o""'><~ "'r" puo¡<w l<J~ ><il ql"'l 1»¡¡• 
<¡In•~ 11"' pu< "!""'""'' uo P'"''l <¡¡<n•n '! »¡oq• >'IJ. 
'!\~ ~f! JO 6"9 '9!> 'r< "> ¡->3T>JO• l'".U)Jd -'>dOJd >qo 
Hu~m¡>~ ¡o w>¡qo;J • '! ,,ql '""''"'" '! un¡wu.uOJ'""' 
~\\ .. .,., ><aq¡ u¡ P"'~"' '! ..,,,,,.,.¡.,,._,1 '>>U>q 
'puo '~"'Pl'"'l "!ql!" ''"Jo¡ q!¡<¡ ono P''>i'!"UO> '11"""'' 
"' A~ ;¡ '"''l' '''"lo.\ ·uo¡¡nuJD)'""" l""'Jl'·" p><n 
Ájl~>ni»JJ 1¡ " '<<>¡ JO ¡\l ;¡ '! '"'110-' Ar'<!n• >ql JI 

·¡¡ »ld"'' u¡ P'"""!P " 'P"""' •3•¡¡o. "'1' 
!""' J>A'I >h1¡o• JO 111)0dp<m> "'!1 UOOJJ p>-~'!"J "'! """' 
»f'lm '!'ll. '>>)AJ" ,(¡!\!¡n >q¡ 0\ WAfll >q O<¡• ¡•nw 

lqiMql ""''d' ""!""l!•l•!P ""'"" "'!1 ""!""!"'P u¡ 

"'I":''S Llm>n 
"J<>l~ >1(1 DI ....,fll <I<J> "'JI U) <>jDp>q>< 

""'"""!"" !"'"'""' 3u]pnpu¡ tq d¡>q """ ,.,""'"' 
ull¡1>p "'U "ÁjJ<jnli>J po~»<¡> "'! p¡noqo IA•¡>J ¡D Uu!WO 

• puo "","><10 '''P"" ''""'! Jo .,...__,, lq p>h-.1<<p "'l 
'"'" '"11 '"'1~ Jo '1'!"1"" ull!"'') "ql" P"" l'np '¡up 

¡<> <uO)l"'""'""'' "' p>l»fqno '" l>ql '"q" P'l"""l >q 
\Ou p¡Mq< "l"""'l:nl» ''1!"'!' P"' ''P'"''II>'no.l '"'l'"'l 
'!">'!" ''P'""'lq>l)MS -"""P ¡o 3u¡¡¡" pu• U<>)>•J>du 
>U)IMJ !""' toO)O""''. "' >""!l•»P!'""' lU'1rodW) >"'JO(! 

'>IJD" ""'"""!""' >¡p<>¡J>1 ""i'"l' P"""JWO> ><¡un'·'" 
.....,, '"!' ,.q, <>< ·~'!1 po• "'""" '"'!!!'"' Je¡ •r= ...¡ 
p¡nm¡• '""!'J-Wld "'1'1!""" "! p¡no•¡> """ >i~"""l"-1 J" 
I>J11d< P"• J»P!'"'"d "1 p¡no~• "1'!' >¡onb>p• '>¡•hu•» "" 
1V ..,,!'-'"' ~Jt~j>no l<l>)U>.Iml> ~u<pnoJd <q po• ,..,_, 
-<ljoh-> ~U~=>I UJ »~> <q ¡»>np>~ "! '''" U>¡¡o <\«>> """" 
... ,.,.., l"'!l '! J>P!'UO> ., JOJ><j 1U'1JD<Iw• "~""'V 

·d"'!< "!''"' • u¡ >uop "l "' ''"'""1' "~'"'! 
"" '"""'''"!"" >¡q..,. 01 >¡q¡,.od ""'"'!"' f"'" "l Pl""'l' 
\U>W1Jnt» '""'""P '••IV "P""Il'"!l''"'" 3u¡ddn>p '""~'!"' 
""""''"!'"' JO) 1>"-' ""~"' "! "'~1 U>J IJ"'"P '"0 

--.,!"-'')> 
J>,\100 >l<UJ>)j> >p'-10Jd JO >LU,OI-IIup JO <UOWJU)\U ~ lJl)'" 

<nooruoooo» 1""!"'"!= "'! "" '"~' ....,,,.,, Bu¡ul'¡<>i> 
<q ""'I'IOJd ><JI u¡ P!' "~' """J''P """'' >ql '<>o¡._.>OO 
>ql ¡o 1puoq >q1 "! "1'~"1 '1 ""'"''"!"'-" qJnoo¡¡¡y 

~-'0-ll> ~.,><lo llu!P!'"'' U) P!" 1'" 

• oq .,., ""'""""'"" ¡o '"'"''""'"" po•~dJo puo ""l 
>!'D!"' "!J. -pJmqto.n= p><n~"'' • ••011' n atnll!.:i 

"'N"'PJ'"'" "l <•w ,,,, «~¡ 'p>m 
""'! ,.,.. nt¡ lqlh<>to¡ ¡• 'pv-. ..W¡¡uoo IL"" 110o »<m»> 
•U)<W 0<[1 u>l¡o.ll>Oj <¡lOO> l<J~ "JI J>l)Oiow¡ ~ltr>UodwO> 

11\ pu• '"''''' >ql JO uo~»¡>< •• w;o1<"< >ql ¡o "'"....,"! 
--¡n¡m»n< o¡ l1ttl-Jodw¡ "" <¡ """"''"!""' -"''oJd 

"'""""1"!"1'1: puoo ""!1~0 

¡uo¡d [111\<npu¡ uo JO W>l<.C. UO)lnq:J'l•!P ""'od A'U'>I U)OlU >'!l 'OJ pJOO<jq>u>q ¡ouuoo [U\U» y 
· n •""1<1 
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D~TE"~INATIO:< OF LOAllS 
Gonorol 

D<tormir-•~ion o! tbe lo>d is '"' <i«tri<>l '"gin,.,·, 
~"' problom and ""'1 b< diffi<ult to OG!o<. Th< ,;,, ._.,.¡ 
""mb<r o! ptim>'} <n~ .otOnd>Ty '"b'taHo"', the si«, 
numb<:r oru! "nM<mtnl o! primaty 10«1<'1, llld tht lypt 
of oecorul.ry di>ttitK.ti.,.,, >'< brgdy d<p<M.nt <111 C'>t 
ornount >nd notu<e ol tho lo.ld ond iu distribution-

Th< pl•n: dinrihut;.n snttm um•llr mun k d<>ig11ed 
btfo<e oll lo>d• "" i<no~·n This Í> >l a titno whtn tOe 
«¡uipm<nt lay'"'l ;,.,¡¡ ;, only in the formativo lt>g< 
F..:¡uipmont moy b.: boogt-_., J>i«<m<al d"'inr "'hkh t>me 
rh•ng" in'm"hin" "" t>king place oithor in nmnhor or 
,;,,_ M••• aro ehonged by !he imp•" of wh.u ;, "'"'"""' 
<iolly availahi<, or by m:.nuf"Wrm' ro:commond>tion, for 
imprn;·<Ú modcl!, i:><ttor """ of !<tuóng a ''"'" rt>ult, 
<>< by <(Hnp<<i!il·e co,.Ji,on~ l'r<><<>><r th<motl;"d ><< b<
ing changed ., ava;lable «¡uipment i! fill«l into th< pro<· 
P«bve produ"ion ><h<dule 

ltanr plan« ac• built to manulaeture "'" pcoduc,., 
wh"h add< !o !he difl"ully of wat.lhhing ¡><w<r r«¡tcir<· 
''"""· Plant b.youB >te mbj«t to <On>id<roblr modifi<>· 
tiOfl of tho original "heme. En!i" pl>nt '''"'""'""'"' 
rno.y b< n«<il>ry ;n thr middle of • jot.; oir and odfi¡¡or
ating «>mpr<> .. ,., bn~ bJowen ond pompo mo1 «>me 
into th< pidure or >hift porition rapi~ly, oil-fir«l •M<>l
ing furtuces moy beco.,,. e]«lrically h"'t«l "• <e>ult of 
lobor>t0f1 tem th>.t !'f<rr< a <Or.lrolled atn»>phe« M<<>· 

oary, ''"" addin~ hundred< if not thou.,nd> of kilow'"' 
lo !he planl load. 

Even oller a pl•nt i1 in oP<rotion. load, may ch.on~re in 
oi>e ond io<>.tion. Nrw mOOcl~ new prOOuct> and produc
liOfl m<lhOO, cal! ÍO< <oo:ln"'l eh.an.¡:< in lhe di>tribution 
>y<!<n•, bul tll<" ch•<>gos <>n 1-.e minimi«d by c>rdul 
pl>r.ninc. 

Prelitnirmy Load Survey 

How lo mako pr<liminary O>limolc! of loado¡, • prob
lem de"'ving the clo.>c!! >tL>dy, ThcH «tinulei may ha >e 
lO b< uo«l a< lhe bo<io for <r~>jor ded<.ion>. At lhi< >bge 
in the plant d<!ign. thr elee!tir>l engin«:r oftrn h>< •vail· 
able only • l<w bui!.ling b.y01>l dr.,.·ing< ot perh.op< o 
planl nl>p. Tito general loco.lio"' of 1be nu.jor pi«., of 
rquipmcnl will u>uolly b< t<oughly inilic..lrol arul lheir 
po,.er r«¡uirr'""n" moy m ""Y r.ot !.: lmo~·n. Sl>rting 
with ,n·., informotion the el«~rical "'"'"''" "'"'' <>11 on 
•11 hio koowle<lg< and expetience " well ., on thot of 
olber plant mci=" ond de,;"'"" lo <n>.ble him 10 >«i>< 
11 an cotim•te which will otond up " the load• be""'" 
better dcfined. !n niO>I """'· it ¡, bett<r to <On>idor the 
li~htinr ~ power lood! ><fl'r.<lefy ond cornbioe lhrm 
later lo determine 111< Jem.>.nd in ony "'" atoa, """ 
P•<><nl practi« is uuully to >upply th<>< IO>.d< lroon o 
lo>d-«nl<r >ub<.lati,.. 

FoclOr. ti\O>l lr«¡uently used in det«mining di,.Hru
tion syotem load< >« 10 lollc>woo 

Dem.;urd F><tor: The rotin of th< moximum dcm>nd on 
• >Y>l"" lo tbe toul "><<n<C'l«l '""" of thc ,,,,cm. (Tbe 
moximum demond io usuolly <he int<gra)<d maximum 

kilow•tt <lcmaoJ o>er • ¡; o< JO minule ioler\·al, "~'" 
tlun the inolantanCW> or pe.>k <lem>nd. 

lli><"ily Factor: Tilc "''" ,.¡ lhe '""' oi_ tlr< ¡nn;,.¡,¡ • 
.,.¡ ma_,;,....,., d.,.,.nd, of til< ooriou; port< ol 1 sy.:tm 
lo lhc m"i"'""' olem•n.l of lht v.holo <)•l<m 

l.oo.d F:t<tor: The rotio of the ,..,:r•1• loo~ o>er • 
d<>i"nll«l prriO<! .,¡ timo lo tho p<>k lood <>e<urri•-• i" 
lhat ¡><dOO. 

lnfon;o>tion ., '" lho ''""""'' .<nd lh< •lio·mity ¡,,,., 
for 1he v•riou> loads •n•l groui'< of load• ;, no«<«l lo 
de<igo tho '''''"'· For exomolo, the '"'"o[ the connco:t"l 
load, on o htoe.ch l.,;,¡ tiC<uit, tnullt"lied by tl<e Ú"non•l 
bctor of th<se loads, will gi,. the ""''"'"'" dem>n~ 
"hith tho btanth tircuit mu•l '"'1· Th< <um of tll< 
muimum oJeonand< of tho i>r""" <ircuH< "'"' i .. ld wiolo 
• ••1>-load <enler or pondboarol dio·ided by the di<'Cflity 
la<tor ol those b"'nth tircutts will gioc lhc muimum de· 
mono! a! tht sub-lo.U cent<r •nd on tho d"uit '"""lyin~ 
i~ TI,. >Um of lht Qt.»imum dcm>nd> ol !be <i<n<i" ndi· 
ating fmm • load«"'"· d.vi<l«l hy tho """<fiÍly fwor 
o! tho>< thcuiu. ~-ill gi>e tOe m.aximum dem.>n•l on the 
ltanolorm«" at lht lo•d ccnlct. Tbe sum of lh< ..,.ximum 
dom•mls of lhe lo•d-cen!" '"'"form;r. n;,;,¡,,¡ t.y the 
di,.r<itY Í>tto< of lh< tronslormcr kooolo will gio·c thc 
'""ximum d<m>nd on thtir primary feeder. By tho """ of 
lhc prop<r olemand and oli>e,.i!y fac<o"" oullin~l ''"'"· 
tl>e maximum dernand< on tho ,..,¡,.,. ~""' of lh< <y>tc<n 
ftom tho brando load circuits lo lhe J><>W" W"lt«; indu
,;,., can be det<rmined. 

E,!imoting !he lighting ;, ••ually not difficult, For 
rouoh c<li=••~ only tho "" o! !he t.u,:Jin,¡¡ ond lhc 
ntumin>lion levo! de,;,.,¡ n«d be Trno~..,. For more ><<U· 

"'' ,_,.,.,.,,;.,g, 1ho grnor.l lype of con>UUOlion must be 
kr.own ., ""' ., moonting h<i¡~l ond •pacing tnd lo<>· 
tion of tO«I lflll><< an~ column•. <O th•t th< optimum 
•rroc.gem"'l can he ch<ekool again>l ohy!Ícal rrqui;emen,., 
Tho int<n>ily o/ il!umiration ond <!oc type o! light;n.¡: 
(mercury. ~uore!<<nt. o< intaru:l<!tcnt) d<>i<«l tog<lht< 
w'<th general oon<l<Uttian fcatum will "'-'k< J><><!ible tOm· 
pul>ti<>n of load u1ing lonnu!u in lighting handbaok> or 
data from fixture man<ofactumo. 

For quitk "''""'" of !;ghtino .nth the moH cffi<;..u 

~""'"""' uni,., •oomxim•tcly lhre< '"'" per '"""' 
!rol will ptoo·ide 5<J.fool<ondle illumi..,lion. lf jncon<l<>· 
""" are used. tbe wall>O< will be approxi..,.tcl1 lwi<e 
., mudo. 

lnfonnalion on outdoor lighling io te>dily oráilobte. 
Fenre hhúng '"' ho <>lim>t«l al lOO "·"" per 100 l<<t. 
"Yord lighting'" ;, oh., od<,.o.llo ir • 200-w.,t t.mp io 
pi.,.,¡ ""Y 100 !<Ct aloo¡ the ox<erior wall• o/ bui!rfino<. 
The total auldo<>f ligltting wtll "ld"'n <><=! Z5 per<onl 
of .tlllighting •nd it ""'Y b<.., litll<., 5 p<r«'!!I; b<noe. 
o ,.,he, nomioal •llowonc< in pri=<1 •ull<l>tion ond 
f<edoc '-'!>"<ily will provid< lor con<idmbl< l«~·•y for 
chouge• in 111< """""' li¡htino which '""Y <le..rop 111< 
in lhe «>lt<ltu<tion perioJ. 

• 
1 



Tabl< 1.1 giv<l lighting r~uir<monh in Y>riouo in· 
dmt.-i.._ 

Toble 1.1 
Ligbllng Requi.ementoln Varlouo Indnotti .. 

Sto<l Foundri<> 
St«:l R<>lling Mill1, Oil Ro~nin~ 
JI••» El«t;ic Equi¡>m<nl, Wir< 

Dro•dn& 
Atdo Eqlli~mrnl, Dakinc 
M"hino Parls 
AutG A>.....,ldy and ~ .. 

l.ig~H•g ;. P'""'' e/ 
T oto/ CoMulnl Load 

S tn 8 
8to In 

10to1S 
1ho2.1 

n.e di•·<r>ily laetor ol the lighting lood ,.;¡¡ 1>< low 
and the domand lootor o/ tl>o: lighling COO!>«lod to ••1 
load e<nl<r should he <onsidet..d a. 100 ~<mnL 

Pow<r l.oodo 

E,ti,..ting !he p<n•« l<»d io <OOIÍ<l<r•ldy mor< diffi
eull than ,.,;,,.,;"" the ligbtin~ loo~ T a bit L2 giv« '"i· 
mattd lood d.n•iti., in r<pf<S<nl>.~ve indu•lrie'-

Table 12 
Eotimat<d Load D<nsitieo in Variouo lndu.rri<o 

Airplon< F•<tori<O 
B«l Sug>r factory and llefiin<r-y 
l'aj><r Millo 
T«tile Mili!, En11inellu~den 
Cio.r<ll< Manufoeturin~ 
Gtn<ral ~lanu!.<turin~. Ch<mi<ol>, 

Eketroroic E~uipmont 

V ollo"'P'" D""o"d 
Lig~l ond T'O'Wff 

15 to 25 \'A/><¡ ft .. 
" " • 

" 
• 

~moll Awliane< Manulacturing, ~lothir.< 
Ro¡.air Shop '" ; L>.mp M>nuf><turing 

Smoll Devi« M>rmfacturU.g '" 
Toblt I.Z >hookl b< u<;«! lor prel>min>ry <>tÍm>tin' 

only sine< the oi>< o! thc plan! >00 iu proct""' wm '""' 
con>iJerably within • gi"n indu<tty ''"'""'Y· 

Whcn th< loods uf iru!ividuol '''"hineo or ar<a< •re 
kno~n. it i> n<eos<>ry to co1nbine them lO obt>in the 
m>.xim""' d.,...nd_ n.. m>.>irnum de=OO det<rmin<, tht 
,.;ttnl '·'l~'ity ~hich mmt be pro\·idc~ <o ou¡o¡oly it., 
~·•11 >s ""timum snt<m •·olt>gt_ h io detmnim:d by 
>~pl,ing ""'""'d '"~ ~i.~roity f>etor¡ lO the <OI'n«t<d 
lo.d. Tho !<I«<ion ol dcmond and divmity l•<tu", loh 
lood d<nsity, io b>.>ool on k'"'"" conditiM>, <xr><ti<n<c, 
>t.J "mil>r "'"""ion¡ in t>i!ling plonts T•hlc I.J gi101 
tht f.ewro lor tloe ""'" rommon ''~'" ol """'ufoeturinc 
loado on<l i< tho factor by v.hieh tho conntct<d lo.d muo! 
b< tnultiplird to obl>.in total plant <lrmand o¡¡uminl div<r· 
~ly f><lOt ol .,.,,_ 11 the divc.,it, loctor i< k<>O~·n, the 
dcm•nd tho< oht>in<~ >holllcl he di•·iO«< hy thc divmity 
!>el<>< to obt>in tho Oet""-1 demano!-

Tobl" !.S 
DerJW\<1 Fa<ton 

EJii.,oH•g Dtmond 

Focw-f'"""' 

AroFurnocd 
Are W<ldero 
! rodu<tie>n Fu more> 
l.ightin• 
Moto" 

l. Gtnerall'mpo", M><hino Too l. 
Cnnc Ele"'-toT~ Vmtilation. Com--
P""""· Pum~!, Rolling Mili•, de. 

z_ S..mi-a>ntirruouo Proc<>><>, Poper 
M <lis, Rcfincti<O, Rubher ~!ilh, <te. 

J. Continuou• O..,r,tiono, Tc~tilc 
M in~ o...m;a] Planl~ ""'

!bist>nco Ovct.,, llc>tcn >od Furn><eo 
Rc~<l>n<e Wtldcro 

As thc t>hle >how<, tho Mmand lael<IT will ""'Y ron· 
oKI<rabl7 ~t), difl<r<nt type< of lood~ For cumplo, the 
~cman~ laetor ol a K'""P o! ntolo" driVing o conv<yo• 
bdt will opptNcll 100 perocnt, "'·lulc tho dtmand footor 
o! • troup ol b>.nd tool< in • omall hlmiture loctCio'J or 
""'ehinc >hDp might he o11ly lO j><t«nl A div<r>ity loctor 
of unlty i> oftcn uoed to pro,.¡dc >mpl< sy"<m <aJIO<Íly, 
oin« the mar•in provid«l in thio "'"' io ooon u,.d by load 
~ro~th_ Althcrugh • divonity !actor of unit1 t<Pre><nts 
the mm ol the m>-ximmn dcmando of the ir.dj,.;,¡,.¡ lood 
unlrro and of the <quipmcnt >pplicd ot lhc di•triloutiun 
volto•< on tho di!lribution oy>torn. tl-oe u>.W p!"•cti<< io to 
1""';,¡, a ''"'m "lequatc for a t.,.xintum d'""'nd ob
l>.ined with a divmity f>ctor ol unity or to ¡•tovid< <ven 
morc th•n 10(1 1''"""' oo,..dty In lh< ,.;n •nl<m tO l>.ke 
care ol load cont<ro 11hich woul<l b< add«< in tloo luture. 

Any o/ a ,.,¡,¡, v>ridy .,¡ planto moy <MtC und" «rn· 
.,derotion in moking a IQ>d '""'"· A kno~·l«<g< ol ,,_. 
proxlmotc 1rva lood "'"""f to pro.-lue< unlt woighU ol 
ti« matctial locing mad< io a gr"t holp Titio knowl..lge 
m>-y <ome f<om pO>I e>pericr"e or .vailablo publi,hool 
m>l«i•l lt wookf bc impo<•iblc to li>t >11 lyp<1 o/ indus
lrl<> hore, hut "'q"io<mrnt• for oorn< of tht motc impor· 
t>nt indu>tri., follo..- o 

Table 1.4 
llulk Produet lnduotriH 

Kilowatthou" l'et l'ound ol l'roduc:t 
G"olino 
Liquiol Sul¡>bur Dio.,de 
Glyurin< (lrom ""'P) 
Anomonium Pho>pt...l< 
Sulphutic Aeid 
Founaldeh1dc 
Tri·Sodiuon l'bü>ph"e 
l'<ntla.-.1 C<ment ................. . 
Ethylone Oxide 
Alum;n~ l;x ll•uxitc .... __ ................. .. 
!'ilric Add ........ 
S¡ntlcrtic Ethyl Ale<ohol 
Elc<trk St«l ....... 
C..rbon Di>ulphidt 
Berut"" lle""ehloride 

O.OO!S 
000' 
C.OCIS 
000, 
0016 

·~ O.OJ.B 
0.050 
oom 
OM 
0.180 

·-~ O.JJil 
0450 
OM 

o 



1 

(i 

1 
1 
1 
' 

1 
' 

AnHnonio, Chlorine & C"au<tie ¡,.:, rhtroly>Í>) 
J•oo,,,hori< Aci~ (el«"io fum><e)_. 

0.750 

• •• 
'" '" 

Rayon ..... . ....... . 
Sodn1m ........ . 
l!ydr.U<n Pero.ide ¡ 
Elrctrolytie l.l>(ne.ium 
AlumÍ"""' , ....... . 

Tabl< \.S 
Unit Pr<>du<t lndum!<O 

'" '" 

Kilow.tthoun Per Unil o! Produ<t 

HVh u,.;, 
Automoból<> 1050 ~ 
C.rpoto& rugo (wool) "" 1000 "l yd 

'~' n ~ 
r • ..,, 

W00<ll'ulp ~ ·-Pap<f .!! IJ.c>.rd "' 
,_ 

Pigho" " "" 
·~· '" 1000 ¡.ain 
St«l w -· Sugor 

'•' '" Wn o! «fir>ed supr 
üne 

Toba<ro 
Cig>rotl<o 

Cig>" 

m ton o! row '"&" 

"' "00 .. 
El<ct">nic O.u Pmuooing 

Moohin" 

mil!Wn 
miltion 

l.ugr compol<" "'!OÍ« lh>.t op«ial a>noidcr.otion !>< 
~iven lo the rl«l.-ic ~iotribution ''"'m >Up~lying thom. 
Sp<'ciol ~uomrnto ate wually <tipul;<tO<l by the com· 
P"l« m>.nufactur<r, aod rrquirr"""" »ry whh cnmput.,
d,.ign. 

A tYpia! """'""'"' will "'fUÍ« J-pho..,, 4.,..;,,, 60-
¡.,,,, "'I'PIY >t 208, 2JG or 2-\0 mito. l'rmio,hle volt<tge 
variation ;ang.:o lrom ± 3 (G ± JO p<t«nt, deprnding on 
comput<r dooir;n. Fr<qu<nq •od>tion> ptrrnitt<d >re in 
the or<kr ol ± V, lo± 1 Oerl!_ Conll'"'"' in ~,.,.¡ arr 
lik<ly lo be <lomag<d b,.- ''"""' lfansirnto wbkh may 
othorwioe go undd«tod. no dogr<'< ol !U!I<eplibilitf va
ri« witl> the eomput<r d«ign ]( i> "'"'111 •dvioablr to 
f<m tho «>mputor ln>m • "!''""" tramlormH, atkl in 
•om• '"" it i< """'"'f to i!<>lat< it lurth« by the me 
ol o motor·g<n<r•tor I<L 

Pnwor r<Quiooment! ol typieal larg< «lmput<r Of>l<m> 
r>nge lrom ahoul 200 to 500 kV A, -.·<th •ir'corul,ioning 
r<quir<monto ol !""" 15 to 75 kV A. 

TJ<>:NDS IN D~SICN OF ilfDUSTRIAJ. 
PoWER SYSTEMS 

Ttend• Aff«;ting Power Syotem Arrangemento 

nr<'< importan! ttetklo in th< d"il'fl ol induotri>l pu"rr 
oysl<ml whiclo affecl ¡>O~'ft >Y>I<l~ art>ngement>co: (1) 
the incru=l u>< of load..,.,lcr >r>l<m'- {2) the ~round
ing ol the >)>l«n ntulr.il •t all voltogr levelo, ood (l) 
1he increas.ed "" ol higher vohagro (g<n<r.lly 400V/ln 
...,¡,.¡ lor lighting in iOOumi>l .00 «>mmerci>l buildinl['l. 
Th<" three tr<nd> are revio~·<d t>clow: 

A tood·«nlr< "'"'"' moy t.: dofin<d ., ono in ~hich 
púw<r is tron>mitteol U volt>g<> abov< 600 •olu to unit 
'"b>t>tiono loeu<d do,. lo tbe <onlW o( clo<tri< lo>ol. 
Al oh.:>< out»uliono lb< YOIUge ;, >l<pped do~-, lo tho: 
utili>ation level an~ di,ritoulo~ by >hocl !<<Ond>ry !"d'" 
to lho poin" ol ""'- Tho treOO to lhio type o! oy>t<m ., 
"l>pú><d lo oidor 110<> oloyot<m> tu,""'"""' ><t) muhd 
in '"''"' f'""- An U>"lination ol th< ool>>n"~" list<ol 
b<low for the IO>d·«nl<r on<= "'hen «>mpor<d lo ololer 
;yll<m> will in~ic>l< why ouch o trend h" <On'< •boul 

l. Lower fi.,l oo.t 

2. R<ductd pow.,- lo"e~ 

l. !mproved voiUge rr(Ubtion. 

4 In<rt;,ed "<><ibili1,1, 

S. Iktter continuily o( O<tvi<e, 

6_ Sim~lifi<d en¡inoering, planning, ond pur<ho>ing, 

7. lcw<r field inoUUotion upen><. 

8. Higher ,., .. ,, v.lur 

Lcw!~nt<r ''"'"'' "'"1 <rnp!Oy any o! the ba!ie •JO
km orrangcm<nl> for primary powet oupply. Tru: five 
combinationo moll gener>lly uo«< orr rodiol, >=>ndory 
«l«otiV<, primary ><loo;tive, looptd p<im>ry •rul ...:ondory' 
nelwork- What Oy>tom tu u>e ohould lo., drterminod by , 
>tt>.ly of lh< coqu\ronunlo lor "'h job. Voriouo olhtr 

typ<o ol ''"""' '"""""'"'"· ouch,. prim.>ry network, 
hove be<n U>«< U woll ., oombin•tion> o( tho ba>i< OY•· 
""' ,rran¡emenlo, ,,.h .. pritnory ,.te.:ti,...__.,nd>.ry 
ooltttiv<. lt should ol;o b, pointed out tlut > <onleilnlting 
f:o<tor lo lh< inert>o<d "" olloaol «nt<t >Y5l<ms hoo bton 
the developm<nt ol .;, circuit bruk<tl, metol-dad ..,.¡ 
mctol-enelo•«< owitch•rar, and <>p<oiolly .,k.rcl-fillod 
on<! dry (yp< tnn>fortne'l. Th<>< "''uipmenlo lul'< p<r· 
mitt«f the in>toll.,ion of lhr unit oubotationo in bnildingo 
an<l el"'< lo tho center> uf loo.do wi>hout teQUiring ex· 
prnoi,.. vouh> lo minimizo fire bu>rd• .00 dongec lo 
p<r>Onnrl. Anothec b<tor hoo boon U>< ol th< tran,_ 
lmmet >n<l la<g< molor "hem., owitched ond prot<el<d 
u a moil 

Grounding ol oy>l<m neutralo •t 0cim•ry voltag« h., 
bten ''"'""' Wliver¡.ally proeti«d. Howev<r, th<r< hove 
alwop bren two ><hoolo ol tbouJflt reprdin¡ ~rouruling 
o! oy><<m n<utnlo •1 utili•~tion Y<lltag<•- There are ""'"Y 
>yllem> in Operotion with uncround<d ncutr>l>, bot few 
sueh oyotcmo ><< bcin¡ inot>.ll<d tod>.y, Thert is thercloro, 
• l«n~ toward nculral grounding al tho low<r l'O]"""' 

>nd it io pr..,.ble th>t """' of lhe '""" >Y>lc..,. from now 
on will lo., o! th< ¡round«<-noutrol IYI"· The ooiv>nlag" 
ci>im<d !or 'Y"'"' n<Utrol grouoding ore: 

l. R«<ue<d o¡>eroting <Xp<!'.O<. 

l. lmprov.d O<rVÍ« roliability. 

J. Great<r "foty, 

4. Bmer oyst<m on4 <q~~i¡nnent overcurr<nt prol«tioo. 

S. lmprov.d lightning prol<ction. 

u 
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1!ml-ondo!<d lood-intmupt<; owil'h"'"' <Onoi>tl of 
completoly m•lal·<<>tiO<<d, cround«< "'"""''"' wilh ~~«1 
ot tomov>hlo fu!<d (or non-(<t,.d) l<>ouHntmupl"' 
<wit<l><~ ~o m<tal ""'''" U< u>«! to ioolot< ><¡.>.r<t< 
¡.>.<U of th< prim>ry <Í<«lit_ Bus<', jcinh ano!"'""""'"'' 
ae< non-in>ulat<d <o~¡><t ot >luminum mounl<~ on ouitablo 
<upporu. Tho fu>«! lo>d-in:urupt<t 1wi"h ;, d"ign<d lo 
int<ttupt l,..d cutt.,t, >Od >00uld b< <>¡.>.bl• of ..,_¡,¡1 
do>Íng agai"'' high l•ult '""'"" The hult-int<ttuvti"g 
capacity and th< high·<utcont df>oing apal>ilitr o( the 
«¡uipm<nt .re d<p<nd<nt on the ch>roct<d"i" o! th.e >>«>
ci>t«l fu<"· Suil•l>l, int<rlock< o;n be "'"''~<d lo in,urc 
..,_¡e ood p<Op<< oporotion 1\etal-<n<loocd toad-intmupt« 
owitohg"'' io al>o ovaibblo lor Juw- ""d m«<imtHoll>ge
cl.,o oy><<mo. 

Mtt.>l-onclo><d, low·volt>c< ,,.;tchgo>< «~n>Í>l> o( fn:e 
<l>nJi,g tn<l>l-rnclu>od, &"'"'.Jcd "'it<hbuot"<J otcuclut<> 
with low-,olugo pow<r <Í<<ttil bre>km conuined in iOOi
viduol compattrncnU. Tho cirruit ~rcokcto >t< <Íthor ,,.. 
tionory ur drawout tnountN an<l tn.<y !>e crnllrolled «· 
mol<ly (el«triaUy "P<"t<d) or lrom th< (ront o/ tbe 
•wit<hg<>'· The !.t><> aro normo!Ty non-in•ulolcl ond in· 
comit1g aod outgoing cir<uit> >ro not notn,.lly borcicred. 
Suitable int<rloáo >« pro•id«< 10 inoure .. ¡, >n<l pr0p<1' 
op<t>tion, As tho n>m< u( thio <quiptn<nt jmpH<>, it io 
>va>lallle lur oppli<>tiono lo low·O<>ltogc <iu.o >r>lcmo. 

A low of the ><lvant•&<> o( m<tol-en<lo>«i owi"hg«~r 

'": 
•• Sofety to ¡><tooonel . . . 
' Ea« of '""'"'""""''· 
' F.a.e of in!tall.rion_ 

•• Compo<ln<». 

'· Low<t in>lollt:<! "" 
' F!cxitól<ty. 

' Eos< o( ordeting. 

• Unilonnity of >Pi><"'""'-

Air cir<~oit bro>~<r> "' now olmo>l uni•m•llr ••cd ., 
opp<>oed tO oil cir<uit btO>-keto (ora,.;.¡, Totioty O( I'Qit· 
'"''· <urr<nt-<Oarc,iH .,,.¡ intcrruplinz ca¡..Oti<> 10 <nv..
aln•<>•t cvery r<quitotnent in on in.lu>ltiol pl>nl or com
mcrdol boilding. Th.y havc '"abliohed o ~ood r«ord /0< 
rel¡,tnlity, .,(oty, ano! low tn>intrn>n<c CO>b.-

Th. u,r oí load-<<tLl<r oymm> h» O.on fadlicotcl by 
th. d<><IOflm<nt o( tt>n>formm w~ich "'" b. inol>.ll<d in 
building> dooo to c.ntcn of Ja.d • withoot r"'u¡,ing =· 
p<n>ive Vlltllh Th< a>karel-in5'11>1«1 lt>o>[oHII<t ;, tho 

moot "'""""'"'' u><d tyP< in lhe ibdu>tr;.t ~<Id and lu.o 
tbe br<o>dc>t rangc of •l't'ii<>tion. h bao tbe .,jvontag« 
ovor the voatil.r<d dry typ< of >bout twi« th. im¡rnl,., 
>ltength. > lower oudio ..,..,.¡ 1<"<~ lowc: maint.,...n«, 
>n~ can be locat<d omdooro <K ''"""' onywO..-. in !be 
pl>l>t Th" IYP• lt>nolornl<r hao 0<10 ptu¡><rty >UP<fÍur lo 

oil•immttkd ltonolormoro, in u,., tOo in•u:••ing liQuid io 
non-ffammobl,_ Aokacd i> • non-o.id;,;"lf in>ul•tin~ ~uid 
ond wh<n Jorompo"d Oy •n rl«ttic '"'""' ovo[ ve, only 
non-.-~losive 10»<0"' mi.tures. n ... , .... "' toxic ,.,.¡ 
"'""''in whi<h a<kat<l tundonno" "' loc"od >bould b< 
vontilat«l. 

The dcvdopmont1 in v<nliloted >nd seoled dty IYP< tron>· 
fotm<" in l~e '''"" ,;,., h•« o:oottihutm to their in
'""'"" to>< for ""'' >ul»totian>. At lite orc><nt time d<r 
lYP< t<>n•formen ato ro>dily oo>iloble in raling• to ZOOO 
k VA 01 !S kV an<l ~dow. TO< '""o!""'''"'"¡,¡,, trT~ 
tran,formtt< ;, alx>ut 10 to IS p<rccnt aboY< thal of con· 
.. ntiooul .,;1-inoulal<d ><lf-ro<>l«< tn.n•fortnm ,,.¡ ¡_.len 
th>n th< <O>I o( tho »k>rel tYP<. They '" wdl orlo~te.l 
1<>< "'' in ""'" loeotiono_ 

Herm•tioally >o>l<d 4ry tne tt•ndotm<« fill<d with 
in<ct g•• &ro ovoilobk lor "" in lo" f>vonble loooti""'· 

.The ""'' io Jl to 40 petcont mor. tlwl tb< "''"<ntion.ll 
oil-in>UI<ICrl ,..1(-cool«l '""'for"'m but only la lo 15 

'¡><r<cnl more tl"n th. 01karel lyjlt lloe l"rmoti<>lly 
,.,!<el, Cia .. !l UOO>f<><"""~ <U b. )ol>«d olmo•! ony• 
where in a huil,linK PfiiVÍ<Ietl orloquol< v<ntilotion io 
avo;lohlo. 

Ruhber ond ruhb<r-lilce •rnthctic com1"'11"d> u><d ._.in
<ulo~ion ,,.¡ cable oovcrin"' >uit>ble [Qr dit<el <>po>Ut< 

lu the ol<on<nl• ><'J ¡,,. ,¡;,el ~utial io tht "'"""dar< in 
""'"moti""'"' •olt•¡¡e• "1' 1o ll OV. 

Synthetic com¡<>Uiod.o o( the thormopl .. ,tic IY!"'. su<h., 
,.,¡,.,inyl-chloride .nd ooly<thrl<nc. '" b<ing "'"" "•• 
in<ot<><in~ rat• lor low-Toltog< pow.,. ..-.! roottol e>b1o 
;,,,.,t,,tion' o.,,,,,,;, o( the <>«ll<nt oloctricol antl muÍ>· 

'"'"'""''''"" ptO!><tli.,·., woU ., thoir rol><i•dy low 
«>>L ~u<h in>ul<ti""' hove mad< po»;bl< lhe "" of th<>< 

«hk> ¡., '"'" 
Ai«lium-mii>.J:C in>ul>tio"' <equire. in oddition. )t;gh 

di<l«lri< >lron•th '"'' <mono ontl omo< t«h1>n«, Ther· 
"'"""'"" lyllthotic <om¡x>und> >U<h •• butyl, "llcon<. and 
ruhb.r <0n1pound• ore bñng u>«! lo "'«1 lh<>< rcquire
m<nl>· 

To Pf<>l«t Ín>ulating <ompoocd> which "hitót <>«11'""1 
cl..:tri<ol prOp<rti., bot l>.ck th< dcoir<d on•i<onm<nl>l 

'"''"""· jlulychlo~ml•r<l<< '""''""'"¡, .,, boing wiJdy 
u>«< !o.- jack<t mat<rio!. l'olychlotopn:n<,> to<>gh tho=->
O<IIing •ymheti< <~!"'""''• h» _, high «•Í""'" lu cl><"'i· 
"'' lihly to b., """""ICtcd in ""'Í<O. 

On •n«<ium-volt>K< =1>1<>, thirldin~ ¡, ,_molly uO«I 
¡,,. voll>•., ;, """ <Ó 4 kV ""''' ¡.,, ¡mt.hlc cabl,., 
""'" >l>i<ldmg i• ""m>lly u'<'l on .,.hl.., •ho•~ 2 kV. 

Tho av>il•b;litr ol tho ""'h•ti< rrr.>t<ri-•ls "'" ,,.,,.,¡ 
a ttrnd away lrom undrrgrooud doct '''""" •nd op<n 
wire ort """ orm•. A<rial .:..bit, whi<h;.. g"4ually re· 
pl>cin• the dl><l >t•l <>l'<n·wire oyst""'• ;, h«oming qu;t< 
f10!1Ubr for Ion~ outdoor cireuit~ A..-~ ubl< ;, lo<tW1 
ot fi<ld •»cmble<l frum ,¡,,., "" more ~rop<rly in.ul•t<d 
""d jacketed roto[uclm> and • !Ut•~rtito" "'"""~" wire, 
which io <ffettivcly bonded to tbe """'""'"'~ TI.:r ore 
<omn>tmly made for volt>g<> up to IS k V ~tOUmle<l """"'! 
•nd ,;,., up lo SOO AIC!.I. Advon"g" ""' the o¡><n-wite 
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•yotem '" fow.r "".¡'" inltrrupti.,.,., good '"""'""""• 
""" of in>lollotiun, ¡,,. ron~"tion on pol'l or lowtro, im· 
p<.,..,¡ voiUgt r<platian b<a.n"' ol lowtr and t..lanced 
rn<t>n«, and rodu«d cl<arar>ee rtquirtm<rlt~ 

For i!Mloor ond oh<>rl out<k>or cir<Uit., int<tlocke<l """"'" 
<abl" havt found wide oppliation at al! voll>gt 1~• np 
lo l.i kV. Thi> C'hlt dimin>"' t\,. necd In. <onduit, r><e
woyo, ot dU<t ond io fr«¡~><nlly in<t&lltd in troogbo, b&slcru 
or roth Tn hdp Ín>Ott o low ¡r.,.,..¡ rtlum dmñt im
p<ol<nce, >n intmUdol '"toipm<nl Ktoun~ wir< ;, mom
,.,,.¡..:¡ and >Omttim .. t<'quir«< b)' !.xal Cod.,., 11 has 
btrn found th>.t th< inttrl<><hd atmor txhibits on appre
dable i<n¡><tionco wh"h ''"'" otroy curr.nl• In ~ow 
through building m<mb<" ond m>y tosnlt ;n >P•"ki~ .,..¡ 
thuo «<>1< • ,,¡,,, ll>zord, uttlm intornal vounding 
eon<lu«o" oc oth<t rf!ediV< ••o•molin~ dr<uit i> prO>id«<. 

For a R!Ofc compl<l< dioo.ssion of "'bJ< pnctk~ or< 

CO•ptor IX. 

The uS< of phq:·in b."""'Y ;, >;t~Ít< oommon for ¡,.¡..,.. 
triol buildino;o wi><re ch>n¡ing Joodo muot l>< ><eoonmo-
d .. trd. l'a<torie~ within which mO<hin" ore lihly to be 
mo<«< u<rtmd ,. <hang«< ft'<tU<n~y; pro•ido eudlmt 
opplico.tiOtlo !or tht plu~·in boowoyo. Although th< firll 
cm! o! ouch an in$1ollation m>y be higher, futtlr< chong<O 
un l>< m>.dc o\ m..U. lower co>t ood;, ¡,., tim<. 

Copocitoro 

Shunt eapodtof$ uc o>rd to odnntogc in mony ¡,.¡,... 
t<iol inmllotion>. El«trk P'l'"' wnha<to fr<Qurntly «m· 
t>in pow<t·f"<tor clauS<o whi<h bcn<ót the p:.nt ;¡ ,.,....,_ 
ably high !">""" lactot io fn>intointd. The .,,.;.,,, ¡..,¡¡xt<f 
will often poy fot thc in>toll>tion co<t of th< ~l'"itoro 
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within • obort time. In oddition. reductd vol1>1< drop io 
rulited. portirularly if thc a.pacitoro Of< locot«< ,. .. , the 
loado. Li~cwiO< the pOw..- 1"""'' in f.tden ond br>n<h 
cir<nit. may be redu.td \>eeau,. of lower curr<nto llowiD1 
thtouKh th<m whrn tht 1''"'" factor i> improvcd. This in 
turn a<hin<> oooth<r b<nefit: th< obility to aorry odcli
tiotul connocted load oo tbe >=>< le<d« cir<tlit. 

Volto.ce Regulaton 

The 'P"'d in v<>ltag<> ouppticd by the utititi<>. tog<thet 
with the volt•g• dropo oceurring in trondotmm. !tedero. 
>n<! b<aflch dt<tJito undt1" lood condition~ moy "'ult in o 
wide voriotion in voltago >1 (h< utili>ation d"im l><tw"n 
light load o.-.1 "'"'1 lood oooditioM. Thc h<nd i> to re· 
duce "''b voll>l< variotiono to o minin\Um in otd<t 10 
ohuin mo,. ,.,,.f><tory n¡><rotion o! the 1""'" utHi,.hOn 
d .. i«>. Somc ol the l>rger i.-.du>triol phnto in>toll vol""c 
re~latoro on bu><> or letdm to moinuin rdotiwty con· 
>l>nt volt>g<> >1 thc l<»d. Tt>ndotrn«O ..-ith load Up 
chon¡¡ing, have be<fl us<d ond .,., b<ing inueo.;nelr >¡>
plied ~·hen the incot.,ing oupply vol,.ge ;, .oo.,.. 15 kV. 
White th< trend i1 in the diredian mentionod obo••. eoch 
co,. mu>( be c.uelully >1uditd to determir>e .,.h<ther or 001 
voltoge <Orrectin~ <Quipment <>n be ec<momioaDy iu.!lifi<d. 

llotor Control Ctoteu 

·A !trong trend h>< Leen .. tabliohcd towotd ctntrati>ed 
h>Qior <Onlrol cq.,ipmetU. The ..,¡,.,.,. • ., of groo¡Ong oll 
motor controlo " • centro! point ore of1<n preunt evm 
whtn individuo! motor «m!tol unit. ore us<d Motor 
cmtrol enuero have • numbu ol od~toc<> .,.., the iu· 
dividualty mountcd eontrollm. The moot impOrt>nt •d· 
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z_ Flexfbilio,-. !leaut< of modula,- typo of coou!ruo
tion. >l><l<" of voriou• 'i'" <;>O be ,.>dily int<f
clun¡«< on job. 

l. f_,,. of ,.int<n'"'"'- St.rl<" <:>ay be rornov«< for 
m.ointmanco. 

4. lnc"'"d .. re<y. All unitl dud·h"'" ..-ith inl<t· 
lod«< doot>. 

5 Com;»"'""· 
6_ R«<u<ed u;ginmin~ >M purtb.sin¡- oo.U. 

]_ BoU<r prot«!fon >gain<l moi''""· dirt. and me-
chanic.l injury .. 

8. BtH<r appea.<>n<e. 

Ptosp«tÍY< """ ol motor <on"ol """" ohouM 
c.or<fully stody mamlfotturerf IP<rifi<>.tiont tO mah IUft 
tbat tho equipm<nt oiTcr.-d will ho ad<q'"" /or th.: du<y 
in..,lv.-d. Pr<f<f<ol« ohould b< tri•m to 11and>rd con
otruction- Tht <conomi< >dv.nt>go of motor control «n· 
''" may b< lo•t when opodat loatutos are deoirod. 

A .,.,.Jine diagr>m it ene which indiateo. by,._,, "or 
tingle lin<t and o.implified symbolo. !he <Our>< >M <Om

P<>n<nt devi<<> or ~~"'" of an eltt..-;c dtcuit or oyot<n; 
ol cln:uiU. 

' To illu>1rate. coosi<kr the ,;.,pie clrrnit ohown in Fir· 
ure !.4. Thio i< a thr«·line di•lt>m. It •howo tho de· 
taih o/ an .,,;,. dr<uit. The compl<te !l'lth• ol oll 

''""""' C.On be t>Ootd through all U.. cor>lucton and 
o¡>par.otut in tho circuit. 

H<>w<ver, in a gontt•l c<moidor.tion ol ou<h a dtcuit 
whorein W< »e ronwntd tnainly ''"th the p.th of on<rgy 
.,..,,¡.,. (but DOt "''""'' paths) and tb.: id<n~fiatiO<J 
of dr=it componenU ..,th their rotingt, tbe ono·lino 
dla¡ram. Fi¡ur< 1.S ,.r•« !he pUtl'O>O b<tter. 

F!(<l.-e 1.5 
Simpliliod one-Ilno dia¡-t"am 

In !he pr<pa,.tion of pr<l;.,;,.,y plant lor a oyotem or 
op«ificationo, jt i• nnt ""''""Y to show all deuilo in 
..,..pt,,. Iom~ "" a oo<·lioe dia¡i-am. 

Somo o/. tho m.,-e im-t itemo to ho inclndt<l •• 
lollowoo 

1. Th< •• ub.b!e ohoot-Qn.-uit and gn>Und an<=" o1 
power a>mpanJ""o oyot<m. 

Z. Tht ,;,.. typo. ond numb<• of incomirtg ond out
goin• e>bte._ 

3_ Tbe r>ting~ t<acUtt<<~ and "cooo<CÚ<JO! o( the 
tr>n>form<r ... 

4_ Th< ¡>oints at which power i> lo he mtt<ftd and 
tho '''"' of met<riog d.,ittd-

5. The omou.~t ond tha< .. t<r o/the load on al! loedor .. 

6. Authonlic information " to the ""' geugc.phk>l 
loc>tion of th< in>t.>ilati.,.,. 

Fi&l'« 1.6 mu!tr<t., • ¡>r<liminary ooo-ftno <fio1r.om 
of a typi<"l indu!tfiol pow<r syst<tn. 

Th< /ollowing ítem~ il giY<n·•P<Cial attention duting 
l'f<l'-'"tion. i•O>ure cumpl<t<, •«ur•t<, •n~ lucid di~" m•-

· 1. Xoep th• Di•I"Um Simple 

The <)D<.Iil>< dia¡<>m !hould sbow tbe major <l..:tri< 
cirruit• •nd componen" in tho mo•t •imple lorm lor me 
ol undmt>nding_ Equiprt,.nt >houl<l be '"'""'d to "'ini· 
tnire the nu<nber o/ cto,lng lioe> wit!lout regan! to th< 
o<tn•l g..,..e!'J' o/ the plan!. The geometty o! th< plont 
it of COUf>o imporbnt to ke<p in mind whon m•kin" th< 
On<-l"tne d',.gram_ Thi> g<ometry ohoold be >l>own on a 
map, >M a wiring dia"'"" .hould be madt lotor o~>o..;ng 
the O<tual l""'tion >nd routin~ of tho circuitt. 

2. Avold DupUeotlon 

The ooe~ine <fiognm ;, • tor\ ol"<fi•r•am ,borthand." 
000 for thi> '"""" <vory line. ,ymbol. Ó¡¡llt<, >nd l<tter 
hao • definite moaoing and i• mod< ta "'"' ><>m< dtfinit< 
purpose in <onveyin~ oignifi<>no in!orRQtion. Th<rdor<, 
duplieation ohould b< nrefolty .. oid.-d- FO< =mpl<. 
when giving the ratin" of o cuttent tfan.lormer, the 
•l•b«viation ""CT"" should not b< u>«! b«OU>e th< <ymbol 
itklf oon.,ys thi> inlon=tion. lt io >uffici<nt lO otal< 
m<rdy !he In>< ,,.j t>ting. thus "800/S." Ev.,. 11>< •b-
brcviotion ""AMP"" alter !he toting io """"'""'· ho· 
e.auso cumnt tr.mdortne" obviou>ly can b< rat.-d only 
In ampe.-.~ 

J. Uoo S,.ndard Symbolo 

The "" o/ .~1"<1 o)"lnbolo and convmtiono io de
oitab.l"- JI <OO<"i>l l .. lut<s 0001or whi<h """"' be I«U· 
ratcfr covtt«< by "•nda!d >rmboh •nd <onventlon•. '"' 
ohould b< '""¡,.,¡ to m•<< cntirely clear the mo.ning 
o( '-"1 nons,.nd>rd oymbol ot con~tion devised to cov« 
lll<h f<>IUl<l-

4. Show AU Known Faoto 

O.tail> ol drcuih >M d<viceo known to the outbor of 
a di>.gram may >«m to ¡,., ""importanl O< evrn inele;-ant 
kl him altho tim<. To some<>n< el><. hnw<ver. or ev<n 

kJ th< authot ot o I.ater date. tht>< d<tllih maY """"'' 
majar impo<Uno:_ and thdr otnÍnion ""'' b< U.. au« 
ol much 0x1r• work and ro., of time, or evrn erron ond 
misundmtonding•. No detail within th< ocoP< o! ohe 
di~ram. lh<>elore, ohould be <Of\tidtt«< ., "tmimpot· 
un~ • ODd th.: rnl< • ..._....,. ;, doubt, ,........ i~" should ¡,., 
follow.-d_ 
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ó.l 0000 """ 

t 1~,800·•80YI2T7V ,.,-'$ ... 
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By <h<<king tho followinK li11 b<fore rtl<Oting i dia
gnm, ti>< omi•.;o, ol ..,,., ol th< """ impotUnt dcl.oilo 
""" be avoid«<. 

\_ Monufodme<'o typ< d<liljn>liort> •n~ r•tingo ol 
dovim .. 

l_ !Utios of <lltftnt and pol<n~>.l tf>tiiiOim«>. Upo 
to be u>«< in multi-ratio nment tranol01"111<f> and 
potenli•l l"no!ormo.-., <on"«tion of dnubiN>tio 

'""'"' tr>n>fotmero 
~ Connectio"" of pOw« trano!ormu ..,;nding> (i e, 

wye, dolta. <te.). 

4. Circuit-brt>hr ,.,;ngo in >oll> ond ,mpm> •n<l 
(il not ¡,,jic.>t«< hy the tn>.nul•<tum'< lyl>< d<>iJ· 
Ntion) th< intem,pting roting. tyl"' >.nd numkr 
o/ trip ,.,;¡, on <ir<llit t.r .. ~.,~ 

5. Sv.ilch •od fu>< t>\ingo in l<tlO. >nd <m¡><e<> 

6. l'u,Ciiott< ol t<l>y>. 

7, Rotingo ol m>.chinoo >Í>d !>DW" t<>nofann«"-

8_ Si,. ond IYP< of ublcs. 

9_ Volt>g<, pka1<, and frt~u<n<y ol al! incominK <ir· 
ouiu. A ll>l<ment >hould acmmpany tlti< inlornu
tion >t>.ling "h<ther ar not the ntut"l al any 

'PI>''""' """;.,.,ro to 1he """"' ¡1 V«>ndrd. 11 
~r<run<l<d. the ll•toment ohcruld o¡>«ily "h<1her t!>e 
ground ;, .,,r,d or through an ;ml'<'i•""· H th< 
l•tt«, 1h< _,luo ol ti" im,....l>n« >hould k ¡imt. 

5. Show Futua P1on.o 

F"quently, >p<d>l fcoouru oro d<1i«~ wi•Íd• hove oo 
P"""'" in roor.«tion ~ilh the 'Y''"" kinK <!mvn 01 
the tim< but wbi<h >re it><h>drd in «¡Uil"""'t in ord<t 
th>.t it m>y fit into ><>m< pl•n lor loturt <h>ng<> ot <>
ten!Ton•. Su<h (utur< pl•n• lfoould k "' lonh an oho 
dia¡nm oith<f in di>tr>mm>!ic form or by txplona!ory 
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nol"· Foc exam~le. an oHI~ooc ll>tion """'"" i1 often 
btoilt with ¡~·o di><O<>n<<ting >wit<heo in .. ,¡.,in a gi;<n 
dtcuit with the int<ntion of u1ing•them ultim>tely ., 
iwl>tint ,~itch., fo. • dc<Yit bteaker la be in><>liM 
!.ter. lf ,t.;.wn ,..itboot <omn><nt oc th< ¡,.¡;<>.ti"" of th< 
'"'"'' b.,,ker, th< putl>O<< o! the >e<onJ >wit<h ¡, ..,. 
tirely oh"urM 

6. Ino1odo Corroct Ti~• Dota 

C.re ,hould be •~ercil<d in th< "'~cr>mrnt of titleo to 
,.,,.lino diogramo to llle <rnl th>.t tllty nuy >«Ur>tcly 
ioJentify the in>t>llalion. 

To an wl>o <Ontribtote to the prepa .. ticm of one-li'"' 
diogram1 thi> aoJmonitiM ;, ¡ivono~ "T.tl wh>t yoH 
kMw on the one-!ine ok<teh bul nothin¡ whi<h ,..,., do 
not know. Oth" en¡i,.., aro lihly to miot>h your 
¡uemo lor your k nowiMJ<, often w"oth dh>.,tou• multo."" 

The •el«lion o! u@.,tion. di>tribution aod oub-t<>•»· 
mi,.ion ..,l.,go 1iveh io ono ol lh< 0001! important eon· 
1hlerotiono in power oyll<ln dolign. Sntrm volt>g<l 
.,..,.lly aff«t tbe <COOomi<o of n¡ui¡ornent «l«tion and 
pi..,_ expan>ion ""'" titan ony oth<r single !octoc. !t 
behoo"<> the power oyltem engi'"" to «>n>idor "'"luily 
tho problem wl>rn d<oignin~ the diotribtotioo oyotem. 

Vol"i< Claoooo 

The nriouo volt.~ levels moy be bro.dl, elo11ifiM ao . 
follows; 

1) 600 vo;olto and ¡..,_ (low volto¡e) 

2) 601 to 15,000 volll (m<dium voltago) 

l) '"""' 15.000 volto (hi¡h ...,lt.¡e) 

Th< low·volta¡¡< elau, lo norrnally r<~lrktM to 1o¡o
plying ut;ti.,tion oquiprn<nt dir«tlJ. The m<diom·volta¡;< 
"'" (<ummonly 1.4. 4.1~. 6.9 • .,~ 138 kV) is ul<d ono>l 

fr<qoontly for di•tribution purpol<l 001 ~1!7 io 
...,ployed ao ~ ubti .. bon •olta&<. p.>rti<Ulodyl<>< n>otoro 
ratM Z.J. 4.0. 6.6 '" IJ.l kV. The hiRh·voh•&< ""''· 
abuve 15.000 vo;olll. may oc.t:a<io.Wiy be .....,.,.,,.,.,¡ a> 

the o>;ti!]" JUI'?l1 vo1to¡<. In a lorge pl.¡n~ wioll widely 
di,persed load ar.a~ vdt>g<> >bove 15.000 vallo "''Y be 

ul<d to di>trilmte """'"· 

Pactotl Alfect!n¡ Volta¡o Solectlon 

]. Servi« •OI~ a...Uoble from utility 

l. Load nugnitod< 

J. Diota.n<e ""'"" ;. to b< carriM 

4. R.atin11 of "'itiution d.,.;ceo 

5. Sa/<ty 

6. Codu and ol>ndot<lo 

The reloti'O efftet o! lhele fa<tor> ,.,.,., widel1 de· 
p<O<Iing upon the p.ortkulu pl>nt jnvolvM. In ~ener.>l. 
h.,.. • .,.,. th< followi•• will •rply: 

S.ni« VO:tagn Av>il.ible Fr""' Uti!it>~Th< beu 
di,tribution voll>¡o lo Ul< within a pla~t moy no! be 
one of !he ><'>Í« volt.ll<• >voilobl< !mm tho utoloty ot 
th< p!>.nt lite. · Wbon thi> ,;,.tion ori1<>. the ·oy>t<m 
d<>ion engin«r mu>t d<termine the r.lotive co>l• o! 
uoing tloo !<rvi<o """ge, lor ÓO!lriDution oc providing 
'"ff>tient •ub,,.tion lron>forn><r copocity 10 obtain th< 
deoir<d di.,ribution vol"t<. In ..,.,, "'"'· the n«<"J<ary 
ouhot.>.lion in;<!lmont will p•ove UM«Htomi<•l >n<1 ono of 
the a-....l>ble >«Vice vol"~" wi!l be u><d. 

Lo..d M>gnituJo~Lo..d m>gn"otud< h.,, littl< il any 
beoring on ..,lection o! >O)tag.,. in the 600-•olt elo» but 
io on imporunt foctor in stl«tinl ~i.,ibution voltag.,.. 
lt io UIOI>IIy the det<rmining f«tor for ><i<ctin¡ di>· 
lributimO voltageo .,.hon tho pbnt i> comp>ct ond whoro 
tho loo~ io <""«totr.nM in ""' aroa. Tht ot~i .. tion 
e<¡uipm<nl volta¡¡e rotinill on~.I'Ol!>.ge limit.tioo> ••e 
aln>o>t tho rntire rovernin¡ f>ctor. 

D"o¡l>n<< Power h to Be G.rri«l~Di•tanee d0<1 not 
utu..lly affttt >elwion o! vol!>.¡<> in tho 600-.o:rt claoo 
but io on import.int """idon.bon in lh< ,.!..,;,., d. dio
túbution ond oub-tr>n>mi.,ion voltot<>. !t io ooni<ulor1y 
imt>or,.nt wh<n oi,.ble load> ar< loc..tM ot quite a dio-
Une< lrom !he nul.o P.nl · 

' 
R.ating o! Utiliwion Dt,.;m~Utiliz>tlon de..lc<1 itavo 

• mojO< off«t on th< «lecti"" o/ ><oltao<l in w ... m.t 
Planto. lnc.ndeocrnt bmp~ """'1 f~ion.ol ltor.._.,r 
mntor<, h.,nd too!,, bu>in<>o "'"rhioe~ oppli•nce•. ole. are 
renerolly ovoiloble "ith 110... liS-, or ilO-I'Oit rotingo. 
Wh<re thio typo o! <qoi¡ornmt io o•M. 120-YO!to lin¡le
pha,. mul[ be •voiloble. 

Thr«·p!,,. "'""'" ore t<>doly o .. iL..ble ¡,.. ..,¡tare• 
lrom 2llS to IJ.ZOO vol!!. Howev.r, llle mo>t d<litoble 
voltag< loro g\ven motor from both a d<Oign and oyo
tem. <OSI oundJ>oint "''i" with the l>oU<P""'tt n.tinr. 

· The ho'><IW>"" rolingt of thr<'<-pho>< moto" definitoly 
· aft"ect sy>ttm voltage ><l«:bon in both the low-vo;olto.ge 

and m<dium-I'Oitage da>><>. Otber typ<o o! otiliutiotl 
n¡uipment >lf<<t the S<!ettion o! IY>Iem ..,¡tag<l. For 
<xampl•, oppm•imot<ly 75 poremt ol fum><<> ulino r<· 

oiotanc< tlern.nt> '" deoirn<d Í<lt Z40 ...,¡,~ vrith 4IJ'I 
volh gener>lly moximum l.org< ore-fumo<:< ¡,..,.. 
forme« oro generotly 1imitM toa ""'-"imum" of 2J to 

.14 5 k\' ""''"' of owitc!Un¡ equ,iPft><CI !imi"lin<IL Thio 
i!luot•ateo how utili<>ti"" e<¡uipment other titan li¡htina 
ano:! ro,.tihg ""'hinery can d«t ''""" volt>.ge 
,.Jo.:tion. 

Saf<ty~Sal<ty io • nujoc fo'tor in o<l<rting 11>tem 
voltag< in the aru o1 120 •olto, "' bol.,.., "be" appli
""'" and 1>0rtoble toolo '"' u><d. For oxomple. wh<« 
thero io • P<>"ibility of «>nlo<t with '""•irM ~><•" oüch 
u in un¡round<d !ramo: 1>0rtable tocl~ oo.ltag<t of !he 
order of ll voltl itaT< ¡,..., «lettM becon« it Itas bem 
ohown that vol"r•• above 50 •olto to ftound can be 
1tthoi. Thio ~ in r"'<Q]· <m<forma to NaOO.W 
El«tri<al Codo. The (TOUlldinr o! all portable i<>olo 
io r«'()motendO<! when P<<mittM. 

' 
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On circuito ,bovo IZO voiOI 10 l'""nd tb<t< >«m> lo b< 
linio"'"""'" .-·id<oct th>t voh••• ..,Jection hum o ,.l,ty 
oundpoint i1 • m>jOt conoidontion. Whilt tho d,.n«l o! 
olrttro>cution do, to o oortain exl<nt, in<«'"' with >n 
in<roo>< in •olUK<. lh<>< hiob<r ralingo an oll el«tro
cutc o p<non ¡¡ h< <0!\U<IO o liv< par< uml<r 1"01'<' CO<I· 

ditiO<I~ For the ltigh<!t ordor ol ,.loty on drcuih SO 
'ol" ond hiorlu''· wor~ on currrnt..-."ying patio <hol>l<l 
be dooo o"IY with tho <ir<uÍI <k-cn.roú«l 

Codos ood St>nd>td>-11>< Notion>l El«1r\W Co<lt 
pi><<> limitatiant on tho v<>l<•o< <>lin¡o o( tquipmtnt 
>n<l di>tribo~on dr<"ilo within building• and ohouló be 
co,.ull«l to '""" conlorman«. 

SELECT10M OF CtRC!Jrt AliRAMGEMENTS 

Q.,eral 

The powe< ''"''"' <n&ino<r hoo o cboi<< ol """1 di!
lmnt circuit 1<1>1•gomrn". Although th< votiouo or. 
...,l<IIU:nto nuy b< eo<np>.rod oo "'"'"' b>o.,, th< choke 
utuolly ruolv" it!ol! into tb< ><l<<:<ion ol"" arrongo:rn<nt 
which v.·itl proviJc th< r<quiccd Jogr« o[ ><rvi« r<li>· 
l>\ity at th< minimnm eo<t. In Ofrivin¡ at a »li>l><lory 
<~mpromi>< bcl~«n «>11 .,.¡ oervi« roli.b'licy, tbe 
lol\owin¡¡ lund>mrnt>l «>n•idcrotion> oh<>uld b< kcpt in 
mind: ' 

The <<>>1 o( providi"ll cl«tri< "'"'" lo • puticulor 
arca in •n indumi>l plan\ inclod<o fix«< ;,,.,,.,.,, 
chocg<> >nd <>pot>.li«~ lo»t> in addition t<> the <<>>l ol 
lh<: pow« it,.ll. A. groat dcal mor< <an b< done to <<>n· 
tfo\ invutm<nt ch>Tg<O and 1 .. ~ th>.o evo b< clone to 
control lhc !'<'"" ro>l. Thu!, th< princi""l <oncorn ~·hcn 
alt<tnptin,¡: lo rcdu« ovcr-.>11 eo>U io witb thc initial 
inve>lmcnt. 

'in controllin1 initial inv<>lmcnt," úr more <an t>o ac. 
comp!i>b«< by propcr ,.lmion ol cirtuit .. ,..,,m><nt 
th>n hy .co,ontiúng on couiptncnt d<tailo. \llhcn <0>1 <o
do<tiono •" o«<>,.<1, ~"l' olmtld "'"' t>o modc at thc 
'""ifi« of ,.!<ty and porlorm>n« by o>in¡ inf<Tior Op

P><•"'•· Hcdu<tionl >hou\d be obL>ined by "'in• a lcoo 
<•pen•i•e dim>trut""' >y>tcm wil~ oom< »crifi« in re· 
>erve capac'ly ,,d rcliobility. -. 

Tho d«•« to v.·hi<h c1tr> <>p<ndilut<o ,h<>u\d b< 
••lded to the pl•nl rl;<tribution •Yot<m lO inefC>o< ;,, 
>cn-i« t<li>bility dq><nrl> u¡>On (1) ch>ca"oci>ti<o o! ll>< 
manul><luting P"'''"~ >nd (l) roliabi~l1 el th< p<l"<< 
><>urce. BQtlo o{ thc'>< factoro mU>t be <O<l>idcc<d in Of· 

r"-ir.g at a .olution lo thio pr<>hlcm. 

en,.,,,.,;.,;., Q( Monufa<turin« Proce,.-lo nuny 

""nulaotudn& pl>nt~ > '"'"' out>&< of pow« con be 
tole»lod. In othcr !'l>nto, ohott out>g<> of pow« <«u!! 
in lhc >puiling o! tnmid<t>b!o n»l«i•l in P"""" oc 
<>u"< >huido~;-n, ov.c • ¡.,,, arOa. In thc lo""" <>>e~ 
v.here >hor! ohuldo~n• "'" be tol«>'cd, it i> qu<>tion. 
oble il anythi"g bu! lhc >imphl '''"'" "" bo ju>"ficd 
on •n ..:onomic: b>oi>. ln thc 1>11« <>«~ it might be 
"""ible lo j<ntify <On!irlcr>ble cxpcnoo {oc inoccaoing th< 
reliobility Q( thc di.,oibo,ion 'Y'""" 

Powcr Sourc< Rcliobility-S<ni« r<liab:lily >l <he 
p<>inl ol utiii<>lim'l d,p<nd> ~p<:>n the r<liobi:ity of thc 

" 

pcrw.,. """'"'· lb<nf<n. <•<'7 elfort "-Id be ma<k 
to obtoin > p<:>wcr ""'"'' h>.ving & deg.ct. o( rcliobo1il)' 
commonour>t< with pl1r11 ttqUitemento. 

![ thc •onr<c dr<;oll$ a.e c:obl<, and pani<lrlarly und<l'· 
........,..:~ ,.bf,, thc pr<>b>l>~tY o! fault> in thcm will b< 
muo;b leo• th>n in (,y(rbud. oprn.M,. <irtuill. How, 
ev", wbile thc {r<Qurncy o{ o<o.On<rcncc io low, •• mucb 
.., 2• h<rt>n n'IOJ be r«¡ui<<d to loc>.tc ond ropair thc 
lault. 

Foulb "" o.crhcad .,......,..;,. circuill rn>y be eithcr 
'""';'"' or p<tm>n<nt in""""'· In thc ,.,., ol mn~cnc 
fauh ><<"i« ;, gcn<r>lly ro!lOf'~ imn"~'""ly by tc<I01-
ing o( th< line b«>kor. Out>lld dU< lo p<tm>nent foulto 
m•y rcquioc >bcut 8 hou" lo loute >nd f<!.,;f, 

lt ¡, impo<t>nc to k«p in mind th>t ..,-v;.., r<liobility 

figureo '" highly •><iable "" """w ~'""' of • 'Y"""' 
ond on various !yllcm• H"lorico\ re<otd< of ,imil>r 
in,ullation< und<' oimibt rondit~< M11 ptovid< • ~ 
"'"'hlc guide •• to wbat lo <>p«t. (Rcf«<n<C S.) 

Typeo of Cic<ltlt A.rrongomen.ta 

Th<:r< ar< ""'"Y 1>"1"'1 o! drwit ><r>ngcmcntl pOI· 
,;blc, >lthou¡h thc m<»< 'eotmnonly u><d pOI"<r ''""" 

>r<>ngcmenl< con u•uolly be tl»>ifi<d >> one o( thc foJ. 
k>Mnr i>O>i< typ<>: 

' Roclial 

' Sc«><>d>ry· Sel«ti •• 

' Prim>ry. Sclc< ,;.., 

• Loopcd·Pri""'ry 

'· S«ondory. N el wark 

A bricf di=uion of'e>dl ., ... ~~ cit<uit •· 
rangcmenl> follo~o;., '"'' .. 

,_ 
Radi;d "~" ' 

In lb< rodi>l · ur>.;j¡<rnrnl, th<re ;, only <m< P''"'"tY 
l«dor ond one tton>form<r <hrough Y<hieb • givcn •~ 
ond>r)' ¡,;,'¡, mnd. E.>tli<r typOo af ndial ,y>l<m' 
u>u>ll1 ron>i,t«< ol •n outdooc <r>nolonn<r oupplyin~ 
tl1<'\o>d tbtou•h """llow·voltao< oc<on<l>tY lt<dct>. 
A oy>l<n\ ol t!Uo type ¡, ohown in Figu« 1.7. 

Rccenlly, how<v<<, th<re h., !><en In inote.-in~ tr<od 
to.,·.,.d th< load·e<ntc< di>ttibution lyp. o[ radial oy>t<m 
ohown in Figutc 1.8. ' , 

The lood-<cnt<r 'Y"'"' diff<ro lro.n ti>< <>rli<r (yp< in 
tb.c p<>w« ;, di>ln'bul«< •l prirnary vo!Uc<> o( 2.• to 
l3S ~V lo ,.,!J<,.ti""' loe•"d che lo lh< """"o! 
el<:<i<Í< lood. 11«<. th< p<>~'" ;, ,t<pp<d do~·n lo utili<>· 
tion vo\,.g< (600 >Oito or lcu) •nd dcli•<tcd by >bon 
><<ond>ry le«<<t> lo ¡ooint> o( ""· Th< loOd·ccntcr 'Y'' 
t<m off<t• ,..,,.¡ iml><>tl>nC •dvanl.lg<> o>cr th< euli« 
type ol radi>l "'"'"' •nd ;, u•ually tbc ~rd<«<d a<· 
tongcmcnt ««pt in >m>ll pl>nl> ~1m< ftOot 'V'" m>y 
Ir< ot a premi~m. 

Th< t>di>l·trpe circuit ""'"t'"''"' o! the lo•~·«Ol<t 
oy,t<m >nll t>o thc ¡,.,, upen•ivc in d>C rnajority o! 
in>tallation> oin<e thcrc io no du~liution o! e~uipm<nt, 
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lf ••lñd...,t oubs,.tion c..p•uoity ;, aS<d, tbo radi.l 
"'"'"go!tl<nt will .Ooqu>tcly ca« lor pr.u;tically ony 
divmity 1~"' will b. encounf<f«l duo lo ,hiftmg uf 
lood. With >d<qu.te, ptUI><rly- in•tallcd "'l>ripm<n~ t!>< 

''''""' io .. r., .;mole, noy to OJ><'"' >n<1 "''' lo .,.. 
poar.;J b)' muely ed<n<ling a medium ,.,¡,.g< l«<i<r, oc 
adding • new r ... der an<! •obmtiun !:.000 volt•K< ,...,. 
l.tion ¡, providnl beo.u" of the >hort >"ond,ry l«<!er.. 

lt must b< .=gru=1 thot ob.;>uld • ptÍm>ry abk or 
tt .. ofotm<or foil, ,,,.,.¡« io ID.t tO !he or.a ouppli«< 11)' 
the faolly <qoiptn<nl untH it ;, ,.,.¡,.,¡ Foflhe""""· 
tnoin""-'"" on prim"y lr«<e" nr lnnslormers n:
quir<> the oompleto d<·<ntr~btion of lht O""- ,.,..,¡ b1 
lhc .qui¡>n~<n( b<;ng .,..;n,.ir><d. ld>ny engir><•"" ¡..,¡ 
<"-'< lhc d<·<r><tgizarion du,¡ng ,..;nl<naoco io ¡., tnCII"<: 
of a horu!i<ap rh>n fu"':<! cmrag.,. Fu«..! out•~r<• <'< 
00 roro th>t !<<nl><>'-"Y ronn<"<:tiori• c.n tJt r<>Ort«f W. jf 

"<=».')'. io or.!u to hep .,,..,,¡.¡ lOO<!, in ot><~;~tion. 

Stcond"1 St!octivo 

Two o/ tht ... ~u! po.,iblt ar.arnrtrtronto o/ t.ho 
I«<OIdary-·«l<ni"' .<y>!an a,. ""'"'" in Figure 1.9. Thi• 
1111<m utHi,,. two prinur1 fmio:r cir<t>ill and two .,..,._ 
lo:moro to oupply ea<h hnl·«nl<r '"''· Thio "'""l<ln<nt 

" 
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Typl<ol uconhry-o~:.~,. arn:n(ement of the 

!oad-cento< dio<dbution oyotom 

provi<ks du~li<ate p:uho o! •~pply ¡,.,... th< ""'"'' lo -
o«ond>ry ¡.,, and m.oke• it !>D'ible to pro.1d< pow« ., 
•11 >o<únd><y h""' whrn a l<>n>foomo; or primary lo«l<T 
don>it i> out of ><<l'Í«. 

Thc ><<nnrl>Cy-«l«liV< '"'•ngemcn\ may \><: ochicvod 
llm>u•h • ti< h<tw...,n lW<I tingle-tnnolormer oublto
tiom or through ti>. u>< o! d""ble~.d >ub<Ution'
n., ti< br.al<rr io nO<m>.!ly o¡>en .00 the >yl!cm o¡>

tr>t« •• two pocallcl r•dial oyl\em• ontialy indr¡><ndcnt 
ol <0-ch oth<r O.yond the powrr >upply point. Tho tie 
br .. ~.,. i1 nor""'lly intrrl<><l<«< wilh thc two t;>nofonnet 
bc.ak<" ><> thot it <annot b< do>ed unlm 00< o! the 
tr>n>lotmoo b""""" io op<n. Hio ~mti« mini•ni•u 
the ,hort-dr<Uit duly hnpoH<I oo tbt !ow-.olu~, f«<kr 
cirouit b<to~<ro. 

Since lh< lood ;, nomully di.;ded "l"'lly ktw<en the 
two buo ,...,;""'• hall o! tk lood in th< ore> ;, dropped 
;., lhe <>>< o! • ptimocy l<«l<t bult. S<t>i« <>.n h< 
<¡uiekly ">lot<d lo the mtmupt<d lo>'h hy ope .. in• th< 
l,.n,!orm<t bruk.,. 050QCÍ>\ed ~·ith lh< bulled 1.-.d«· 
ond clMing 1he buHi< b .. altu ot >11 lood «nl<to. If 
lhe >y>lem io to e>rry the eotir< plant lood ~·ith '"" pri· 
mory ¡,.,¡,.. oi"uit out of ><tVÍt<. e.o<h primary !t«let 
mu" k <.>p>Mt of <>.rrying thc <nlirt loo.d >nd oufficitnt 
"''"" ltanoform<r <aJ»<Íiy mmt be Pio•;.Jed. n., re
""' t;on,focm« rapacily iumll<d ~ill u>u>lly be 
t..>«! ~u ll.e m.agnilude of '"""tia! lood~ 

Pri,...ry Se!ecti•e 

Th< primory·odt<IÍV< orrong<m<nl difiero ln>m lh< 
<>dio! >nd oeoondory-selt<ti,·e ''''"'" in th>t lwo pti· 
,...,..,. lecdt" are btought lo .. ,¡, ouboU~on ltOildon»<r 
•• >hown in Fil\lro 1.10. Hall o! th< trono!""""' oro 
normolly wnn.otod \o '"'h o! the two f«<<m. Th< 
"''"" b dt.irr>«f 10 th.i\ whtñ ono prim:.ry 1.-.der lo 
oot ~~ Hrvi<e, 11>< wn.oinin1 ft<dtr hao ooffici<nt <>p>· 
dly lo "'"Y th< enli'< lood. 

\'hth thio >rr.tn¡om<n~ &1 with lhe ,.;:ond>ty·>el«liO< 
"'"""'"""~ ><fVÍ« to half of th< load ;, intom>plod 
~·l>tn o louft octur> on o púmory.ft<der <Ít<l>it. To 
"''"" ><rvi<o q,;,~ty lo oll loo~> !ollowing the lo>t 
of one fo«l<r, tht tton>form<r< normolly >uppH<d from 
tb< !au\1«1 lt<der = b< '"·it<h«< to tb< ~ leed<•. 
In 011<> where the /oult nuy h< in a lr>n!lorm<r. pr,._ 
lett<d OP<t>lin¡ procodu<e wou\d h< lo apen lhe drouil 
br.aker on the onugisod Ct«<« ar,d •~·i"h on< ,,.,.._ · 
lormer lrom th< olhe; /«<fu lo tht good 1.-.dor. \\lhm 
thi! •~·itol<in~ hot b<on ><<emp\iohed. lh< ¡ood leodor 
would be tnergited. His proo;tdU<o ~·ould Lo fuUowed 
unúl o\1 han!lot""'" had be-m •~·ilchcd .,- notil tb< 
(.-.der bre•k« ttipp<d 1.-<>.uS< th< l>.n tronsfo"""' 
cunnttt«< lo it W>> foullod. • 

!! '""it<hing is to k done ~·hile Oflt prim&fJ" f=ltr 

cir<Uil it '""~'«1, the ,.,.,, -.v lo rnake the """''" 
froon one feeder lo th< othtr io with ad«!U>le ;<>w•r 
,;,CI'il br<okers. Ho,.ever. the <O>! o! !UOh •n vron¡e-



1 

1 

'-

• 

~~~r------~~~----~----~ 
t- -'- i SWITCHES 1- ...J_ -j 
L_ --~ ,L ___ J 

~ 
•' y 

X X 
1') "'J • • Y.Y 

X ., 
~ 

T 
J y 

X X X X 
1'¡ 1') 1'¡ -~"¡ 

• ,J, ,¡. ,¡.. "' 
y y y y 

p~ t.IO 
Prinlary ... lccti,..Ioad-eentO< ,,.,.,., ,...;"' "'" oU.¡¡"]c-throw 

IDtot!<H:ked p.tmu,- lnt"""Jll<r O,.¡tcheo 

m""' ;, r<loth<ly higb ond no.-many io not u>ed unlc" 
o.n >olom>.tk tnn>fu sch.m.: jo d"ir«L Uo .... pcocti<e 
;, lo u.:. two load-int<rtupl<r owittheo prop<rly int«· 
)O<k<d: to accompli>h th< trn»Í<r from ""' leed<r to 
the olh<r. 

Tbe prinury-..Jtdi..., >Yil<m provid" o highcr dc.,.., 
of ><n<i<e rclid>Jrt,- than the ..diol oyl!""> and obout 
1M .ame, as tbe ..,.ondary-><l«tive oy>l<m, d<f""'dinl 
"" thc ornount ol '"''""< t~dormu eopa<ity ón><alled 
in !he ""<ond>ry-stl<"ivc 'Y''"'' The fle•ibility of 
thi> '"'""'"''"' to honcllc •hiltin• or Jrowing loado 
;. thc ,.mc u !h., r.<diot oymm '"""''"" the .ame ,.. 
..,..., ~ofonnor copacity in OOih "'"m. 

Tho oy.,em! oonoid<n:d thu, ¡., "''" <>dio) pri=ry 
lc<dero. In """'' wh..-o the c.nl<n of 1Nd are rcl>.~vcly 
b..- o¡w~ U.. """ ol loopod-..rimary f«d<to ""'Y olf<r 
_,, o.doan,.~ Finre Ut .OO... two fotmo of tb< 
loot><d·!>rimaty u-rangemmt. 

TI>< loo¡>«l·pthnary •rrangem<nt at "" lo~ of Fi¡;me 
1.11 utiliz<1 a oiogle ptimaty.fe«l« brealc<t ond ha.. <)ne 
S«tionalizing lo>d-inte"upt<t owitoh at acb ~~
fotm<r •hile the low<T loop >fnni:<m<flt utiij..,. two 
prlm.ry-f«<<et bre>l«to • "'><1 hu two K<tiooalizinK 
owHoh<o at <a<h l=!dotm<r. \<,"brn a tnndorm<r O< 

pdmary·feo.l« f>ult Ottuts in either l""p """'""""'"'· 
the prímary·!e<d<r brak<t or brellen witl op<n and 
iotun.~p< Kr"<i<e "> aU Wd. ..,...<d from ""' loop. TI>O 
b.;rlt a., "" b;ated b)" ~ :di load·int<Trvp1<1" 

owitcll"" and Uo.in¡ lhcm - at a timo io '""'"'"<e. 
h ¡, 11ion¡ly ttrorrun<nded that the primary.f«dec 
bteller ot br<>k<ro b< op.n !.,!oce oporotinK any owitch. 
Tlúo pr><ti« will olhni'llt< tbe po10ibility of elooin¡ 

the switrh on a lo.u!L Allhou&h moden~ load·int<rTUpl<r 
>witch<l """" fanlt <looin¡; <>.trni<S deh"brrote cloom< 
on fault.o u •-ith '""1 owitelún¡ d<vi« oboold b. •n>i<lcd. 

\\lhen the f>ult h .. be.;n locoteJ. it cm bo i"'lot<d f,om 
the >yot<m by l<aving th< approp<iote lood·intmupt<r 
>Wit<h or owit<ho. in th< "'><n I>O'ition. In the opp<r 
loop ,.,~.....,.,~ o! Figuro U 1, on< tnlQfo...,..... and it> 
loa.h "'"" ¡,out o! ..,..;., !ot a t=nolorto><" boh or • 
Í>ult in the loop botwcen tran,lorm<TO unti! the loult io 

eliminated. In the lower loop '"'"l'"''"'· the only '''"' 
that loado are ,ubj<cted lo an extended outaK< ;. in the 
case of a truulorm<r l•olt. The to.·o owit<b<o al eocll 
tr=o!orm<t make it poniblo 10 iod>l< any t..ult b;a6on 
<Il the loop ...t >611 p:o.idc ooni« 10 •ll tnrulormen. 

n.. u¡>¡>er loop arr.,g<mrnt ,..;u <o" liule mo~ than 
the radial ""'"g<m<nt ,,,¡ oiToro tho ad.anl>ge o/ pro
ridlng «nko tO •11 loods <X<<pt tbo<e ocn«l from on< 
t~>nlotmer wheo eitb<r a tronolonnor or pri-,..foed« 
lanlt oxht.o on !he >nt<m. U.. low<r ,",<>n«m<rtt wiU 
havo a low.r <m< than th< p.i!fW"J"·seloni,.. ><rangement 
ond will provide sen-ioe to all J.,.d, ,.h., o pri=ry· 
feeder f>ult h" heon ioolateo! ,·,milar lo tho primatY· 

oelective "'"""''"""'· A lf>noformer f•ult will cau<e an 
ut<ndt:d ootage to the ouocioted loads in tither tht 
~-prinur1 or l>ri""'l'·l<lot6"" """""1""""~ 

The m>in di,..¡vantag< of th< loopod·primoty orr..,g<
m<nt ;, that a prim>ry-l<«ltt or lnn>lom,er lault will 
<ame on int<rruption ol l<tVÍ<t lo all loods. 

Tho •«ondary-net..ork oylt<m may !Uo the lorm ol 
oither a ollotributt:d n<twurk 01" a •oo< n<twork aod eith« 
for>n rnoy u~li« a primary·oeleotive lo<d<r '"""l""""'l 
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Flg.;tno 1.11 
Looped primo!')' lo•~·oenter oy>!emo with oe<tionaJU;,.

owitcheo for •upplyin¡load-.oent« unit oub<tationo 

The prim><y·><l«liV< •cconda;y·no:lwnrk O<<>.ng...,.,.nl 
>hown in Fiou" 112 it thr fnrm of thr ndwmk '''''"' 
"'.,¡ mo" lrtQtlffitly in iOOustrial plant~ 

Thi< •y•!<m dif!rn hom the ra<!iol, ><CO,.j.,y ..,]rttiV<, 

t><im><y-"l"tiV< ami looprd-p<imary mt<m '"'"••
''""" in "'""'' impcnoMt ><P'Ctl. Thr maior dif!<Ornco 
io that • primon I...Jor or tr>.n•lormu louh .. ill not 
"""' <vtn o moo><ntary int•"'•Plion o! p<r<><t to ony o! 
rl" load>. Thr '""'fmm« mon<lui<S aoe inl<eCOnne"nl 
o,.j np<e>l<<] in por.olld at>d t~·n or moco primary-ludrr 

rir<>~i" •« u>«! to ••wl1 th< ''"""- In rf!!'t~ th<fe '" 
t<<<tOI l"'f>llel p>.lho <>1 I>'W" ou¡.ply hom any l<>od on 
ti>< "cund"y l>a<k lo lhr ¡xmu "'"''"·In nuny io<luo
Otial ""'"'J"y n<lw<><l< •Y<tomo ¡jug-in l•u•~•Y is u><d 
lor lhe ti< d•cuCt> b<t~<tn l<>oofotm<r bu><•-

!f t><o pri•n.ry f«<i<r. aro uo«) to <upply lh< P""'"'Y· 

"lo<til-< notwark ''"""• hall o! lh< trond"""'" "'"uld 
""'m>lly b< «>nn<cte<l to <ach l«<lor "''h adj>«nt ,,.,.._ 
¡.,...,,. "" diffwmt !«doro_ In lb. <><nt o! a prim>.ry
ke<l<r faull, lh< fault io isolat<d from tho oyol<m by the 
autetnoti< tripping of lh< pnm.,y.feed<r dr<uit loruhr 
>h<l all o! lh< .-..l~o•k pr~!t<to.-o a....d>l«l "'ith th< 

faulte<l circuit. FoHowin¡ ti><>< lrip¡>fng .,..,...,;nn<, tb< 
"'''" load io •up¡>hed ov<r th< «maining fer<l<r and hall 
of thr nolwmk tr>n>fmm<<> All lt>n>formm <an b< ''"" 
""'.,¡ to Krl'i« by ""'"""lly o-..il<hing ti>< d<-dt<rEioe<l 
unio, to ti" t<m>.inin~ ¡..,¡.,., Wl><n tht fouloN cir<Uit 
;, «paúd ond the approprial< 1ran>form<'l h.ve b=t 
r«onnocl«l lo th< l'"<"<l.r, tb< n<l,.-orl< prot«ton '""" 
<i>~od -..·ilh 1'-< tr>nolorm<ro will d<>t-< automoü<&UT 
"h<n the l«<<cr br<>l«r io doo«l 

Tht notwmk prutt<tor ¡, tho ,¡.,.¡,. olut ""'" it ¡><11· 
<iblt to opnal< lh< two primary ¡,..r., drC"Uih in poroll<l 
'rho ndwor~ pj"Olt<lor <on•i"> bo.,i<>lly <>f '" tlr<tricony· 
'""',.,.,¡ air <ir<uit hrtaktr that io tantroiiN by a diro:c· 
ti<"'•l-pour rtlay aod by a plu,ino-vnltago rd•y. Whtlt 
a ~,;,-..uy-1..-.l<r loult aocu", th<tt ;, a Aow of pO<HT 
from tltt «<on<lo'Y '"ti>< loul1 thtoo~h an of lh< net•-o•k 

"'"''""" a11oci>t<d -..·ioh th< lool1<d 1..-.l«. Th< di<r<· 
,;.,,.1-ptmtr ttlay io <ach of thO!t n<tWt>lk prol«loro 
opt<>l<> ><-.d trip• tht Oppropriat< n<twork prot"'toro lo 
i!Ciot< 11>< l>oll from th< ><=-.dvy. In tbt mt>"timo; th< 
prim>.<)'·f«d<r hrea~<r h., tripp<d to <ompl<tdy iool>l< 
tht foult fr<>m tht "" of tho ''"'"'- \\')o,, th< faull ¡, 
<limi .. t«<. •h<l •O:Ió~< h mi<><Ñ on tht l«<lor hy d0oi"~ 

• 
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L y T 
Figuro 1.\Z 

'fn>loa! prirnory-o<loctive .. condory n<twork 
uro.nrement of Jo,od-cetH« distnPotioJI. oylfem 

the frnler brt>k<r, ''" n«wor~ rtbyo on all >..oci>t«< 
n<'work protector! will <auoe th< pM"toro to ehe auto· 
matkally if <O'lditiono >'< outb lh>.t po~·er will flow lrom 
thc pri""'ry ro the >«<<"darr. 

In >ddition lo ¡>:o.;din¡ • high d<gt<e of mntimPI)' of 
"'"''" to the loado, t1u: notwD<k >Yotem with ito int<r
<onn«t<d ...:oodorko inhertntly o~<rl A<>ibility to tne<t 

<hi!tin¡ 01" growing krod>. In th~ ro.dia~ ~ry· 

~<l<ctiv., pti....,. . ..,r<ebvo, oro! looped.prinwy "''""r<
mmto, thc ""'lmitude >n<l ch>n.<todotico of the loado to 
bo ouppli«< lrom a ~¡'"" l<>noform<t te<ondary buo oro 
¡<>"m«< by the roting ol the particul" tramform«. In 
th< .,.,..,,k ""<m. th< tio-cimoito b<t,....,. <nn>lormc<> 
..W.e it po,..;ble ¡,, adjac«~t tranofotmofl to than l~d 

..,J thmohy P<rmit loado on oome bu><> that .,O in exe.., 
of the kva <Oting o( tho lran•fo•m<r al that bu,. Tho 

"""""' o/ f""'"' that = ¡,., lnntf««d "''"'<m tran<
fortn<r bo!S<t will bo .S.t<nnined by thc ti...:ir"'it imp<d-
01'><<, the trandor~n•" ;.,~ ..;.¡ oh< <h.o<><tori>tics 
o( tho loo~. 

Spot N<twor~ 

n.. ~ry>-n«wor~ orranrm><nt dr.ttibo<l obavo io 
duignod lo I<<Y< loado that a« , .. ..,nably diotritnuod 
within an oc ... Howtv«, if thoro ••< oonr<n!rotiom of 
critica! lo=!o thot are widt!y "'~otod ano:! lhoro io "'l' 

littl< 1~ in thc .,. .. , b.:tw<ffi thotn. oh< opo,.,><twwk 
orr.n~t wil! bo ._ • ..,...,..,;.,.¡ tlu.n tbot «><>>'<n· 
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tional n<twork arrang<mmt. TI,. O¡>Ol·n<twoxk arranr<
m<nt CP<r>"" on th< .amo principio .. the <OOT<lltional 

fldwork. the nWn d.>Her<D<e Í> that !he t>anof<><muo u. 
oll cmm..:t«< to tho oamo bu>. 

Fig<~r< 113 ohoW> two forms al tbe opcl-ort...orl< 
au·otnBemn>L 

Pip<e l.IJ 
Two formo of the opot-notwor~ orrongem<nt 

o! the load-ooonter diotributlon •r•••m 

SCU:CTION OF St.JbSTATION RATH<C5 

Thlo di><"'•ion .,sumes thot ¡],, oy~ cm ,·~<'llil """"'' 
mmt and ouboution WJIUre roti~s h>.>< b<tn decidcd. 
n, "l«tion of th.: kv>. r>ting of tho SDb.tation io thm 
l>rg<ly o tnaU" of <eonomi" with thc low<" ov<r-.111 
onte.m «>•l •• an obi<'<ti><-

Thr« .,.¡or orotem compon<n" offm the o><r·all '1'" 
tem <o!t. Th"• ore pdn""> caWo, '"b"'tÍOh> and ,,,. 
onduy <.>.ble. Th<oo lacto" ~·ork conltary to o•>< onothor 
"" the """' «onomicol oyll<m •• off.,a<d by .. Mut»n 
kv>. "ling eon ooly 1x obt>in<d by lookin¡ " al! th"< 
•t once. 

Ao the numb« o( oubouticmo in<«a>« in a¡; ... "'"'· 
thc l<n~th o! pdmafy l<«l« c.oble ro~uir«l tO '"" thm 
!Ub!t>tions '""""~ Con""'ly, ., the numi><r of ouh· 
ot.ationo in a gi>'<n >«a in<roa><o, th< """"'"' of !«ond· 
>cy l«<!or a.bl< r<qui...-d drtro>><o. The oubot.ation <001 
¡><r kv• ""''"' Jq><ndin~ 1\pon thc kva rMing o! th< >•b· 
>tation. lf th"< f><tors orr mmbin«! in tl"ir prop<r pt<>

por1iono lor • 11¡>Í<>1 indu,.ri•l pl•nt, thc re>ulu wHI b< 
., ohown in Fi•uro 1.14. 

Th< <Un<' io Figllr< 1.14 im!iOII< thot th<« io • vory 
d<~nil< minimum ''"""' <O<t .. • lunctiM of oub"•tion 
,;,. lor dtffmnl >oll>K< 1<><1>. There •r< abo other 
fa<loto ~hi<h hh< an influon<o on oub!l&tiM <>ling, Tho 
"''"' imp<>rt.ont or ll><>< .,., 

l. l!igh" ~ritn.ary volt>g<> m•y <«<Uir< oubot.>.tion> 
~·tilo ta<g« k VA r.littg> "'that a grr>L<r k\' A ¡~r 
pfi....-y l«<<<r <>.n b< "->ndl«< without unduly 
«>mplialin• the oub!t>tion ovmumnl ~rotr<tion 

prohkm For oxam¡M, "hrn ti>< prirn><y volta"< ;, 
138 l. V, il ¡, de<ir.~lc to hov< a Ja>Jing ol 4000 
10 7;o(l H' A 1"" p!im>ry ft<d<r. \\'itb lol>l p1ima,.,. 
ft«l<r l.,.~;ngo o/ thi1 mogniou~e on~ U>iog otan~-
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Pl¡mo 1.14 

Curve obowinK tbo opp<oxlmat< inltaned eooto el 
208., 240-, 450·, and 600-Yolt rod•il O<condory oyotemo 

..-d 500-kVA oubot>tit>tt> "ith lypócol divouioy f¡e. 
tors, inói>idt1al orim>ry O\'ctcumnl ¡orol<<lion would 
b< r<"<lu"<d (Na1io0>.l El«lrioal Co<l<, 191\8 <d"ion. 
Oftid< 4.10-J.) ll 7.10-, 1000- or J;oQ.kV A ouO.tations 

""''' ><lcct<d, th<n prim><y lff<l« ¡,..dingo of thio 
samc ord<r o! tnagnilud< could !,. obtain«< "'ithout 
iodividuo.l lW<Ktt<«nl protmiOO>. Thlo point i> of 
~rtil'lolu intport.on<e in ''"""'' ,.;lh prima!')" volt· 
ag<> nl15 kV ond aboV<. 

' 2. 1..>.<1< 1p<>t l01d1 c:u> ootttotim" juolify lor¡<e .,.;, 
>•hoution>. Fer ~mpl<, a >inol< lurnau, • >io
glo l>rg< """"• ora oin~l< largo \Ooolder may juohlr 
!Ub>taliom of th< ord<e ol 2000 tn 25{1(1 ~VA ot 
480 ..,¡,. >«m<~a,.,. >Í>K< thc« ;, no >«<tt><larr 
di>tribuoion. Th<rof.,-<, lit<« ;, ·nothing to b< »v<d 

in lh.:tt "''' o! tll< oy>l<m to uff><t thc low<r "'"' 
por k VA el 1!>. l>rg<r ouh<t>tion ~itb • Y<ry l<w 
>=mdot1 br .. ~., Oll><b<d (O iL Wlkt< thc>< 
'""" ,pat l=do ar< oncounlrr<d, it io well lo 
roltoid<r uoin¡: two >m•lltr oub1lotiono t.:t\h<r than 
<><>< l><g<< ou\ntati.,.,, pttrtirnlody il 1h< numh<r of 
l«<<<t b«>~<r> lor tlk l«ond><y <><«'~• threo or 
loor, For """"' fa<lory ""'· lwo !OOO·kVA unit 
!Ub>l>tiM• will nurly ol~·•y> pro>ido o lo"'" 
o><r·>ll ,, . .,,.., '"" <"->n """ 1000-~ V.\ oub<totion. 
Many tim<> • l)~<m uoiog l~o 750-kVA •ub>l>· 

"""' ll'ill be ¡,,. "'"'"'¡,., lor owr·•ll th= • 
')'>ltttt u~ttg 011< lOOO·kV A !Dh>l>lion p<< l"'d m:o. 

J. Spo.<e ••>ilable lor unit !Ub,>liom "'m<lim<> die· 
tal<> l,rg<r '"'""ion kV A r>Lin••· For "ampl<, 
onc )500-!.. V A oub"ation itt•t<•d o! o~o 7;<1-k V A >ub
>Utiono may b< n<<O<»><Y b<c.:tu>< tlt< 1[»« cao 
b< lound lo< \he onc l•rger ,.,,¡¡ wheo<., it couló 
oot b< lound lor th< IWO omallcr unil!. Cotl\'<ndy, 
orher "'""' nqy •11""' ,.," lor ~" •~·o ,...,_n., 
unil>, bu< not for th< lor~<r on<. 
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ttrtiM. '""" many op<ci6c '""""tiono conooming ><ltc
ti<ft, appli<>~o;m, onol ~ ... of ,.. .. ,... 

SPECIAL $Yil'l!;MS 

In addition to t~< p....t>l<mo o! ~,,..¡ ~">"'"' <6otribu
bon, the modem indumi>.l pbnt •1><> ha• the nf'O<l lor 
..,.,. special !yp<$ o! pow.,-. n.... aro lñgh-1~ 
pow<r, d"<<Huuent ""''"'· olectrook «¡uip......,t pow.,, 
and «iti"'l load "''"'" r<qllir<m<nli. 

Th< general rul< to lo!low wb"" o¡>«ial _.,. """''li .. 
ue involvod ;, to uoo the bo>ic principi<O o/ lood-cent<r 
diltdbotion. Locate the dovice oupplpn¡ th< opocial ....-.. 
i« ao ~><>.r tho <enl<r o! the lood •• po .. ibl<. M.,. .,.. 
chino tool~ re~uifing hiKh-f<«¡u<ncy pow" frn- in>l>n«, 
b>,.., !he «m><nin¡ tql>iptncnt buill right irrto the O>a<hinc 
iud!. TI>< dir«t-a.r=l pow<r c:.n be oul'l'li<d in the 
lorm o! rnot.,--gen<r>.toro ond controlo "pad<>g«<" ln one 
nnit onol i ... tud«< .nth tbt <qUipm<nt ittt!t 

A «nl<>l pow<r >Upply may prove to b: more t<O

nomkal ,.l><te a numl><r o! •p<ci>l l"*<<o Cill b< Joau<d 
within a «n>.in orn. The coot o! the in&.;dual !>OW<r 
<Upply uniu will bo high., than the eoot o! a larg<r uoit 
lo ouppl7 all U,. load~ Tbt mol o! Rl&inuining ......,..] 
unito ¡, gen<'olly hightr th= mointaining Ot1< unit, ... 
p<ci>.lly rotating <qt>ipmrnt. · 

One P<>Oiiblt di .. d;""10U.K< of a <<ntral power' oo~ply 
;, the inobjjjty to <elD<lll< tht utiliution e<¡uipm<nt <On· 

•enim~y. TOO.y, ti>< .,.p~us;, in proo:hxtion io f.>r de>i
hllity. In the mOOetn iO<Iu¡\riol plant V<ty kw m>thin<O 
•ro find. Changes in pr<><<H<I ond plan\ loyout to toke 
•d .. ntage <>1 ti>< lat<St ..,.nulocturin1 techoiqu., ore 
<vorydoy <><:CUtt<n«< in m•ny plont tn,in<Oring dtpart· 
m<11t~ Limiting ot1o;h mo .. , dO< tQ l>c<k of pow<r >Upply 
"" t«(D .. ting odditioml funo:b to p<tmit sU<h mo><"S to 
be mad< in ord<t to provido \ht ""'""'' pow<r wil! 
ol>o-N bck of pl....nng <>n th< part o! lh< electri<.o.l. 
<n¡in=. 

Hlcb-Froc¡umey Ciuaito 

lliKh-lr<"\IU<ncy pow<t in indu.,;;,¡ pl•nl> !llould b. di,: 
tinruiohed lrom tho tmn ., "'<11 in tk<trocito ond oom
munication fiddo, Fr<qurnÓ<> ol IZO, IM, J«<, 42(1 &nd 
'100 htm (q<l" p<r "'ond) ore "''"' '""""""\y ""'d lor • 
hiol><r·•I'<W ""''""· n,.,. ""''"'' >uwly tbo drin lor 
grin~mg •nd poli,hmg "t.ohirl<>, woorlwutkin~ and opin· 
ning cvrotion• 1nd in •nu.ll portoble h:ond tool~ 

The tr<nd io lor higher and hightr <pffilo in maohine 
toolo. Ncw mtt>l di><O>edn >hd ntw m<t>l olleyo not 
only h>.n p<rmittm th<>o higl>o:r ,.,.m, but ottu>Dy do
monil th•t th"< >P<<rlo 1,. u>e<l in orJor to ~rt the bt!l 
rlf,.;mo;in •od tool lif<. ll<n<< ti>< nffi! /or highu lre
quenooi<> than th< tOO\'tntion>II.C hr<U. 

One o! thc p]uo valu" o! thc U« o! hi~h·fr<QI><n<y 
powct ¡, th:ot th< tnOIOto ond trornlor""'" Ot< .mall<r in 
,;,, and li~ht<r in ~d•ht. Th.,o '"'" l><lú'> make the 
Ul< o/ 120 ond 1M htrt< idral lor ti>< op<utioo o! ""'11 
""'"' toolo found on >mmbly tintO in tho >Utomolnle 
tnd >i"roft indtatri.,. 

The ooure< o! high-/rtqu<n<y P<>W<r h., r<ner:llly be<n 
¡,., !r<q10«q ...,..,rtero of tbo ro1ating t,-p<. Nonrotol· 
ihl' typ<o o! """"'""'' th>l in<OtJIO<>.to d«otron toboo, 
tnnoiotor~ ond <Ohtrollm r«tifiero ,.,., now g«><ra]ly 
o..Uboblo. • 

Wh<r< ,.._,.¡ lr<Qutnci" "'' r<qt>ired, vafiouo robry' 
<on><rtuo an be ....,.,,m oo o ..,...._ bue and d<iveo 
by o oundord lil).htrtz motO<. Gr<uiu are th<n bfouoht 
lo the ~"' too! and tmninatm in • plug boonl. By 
plo¡<ihl' in !he mo1<>1' in !he nriotll rettptoelot, opeed 
rang<1 up to 100,000 r/rnin ore obtoi,.blo in ont mo1<>1' ·-Hi¡h fr«¡Uoney is 1lso u..d /or indoction or>d ditloctric 
h<>lif\i!. Thc convmion tquipm<nt /o;r theoc io u.mally 
ID:tt u ¡=~ o! !he urtit itxll. lt io rt00<$1t'J'. d<>t to tlo.o 
hiKh impedan«, to give opocia! conoiderolion to tito cir· 
..,;,. bttw«n th< higb·freqtren<y conver1er ..,.¡ lit< l011d 
it i• oupplrU... 

A no:w ""' <>1 hi¡:h·lr'"IIU<n<J' pow<r lo lor liKhti"': 
wbor< ftuorescot~t lampo ><< IH<d. Sro<h ll¡hliz>&' ..-il! ol!'<r 
mony 11tra<tivo bonefit~ Fi~l\troo will be li¡hter io ,..;gh~ 
"" h>.ll.,., ,.;u be n«<l<d, beat lo•= lro"' u.. bollut 
wiTI be eliminated, more lirht ""'""' por lamp ond ...,.. 
trolloble lumen output o! tho whole <yll<m by varyinJ 
lh< !r'"l!""'ty "" Wt a l<w ol lh< h<n•St. tb>.t tbio ,... 
5}'>\ern y,·ill ofl<r. High-lrtquar<y li¡h:in1 is alr<a<IJ bo
ing u..,.j <Ucto.,/ully in oubway aTO, \rollry OOo.,, oir-
troh ond """"!"'cW buildingo. , •• 

El«tronlo Equlp.,mt 
' 

Tht Ér••ttr "" ol d«tronico in induotd>l pl•nto hao 
brouoht up 1 nrw problcm in ,,., •. ., di"'iOOtion >'Oit&g< 
control Tbt probl.., h>.o 1hra)"' btUI trotrbl<>Omr: lo 
plan\ op<ration, OOt it ¡, btcoming mor< <riti<tl duo to 
!he ir.o:r .. om l<>1d of d«tronic d<>i= ,, 

The 1113jor role of tlo<tronico in tho indn.,ri>l pl>nt 
;, for opedfie ~pplia.tion~ Somt of theoe applieotiono 
..-.: «>ntrol to op<r.t• \\ith lh< o¡>«<! ol lirh~ eont<ol 
th.t io >UP<N<n<itive, control lor qL».Iity or in¡prction,, 
rontrol lor mnoto in<talbtk.oo, and ton\rol lor <~Ir""' 
.crurocy. All of th<1< ocrviceo Go\1 I<>T closely rtgulatm 
p<rfortnane< whi<h in turn cal! lor 1 <yll<tn with • low 
><>IU.¡e r<r>rl•tion. Thc loe of oucb > Y<thage oupply ¡, 
pl•nh worl<o in two field~ Thc firot i1 in th< fitld ol 
voltotr< oprood b<tw<"<n m>ximum ond minimun\ >olt&gco 
c..u>«< by tho plant loado on !nmlo"""'" !«doro md ;.,.. 
coming powrr •upply from the public utility or pbnt 
g<n<roting unh TI>< o<eor>d ;, the di,turbanm to th< 
••lt>K< •uoply due to ti>< ot&rtinr ol la•tr< motor~ are 
lutnlt<to, W<IJing ond •imilor laroc l0>d1 of powrr Tho 
tf!ectl o/ ,.,.,,;,. •olt.ro m:ubtioo lt< diooo•..d io 
Ch>.ptrr !1 tale<! Volt.oe C<m•iderotiono. 

Direet·Currmt P<>wu Syltomo 

The "" ol di«<t '""'"' •• l>O~<r in indu>tri>l pl.,to 
No be<n inctro•in¡, In ti>< "rly day•, plont power wos 
gcnc<>tod ~y dirtct·current gcntt>to" •t <SO volt~ With 
the <omiru: o! olttrn•tin¡·<urr<nt pow<t ..,,d ill '"'"Y 

'~"'""'" ol tf>nomi ... ion. moot P:attt cqillpment ''"' 
oon><r!td to oltmuting <Umnt. llown<r. onc ol thc 
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mo.t >(:nelive !<>tu<<> o! <fi<«HuueM m<ltOf> W>< lo<t 

in thi< <OnveroiM; thio woo <r<«< '""""l. M•ny "'""~" 
... Y< ""'" m•d• to obllin lhlo ! .. tute with •lt<rn•~ng
curtcnl moto,, bot to date it t... not be<n P<»ioble to 
d"<lop an altem>tln~-cu.r<nt •djumble->p<<d ddv< 
w~ich ¡, com¡>ar>~le in eo-t •nd ¡>edwnanco with a 
dir«<-arrr<~>t driV<. 

R<<eotly, the ability to <ontro! •P<ed aorura!<ly 111> 
bt<n rmpil»hed, "P";ally with mocllin< toolo, am
~yor., ...,¡ proe<" equip'-t. lhchino: toolo """" to 
cover ~do rongeo of o[>«d>, atttoratcly a<lju<1oblc to a 
givrn !p«<< in or~<r lo tako o.l,..nt.ge of now prc>c<"<' 

·>r.d thc di•«>v<fl' of ""' m•t<ciols with wrucll to worl<. 
Th< """ ,,.. of molor thot ooWd mm llio>< op<cifia· 
tiono """' the ilin,ct-<Urte"' motor. The big pn>bl<m "''' 
wh<re lo ¡el th< ~i•«l·<>menl powor lo drivo the tnota,., 

Thtre >f< thr« pnc:ical ""'"'n of dir«t~fffftl 
poiV«' (1) r=erotion by prime mov.", (l) motor· 
g<ner.>tor "''· .,d (J) ":ctilim. Motbodo (2) ond (J) 
oro !he ..,.1 1:0111mon.ly u>e<l tooloy. Thore art ob1l <I'Kin<
.,.. hrrbino-<!ri<r<n d;rect-<llrr<nt ''"'"'"'"" m old plant>, 
but the mo" «Dnomkol woy io lo buy or """"'" altor· 
... ting<Urrtnt powor, tm,..,jt it to u,, point of .,.. and 
ti= ro.m:rt it <itbo. by lf<'lltn.ti.., or r<CtiS...tioo at 
that wint. • 

The U>< o! powet rectifiero h>.s inaeated.., lh< modern 
,..., of obWning 4irect-mr'<nt power, n.o.. <Mtifi«• 
r>nxo from ¡mall eontml nnitl lo large re<:tifier equip. 
monto rated in thoooo.-.;1, of kilow.tto copority. Re<tifietl 
""J' be of !he olectron tub<, """"""' -lo in unb, 
,¡¡;,.,., «11, ..,¡,,.;,.., een, gcrtnani1rn1 0.!1, O< copper....;de 
plato type_ Al! "''" d<vic<' toke in oltornating·eumnt 
wwer at al! nng-<1 of vo]I>J¡:<1 from <he pl'"'t di•tribution 
oyst<m> >n<i con.--ett it to dit<.Of-<ufY"rnt p<Jwu in roi"'!!<O 
!rom 6 lo 12 vol" for plating, 125 volto for lighting, 250 
volto for ""'"''¡ motor work, 600 lo 1SO V<llu for stod 
mili dri..,. ond up to 850 oo!tl lor th< <lectrt>dtemia.J 
proc<o=. 

Rtctifiero oro 'attnctivo !rom the otU>dpoint of main· 
ten.a~><e. Ti><)- h>•e ¡,.,. mo'<Íf>f porto to ..,..,- out >n<l U.. 
anito = be loc1ed dir<ctly in <he manuf>rnlrin¡ ,.,..,.~ 

Oth., ""''«' ol direct-currmt ""''"' ..-, the "po.ck· 
a.red dri~" Theoe dri"" aro in ono """"-" <mWo· 
in¡: motot·J<n<nllor .. t~ marrr~<tie <mtr<>l, and po .. ibly 
,itmol gonor•toro o.-.;1 el«<r<>nk controlo. The uniu ar< 
<0111p>.<:t and umally = b< mounled <-loo.< to tbe machine. 
A rrumber of ""'-"ufaclltr<rl n»ke ""'"' ooitl, ond tbty 
co•« •11 ""OJO' of ·~~lic.tiom. 

S4FBTY AND Pl.ANT PRoncnoM 

Get~oral 

Pror.ruo, ~ p<r-nd ...! <qtOP<n<ot """' alW>yo b< 
a prima,.,. tbought in tho ,.;,.¡ of ti>< ole<triGOI <!lginoe< 
wh<n d"i~ning ony 04uiprnont or in,tall>tion. He rnu>l 

bo "'""" ol thc """' ha..uds thlo.t "" P'"""' .m tal« 
odequa,. l""'"""tiao to protect opinot tbem. 1t ¡, only 
by the reoo¡¡n.ition al these lu.zard. and careful plonning 
lO <ontrol U,<fll thot tho uiO ol doetricity hu booom< 
tbt safe ..,.¡ olfocti .. """"' of power ,..,.,.;.,¡on thot 
.,., know to:lu. 

Plant prote<tíon "'" to a jorge extent opoo tho 
>houh]<H o! the electri<.J <T.gine<< for it it he who "'"" 
provide tho plat" for odequa'< alann oylt<lm, eOO'IItmnÍ· 
<>ÚOno, omer¡ency li¡hlin¡ >t>d 01ber <U«~tial ...,.,,....,. 
>orvi<U ., woll •• the gentta] di>tribution oyltem lor 
normol plont operation. 

Ponofltlo! Súety 

Th<r< "" lht.d bolow i<""" "bieh ohould b< <0<1· 

,;,¡.,«! in order lo provido ,.¡, workin1 «rn<t;tiono lor 
tho pmonnel. 

l. loterrup6ng devi= >bould b< oblo to function 
safoly >nd properly undor th< mo.~t oewr< duty lo 
wllieh lhoy m>y O. <.<poted. 

2. Proteetioo ohould b< provided ap.jn>t ><cidental 
<XIflt:•<t with rner¡oizod cooductou by ele,..tion, 
lu.rrim, <llcloou"~ and other oimilor oqttlp=L 

J_ Diocont>«ting >lfilcb.• ohould DOl b< opented wbilo 
thoy ore c;uryin• """'"'~ tmlm d«iglled lo do 
10- Suitobl., h>.rrim lhould be provided b<twern 
plu..., to coafin< aocid"'tal an:o un].., od<qm;t< 
opo.e< 0<par.1.lion io provided. 

4_ In .,W,1 m...,,., interlodu bet~Veen ti>< diKOn· 

n<etirll JWÍtcll """ tho p>Wt< cimút ~ .... 
<i<>ir>blo, .., that tho br~r in ~ .. rnuot be 
open«l fi"t b<loro the di,.onne<t< eon b< oporot«l, 

'tlua ph:v<ntinl accidontal opmin• of the dioc<m· 
n<cto u.-.;!or !ood. 

5. Suflirient unobotruct«l room lo onr arca <entoining 
el«tric oppar•tuo must b< pro..;ded for the GP<=to• 

to pofform aR """"'"' opo,.tiono Wolr. 

6. A •ulli<ient numb<r ol uitl with "ponic-type" door 
¡.,.,.,, .. oboul.! b< provid<d fTom ony room «<lt· 

túni"ll <le<:tric appo.ratuo oucll., • oubot.tion, <OD· 

lwl room or motor room "' th>t e><>.p< from thio 
"'"' can b< <>.oily cll'octed in the c...,t of lliloro 
o{ oppar>tu> in tho '"""'-

1. A prot<ctioe lafi!ng proc«luf< ohould b< Kl up lo 
&ivo poo;tive prot«:6on lo ""'' wookin¡, oa <qtñp
mcn~ Such a procedo.-. abould be coordin>ted with 
the lo.;a] utility fot lho common equipm<n~ 

8. fnduotrW ptlnt tl«tric '7"""' ohould lr'fi'T.illy 
be dotigned "' th>t al! no~ Wfl1'k on circuiu 
and equipm<o>t <.O.n b< occompli>hod with the par· 
tiodar circuito ond "!Uipn>cftt de~oñ•ed. Tbo: 
oyot<n> d<>i¡¡n abould provid< for loc:lcina- out cir
cuito or oquipment lor m.>intman«. Lockout 
owitch<O should occ-ept th.oo or ""'"' padlocb ond 
ohould "" loat«l n= "". dti""' oqcipn>cftt .,.,. 
..ruor\1 for mco;hanical m.intenonco p«IOQn<l oo 
that non-olo<tticol poroonn<l need not enter motor 

>n<l ""'""' <""""'- The krlnut dovice "--d be 
<=efullr identified with iu o....a.led driRO eqaip. 
mrnt. fn nry ll"'Cial >itu.rion. whc« it io nee<=ry 
to worlr on .,.,g;,.,.¡ ci=itl, opociollr tn.ined 
o-nn with """"""' .,¡,., eqaiP"'<'>t obould b< 
~ 
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~. Rubb« ~""" d<t<ri""'-1< .nd <'On'"'!"<''UY 11>oold 
be clu,chd nrularly. oth<rwi>< !bey may bc.ooo>o 
more ol a h>z>.rd th>n a s>.f<ru><d h«ouso tl>oy 
giv., t!>o op<n<tor a 1>1>< >=>< of ><Cilrity. In 
c<ner•l. !bey lhwld - bo ul<d witbout l.atl.er 
prot«<on il lhe work i1 .uoh th>t thc ¡lo .. may 
be <MKI«i or Iom. 

10. Al! ci•cuiu >h<xlt.l be marked in th< ,,.;tchinK .,.. 
tion to •• to"bc r<adily idcntif.e<\. Cabl" •houM 
be i&.ntifi«< wilh >Oil>bl< ....... both <n<!> .,¡ 
in all manbolu f<>t th< prot«ti011 ol men W<>tl<i,. 
an them. 

11. Ccruidtr lh< ~ .. aod upto.looo haz>.n:l ol oiHU«< 
apparatno ond who:tl><r IU<h rquipmtnl ia pormit~ 
by Codu. Whtr<v.r f'O!Iiblo, oubotitutt appatotu1 

sudo ao o.ir . circuit brako:n, air load·int""""'" 
swit<h.,., and aok>.r<l·inonlat«< or dry typo: .....,,. 
formtt~ 

12. A ~'" btigad< ohcrnld be fmm«< of kM:2I <mploJ<a 
who ar< famitior wilh the «Juipment .00 the '=· 
ardo iovotvod. Thio .,.;,.p ohould bo tnin«< Íll th< 
"'"""'" proc«<ur .. to follow in the """'' cd lite ;, 
th< el«trlc ap¡.:u·•t"'· th< proper ""o( th< nrlouo 
l)'l)t> of ntin¡ui>h<n aro;l mdhodo ol ~r< fightin¡. 

Tho: ""' of load-«o\er di>ttibution oyst<m> in indmtrial 
pl>nto invot .. , th< inol>nation of wirin¡ ond .,¡uipn><nt 
op<'foled hot~· .. n 2.4-kV and 144-kV. The d<oiK"" and in
oullatirut o( t),.,. orst<m> muot ,.k, into «roolnt tho 
qualifioationo of the petiOOQ<I wbo will be alltd Opo<l 

to oprrate •01d =intain them. Plont pmonnol a"igntd 
lo oper>.t< and maintain «¡uipmont <fl<rgi<«< >t volt>,c., 
•bove 600 volto mtQ.I h< troino:<l in P<Op<< """'atitig pro
c<dur<• and imp<;>>«< with the ha<>rd• invoiV«<. 

Eqnipmrnt ;.,,t.otltd ;., """" th>.t "" ..,.,,iblo to 
oth<r Iban q=Jifi..t "'""'""'' oh<>uld b< compl<t<lr tn· 
do<ed <0 that ""livo par\! "' expooed or r<>dily "«o
n'blo. Whero: Ji .. parta ar< <>PD><d O< wh«e ,.¡, pr.ctk< 
dictot<o, ..,uipm<nt oh<;>uld b< in:;,.lltd in loe~..! o:quip
mont room! or fent<d end<>oum •nd tho di!tribution of 
, ..... ., k,,, oh<>Uid 1>< limittd to qualifitd "''"""~ Appro
priat< >igns >h<xlld be u>«< to identily the equi¡>m<Dt ond 
provid• op,.ot;ng in<truction~ 

Wiriog dia¡ramo M th< oyot<m mtt>t be anilable to 
operating "•nd m>intrn>r><< pet>onn<l tog<tho:r y,ith the 
ty¡.-, moko, aod f'\Ít>go o( oquipment oru! rolay ><ttin¡a. 
Wbo:n fn«• are u..d in a''''""'· • >lock o[ spo.t< ¡,,..,o( 
th< oppropriat< ratin¡o obould be mointaintd. The>< prae
tiou >r< p>ttimlarly i>nf'Ort>nt in ""' where contro<t 
oiWticiano ""bo aro not !>miliar with the >Y>I<m or <quip· 
m<nl "'' Ql]«< in lo puf mm moin""'""" or ro:pair ""'"k. 

Any pl•n for the protection of > plant mu<t includo 11n 

..dequol< ond reli>l.>l< >Y>Ittn of <ommuniwi"" both 
within the pl>nl •nd to ti>< .,.ocialtd utiliti« and <m<t· 
gm:y <<rvit<5 ~hieh tndf bo <all«< upon in <a>< o( ne<-d. 
Thio <= bo accompli>h«< in ,.,.,,.¡ way>; o prindpo.l 

- io by a cornpletely O<lf-<:onL>ino:<l ..,d .. lf.mainuir>ed 
into:r-pl..,\ JYOim> of td~ alarms, <te. • .u><! '""1 
indudo modern radio «¡uip'""'t. Anoth<r pi.., o:onoioh of 
a joint oyotem tiod Íll to th< exi,ting ·o:ommuni<>.tion 

~-
Fire alorm cirrnitl, wh<thor «lf-oontointd "' titd intn 

<ltr abrm oy>l<ml, oh<ruld be iMt.oll<d ;, a m>nn<r that 
will gn>.1"211""' th< leon int<rruptloo ¡,.,.... bulto ond 
rh•ngeo in building& or plont op<fOliono. l.ino:o ohoold be 
at!"211Rod t<> provide ""Y m<2n< <>f t«tinJ' and of iKllll
;,( ponion• of t!oe ,..,...,. in a .. ni fa,.]\ or chon¡r«. 
without int.rl<ren« with the b.lon« of ti>< oy<tem. 

Wotohina.r. cimtiu are ol<d io mony planu Í<lf th< 
purpo.., ol P'"nviding a '"dT '"""' ¡,. tiH: individual 
wo.tchmon !o r<¡><>rt ~nuouol dn:uonot>no<1 to hio au¡>er
,¡..,.. witbout do:loy. s ... h 'Y"""' are frequ<ntly rom-
b;nod with loudopoak<r pagin¡ 11>1<ma aM./« otl.er 
obrm methodo. The "" of onnunci>tnr> iu KrDUP> lo<.>ttd 
at «ntral pointo pr<>Vido:o a meono ol rf'«<n:ling Wlo o.od 
'"""tinr nth<r d....;..,.. Tl-.<;r o~ io provinr to b< ''''"' 
ai~ to thc engin«r thar¡e<\ ,.;th • plmt <ommunio.o.tion 
'Y"""' inaulbtloa. 

In th< l>r¡..- pl•nu ol lh< country ttwlay, th<n "" to 
bo found nwty in.t>llatioru of ohort·w••• radio mm· 
moni<>.ti""' whkh otftr ....,, .,¡...,,.._... <>peeWiy 
;.,...,, o:ommmú"tion wilh mol»le unitL Oti>Ora haY< 
inotallod ayot<rna whioh are ronne<t<d to .,;,tin¡ pbnt 
di>trib<>tioo >y>t<rtl> o.od by impr...,;ng a m<><!ulottd hi¡¡h

frrqoÓncy ~" ""'" oro •bl• to l!'<nmtit VOÍ« OY<I" 
th< cxioling power circuitL 

No ""'""'" whot typo of q<t<m ;, m«!. "" ntu>t be 
t>ken to ,.., that it io tff.cti .. ly bid out to give th< 
co .. r>l< •equi•<d. lhot it io inotallod in a pro,tico.l ,.¡., 
......,., ... , Ir« of ut<mal foult~ and that it i• n>p¡rliod 
with povm at >11 ti~t~<a, 

No plon! pro!ection 'Y"''" is <Omplt!< ttnlm it hao 
omplo: provilion for ligbting -..ulD<tabl< .,...., ..,.¡,.,,. em
ploy«o '"'" and l<>v< the plont, ¡.,,., oro;! boundarla 
and oth<r ,..rti<Uiody import=t poinu. l.iohtin¡ o( thtl< 

• .,.,; ;, u>=ny .,.,..,,.,¡ to bo ind<p<ndont of ,.,.,.¡ 
lirhtinK drcuit> ond moy ho U!<d eith<r contint$1oly dor· 
ing the nighl bour< or ""'Y bo <Dntroll<d fm intermittont 
""' aut<lfn»ticall7 <>< b1 th< plant pn>l«tion ""'""'""l 
C.iticol at<>> may be proted<d by ¡rroviding ompl< lighta 
to tlluminol< ti>< •ro• eilh« by loc•l fixtu"' or by Aood· 
lirhtin~ from ...,, e di>L>ot poio1~ lmt >uffici<nt uru, '""'' 
ho uotd to provido: romplete <OV<tag<. 

Boundory li&hling io ~hen founcl to provide mor< ""fui 
illumi.,üoo wbcn ••ym,.tñcol fi""'" ore uood >mí ar· 
oaogtd >0 that lh< gr<.lt<r poflion of lh< light wtput io 
>P'ad aloo¡ thc !.:n>ndory. 

Th< 1<nerol aop<d> ond ma<~ do:tailod ir.formation on 
itod">1fio1 ~iri"g m<lhods m>y ¡,. !ouod in th< lEE!·: 
St>ro;l>rd• Publiution 1'-'o. 141, "EIKtric Sy>t<Jn> for 
Commer<i>l Building>", •nd 11>< r.ad<r io r<fmtd to th.at 
bcook fof n><>« <leL>,¡, of lirl.tin~ ¡•roblmo. 
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Emor¡ency Powor 

Eni«J<en<Y ligh" obool~ b. provid<d wher< "<'«"''Y 
to "'""" "'""'""<1 ag>in>t o ,udden foilurc of lighting. 
A,.., tO b< cop<cially conoid"ed >r< tOo" whcr< ¡><opio 
"""CI"'I!>'' and "hu• <ontroh for proo:.,..,. m loc>.tod, 
porti<ul~rly ,.1\m the contro!l<d lunctions aro ouppliod 
from diffc"nt 10\lf<OO of pow" thon th>l <upplying the 
lighting. · 

Th< Notio.u! El«trioo.l Cede ......,;,., that ••1 build·. 
ing or part ol o buildinr dooi""ed or int.,ded or use<! 
for d roo>oti<; op<r•lic, m<>tion pi<!u" or oth<r ohows >hall 

be l>"<<•idod "''h .., . "'"''""cy lighoin¡r '''""' ¡¡ th< 
... tinr apacity of !he >udiom-io"' u~ !!)) .,.,.._._ 

Thc N otion.tl Firt Prote"ion Ao>Oci>tion'• Building E•itl 
COOo oho outlin<> the r<Qüircm<oto for tmergoncy light· 
;,gol exito in Y>.r(ouo do,.,, of building> ••«! for ...,blk 
"'•<..t.IT, óncltlding !octl><ies. Ir .._;, .. th>t !he dmric 
pow« u•<d lor <rn<Tg<ncy Iigf,ting pllrpo'" ob>.l! be 
oupplied from a '""'" lndc¡><ndenl o! that for !he gen· 
<nl l\¡h~ng or ob>.ll be <»ntrnll<d by"" outonutio d,._ 
.ioo '"hkll ...;n opuat< rdiably 10 owit<b U.. cirC'Ilit to 
.., iodeprnd<nt ><eond.>.')' oour<< in U.< """' of bilure 
of lho primo'l' touroe of power. 

Em.:rem<y po....- oyst<mo moy abo be dc.inble lo 
;,,..., ccntinuity of «ni<e in .,.,,.;., pnx .. «• or 
ocoupon<i<o whe« lo" of power =r introduce o fi« 
or <xplo.Oon huon! or r<oult in e><t<Ouive cb.mogc !O 

""''•ri•l• b<inr proceo>e<i n.... <noer¡eney ,,,..,... 

""'"Id be in•t.TI«< in oeeorohno. wiU. the <oleo ond """
l>.tiono of the Notional El«:trie.I Codc and mar, hove 
•• a """"'' • o<parot< oerviu _,;.,., with U.. u@ty 
pow<r oyotorn, a otocq:e bo.l!...,., or on ~ • ..u;.., 
¡<ne~tor. 

Coo~ ... .., 
S•fet1 to rrfe ""d the pro1eetimr ol pr<>perty from elee

lri< O<dng, fice ond explooion• whieh moy reouh frotn 
U.e lno!all>.tioo ond .,.. of el..::trk cquipm"'l obould be 
con:folly «>nliderei durin& th< <k>irtt otag .. of o pro
¡><»ed eloctrk inor.llatioo. Stat< and mtmicipal re¡uh· 

tiono will v>ry lo "'""' """'"' and fire and CHuall>' 
in>unnce =mero uo,..Uy ¡,.., defuUte ~r<m"'ll (01' 

U.. .. re..,.rWn& of 'fl<tific ~ .....W.ted with tbe 
""' of ele<trie apparatQI. Dtr.il• of the propo'«< lno!al
lalion ohould be revi.ewed "Íth r<pr<oent.ativ<> of the>< 
nriouo gr<rupo before cono<rveticm ;, >12rto:d. lo -.e 
a.c. Ibero a« no local rqolati<tno .,.. ~ and 
the only outhoriti« h.nin¡ ""' jurildiction "' the !n
ouraru;o arri"~ 

In 1<11..-.l o.U d<ctrial """"""ti"" ,¡,¡.¡ _,ronn 
lo the lot«t re<¡Ui<emctt" of the Notionol Electrie.l Code 
>rul lhe Notion•l Ele<tti<>.l Safcty Codo. Bolh ol these 
publieationo aro USA S .. nohr<i> at>d oppr.,.ed by the 
United Sr.t., of Americo Sr.odan!o !MtiiUt<. The N•· 
tion..l El..::tri<:tl Code io publiohed b1 u,. Nationol Fire 
Protection Ao"""i>tion (NFPA). They aro ~fM<tOIIy ac· 
cepted by ""'" "''<. municipal •nd Í""'<m« authoritie> 
U t!>e ,.,;nionnt. r«¡UitemeJtb OOIIIÍol«ed -.,o>&l'}' {01' 

,.r.,,,, ollh.;m&h eardul cho;.;~ ohaol~ olwayo be ma~e ,.;th 
>ny munidpal authorili<> who may hov< j.,.;«ti<tion ., 

th<>< otondardo ote >Om<lim<o modific<l or amplific<l by 
tbem to eonform ~-ith looal <O<><hti<>no 

In C.=d• the counteroort of tho Nation•l El«trie•l 
Cooe ;, the c.,,"¡;.,, El"trkol Codo t'.rt l put.t;,r,c<~ by 
¡0., C.n,di•n Slind>rd< Anocmion. 

Codeo •• Applied to P.-operty Prote<~on 

A pot;nti•l fire or apl01ioo honrd Í> inhtr<ot ...;th 
th< ""' OÍ n<>rly al! el«tric •PI»"'"' ood proper ar
nng.,nent >n<l protection ol th< e<¡uipment •1 thc ""' 
will minimüe 'tf no! eTim',nate >e<iouo prop<rty d>.,.ge 
or intm1lption lo production when inoul>tiM !.ailur" or 
br .. kdu..-ru OC<ut • 

The fi" .00 c>plo>ion h•zard of oil·inoul.red and oom· 
pound-fillc<l <Quipment ¡, 01\e ol the moot common ha .. r<lt 
t.o "kcuon! •nintL Flru '" '-"plo.iont U. oil ino....,tc<l 

- tronoform<" '"'"" inf.-..:¡""'tly, but wb<re tho do th< 
r<oulh tnoy be di,.mou• d<¡><tuiing 'upon the orr>nr«
ment of the <quipment an~ the ,..!,..,anh provl<lo<t. Tite 
old proeti« of loc:o.ting oil-fill<d lntMform<nr io \he .. me 
""'"' ..;th ., imporunt '"'il<bboord or switct.roar or 
othor .,loable appar.ru• ohould be a>oldc<l bec.uoe • 
fire in the t=rdormu will u>U>IIy l"'olve the other 
equip.....,t in<r<Uin.& the duma< &nd pi'<IIO<Iiinl; tbe 
int<rruPtion 10 ~uction. 

The National Electrical Codo cl<>dy outlin" thc in
sWiotioo requirema"' lo< trorulormero of aJI tl'P'l. Oil· 
inJUiotc<l rr .... rormero m,,.¡!ed indooro "'~" be instolled 
in • nult o! fir<·r<>i>tilnt eonotruction 11 the tor.l oa· 
paeity <><ce<do 7S kV A. Whore a vault lo r<quir<d, aM
qu¡te .ontil~tion and dr:tinoee fao.Jitiet aro: <>«<.,.<T to 

P'""'' <»"erb<>.tinr ol the """'forme< ot>d 10 dnin ow.y. 
to • .. re pla<e, onr oil 1h.at m•y be n:leo-t "' <XP<IIed

Th~ co•t of O ftUit ""'Y be etiminal<d, ODd > ooviog in 
opaco olf<a<d, b7 ,¡,tit.>tinr ukuel·insnhted or dry 
type tran!lormero in p~ oí tite oil-U,,uloted tYP<. o.,.. 
typo oealc<l-..,k nitr~·filled tranoformero •re «>n,;d
ered "" and upl.,.¡, ,.,¡,..,, ond n<ed no opeciol 
..t:o(DU<b fr- thj, st..ndpolnt. 

Wber< oil-inouloted tro.n.formen are inot>.lled <rutdooro 
they ohould be located ot ¡.,.,¡ 2S f«t oway lrom mm
bu>tible buildio¡o or otrutlur<L n..,. obauld oot be !O<>.ted 
.....r... !ntpotto.n~ bridge.. COIIV<7<>n. ,,,,¡, or oimilar otme· 
tt.noo whcre boat lrom • fire in \be tronslormer ....,
cauoe coll>.p>e ol or oeriouo dama¡¡, 10 the otrnctuce. 
F>ciliÍieo saclt &o croshed otoo>e-~Ued boJino 01' 4noined 

""""'" ba.in,. tboWd be provided ander tbe tranJ!ottt•"' 
lo dr:tin '""'Y ony oi! that m;oy be '"peil«< from thcm 
in time of trnubl<. Whcre a fire in <rue outdoor oil· 
insnh!ed <=UIO<nle< is likely \o in-.olve other ~or
"''"' lo the ...,. bonlt, • ..... -ible barrier or ...rr 
;, oometim<• fiiOvided betw«t~ odja.unt t=slormm to 
mnfine the óce \o \be unit 'm ""-ieh it or.rt«L 

PerliWiently piped ir< .. rin(Ui.trin¡ ,,..., moy abo 
be imr.lled """' !oree oil-inoul>tc<l u=olotnler> or other 
oil-intuloted apparatuo whcre the nlue or impoi'Un<e ol 
tbe appar>tuo &n<l ....,.b, «tUipment ;~otifi" lhi• Upor=. 
U.... ,,.,., .,., be >rnnred lo ditchorge eitl>u .....,_ 
olly or otttomaticallr. One orotem ""ployo ""''" spray 
nonleo """""''ed to a reli•ble >rul otrona """' 011ppl,-



i 

'1 

' 

! 1 
' 

a,-,ongri to .....,pl<t<ly .., .. lop th< tnLnsfo"""' .,;tJ> a 
d<n>e lino: op:ay if fir< O<CI>ro. The ellmi•m•" of lhlo 
oyot<m dep<ndo npo>n many factor. •uch ao the oizo of 
nonl.., oonl< o¡oacing, ekvatlon, <lic«tl<m ond anglt o! 
diocharK<. _,.,. pr«>ur<, ..u.! ,..]oci<y ond ltmP=onn• 
o! th< oil C:uboa o!Huido ;, abo anll.lbl< u .. ex· 
tiow.ri>lllnr mediam in "''"' fix<d fir• "'liow,riohing 1)'1· 

ttms for bol~ indoor orul ootdoor iruu.llatiOilO. 

Eletl>io aro loma« transformm ar< fr<qu.,tly in
otatltd in ti>< ...,... ,..ult with lh< oi! ok<Uit break<: 
«Wdroninr ti>< tranofo.,... ond lh< <Ontrol pall<l lor 
raioing ..,d loweñng tho <lrttrodu. TbU io not «m· 
•idtrtd a Kood '"'""''"'"' •• bitu,.., ol tithor th< trono· 
formor ("loioh io ""''IIY tho oil-inoulattd type) or tht 
,;......,¡¡ b<eal<cr will ..,.,.,;...., in•olv< lh< <>!hu rqull" 
mrnt in th< nuh r .. uttinr In iner.,...t POO)~•lj <l>noac• 
ond .., at<nd<d iol<rrllption to prodoxtion. A prrl<rrtd 
""'""''"""! lo to pao. ti>< tran.!orrntr, th< ciKO>it 
br<aker and th< rontrol ¡oan<lo, ta<b in ito own vault. Th< 
circtoit br<aktr, whiclo io ""bj<cttd to """' dllty, ohOilld 
k V.,.,. <at<ful\7 m>.iou.l.><d. -'ir cir<Ui\ bo-<2k<ro Ort 
,,,..,..u, n...t for aro-fumaa daty. 

The oil ustd in ti>< lubricatinr •n~ JOY<rnor ""''''"' 
o! olam·tutbin< dd.rn 8<0trato" is a ¡>OI<nlial baurd 

wbcrr ti>< ""'" l<mp<ratur<l ""' 700'F '" hiKh<r- Tu,_ 
bint oil will ignito: ü it conta<ts hot "eam ¡¡,.. o! lhlo 
kmport .. t<. h Í> impottant, th<rdor<, to U=JI< th< oil 
lineo oo thot if l"'h ohollld d<V<lo~ n .. oil woll no>t drip 
orbe spray<d on bot m<tal puto. Thmnoon<tm ••d othor 

oimilar "'""'"''" on tht,. ontorn• ohollld be proto<t«l 
Opinot bo-.aQ,._ 

l=r• <n<loo<d g..,.,..,.,..., <x«plin1 tht hydr~ 
c<OQ!td lyp<, ohontd be piO.ided w;tb a buih-in type of 
for<·<xtinguiohinr oystem. Foilum ~o O<cur in t!.,,. 
onocllln<> lrom both <l«trical and mtth>nical au, .. ,' u 
wdt ._, u.htnín&. ...,¡ """'¡,¡.,.bte ooo!ditlon>l dam>g, oft"' 
¡...,¡, from ti>< rn:;lling firo. In <n<loo<d mac:hin<s ouclo 
fir<1 are inoocmible and u .. - built·in fir< prot«tion io 
the only pO>OÍble way of •xtinguishing a lit<, if it O<<tUO, 
ar.d ktepinr tht d>mo.g< lo o minimurn. Th< two comm<m 
n=ru o! extinp;Wn¡; firto in ,.,h mocloints .,¡,¡clo "" 
now =oploytd ..., : 

l. The pethot<d opr>y ringo ;notalled in th• <nd b.:tlo 
at e><h rnd ol th< mochint, arr>nRtd to di«h><go water 
OY<r tho md turno u¡oon ""'""'1 o¡o<ntion .,¡ a wn· 
V<oirntlyloat«l rn:otrol .alv<, ...,¡¡ 

2. Th< 01< of a.rbon dioxidr arr>ng<d to di.oh>tr< 
automoti<ally or manuo\ly from • I».U<ry of cytind<ro 
into the intorior of the O<nttator. Thm oyol<m! •« dt· 

•irn«l lo mointain a oufrodtnt '""'"""""'" of gaÓ durinr 
tb.: dt«lenlitoi; p!:tÍod lO <o>mpletdy <xtingui>lo an1 firo 
io th< machlno. 

Hydrogtn·oooltd gen<c>tn., n«d no built·Ín extinguioh· 
ing equipmcn\ oin« a purity ofabout 97 !'<""''o! hydro
x= 00 norm&lly maintain«< in the m'<hin< ano! ignition 

"""'"' "~' pla«: undor th<se <Oilditiono. 

I..rgr, cndoo«l, val...,bl< molo'l, oueh ., th< rn<roin, 
mili onolOtS in >led millo, >hould a!,o lo, pcovidod wit~ 
a b";]t-in ~« ext;nguiohin¡ •r•tem 1<o lo<ip minimir< lh< 

dam>o< if ~rt o>«:tU1- Oot oonallor rno:loud motou u..Jer 
3000 ho:"l"""'r, ti-o,"""'"' of • bllilt·in firo <Xtin¡uioh
ing oyll<m m>y not b.: ju01ified, lout in any ""' '"'"td 
w:ningo o~ould h< pm•id<d in tht endoouro lo l"tmit tho 
<>oy opplieaoion of <Xlin¡;uioloing agrnto to ti-o, windin¡o in 
~of~ .... 

Th< ¡rwping tog<th<r o! • """'¡,., of n!U>bl< or im
porunt oahl" Of wif<O in lr<n<hto, cahl< boxts, jun<tion 
hox<1 and m>nhoi<O 1hould h< ovoidtd. ¡oacli<utarty il 
!bey ho .. .,.,¡,.tibio inoulation. Tloio applieo to hoth 
!ow, n><dilom. ..,.¡ hioh-oolb.ge in,tanoúon._ ond l<ad
•h<>tl>ed <abl., "' woll. A laihoro in ""' <>hl< or «oo· 
du<tor "" """" an "' lhat ignit" th< insulation on on< 
e>ble ond firt m>y ~ootroy th< •ntit< group, or tht at< 
can do ,.tenoi.e dam>.o• in tilo event o/ ,.,.,,;ntd noin¡¡. 

\l'h<r< it io "''"'''''7 to •""'P .uch abl"' to.-ett>.r, !hoy 
>houkl b< prot<ct«< with • fir.prool «>•<do>&. Th< control 
cirruito in powor ioollO<s ond ou\>otation> ohould b< or
r.mg«l 10 tlu.t th<y will not b.: '""""d to d>m>R< by 
or<in¡ or firo. When po>1ible, th<O< wir<> should havo 
a.b«too or •imilor fi,..,.,;.,; .. <OV<fin••· 

An adeqloat< "'1'1'11 of fire .,.,;.,...;,h<ro ohould b< pro
vid«! on tho pr<mi,.,_ particularly in tho vidnity o! l><gt 
quanlitíoo of o]ectri< app;uato>. Extingui•l><ro ouilabl< for. 
US< on ¡¡,.. ol..:tti< 1pparo"" are lhr .aporitin¡ liquid, 
arhon <limo;&_ and dry chomial typ<L V.'h<ro inoul>ling 
otl or .....,po;><DHI ¡, P'"""' in t.r¡o quantili<> in powe< 
han"- ouh!tation._ ond motor roomo ,..¡,.., tb<r< are 
many lotg< -'""'"" pmrnt, small ho>< (1!1> ineh) pro>
tcction woth poctahto IP"Y ....,.,¡., ohould b< pro.ld«l 
._, boodt-np prot«tion in the <nnl thot th< h>nd tl<· 

tingui>h<u "' inod<quato. 

Soda odd ond !oam typ< rxtingui,lom; are dangeroos 
to U>< on li,, tl<etric opparotns b.:iou>e tho m•loriah 
u«<[ Oto <:onduc~ng_ C"< ohould ,¡.., ..,- •~mi>«l wb<n 
u>i<\1 arhon t<tr~hloñd< rxtinguio~or• "" • fire in • 
<010fintd 'P'«" ti>< lum<1 •« 1G~ic. 

GROUND!NO 

Th< oubj«:t ol groonding n11y b< dividtd into two main 
¡oar1L That iL ti>< lfounding of U.. l)'>ltm for <lrttrical 
op<ralin¡ "'"''" and tho groundinr o! non-<nrrmt
c"ryinll m.,,¡ pa<U for "'f<ty to P''""'"'l. 

Tht ptinci;.al r""'"' for groundinr an tl«tric '''"'" 

"'' 
l. R<du<e optratin~t and mainltnan<< <XP<OI<. 

2, Ke<p l<anoicnt OIU\'ol"'g" thot m>y apj\<>r on a 

')"'"' " • mínimum. 

J. lmpro., ><<>Í« r<liability. 

~- Limio th< diopt><rm=t o! th< neutro! lor gr<>l<r 
••'•tr. 

S. tl<tt<r >r>l«n ond «¡uipment ovorcuH<nt prott<tion. 

6. Rtadil) 1<><~1< ao>d ;,.,¡,¡, circuito which h>>< [.e.. 

<om< •«id<nUlly gtouo>d«<. 

7. !mrro>e liglotning pcQlection, 



(. 

• 

Th< ¡tounding of <le<tri< •r•l•m• •'><~ .quipm<nl ha. 
bo:on a !htion.tl Eloctríal Co<lo r<qlñ«"'""' for nw~y 
yuro_ Thio COOo ltll<l o¡>ecl6ally 0..1 "Cin:uiU ar< 

'ITOIH>d«< for th<: ptlf!>">< o! limiting tht voltog" ""'" 
tht dn;uit which might othorwi>< <><CUt throu¡h ''""'"" 
lo lightning or.oth« volt>.go> highor t!un th>t lor whi<h 
th< cirouit ;, ~ .. ign«<: orto lirnit tho "'""'"'"'" potrntial 
to ITOund duo to Mtmol voltag<." Th< ¡.,.,, <e<¡uh

men!J !<>< groundinr low-volt.og< '''''"'' m>y bo: lound 
in Artid< Z50 of tbe 111118 Edition o! 1!-.< :.<olla,.! Eloc
trial C<XIe. 

F&ilur< lo orovide prOI)<r r<ourulin¡ fe< <lec!ric <quio
m<nt m•Y bo: conoidcrod •• "'• prinu<y """" ol ~Y 
acddonl> whkh h>.ve r<IUited in tho de>th of .. t!Onnol 
ond no >Y,l<m ;, completo unTo., •d"''"'" rrounJinr eon
no<tiono h>.ve been mado. Thio rubj«t h., b«n covorod 
in C!upter V of lhio book in d<t>.;!, but b<a.u>< it io 
W<h ., import>nl ph.a .. o! th<: dectri<: inm!lotk>n, it _ 
""''' not t.. pot...d ,-,,, too li¡My. TtDo ;, parti<ubdy 
impott>.nt "'b"' "'' r<>lioo tlu.t hith volu¡,, oro not 
"""",.ry to <>.u"' do"~ lrom d«trio oho<k. Mony dwb, 
>f< r«:orded >nnu>lly multing from oboe~ r<<coivod lrom 
tho uouol \JS-120 •olt li¡¡btin¡ >r.d >ppti•n<e docuits ond 
.,.,, of th<<e could ond ohould ""-.. be<n noid<d by 
P<op<r ~in¡ P'O<odur<~ 

MA!l<TI!NANCE 

Tho d .. ign o! "!ufpmrnt &n<l tho d<Oign o! <quipmrnt 
irutoJlotiono ohould pro.;d, for odo;qu,l< prnt<ction to 
tho ol«:tric parto fronl oih, 11""'' and ditt, otl of which 
aro g<no.olty Y<ry hlrmfut to th< windingo and in..,b
tion_ A• h<at io a tommon memy <>1 '"""' ol<rtrie "!ui!>
men~ a pro,.,- vootib.tin,; mothod mun be provid<d lx>th 
;, the eqnipment d..Ovt and in tho iMtalhtiO<>. 

Oirt io probobly !he croat«t <n<m1 of •U <l"'!ric 
<quipmrnt boa.u1< tho ><:<umutation <>1 dirt and du<t 
alf<clo t~e <quipm<nt'o interna! and c.-tomo! • ..,tilotion_ 
Tbio r«ulh in v<>l<r h<>ting ol 1''"'' with oho re>ulting 
loworod efficioncy ond t~<toforo progr<l>ivolr in<ceuod 
huting. At tho .,,.. timo thio .00.-teno th< ~lo o! th< 
iiUulation boa.uoe moot inoul>ting mot<rUio havo a Ufo 

upectal><y whi<:h d=<a1<1 r.opidl1 wh<n the '""""""''' ,_ 
Rotating oquipment requim lubtio:.tion ond wh<r< 

lubtio.üon io n«<<e<l, wear uou>.lty io foum. Beodngo 
muot be ch«:ked to maint>in proper cleoronc" betworn 
tho outiono.--,. ;ond rototin¡ parto. 

lnoulation ol <qUil'fh«<t ...... u, d<p<eci>t<l ...;th -· 
Car<ful <heci<o on th< deou>< <>1 iruul>ti"" rnistan« 
pr.....,u ltWIT b.ilun~ A sudd.n drop U. iruulotion ,.,_ 
Uotonc< of -.,Y ..rut is in<li<>tivo of &:Ydopin~ troublo 
ond thi• <'UI fc<q"""t!T be l<><<>tall<d by imh><diat< <or
r«:tivo meaoures. 

Prot«tiY< dol'i«> will hrn<tion prope<ly only if ••cu· 
luly , .. mir>«< >nd eh«k<d. An <>T<rl<»-d roloy "'hi<h 
doto rol OP<n • O•cuit O! tho d<1igned 1..,<1 o! oprration 
io poor in¡ur>n« a¡ain<t ~""'nliog «riouo <i«tdal 
l•iluro Symrn. ha•o <Y<n b.<n r<pcrtod whorc ovorload 
r<l>yo W<r< >ctually block«! oot o! o<rvk< to pr<vcnt 
thcir tripping, Dot>ilo of oy>tem rcl•ying or< ¡¡+.en in 
O..ptor 111. 

Tho """" of roo<! ,.,.in!<...,.< o:;.n be OUMmlri<<d 
•• followo: 

l. a .. nlinm. K«o «¡uipmrnt doan ond woll ....,. 
til>tod. 

2. Rogulor in!p<<Hons. Noto v>riationo frorn normal 
coru!itiQno. 

l. Lubrio.tion_ Apply proP<c lubticanh wh<n ne«<o~. 

Doo.lop lubri<>tÍOII o<hodul .. >nd •dh<rt lo t)..,.._ 

4. Ropairo •nd adjuotm<nt~ R.,...mber th>.t ,.,.u «· 
pairo.,.- adiu•tmcnU th•t '" noglocte<l or pottp<111<d 
too long h«¡u<ntly t.,d to mo;o «l<noivo f<¡o.>ir 
Job t. 

!. Reoord~ Dov<lop a '"'"" o! r=><d lo:opin~ "hi<h 
will ohow the re,..;" r"!uir<d by th< "!uip<n<nt o•er 
• lonl peri<rl 

RzPl!:Rl!:N= 

!. bvf•JOMI Pon·" SyJtf"'' 1/o..Jbook, M<G<>W·IIill 
Book Company, N<w York, 19ll. 

2_ Nol;,•ol E/,ctro'«l Codr. N>tio,.l Firo Pro<«tion 
Anociotion_ Pomphl<t No.10, 1968; USAS Q.JIIfA 

J. E/r<lri<t:/ T.-ao,.;,-n.. ood Di.-•ril>•ti.,. R</•'f•« 
So••. w .. tinghoQS< El..:!tic COXO'O<otion, r.., 
Pitto!rurgh, P•-, 1950, l'lól. 

4. C,...,;,oJ E~g;,..,-;,g, McG;ow.Hill Book Com· 
(10111, Now York. M•r<h, 1951. 

5. "R<OO<t on Re!Ubility <>1 Elortric Equipmont in 
ir.dt>mi.tl Pb.nU." W. H. Dickiruon_ AlEE t<dJ. 
.;..1 ¡,. .. , No. ~~l. 

6. "Enl=tion of Alternotivo Pow.,- Di<tribution Sys· 
,tomo lor RoMo.y Procell Uh>l~" W. H. Pickinson. 
AIF.F. t<choical ~•por No. 611-55. 

1. "A R.viow of Fr<quontly Unr«<grD<od Contide<>
tiont in th< P<<icn of lndumi.tl Po,...- s,.,.,.~· 

E. M_ Smith •nd D. C. llolf~noo. IF.EE IGA Gr .. 0 
T<onN<tion. Vol. IGA-1, No. 2, M•rdlfA!><il 1965. 

8. El«tric Sy,•m• for Cornm<t;ial Buildm¡o, lEF.E 
St..,dord. Publkation No. 241 (G<>y llook). 

" ! 



-
-
-
-
-
-
-
-
-
·
~
-
~
-

--
--

--
--

·-
' ..

... 

- • 

¡S
.'

Il
li

"R
 !

-i
r 

¡:o 
S

i'
!!

 -
'
~
5
 >

 
'<

12
,¡;

'>
!1

 
J: 

~1
1.
!¡
'1
f 
:E

~;
;;

~-
,g

'<
'!

l 
~O

'¡
;-

> 
! 

~
~
;
-
5
.
'
:
1
g
.
 

;
¡
o
:
:
~
.
:
.
@
;
l
g
.
 

~
~
s
-
~
i
l
,
n
~
"
'
-
"
"
~
 

a!
<.

S.
i!

:-
~3

--
~ 

~ 
f:! 
~
o
 d

 
~ 
lf

' 
• 

"'
, 

: 
~ 

~ 
l'
l 

n 
-,

-l
a 

o 
n 

¡;>
-~ 

3 
S

.l
f 
r ~

 a
 a~

 Jl
' g

 
~ 
~
a
 i"

 

~!
I"

S.
B.

I:
.'

.<
" 

::
;~

.¡
¡ 

"
~
3
o
:
r
 

~
"
 

"'
 

• 
~
¡
¡
 

~
"
'
~
 

--
=-

--
,M

 
o

,M
-

~
n
~
-
·
-
-

=l
¡~

fi
]f

rf
~;

~J
ª~

JI
'i

Jt
§~

~o
t;

ii
:~

rf
!J

~~
~ 

li';
¡.D

 ii
. ~

 P
'S

 ~
a 
L
1
~
 -
~ 

.s
-

H
 
-,

·-
,i

ra
-!

:~
,>

~"
;:

:~
.;

!'
..

.¡
,~

 i
:o

.:
: 
[
~
 1

 fi
~'

i-
h 

3:
':

.~
 

~"
"·

!-
§"

" 
-
..

 
. 

¡r
~,

.¡
':

e.
;·

~ 
t>

l~
 

"
'
-

¡
;
~
~
(
:
i
,
 

1
'
0
~
-
"
"
"
¡
 
"
"
'
"
"
~
¡
-

-
-
~
 

--
. 

¡
r
n

l1
•
n

•
 

1! 
B. 

a~
~:

;J
-~

r!
~;

i~
ar

J 
tS

l~
~f

..
,[

i~
~~

~i
'O

~~
~~

~~
~~

 
fg
if

g¡
ll

~~
~~

~~
sª

~J
rt

~~
¡~
~¡
w~
:l
¡i
'O
l~
e~
~-
~ 
~~

 
'8

 

"M
-

.. 
o

o
o

 
~
 
-
. 

t:
 

~
-
-
~
-
"
~
;
;
 

-
a
.
~
•
o
 

~
 
..

 
:;

:.:
 

¡
¡
.
:
:
,
q
~
q
.
 
n 

; 
"g

, 
~-

3 
....

 
""

 
!: 

"' 
if
B-
~2
.-
~s
::
¡ 

..,
~ 

s·
s~

~j
~n

.~
f"

 
¡;

.,.
.:¡

 
-
~
~
~
~
 

;;
"
 

~
J
-
"
§
¡
;
S
 

V
I 
-
~
f
"
9
n
 

=-
"
["

"
'¡

; 
~
n
.
;
(
~
 

.i: 
•
3
'
B
f
~
 

' ' 
B. 

'l~
 ~
 !l

~ 3
lz 

i 
~ ~

~¡
¡"

"!
a 
~d
: i

 ~
'"

'P
 ~ 
~~

~ 
~~

g 
a -

r~ 
la

~~
-~

~.
 

¡
¡;

.i
l~

"'
~ 

~1
>"

• 
o

i
l
n

•
 

-o
<>

·o
~Z

n 
~
-
~
"
~
 

"
•
"
 
·r 

"
'
-
-
g
~
l
1
·
 

]"
_0

.~
"!

'.
.'

-
¡;

i:
S-

<;
.3

!'
jl

i"
"•

"!
l-

-'
"•

~l
l-

~-
--

~~
 

if
-
•
-

~¡
¡ 

l 
"
~
 

.. ;
rg

.,
 

¡¡
-~

~ 
J 

•
"
"
"
 

-.
..

¡ 
n:

;,
.g

-1
!:

.~
 

:;_
~ 

=,
~~

;:
_.

il
 ~

 
g 
"'

,~
h 
~J

 [
'!

~:
 "
'~

 <
=.,

 ~
 ¡:

_ 
""
¡¡
~~
~~
,;
.~
"-
íi
:3
: 

" 
--

-~
 

8 
• 

~ 
~
.
,
~
z
~
-
.
:
¡
¡
:
1
~
"
-
n
~
-
-
-
~
t
 

""
"'

~~
~e

· 
~ 

... ,ll
f;;

. i
f ~

 s. ~
 ~
 ~
 t ~

 ~
il

 ~
 ro

 ~
~
~
.
,
i
n
 n

 ~~
 ~ 

,~ 
. :!'

: i 
tl

 ~
 i

;;
 

"¡ 
,
~
¡
¡
 

~ 
~ 

...
 ~
a
•
-
•
•
~
 

~
o
 

~ 
~
~
 

¡'
~~

""
"-

~ 
¡ 

" 
" 

Z
" 

~~
 r ~"

-
t
~
~
•
o
 

:.
<

: 
g:

"_
s,

.~
s.

~·
 
~
~
 

o
s 

9"
Q

e 
;.
~l
E~
~ 

!.
g;

-¡
_g

_ 
.. 

..,
;; 

><
:>

 
,¡
:j
i-
~ 

~
3
 

..
..

 

~
;
4
 

¡;
·~

g~
 
~
=
 

=
 

-
•
 

~
~
.
-
-

~
•
 

_
3
:
.
-
~
~
.
,
.
¡
¡
-
~
~
 

Z
o
~
 

ij
8

g
>

•
•
 

.-
n

"
"
 

""
" 

" 
~ 

~ 
~
~
~
"
'
o
-

_ 
-.

.o
 

,..
la.

~" 
~.

t¡
 

B-r
a.~

 ¡¡
g 

.-.
::: 

~"'
¡;¡

~ t· ~
p:

g.
~ 

..,;
¡o;¡

~ :
:e

;-
~[

~~
 

~·
H.

il
..

~~
·Q

 
2: .

...
 ~

~i
:g

i~
 

tH
' 
!?
sa
';
'~
~p
q;
~~
.~
~ 

1~
-¡
¡-

§
§

g
 

E
";

. 
~ 

~ 
3.

~;
; 

~ 
~~

.g
~·

.!
:;

;-
¡;

;~
·3

Ei
3 

,'
1.

8.
~:

 
.,

 
~g
~l
f-
S 

.. 
~8
~.
{-
i~
.~
-·
·l
it
n-
··
~·
 

¡;
c
;g

;.
if

S
,¡

:"
"
' 

g-
~~

 .
.. 

"i
l..

i:'
:l 

" 
~
·
~
~
-

o 
.
.
.
 

-
":S

. 
.. 

_
..

, 

lf
~l

~~
lf

~ 

i
•
.
l
l
"
"
"
'
l
f
o
~
•
~
v
:
r
 
, -

·-.
"-

~ 

i O"
 8

"" 
~
 

¡;
· t 

¡;·
 

•. ..
, :;

:¡¡
i-

g"
·l

 
-.

,g
 

C
l"

 
•n

..
, 

l 

h
'F

¡i
 H

i•
; 

~
"
"
·
g
g
 

"•
-

" 
~
'
 

¡
¡
:
:
~
g
~
~
 

' 
;·

~·
~e

g·
!~

 
"
-¡

¡_
.;

 
6

"
-l

 
-
"
"
~
~
 

¡
;
o
,
~
~
-
l
 

'
~
~
r
l
-

. 
~
-
'
;
j
O
"
.
~
 

¡ 
o 

"" 
• 

"" 
'=
'"
'~
::
.-
::
;;
r-
""
9i
f 

-.
.g

¡;
~]

g.
 

~ 
-
·
!
!
:
"
"
;
.
~
 

&
.
~
a
~
~
~
-
·
 

.!
!.

;;
·O

 
i;

· 
_

,_
.,

 
~
-

~
¡
r
,
¡
;
,
.
~
n
.
.
,
 
'
=
'
[
~
t
"
o
;
;
·
 

e
:
~
-
.
.
,
 

11 
..

 ~
 

-
, 

~
ª
·
-
-
a
.
-

' 
!'

.-
~;

¡~
~ 

i 
' 

-t
"
-

tt
>"

!.
.~

-
;¡

 
..

 
0\ 

"·
 .

. 
"
<

r
 

g
_

. 
"!1

."'
[ 

" 
~ 
, :

; 
!!.

 ~
.;

;·
 ~
 if

' 
, 

f:
.:

:~
 n

 
-
-
~
-
~
"
'
3
;
.
.
 

"l
l"

 
'l

l~
"'

".
s.

 
5"

1f
!L

,¡
~r

lf
 

~-
:<

Z'
~ 

" 
~ 

.,
_

 • .g
 .

. 
"'

""
';;

 g
 

c
~
e
.
.
g
·
 

¡¡: 
~ 

8
~
-
·
 
':

:"
""

"·
~~

 
' 

!1
.f

~
3
8
~
 

' 
!
(
¡
(
~
~
"
;
"
 

,
.
.
~
~
2
.
;
;
¡
;
.
 

"
-
3

-
~3

--
.~

··
 

ji
 ~=

a 
~
~
;
¡
u
 g
-~

~ 
.
;
¡
¡
~
h
3
~
 

~
 3

 ¡¡
: ¡

; ~
-
"' 

¡;
" 

g
;
;
!
.
;
n
Q
.
~
·
v
o
 

~
 
-· 

.. 
..

 "
 

o 
-

..
 ~
 
..

..
 3

 
...

 
"
C
~
 

li
c
:'

""
""

.-
~
g
~
~
"
¡
.
 

. 
.. 

~ 
-.

 g
 

-
· 
~
 

o 
SH

 n
 :. ~-'"

" "' ¡q
. 

. 
. 
. 

~
·
,
_
;
¡
¡
:
-
.
¡
;
·
-

~
~
"
§
 

.
¡
¡
~
;
:
~
,
 

b·
=r

e.
e-

"' 
'-

-~
 

o 
a.

s 
.,

~~
 ~
: 

~ 
f-
:H
'~
r 

--
o

 
-
¡
¡
 

..
..

 
~
a
_
~
o
.
2
~
 

>
 

~-$
 ~
=~

 
=

"-
.. ·

o
-·

 
...

 a
 

-a
. 

-·
 1

:: 
-·

 
-l

 o
;. 

""
 
! 

-!
f2

.~
~~

-;
f"

~'
ll

:~
3"

 
~
~
"
"
 
~
=
 

~
q
 "

'~ 
~ 

¡;.
g·

 ~
 ~
 -

¡.
f'

ii
'§

 ~
-o
 

'.
¡
¡
 h

 
~
g
-
~
-
-

. , .
.
.
 

;·
· 

~
;
.
e
_
§
.
~
 

~·
 

-o
..

,;
;>

-3
ft

 
. 

. " 
~ 

~;
.;

: 
~
~
-

o 
..

 .
.,

~ 
• 

-
ft 

..
. 

.;
c.

e,
"•

g
"·

-
¡
r
~
:
g
~
¡
;
 

~ 
~"

';
: 

~-
"'

~~
.:

;;
-

... 
~
~
g
_
 _
,
.
.
~
:
l
o
"
 
i 
' 

""
""

-"
• 

"'
~"

""
""

'!
¡ 

~ 
Z

 
i 
~
·
o
"
'
~
 

~ 
...

 :
::

 :<
O 

;.
 •

 
~~

.:
: 

...
.. 

p
.¡

·-
j¡

o
if

 
<:: 

.. 
~
·
!
i
S
 

~ 
. 

-.
 ~·

('
1 

"
'
-
~
.
:
.
.
-
·
-

~ 
o 

• 
' 

5
-<

;2
.2

.8
 

~
n
 

o
¡
-
-
· 

~
 
•.

 .,
.,

.,
. 

o
O

! 
!i'

";
; 

ll
j 

"
~
"
'
 

n
¡:

:-
:>

-"
'"

>
''"

 
o

;¡
 

:.-
= 

•.
• 

,. .
..

 
-

""
ª-

:~
 

"
"
>
i
r
~
'
"
·
~
·
 

§"
· 

, 
__

 "'
"' 

.•.
 

' •
!''

'''
 

;.
~;
.¡
; 

11 
~
 

.;
;.

•
a

 
;.

 
z-

·~
~ 
"'

~~
" 

<
l
.
Q
i
r
S
~
 

8 
..

 ~
 

..
 

..
,.

_
, 

..
..

 
~
,
.
o
~
•
 

*
~
"
'
l
n
.
,
g
 

¡
;
-
;
;
·
~
=
~
·
 

g 
" 

';¡
 -

:: 
•;r 

::. 
,
-
-
~
 

.i
íf

 
.. 

...
 ~
~
~
~
·
¡
;
"
 

o 
. 

-
i' 

a
¡¡

¡r
 ..

.. 
~ 

. 
., 

~-
""

 
o 

""
 •

 
" 

o
-

"-
,.

e
:-

E
"=

.i
;'·

""
 

~ 
=-

a.
;;,

g.
e.

 
3:

;.
_g

si
~ 

"'
 .

. 
a· 

-·
 

o
.
~
,
"
 

~ 
.. 

" 
w

 
o.

~;
: 

U
L

 e
."

'"
;'<

":
;· 

¡; 
"'

~ 
t>

l•
 
"
''
"
 
~ 

-·
 .
. 

~
 
.. 

··
r:

q:
::

-:
r;

~-
;~

.'
.l

~.
 

_
g
~
~
~
-

n?
.,

 
~
"
l
.
-

H
-
~
i
f
~
h

1
!'. 

ir
<

;"
'[

"
"
 

~5
-o

. 
O

 :
:·:

1 
=~
-~
~~
~ 

a_
5"

!'1
 

.¡
¡;

->
"
-"

'"
 

" 
8 

'-
~
~
-
~
-

.. 
~
·
8
'
 

~
 

-· 
.. 

~
 3

;•<
" _

;: 
~ 

~·
-
~ 

=· 
•· 

~.
~ 

~ 
il 

e.
~ 
~ 

~ 
~~

&!
~~

: 
=
g
~
 

ft
. 

¡
;
~
 

. 
. !

 -
. -

~
,
~
 .. -·

 ~
·=

s.
a

8 
e-

~ 
r¡¡

 s· 
;;..

 ~
 

::: 
¡;

 ~
 

.-
~ 

~
~
-
~
 

.. 
"
.
 

-
·
~
 

g 
i
~
u
.
 ¡

¡~
~:

:'
:'

d&
. 

7
=
:
!
;
·
~
 .

. 
'"

ll
..

ft
~~

 .
. 

2.
 .::

:!!
!. 

,.. 
~
 'f

 ~-
i-"

 ;
· '

:' 
¡!
"'
:'
"[
~ 

5"
 

~
 

. 
. 
-

<
 

o E
 

o o 
o 

8 
~ 

z 
~ 

" - o 
" 

o 
-

~ 
-

"' -o z " 



·~"'"····->o T"M'<f 

' "' 1/2 "" 111 ,, • •• . "" '"' 
'" ... 

>Ofl' OY "' <O BY .. "" 
.. "" >0/H'Y BY 

" "" .. "" <0/ ... JY BY 

100 BY .. ,.,_,.,. ~'" 
U 0/UOY BY 
,. ~y 
110 RV 

... 
,0/l< OY 
•• Rv .. "" ""'·'" 

.. .. 
'"" nv "IIOI.OY BV 
Ol.OIIIoY BY 

110 BY 

"' BY 

mt~ 
lOO RV 
000 RV 
<00 RV 

1000 BV 
,,. Mv 
l<OO BV -·· !S..,._"' 

... 

'" '" "' --
"' ,. 
'" '" "' "' """ '"'" 

'" "' "' "' "' ,. 
'" '" '" "' 

,. 
"' "' •' "' "' 

-'"''M ,.,, .. ,.,.,,,, 

Table 2.1 

System Voltages 

!···~""' z ... 

VOLTAC>:S 4T I"'INT OF UTILIZATIOS BY EQUI~UEsT 
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l 
1 
' • 
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. ·' 
" 

pu¡m.,¡ ,,·,~;,,¡ 
S"'"' Vol";< 

"' '""" l201100Y 

"' ... 
.:: 

2<001</ .. Y ·"" .... ,.,,.v 
""' ,.,m,IOV 

""''"""' "'"" ,. ... ,_ ,_ ,., .. .. -,_ 
"'"' """ """ "''" 

o,. .. n.,;,.,,,H, 
¡., 11-.1;~¡ S'"'~' ,,,,,,,,, 
"0/m "' t L>/lJO "'·""y ..... "' ......... 

"''"" ..... """" ,,. ........... ....... *"'""" ..... "'"""' '"' ... 
,. .... \l '" 

'""· ""'" 12000 

o;soo,. """' ............. ''""" ,,_.,,. ... 
••• , ... _,..,.. ........ ~ ... 

..... ~,>000 

110000 •• , •• ,, 
mono 
""" , .. ,. 

' ... 

n.. cum:nt aooi,ity of ti,. pr<l<'nt USA Stu.J.nlo 
G>mmill« CS4 t.. o to-<xomin«< thc dofiniti<m> of th< '"" 
""'"'"" ,.,,,., .nd, l><c>n>< of thoo dill\t,lty ol findinr a 
de>t and oucdn<l tille fa• Oh< IOO<I. hao pr.,..,otly l•bol<d 
tbcon R>ngo A •nd R>nK< B. lt oho1tl<l b. ob,.ov<d th>! 
tbe ''"'"" ni th• wopose~ dofioúoi""' n.,dfully diffec lnmo 
the pm<nt CS4. Tho rumnt dofin'•tiono are a• followo. 

R<P<g< A: St..W:< Yollogt 

"EI«tri< ..,pp!y ""'"" >lull 1>< 10 dr<igned ..,.¡ <rp<r
atrd th>t mMI kn\ce ...,Jbg"" ><< within th< limil> <P«i· 
hod for lhio '""1'· Tho occurr.,n« o! ><<vi« voltao<> 
out>id< of th<" fimih i> lo b< infr<quotot with re>p<cl to 
timo and pl.r<." 

Ra"!}< A: UMiNiio• Va/lago 

-us.r oyotem• ot..l! b< oo d.,ign<d and <>pont<d tlu~ 
with ...-vko ..,lug·.,. within R>no< A limi<>. mo>l utili<>· 
tion voltao« aro within lho limito sp<cifi<d for tfú, nnO<. 

"Utili,.tion «¡uip""'"' •hall b< d<1ign<d and rat<d to 
givo !ully talidartory p<rlorman« thro10ghout thi• r.m••·" 

Ro•~' B; s,.,{<, aod U<ili:otio• Valrag" 
"Thi> ran&o ;,.dudoo voltag<l abovo aM b<!ow R>n.l:< A 

limi" tbat n«:<>,.rily '""Jt h"'" pro<tic.l ov<flllinl" D;Jn• 

dition• "" supply andfor .,.,. """"''· Altho.gh ow:h 
<nnditiooo aro a po<l of pra<tical "!"'<Otion<. lh<y oh.oll b< 
limitod in """'· fr«¡uon<y and dnration. \Vh<n thoy O<· 

cur, <orr<eli" "'"'""' •h•ll he unJ.,tak<U within a r<>· 
!Onoble poriod o! timo lo impro.o volt•l• lo wilhin Rango 
A limit>. 

·¡.,..,¡., •• p<O<licablo, utiliu.tion «¡uip~nont >hall b< do· 

signod 1<> ¡ivo aoupt.obl< p<'l"lonaon« in tJ.. ''""''"" of 
this rongo o! utili..,tion rnlbgo, althour¡!t not 00«<>1f~y 
.. good P<rforma<><< .._,in Rango A. 

"lt muot b< r«olr"i<Ñ that, b<a.u'< of ronditiono h<· 
yond th< canlr<>l of th< ouppli<r an~/or ""'· th<r< w;ll be 
ln!requont and Hmit<d poriodo wh<n '"'"'""' vol,.g<> ""'" 
1id< ol Rango B limiu IOill ocQ>f. IJtiliu.tiort eq,ripmmt 
,..., '101 <>P<ral< oatisfa<tonly tlfldo:• lh<>< mnditioos, and 

' 

pm'«liY< dovi«l ,..., op<••" to prol<cl tho oquipm<nt . 
Whon >oltogeo OC<Uf outsi<k lho limill of Rango B. 

prompt '"""''"' •"ion io r<comm<n•l«l. The Utg<ncy 
lor ouch .ct'1on will Jep<nd upon mo<•y lodo.,, ouch •• 
localion onJ u><uro uf lood or <irouill invol'<d, and m>g· 
nitudo onJ duration o! tho dovi..tion boyooJ Rango B 
limit>-" 

Low·VoLTA<:Z Sv!lT~<Ms 
To """'r._" lho difforonl ''""" >olt>g< I<Y<Io, lh< 

st .. ting po>i"t in tho industrial li<ld i• with low-volta¡r< 

'''"""· 
Ch•n11• in Motor Volt''' R•ting 

Altor ASA CS.f.l ,..,, ;,.uro in 195-1, ptoblemo «>n· 

tinu<d 1<> >p¡><ar wilh tho 220- ano! «<·volt rotin¡1 of 
<l«trio moiOn. Tablo 22 •l>owl •n <>l"'<t ¡,.,., U.. 
Standard listin¡ lho mv.immn ano! minimum voltag<> in 
1h< l=~roó/r ''" lor tho IZO., 24()., ,.,¡ 4&J-volt oyotomo. 
Ao <¡Uol<d <"orli<r, tho fov<!'oblr ~••• io d<finod., thot in 
whirh mo>l o¡><r>ting voltag<> will 1>11. lt olwuld bo not<d 
tl¡.,l tho !20-•olt oy•lotn al!ow• a 5·vt~ll rik obov< norni""l 
volb.go, but •• plul tolo=>.< i1 alloW<d for th< 2<0- and 

080-volt ''""""· · 
IEEE Sta!>dardo l'ubliati<>n !'o. 't.! r<CO("i=llho dio· 

odY>n ... g< o! ,. ... ;ning lho ru ... p<«rnl difform<e b<t .. .,., 
tho 480-.0k l<ono!ormec and -140·volt molo•. A<t=l o¡>
ccat,ng p<><tko ino!ic.ot<! th>t tho syll<m vt~IUg« w<rc 
""""' fo>< prr<ent •bov< tho mol<>r vt~ll>o<. n,;, r<du«d 
oyotom-volt>g< dtop ,.,, duo lo tho 11<11«>1 adoplion of 
thc.lood-<rnlfr principl< o! di<tribulion. Aooor<lmgly, jt 

•=•ru11ond<d th.it th< otooda<d NEMA traoofom><r b< 
""'"""' on lh< pi .. 1wo >nd on<·half p<r<<nt Up to J"Í•< 
> =oru4ry >OIUI< of 468 volt< with r.<l<d primory 
volbgo. Thi< >pprooch would <l"<ntually l.,d 10 tho odo¡o. 
tion o! a lino o! tr>O<formm r>l<d al 460 volt<. in pla« 
of 480 vülh, lo b< mo« dosdy in ha<mony ,;.ith lh< 440· 
volt motor. Thio approooh ""''MI O<C<ptablo 10 tho dec· 
trk utility indumy which hao mado a long and oontinuous 
<lfO<t to <Unodardik oo lranoformers buod 0<1 mulllpl<S o/ 
120 rolt>. Thus, th< alt.,....tive wao 10 r<tain tJ.. 120-ool! 
b,.<d tr>ndormor and inv.,<ioal< thc l">"ibólitY o! goinr 
lo • lhr<<·Ph.il< !Mlor ba><d on multipl« of 115 rollo 
.., p<e!<ntly ui>l< for low-volto¡r< sinKI<·pha« oy>t<m> so 
•• lo a<cnm1>lioh th< <ame cnd multo! h>fmonY botw«n 
lho '''""' • .,~ molor •oltag<>. c ... rul >ludy was oivon 
l<> thi• <Ubj«l by > joinl rommiU« o! tho NEMA Motor 
attd G<.t«ator Commill« and thc NEMA Industrial Coo· 
ltol Committ""- A r<>ull bao l>«n public.tion o! S • .,. 
!/Wrd S<a..Jo,J f•' F"'"' D"ign.O Thore hao b«n wido 
a<<<pt>rtc< of lh< propooal 10 fmo up lh< lhrco·ph.>.>< "'"" 
lo" on lho IIS·volt ""'"· which !¡.,o bottt lho baoio for 
oinglc-phai< "'"'"" lor manY y<aro. 

Ptoblomo of Stand.o.rd U .. ,, 

ll=uoc o! dil.<<<p>ncics in <olor""«> b<tw= otili .. • 
tiO<> oquipmont and P'>""' >ystom .. !Ur<>. lh<r< lu.v< 
bocn a nu,¡,.,. of =lair o:tnt!>Wnll th.it th< utilitioo w<r< 
roi•ing lho voluu . 

Tablo 1..1 ohowo •• <~tract fro"m th< bbulation of pri
'""'Y vollog« ol dislrii>Ntion ''""'/'''""' lor tttc 12000· 
volt (nol uoually an induotrial volb¡e but ,.,y 10 U>< by 
...ay of compuiiOTI) <yol<m ohowing a muimwn VO>lt>g< 
o! ll500 Tolu and a minimum ..,r,,.. o! 11000 volu lo< 

• 
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tho/W<>tobk """- Toble 2.4 obowo that il tho ,.,¡"""" 
YO!~< o/ 12500 volu ;, appli«< to ttl< pdmary ol a 
IL>mi>rd \2000-volt diurilrution trandorm<r, th< O<Cot><b.tr 

voiUgc ,..,n 1>: lZS volto !m a 120-voh tnndocmc;, 250 
volto for o 240-volt tranofonn<r, and .100 valto (oro .¡¡¡o. 
vol! tcon<fotm<r. Toble 2.2 ol-o>wo u,.t 125 •<>11> ;, within 
th< ¡,,.,.~¡, z""' lO< th< 120-volt •r•«m bot .,,_¡, tito 

/ot"OtobU ,.., /0< ti>< 240- and 4a>-""l' """"''· Table 
l.S <1><>,.-, that IZS "VOIU ;, ...;!hin ti>< tolotan« ol tho 
\ll-voh matm lrut ZSO volto <X~ the tolor.mco of the 
UO-volt motor ""'¡ SOO vo/1! <X<«<i• tho tnl<r"""' o/ tho 
440 volt motor. Al a mult th<r< wc;r nuttl<touo com
ltlointo that !~< ulihti., "''" raioing thr vultagr ,.h<n th< 
""""' <>U>< ,..,, th< r«¡uirrmont• o( the ~t>r.datd and 
tbt: wio• o/ th< ot>ndard trandormon built to ontd tb= 

s,,,,~ 
NoMo•ol 
v ...... 

s,,,,m 
N.-•••< v .... 

V'"'" t 

10 """"' plu, 

Toble 2--2 

no 

"" •• 
Tob1e 2.3 

Table 2.4 

120 240 
125 . 250 

Table2.S 

lll ,,, 

1.1ó S 242 

Toble 2.6-

'" "" •• 

·~· 

.... 

... 

s ....... , , ....... 

At•nh<r pmbltnt "'""""' the ""'o/ u,. 220-,·olt motor 
"" lGilY/120-•·olt oyo~<m•- O<igi,..lly th< ]Oil.,·~t 'Y"'"" 
~-., d<>-<lop<d 10 provid< on ..:onomi<ol aood highly «IÓOble 
oy!!<m lor lighl .,.,¡ 1"""' ><ni<<> in 1!-.< commor<Ul 
buildmgo o/ ¡.,., tili<! Sinto ,¡,. Opo"ation of ' Z'O-volt 

nootm "·ith > minin>um voltogc bmit of 198 '"''" ""' 

""'"''"'!, tllc vol!>"< ni tl.c stanrl"d '""""k tcon,form" 
w" Haol<i>tdi"d >1 2l~Y/l25 '0111 to ¡o¡ovidc 2()3 vol" 
11 the <u""""'' ""'Íct. SH>t< "'t~·o¡k O)!totn voltat" 
ate rd"i>ely >tobl< duc to tho <olllilcly ohort ptinury 
lctdt .. , ,.,;,¡,""'' ..,,-; .. ;, «,.,.n, ><<u•rd. .,,..rull1 
>in<< moH ''""' «tUipm<nt i> in!tall<d in th< O.><m<nt 
du>< lu thc !'<>"'<' >OU<<o. 

'Tho r«cnl d<Y<!opment o1 commordo.l inotal!aliono stiCh 
ao ohoppi"" eenten, high·rÍ5e >P.<lm<nU, motel>. ...,¡ 
uffic<! brouKht an in<r<ao<d dom•rul for 208-vo!t "'',.;« 
tu <upply !he ¡.,"' loghtinK arul oir·cunditioning load._ 
St>ndard 208-•olt tron>lutm<n (nO! thc 216-voll netwotk 
1>1><} """'u>«( o.-.d >uppli«< frum tolo\ively long JUt.
urba.n f«<<<ro. The 208-220/~~0-vt>!t ronv<ntiooal opon 
mot<>r miKht b< in difficulty from low vt>!t.o"e. n.;, ;, duo: 
to tbe applicatiott of obndard 208Y/IZG·Y'Oit unit ••"'-t.o· 
tion t~mlotme<O ¡,.,, th< 216Y/ll5·vo(l not..-ork t¡pc} 
•nd tho>< lr>n>Íu<m<!l may 1>: >UPI•Iiod from tdottvely 
long suhncb,n fccclm. (lt should 1>< Mled tlu.t motoro 
p.rticularly o .. r~n«< for 208 volto or th< hormeticolly 
oe&IM( IYP< deii~n<d !oro l>tg« vol''"' ronge •hould otill 
be Atiolactory.) Ao lo"'-voltoK< problomo .... tcri.olly ;,. 

""""• """"" d.ovolop low<r torqt~t ~11(( l.a<K<r "''"' ...,¡ 
m>y ov<rh<aL Table 2.6 amt>.ino •n utra<t from tbe 
Stonda<d !ho..-in~ tlu.t wbcn the vol<>•• of a 12000-volt 
•r•tem drop• lo 11000 voh>, tho mínimum limit ol the 
/ot•o•alol< '""'· th< le<:ondary volt>~< will drop 1<1 191 
•ult~ well below tho mínimum hout o( 19S volto lor a 

220-volt ""''"'· 

lndu.,ry and CorntDerd&l P""'<r $y<temo 
Ptop-oul for 230-, 400., and ~1~-V oh Sy•t•m• 

In th< lato 19SOo, tho Syotem Vo(la8< Nomend•turo 
Worltmg G<uup r<•<hed ohe condu1ion tlu.t thc 240· and 
41l0-•·olt >)'"'''" produc«< voltogeo too hiKh !or tite 220· 
&nd «0-volt motor o; tite oolution ,. ... lo lowcr lh< volt· 
~g« in the l<rw·vo!t.o« •r"em too 11!--vo!t ba>< lrom ti>< 

""""' 120-..,h ba>e 1<1 ptodU« • low-voltag< '''""' ;, 
ohe mi<> liS, ZJO, otod@ >oltJ. 

!low<Y<r, nhj<<liono '"'" roi><d to thi• propo"'l be· 
<~use of th< ~rohl<nlt uf low<rit>g oxioting oupply volt>l<l, 
th< n<ed for tl"n¡;in• the d;.,,;bu,on lran![ormer S<•nd
ard•, •nd tho intomp.tibility of thio Stondord witlt tite 
208-vt>!t oy•l<m. Yct tltc n«<l to r<vi<w the P<e<ent Stond
ard wao quitt app.tcn~ "' <>.dr in 1962 rhc Amerian 
Stami>nlo A<•odation ¡..,,. th< Unit«< Stat<s of Ameri<>. 
~tandor<lo lnotitutt} ~tional Commilt<e 0>4.1 woo 
tc><tiY>t<d with r<t•«><ntativeo lrom •ll ooclo" of thc 
clccttical induotty tn ""'"' thc 1954 Standatd. 

Volt.age Sut"<1 

11>< fi.,t ""'Í"' uok of thc ,...,.. 0>4 CottmUtt<e .,..,\o 
unolett>.ke a com~tthcnsivo voltoge oun<y o! tite el«trie 
utility ind>lWy in the Unittd Statco tu dde<minc !he 
'últage< in ""• th•it ,.¡.,¡,. im]>O!I.t,cc, tho tcond in 
im]>Orlan«, the deo;"" pohmo loe di>l<ibulion >rot•mo 
•no! Yolt••• conttol, •nd actu•l rcodin~o of ''Oitag<> in tht 
li<ld. Thi• """" "" rompi!IM( ond oubtnitt<d 1<1 tho 
comrnitt« in 1%5. In gcne<>l, th< f<l"'tl ,¡,..,¡ th>.t tbe 
>><tog< op<tarlng voltagoo fot tite V>!lou! '>"<m' U'tt< 

"'Y <lo'< to th< notninal ulo<O in tlO< oxi,ing St>nd>rd 
(120, 208, 240 ond 41lU '"1" !or lo~·I'Oit>gt •yst<m•} ond 
the , . .,¡ationo fo.,m nnmin•l •I'I"Oxim•leJ the hmit> 
>]><:<<fi«l in tlot S,.,..¡,, d. A portoon of tho mult< o/ tito 
'""'<1 ,. .• , p<Jbli>h«< in thc J•"""Y 19l)l; ¡,.o, o/ th< 
EEI Bu/Id;" (in an anide, "65000 Strvke Volto&< T<Oto 
.-\cr<»• tht USA," br )- \\'_ ,,nd.roon, Chaitman ol tht 
\'olt>R< Su<><) Suboommiu~ o! USA St=.l.otd< Com· 
mili« C&l}.' 



1 

• 

........ 
,_ 

:___,.,_ 
_,, _ _ .., __ 

Volta¡¡;e Relation<hip• from 1954 ASA C84 

' V.O<"< Roloolooo>; .. lo;"' 
,. .. ..,, n ... »..:. "'"''" 

~., ..... p,;., ,, 
u"""''" E, .. , .. ,,, 

CHA~T 1 

• 
Vol<•« Rolo<;."'";" f0< , .. 

,..,.,."..,' ""•'~''"' '"" n ... ,,,,. ""'""" 

........ 
U0/200 

-1211>!<-

... , .... "p.;,, •1 
~"'''"''' •.•.. , ..... 

Fo••·•"• z ••• 

-"""' _,,. '"'l ""l 
_,,_ %~;:·-"'-'"t"'l ....... "'"l "''"~ - U O/>< O- T,.., .•• t . " ,,. , ..... _.,,_,,,., 
_.,,_ ! ,, ... _ .. ,- ..... ~j· 
-<Jo- . ·• " _.,,_.,_, .. 
-<10-_.,,_ 

• 

• 

,.._ .... 

J 
_ .. ,,.._ Ij 
- "'""-
-110/m- ",,. 

-101111<-_,.,n .• - . . .. 
Volto¡:e Relotionshipo frorn Proposed 1969 USAS C84 

VoO"-i< Rdoú..,•Mpo r,. Oho 
... •~< T>uo '''" Sro<<m 

V"''"'' o< Poi"' o{ 
5 .,_-, E"'""" 

.......... p~··· •1 u,;'"'•''"' E,.,,~.., 
Roo"ll 

,.,.,. 

J!o, .... .......... 
'" _,.,_ """' --, 

1100.0"'- SO< -IO!.O"'f 0 _,,_ 1 

' _, .. _ 1 

tO.O"' ll.l'"' 1 
57•1.,.-<10-T'l'' 

'"""' T _.,,_ ..... 
1 _,.,_,. __ 

' 
"·'" 

' 

CHAU l 

l ... ,_, .. _.,._ _,,._ ' "'" ' 
.~_ .... 

-«•-"-"' 

• 
y"""~,., .. ,, 
So,..-o E"'""" 

'" .... 
'"""' 

r "'·'" -l>612l> _,., 'l-
- 12'1250- ' 

' 
' ,._.... .. ..... ; 

Srotom - 120/250- T•••• 1 ... ,. t ' 
-110/232- 'J" : 
- IIJt:lJO- ,..,., 1 

...... -11</220-

-110!>20-'l> .. 

' ... ~ ... 
' 
' 

-, 
' 

' 
' ,_, ... , 

' "· .... 
' 

' ....,.,,_?o.o!l•-~ _.,,_ 

' 
' ' ' ' ' ' ' 

_, .. ,.- .. _,,..- _.,,_, ... 
_,,_ _ ,,. _ _ .,. _ _ .,._ 

....... - ,...,,, _ _ ,.,,,.. _ 

-u,,,;., ., c..,bi .. tl"" u'"'"' ..t ,....,, Cl=-ito 

----.. e;...,.;., 

1 
• 

' • 
1 

1 
1 



'. 

' 1, .,, ,. 
• 1 

"' ._1¡ 
::• 
'.1 l·.¡ 

Jil 
' :¡ 
¡ ' 

·•¡1 .. , 
. . 1 

.. . ' 

-

Syo1<m to HO, UO, and 600 Volto.
Motoro to 230, 4<10, and 57~ Volt• 

Wb;le truo •~rny v.u boinr mad<, lho motor ounufa<. 
lur<rl in NEMA ,,.cll<d lh< a)nduoion Lhat o roroting 
~rogram'· O wat P""iblo hoa.u,. of impru•od m>trriolo, 
patticu!ady a< hirh<r t<mp<ralur<!., ar>d tho imprO"<d an 
el &.ign_ lo lho:ir ,¡.,.;1'11 •ID<Ii<> it .... , importan! that 
""" only th< volla~r< oUpplied lO ti>< mototl b. maiot>int<l 
within pluo-or-minus ten ¡><r<<nt of tht utili.,.tion voltage, 
but al>o tlu.t the right vollagr b< "'t>.bliohed. Many """' 
w.:ro pn:>>inK lor lrigh<r d<>ÍK" •olll¡ts and lho CS4 

'""'1 roo~rm<d • d<fini" n«d. A ourvey ol voltaR .. by 
NF.MA motor nunulacturero (indi<>.tinl that ti>< AV<<· 
oge ;olt•o:< >t the molm l«min•ls of • 440-volt motor wao 
4SO lO 460 volto) add«< to th< .-·id<n«. Al<o, """Y prob
l<m> in ti>< ~tld iodiat<d a gn:U nunlb<r of ovtrvolb.K< 
prol>ltmo. Thuo th< NEYA Motor and Grn<ra!Or Sot!i<>o 
"tab1ioh«l• Stond"d !m futuro d<>i<l' in 1965, roioinl the 
volt.ge <alÍnK ni moton to 230, 460, ancll75 vol!! !or ;!40-, 
480-, and f.OO.volt 'Y"<rn>. 

A ..,,..,.,. ¡;,..o! "a...S.rd motoro will t.. r«¡uirod lor 
208-volt 'Y"<ms: lh< incr<.>l< in motor wlt;<ge op<r>ting 
rango !rOm ZOJI.221J volto to l(lll.-230 voltl would han~iap 
th< 2JOX46il·volt d"ign. Th< pr<lem><< io lor 200 volt• 
•ónte this' "tin1 puu oll low·•n1t>ge molo" .., a 0>11· 

,;.,.,, 11 5- vo1t ¡,.,¡,_ 

Thi• ch.>nc< plac<> mo" low·voltaH< moto" on a 115· 
volt W,,., whkh ;, ~2 !><"""' b.1ow thr ''"'"' nomin>.! 
volt>g< "" a 1"l->'Oh ha><. O..n 1 lhowo th< ><t1t>« 
r<l>tiomhi"' lO< lh< pr<><flt 480-volt thr«-ph.oe oyot.,. 
and illu><rot<o the diohwroony with th< l:!!l(.NO·vo!t 
•inlll<·pho>< oyot<m• (or 240/120-vnlt thr<r-ph"< oyotem 
ohov.n in T>b1e 2.7) louod in CM. Ch.,t 2 •hov.·o the 
<llln~e to th< propo><d ""' !Un,ge A ond Rm<< B YOit· 
>11< ba>«< on the motor """' b.in11 on a ll5-volt ha«. 
(Cbatt 2 ap¡tli .. equaliY well to the 230· and S7l·vnlt 
motu .. and th<ir 24~ ond 600-volt oyllrmo, r<OP<<liV<ly.) 

The pln•·•od·mUmo trn P<>«t>l toleran« ol th< 115-
YO!t motor P<rntil> th< volt.ag< appliod 10 th< m<llor 
torminal• tn vuy lrom a maximum ul 12{;5 lo o mínimum 
o! 103.5 •·oh 1~ '"'"' o! lho •y•lrm voltagr lhio ;, • 
YO!tage >atiotion lrom plus 5.42 P<f«nt 10 min"' 13.75 
p<«en~ lor o total •winr o/ 19.17 P<t<'"t- 'Thc probt ... 
now ;, to d<l<rmin< how much el this !y5lem voltag< 
owittg >houiJ be a1lotted lo pro>·ido on aJeuual< and work· 
oM< olio"'"'' loe vod>1ions in 11>< oupply vcllo¡o and 
how much ohot.1d bo: allouod 10 provid. lor an ad...,!< 
aod v;orkablo •llowane< lor th< ,-oltage drop in the ~·irin~ 
b.tw«n the oupply conn<<tÍon •nd the motor. 

Tho« obatlO 1how th< tXhetn< lim1l> ol lhe volta~< 
1wing. ll io <>p«t«l tl>at tbo: """'' Stand.ud •ill provide 
lor • limitod voltag< •P«>d .. ·hich will <O'" the nujority 
uf the vol"'"" in ><rvke ond limit the moximum Sp, .. d 
la unusual eottditmn>. 

lnllu«te< on Power Di.,úlnttion Syot<m Duign 

The prohlttn o! d<>icni'l~ an eleWi< '"'''" di•lril•tttion 
>yotem "hich will =inlain th< mpply •·ol"<< lo all <u,. 
tom'"' v.ithin a<«pl>bl< limi" i> illuotra\od in Fi¡:t>'O 21, 
which •ho~·• the ,·ohage p<O~I< ol an <le<tric di"'i\M.<tion 
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Fi¡¡ure 2.1 

. ....... ,, 
'"'"" 

Volta11< profilo ola diotribution oyot<m 
120.volt ba1< ovcrago condlti<mo 

oyotem on a 1211-voh bo.,., (Thi• ~KUr< i• ointilar 10 

f•gure 2 o! 1\pp<ndix A, "Disou,.ion uf lh< llod<<round 
for thr Ropor~" •• • porto! ASA CM.) A tron11ninion 
lino oupplin o di•lribolion oobstaúO<> wilh """' .ollag< 
ropr<'<"t«l by point A. Thio ;, tho voltar• th.>l would 11< 
ouppli«l to • !org< indumia! plant taking ><rvi« dir..ctb 
lrom a '"~""'"'"'"ion fine al 69000 lo l.lBOOO volts. 
Trandorm<rO in tho oubolalion •l<;t th< •ubtr>nomi"ioa 
vollage do>t., Ío • diotribution volla••: th< ..,., popular 
lor an indumi>l plant io 4160 '" 1.!800 rolto. (01 couno, 
the oupplying drttric ultlity m.ay hove olh« oyotom voll· 
••" in thio da» ba"d on il> total oy>t<tn '"""""''"') 
Thio ;, aloo repre><nt«l by point A oir.ce th< "" o! !he 
1llh-olt ha« <ancelo ""' '"" ''""'formation_ Au10m>~e 
vnllage rcgul>toro, cilhor boilt into the tnndormor or 
inotolled "l"r>l<ly, mointoitt lhe di!lribution voltag< re¡>

r<><nl«l by ¡ooint B re¡:ardle" of clunK« in thr tcans
mi"ion •olta¡e. The t<a;ulato" aloo rai,. •nd lower the 
dio1n'butiou •olla•• •lig~tly lo <OmprnAl< lor th< chong" 
in the. volta¡:r drop olon~ tho fo«<er ., th< l«~<r load 
ittcr<a"' and drt""'"· as """"''"«! by lh< d,.cl~ning 
>olta.g« al p<>Ínl> C:, D, ood E. 

T .. n..rormoro are inot>ll«l alonr the !«de< to .,.,. the 
<liotrtbuHon voltoge down to utili•alion •·oh••" uod« 
WO volu. The fir>l lnndormer from th< >uh•Utim> i1 
oho~., al C. Thore "'''11 b. a volu¡r drop lhrough lh< 
tnrnlonner ropro•ent«l b7 C--Cl. Undor avor>K< ,...t¡. 
tions th< m.uimum volla¡< will h< r..ceivod by the ruo
tom<r '"""'"'d do .... lo th< lr>n•fnrmer e ''"" hi• 
voll>.ge ~·ill h< rrdu"d hont thr \'alu< at the tranoforn'<f 
terminaJo by th< voh•c< dtop in tho '"''Í<< <<¡ti<Itn\«1 by 
CI-C:Z •nd !he •oltaK< dtop in th< building ~·irin1 <<:>t<
><nt«l by C2-e3. ln low load-d<noity ""'" O<condaty 
wirit>g may 1.- run ht>n1 lhr lr.tn>lo""" lo aJjaC<nt !"'leo 
lo oon·r adJilio=l cu.,omoro, in v.·hi<h =>< <h< ''Oilage 
r«ei•«l by th<so <u>lomer• will b. funh<r •«lucod by 
th< '"¡"~' drop in tht o«<nd>.ry •• ohown by <h< dio

~'"'"· 
The mittitnum '-olla~< under "'"""' oot>óitior>l \>ÍII h< 

r<<:ri•od by tho lotth..,t '"""""'' from lhe l•n """' 
!O<mor "" !he lwkr ohown ot E. Tb< '-oltago he re· 
reive< will [,., reJuc.d b<low that meivrd by th< <Uotomcr 
•1 O by ti>< >oltag< <ltor •long lhe lerder rrprmnt<d hy 
<hr dedini"• t•olue> f<ont e to E p1u> thr >Olla« Jtop in 
1~< >«<t>dory «Pt<S<Ot<J by thr do<linir.g ,-,]o<O from El 
to EZ. 
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• 1'able 2.1 

Proposed Standard Syslem Voltogeo for Low-voltage Syotem• 

Voltage 

Bold ........ """" ""''"" Rooo• B 

.......... .,..;..,,. ........... 

( 
e¡;:~ 
c:¡c/d. ~ f~--,-.-.. -,:-:-.. -_---r---,-_--. -.-~-~--,-.-.. -.. -.-.. -.-_-_-"--~---.. -.. -.---.-.. -_---,----,-_--_---~-.. -.. -.---.-~--.-.• --

""'"" V•"•" S<nM< Vol<ooo V o"••• """" S~K< ""'"'' (N.,.,) IN,,.) (.V""I 

EXnANATION OF n:R>rS ,.....,,_, , ...... . 
no •-"" """" o1 o cimol< .,. """" lo o _..., 

'"" u,.,.,.. oo "'' .,,..,, or "'""' for "'' ,.,_. ol _. 

""~""' ··~·"""' '" ........... ~ s,,.;, ""'••• 
"'"'" .~,. .. " ,,, """'" " ............. ,,, ''"' 

"~ "'"'" ................... "' -· ..., ........ ~ 
Uoilu_,; .. """"'' 

u,;,.,..,~ '"'""' ;, ''" ..,, ... " "' ''"' """'""' or , uU]""'"" "lolpm""'· 

NOTO:.'' 
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Si"" • modium:>ul<··· diot6bution "'''m '"~~lying 
only med;um·>olt••• moto;> would b< """'"''· lh< volt•o< 
limi!> fo.r n=~;um·voltoge opl<tno muo¡ b< ba><d on tho 
rrquir<ol'l<"" to oupply lr>nolo>fm<"' (ond not on the 
requicom<nl! ol m«l•tlm·•olt>go mot<>r1). Tho only pur· 
"""' ¡,, ollo .. ing • lowoc volugo >t the utin•><ion ""'""· 
""'"' ""''OIId bo 10 Pf••ide lor an ><lol<lional dn)p in the 
huoldmg wiring "done for th• law-voll>g< ,,,;,,.. How· 
'"'• >ul""' deo¡• i• r>«ly o b<tor in m«<iu<tt-Yulta¡o 
''"'"''· !'or <A>mple, th< 210-volt dolfe"nc< belwe<n 10. 
min;murn voltage lim;¡ ni th< l.!OO·•oll !TMllor ond th< 
min;mum •oil<ge f«lU;«d to oUJoply o Z4!lO·vüll tran•· 
fo<m<r "'""""" ""' ond .,....nolf mole. ..r ru:ly INd«i 
coble ,.¡,¡¡, lh< IZJO·vo!t dolfer<n« betw= the minimum
Yultag< l<mit ol the IJ2GO·•olt motor ,rn:J th< minimorn 
voltogo """i"d lo ouppl) • lJH(IO.,oll t"mfmmer 
f<Pf<S<OIO •w•~xin,.tdy oight mil<> ol lully-lood«] abl<. 

f<<<kr> '"'" """ ""' thio l<ngth ,.00¡d ...,oir. ,poC¡,¡ 
oonsirl<r•tion anol ohould nol ¡,., the •ohjo<l ol' SO>ndard. 
Sin<e th• •oltogo limito "'quir<"<l 1<> ou¡.ply lnndormm., 
¡¡;,..,,in T•bl< 28 will provid< oaliofo<tOfJ' "'"Oc. lo th< 
tnoW•, th<;e ;, "'' "''"" 10 <onúd" •ol<>go li'"it• lot 
ul<ii•><iM equipmenl O<t medium-Y<JI"~' ''""'"'· 1! n<<· 
"'"''Y• the ><tU>! •olt>g< tolefOnc< ol rquip"""'' can be 
obt>in«< by rel<r<n<O to the oquiprn<tU S<>ndordo. 

. ' 
Htclf.VOLTAGE SY!T!CMS 

Until the )./a,onol Ele<ttk.l Codo """""'•«l"m 1959, 
lho maximum ;oll>~ wh"h oould be hrouKhl ;nlo • build· 
in" lor .,.inuq di"'ibutiort "'"' 1500(1 ,,.,~ <><<pl ..;,h 
'""'"'' conotruo;;t;on /eoture~ {Th;o ,.,,,. limit olso 
•ppliod. In• <he m<>ll ""''· lo ohe m¡ul•o«l '"'"~" ""d 
by utilitieo 10 oupply diotribulion trano[ornom.) Thu~ 

wlorn ·tbe P'"""' St•ndord "'" beinJ vr<l"•ed. • den 
d;>lin<lion <xi>t«l bolw<tn medium Toll>g<> •nd th< 
unregul.,<d '"nomi .. ion ond oubtr>n•mi.,ian YOII>gtl 
uoed by u1iliti<1 to JU¡opiy oubstationo 

The incre>>e in lcod d<noi1ieo ;., «<•nt ~" ond th< 
mo.em<nt o! induotrial pl><tll and mmm.,.:i•l building• 
inl~ the 011burban and rucal uno ouuid< the citi« hove 
<=t«l ptoblemo in prol'iding ><ieo .. l< di>!tibution .,. 
p>dty >1 • '""""'blc ruol, 0... 10lution luo been lo 
"'""'" 1ubo .. nomi .. ion """ in the ""~' lrom 15000 to 
35000 >0111 lo dill<ibuüon oyll..mo by <Onr"oO<IinJ d;otnlwu· 
tion tnnolor""" to tbotn. Another oolution hoo bom to 

'"""" threo·wire '''""'' i" tho ""'"" mediu"t·vol<a~t 
'"'"' 10 ~-wire by chonging lho pho,..to.pho>< >Oitagt lo 
• pluoc·t,._.....,,,.j >Oilago ¡,. the """' woY that !he Z.OOO. 
rolt oyo[<m h•o1 be.n larKelr convert<d by ut;¡;,,, to 
4160Y/Z400 volh. Ao o mull, the <ltnt>,...tmn h<t~·un 
diltribulion •oll>et• tmd.r 15000 volto on<l oubttorumio· 

,;, "''"''" oft<" 15(1(l(l ..,¡,. ¡.,, la•••ly di""""''ed. 
Th< pr<,.nl 5tan<lotd for diolf;btJtion tran•farmmlO pto· 
vid" for ptim.,y woltag<> up 10 69000 volto. 

Thio d.,.lop<n<nt <«loi<eo lh>t Toblo 2.8 lilling th< 
wltage limit> for Pflma<y ''"''"' ohuufd be e~t<nd<d up 
10 34>00 Tullo (ond up 10 69000 wlu il Wff<l.,ion with 
the diobtbutioo tean.ro.....,. S<andord io d.>ire<l). Thio 
<d...,,;.,., io gi'"'" in Toble 2.11 "hith ;, ba><d on th< 
percento•• valu<> lo• primory >e<Yi« voltaoto " W«< 
uoed in Toble 2.8. (Thio io >lm ohown in Tabl< 2.12.) .. 

• 
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VOLT .. <l!: R .. T!I<GS FOR 60-H~% 
EL!:CTRIC PoWKR SVST>:M9 

E"l'!anatlon cf Tormo 

N.,.;..,¡ VD/Iagt 
The nomin.al vt~lt>r< of a df<uit or oyotem io 0 nominal 

.. r,. ,,.;~.,.¡ to the cireuit or 'Y"'"' for the 1>"'1'0>< of 

..,..,.,;.,..~1 de>ienati,.- ;,, votuge <1au. 

s.rn, Ji' oltog• 
S.:<Vico V<lltag< io .th< voltooo •< lh< poin( w~<n: Oh< 

tl<e~ri< oyokmo of ohe suooliu ond the o...- •« <<>nnc<ttd. 

UJ<Ii<otion Voltog< 
\.!tili<ation voltotl< ;, ohe volt•ge >t the lin< terminal• of 

ttti~utioo equipm<nt. 

Sel«;tion of Nominal Sy•l<m Voltog .. 

'WI><n a =w oyol<m io 1<1 he OO~t or o """ vol ooge kV<! 
iottodu<<d m .. <><istior ., ....... it ;, r«omm<n<l<d U..t 
<m< (or mor<) of the nomino! sySI<m voll>t1<1 >hown in 
hold f>oe IY!>' in Toble 2.1 he ><l<<l<d. Tht lo~rcal ond 
<COO>Omiul cho;Oce ¡,..o porti<ulor oyot<m '"""'• the volt
'i" thuo ,j;"inlfl'ioh<d Mil deprnd U(M>fl • numb<r of f><· 
toro. ou.:h os 1~< th>ro<l<r ond the ,;,. ol tht oySI~m. 

Otho:r oy<l<m voltog<o thot ><< Ífl !Uh>l>ntial US< in 
txirtin¡- oyot<ms Or< >ho~-n in ligbt 1oot oypo. E.oon.omic 
tomhl<ntiom w;ll r<quiro thot theO< volt>g<o continuo in 
U!< ond in oome <>"'' ""'1 r<quire <>l<n>ion ol their ""; 
but ÚN:1 ><< not t"'<r>lly r«<>mmend<d lor ,.... 'Y"""' 
or n<w voll>gt l<V<Io in <Xioting oyot<mo. 

Tho: •160-, 6900- ond 13800-volt three-wiro oy,trm5 >r< 
..,-titulorly >wl<d !01 ir.duotriol >YOltrtl& th.>t oupply ~rt
donúnon~, poly~hol< k>odo includin¡ Jorge motors. bt
<OU>< th.,. syottm T<>lt•o<> eorreopond to oh< otand.>.rd 
motor rotings o! 4000. 6600. >nd \Jll)(l volto. Two o( 
th<>e oyll<m< ,,. ot.>wn in bold f•« type to indi<>t< thot 
the;r U>< for 1hi1 purP<>f< io r«omfn<n<l<d. !t i• 1101 
itlltnded lo r<romn=td th< U!< of l~<O< mt<ml (or utility 
poimory diotribttlinn. for "'hith lour·wire oy>l«no of 
1141QY ¡7200 YO](I or hi¡her ore r«<rmn><noled. 

Explo,.tion of Volt>•• Rang<l 

Foc OllY •0<0/ic ..,,;,..¡ volta¡<. tt.. volt•¡<> octwJ!y 
<Xiotin¡ ot r.oriouo pointo ot voriouo timeo on an1 po"" 
oy>l<m, or on onY l<fOUP o/ ,,.,...,,_ or in the ir.du>lry ao 
• wC.,le. will be di,ribut<d by p<"rnt>ge in oome >U<h 
,........,. u ir.ditated by F1<Ut< 22. Thio di,nlx'-lion ;, ehu

"''"'"'' of Wllt•t<•., ""1 do>ignoltd d•" of point>, ouch 
"poinll of ><rvi« dtH"'> •nd points o! util,.,tion. lt io 
importan! thot th< de.ign ond Of>'rotion ol po"'-" 'Y"<ml 
ond ti,. deoi,.-n of «pÚpmrnt '" bo: oupplied from SU<h ,,,__ 
tem! br coordin•t<d with trlpect lo th<"' volt,ge vuio
tian! ><> th,., in sol"" pr><tiuble, thr .quiprn<nt ~-ill ,.,. 
form lltisfool<ltilr thrcrugbool 11>< tongo o! o<tual utili•o· 
oion vt~ll>g<> thol ,.;n be rncountw:d on the """"~ 
In ord<r lo lunh<r thi> objo<ti;e, thio Stand>r<l e>t>blioh" 
lor <><h nomin•l ''""" 'olt•gr. tv.·o r>r.g<> fur oervi« 
and utilintion YOIU¡t ~•ti>tion>, d<>i.,.ot<d ., Rang< A 
,,.¡Rango B. th< limi" o/v.hich >r< ghtn in T•blt 1.1. 
Thr"< litnil> apply lo >U>l>it"d volli~< 1.,,¡, o01d not to 

momtnl>ry ''ollU< tx'u"inn> thot may r<>ult f,om outh 
.,.,.., os !v.itd>ing opention>. motor "•rting <umnt~ 

"" 
" 

Applicotion <11 Vot,.g~ Ranreo 

Roogu4.' s...,;u V o/togt 

El«tri< oupply """'"' oholl be so de~gn<d ond o¡oer
ot<d thot most ..,-vi<e ~oltagto oro within the Timill op<d
fi<d lo< thio ron¡t. TI>< t>:<Urrence al ><rvi« ~o\to .. o 
oot~dt o( ti><K Iimil> io lo bt inÍ<«!utnt wit~ r<>P<Cl lo 
ti .... oo pi>«. 

R~•v• A' Ulilizalio• Vollogo 

U.,. ''"""" oholl be "' dtoign<d 1nd oporal<d thot. 
with ><<>i« •olt>gto within Ranr• A limito. ...,., utili<>· 
tion volt>¡t> oro within th< limill !p«ifi<d for thio """'

Uhli,.tion "'-"'pmont !hall bt d<>i•ned ond rot<d to 
oive lul\y >'ti>f><tory ptrform>n<e throur""'"t thio nnn. 

Ro•gt ff: Sm·h ••d Uli/i=otio• V o/ lag" 

Tluo r>nge "oncludr< l'<lh>g.,. ,¡.,,. ond '-'<luw Ran•• A 
limitl thot .,...,,.rily t<>ult ln>m practico! "!""',;"' eon
dioiono on oupply >nd/or u><r oy!lom~ Althouoh ouch 
mn~itiono o.-.- • p>rt ni proctbl op<ration•, th<y •h•ll b< 
limit<d in oxlent. fr<"QO<I><> >r.d duroti<>n. Who:n thty 
<>c<ur. torre«ive """"'" ,n.n bt ur.d<rt.okcn Mthin • 
re"on•bl• p<riod of time to improvo •olt•g< io witltin 
R..ng< A limito. 

lnooi'T 01 ~rooti<oblo. ntili<Oiion <'QI>ipment oholl bt de-
•iKT«<l 10 ,; .. "'"Pt>hlt p<r(orm>nc< in t~< extrtm<> ol 
thio r.,ge uf ubliration \'Dil>g<, althou¡h not n«<,,.rily 
01 ¡ood. porlorm>net 01 in R.n¡e A. 

lt mu>l b< r«ogni«d t~ot, b<-cou>< ol tondition! beyond 
th< rontro\ o! Tho '"''l•lior >nd/or U><r. thor< ,.,¡¡ b< inlrt· 
q¡><nt >nd limit<d f>'riod• ..-ben ou<t.;n<d volt.¡U oot<ide 
o( Rong< 11 limi" will """'· Util;,>tion equipment moy 
not op<r>t< ,.,;,¡a<turily under thr" condition•. on~ ~ro
I<"T:li>t dtvitro moy op<ral< lo ~rott<t lh< ,quipn,.,nt. 
Whm •<>ltoge1 O«Ut out>ide the limito o! !4ng< 11, 
prompt corr«ti" o<tion ;, r«ommer.d<d, TI>< "'«n<Y 
lor outh ottion will <i<p<od u¡.,n m•ny (><toro. >•<h " 
l<><otioo >nd n>tur< o( loador rircuito ini'Dlved •• od '"-'8· 
nioud< or.d dnn.tion of ti>< dtviotion heyond Rango 11 
lim;t~ 
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Figure 2.2 
Di•ttibution Chara<teriiTko o! s,.,.m VoiU¡<O 
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Stnndard System Voltage• 

NO>IIN.\1. SYSTE>I \'OLTA<'E VOLTAGE RA.'<GE A VOLTAGX lA.'<GE • 
'""'' •1 

(N.,, b) , ..... b) 

...... ~.~ ...... ~-~ ....... ~.~ )/on~•~ 

~'<,/ouo ..... U"'""'"'" •·• u ... ,,. .. ~-
v ...... s ...... s•~"· v.r •• ,. v ...... s~;" u ................. 

Tw~"''' T'''""" ··---~·, (,v.,, <1 v ...... (N"' •1 
'""' <1 

v .... ,. s ... ~. V•'"'' 
s ............ ,.. .... . 

'" '" "' "' "' '" "' "'"" "'"'' """' '""'' 
, .. , ... """' "''"' 

Th • .,...,.,s,. ..... 

• 
'" .. .... ... 
"" .... ... 

' . . ..... 

..... 

n•vmo 

""'" 
<OIY!l" 

ll00Yn400 

'· 

,.,.,,.,, ... ...... ", .. 
o<mT/luto ...... """ 

IIIT/UO 

'""" '" UOT/IS4 ... 
"" moVm<O 

"" "'' '"' 

Hiob<r Volta¡¡< 
Th<«-~ Syllomoini<V 

.. .. 
"' ... ... 
"' 

.... ,~ ... 
v ..... .., 
"·' '" '" . .. 
'" 

nn/11' 

"''"' "' mYI>OI . .. 
"" 40SOY/mo 

"" "" '"' 

,..,,,.,, .. 
"'''" """ "'" . ., ... , ..... .,..,,.-,,..,. 

""' 

Fo< "'" oto!•~ Roo.,- A orul Ron« a llml" "' ,,. .. own 
...., .......... "" ............ .-.K ....... ,. ............ . 
....... , ................ ., .... ,, __,,, .,¡¡....,¡ ....... . 
o< .,.,,., ,...,, .... ,. ooit Oio ,,..;...,..,,, 

lhtta ffi¡h Vol t.~ 
Thr ... .,m..Syo~em>inkV 

... -'" 
,,,,....~ .. '"""usAs""""" cou-1"'· 

., . -,. 

.... ,,. 
'""" '" HIY/201 ... 
''" •170YI2UO 

"" "'' , .. 

"""'""'l<OOOV/ll ... ..... ...... , .. ,. ...... """ ""' 
NOTES' 

IIIT/>tf IN.,,., 
"''"' m 

'"""' . .. -'-'"""' .... . ... . ... 

,.,.,,. ,,. .... , 
"''"' '" """" ... 
·~ ,,.., .... 
"" "" "" 

to74DY/I"OO ,,,y /121<0 

"'" :UOHT/IIUO 
11r<tY/l'm 

""" 

""''" 
"""' '" .... , ... • • 
'"' 1400Ym<O .... , ... 
"" 

,,.,,.,,,., 
'""'"''"' ,.,.. 
IIIMY/lHIO 
..>IIY/f!UO , .. , .. 

(o) Thu• ''"' "•~•;" .,.,,mo '" •7•\•m• In whkh oob ... ···~ ...................... , .. "'" ,...,. ... _,, '"' 
-·'""""' o1 ...... n. _,, ... , ., ••ri•<d r .... '" "'"' o< ,.,,.. .. ,,. lrt.oof..--..- -•....;on . ....,., .. ., .......... . 
n-f'"' , .. , .• ;., """"' '" .,.,~, ;, •'""' • """'".,. 
•~•n •"""~"' ;, ,,., ,.,;,, ""' '""" "' ""'"' '" """'" """ "' ,.... F...,, wl« oyolomo io Tobl< l. ll "' ,,.,,.,. .. Oy lh< 
.................. , .. ,, , .................. y ............. . 
) .. ,, ..... , ............ ) .• ~ ... ""'· '"' "" .......,,_,,.,¡ ... .... _ n. ,.; ...... ,,..,.,._,. ............... , .......... 
.,,.,, ~ .. •~•••~ '"' ,,.,~...,.. "~''"' '" "'"""' .. ' '' 
Aop<Oó" A • 

(b) "I"Oo ........ '"'= ... ~Hof ot '"" tioM ¡,. .... \bo " ...................... ..._ -...... 
(o) '""'m''" "';u""'" .,,,. .. , 1~ 1>0·000 •~t ''""'" not ... ., ...... ,.u ....... "' .. , .. , ... ., 

... 
m ,. ... 
"' 

'" "' "' "' ... 
... 
JOO{.'<<Woo!) 
m 
"' '" 

(d) .... , ......... --- ................................ ,._ 
·- ..... ._ .............. .,;¡;,.,..., .............. - .. 
,.,. ,...., 117 ""'• Coou"" ,,_,_ "' "'"""" in '"'"'"! "' 
Rono• B m¡olmom •olto«>Of Tobl• l.ll ond N,.,(<) <o""''"' 
........,., ,,..,_ ~""""• m!o -·· 

(<) Fw 1-.... _..;..s .,,;--. ,.,...,. '"~. aoluoo "' ..,.;,. ... ,..-.; .......... _ .. ~, .. ~ "'"""''"" ................ -..... _ ........... '" ..... ,,, ... ·~'··· .,.,..., ... ,. .. ., ,._ .~ . ...-... '"""'"'" .............. ~ _, ........ .. .......... _ .. -..... 
10 u'"'"""" ..,,,..,., ,¡,., '"" ..,..,.,, _,,,. o!!""''' " 

,.,., '"'"'"- F~ .,.,;..,,., ,.op(i<d "''"'' '""''~'"'" "'" ,. o;,.¡,. ,,.. """""' .,...., ,,.,,.. of ,,..,,,,_,, ...,, .. ,, 

1 



,. 

i 1 

,, 
' ' 
1 
J 

• 

In Pf<l"rinR Toblt ;t\l, a rol~mn wao odded lo liot 11>< 
primar1 oam<pbt< volta~• o/ U.. oronoformor bec>.u1< 
aboV< 13800 voto., lh< lronolorm<r ~rirn>ry nom<plat< 
v<>llltr< ond 11>< .,..,.,. nonúnol YOIIo¡< .,.. ""' i<kniM:ol. 
Th< voluo< limiu •l>ou!d bo bo.S<d on 1h< o<l,..l trono· 
lmmOr rotio ond nnt th< >y>l<1n nomino] voh>oo. Thio i1 
., .,,. tllat ne<do oddi~l •tud1 to d<!<rn>int tbo 

,..¡ • ., of llaving th< oyotrm ...,;,.] ""'"'"' '"" '"'"'' 
form" volto•< the ,.m,, •• wilh thr prmnl low·vnlta~• 
•nd m«ltum-volu"' 'Y"""'· 

V<>llu<• ot Subot.ati<mo anden 
T<>no.ruo.;on Syo..,no 

·TI>< pr<..,nl St>ndacd providts 1'<111>« \imit¡ lor m<dium 
..,,,.. .. ot tvbd~li-. ood •• '"''"'"';,.,-.,. 'Y'''"" and 
tlúo oow fallo'" lb< mo<limn·YOitago oymm do.,ifie>tion. 
Th< ,.,¡,.,, Riv.n lor mínimum voiUo<> ar< thr "'"" ., 
tiKrot gi""" for pi-ry ""''"9" or dut..;¡,.rio• 1••••· 
!••"'"'· bul lh< ""'•Ímum valuu are hi•h<r. 

11><>< linr« do not ''"" lo OtlV< ony uodul "'""""· 
'lñc nluu &r< br beyo<>d 11>< limi" pr<>Yid<d in Toblc 2.8 
1<> ltcv< diotrihutinn ond oth" oupply lnn>lurmors. Th< 
only <>lh<r purpoo.e would be lo <>Ubli•h '""imum and 
mlnim"'" linúu for volu~n >ppli«< lo >ubitati'"' ond 
lr&nomi,.ion Tiru: rquiom<nl, but lh<>< t<quirtmrnts C()Uid 
be C(lv<r«< much "'"" by • r<loren<ct to thc oopropri>t< 
""';""""' S~andonl. 

NH<I. fo• TmpsoHd 5)'d<m yotto¡• N=<r><loture 

Thr appmoch <l<V<Ioptd for lnw·voltago" 'Y"""' and 
<xl<nd«f lo n><dium·volta.cc" symmo '"'"'" in 11>< &.· 
nlo..,....l o! a ublc of 5und:nd Sy•t<m VoiUo<>, Tohl< 
2ll, Thio t•blo "'""'"" ""jor progf.,, !rom th< 
oppr<>ach !ound in Tahlo 2.1 ''~'"""'"'K lh< vr<...,t 
Slondor<l, ond P•<>VÍdo:> • oound, w<Jrk>hl< b>.li> lor inl<· 
grating lho ru<l<>m<"' roquimnonh wilh th< utility mpply 

'"'"""" 

TRANSPORMI<R VOL TACE REPR~SE)ITA'I10N~ 

Tnn•f<><m<' voltoo< d<>i¡n>liono b«on1< nth<r '•om
pl<x. For in>tanoo, wiodin&o "'-'Y havo "''"·p>.rolltl 
connoction•; or thq ""J' be d<>i¡mrd fm «rnn«t;.,., lin<· 
to-n<Uhal on higbcr r.l<d vol"K' >Yot<m~ ouo:h ., 2401).. 
volt !c•mlottl"" which '" mit•blo !or litl<·lo·orutrol 
Oj)<r&lion on 4160·volt oy<l<m•- n.,,.. or.d o1htr eomp]ox 
arrong..,<flh ""'"' <XW id<nlifioaticm d<>inbl<. 

• TI.t>< nriabi<O in tcondnrmrr V<>ltagr rotinp havo 
"'"• l>«n <>P'"....r by' ,..,ious •1mbolio mt1hods. Suo:h 
m<tl>odo •re <!«ntial "'"'"" to d<'<ribo fully tho wind· 
in¡o o! lron>IOrm<fl oft<n would roquir< a loidy lon..,hy 
p>r>gropl>. ¡¡,...,...,., lo be o! any value, o ttanslorm<f 
rating oo o.pr"«<< •hould m<an 1~< sarr>< 10 o;eryon<. 
To lurtl,er o con>i"'"' "" of symOOh, OOth NEMA ond 
USA Stondord.! t..., h<m '"'b!iol><d to rt«>mmmd , 
<tondord lnnolonntr ">lo>rthond," 

Four oymbolo >f< uotd: th< do.h (-), ~" >bnt (/), 

" 

11>< X ond 11>< Y. In 1""'"" """~ ll><ir ~ .. , '" ., 
followo: 

O.olt {-) Uord lo otporolc th< voltiR< rotinJ• o! 
otporot< ..;ndin.co in • op<Ofio trV><ÍO<"'<r. 

Slont 1/) U....t lo scp>rot< vnltog<O lo be •ooliod to 
or obuin<d from'11>< .. ,.. wiodir~. TI.t ol=t m>.1 b< 
us«f lo duign>l< voll•o<> d<fiv«f by I>.Pt or by lin<·l.,. 
noutral ronnoctinno. 

X--U>«< 10 dt>ign:tl< ><ponl< vofug., obuinobfc by 
roooonrt1ion nf lh< coils of o winding in,.,¡., <r< multipl< 
combin>lions. bot not for lhr<<-Vo';r< optr>tion. 

Y-Uo«f lo duignot< a wir.din( thot io ><y<-G>nn«t<<!. 
Tht ob!<n« of 1hio ,ymbol in a lhr«·phaoo lr>n!lortn<f 
"''"" ;..,¡;,,,., lh>l lh< winilino io d<lt>•tool><tl<d. 

SEU:CTION OF l'ROnR Pu,N'T 
Vor.TA<lE LEVELS 

Tht od«tion nf oysl"n •oltag<O in on industrial planl 
io, broodly ,pooking, on «<>n<WnÍC probl<lll. H.,.., .. ,, o 

~<l<rminotion bao«! on llri<t «nn<>mi< anoly>io may, in 
pro<IÚ, bo mo<1ifi«f by pl>nl or ind•"!')' llandardir>tioo, 
ovoitabili11 of <quipm<nt ond <O<IIlrurtioo m>l<rialo ond 
olh<r faolon. Th< «>;momio onolyoi> will t>.k< into <011· 

oid<ration: 

(•) a., of ><rvice avoibbl• from '""'""'· 

' • (b) Tot>.l ,;,. ol thc install>tiotL 

(<) Plonninr fm- futuro .,-owlh. 

(d) Cho.,ct<ri•ti<o of lh< <Quipmrnl oupplitd. 

(<) D<nsitr "or '"" load.' ~ 

ji) ó>of<ly <Ón,idocatinn• and c¡ualifiralion< ol P"'On· 
n<l ov.;l>bl< IOT Of"IOti<m and ""''"""""""' 

(g) Wb<th<r thc imlollotinn io an '"'"'ion or r<eon· 
llructiOrt of an -.ioting pl>nr_ or wh<th<r it io a 
<Ompl<1<l1 ncw, i10tal<d inlloll>tkln. 

Fnr on o.t<mion lo an <~i!ling pl>nt, th< prind!'>l 
d<cision lo 1>< nudo ,..¡]1 1>< whothtr .,¡.,;ng volug.,. 
oan b< uo<d s•liol><torily in th< ""'"'""" rl>nl <lf "l><ther 
in thc inl<r<!l nf long·"""' e<onmny, > di ff"<nl (ust1>lly 
high<r) voltU< •hould b< boldly s<l«lrd for 11>< D<W 
<qulpn><nL In th< I>Ucr '""· l~<f< will bo th< lrrnpor>l')' 
~;,.d,.nl>.g< ol oprrating IWO ,¡,ffmnl 'Y'""''• "thcr 
!Uporimpoo<d in lh< "'"'' building nr 'f~orottd in difl«· 
<ni buil~ing>. ,,. ¡.,", boing ,,. r ..... ot.;octi.,..bl<. Th< 
ou¡><ro.,ltd oystom moy, in lh< futuro, h<com< a >m>ll 
part of th< tot>l ond ultimatoly d''-'Pr><>r " "'"'""' 
<honoo, ... mo<h;,., >« """"" ,.,.,.,1, ond ., ""'"'' ore 
r<wound. 

Th<rc ar. ><•·oral lacto" h.oving ~ tr<mrndouo ir.flu<nt< 
on tbc OV<'·>Il <Osl and od«tion of >111<m vo!ugc; 
th<>< "" th< l«d" cirwh •~·itch"'"· ''''"" bul1 
doty, drouit ~'""~"'"""· total motor ..,,,.,.,,. . .,, aod 
motor hor><poW<t nlin&•- 11 io bcyor.d lh< ><O]>< of tlúo 
chopt" lo covor thm_ llowrvor, rofor lo O,•pt<<o 1 ond 
X. Si"''· in ''''""' volu•• clom•, diflorenl fartou 
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Ju,.., th< mOl( pronoun«d <l!«t on volt>ge 1<loctioa. the 
discu.,ion of ><l«tion of >ol"'' ;, di•id<d in1oo 

(1) Srl"IÍ<>11 o! volt•g" 000 >olu orle" (lnw vol,.~<) 

(2) Sel«tion of -...,,.., • ., Wl w l-1,500 •olu (modium 
""'"g<) 

(l) Sol«! ion o! volt>g<> >bo>< l-1,500 .,¡,.· (high 
>oltage) 

Seloction o/ Vot,.,,. 00('1 Volt• orLe.. 

In mo•t in<lustri>l planU, thc mojooity of lo»do •« 
integro! ho"e¡oow<r ¡oolypluoe mot<>ro .,-,;l welde" whJch 
>r< """' ooiuble for op<r><ion oo ''''""' 600 .. tu <>< 
leo~ The choi<e of nominal oyotcm >oltag<> in thio clon 
lor ><r>ing lh<"' ¡.,.d, i1 20S, 24(1, 4SO (or 4SOY/l77), 
or 600 volto. Tho,. "'' <t>~t>p.:<d in Fi~re 1J_ 
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l'irruro 2.J 
Carn obowlttr tito oppt'OI(m.at< lno...Utd -to o/ 20$-, 

2411-,480- ond 600-volt rodW. O<e<mdory 'Y"""'' 

A b.id mm,..dooot o! th<>< low·>oib.&< oyotemo lol
low.: 

480 VtfiUI 00('1. V oh Byotoml 

Altt-.;.ugh 600-volt to..I-centor ''"'""' "'" >bout lwo 
tO O<vm p<r<<nt ¡.., {S.. F¡guro 1J) than ~rolt 
to..I-<ent<r ''"""'· they h.ove decrea•«< in populo.rity 
prim.orily dut lo th< l><k o/ anilability o! 1t2.ocbrd 550 
>Dd 575-Y<IIt utmution equipm<Dt lrom """"f>.cturero' 
and di>hibutoro' otocl<o in the Unittd Statto. Th!o wa.o 
broo~ht out /orcibly durin¡ World Wu !1 wl>elt th< 
(>C«ftlt>K< ol ot>ndanl SSO-oolt • inductioo - de
creao<d lrom 11 to 4 !""""'"o/ th< total ot>rul..r<l induo· 
tioo """"" made. 

Wlton ,...¡.,;nz madoine tool1 or oth<r mil!nti<lt:l eqni¡o
"'<nl ,.¡111 oonolderoble tl<ctdo control circuito, it lo often 
difficult lo obt>in 575 (.,- 550)-Y<IIt equiponm~ panl<ut..-ly 

on •bort •hipmmt. Pump• .,.j othor tquipment whJeh "'' 
otothd by th< tn>nul><tur<rl witb ..,.,, .. , •lready """'"'" 
ed "' gener>lly "ocl<eJ ZJO (or UO) "' 460 (or 4-IO)•<olt 
ratln~1 and not 'llil~ 575 (or 55())·>01( ratin~o 

A»il•bility o/ utili<>tion equipm•nt io the <mly major 
probi<m when choooing betw<efi 600-volt .,.._¡ 48(J.volt 
oyoternl- T<>d.>y, 600-voit ''"'"" >te limit<d primorily 
to <Xp>noion o! thooe pbnu whi<h olready o~"" 11 

600 vulb orlo ''""' l«tile ~l>nb wh<r< mal( matan >" 
oi opod>l d<>ign =<!. thu., ••• not ,.ide!y >vail>ble ltom 
manu!•<tumo' llocko. 

Anoth<r advonllor< o/ the 480·volt O>'<r the 600-volt 
ont<m ;, ti>< ¡oo"ibility o! uling ®Ytzn·•oit diotribu
tian with 277-vnlt """""'"' li11hling 

4&0 veuuo 2i0-V alt Syotom• 

&onomkally ope>ldn~. thero i1 ~eldam any "'-'"" fot" 
1<lt<tinr Z-<0 >olu inot.ad of <ISO ..,lt,_ Lood-ttntet" •n
""'' 11 240 <alto «>ot,from 2l lo lO ~rcent tnore (St< 
Fi~te 2-3) than 4$-..,lt lo»d-<:<nttr oyottmo. Low"· 
.,,,.,, 'Y'""" "'" ""''' bec.owe ....,_. io mon a.reent 
per kV A tubo earried, thoreby iocro•oing th< ,;,. al the 
circuit breoktro and <OndU<IOfl roquired . 

Ger=o.lly 240-volt oyot<mo h.ove JUgher lo"" ood 
hi11her p<r<entage •oltogo drov th:ut 480-volt oyotemo. JI 
«101og~ eopper ;, U1ed in ti>< Zola-YO!t feeder~ the loueo 
&ru! p<r<<nl>l< roltoge d·o~ oan ho "'"" eomp>n.blo to 
t~ooe in 480-volt oyiiOO'I, Out in p,.otice thi, io oeldotn .... 

Sorne indulttleo, wh<re thtro ;, eÓnold<;•bte dompoe., 
<tl<h •• in d>.irieo ""d oJ>nghletbott><o. h.>ve o/ton oeleeted 
Z-10 .,u, beeouse it ;, feh to be ,.¡,, tlwo. <ISO •oltL 
Operotin~ r«<>rds ohow th>t lht bine•• lattor in ••lety 
io (Q prop<tly and ot<torely V"OttOd >11 non-euttonl-atty· 
inf p.otts oo lhat imub.tiO<t b<colo!oonto aonnot plaee 
dange,ouo p<>tenti>l> on the oon-cuttml--cottyinz ~•rto. 
Wheo wcr1J•1 <X! ci~t condd<10f-. whJJe .,er.,•<d. 
tbcre 1> • J<t"<>l<t <h.ot•:t /or inj"'l' from eleetrie ohod 
with high<r (>o\t<>t'<>ll to grouod or phaoe-to-pho><. How
•~r. ""' ooltage above 50 .,r,. can ho lethal ...t, 
thereloro, lht O<tly ,.¡, ...,- lo handlo lh<>< cir<ttito in 
d>.mp or other loe>tioo, ;, to <ndooe th< a.tryin¡¡ eon
due!O<o in ...,...,¡, and peoperly (1'<>«1>l<d mou! ..,_ 

eloo•reo and to work "" currmt<anyin¡; - <>Diy 
wh<n they >« dornergh<d. 

In ..-.... with th< load pr«<omDwttl,- deetrk fumac.., 
240 >oltl may be moot •dvanta-uo. Thl1 i> duo to the 
litnit.otion o! voltage whlc~ m>y ho lppli<d lo th<,. [ur
"'""- tn ,.,...--.1, ¡,.....,. are b.cce opot loodo and atn< 
cnly • 11m11l portien o! the .,., o/ lht pl>oL Thue for
na<to, th<tdor<, nu.y be ouppll<d b1 a O<ptt>(t l""d-<:mt<r 
oubout;... &teppin( do .. -n to 2<10 Y<llt. !or the fumo.ce 
only •nd the rut o[ the J,.d ouwli<d at "110 voh~ lt io 
><ldam """"""';.,¡ lo u,. 240 mili IOT (<!l<r>l diotribu
tioot in • pbm ..-.n "-a-b a oi<table portian ol lht 1ot..1 
kW l<>ad ""Y ho 240-volt /nrno<<s-

Wher. 20tY/120-Volt SJOterm ...... Appllco.blo 

There are ~n .,. .. w~ete 208Y /120-Y<>It '1'1\emo 
..-. more «<nomi<.ol th>n 480--..:dt ,,...,..... bccanic lht 

• 
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typ<! of utiliwion oqui~m<nt involvod mu~t b. o~
otod •t 1211 volu. Wh<n >ll<h utili .. tion t<¡mpment -
o1itu1<t o m>jor porüon of ti>< load (moro tlwl aboot SO 
to 6S p<"'"' o{ ti>< total l<».d), 208Y/1ZO.volt '~"''"' 
m>y!.: mor< <eooomio.l th.on 4&l-volt >y>l<fnL 

1'rpiul of ot><h io;,lo io thot o! • tlothlno ,.,{octor
ing <!!ahli•hm<nt wher< pra<ti.:.lly all of lh< p<IIV« is 
u~l><«l by motot-o¡><r>l<d h=d oh<>"- Othu "'""' in 
,.rum ZOBY/110 vol" may b. dooi<Uio •" on ,....,bl1 
b<nehto wl><r< oman componen<> ar< """"'bl«l ar>d omoll 
pa;tabl< too!< ou<h., ,nl<lering ir<>no, ci<'<tric hand drill~ 
ele<tric nut tigh1<n<ro, <te.,""' u><d_ A typi<>l <>«"""Id 
b< o ,..11 ol«trooie rqulpment ""<mbly !in<. Agoin, !h. 
ehoie< o! th< fo,.cr vnltag< ¡, orimorily ho><d on the 
d<>i« lo llmit oht vol,.K< in th< hood toolo lo 120 vnltL 
In ti><>< ••~bly ,,,.., most el th< ~ io ubliu<l at 
thio low vo\t>.ge. 

A• """'"' prooti«, 4&l volu io mo<l v:idoly u...l ond 
r«<x»,..M<d by mgi,....,, u • g«><ral O<C<IJMJ>.'J' dillh· 
bu!iooi l«lltago in indm<d•l planll_ Whe" o low<r 10«

onolar~ <Y>l<m voh•go i1 <OQuir«l 208Y/IZO •<>lh ""'Y 
be u>«l, oinu il p.~vidto 120 V<>lll for inc>.n<1<>•oenl lampo, 
h>n<! lool., r!e. Th<o< \wo volt>o¡<1 oh<Jold «>V<r ¡q.:

tically >11 r«¡uir.monll lor ''"""~"'Y voll>g" ¡.,. the 
mod"n indu.,riol plant <><q>l for <!«trie furn>"'~ 

In f><tOfi .. wloo:" ol Tnst one-third \0 on.--holf lb< 
Toad <&n operolr on 480·volt'>y0lomo >nd lhe romoind<e 

o! 11>< l.-1 "'"" <>p<nol< at • lo.,..r v"olu,, or "'"''' 
diot>n<<O '" r<>t<r 1h>.n ·- 200 1«<, 4&!-vo1t main 
di<t<ibulion and ltmll olrp-down tnmlormer lo 120 '" 
2<1(lvo1ll rnay be"''"' «onomie>!. 

O..o additi""'l point whi<h ohruld ¡, mmtion<d in r:on
n.-ction With low·•oltago diotn"bution io lh< l«nd loword 
the 4BOY /277-volt mtom. SU<h • oyll<m with ti>< '''""'"1 
r=!ily """1•1>1< ~ .. ad.,nUg< of tbo A>ings ~mt 
in th< 4811-•olt 'Y"em •nd, in oddition, provid<• •n «o
roomk.ol mothod for oup¡.lying lh< lighling load. By .,_ 
tmdin~ tloo: noutrol ri•<uit in tloo: lighting f«<lm only, 
m-wJ.t Huore1<ent lighting <211 be dhtrilruted bet"""' 
the throt pl>aoo <ocoiu<tu" and "'"''"!. Th< powor 1~ 
wouM be .upplied ot 480 volto f<om thr«·«m<l"<tor, 
thl«·wi« <i•"'ib. lt io ,.;¡ nM<IAry to <>lend lb<,.... 
trol d"uit i~ the fttdm oupplyini only pcv«c l .. d. 

Selo<ticn of Volta~•• for Sntemo of 601 Volto 

te !S Kilovolta 

Von,,.,. in thio d•11 ·ore o«d moinly for !>';,.,.,. 
wwer cliotcibution m indu>l<ia1 olonto All pl>rrto using 
a p<im"y '"Oitogo •m~Toy '·olt•o« of tlril el"' <X«pt 
oom< of th< "''Y 1..-g< '"""i<al pl>r.t>. Ol«l miU;., etc.. 
Th< lotte< '""'1 employ oubt•..,•mi,.ion volt.>.geo ab<rv.; 
IS,OOO volts. 

\l'hon tbe ulility •oll>~ io below 15,000 voll>, lh<r< is 
no problem of o<lecting the prim.,y volt.>.~<. 

Sin« th< l>.'otiorW El«ttioo.l Codt pe,miu 15,001) ..,¡,. 
inoido t...ik¡;"">. lfl-i"""'l •poci•l ml<ictiono. tb< .. io r<n· 

or.>lly no re>-""' lo• l•>nlfon-n\n~ Yolt>g.,o of tho ord<r 
of lJ.liOO volto to, .. y. Z400 volto o• 4161) -volh lor di•· 
trib<rtion thr""l!h tbo b<riloting_ 11>< bi¡her T01ta~< can 
be a.rried to th< l=d..o<nt<r oubotationo ar>d t!><r< ,..., .. 
fo.m«l lo utiliution volt>i<-

Ab<r>t IS,OOO volt<," tho Natioml El«trieal Codo, So<· 
tion l.J0-101 (h), ltot<l that ><tvi<e "''""« <ondu<toro 
bmught into • building muot dm<tly <nl<r m<lal-<nelo>od 
•~·iteh~<at or • llomlonnor •·oult. ll><<dor<, """'" rbo 
ulility oupply vol"i' is obove !S.OOO volts, lr>n>lonnotion 
to ""'" lowec '<'Tl>ge i> d,.;,.¡,¡, huth «<momi<>lly and 
trthnic.olly fot di"•iburin~ th< P""" tlm;>ugh th< plonl to 
tl>e 1oad-<r:nt<• oub!lotiono ..-boro it io ll<t>P<'l do•n to 
"tili,.tion voii,)O<. (An ""Ption lo thio i1 1otH< ,,,..1 
rrUIIs, <h<rrñco1 planto, <1<., havino l>rg< widdy·><•ttered 
~~~) TI>< tr<nd in tbo pall fe•· )"tll> ho1 beon ,.,.,..,d 
><l«tio" ull<igh« vollaou lo obt-'n "''"" oconomy ,nd 
flexibHily lo• <Xf"'O!ion. Mony Oludi<! havo ohawn ohat 
rithor o! t•·o vol""" will wffi<< in tbe m>jooity ol <>""'-
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Fip«2.4 
Chut obow\n~ ... ou economlcal woltare f« 
• ind"'trial pbn,. 

FiKUre 1.4; i <, ~161) voliO fo1 plonto bovón~ a 1opply ttano
lom><r >nd/o• or<•<ratint <opa,ily nl 10,000 leVA onoj 1<'"
and 1J,800 vnlto lor plant< havin~ • '"~ply ltanofmmer 
>1><1/or g<n<uting coparity of 20,0(10 le V A or i<<>l<'l. Fot" 

tl>e ranre bet~«" 10,000 ond zopoo kV A eitbo• ~160"' 
13,800 volt> m>y pto" to h< more .oonomiool. Whil< 411\0 
volts ,;.iglrt be ,lightly lm i,>penoi•·o for o 15,000 kV A 
pJ""'· il rbo pbnt shruld h>.ppen '" 1•ow, <brn lJ.liOO ,.ol" 
"ould be more o<onomical. 

Wloe.-. HOCI V olio io Parti<ul.,l:r AppUo.oblo 

In planl! whi<h >« o«ved ot 1~00 voltl di'<<tly from 
the otility sy>tem, thon. of roun<, it woold be mor< «<>

r-.,mial to "" 2-100 volto dirrttly ar>d lo pi•« o.TI moten 
r"ed 200 hor><l'OW<~ ond >\<oV< dire<tly un t1e rrirn>ry 
loed'"· Ho,..ver, in thu< """'• mo!t motoro <>t<d l«< 
rho.n 200 hoe>epov.et •"'"'Id be .,.,,.,..¡ on a ~,olt 
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'Y"<m. >l<pping down lrom <h< 2t((l.volt p.;n=-y ,,,. 
t<m In wme """''· th"e "" «i><in¡ Z-100-volt •nl<m• 
in in<Ju¡tri>l pl,nt~ >nd '<t io often rno« <oonomkil to 
e>tmd lh= ot 1<00 volt< r>th<< !ha., rhanging lo 4160 
vol,., lrowev«, it m>y b< mor< d"ir>bk to e~tend it 
al oDm< higl10r volt•g. like 13~00 vol lo rother th>n to 
<xlend !he oyot<m >1 WIO voll>. 

Wher< the pdm>ry V<>ll>ge io >00vo 5000 vol", 2411(l 
voiU io applirable to conrentratod 101<1• wbiclt oupply 
motO<> tole<! 10:'1 hors<pOw<r and •bov<- In tfl<>< "'"'~ 
it io pcofec;¡b[e lo "'P down from the highor voll>ge to 
2..00 voll< rathor th>n lo ~HIO I'<IIU, if !he copo.city ¡><< 
2-100-YO[t buo io limit<d lo]<,. than •bool 7500 kV~ >nd 
nearly ,11 of this lo>d io utili,.d at this buo ~ir<etly by 
motoro rot<d above 100 oo,.,pow«. For oin&le lood> 
loc~r th>n 7500 kV A p<r ¡.,, with moto" •bovo '"'''.t 
250 hot"'po""· It io uften """'"Y to go lo 4160 vul!• 
lo emble the owi!<h¡ear to hlndle th, ohort-Or<uit our
m>U n•ibbl, from ou.:h 1><~< ¡,.,_,.,._ A typial ·~pli<>· 
~on wh<r< Z400 volu would 1>< moot ooonomical io o 
pumping olation, in whi<h thc eontrol ""'' bo ol tho fu!<d 
combi.,.tion lyp< to Jri~'< f>n ohort-Qr<uit pr<ll«<ion O< 

of tho cirtuit-br<>.koc IYP< wh<r< tho fre<:¡u<ncy of otarting 
io not too gr<ot. lf thio pr<f<r<n<< io !ollow«!, il vnli b< 
n<C<Uot)' "> ""'k' • lr>n>IO<tn>.~on for tho.. lOft!< 
moto.,, The o.nt of tho tr.onoform:uion i• oub>tantially 
the »tn< wh<th<r it io modc to 2400 ...,.lo or lo •100 
roiu_ nnu; the po,.., o:rstcm ""'' ;, nol a oionifiant 
factor •• all of tho lood ;, cone.ntr>t«! in ono placo_ Th< 
Z>OO-volt moton and th<ir olafl<ro are lm <xp<noi>< 
"""' WX~-..,It motoro &nd th<ir otoruro in moot <U<O. 

Tho \nflu<noo of motor> on choi<e b<tw«n 2400 ond 
~160 YO!ts ., tho I""Í""''l' oyol<m •ol~ io """"' in 
Fig=o 25. 

• 

F~re2.5 
ApPTooizm.,. ._. of iDdlldion motor. ..,d <0111n>l ond 

oppropria,. "7'".., cooto o• o f""<tico of mob>< 
boroopoW<r 

SvSTI!:M VOLTA<lll: VARIATION 

M ideal <loctric pow.r 'Y>I<m io .,.,. whid, will rupplr 
..,,_.,, &<qu<ncy &nd YO!t-oco ot <>ted narneplat< nlac 

,. 

• 
to <v<ry pi«< ol appo<>to• U. thc .,t<m. In rnod<rn 
pow<r >YII<n1>, lre<:¡u<n<Y i> • minor rroblom, !t i> im· 
P"<li<>.l lo d.,ign a pow<r oymm whio;h will dolivct 

abooluO<IT ""''""' r.>ted nom<pl.ro vollal< lo""' pi«< 
of a¡>p>.tolu!. Sinoe thio <.onnot bo •1'-'in«l, wlul oro th< 
ptop<r fitni" ol vollago vod>tiono in on induwial plonll 
n.;, <hoWd b< dc:onnined by th< th.r&<O<tillio:> ~~ lh< 
utili'-Oiion appot>IU>-

Dofinitiona 

Volu¡e drop ;, • diotributioot oyot<m ¡, th< dill<«n« 

ot onr ln>Unt "''"'"'" tho volt>g<> •t lho ..,.,«< an~ 
ut\!Ha!ion ondo of a f«d<r, brand• <ircuit, Qt tr>n>lorm<f. 

Vol,.¡< •Prcod ;, th< diffm:,.:< botwo<-n the m,.imum 
oOO minimum vol""" .. ;¡ting in ony On< volta¡o--dao< 
Oyotem undor >P«ified Ol<ody-oUt< condiliono. 

Volu¡c t<o¡ulotion io • '" .. '"" ol th< <l=g< in voll· 
&g< b<lw«n no load ond lull load in t<rm> o! the lull-lood 
volla,go. · • 

Pcrcenl Rco¡ufotion = 
(no-load vol!o) (t.U-Iood volh) 

full·lo.><l voho 

Cauoea o! Vo!ta¡o Roplatlon 

... 
Volton drop io cau>ed by <utreot ftowin¡ thrO<I¡h an 

irnP«L>n« moh " a trln>form<r, <>ble, r<>.,tor, or lru>. 
The volla.i< ro¡ulotion >! the t<<mirudo of !he ulifiuticn 
lppatOiul ¡_, <>U!<d by ' lb< r<c>~lotioot of the incomi...
oupply volt.ago a!>d the ..,¡lago drup in tho pow« oymm 
within thc i!>du>triaf plonc 

L<t u> oxamin.: a typicol i!>duotrial ¡:hnc Figure 2.6 
oi>ow> o oimplifiod ono·lin< dia¡rom. l'ilf"t< 2.7 >how> 
lhe YO!.._.< profil< f<>r a parti<ular ~o! ooodi~""'- Not< 
tlut !h< n<>-laa<l volugo io 490 V<>lt>.- Th.:ro io • 13-volt 
dmp du< to th< Opr<ad itt the prin .. ry oyll<tn, '" odilition 
to lh< volt-ogo drop< in lh< vorloüo portjons of th< ly>t<m. 

N Ole tlut thc totll >pr ... ~ is 3(1 Yolt>, 20 o[ whi<h io duo 
10 !he r<gulotio,t within tl1< pla,.t, so the t\Oftnol opor.>tin& 
Yofla,g< wil! b< around %0 .. ~t.. 

--· 
--~----~--

FII<U« Z.~ 
Slo,p!ilied p>wer .,.,.,.,., 

for otudyin¡ volt•l• re&Ulatlon 
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1\T,;;,~;,~;;;_;~~~~~- -~ '·-·~·J,> 
•oc '• •oo .,., uo ... ~r 

Vo!toge profile for a p•ttkulu lood con~ition 
lor •Yot<m o! Figure Z.~ 

,. 
A prirna•Y syotem """""' load cyde ~oc• ""' coin<ide 

with the Jo.~ pattem in a pbnt =>y "'"" ., "'""""' 
voltage •P""" In <U<h =•<>, outom>ti< volt.>ge regula
tion m>y be rcqui<«<. 

Voltag<: p<Ofile eh>ftl, !imil.r to Figo;e 2.7 ore U!<lul 
for otudyin~ voll>g< !>'lt«n• and ro loc:~t< ""'" O< 
, .. ..,.,; /"' abnonn>.l •ol"l:e eondition~ 

' . ., .. ,, -
"' 

Effe<t ol Voltage Sproad on Utili.ution Eguipmenl 

e,_.,,_,¡ E/f"h-Whenevo. the vol,.go atthe '"minal< 
o! a uUii,.tion equipm«>t ,.,,;« lrom nam<plote r>tie.g 
o! the cquipment, s•>n>ething i• U«ificed ,;:h« in l<le or 
porlorm;¡"'' o! the equipm .. >t. The effe<t nuy be minor 
or miou•, dopen•ling uoon lhe ehoracte.;,;o. o! the equip· 
ment-l>ow it i> •wli«< an4 tbe a111011nl the vol,.g, 
,¡..;.,., ¡,am the "'1uipmen: r>tittg_ ).IE;MA St.ndaod• 
pm•ido lo< <«lain tolor>n'" whioh may be t.a~<n adv>n
""' 0¡ ,.;rho<!t o.ciou<ly affo<tinr -tbe ¡o<o!o.,...""' o! 
th< "PP""'"' Howe.«, with utoge ol ele<lrio !>'""' lar 
pr.cioe opec>liO<'I, ti>'l< i< olt<n a m•jor "orifi« in 
produttion lor •oltagc vui.rion> o! eonsido<Obly !m thon 
given in th< NEMA Ston~•rds. 

T.J"'U"" Moto•t--The "''"' <ommon utiliz>tion ..,.,;p
m<n1! in i.-.dmtoial plant1. The v>oiation in cl1•r"t"i'ti" 
., a lunc"on o! Wll,.~c lar lhc wi<l<ly u..d induction 
-ton ue givm in Table Z.IJ. 

" • 
Toblo<.!J 

Genenl Effect ol 

Startinr and muimum 
nmning torque 

$yn<h<Onou> Spe<d 

Pore<nt Slip 

Fuii-Load Speed 

E{ficitncy+ 

Full Load 

~ L0.d 

"~' 
p.,_, F"'tu<

Futt Load 

"~' 
"~' 
FuU-L<:>ad Cnnent 

S"'rtin¡ Current 

Tttnperature Ris<,* 
Fnll Load 

Moximum Ovorload 
C.~eity . 

' 

Magn<ti< Noi•o----No Load 
in particular 

F"""""' o{ Vo/tag< 

(Volugo)' 

Con•tont 

1/(Voltage)' 

(Synebronou> 
Speed-Slip) 

Voll>ge 

(Voltage)' 

• This data app!i., to moton o! o•« 25 honepoweo, 

o,., ..... 19% 

No Ch•nge 

'"''"'" ZJ~ 
O'"""\¡.)% 

o. ....... 2% 

Proctic•lly 
NoCh•n&e 

Iner•••• 1-2% 

lncroa>< 1% 

Inc.uoe2-J% 

In<r<"< 4-5% 

Incr<a«\1% 

o,,.,.,, 10-12,;. 

lnuea,. 6-7C 

Oecre"'< 19% 

Decruoe 
Sli¡htly 

llOI'<•nnl 
Vo/Mgr 

lnere•«21~ 

No Chan¡c 

Decr .. oel7~ 

lnorea,. 1% 

r ....... }'1·1" 

Procli .. l!y 
No Chan¡e 

Deu<n< l-2% 

Ocore>><J% 

o ....... 4"-

o ...... ,s-6% 

D«te'-'< 7" 
Incre•,.I0-12% 

Oe<r<a!< !-2C 

Increase21% 

lner<"< 
SJ;¡ht!y 

1 

' 

'" 

• 

' 
' ' 
\ 

1 
' 
1 

1 
1 
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Th< mool si¡rnifieanl <fioclO ol low volt>g< ore ro:duc
tioa in ll.orting tor- a.nd mu .. ...:~ foll-lood tcmp<n.
'"'" rix. The ..,.,., signi~cont <ff«:to ol hi1h vol~>.~:< >T< 
;"""',.¡ torqu<, ir><rc••o:d otortino <urr<nt, •nd d«r<>...:l 
1'0""' l.o<tor. The ;,,..,..,¡ IMQ"< ""'1 au>< cruplingo 
to ,,.,,.off or <!>""'!« drivm equipmrnL ln<r<>....:l ol>rt· 

in" cuorcnt coum """'' voh>l< drop &nd '""""' 
lioht Hkku_ 

Synd;,""""' Molo,.-Th< <fl«:t of volt•K< nriotion 
"" tk< p<rlorman« of oyn<hronouo m<>toro ¡, >imil&r to 
tlut on inducti"" motorL H.,..,...,., wh.il< U.. Slarting 
torquo v&rieo ., th< "!"'" of tk< line .olt.og<, the ma~i
mum or vull-out torqu< ,..,;., directly with th< !in< 
Y(IIU![<. Howc.<r, if a ot>tic dir«t-curr<nt -"' io...,! 
;or ficld volbgc, "'d thio sour« io connocted to thc '"'"' 
lin< •• thc olt<roatinR--<Urt<nt motor terminal>, th<n th< 
pull-<>td ton:¡ue .,,..;., .oo lhc >QU&r< ol th< lino voltogc. 

· /nro•d"''"' Lom¡l.r-Thc light outpul and lile of in· 
c.andc><<nl filamrnt lampo '" critk>.lly of!r<;ted b)' lhc 
imp.-.....:1 volt>.g<. /1. 10 percmt redocbon in lamp voltoK< 
mull! in a 30 pcrccnt rcduction in light outpuL In othcr 
wordo, whrn tk< volt>.g< io 10 p<r<ellt lcw, ti>< inv<lt· 
lhent in th< !i;hting >Y>1<m i> worlcing <mly ot 70 p<t«nl 
d!icicricy-thuo, JO p<roent o/ U.. invcstmrnt i• loot. With 
on ov<rvolbK< ol 10 p<r<<nt, thc lamp !i{< io reduced to 
l<oo tlun 1/.l-thu~ lamp reylawn<ott ""'" otc th.-<C 
ti;.,., ., grcat •• >1 normol volta¡e .. 

Fl.,._.,..,¡ /..o.,p;-FI""""'mt lampo, unlih ti>< in
C»><<e><rnt lamp, ""'''"' 11ti<fa<torily ovor • rath<r .,.¡,¡, 
voltag< '"'~'~· In gencral 1 p<rccnt variotion m lin< viilt· 
i;c wiU chanK< th< !umm oot¡out only •bout 1 p<rccnt. 
Tho lilo ol Anore"""'t l>mp< ¡, all't<ted ¡,., by <ircnit 
volt>g< v>riatoon ¡han incandmtnl lampo. 

M"""Y ú,.,,~!n &rn<rol, tk< l>mp lf¡ht ""'ptrt wi!l 
d«:"'" about JO !""""' for .very 10 p<rc=t d<Cr<>>< 
in terminal volt•gc. Th< mc"U'Y lampo f'QUÍf< bttwern 
4 and 8 minUl<O to <Orn< up lo full bri!llancy d.., to 
.. poriution o! th< m<r<ury_ Upon <><mi" low ...,¡,.g< 
(about <O rcrcont und<r wlt>go), th< mcrcury .,, wil! 
be cxtin¡ui<i><d a..t U.. lamp c.aonot bc f<lt>.rted until 
""' mercury «x>l~ Thio timc int"v'l io o;ain botween 4 
>nd 8 minutoo. Thi< io true of >11 lampo whkh do not 
hove •P«i•l cooling controiL Th< lamp lile io int<mlotcd 
with ti>< numbct of Wnp ot>.rl!. 1( low volt>.g< conditM;ono 
r<qui;c ro¡><•t<d sta<tinK, th<n lomp lile will b< >~«ted 
O<;cordingly_' E,,..,¡,. hiKb •nlt>gc rai«o the >re t<rn· 

"''''"" whkh «ruud d&mog< ti>< glu, mdosurc v.hcn 
tho t<m¡><taturc approoch<o th< gl,,. <nlt<ning point. 

!.f•o•.-4 Hfilting P'-><"Wtl-/l.ltl>ongh th< filamtnto io 
thc bmpo U>ed in th<>< inotollationo ar< ol thc ,.,¡.,,ncc 
typ<, tho cncrgy output doco n<>l vary with lhc >quue o{ 
lh< volt>.8e bcau« tb< rcoi"""" vori<> at th< 10m< timr:. 
Th< <nu¡y out~ul de<o v..ry roo¡¡hly " oom< pOwer of 
thc volta~< >lightly ¡,, tl.an tho oquarc, ¡,O~'<V<r. V .. ltag< 
•ori•tiot>o <>.n vroduc< ""'"''"'"' m. .... in thc procc50 
hcat >V>ilabl< unl<,. thum<o<t>.tic <ontrol or olh<r ngul.,
ing m<.ano i< U<cd. 

Rrzó"o"" 1/cari.g ll<>•Ús-The cn<rgy input oa<l, 
th<r<forc, th< h<ot output ol "';''""" hwer1 nri<s, in 

r<ncr>l, with th< .qu>rc ol tho impr<O...:I voll>r<. Thuo, 
a 10 "''"""' drup io vol~>r< wiU oo>u,. a dr01> of 19 p<f· 

ccnt in hcat aut¡out. Thio, howe~, boldo lnH: 01tlylor"" 
o¡oeroting ""11' ov<r which th< t<ai>t>.n« rcmoino 
conot>.nt. 

flmro•ir liQ.O,. .. t-Th< <Urr<nl-carryinll obility O< 

..,;.,¡on ol al\ doctron tubco io oflccted Krioooly b)' volt· 
""' deviati"" lrom r11in¡¡. Th< <athodc lile <tt<>< indico!" 
1h•t thc lile io rodu«<< by holl lor <O<h S Ío<rctnt ir.cr<aH 
in cothodc volto~<. Thi< io du< to thc roduced lile ol thc 

h""' """""' .,.¡ to thc h.irhcr "''' ol ,,.,.,,.,;"" o/ 
tbc ><livc m>.lcrial from lhc ourfac< o/ ti>< "'thodc. !t io 
e>l«<'1<1y import•nt thot the c.thodc volt>.g< b< h>t up 
no.or rati"'C "" d«l<ot> tuboo lor .. ~.factory ,.,..;,._ 
ln mony .._,.~ thio will n«'"it>.te a regulotcd powor 
wuroc. Thio m•y bc lo<>tcd at or ,.·ithin ti>< <quipnt<nl, 
and oft.., «on•i•l•·o/ a rcgulatinr traruformcr havin.c 

conot>.nt ""'""' volt>re. 

Cap.rUor.r-Tht kilov>r OU(put of ""padtcro v>rico with 
1h< "~"""o! 1hc imp<u...:l volt>.gc_ /1. drop o/ 10 pere<Ot 
in tho oupply volt>.¡<, thcrcloro, redue<1 ti>< ki!ovaro b)' 
19 r<rc<t>t ond whcro thc "'" h" m>~< .o oi<<>hlc in
vcll"'<nt in <&p>ciloro lo, pow<r factor impro><mrn~ he 
loo., th< bm<fit el ,¡...,,. 2ll p<r<cnt ol thio invcolmcnL 

Solf"cúi-Opt>oUd Dnic,.-Thc pull cf >ltor=linK· 
'"'""' >Oicnoid• ,.,¡., >PI>"O•imatcly a5 11>< oquo,. o/ 
thc voll>K<. In gen<rol, >OI<noido •ro d"ig~~cd lib<r>lly 
•rul ore d.,i~ncd to op<r>!< ,.ti<l><tori!y oro 10 p<f<ent 

-OV<tVOII>.I:c and !S p<r<rnt undcm>lt>.¡o. 

lMPROVEMEHT OP VOl.TAiliC CoND1TIOI<S 

• 11 volt•gc conditiono tnU•l IN: improved, tho followin1 
" are ougg.,tcd lincl ol con>idcrolion. 

,_ 
ChanK1n1 Syot<m Layout o• Cltcuit Conotanll 

s;..,, ,,. p<r«»t •olt>.gc drup •• n .... th• oquor< o/ 
the voll .. <, hiR!w:• oymm voltagc will <«<uce lhc drop. 
In oth<r word•, Ul< th< lood-ccnt<r pdncipl< ol ¡><>W<r 

diotribo tion. 

.Sincc ''ol"~< d<op lo afl«l<d hy cumntarul impedan<c, 
a reduction o{ thcoc ,..;11 red.xt ¡)w: dtop_ Somo oun<O· 

tioru "'" 

1, Use clo>ely-•p.o"d condurlofl. U« <>blo inslc•d ol 
.. -iddy ><p>.roled coru!u<!MI oftm.u...:l lor 0p<n 

""'''""· 
2. U,. lo,.'•''olt•go drop huoway ol multihar int<rlu'td 

con,.u<tion_ lnt<r!oavtd «onolroction mok<> bo•w•y 
c.hibit low-volt•g<-drop prop<rti<~ 

J. In '"""'' =•~ two •moll<r <>blu in J'Or>llcl ouy 
hove low<r i..,pedane< th•n """ lorg< tabl<. 

4. u,. lo~·or im¡><d>n« tron.lcrm<fl. Hi¡h impcdonct 
lc..,ofornt<fO f<duto ohort-rir<ui! cuu<nt~ hu! in
croa« voltoge drop. 

S. l<ccp low·>Ol"t< lcodcr lcno'ho •• •hort ., po"iblc. 

6_ lmprovc th< op<roting f'O'"" Í><tor ola circuit. 
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Ch>ngin~ the Tc.m>lorm<r T•p• 

Moin"-ining th< vol"« >t .,. .. ,,. .. d«i<>blt le"l 
;oquir<< the judiciou> U!< ol '""tformer r>tim .nd t>p>. 
1!n" mod<cn tr>n>lo""'" h"< !•PI in the winJin~• to 
ch.ong< the turn r>!io. The toP•do ""'.,.,.,;,u, ,ffe<t 
the volt>ge .Jrop ¡h,ough the hoo>form<r; they mer<ly 
eh.ong< th< tUn'l r>tiO, htoce the n<>-lo..J volt>O< r>rio 
..,.¡, tl><r<for<, the >olt>.go t.,d. For .,,.,pk, • Ol>..b.•d 
tcon>ÍOrm<r r>tod 2400-480 vol" roay h>vo lour 2Y, 
p<r<tnl l•po in the 2-l(l(holt winding. The ¡l>.n.!>.rd for 
tht'< t>po in l<>nsformtr$ us<d in U.du!!ri•l •YI!<m• io 
to h.ovo twn 2V. por<=t topo abovo 2100 vol<> >nd lwo 
z¡..¡ ¡><«<rtl "P' b<low 2400 volu. The no-load mio• o! 

"""". """''"'"''' ........ d ¡,, 

lS~S(l volu 5 p<r<ent abo•e I>P .. 
2460--480 volt, 

• 
ZV. pemot abovt t>p 

24(l0.......180 voll> 
. 

Nomut ñtinr t>p 

2340-480 volto ZV. """"' !.:low tap 

' . = ''lO volh 5 p<'t<<Ot bclow I>P 

,..., tapo do ""' impr,.,, volt>K< «nlatioo. bot a« 
only (Qr ehon,Óng the gene,..l volt•K< lnd in tht plant. 
Far exanoplo, il a Z400 to .WO·volt t<antfotm<r ;, <On· 

ne<t<d to a oy>t<rn whooe nuxünum v<>lt>K< t. Z5W V<JIU, 
then tht Z5l0 to .(S(J.volr t>p coold be u!<d whieh woul~ 
provide a maximum uf 420 voiU >t nulo><! on the tnlem . 
n., Up s<l«:tÑ in 1,. tronofonn<r """'1<1 be boNd upon 
m.uimnm V<>ltoge <onditiont.- H ,~..,/<! b< "''"'..,¡ u f~Ol 
rhr >=zi,.~., vollogr ""'" gim oh~ ~80 ,.n,, 

e ...... ~.er. the pl¡lnt power ''"""' "''" .-_loa<i-<:rnte< 
oyltem to oarry the pcw" th< f""'"'' pro"\al dht>n«: 
" hirh volt..go. "'¡.,'" imped>no .. and ourr.,lo h>ve 
'-" kept to · • minim= Uld Jo., • .,¡...-, ¡..&., or< u 
>hort ._, p<>Uible, -~ moy not be pc,.',ble lo aohiove tbt 
rt<¡Uir<d volt>ge opr~ ~"' to too~''" a volt>;e .vio
,;., in tho primory .. ¡>pl1 "'"""- In mclt ao..., <>< 
whor< opecial <<md'•\ono rcquire unu>nalty do" val!a&e 
opr<a<j. volt>K< rerul>""" eo;ttiPf"<111 m>.y be ...,.,....,., 

11 the power oupply lo • olanl io ouhi«t to o volta~e 
oproad gr<ater tJw. 5 per«••~ it m>y be diffiet.ll to nu.in
to.in the <lesir<d ""'"1• evrn with '"" be>t de,;gn<d 
powet .,,tem. 11 the ••oplr ;, al hit!h vnltare and mnol 
be stop¡>«! down to below 15 kV for diolribotXm. rerub
tim can l>e bnilt into tl>e tr.>nolormu. Thio io &<O>m· 

plioh<d by load lap <hanging Uouolly, there are J2 (H 
per«nt) >tepo lo.- elo~< voiUge ..,.,,..¡ ,.,... a nnr< M. 
plut or nUnul 10 p<n:<nL Tl>e """"o! cir<llit !..- the l"'d 
!ap d1anging ""' be ..:t to hol~ the !>u o •ol,.ge eonslant, 
<>< it m., l>e <Ompm.,led to ru,. tho bu, voltage olightly 
anda load. ' 

U power io ouppli<d., 1"' than 15 kV, ood regulatioq 
M. ..,luge ;, reo;ttir<d, ....,,lorm«o ,.;th loooi·Up ehan~
ing may l>e ""d lor loado of 5000 k VA or more. For loodo 
Z.u than 500(1 kV A, ttey <>< Uw;luetioq ..,¡,."" r<rul>toro 
.bould be inoUIIe<l ahead of the pl>nt p<im>.fJ' hw lo lwld · 

the bus >oltag< ron,taot, Thdr otan~"d ,.nge of >o:t••• 
re¡ui>tion is ai>O pluo or minUI 10 p<r«nl 

In '""'' <»<>, thece i> olten "'"'" tn instatl reJ>tll"· 
ing oqoip>n<nt ot m<diu>n ,olll¡¡e !or th< entiro plont 
loo~ (lor eo<>mple, in<oming po~..- t,.n,[ormeto p>o
>idtd with load-t>p ch>nKing). In other '""'· thm "' 
•pplic•1ion> where !teder regul>tor< •hould be haoed on 
indi.-id,.l low·volt•ge eir<uit'- For e>>mple, tho voltort 
tpr<><l may be "lis(,etnry fa>'""" utilimion «JUipm<nl 
sueh •• mo1or>, but not good e>>ot,.h lor ineaOOe,.ent 
lampo. el«"'"''' equipment, <<lil1an'< heat«o, etc. In 
ouch <3!<>, th< ><<on<bry feO<Iet or individu•l loodo •1 
600 voltt or [,,. maY tcqui« rcgul>tioo of YO!Uge lo 
obuin tl>t d.,ir<d perlormane<. Air-eool<d ind<Ktion r<lrll· 

l•lo" may be ""d lor thio pn>¡oo,._ 

DnERM!t<ATION OF VOLTAGE 0ROP9 

Two k indo o/. l'oi.uge drop> ..;u be <Oflo\<lered: 

l. Stea~y-,t>le •olt>go drop> . .. 
l. Shorl-lim• •oluge ~ropo due to motor "artinr-.. 

Dotermlnatl<>n o! Ste•dJ·Stato Vo!togo Dropo 

To d<1ermine lhe oteady->41< voiUge drop the dreuil 
impedan<e, dro:uit "'"""' and pgw.,- fa<tor o/. tbe <ur• 
rent r.tati" to tome volt.og< mu!l be known. In thi> 
diocu.,ion. th• """'" l><tor will be th>.l of U>< load. T..-o 
method• o/ <!et«minin.o voluro drop• "" d<><ribed. Tt>e 
firtt ¡, by caknlation uoing oith<r th< O<ndin¡ 0' the 
<«<ivH>¡ end voltoge, tho m>gnit""'= ...J pow<r ~"'' of 
tl>o load curren~ and tl>e to"l -.,pedan<:o ol th< cir<uit. 
The """nd method em~loyo <h>rto o! volto~e drop verouo 
load !or •orlouo ci<<llit «>mpo<>enl>-

For the P"'J'O" ol mdinary use in indOl>trial pl•nt 
problemo, the •Dlt..K< drop coleulated lrom the following 
approxi,...te 1...--mula is ouffieiently OC<tltate where tl>t 
sli<Je rulo io w<d_ 

E~Ii,-E, 

E-E,-1 (Reo.. o+ X sin o) 
(2.1) 

(Z2) 

E - Volure drop or <honre in •olt.J., lioe-to-nentral 

1 - L\ne eurr<:nt 

X - Rear:ian.:e of the cimtit in ohm, por ph1,e 

1 - Anille ~>ho..: oosin< io lhe lood power t..ctor 

- o _ Load ~ fu-tor in decimolo 

oin' -Load reactive factor in decimals. By <<>n><n· 
tlon, oin o io positi•e for luring pow« l«tor 
and nepti>< for l<ading """'" 1~.) 

1 
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(Th< .. ¡.,.. of E, R, ond X oto"" a ~nc-t<>-""'tnl buio 
in a<cordan« with "'''"'«! pr><tice.) 

n,. lin<-to-lin< d..op o! a thr..-pba .. q>l<m is YrE 
ond lor • oin¡l<-pl\oK >)"!""' ZE. · 

Thcre or< awH•hl• o.ll oorts o! <h>.ru, cu<v<t ond 
otl>a- ou<h obt.. lor obLoinior voltlll< <hofl' q<Ódl:r; ....,¡, 
ro("'""' oro es¡><dally ,_ndy who:Jo mony cl>ecks muot 

--~ 
Somt. data with cx>.mpt .. ar< ino:luded bere: 

Cablt Voltar .. Drop Clurta 

Volt>.gc-drop curno, Figucoo 2.8 through 2JS m>.y be 
opplóN with ...a>or>abl< ·~ 10 aD typcs o! eoppa
oon<\uctor, "'"'""inoulate<l, rubber-in1!1l>1«l, ond v"'nioh· 
<Mnbrk-inou .. t<d c.oblc in!ulot<d lor 600,5000 ond IS,OOO 
volto. n.. vol~>g< d<w <haru ,.,. oiogl<-C<It><locto< 600-
and 5000-vult oabl<1 oro pln,.ed on tl>o '"'"' ch.,-t h=.u>e 
thcir """'i"'<d voltagc dropo -.e praotkally <qua\. Thtrc 

ar< ¡.,.,. ..,, oC chort> ...t.io::h o;wnbi,. ""' h•v ""'''"" 
d.,..,_ The ,.me ty¡>< charto at< ¡tloll<d for SkV ond 15 

Figllre2.8 • 
Voltogo-drop curvo• loe !fe 600-volt •nd 5-kV ublo 
(nonohi<ldod} In magnet!c duct or ••••1 lrtterloüed

O'll><>< <>bio 

Flgu;e Z.9 
Vol,.ge.drop curv" !or l/< S-kV and !!.kV coblo 

(düdd•d) in m•!<"<lk du<t or "'<1 
intoflockod-armor c.oblo 

kV ubl« .. ·ith t..-o voltag< done> on O du.rt. Voll>&< 
drop for l""d' b<\wrtn 0.7powetfoc1<>T lo¡rin¡ ond oNtJ ;, 
ohn..-n for thit ""!«o! c;ble ,;,<1 lor tho«·«mdo<tor ond 
thr« ~n&le~oncht<IO< ~i in .;ther pu.p.,tic O< DOCI· 
,....,<li< con<luit. 

"fh< cl=t> art .pf<p>.red lor lhr«·pha"' dro.it>. For 
oin•k·pba>< drcoit> ""'~',;"1 of • t..-o-«<ndl><t<>r 01" two 
•inglo <>.bl<o in a con<lui~ tho voluoc drop m<>.1ured 
lioo-to·lino wH! be IS.S o<,.«nt highcr tban indiooted in 
lho cbano. 

E~o,..~/ec ¡l,.urno tbat o 500·foo1. thr«-<"ondu<tor 
(,_,.,n;elded) int<rlocked armor~ oiZ< 1/0 cable ¡, lho 
feeder lor 1 thoot·phue, 4-!l).volt. 00-<yd<. 156->mp<f<. 
0.8 pow<r loolor indo<tio< IOlld. Fin~ •olt•K< drop. 

Solutiono Ent<r cN<t. Firo« 2.8. ot 0.8 !>O'"'"" fa<tOT 
.,.j cno>< upword tu¡¡., 1/0 /\WG c.oble "'""'· From 
th< pcrint o! int<r>«tion. ""'"' lo tho lcft and cud voltog< 
drop •• 2.4 .otto por 10.000 ampot< lt<t. 

Ampor<·ft<t in <>bl< ~ 500 x 150- 75.000 

A<t.W voltogo drop ~ (75,000/10.000) x 2.4 = !B.O 

Fi~« 2.10 
Voluge-drop corvu for thrto 1/c 000-volt >Jld !·kV 

• ubloo ('?-onohiel<!od) in m>K"<ti< duet 

Figua2.11 
Volt•K<·d<op <Ur><> (or thre< l/< 3.kV •od ll·kV 

cobloo (ohio\d.-.1) in m•p«i< du<t 

• 
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Figur< 2.12 
Vol<>¡¡;e.drop eurv .. for 3/c 600-volt and l-kV cob!e 

(nonddelded) 1:1 nonmopetie du<t or olumln""' 
lnt«lo<ko..! &nno< 

• 

. Fii'!r< 2.13 
Voltaie4rop eurveo/or 3/c l-kV ond !S-kV cable 

(ohieldod) in nonmopotic duct and oluminwn 
- int<docked ><mor 

' . ' • l • i 

F\¡¡ur< 2.!4 
Volt.op-drop cnn<eo for !.hr« 1/c liOO-oolt ond 5-kV 

ublet {nonohielded) In nonmo¡¡neti<: doct 

o..._, Volta¡¡e·D«>p 'robleo 

Tobi<O 2.14 and l.IS m: pr..,.r«l lor "" in d<t<nruning 
tbe lolbn d<OJI in bwway~ Althou,¡h theu '"' le>< a 
particulu tnanufaduror, tlu:y aro «Pr<""'t>live and rnay 
b< ued for &pprW<ÍinOte al<tol,tiono. 

• ti 

" ' ! ' . ,. 
!Í • 

FigureZ.U 
Voha¡e..drop curvn for throe 1/c l-kV ond [!.kV 

cobleo (ohielded) ;, nontna¡mtk duct 

Voltsg<-<lfop curveo for th«• 1/c 5-kV and 15-kV 
m>.y b< u>«! to d<t<r.,;ne tlu: &pproxim>.!e YOIII¡e drop 
in oinrle-pha>< •nd tht«:·pho>O, t'AHoru, liquid-~llrd. ,..¡¡ . 
00<1led "'"'forme"- Tho voll>.¡re ~'"P tht<JUgh a ,ing!e
pm.. t=•fot"'<c ;, f<>uo<t by <D<uinr !he durt •• • 

Figure 2.15 
Tcanlfom>e< •ol,.ro dn;>p cu<v .. fot tlu ... phue 

tnndotmetl, 225 to IO,OQO kV A, 5 to ZS kV 

"'" ~ .... , ~· ~ . ""'''' . '"""""'·~~·"""-
•• 
j 1~ ,. 
i ,. 
i. 
i. 
--

Flgure2.!1 

• •• 

Ttandotmet volto.re dtop cur•n ot tht«-pha .. kV A 
raún¡o 1500 to 10.000 kV A, J4f'4-kV Wll,.¡e du.o 

• 
• 
i 
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One Manula<turer'• Vo1ta~•-Drop V•lues /or Thr<e-Phne Bu•w•y• wlth Coppor Buo 
llo.r> In Vo1U Por 1(1(1 Feet L<no.to-Line al Roted Curr<nt with Enti<e L<>Od at End 

Di•id< Valu<S by Two for Diotribut<d LoodlnK 

Pt=<r Fo<IOr> 

()() 1 70 

Low-Voho¡e Dr0p V<ntilated Fudot 

•oo '"' '"' •• 4.14 "" ·~ 
,, J.9l <OO 

·~ 'M ·~ >n '·" 2.51 ,. Z-72 2.10 ·~ IJIO 2.24 2.44 '·" "' 2.86 "' >.% >OO 2.78 

·~ ·~ 2.10 ZJO '" '" 2.14 2.82 2.34 '" "'"' 2.16 '" "' ,. 
'" >M >oo '" '" »OO ,. 2.18 '" 2.48 '" ,. 

"' '" 2.50 
~ . •. % 2.12 '" "" 2.52 '" '" 2.52 2.40 

·~ '" ·~ ·~ '·" ,. 
'" >.OO '" ,. 

·~ >OO 2.16 ZJO 2.40 2.50 >.oo ,. ,. 2.40 

~ '" •• 6.92 •• 6.72 '" ••• 5.26 '" ·~ '" "' "" '"' >.% <.oo >oo "' '" mo ,. 3.16 "' .1..18 J.-H "' .140 "' 3.00 

·~ "' '" '" 
,,. >OO >00 >.% 2.94 ,. 

"'"' '" 2.78 '" ,. J_!O 3.16 ,. <.00 w ,;oo - z.oz 2.50 2M 2.16 ''' 2.'!11 2.86 2.78 •• ,. - 2.18 '" ·~ 
,. 

"" 2.74 "' ,. '" <M 2.42 2_56 2.76 ,. <OO ,. >OO >% >M 
·~ "' "" 2.48 21>0 2.10 '" "' 

,. 
'" 

P1u~-ón ~ 
.. 

. 
u; '" '·" ,. . 

J. 12 '" • l.18 l. 10 '"' 2.10 
<OO '" •• S. 16 5.18 5.16 ,. •. % ·~ • •• @ 5.24 "' 5.40 "" '" ... 4.50 "" '" ~ ;oo s.u 5.16 ;oo ;oo '" uo '" '" ·~ ''" '"' '" 5.76 "' 5.30 "' "' '" 

Ttolloy Bosway 

•oo ' ' U8 1.58 .... 1.14 ' .. '" no '" Z.lO 

Curront.Umitin~ V<nli1>t<d • 
' 

·~ 1l.J ll_5 12.J '" ,,. 11.1 '"' '" 7.45 
1350 15.5 15_6 15.4 "' '" 1J.9 12.6 10.7 '·' '@ "' 182 18.0 17.5 , .. ''" "' 11.5 " - ro. o ., •• 19.4 l8A 17 .o !J_9 12.1 '"' "'" 2.\K l-1,6 no 1<.2 21.0 '" 17.1 '" '"' - "" "' z¡ a "' 23.4 '" 1 9.1 15.1 "" ·~ m 28.8 "' 27.2 25.6 "' lLO '" "" 

•oo 

2.72 

·~ 
"" '" ·~ 2.14 

'·" m 

"" 

'" '·" 2.32 
2.n ,,. 
2.18 
2.10 
2.36 
2.16 

• •• 
'" '" ,. ,. 
2.18 

••• ,, 
••• 
" " '" ' ' 
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Toble 2,\6 

Compariaom of lil<>tOT-St&rtinr M.-.. 

Tn><ofS12rt<r 
e~· l<i•m are 
h< more common fo< 

•olt>F) 
Roactcr 

50 p<rcrnt 12p 

45 !><'"'""' "'-P 
37.5 p<r<a!l top 

Part·windinr obn<r (low·o~ motor• only) 
75 p<r<ont Mndl,..: 
so p<t-1 wioding 

"' 0.65 

'·" 
"' 
~ 
0.45 
0..175 ' 

'' " 

OM ••• 
··~ 

,. 
= ·~ 

'·" ,., 

"' 
,_, 

"' ••• 
"' =· 
'" '" ,_, ,_, 

'For • lino ooli>.K< not <qU>] lo the motor rotod •oiLqe multlply .:11 .,.Jueo io th< ~'" «>lu""> 
by th< ........ 

A<tualvoltore 

Motor n.t<d YO!I>.p 

Mo!~ply an n.l<><o lo tbt"""""" cclwnn by the "'~o: ., 

( 
Actual voltaKO ) ' 

M<>t<>< n.t«l YOIU.:e 

..,d multip\y •11 val'"'' in tho la11 oolumn by the <>tio:' 

A<t=IY<>It.al< 

Motor r>.trd vol\>.IJ< 

' 
' 1<n thr<e ,;,..,. tht ratio¡ of lhe ainole·pbal< 11'>mf""""', 

Fi¡¡ur< 2.16 C0"¡" "•nolorrn<ro in the lollowing <>ngeo: 

: .. 
Z50-500 kV A, a&--.15 ;v lnsu!oticm Oo,,.,._ 
8JJ-12SO kV A, 5-25 k V lnml•tion a,,..,. 

Thr«·pbu< ' 
ll!-150 k V A, 8..6-15 kV lnrul.ot¡., a.,,.,._ 
IOOIJ--..10,000 kV A, !-25 k V ln¡u\"ion O..,<L 

E"""'ll': F.nd voi!O(< dmp in·, 2(:00 kV A, thr«·ph:uo;, 
6<l·h.rt• '""'form<f tolrd 4100--<IM voh The kwl h 
1500 k V A al 01!5 W><« botor. 

Soluti0<1: Enl<r U,. th>.rt on th< hori•oot>.l ><al< at 
2(1(1(1 kV A, ut<od a lino vertially to ilO int<,.rtlion ~th 
the 085 pow<r·fau.,, "'""- E~t<nd a lino horizontally 
lrom thi• point to th< Ioft to its int<n<<tlon ...-itb tho 
vertiral ><>lo. Thi> point on the \'Orlkal o<>i< ¡¡ivoo the 
!>""'"' volt..K< drop lor r>t«< load. Multiply thil valu< 
by the r.Ho o! ><t,.t load to r.tod load. 

• 

' ' 
p.,..., drop at ,;.,«1 1.,.,¡ = 3.61 

P<r<<11t drop •t. 1~ kV A~ 3.61 • .\i: = 2)5. 

Attu.1 yo\ta¡•'d,i:p ~ 2.7) p<<e<11l" 480- !Jl volto 

Fig<>co 2 21 appli« lo the 3<1 !·KV inoulati<m ~lm oowor 
tr.on•l<>r""r in r"ingo from 1500 I<VA to lo,oo;l kV A. 

, Th<>< "'""'" ~ b< ut«< to d<t<rmin< voltag< drop for 
tr>ntform<n in the 46-kV and ~9-kV inoulation daoO<o 
by uoing &w;-o¡><Í>l< multiplie" &t .ti powo< !•<toro 
=«pl unity. 

To <Onrtl l<>r 46 kV, multiply tho p..-o<nt volt&J< 
<!rop obt.iu«< lront th< ch>.rt by 1065 ond lor 6\l kV, 
multiply by US. 

Effat oJ Motor Sto"i•g •• G .. l.-tor>-F1tme 2.18 
ohowt tho b<haviot of the volt..g< of a gen<.-.to< wh<q >n 
induclion motor it <l>rt«<. Sl>rtino a oynehr<mOU! motor 
h>.o a oimil>< ,11'«1 op to th< tim< of p~tll·;, to<'l"'- Th< 
""" u'«< for thi> illuotr><ioo utili•co > full·vol'-'g< •'-'rt
i"" d"i<< and th< lull-vol"'U ""''"' otartin8' lrv> i> o\oout 
lOO P'"'"' ol th< g<n<t>lor r>ling_ lt ;, a!IOITI«i 1<>1' 
<u<v<t A •nd B thot the g<n«>lor ;, ptovi&d ~tb an 
aulom>.ti< vol!>(< <eg<>latot . 
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Tho minimum'vol"'-O< of the g<n<r>!O< •• ,hown in 
Figuro 218".., iml>Orl¡-nt qu.>n,;t¡ b<uuO<' it ;, o d<t<r· 
rnining b<lor off«ting undorvolt>K< devio., MJ con· 
Ucto" conn«t<d l<> ¡ho ty!t<m .. d !he >t>llin¡ of mOIOfl 

runnino on tt>. ''"'"'- Th< """'' of Fi..,r< 2.1? un 1>< 
u>ed for e1timoting tb< minimurn >olt.~o ocrucring ., 
th< t<tmUu.lo of o g-rot<>r RWIT powtt to a motO< 

boing >l•<t•d. 

!4otor Stortmg Vol,.ge Drop 

"""'' '" .. '"'" '"' •..,., ..-"«" "' C<•<••oo• "'""" 

1 lt io cbor:octeri>tic of m<»t oltomotfng-cut<tnl motou 
. that th< "'"'""' wiU<h they daw on !Utting lo mueh 

high<r tb.n tb<ir nor..,.l tmuoing <tlrron~ Sp><htO<IOIIO 
and oquirrel<>.ge indu<tion motor. ot>.,¡.<! on full volt>.¡e 
""'Y dnw a,,.,,..,, .. hioh u"""' ot ei¡ht tim" thcir 
ful! 10><1 nonning mH<nl. Thio ,u<ldon in«m< in th< 

·curr.,t dr>•n r.-,., tho I'OW« qol<m fhOT rorult in 
<~«,i•• drop in volt>.ge unlm it io conoid<re<l in the 
<l<<ign of th< ''~'"'· Th< IDO!ONt>n'ong k V A, 'om¡o>~ con 
th< pow<<·>uwly oy•t<OI, and th< o..;b.blo moto< l<o<qu< 

"'' gr .. tly off.ct<d by th< mothod ol otarting uo<d. Toblo 
2.16 ci"<l • <Omp>dson of >ntnl o:ommon ltO<=tl>od .. -

.. .., '"'"" """'"" ...... '"" . 
•. .., "'""'" '""'" '"'' '" <;("'"""' .. .., "''"'"" 

Typial , ...... ,,, 

• í ' ¡ 
1 1 
1 • • o 
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FiKUto 2.18 
nlta¡o l>ehoriOT due to 

moto< 
otartina; o 

• 

' 
...,TOA STA~TING •vo ¡AT ~Af(O OE~[UfOA ""'lfUE 1 

¡n SGAC[ Of MOTO<t-~P 15 aASEO ON STAATING 
,_[Nf .... G [OUl!_ TO .. PAO>IMAf[U 

S 5 fiM[S N0AMAC 

121 "'"'"'!S NOI•ITAL Lo.&O,YtllTAOE R[GUUTOA 
II"LL RESTO"'- VOLT- 10 100 I'U CENT AfHA 
o•• ro W.LUU o.vu ...- cuovn 

Ul ONITI&L LCI&D, 10 OHY, IS &IISUOI[O TO U 
CONSTUT·C"'O"'T n-Pl 

PI....-.U9 

(4) I;[N(AOfOR C"AIU<;fD<ISflCS AS ...... O AS 
fOcu>ws 

G(N<AAf- AAf<D 1000 •vo OR C[SS 

•••ro•~ANGE rocroo, • --•.o 
TRA!<SOENT oucr.uocr. •' 4 • Z5 PfACLNT 
SYNGMRONOUS OI!AGTAr.ct",•~ • IZO PlA 

CENT 

Mlnimam ooltap o! o rmoratat duo ta ott.rtinr o mata< 
(lor ntln.atlr!.c pur¡><>Oeo onJ,-) · 

1 
\ 



' 

Elw e/ ""''"' tttJ•Ii•g ... dúlrih!..., "",._Fr<
"""'tly, in tiH: <aO<: ol """"">«! ¡>OW<f, lher< are,,.,,. 
fonn<n ond/or Qb!<> b<twom the st.onlnr motor..,.¡ the 
¡<n<r1tor. ld""t ol tht d«>p in thio <U< it ,.;thm the 
diotribu~"" <q<Oprm,nt. Wh«< all of the ••lt•r• drop lo 
in th;o equjl""""\ the volt>.oe !>.!lo imm<diatolT {b<uox 
it ;, not inftoen<od b)o a r<¡u\ator ao In the ¡morat<Jr 
ca,.) ond do.; not r«<>v<r m>til lhe ""''"' opproa<hes 
lu!l o,.ed. Sin« the lr•mlorm<f is utually the l>rg .. t 
oingle imp«hnec ¡, the distribaüon oyll<tn, ..... thtr<lore 
tal<<> olmoot al! of tl>< total drop. Fir;.r< 2-21 h>.t ~ 
piDtt«:: in ''""" of motor otartinr rn wbkh ;, dnWn 
il <>l«l "'"'forn•<r o.rondary volt>ge "'"'" maintoin<d. 

R ... etor Volta¡o DrOJI 

Tbo opptoximote circuiHolta¡e drop introdua<l br a 
<urtt'nt-limiting r<aelor """ b< ob~r<l ¡,.., ti>< CU<Yu 
plottcd in Fiprc 2.20 wbon lhe lood pow<r f>tto< •nd 
pe<«11t rta<W>« .,, lmown. Th< l'<"""' <<"cta.!<< io 
,.,.n1 (i.,,, u pan ol tl>o r<><!o.- .. tino:. 

.. 

Fifllre2.to 
Vol,.re drop iottodue«< by "'""ro 

Liaht Flit\er Problema 

Although • rhange' in ,-oii•K< rhong01 the output o! 
hmpo, olow d».ng<o in volUg< ouch .. due lo ""'nW 
loa<l vari>tiono, g<n'fally <lo not affW the outpul <=UKh 
lo b< ,.,¡«•bl• or irriuting. Th< <ff«t of oud<k<l d"'""" 
in vol"« f<l><>l«i al >hon intorvah ;, t«m«< "li~ht 
fiichr", .00 Aickor m>.y b«on.r_ .., >nnoyUcg O<Obkm. 
In indu,.6al plana,' ~ichr io um«< pri..,arily by th< 
lollowing ty,., of lo..! o r<>i•Un« w<ld<r\ are fu"'""'· 
~u<luating 'motor lo..d! ooch •• <OtnV"'"'"· .nd punch 
'"""· <1<.. The i"itation <au>«< l>y light fl"~<f io a 
lunction ol ,¡,. omwnt ofchan¡e in the H~hl OUI!"'l, thc 

froqu<ney ol ~<, ti>< ni< ol clwtg<, lb< dun<tion, and 

the """'"' of tht lndivid..U obo"'"'· n.. dip-limit cw--... 
of 'Fipr< 222 "'' • compooit< o! ,.,,,.¡ 1tudi.<o. 

F1umu•o.nt and m<rQ>ty lampo ""' ¡,., .. bj<rt to 
' fticl<<f d,.-;<111 vol .. ,, ~· thu aro iranduc""t !amp,., 

provid«< tb>.t tk< lowtt limit of rolt>.K< ,.,..,.;,. olxr<o 
tlut .. ¡,.. at whidt th< !h.oreot"'l and ""'""'7 lampt wiU 
be oxlingo,iobe<l-

n.. "'""" •honld b< d<>lon«< to elimina!< obi«tio<t
ab\c liKht ftkl<.,- 00 u lo odher< to thc timito ol Fi""" 
22?, WKI<f limi11 ma1 b< """' - cenoin cond;ti.,... 
without comploint lrom th< pcroonn<l occupyinr th< 
affc<t<d llf<&. 

'Fifl'luc 223 h., ~ indud«< b<couoe it r<pr.,<nl1 
"""" up-1~1< thinlring "" the put el el«""ric utililin 
with t<J>rd lo ~iclm limito. 

Ono wa1 lo t<<lu« Hght ftick<r io lo oo;p.arat< olrctrl
e>.ll7, th< ftkkcr-producing k>od from tho li~~ o.¡.;¡, 
o/ m<thodo /or r«<udn¡r ftick<r at< bc7ood th< ocopc ol 
lhio !"'blkati011. 

JiAIMOHICII 

Nature el Hormcmlcs 

Hann<mie roll•&<l ond nttT<nll '" bccominl: o/ ¡,.. 
<r .. oing imporlanc< in Otduotrial power oyolom>, parti<u· 
larl7 with r<prd to thér off«t <m ftuon><<nt lirhtinr, 

.cornnmnioation oy>l<m~ capacitar Ín!lalhtion,, and, "'"" 
.-«mtly, <l«tronic pr<>«oo coettrol oystcmo. Thc,.- ""• 

'" lor the mo>t par~ .._.,.,¡ by nonlin<>r loado ouch ., 
<l«tric ;.<ldcr•, a.c lu,.,.«s, ond r«tifi<rs, tnnof..,.,. 

m>.gru:ticinK "'"""'· ond, to a 1"'" cxtcn~ b.- IYII· 
ch<OI>o<l> oDd induction mac!W>o:s. 

. ·-· .. ,, 
The b>.tmonlc conl<nl ar.d magnltudc oxiotinj' in ""7 

pow<r oyllrnt io hrg<ly unp<«fi<t>We and will b:tw a 
wid< Y>.tiation at dcffw:nt p>rto o( the "'"' sy>l<tn. Ccrt
<idtr>.tion o/ th'• eff«ll of b>.rmonico in !he d.,.lp of u 

industrio! pow<r '1'""' io ,ddom procticabl< or n««· 
....,. <X<<pl wb<rc th< fo!lowinz '" ;,,_,¡..,¡, .. 

(o) llm:ury-ue oc rn<clwlleal «<li6<to 

(b) A<e fumaceo 

(<) l..arze •re wdd<n 

(d) L.argc Auor<O('Cnt or m<r<ut7• .. por lightin¡r 111· ·-· (<) Local ;<n<tation, pa.rticu\ar\y il dirt<lly <onnc<lod 

to ,.,_ oV<rhad utility dimibution ''''''" •t -
""''"' •olt•ge 

(r) Voll>gc otabili•e'l. 

Are Loado 

R""""'· fuma<<> ••od woldc" o<e ><Id= l<<Ktblc
'"'"' cX«pl whett upa.cito'l >.rt imtoll«< or whtt< 
th«c ;, the o•mibility o( ioducti.e coupling to tcl<phon< 
<Í«uil>, <ithtr within >he p\ont, or more liko\y, on tho 
utility '1"""'" (C.!"'<i<oto do not gencr•t< b>.rm<tnies. 
but they may ,_,¡"" '"' ;.,,.,., l<armoni«, dep<nding 
upoo th< portirular <in: .. m<Un«>-} 
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'LICIIEII Of IOIC ..... IIESCEOIT lAMI>S 
C•llSEO 8Y RECURREOIT YOl.T•GE DIPS 

• 
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-• • 
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" 
"-

• :-;; • " -• •• "' .. ........ , .. " .. 
• 

• • • ' • •• • • ' • •• • • • • - "' - •• "' ~ ..... ••• ... ><COOOO 

1 1 1 1 1 'FtEQUE~j OFIII
1'7 1 1 1 1 1 

• • ' ' • • • .. • ' ' • • • • • ....... .._ .. 
TIME 8Ef'fl't[OI !IIPS 

Firur• 2.22 Fli<l<<r """* • 
. 

1 

' 

' " ' " . 
' 

. 
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·'~~" ' 
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L T•·~ 1;~1" "' [., .. ,mol"'""" .. , <'"l't IM ""''" '"~ ..... ., ....................... ,,.,_,.'"'"M"''""'""'· 
wl><•< tlO<>< ¡¡~,, >POI> '" ""' '""''"""'' ...... F .. ''" 
'"",;"""" ''""'"'• w""" ,;, ""'''" ""• ollow f~ 
bm., "' ..... , hm><o. 

'- GROUP f Lo~•" opol> <o "'"''"'"• •=" '>'""""' -<H, 
"'"' '"' '"'"""'' ""Lilohmmn m """''•" FoL!ow" (M A •·•~< ftK>« ¡, .. ,~;,.,,_,, fo• ;,,,.,,,.,, ,,, .. 

'''"'""' < f <0< ",.;,, '""'"" m"' "'" ""' '""-"
(U) Ao 1 "'" '''"" io pnmio.,Mo '"''"'ti><""""' oi ,;,. 
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' ., ' ' 
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3: ~ ' 

' ¡ -¡ 

........... ,. .... ,...., ........... , ............. ~ ... ~ '"' ..... ""'" ... , ..... , ........ _ .. _ 

A O·"h "'''" io ,..,m;o.,blo fo• '" >""" ood .. ,., 
~ ..... ,¡,, ....... _.,...._,_ ••• ,¡,. ·~ "''"""' 
"'"'' ,,. .,;,~., '-''" OO<< in O. o -" •( hn'• ., ,.. '"'""'" ,,,, .... 

>. GRO~'[' 11 Li~''' ,,.., oo ,.,.;,.. ,..,,,;,, "'""" 
.,...,., ., ''''""' ... '""""' ,.,.,, .. ,, ............ .. 
r.n¡k ooch o< "~'" l~il''""• hoo.Lo. """"· '"'' «ou•, 
"' ''"'~'"' t .. ild••<•· '"- GMOO'I' ll L'-"' ohoold 

... .., ................. """'" .~ ...... '·' ~·' w "'""" , ...... . 
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Whcr< <>pocito" '" in"•llod lo< I">W<t·f"tor im· 
pro"<m<nt oo ~ po~·or sY>Iem with '"·produdng 1"-'dl 
and th< !Y!l<m r<a<t>n« hop¡><no to equal th< <>.p.ocitor 
roamn« 1l one o( th< hmnonk lr<qu<nci" K<O«otcd, 
thc hom,.,.ic """''"" in th< e>p.oci<ou •D<l the (nt«
conn«ling drcuit> will ¡,., ouhoL>ntially hiKhor th>ll thc 
l».rmooi< <llff<nl ,,,,..,.ny J<n<rOled and may <bmago lhc 
ca['>cito" thra,gh ov<rh<><ing Thc r<1ultant haomonic 
roiUgc• on thc d»tribution •>•lcm ""'1 oliO CIUS< loe>\ 
td<phnnc inte<l<rcnco, Po"ible "m«li>l ""''""'" indudc 
th• use ol tuning h>duci>"<O. or clanoring tho tot.l kn 
o! connoct<d e>podtof1_ 

Ll,hlinJ Sy>temo 

Tho ar<- di,.;h.orgc o! nuor<o<conl or m«<llry ••
lampo, <Qmbin«< with th<ir a>oociatt<l OP>Cito" ond 
bollo¡\,,'" o 1011rce o( harmooico, p>.otkuLu(y the third. 
b¡><rfcncc ohowo th>t tbo: third h.,monic Cl>t"'"' m.>y 
0, •• hi~h •• JO "'"""' o! !he !utLdam<nlal in the pha¡e 
conducto" ,.,.¡ 90 to 95 ¡><<«111 in tbt neutro! .. Th<'<~· 
lm<, le.dtr dreuih '""'"" >u<h lighling pr.dominatdy 

ohnuld bovo the n<Otral <ondu<tor 111«1 lOO p<'«nt of 
<he hoh<ing load. 

Rot•ting Mochineo 

1t ¡0 eommerd•lly impraotiable to buikl oyn<h<otiOo>> 
mochinoo th4t gen<nle a puto oine w»e. Aho, unh>bn<«l 
supt>ly vol!>¡., to indu<tion m.><IUou wil\ ,..,..,¡¡ in U.. 
~rneration o( humoni" Wh,lt ,.,,¡¡ de~ion.d grn<rotof1 
and molo<> HldOftl t.IUI< harmotti< proW""t in the ••<<· 
oge indu!lrial ~"'"" diotcibution oymm, it it .,,rr to 
coruidor tho po,¡¡,;r,ly when lp«ilying g<n<t1tor., p>.r· 
tiadarly wh.:re unbabne.d looding Or pe.,ible telepbo.te 
intedcren<e from •~pe«-d tronsmi<oion lin<> or Qb\01 it 
onti<ipa t«<. 

0IRECT·CURREI'<T SVSTEN VoLTA<lES 

Th<re hao b<en no t¡><rifi< iudu>l<y olmUotdi<alion ol 
o!in:ct volt>••'- ln modtrn pb.nh wher< direa <Urrcnt ;, 
r.quiroU lor op<<ial P"'P""'· Z$0 io the most common 
'n>lt>ge. lkpr<=>t><i•• monufo<tur<ro ~.t IZ$-, 2.50--, 600-
and 7S0-vol! oquiprn<nt •• being a .. il•bl•. 
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CHAPTER III 

SYSTEM PROTECTION 

Thi> ohapt<r di""'"' tho imporlon« o! aclo~ua!< •Y•· 
Iom pmtoction in indumiol planU thr<>u"h tho U>O o! ,._ 
layo, breakon and fu«>. Tho type of robyo >V>llablo and 
thoir par~rut.r "'"''"'t"i"i", tho l<uk prindpl<. o! 
applying rday, ond r<loying oy!l<ml, and tl>e min;,nurn 
rrqui«m<n" of '"linr >nd m>intoinin.o .,byo to '""f< 
P«>p<< o¡>eWion '" inclu.kd. Fuo<1 o<J<! fu>< applialion< 
are dio<Uo«d in o bt.,- S«tion o! !ho ch:op!<r, 

l!!dn.otrW plant> vorJ ''""~J ln tho comploxity ol 
thok electrio >J!t<m>; the ,...u,,. luvi"i: onl7 a <m>J! 
rodl>.l •r••= wi~~ fa~< prot<dion, ord th< luroot hu
m,. on intdc.ot< comhina~oo of buon, ti.,.,, &nd break<n 
requiring ..,,y oompl<to r<lay prot«tioa. WtUio """' 
iodu.triol n><r> porelu.'< :di o! thcir de<u-io ..,.,10', 
thon: ore many 111bo gooa>.to plft or al! o! thoir trquir<· 
men<>, .OO.oti~no; <><><uting in par>tlol with 1<><>.1 utilur 
J<n<<>.tion_ Invari•bly tho loe>.l u~hty <«¡Uim loult pro
tection •t tl>e ,.,,.k, ""'"""'" to the indumiol pbnt, 
ond in all a,,., at on eorly otage of d.,i,n, tht tnKinecr 
ohoold cotuult wi!h th<: utility "K"d'"g lault pr<>t«tion 
r<quiromenl>. 

The pri.nary obi«tive of an induoúial planl ¡, lo pro. 
dute eomistently and oconumic.lly, Tho abilily lo produco 
io deperu!ent on the adeou.oy >ru! cotLtinuity of the eloc
trieal <erl<io.; and ><rvi« int<rruptiono can be evoluoted 
direetly in '""" o! l,.t pr.x!uetion. Uouolly, the <MI ol 
l"'t production <x««ll the <011 ol phyokal darno¡e 1<> 
equipmmt invnl=l in • lauiL TbettfOte, it !o impoftont 
to the indu>triol opero~on th>.t the electric oylt..., be 
fi'W<"Iy de<igned "' th>.l prot«til'< oquipmmt nn be 
oppliod U. >O<h • =nn<f .. to i>olat.e f>otu quiclcly ond 
with a miolmom o! ..,...;« inturuptÓO<I. 

In oddition to pt<><IO<tóon loss, '1"""' laulu """ re
oult in injtu"y lo P"'""'""'l ODd utt•ui-.. J>I'OP<rly da""l'< 
.,[ther dittctly or ao o «~lt o! o Gro or uplooior>. Al..,, 
o ..,;.,,., un<l.,.red f>olt in • pbnt eu1 joop.ordiu the 
utility operotion .00 reoult in on a1a. outoge lhot wootd 

afl'oet """''""'' oth<r ''"'""'"'· The>< baoic loctoro in
duding production los~ ¡><roorl'><l injury, prop<rly d>m· 
>KO. ..,d «>noider>tion lor oth" "'"' of t.ho ><rvice 
ohould be induded togeth« wit~ the on¡in<<ring t<· 
quiwt>'"li in dot<rmining l~< !ault prot«tion lhal io 
reouircd. 

The lo...,, .,.ociated with a ..,..,.;« inlmuption .. ,1 
wid<lt io difl'<r""l ty¡>a o! indumie~ For """"PI<, • 
""""'' int<r,.,ptlo<o in a m><hinin¡ """"tlo<o mat mean 
onlt a d<hy in prndl><lion, "'hile a oim~or int.erruptioo> 
in • <bem;caJ r«<nctio.> p1>nt ..., caUS< Ion oi ..,.,,,;..¡ 
...:1 prodloction, ,.,u,· c~e:o .. p open~iono ond pouiblo 
~· "' pwdoo:tioa oqu;-~ 0t.11er iad .. ,n .. OU<h 

•• r<fin<rieo, p>p<r <nHI!, '"tilo millo, 1tool mili~ •nd 
P'"""'"K planto "'' off"t«< 1imil.uly, but in >OfYÍfii: 
dogroes. 

For >om< lyp<! o! IO>d<, '"'~ •• porer, film, ond tox
lile fibr< pr<><<""• >nd o<hm inv<>lvi"ll mmpl<x outo
mation, a moment>ry volta¡¡< dip un b< ., oeriou• ., a 
oomplete int<rrupHon. Othoro <>n tol<rale & momon,.q 
inl<tn•ption, but oot a ou.t>ined ono. n,,, the ty¡>< o! 

·industrial operotion lw • m>ior inAoen«'"' tho lype of 
f•ult pmtection •OI'Iicd to the ol«tric oyot<m. 

SD<I" indo>l<ial plon,., bea ... o! tN:ir P« O< the 
""'"" of their opero~ono, ""' lblo lo m>in..m oloctrical 
o:nKioe<ring •"'-fl'o eopoble o! the duign, inota!hti"" >.Dd 
mairtt=nc.o o! on <ffici<nt protectiu "'"""; while 
othe" will probobly ~nd it ,_, ...,.,.,.,¡0.:1 to <n¡>ge 
«>mp<t<nt <ngir=rU.g od•i<e and oerviteo lrom ""''"]t. 
"'"~ n.;, work i1 opeciolitcd Alld oft"' Y<f)' complex, 
and it ;, neith<r .,¡, ""' f•ir lo th< o¡><r>ting engineor 
to exp«t him lo do it •• a oidolino. Noith" io it /a.,ible 
for the <quipm<nt monula<turer <>r tho loco! ulility lo 
nuintain a ouffidtnt !otee lo provido thio mviee. 

Prot<ction in >n elecldc oYolo'rn ;, • /orm of in<ur--
"""· lt payo nothin¡¡ ., long ., th<rt io no l•ult 0< 

oth<r om.rgoncy, but ., hon a f>ult oe<uro it an be erod
itcd with reducing the <>l<nt ond dur>tion ni the int<r· 
ruption, the h>Z>rdo o! pro¡><rty daoure ond ¡><roomod 
injury. Economially, the pmnium paid lO< thio in>ur· 
>o<e "'"" be bolonecd qoinst the coot el ~" oru! 
!O>t produ<tion. 'The l><t ohould not be O"«rlookcd th>.t 
protection wdl inte¡rattd .nth the <h10 o/ ><r<i« d .... 
,;,ro ""'1 redt>« <>pita.! inv .. tment br eUmino.tinJ: the 
n<cd lor oquipment ,..,.., .. in the ir>dwtrla! pl>nt .,. 
100<« mility .,. ....... 

NATURit OF n111: PltOIIt.EM 

1t would be n<ither P<OttJe>l nor economkal to I>Wid > 
bultprool I"'W" >YII<m. Conooquently, modem oyll.,.l 
oro d<>ioned with r .. 10111bl< pr«>utiono lo pr""idt ouffi
<iont in<ulotion, da.r>n<<>, dO. bul a mtain number al 
bulto "'"'' be tolerot«< durin¡ th< lile o! the oyot<m. 
Ev<n with thc belt d<>ign poooible, m>terialo tend 10 
det«ior•l<, and the lik<lihood of bulto in<r<a!<O with 
age, Ev<l'y oyotem io oubioct' lo ohort cirouito >nd 
voundo th>l ohould b< r<mOV«! quickly, onda lmowle<lge 
of the ef!oct o! laulto on outom v<>lt>l<> and """'"" 
¡, .,..,,..,, to d.,i,.. ouilablc r<by protection, oin« 
theS< qua.,tities ore usod to ><IU>.I< the robyo. 

Tbe ordinary 111'<• o/ buiU th>.t prot«ti•• robys """' 
<ktect U< thr~ph1$<. phote-to-ph01c, iwo-phue-to
v-od, .m ,ing!.,_.,._...,.,.rround ohort circuits. Tber< 
"'' two ¡¡enenl <hooi5cati<llu o/ _......, ~'""'le-

• 



curr<nt oy<l<mt; ~"~ íoolat<d nrulral or ungr,.,nd<d 
''""""· af'Ml S<CO<>d, I[TQUnd<d oy!t<rnl wh<'< tho n<utral 
it v<><m.t..! <itbor ooHdly « ll>fWih • n=trol impod
ana, Bo<h cla11i~ati011< o! ''"""' aro sobject to tbo 
lour typ« o! I•~IU. 1m tl.., ~ity o! tho.., úulto in· 
...,)vin,g gr<rtlf'Ml d<prndo to a l>tO< ul<r.t an tho m<thod 
of grounding th< oy<l<m noutr•l ond th< m•gnitudo o! 
tho noutr•l impodan«. 

GROUl'<D!D AND Ut<GROUl'<D!D SVSUMS 

1"k grnoral oobjo<t of ''''"" .,-ounding ;, ''"'"' 
lrom U.. viowpoint of Snto:m D<>i..., in O..pt<r V, and 
it it • ..,..._,,lo ob><tv< hor< ooly tl>< dl«t on baoi< r<· 

laying m<lhodo of th< <hoi« b<tw<"<n a groundtd ond 
•n ungr<rundod >Yil<m. 

In gT<>und«< oyot<nll, pha..,·l<>-~rou~ f•ull> !"odUC< 
<tltto,nl> of >uffici<flt nugnitodo lobo u..fol in tbo opon· 
tion o>! no:ut<al """""'"'" r<loyo. whi<h >Utomatially 
de1.a tbo !out~ cktomtir.< wbidt f«<lor b>.o únlt«<. on4 
initi>l< tho tripping <>f lh< cor.-.-ct cir<uit bt<•km to 
do·<n<rgi« U.o f•ult<d portioo of th< oyot<rn without 
intm,pHon o! mvico to unfault<d portiono. Mnr<ov<r, 
il tho ''"'"' noutral ¡, ground«< thto>ugh • woll-cho.., 
imp<d>.noo, tlw: .. luo of ll>• loult cur.-.nt can bo modo 
ouffici=t !ot d~ndobl< t<bying, y<t insttffici=t fe< <X· 

...,,.;,, domage at th< point el tbo bol~ 

In ungr.,.,...¡.,.¡ 1yot""'· pb>.O<·to-~nd lault• pro
dv<e n:Tativ<ly inti~ifioo.nt v>.IU<O of loult <UTT<nL In a 
omall isolot«<·n<utral induotri•l inot•llation, tho gtound 
fault <ürtent m.oy be well undet ono ompeto; ;.hilo tOo 
lorg"t pl.onL <ont•ining mil" of ablt to provido oloc
lr<>ltatio apocitonco 1<1 gr<>und, m.oy ptodUC< nct """' 
U.., l'll amper .. of grormol-bult <llft<nL Th<o< <urrmu 
OJ< ,., mef~l fO< tho op=~tiÓO of O>etrurr<nt rdoyi111 
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to IO<Ot< and r<mOV< >u<h !aullO, not only b<au><i o! 
the o.tJ<m< l<fllitivity o! tOo tobyo thot woukl bo: ro
quir«<. but abo bo:a.u,. of the """'Pl"ity of lh< flow 
p>.tt<rn r...,ltifiC fr<nn lh< lo<t thot tho •..,.,,-.,.• of U.o 
gt<W>nd <Utt<nl i> th< di>1ri!:o>l«< apocit.nco to g'<Qnd 
o! tlw: unloult«< eon<J"itoro. (S« "'""" ~.!.) lt is poo
•iblo, how<v<t, to pto\·ido a noutt•l voltag< rday whioh 
wdl opcr•l< on alarm on tho <><<utttn<o of • gmund hut 
whioh <>-nnot provido •ny indleotion ol it> "'" loc•tioo. 

Tbo: ""' advantage ol '" unroundod ,.,...., ¡¡., in 
tlw: po~~ibility o! ..,.intaining ...-vi« "" tho <nlit< •Y•· 
t<m, tr.:ludi!IJ: tbo: loult<d >«tioo. until tho l•ult con bo: 
locatod af'Ml tbo: oquipm<nl ohut down for '"'"it. Anin" 
thi> •dvon,.K< mu>t be bolonc«< ou<h disadvonl>~<! ., 
th< int¡<mildlity nf toloying the l>ult outomoti<>lly, tho 
diffi<ulty o! IO<>.ting tho ¡,,lt, the long-<ontinu«< OV<t· 

'""''¡"' of th< inoolation of tlw: unl•ult<d pb>.><1 (1.73 
ti'""' opu>linr YOlt•~« in tho """ of o.oüd gumndi ,,..¡ 
poth>.P' muo:h mo<o in tho <a>< of ..-cing groan<h), on4 
lho haz>.rd of mulliplo: •=n<l faulu •nd ttan,.;ont ove<· 
V<>IUges. 

0tSTORTION OF PHASES Dt!RING FAULTS 

B>lon<:od thr..,._pt=. loulu do not """" voltog< 4io-
tortion o< <utt.nt unh.I•DC<. 1"k b.lon«d r<lotion•hiP' 

o! v<>lugn U>d "'"""" >r< """""' in Fign.-e 32. Olhd-

-
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-" Fl¡¡ure J.Jc 

tn><• o! bulu, ph;>O<·lo-ph>l<, .inglc-ph>><-lo-ground, 
•nd tw<> pha><-l<>-g,..>tu-.1, "'""" di>tort<d voll>&" •nd 
unb.l'""'<d "'""""· Thr vol,. .. di<l<.,úon ;, &"'"" 
., the fanlt aro! mínimum ol th< ¡<,.,r.o.tor or ..,..re,. 

Currents Ohd vol!qtl ""hi<h <XÍ!t do~ a (ault nry 
widely lor dilf<rmt •>•lc'm~ Th<y vvy "" a gi""n <n
'""' dd><nding "" trP< •nd location of the bult and tht 
dtgroe o! >Y"•m ••oun~ing, Th< v<ctor diog<>ms o/ 
F;,.,. J.J ohow vol,.¡< and Cllfft0l «l>tiom whkh rx· 
i>l lar Mfm11t tyP<I ni loulh on ' oolidly-groundN 
>Y>!om in which tho currrnto b¡ thÓ vult.>.ges by óO de· 
gm<. LOa.! '"'""" >r< nnt indud«< 

The<' di>g<omo ar< typi<ol ol th< f.uh <ondhiono 
which. """"' rd•yo to Op<<>t<. Tho dhtortion can b< • 
gn>U<r m \m th>n th>t ohown, dto<n<!inll" on tbe >n<eity 
.,¡ th< b.u\t ond i1> diotono:< ltom tbe r<l>.y. 

Wh<n the in<!u,.riol powor oyot<m ;, in normol op<ro· 
tion, al\ .. ,., .nm.td lu.>< ..,.,.. lorm ol ,.,,.,..,;, "''' 
protoction: howov<r, lOm< bult ¡nniiOHti" n..y l>< <Í<· 

lib<ratoly "'' >oide •• k>n improboble to juo<ify the <o>t 
of !pecifie prülrttimt. Ud.,te ><«pting a risk un thi1 
¡.,.;,. howev<e. the ltt.>~nitude ol the proO.bie <!atu>ge 
ohould l>< S<riou!ly eun•Í•Iored; oth<ewioe. too mueh pro· 
teetion might l>< provi<l«< for troubl., whkh """"«! 
Ir""""""' bo.ot c:tu .. d only ..,;,.,, di!f.eulb<>. wh>l< ,,,. 
bu! .,,;.,.,, """"'' ol lrwblo might b< .,.tF<ct«<. For 

uompl<. intrmol trandotmer l>ilut<o r><tly '""""· but 
!be ~ n'UY t.. .. ,, "'""'' <in« ouch !•ulll 
con <>.U>< oil 6r<1 ond <ndon¡t< pefOOM<l 

Moot ,,,....,. lu.v< _,. Ae.i!Oiity in the ononner in 

which cirouito '" a>rn>«t«< IO~ttl><r. Tho """""' poo· 
.;bl< .,,..,K<m<n" ,h...,l<l b< conoidm:d in pt,nning th< 
rel>y mtom. "'tho.t son>< otnergen<y o¡><rati<tg "'..ritioo 
io not l<fl withoot prote<ti<m. Sohto lYP<S uf syotem• 
ho>o .o mony po.,;¡,¡r o¡¡<r•titoK "'mMnationo th>t t<l•y 
prote<tion <annot b. >ppli<<l lo o¡><rato oorr<<tly for 

al! comhinotiono. In oooh "'"'· ti>< ""'r.1ting <onn<ctiono 
lor whi<;!, tl1e prote<ti<><l i• inadeqll.lte ohoold b< a.oided 
il ¡xnsjbto. 

• 



TYPI<S AND CIIARACTl'RISTICS 01' 
PRon:=<VE Rr;u.YS 

Gmeral 

Followin~ ;, ~ b.-id deocription of tbo: types oud 
<~"'"""'"'" ol reloys ,..,,, rommonly u>«< in ind..
triol pl=t ""'"'" oy!\ernl lor >hott-cino•il pro!<,liQ!l.• 

Ovniurrent Rela)"' 

Th< moot rommon uby lor >hort.Or<ttit protocti'-' of 
tJ., ;,.¡.,.,,; .. poW<r oyst= ;, the o=<urrent reloy. 
Th< ov<C"""'"' r<lay! us«< in 1~< indu!lr)' >r< lot,<ly 
ol the rl«:lfom•C'><ti< aUto<tion, indu<tion ond solid 11>1< 

IYI"'- Rel&,l'o .,;¡h bóm<tollie el<mrn" '"' u><d lor <herma! 
,...,,,.,.d "rrot«tion ~hirh ;, omside th< "'""" ol this 
choptor. Th< •impl<" OV"< U1 «ni <rl>y .,,;"~ thr el«lr<>
f'I'Ugn<li< >llr><tion p.-incipl< ;, tbe solmoid lyp<. The 
bosic drmrn" ol ¡~;, rd>y >re > oolenoid "<nmd ><0...... 
>11 iron «><< an<l >1«1 plmo~er or •ronaluoe v.·hich moves 
inoide the O<ll....,id and tuppOrll the <onl><ts. Othor 
ele<tr<>mat;n<tWo. >11r>cli<m·lyp< rd>.JI h>..e hin..,:! "'""'
"""' nr <l>pp<rl ol dill"<retot oh>.p<l (Fi¡¡me J.4). 

. -· 

Tht conolr•clion ol thr inJ•otion-type oV<r<Urront ro

lof io simil>r to • """"""' m<1« •• it «moiol> ol on 
el<et<"""gn<l ond • mo\'oble """'"" ,.hith is .,,,.¡,. 
• m<lal disc o,; > vrrtiul >h>ft. Th< reloy runl>t\1 ><< 
op<rotod by tht moV>.blr ~rmaluro (Figuro J.S). 

A r«ent oddioicm lo th< ;,¡,, bmily ;, th< ><>lid ot>t< 
IYP" Thr" ¡,;., th< oJv•n~>g< nf "o movin~ !'"" 

AD of lh< diffmonl IYt><• el ove<corr<»( rrJ>yO h>ve 
in «munon odju,t>ble euCrent t<l~n~s; and whm the 
mmn> through the rrlay wil <>«<d• o giv<n ><tting 
th< rrloy '""""' <loO.. ond initi>t< th< btuker t<ippio~ 
o¡><r>tion. The r<loy .,,.;.uy rroe<iv« '"'""' lrom the 

• 

S<rondory ol ctttrrnt !t>nt!O!'m<ro. In IOntt """~ por
tkulatly at low ..,..,.,.., (600 v<Jiu and below) tJ., «la.Y 
toil ""' he • part of thc eondu<tor ;.,.u, 

Ov<rttltr<rtl reloyo h>V< provision lor adjull"""t el 
<=rdlt p;,lrnp. 11 thio euwmt 01><"">1<> the rrb.J wil'-t 
intrntion•l tim< ddoy t~ prot«tion io c>ll«< imt>nt>""· 
<>tU OV<r<urrent protr<tion. When the ovmurrrnt io of 

a troosient "''"" •""' ~• ""'1 be aut<d by the "'""'' 
ni ~ mol<tr 01" aome ..,d<lrn ovtdoad of briel dutotion, it 
io unJe~itoble to open tho bre>hr. For ¡hio r<aonn moot 
of the r<b.y> "' <quipp<'d with o time dt!oy v.·hith p<r
mit< • rurrent seve~&l time• ;, e~tell el ti., r<loy ><1-

ting to pmiot lor a limilrd p<riod o! timo. 11 O rrloy 
"!''""'« lost<r 01 rurrent ir•:r<>on it io 10id to ldv. on 
inver>Hi""' eharocterillic. Ot-<rour<ent reloyo ore ovoil
oble with inv<rse, VI'Y in><rse, ond txtteondy inv<r"' 
time rldroeterillics lo ~~ the ""uirrmento o! the por· 
ti<Ubr oppl;cuion. "Th<fe ore •loo rel•yo ,....,.. oper>;ting 
tim< olt<r > trrtoin eurrent ,,.¡.,, ;, te><h«<, io pucli· 
co.lly indrp<ndrnl o! th< tnognituJe o! curr<nl. The!< '"', 
&efinil< minimurn-tim< overeurr<n( rd>n ~-ith · time-rur
rent tborotterilli« os shtm'n in Figure J.6. 'lndn<tiort 
overturr<nl r<l>Y• h>vr vrovision lor voriation of the 
time o.d)uotrn<nl •nd prnnit clton~re o! op<roting time lO< 
• given .,.,,..,~, lñio adjuotrn<»l i> <>ll<d • time kv« 
or time dial 1<tting of th< reloy. 

Fi~:~~t< J-6 ohows ~ lomily ol tim<-«<<=>1 ctt!'V<s el 
o typie>l definite minimum-time o•<reor,.nt reloy. lt => 
he >«n tldt, wit~ incrr.,inK eurrent volu«, the r<loy 
op<r>lin& timo v.·ill dr<r<>se in on inv«l< man1ur dot<"O 
to • Úrt>in minimom voloe. Finre H ,...,.... <ho clto<· 
•«eri>lic curv« ol in\'<r><, vory inverst, and e.twnely 
in.rnr time r<loy, ovhtn "' en their minimum and 
maxi""'"' ti,._.¡ial p<><itiom. h olso .howo the <i=>.c
l<riotic o! th< instont>n<OUI domen\ thot io •ruolly ..,p
plicd in these reloy~ 

QyueurT<nt Re layo with Voltago R<1lnlrtt 
O< Vol,.g< C..ntrol 

A ohort cir<Uit on on tlrctric oy.ttrn io oh""'' >«nrn· 
pani«< by • >udórn <oll>p>< o[ the volt>K<. wh'"" "" 
oV<r\ood ,.;n "'"" only o mod<rote vo!Ug< drop. Thue
lor. > voll>R<-r<stroin«< ot \'Oitole-ronttoll«< ev.r<urrml 
rrl>y io obl< 10 cli•tin"ui•h l>otv.«n ovrrload ond !aolt 
eonditiom A voll>ge-r<>lr>in«< ov«rurrmt rrJay io ..,b
ioct lo IW<> OP¡><><ing IOtqu<>, on "'"">lin& torquo d .... lO 
rurrtnl >nd • mtroining torqu< du< lo wll>.ge. Ar on<h, 
ti., """'""'"' t<quir«< to op<rol< the r<l>y ir higher" 
nor1110l volto~< than it io al r«<....,¡ ""'"1"· A voltoge
controllrd ovor<urrenl rdoy ""'"'" by virtu< of curr<fit 
torqu< ooly, lh< >p~li<>tion of t<hi<h ir rontrullrd by o 
volt>oe r<loy "' te ep<rat< ot """' ~r«<<1ermin«< n],. 
o! volt>g<. Soc~ rel>n '" u><ful «<. ~·hen it io d<>it· 
oble lo h< >bit lo se\ lht ;efoy rlo"' 10 loaJ curr<r.l and 
<till be oure 1h01 it ,..ill oot o¡><rot< incor=tly "" loo.d 
<Utt<nt. 

Oround R•l>,.. 

Whrre lh< inrlumi>l power or>t«n neutral ;, oroond<d 
=d ¡round-f>ult <Utf<nt can flow U. th< coodu'eto" o 
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P,..qumq Rclq 

TI>< ovul,...""""1 «la.r opcratoo "'""' tho "'''""' 
lr<qu<nq cxc...Jo tho l<>lue loo- whid> tbc r<ll)" i• Kt, 
wh<rQI rh< und<r/r<quepcy ,....,. op<rat<> whoo th< 
lro:qu<n<y drOpes bclow lhio nlt><. An >PP<eci.oblc lro
~u<n<y d.vi•tinn indi<:at<o O<riou• ,.,,.,. troubl<- Fr.,. 
'l"'fiQ' r<laJ't. po.rti<ulot!y tlrldorfn:qu.,.,7, •rc used 10 
r<•IOr< a b>.bn<c >utam>ti.ally betw«n l=d and ¡ren
<r>ti<>O- TI>< ~Y u>«< lreqU«><J' rday;o ha.., ,.,..,_ 
,{,ion lor odju•Un<nt ol op<r.,ing f«oueno:y >od ""'"1'· 
The ·~ ol op<r>tion d<p<ndo on 1ho <l<vi>tion of 1he 
;o<lu;al /r«¡u<n<y from th< od.Úng of 0.. "l•y. Th«< >re 
'YI><> ol /r«¡uon<y rd>yo which op<r>te in.~l>nlin<Ou>ly 

if rh< lrequn.cy dcvi•••• lrom lh< Hl nt.... Tl><ro aro 
alto lyp« whioh >r< aotuat<d by th< rat< >! whkh 1he 
lroqu<nq io <h>n(in¡¡. 

Dilhno:nial Rcla1o 

All the pr<viauoly dmrib<d rd>yo ha•< tho common 
d10TaC1<ti"k ol adjo>Ubk ><U'"•• lo op<,...le >1 a ~wn 
nlu< o/ '""" <1<r1ti<.>.l ou•noity su<h"' <umnt. volt>R<. 
lr<q11<11cy. pow<r o.- • <»mbi""~"" e( <=T<III >nd vol!>~ 
or curr<nl and pho" angl<. Th«e '" oth<r bult-pro
tecti<><> r<I>YI whi<h lw.<tion by virtl>< of continually 
com¡>aring 1WO or mor< amento. lt i• """"«! that th< 
l>ult «>nditioru will <>.uO< • clun.t< o/ theS< <Omp>r<d 
valu<o witl> r<Í<"'""" .to .. ,h oth<r .,..¡ thio <h>nge ean 
t.. ••<d to oru>t< th< rolay. Tho ,irnpl<" lorrn al dHfor
<nti.o/ prott<tion for 1r>11$lonr•"'• ~<n<rator~ or motort, 
io ~n uV<rcurrent rday ronn<c!ed ro m<>>Ur< th< dilfcr
<11« ol "'"""' v>lnc u obl>i~<d ¡...,., <W"r<nt ,..,.... 
fuom<ro on <lppa•ite >i~" o/ l<•mformm or in t~< two 
t!><l> o/ .. ,h phaJ< of th. nu.;hi .. wiodingo. Th< pre
lorr<d mod<rn ~,,.;,., •n: th< f"<«nto..., ~iff<r<ntiol 
rebyo, w!Drh p<rtnit more ..:n•iti"< prott<tion without 
riskin¡ bll< op<r.ti<m d1>0 to m»ll difl"<r<-• in th< 
<>Jt«nt output lrom th< rurrcm '""'/ormor<. Thc<t ,.. 
layo aro •"ilob!c lar difl"errntiol ""''"'"''' <h><><· 
'""tin roto¡;ing frorn "lO .prr<ent lo 50 p<r<ont. llln>t 
diffe,..nti>l rcioy, '" <ll<ntiorl~ ;.,l>ni>MOIU in .,.,.. 
tion Prderr«< dillerontLll fur ]""' powor tnn>fonnm 

io 111< lurmoni< ""'""'' typ<. 

Carrent Bolancc Rela]r 

Thc principie of > d,ff.,ontial t<\Oy., appli<d to rotal· 

ing <quipm<nt protoction requiro• tlut rh< "'"""''' 1rono· 
form"' h< availalolc ot hoth ehd• n/ 1hr ph>"' n·indin"' 
to p<rmit tho rom¡wi'""" b<tw<Cfl th< """""' maomitud<> 
>t the1< end~ In oomc in!l>n<:o>. ¡»rticularly in >nt.>.!l<r 
urllts. it m>.Y not b< po"iblo to j"uify th< oo<t ol inoUJI
inJ< tlo<oe <urrrnt tnnoformcro m of bringinsr out lhc 
<Xlr~ ~·inding t<rmin•lo to onak< th<ir in>t>.ll>!ion ]>O!·· 

oibl<. In >U><h <>><~ ph>!<·hol>n«. <mr<flt rompori ..... 
rda., provid< a .rry ><«pt>hl< ><tb«itule /or doffe.,ntiol 
prol«tion. In >pplyi"'" U.... r<l>n it io ,.,.,..,.,.r thot 
nnd« normal candotion• th< pho" <urr<nts in th< mul· 
tiple pho>< >upply to thc "lui¡moont "' bolono;«<. Sboul<l 
the fault <>t<ur in th< motor or """'"'"' in\"Ol•Íng on< 
ur two ph>><S or •hould >n op<t> <irC.:.it d<,lop in "'Y 
o/ th< ph•>t•. th< aorr.nr. ~ill b<«"n< unb>lan«<l '"d 
tho rday will O¡>Or>l<. In a~dotio'l to tlll> prot<<tion 
>o;>.Ínll v.-ioding faulto, th< phase.hol>n«. "'"<nl •<l>y 

n 

atl"ordo ~rot<Ciion a¡:ai!Ht <1>"'"1< "' tbc R>Otot oo- J«D· 

<rotor du. to •in&l<·pho>t """'"""" Thi• t)'ll< o/ pr<>
tection ;, no;t P<Qrid<d lor by rh< ouO>a! diff ..-mtiol ,....,L 
Thi1 appliution requir<l <Xt<od<d time d<t.y for hi1h 
in<rtia moton and loado "'pr<Y<Ilt mioo¡.:<>IÍ<><>. 

Pbaoe Sequm«! or Reveno< Ph,.e Rcl.a~ 

R<Y<ro>l o! th< ¡Jo.,, rot>tion o! • motor mar r«ult 
in <O<tly <l>rn&~< to =<hineo. long ohutdown, and "" 
duc<d produ<tion. Thu>. imporl>n1 motor< >'< fr«¡urntly 
<"QUipp<d with pha>< >e<¡u<r>e< or r<=>< pha>t r<lay 
protecUon. JI thi1 eelay io «>nt>t<ted ro • p<op<r potenoóal 

""''" it = k mad< to <lo>< ito "'"'"'" wh'""" th< 
pkaoe rot.>tion io in U.. d<>ired dir«tion ond _., ito 
contact; wh<n''""' it ;, in th< owo•it< dir<ction !t aho 
con b< modo O<n>itivc to Oll>bal>n=l ool1>1< or und<r
•olt.og< cond<tion>. 

Bu• Protaction Rclaya 

Luge it>du!ltiol pow.r l)">!crn OO.., o!trn ha•< oec

tion>.li•ing br<•k<ro 10 thol fault> in ono el th< bus !.«· 

tioru <>n ho ioolot<d witl.out in,·ohing th< mnainin( 
Ot<timu. Ú<h of th< bt" oe<bono or io sorne COl<> thc 
whole bu! (il not or-ctionoli•<d) c.an b< provid<d with 
difl'<rcntial r<la1 p<ot«tion, whkh ¡, .,...., o/ .., inte""l 
bult isolat<o the hu• S<<tiuo. s,."a] typ<l o/ bus pro· 

t<rtiT< r<l>.yo uc u>«<. irw:ludi"ll tho """""'"'" difl'u· 
rotial rol•y. linear <uupl«. an~ the difl'er<nti•l volta~< 
rtb.y. 

&. P"mrlog< v;g .. .,.,;,¡ R<loy 

\\fhcrc th< num!.er ol <irruiu a>nn<ct«< to th< bu, ¡, 
r<lotivdy •=ll. ,.layo uoing tb< p<r<ent>'< ru!l.,ential 
principio >imilu to th< tr•n,lormer <Ufft<dl!i•l rel•y "'"'1 
\w: uo<d. Thc probl<m o/ aoplk.ition of l=«~l>gc diff<r
cntiol "'''' lor bu• orotection. bov.-cver. ir><r<>><o wit~ 
tlw: numb<r of <ircutl< <onnW<d lo th< buo 11 r«¡uireo 
th>l >11 <urt=t tr>nolormtn mpplying tht rcl>.11 ohould 
¡,,.. th< >am< r>tio and havo id<ntical ,h,r>ct<riotic&. 
Vari•tion i~ tb< char•<t<ristics o/ thc c-wr""' ,,...,. 
fuom~ro. particularly the utuntion phtnOm<n> un4or 
U.O.t-cir<uit <ondi1ion~ Pf<><ntl lh< '"'"'"' probl= to 
this typ< o1 protwion and oft<n li.nit> it to appli<>tion, 
wh<" only a lionit<d num\w:r o/ l=l<n >r< P'"'"~ 

To awid o¡.cr>tion lrom the inruoh o/ m•tmetizin~ 
<Utrent ,..¡,.n owit<hing lf>n•form<fl, v.ri<n>• rdoy de· 
l<n•iti•ino ><h<m<> '" Ul<d. The hormooit mtr.oint typ< 
ha• foatum ~ hich oliolmi:'Ji•h \w:t,.·«n tn>onrtizino inru>h 
CUrr<nt •nd int<m>l l>ult amcnt. Anoth<r lypc utili"' 
"torna! hminK relay• a .. d ,huntirtK mi•'"" ~•tring tht 
owitdoinf intmcal. 

b. Li""'' Co.p!o. 

Thr 'o·oall«l linrar wuplor buo·protrction .ch<m< 
elmll=t<• tb< diffi<Uity due lo dtllercn<<> in th< cluroe
teristi<~ o/ iron·mr< <urr<nt lr>n!lntm<o• b> uoino air· 
<Ot< onutual indu<t>n«> witl>out '"' iron in !11 ma¡;n<ti< 
<ir<uit. Sin« it dO<> no1 <Oot>in ony iroo in iu m>.gn<tic 
<iotuit th< ¡¡,.,., «>Uvl<r io frro o/ >ny Jit.OI-<umnt ur 
•lt<rNting·turr<r.t "'turotion. Th< lin.•r <oupl<ro of tb< 
•loff<o<nt hr<>k<r< "' <nnneot<d in >«i<O >n<l ¡•rodure 
I"<Ñtagu th>.t are dir«tly proporoi.,...¡ to tht <nrrenlo 
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' .. 

goin¡ throu¡¡h tlo< f=l•"· For Mrm>l 'o:nn<fotiono, or lor 
oxtern>l f•«il•. the ,um o! th< vnlt>~e• prO<In«d by 

¡,.,,ac mupl<r<. '""''' zoro, Du,ing intemol (ho.,) l>ult¡, 
hn~·cver, Lllio voltogo;, no lungoc '"" ond io '""'"'"' 
by • Ut<>iti>< rol>y v.hi<lt DP<"''" ta trip brooke" onJ 
ckor tf>< buo fault. 

c. lliff<r<,.,ial Vo/lo9< Rday 

Anothor tn<t!.:><l ol bta pml<:<tion io tl,. "" of dilkr· 
..,,¡,¡ vol<.>¡c ,,,.,._ n,;, scb<m< """ th'<~urh·trp< it<lfl· 

<<>r< "'"'"' lfonslonner>. Tt M-<tmmci tho p<Obl<m of 
cufr<nt-lfonolunno:r "'""tion by •>in~ o volt>~<·t"l""'" 
IÍT< (hi¡h·impcdonoo) op.r.ting .,;¡ in the ,.¡.1• 

Quo prol«ti<>n u>ing linur rouple., or difror<nti•l 
vol<>¡< <el>y! ;, na( lunitod •• to n'lmb<r o( IOUt<o on•l 
lo.>.d l«d<", ><ni ;, in genmol 1>11« in op<rotinn than 
prol«tinto uoing thr pee<enhgo diffooentiol pdndplo. lt 
ohoulol l>e ""''d th>t line.c oouplon or cu"'"' '""'
formo" '"«! lor <ld!econti>l volt•K< r<l~n ronnol he 
u>«< for nthor P"'""''"· Sepacote rumnl "'ndornoors 
~" r<quÍred lor lino rolaying and mele~ng, 

Pilot-Wire Rehoyo." . . . 
The r<laylng of tie ¡;,.$, <ither bo:tw..., the indullri.>l 

oyo.., and the otilit1 ,,,,;;,- « bo:t'"""" mojor lood 
<t<tltr"o within th< iOOu,.ri.ol '"''""- oHm pr<...,U a 
JP<ci•l pro\>l<m. It ¡, <»<ntial lh>t -~ r;.., be <apable 
ni arryinc _ m>.•imum <m<rg.ncy r.,.d rutrtnll for any 
lm¡lh ol tim<. .;;.¡ «¡U>.liy <>><nliol 1IU1 they b< removed 
Ir"'" ml'i<c very qui<kly should > foolt <>«1lr. 4 mo<li· 
fied lorm of differ<nliol pmt<Olion lmown >o piloi-wiro 
r<layin& io u>ed fo; thi< purpo<e. Pilot-wiro reloying 
"'"""~' very ouiekly lo faol" in thO p<nl<<le~ li11e, 
cle>ring the faull prumt>lly and minimi>ino lino d>m>gc 
ond <lioturbanoo to lhe n•tem; Y<l il i• toi>lly unr<>¡.on
oive lo r.,.d '"""'" •nd to aorr<nU &owin¡ to l•ulto 
in other lino> >nd 'equipm=~ The v>riouo lypeo of pitot· 
witO rda)ing Och<m<> oU opao.t<: oO lhe prindple of 
oomparin¡ th< mnditions •• the t<:=irulo oi !he prot<:<ted 
¡¡.,._ !he rolan bcing ccOn.<to•f to OP<"'" if tho: «>m· 
parí- >nd!ateo a faWt ;~ tho line. Tñe information 
n«cooáry to thio ccm""n""' ;, tr=onútttd botwOUI ter· 
..,¡,.r. ,.,., a p¡lot-wire drn.i~ hen« 1h< dal~lion ol 
t!Qo typo of r<la,in~. Becan><, like •11 difl«cnti•l t<hemeo, 
it io «>mplet<ly and inh<r<ntly bala.o«:rt wilhin itaelf and 
comlll<t<ly ,.lectivo, tho ~iloH.-i« rel&y och<mo doeo not 
provi<le ~rnl«<ion for bulu al the •~Jaoenl .•t.>tion buo 
01' toeyOnJ lt. 

Dlot2nce RolofO · 

In rt<rnl yc>ro lh< uoo of distonce rel•y• h.ao l>e<:orn< 
wid<Opr<&d In tron;.,¡,.;., oyol<m<. Th<l< rdayo m<.,Ur< 
fine imped.>.nO< b.tw<rn lho !ault locatian ond thr rolay 
loQlion ; oOO <ince these qnantitioo •re pro¡><)rllonal lo 
linC trn.:th lhe ,.r._,, ..-. lr<qt"'"" roferr«< to ao dio
""" .-.:l&yL Tbe """OO<Ifing <l<ment Í> ...... u, ¡,WI. 
..,_,, in ><tioft. onJ de.ired time drloy llem¡¡ po-ol'idod 
11f ~ ti..- elemen~ .., th.ar th< d<loy alter o>p<rotiO<l ol 
a,.;,..:, .;..uurin¡¡ d<=<nt ¡, ca.o...,. In • typic.al appli
eotion, lhr.< m<><uring ,¡,..,.,¡, oro provid..t The fiu~ 
whi<h opor•t<o only for faulll wilhin the "~rimary· 

~rotecúon" rOn< ol th< linr, t<ipo thr br.,l<<r withoot 
io>trntion•l llmr d<by, Thr ""'"" <i<m<nl, 'o>hich oper
al« on faolh not only in 11,. pri"'>ry·prol«tion '""' 
hnt 'liso in one odj"""' <>r "l~<k·UJO wotcrlion" mn<, 
trip' alter • >horllimo ,¡,[,y; ~hile lhe ohirJ <l<ment io, 

'" to indnde a <lill ""'" '"""'' ron< and lo lrip oft<< 
• long<< time drloy. Th"e r<l>fl havr lh<ir gre>t<<l 

uoefulnm in a!'l'ii<>tl.,,. """• ~rl<etl.e '""'""'""''" 
Op<ration o[ hr<>krn in ><rlro io m<nliol (>O< in<ton
lonrouS O><reurr<nt rola,>), wh<r< <h.an¡:e> in ope.-.oin~ 
<Oflditiom <>U>O wid< v><i•lion• in moooitud« of fouh 
curr<no, aro:! wh<r< ¡.,.4 curr<nlo ""'' br gr<al """'gb, 
io cnm!"'ti>on wilh foult <u<r<nll0 lo ,;,,, OV<<<ill'r<>•l 
roloying uuderoir>ble. 

f'Rl><CU'LES OP PROTECTIVE RELAY 
APPLlCA'I'JoN 

Faull·protection rdoyio>K '"" bo cb!<lfied into tv.o 
group,, on< !he prim•ry r<l>yino, or tl"t grou~ ol pro

l<dÍV< grar that shonld lun"lon firot in '""ovlng lault<d 
..,uipmrnl from lhe >yoteon, lh< other "hack·op" rolaying 
which funeoion• only "''hon prlmory rel&yin,¡¡ failJ. 

To bo:ttec IU.,tt<\1< tho -.,.,., oi prol<etion" '-'IOCÍ1tod 
with ¡irim>.ry relaying w< havo ""'"" io Figure J.& ~ ... 
••riouo ""''• lO[Ictbo:r ,.ilh the drcuit breaker, whi<h 
f«d eo.ch electric olemont of the "'"'"' 1t ,.;u b. notod 
th.a¡ it Í< ""''ibl< lo dio<oon<el any pieoe of Jauhed <quip-
mrnl by cuoing - o.r '""" breakero lo op<r>t<:. For 
uampl<, let it be ""med th.at • foull oc<1u' in th< 
high-voltoge '"'"'mi<oion lil'e (Ll) in Figu<e 3-8. Thi• 
bull i> wlth•n' 1 op<eific ><<>o! prolertion >n<l >00old be 
cie>r<d by lhe primary rol~., whid• opcrat< Br<akef l. 

P~ .. u 

Like'Oii>< • fwll "" Bu• 1 io wilhin a ,..,nlk ....,. ol 
proo<m.,.,-..,:.¡ ,._Id b. <l<&red bY tbo: pr\mary rd,yiDg 

actn.tiog Bceak« l. 

¡¡ f.,.- ....,. ,..,;,., Brealo:<r 2 follo lo np«> ..,:¡ .. a 
ce.Wl lhe loulle<! equipo-nmc" remoino <Onn<aed l<> tho 
•r•iem, it ;O n<«'"'Y to depend "" huk:up Fotect;on, 
whlch ;,i thi> <a>< io provided by Br<akor 1 ond lto .-.Joyo. 

" 
1 



Fit;llr< ~-8 lllum•l<O lh< baoie principie• of primoi'J 
rda,.lng, wilh orpo.nte are» of pr<rtMtion «tabli.b<d 
..--..1 .ado ,,,,.,. <l<rn<nt. Tbc oirnih<an« ol thio lo 
lhal any «¡uipmmt I>Hur< <><Nrring withln o oiRn oreo 
w~l cacO< u-ipp;,g o! oll br<Okc" oupplying pow.,- to 

w•-
To '""'' \hat oll loulto with • giv<n '""' will opex· 

at< th< rola11 ol thot urn<, it io d"i"'bl< that th< cur<e<~l 
h211do.--muo .,soo;;.¡<.¡ witb tbot :one bo plo«d "" tbo 
1..- oide of <>.th br .. l<«, JO lbol the br .. kor itoell io 1 
P"rl of two a.ljawll oon<L This is lmown., ovorlopping. 
FOO" t<O<OOmic r._,..., bnw.....,., it io clt<n II<C<"IW}" to 
locote both octo o! curr<nt t,.ndormm on th< ,...., oidt 
of the br<>k<r. Thio io tlle <>>< in mctal<iod owit<hK<>r, 
U. wiU<h th< phy<ical ronotn><lioo .,..,..;,.,., lo<>.till¡ 
th< co>rrenl tronslor.,..., <>n th< lint lid<. In ndl>.l cir
cuito, the '""""""""' of thio laok o! artrlap or< oot 
uo.,.lly very a<riou~ For cxomple, • fault at X <m !he 
1.ood line Ud< o! Breabr J in Fi~tU•< U =Id 1>< d""'<4 
by thc Op<"IIÍng o! Br<>ktr J. if tbere W<r< any woy to 
"""" it lo open Broa\cr J. ltowcv<r, oln« the fault io 
b<t...., tbo br .. ka ..-.! lhe <llfr<nt l<11núorrn<r~ lb< t<· 
layo o! Br<alc« J will not ,.. it, aod llr<>l<<r Z wm """ 
to op<n and int<rtUj>l the othor load o! tht buo. The 
-el o! !.<1 of ov«lap brtotrlt more O<tiow in 
tilo <00< of ti< breakero b<t....., di«<rcn~y-protected 

bu><>, and huo f<edo rrottct<d by dillerential or pilot-wi« 
rdaying_ 

• In opplying re!oyo lo indunriol oyolemo, rnony fatlon 
muot be eon•iJcred. A few of the molt import>.nt >ro: 
(1) >implitity, (2) rc~>bilil1, (l) tnaint<NI"«, (4) 
tripping power ""''"'· (5) d<lfrt of odecti.itr .-.qorirtof, 
(6) oystern loodiiiJI, (7) <able ratin~o. 

lltforo •ltemptinr lo ..t "l> a protective ",-<Joying plan 
lor o oy>t<m, it io ad.i<able to •~•mine \be voriouo ele· 
metLlo th.>t makc up the distributiOil oyttem to~other with 
thc op<:r>ling requirl:fD«lto_ l.et it bo .,.,;.,ed lh.>t, (1) 
>11 clrcuit bo-... k..-. &re """~' ol intaroptiiiJI tilo ...,.;. 
rnum lault rurrmto, (<) >11 linn will withotand fault 
curr<tot" withwt donug<, lor a long <:neush time to 
ollow th<: pr<rttdi., .--ebr• to <le.r tht faolted equipm<:ft~ 
(J) br=ket control io to be direct.currcnt ooppli<d lrono 
• botlery oource. (4) the oyolern volt..ge io 416() volu 
""' \be ll<lllrol io pl>"OIId«<. 

Typi.al Smoll Plant Relay Syoteml 

One ol lb< oimplcot typ<o of in<lu>lrúl ,.....,. oytltnlo 
"'ight con•iot of > tingle ineoming line cireuit bmk<r, 
o oingle l«der on<l on.: tr>nolorrnet bonk >leppiog th< 
utilitr•• volt>.~r< Jown to ouli»tion voltU<. Thue """"' 
unduubttdly he "verol dreuiu on th< oe<oodory sido of 
th< tr>rt>ÍOrmer~ prolocted by cith<r fu><> or cir<Uit 
bruk..-.. Sudo • .,..,., i• """'" in Figut< J.9. 

l"'oot«tion for tl>e drcu;t h<tworn the incoming line 
&nd lhe br<.>.kcn "" th.: trarufotmtr >econdory woold 
..,.-mally <On>iot of phoo< ar>d r<>id .. lly-tt>Dt>ectcd OY<t· 
eurrent rel>y!. Prdorably the rclayo should h.-ove t.he 
"'"' time-eurrent ch>.racteri"i" ao thO>< o! tbe rola10 
"" tbe utility '"'""' in ordct to l>cilitate rcl>r m-
or<lination_ 11 ohey ore induttion typ., th.: ph;o>e rclayo 

" 

UTILrTY 4150-VOLT SYSTEM 

' 

¡tNCOMtNG LINE BREAKER 
-;' PRIMAR~ FEEOER 

TRANSI'ORMER 

) ) ) )'"""~' 
1 1 1 1 

ohould Juo .. in>t>.ntaneow el<m<nto loe Ul< on hi1b· 
<urrtflt faulto. 

The dcctrical cngi.....- obould furnioh \be mility <urv<o 
of lhe ,..riouo lo"·•oll>ge p,-otrtti>t dt.-ieto btinc uocd 
toR<lh<r with oth<r p<rtin<nl inlormotion oueh " the 
ratin~ and otorting <Urt<nl o! lar1< molon, <10-, .., t.h.ot 
tilo primary Jelayo - b< 1<! for b<ot ovenoll prottdiO<> 
aod eoordinotion. 

11 ""' h< oe<n lrorn. """ thio •implo •yllem th;ot botlt 
prirnory ..-.! boek·up rcl>y protcctitol ;, pro.-id«<. for 
in!l•nee. a fault on o ''"on<lary !ceder ,hould bo: deored 
b1 p,. ><eond.a.1 prol<C'J« dol"i«: ¡,..,,., ... il thio devl<e 
ohoolol lail to rril'. tbo p<Ím>.I'J ;<layo"" Drul<<l" 1 .nu 

- op<n it and cle>.r tOe bult. 

lñis oimple i..!notri.o.l ·~""" con 1>< oxpo..!cd by top
t>inl th< pri.,..ry l«d.,- ...:1 providin¡ In"' prottdi<J<I 011 
tho prion>iy o! each tr>ndormer bonl<. Thio lypt of Oyo· 
lcm ¡_, •bnWD in Fl¡-oro JJO. 

Fipre 3.10 

lt can bo: >«n from Figure J.lO th>.t an odditional mp 
or «<a o! prol<<:tion i> inelud.d "'"" (he •Ímplct oyot<m 
obo.,n in Figure 3.9_ AU ......,.U.rJ feeder (au!l> obould 
\>e d<arcd by the o<con<lary b;<>.kc" " l>t!or<, "hile 
loull> within th< tromlormc< ,hQuM now he elearcd by 

·< tht tr=olonner primary fu=- The ¡,.., ,..;n al<n oet 
01 botl<·up prot«tion lor the!oulto ~tu<h >rt not cluocd 
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by tbe •«oruiotY t«<l« prot<'tive dooim The ptima.y 

leN" bul" ...;ll, •• b<fo>re, k cl<at«< by Bt<aker 1. 
Thi• br;ak« will ;., tucn od •• bock·up lot the tr>ns· 
form« prim>ey fu1<1. 

Fuoe l'ro<oction o! Tronúo=<rt 

The oimpl<>t form of t•tole<ti" devico i• • fu" con· 
ne<t«< l><twe<n !he tr .. of<xmt,r ond U.. ¡..,oming fine •• 
ohown ;,. FilU« J.lla. Woth the "mple layout ohown, 
th< applic.otion o! the prop<r r~,. io r<L>tiv<ly eoty. In 

1 
. . 

Fu"' can be >ppliod, to advon"K<. in m>ny ino\onm 
11, for enm~<, it i< fouOO noo<<<><y to in>t•ll • >rn1tt 
tramlotnltf un a h<>vily loodod f«<l'f as 1hown ¡,, Figure 
J.llb. ~<>diory fault protootion for thio uanofotm<t 
e>nnot be obtainod u<ing tho ov<r<umnt r<lay> o~ (~< 
feeder bto>~« ,..¡., .. pi<kup io ~<t<rmin«l by the l .. d 
"'quirottl<nt> The prot«tion ~robl<m i> oot,ed by t~o 
inoull.tion o( propody ><i<<ted Íu!U en tho pdmory !ido 
oí th< 200-0;VA '""'''"'mor. 

-"'-

-
_,:_ 

- (O) ,,, 
•• 

l'jpr• 3.11 • 

fwc a¡>plicotion> the foll.,...-<n~ it<rno o«d to b< · =· 
··~·«<~: 

l. The vohag< rating ol tite ''"""'· 

2.. Rato<! lood eurt<nt of the traraforrn<r. 

J. Thc tyP< ol lond, whcth<' Ol<ady, Aoctu>ting or tub

j«t to ~vy motO< or !urna« ourtin¡ oor(<o. 

4. Coordin.otion with oth~r prot<ctive devi<<>. 

S. Short-drruit kV A o! 111< oupply syll<rn. 

/l fu,. n a prot«tive devl« is ""~"""''" onfy to tho 
"'"'"' which """" thmugh it, Uch typ< ol fu>< luo i" 
own melting time chorweri,tic <llrv<, _,, of "hi<h aro 
¡.,,, oth<t> olow, dop.,><hng"" th< alloy u ..... U.,Jik< 10 

""""'"''' r<lay, on<e a (u" h>o been in<tall«l the 
mdrinc ~me <h¡r>ct<rioti<- """' bocom<o • ..,., • .,¡¡.,,. 
able otop in tho ov<ralt prote<ti>e <»tem_ The amount of 
prot«tion >lfordod d<P<nd<"" t.h< .;,. o! tb< fu" _,. 
paro<! to tb.lt of tbe eloo:trie «¡uipmont it io =¡uir«< to 
prot«t. 

lt •houtd · ¡,., not<d that. tho douing of a lault by 
blowi"ll fu"'' mar 1"'"" """ en- two of tho thr«-oh>-.. 
l<><lo onorsi•ed. On lightino dr<uit>. thi< ;, olton d<>irobl<, 
but moto" ""Y bo damag<d Thio defici<ncy an ¡,.,ove<· 
come br oing!e-pl\as< pro<«tion. M .. t manuf><tur<1"> 
mpp!y thb >1 '-" optio.,.l (<>.!U<e ond <0111< m.U.o "do it 
l'OU<><II" lriu ,va;labl, 1..- ;,,.u.u.,..,., ,,;.,;,, <q>Dp. 
m<nt. In ~ntr..,t, r<l>y·break<r inot111ationo U<u>.lly op<l\ 
aU pha..._ (Codo r<qcir<tllont) 

tnrufotm<t "'""" th<re ato ><•«•l trondorm..-o led 
frorn tho o•nt< !~oc., >hown in l'iguro J.lk 

In gen'""'· fu><o ,hould b< oned """" thUe ;, doubt 
•• to whother or oot > """ o! •PP"·'''" io .,[<quot<ly 
pro<c<:ted "'h"' """""""'"' to rnultl~e·load («de'-'· lt 
must 1>< k<pt in mind howev« th•t too do!< a ooonHna· 
tioo b<tw«:n fu1<o or lus<> 00<1 cirruit btoakoto .hould 
not b< att<mpted_ n.., toleno« bond, the .t,;lr.,onUy 
oN¡>«l douactedotie <Utv« and thr clotodoc.>tion """"'" 
ring ovu tloo 1"" io fuseo mUo thoir ><l«li"' ¡..,.. 
tioning doubtful when it is c.all<d upooL 

l'W\t ••ith Hi¡h. Volto¡;e Euo 

With the I<><<~OÓn! knowT<dgo it ;, now po"ibt< lo 
«tobtioh th< "''" of prot<ction and .,,;., th< prot«tive 
r<layo to a ""'" complicated ''""" ouoh a1 that of 
Figuro J.tl. 

lnquid<O to llot utility indi<>.t< th., the t<byo "" 
Br<>~er 1 wi!l b< vety-inv<r><·~mo OV<t<uuent tel>ys 

wi.Uoout '"'""'"""""' '"""""- no;, ..-itt p<rmil • ><~«· 
Hve rol>y 'Y''""· '"uming in>""''"'""' tri¡•~ing for 
maja< 4160 rolt fo«<<r faotu. Br .. k<r 2 nOght bo oinOiar 

to Breakor 1 """' with a !uw<f time '"" '" <urroot 
top t<ttiog. Thc curtml tr11Uformcn will uo1Ull1 bo the 
.. m< ratio (or both Br.,.ketl l and l_ 

To protut ti>< P""" tra .. formo" '"PPti<d throush 
Bro.U.oro J, 4 '"~ 5, r<lays oitnilar to tho" of Br<>k" 
l <~ IVillo inston!on<Oul do:mattl <:OU!d b< U$<d. !le-



""L.'" """""'' 
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F'cnr< 3.1J 

"'"'' o;d ti>< low ''!'""' im¡>«hn<o: bol..- Brea\cor Z 
and Bir~k<r; 3, 4 and S, >el<<IÍV< \ripping n'l>1 b< 
a""""'plilh<d by thr n>< ol low.r n<io curr<n\ \rons
lmm...-> or l""<r limo- ;,uings which wi!l p<rmit b<tt<r 
Cll'f<nt di><rimiO>.\ion o\ Dr<ah'l l and 2. 

Tho r<aoon lor '"g""''"~ lhat lh< r<lay• in th< pl>nt 
m,.. U.: .-,.; tl.D..,m:nt chirtctutloli"' ao tbM. 0., 
ÍnCQming lin" ;, t~ laoili\~1< thoir cOonlinalion. lt ¡, 
'<lifficnlt to coordimio r<layt wilh diffr'r.o;tiY ohap:d cW

act;,;,¡;o .,;,"'"· and the '""'' ;, ii=rratly inf<Tiof <ilh<r 
in th'r «l«;livi\J' a!!orded or ¡¡, 'thr lolai ,;,;, rrquirro N 
o;~ca, !anito. 

Prnttction of U.: SOO-ho:><P<>w« motor apimt loult 
airr<nh <>n be pruvided by t!-.r ¡,.., Q¡ i~>Únt.>nOOu> r~• 
Ii1 , ¡~ ·,;,-Q ph>.~<o >,;.;¡ one invono-ti,.;,, "¡;ro.;i-.l ovO'"''' 
'r'ent "'•i. A ioñg ti.M ddar indU<Iion ov<rnm<n"t 
iol.iy ;,i thrthird 'pha": ,.¡about 151l'l"~,;;,.¡ of !ull-load 
CUrr..:.~ '-;- b< u>.d to piot.C..- """'"" ·;,,.,¡.¡.d' Oñrt 
10.1=1. roto¡- cUmnll. llocaiJie 'o! ,·OriatioOI in mQ,O,. 
-,;.;-,;.,; d;.notliri>tico, U.: ,;,. ¡..;.., ..,linti- of t!Uo 
.,¡,y "moY advitntag'..,,¡f !-.r dctrni.in«'' by tria!, Th0 
,..,.,.;,..;,:,; ti'anOiorm<r,- p.,¡,;.;,; 7, ¡.ü' 'a ·,;,.p¡,_,:. «<· 

<mciioi '•upplyin" a '""~<.-; ·;; .. , th<i<" •re nO h<avy 
,,_.rting mrgoo, thr r«li~<r ..,;,y b< givon ma~imum 
Proi«:ticn thn;•.o~h 111< u si Or ol»rt-tim< """"'"..,'·ro-

11yt v.:i•lo '"''""""..,"' -""'''-

-To appro>in>ote hnw thr ,vade>u• prole<tivr r<layo v.ill 
funaion, aOu'n-d. ¡,;.¡,. .,., b< pl><«l on tho: ,y,,,..._ For 
t"iufom•<r- mo;;.¡oi-y faull>, ti,. vrry' iov'cr1e ti m< de· 
m.nt o! oh, o;:orOUrr•nt r.toy will givo •d«~""' Oo<k:Up 

-p1otrctioo. •n4 in "add•ti"" li~í<l<<ti..-it}- ,.;,¡,- tbe' f~><• 
ar.!' "cond><y ~'"'""-- M •Jor bullO On ti•< ,,.;,;r~nmr 
~.¡,..')' "-in<lings aro;! 4ttii).Voll cbles ,..¡¡¡' b< <:! .. rod 
by -thO io .. ta.tt>c.OOUI <•l<mOnts- of th~ 0\'<f<llf' <111 1olay1. 
~cl>i-o appli'od on the in«>mi~K t.-<.~ m ,Wiil 'Jiive >de· 
~ua<e b.tek-up pi-oli<tiOn oi)tho h•diviJUal l;;,_d,l>r<>k'i',. 
f<>< pri,jury· !ran;foimc~ >n<l eabiO ,;Ó.:.bl<. 

" 

Pn>t«tl..., Reloy Syot<m lor Lorg< JndulttW 
- . • PlaDt PoWu Syit.m ' 

A• '"" el«lñ< oy>t<'<! be<omes hrgrr !he nnonher of 
"'qumlia\ >lop> ol r.hiying oho in<r""'· l[ivin« ri>< to 
U.: n"<< ol a proted;v< rtl>,.lng och<m< whieh io ¡.,_ 
h0ron\ly odr<\iY< within taeh •one ol Protr"<tioñ Fi~< 

-J.ll obowo tr..' ,...;,; <on~rcti0111 o! ouch • H>lem. 

In thi> <aoe,tlor relay ><le<tivity ptúbl<tll_io of ~reo! 
<Vnc....;' to !he utility'> ptot«"tóon .,.;,...,.,;!.=.u>< tl!<ir 
moin' 1«<1«1 ,;, ¡;•rollelrd thruug\¡ thr indu>tria\ plant'> 
•inch~ni•illll bu~ The pUblk utility wiU pi-ovide . \be . . - . '· . 
"''"'.,'' r<l•p lor o<l<rtive oprr>tioo ol Bro•k<r A iD 

. case of ,; .... ¡,¡, ;,; Cablo ¡· ,·oo Tm.-,formrr l. Due 'io 
, th< oyn<hTQnitiÓK w.- tio' in' t!-.r pbnl it ;, obvi,.;,- that 
fcir a f•ull in <ith<r C.bl<_l ot Tran,former _l.ll>r oi><n· 
ing-o! Br .. ~.,- 'A al~n< ,.-;n ""' d....- !he f>ult«i rquip

·."'"" frO~>h•-•nt~rD. TO 4o ><> il !•.•ho ~"'""1 to 
_opon llr..J<er 1 on Buo l. lt it r<commmdod lh>.t tht« 
~ireotiOnolly <onlrollod Qv<r<U-tr<nt r<layj b< in>l•ll«l lor 
Brea~«' l ~nrfl«l t(, trip' for ourent flow tornd the 

·nÍain lta;.,i,,-;,,~. Dir«tion>l\y <..ntlollod ov<reUrfent te
l:iJ-; 0;0 '"U"'"' I><Qui<, thoy orO r.Oi dirtctly o~«l«l 
by , thO 1.~ , .km.,'.¡; ol, tbi' ,.,;o.,, hu>n. F.>eh o! the 
Breakcro 1, Zl, '"d JI on lhe ><eondarie> ol the moin 
1,-i,;~!'?"mé'u~ il·ill b< rol•y«l idrnticolly. Tht"' O><trui'ornt 
rclayo li:lviag -vor¡··in>oroe·ti;.,, d•ato<liri"i<> ohouM be 
irutan<d in, !he>< brtlkor p<»Íti.,n,. ., ba<k-up p«>\«1;.,., 
fur- fa u !ti th:.t .;.,y <><<U< im.ne<H..,If OdJ•«nt to U.: 
main' ¡¡.,;.,: Th<: next ,oi,, of prot«ti,;, are llu><i 1, 2 
.~J. Fault cirrront; >rtrd>!Í,-e]y high in rn><nitude lor 
'any «i.ui~""'nt,l•ilufe 'on 'Or noat thO moi~ bU'"· For 
!l!i' ''?"'" > dif!n-.'~ti;l p<Ot<<ti>, ,.¡,y ~ehemo ;, ,.w,_ 
m<>olcd_lúr iach'.bu>. lJiff<l,;,ti>l rrl>yi~g i> ropid in . . . . - - . 
~·~P.on .~, !•. i.nhel<nlly ><li<ti'< ,.-ithin itodl, Wi.th· 
nut_o_~<h rd•¡iro•,'high-Cuortnl bao lault'm"'t !-.r dured 
b)' ,PIOp<i-' . .;¡..rotiÓO o( O.er<UII<OI di,·iri> <>n the >e >eral 
;\""';,~ Thi>,Ü>uoll\y «•~ltOin loo,g ,;;.,,--~te~ri,;g·,;nce 
'u,,: ~~"""'' ,; dni<<l · hiv< pi~kup •i.J, timo "!linir> 
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d<tem~ined by oth<r tlun lruo bult Oonoide<Oti.,.,, lt !o 
1"""'"' pnctice to u .. ><p>nl< <U<T«!t t<INI<>m><rs lor 
th< difl<«ntial "by "h<m< all ol whioh mu•t haye the 
....,. ,.,;0 .,..¡ """"'' <har><l<ri>ti<a. The opo:ntimr 
<h•roct<ri!tin o! th< vadono difl«enti>.l .. layo "'' <><· 
~lair>t<l ;, th< >«tion on "rolay <lun•:tutiotico". A multi· 
«>DU<t anxili.,.,. ro!.r io noed ..-itb tb< difi""'<W «!.yo 
•o it ¡, "'"""'' to hio all o! th< bco:akm <Onnoctinr 
to th< buo wi><n<wr buo ''"'bl< <>«<lfL 

Br<aken 4. 24. and 34. whkh ar< tho: tin lo 11>< syn
<hroni<ing buo mah "P tb< <><<1 ,..,e o! prot<ctíon. A 
bus di!l"<ronti•l och<m< io also r<rornm<nd<d to <OY<r thio 
zon< o! prote<tion. In addition to tho: diffor.ntial rolayinr. 
OVt"t<Urr<nt relayo ..-ith very·inv~.-.e-tim< <lura<t<ri<ti<O 
•hould b<. in!l>lkd at "'h bmk<r [>O>i<ion for b.r.k-up 
prot<eli<nl •1•in!t brn\tr loilur<> "" eithor o! th< <breo 
m.oin buo!o. For <>ampl<, il Brnk.r l b~<d to d<ar a 
lault in tb< c.obl< to Subot>.tion 1. u,. o•<rwrr<nt r<layo 
<m Br .. k<ro l •nd 4 "'"" op<r>t< to d<ar tbo laolled 
equipm<nt. Lik<wio<, •hould th< dirrttiooal ov<rcurr<nt 
r<la)'l on Br<ak<r 1 lail to luno;ti<w, ~roperlr. the .,..,-. 
rumnt rd•yo on llr<al«r 4 WO\tld h>V< to d<>r th< 
laolt<d equipm<nL Each <OD< o! prot«ti""- mwt overl>p 
the oth<r. 

Good protoction lor th< cÍbl. ti<S bo:tW«n B .. 1 
and Sub.tation 1. ~ Buo 3 and Sub>Ution 2 "*""Id br: 
wire-pilot dilfercntiol. l'Hot ..-;,-, 1<hem<0 "'""-llr "" 
inotont>.n<OIU in <rp<ration, inh<rentl7 ><l«ti., ..-ithin 
th<ml<lv<s, and "qui" only two pilot wim, i! th< proper 
tday, >r< u>ed. Thio lorm of rda)'ing r<qUÍ~ the aA· 
d,t;,n of ouit>.bl< back-up rolaying. For tbio r<aoon OY<r· 

curr<nt r<layo should br: inotolled at th< sour« end on 
Br<a\<r< J and JJ. but ;¡ d<1irtd, lor laolt ddr<tion l"'f· 
1>0«>. addllional OV<r<Urt<nt "l•yo <ould >ho b< inotallod 
a1 the load <nd on Brnkero 13 ..,.¡ lJl. Th< OY<r.ow-f<nt 
reloyo on al! lour h;oaker ¡><>itiono >hould hOY< "'7 
;,,., ... tinte <hara<tmiotio. "' mat<b tho.< on the in
romin¡ tron>lormer sr<orulorl<>. lluo 5 in Subitation !, 
and Bu• 6 in Sub¡l>.tion 2 ol•otrld b< protoct<d th< s>m< 
., Bn.., l. l •rol J with buo di!l"ertntial r<loyin~. Th< tio. 
<>.ble b<tw«n Sub!tati""' 1 oOO 2 <ould b< rtloy.d th< 
.._,. •• the oth<r cable ti .. ~-ith pilot-..-i" dill"<r<ntial 
aro! ov<r<urr<nl bock-up rtlay> in "-'<h ti< pooition. 
Separa!< currmt transform<ro >hould h< uoed lor th< 
pilot .,-;,. difl"<r<nlia! to provide ,.¡¡,¡,¡¡¡,_ and A<Xilnlily 
in the ap¡.li<>.tion of oth<r prot«liY< U<vi«~ 

T"t.. book rdaying uoU>!ly IUppli«< for the 5000 h.orao· 
¡><lW<r motor oonnw«< to Suh>t.ation 1 woul<l b<, (1) 
p<r<o;nt>~e difl"<rtn<ial reJa,.. ¡.,- prot«tÍ<In a¡airut in· 
torna! laulto, (2} pha" ><qU<nt< on~ uOO<rvolt>J< «lay, 
uoed to oto¡. th< motor ;¡ und.,volt>g< 0«"11<1 and lo 
pr<Y<nt >ttempted !tarting ¡¡ o¡><n-pha!< or '"''".,_¡.¡,,. 
ronditi""' <Xi>t, (3) ph..><-bolan« <urt<nt r<lay. which 
•flord• prot«tion •o>-inlt ointl<-pha<o "'""ration not ~ro
tec1<d by the motor dill"mntial or phas< ><QU<n« und<r
voltag< rd>y>; o lim< dtlay io requirtd to prev<nt mi>Op
oration on •xtornol unb.lanced fault~ {~} ¡""'"'""""-'' 
OY<r<urrrnt rola yo in 2 ph•><>, pluo •n in;·<r,.·tim< midu
olly <onn<<ttd ground OY<rctrrrent «l•y, to in•ur< trippinK 
in th< e\"tnt o! !01luro ollbc '"'"'• (5) thormal oY<rluad 
r<layo »< <Onn«ted kl <ith<r giO< .., almn (audible or 
vi>ihle} or trip whon '"'"¡"' u;<rl<><<lo o<ccur for o 
ó-<h!Úto ltngth of time. 

" 

Conn«l«< to ll«•ker 136 ;, a 5000 kV A pow..- trono
lomo«. lt io ~ pnocti« !.,- traDolo,.... o! thio 
oi«, wh<re a brtak<r ;, uoed on both the primary and 
>«ondary oide_ to U,,t>.ll tranolorm<r p<t«ntaae d.il!u· 
<T.tial rda71 wilh inT<T>< du~<1erti.tk O•u<urrent «layo 
lor b.ck-up prote<lioll. To prnmt op<rotion o! th<>< 
rdayo aa magn<tioint inro<h currrnt ..-hm tb< ,.,.. 
lorm<r ;, s..-it<h<d on, it i1 de.irahl< to cboo1< <liflormti•l 
r<lan wbi<h are l"<>lrain<d o.- d<><nliti•ed durinc th< 
po:riod o! the initill excitation tr""'i<nt. Th< tran<i<nt 
<antaino • lar~< proponion o! curr<rlt• at ltarmoni< multi· 
pl<S of tho !in< !r<qt><IIQ'; th..., >« "1"""'«1 lrom the 
lin<·fr<q<tlncy "'"""" by filtor~ and po"td through 
U.. ,.,ua;nt winding. Thuo th< "'""'' ""bal>nt< rt· 
qoir..! to trip <>n bo mad< mnoh ~reater durin1 lh< 
<xci<ation tran•imt "'"' during nonno! o¡oeration. 

R<!ayln¡ for on lndoatrial P!ant ..;th 
Local 0-<n<.-.timo 

Som< indu.,rial planto Jon<cat< all oc • portian of thdr 
<l«trk powu requir<m<nt>. Wb<n ad<litional pow<r io 
«Quirtd in a pl'-"t th>t h., b<<fi K<O<tating oll of ito 

~ and o paralld-<>p<ral<d tio ..-itb • utilitr "'''"" 
;, deddtd on. the .ntire f•ult-prot<ction prablem ohould 
b< rtvlew<d to.-<lh<r with drruit br<>hr int<rruptin¡
=t»clty. In thio "'"• Fig-ur< J.14. whi<h ¡, entirdy 
hypoth<tico!. it ..-il! b< •ioumed trn.t: 

l. Al! <irruit br<>k<ro in th< lnd"'trial ~lant .,e 
capable o! interruptinl lh< in<reaoed ll>ort-cir<Uit 
<'OIT<nL 

Z. Eaclr iOOu.trW ~lant letd<r br<a~<r pooition io 
•quippod with inv<r,.·tim< or v<rJ in><<IO·ti"'< 
ovon;urrent r<i•yo ,..;th in>tant>neo•• unito. 

J. Each o! th< indu>trial g<n<r>ton ;, prot«:ted by 
dill"mñtial r<la,o. •nd •1><> hoo ext<mol lault back· 
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Fipro 3.U 

"A" ond "B" fot a lll,IIOO 1mp<ro [ault on lhe 2-1(16.1'0!1 
., ... m. 

The fo"l{<ling pr«<du« would giV< ,.,¡,f><t.,.-y r01ulto 
witho"' p]oUÍng the .,.,, .. ~ if lhc b.ok ,.¡., for «>
O<di,.ting" r<layo wen obo<n<d. (1) U>< «1>)'1 with th< 

oam< th>p< """'"in !O tÍO> with ,.,h oth<r antl (Z) make 

''"' U..t ti>< rtlayo f>nh<>t lrom th< """"' of 1"""" 
alwar• have amcnt 1<ttÍ1tg< bdow that o! th< rd•r• 
ah<&<! of tl><m. Unlortunatdy, hoW<V<r, it io <>•Y to 
ovt<loolc on<. or bath, of !he>< ba<i.: ruleo, ond llu.t ;, 
wh<n the tl'fort t«¡Uir<~ lo plot lhe <llrvo• vro><s wotth· 
wlúk 

Ao ohOWil in Fi¡¡uro 3.15 time-rurront ><tting• on rd•y 
"0" thot woold ~ive .;....,_ c..,... 1 or Cu...., 2 would 
,.,;o!y th< t<qUirom<nt tlut Íl ,.k< a minimum of 0.5 
1ee0nd at 20,000 arnporn. Cu"< 2 kUing, howevtr, ;,. 
.W..<r ond lt .. .....;tin tlu.n lhat '<!'"""''.,¡ by Cune 
1 throughout molt o! Í!l r.>ngo. Furthwno,., Cune 2 
<r<>t«> c..,.,, 3 rtpft><ntW¡ Lh< d<iir<d ><tling !or Rt
l•r C. tho:r<by compel\in~ d,,..,,;,;ution of C to '"""' ;, 

><l«<i>< .nth !l. Thu, e~...., 2 1<1tinr "" Rd>r D 
would '""" lh>! rnuch po<>r<t ol>ort·<itruit protmion 
eould b< pro.idt<l by <itb<r C ...- D. 

Curv<o 4, S, 6 •nd 7 of Figuro J.ll illu<l'>l< ~h>l 
..,.,¡d h>.pptn if Rd.y 11 ho4" .,..,..; •• ,.,,.,;.,,d .. ,..,. 
l<ti>tio in!l<ad el •• inv<r!<·timr """'•., thr othr" do_ 
Cur>< 4 medo lb< rrqoir<mtnt U." it be 0.4 t<<Ood 
olow« U..n Curvo J r<p«><fltinK Rotar C, wl><n bolh 
ar< """'"'i"g on 21!,001) '"'1"'" Al!o Cun< 6 .,,¡,¡,.,. 
tJ,. rrqui~t '"'' Rd.y A b< M ><rond .low<r <h>.n 
11 whrn A is op<ralinR en lhr «¡uiTOirnl of th< 2(1,000-
amp<« 2400-volt ,yol<m ohott·d•""' "'"'"'· lf th< 
"""" lud not 1>«11 plotttd, lh<« "'""Id b< "'"''" l<> 
belirvr tO.t th< conltmobtrd !<tting• !ot A •od B ., 
.-.:pr<!Cfllt<l by Con" 6 oc.! 4 w""ld b< ,.tiofxtory. 
llctually, howtv<r, tht T<ry·inv<'>< ch>ra<ttti>li< <i Re
lay B "'""' iu curv< to crou th.at of A >t a ruoh leV<I 
of fault <urren~ whkh woold ""'*-" thot !ho trippinr 
!<~u<n« of tht brtakrr> would be m·<rotd. For lhio 
p.otti<n4r circui~ thot would DOl be too ..,;,..., >in« 
lri¡>ping tith<r br<ol<tr woold >hut down th< whol< <Ír· 

• 
' • 



' ' 
' ' 

<Ui~ but it WQU!d otiU nullify !h. dle<ti•<n<» of tht 
ni>y> in gi<in,: indiootóon "' to wher< the trOIIblt •= 
11 it ..u ne<u .. ry to ntain the vory-in><r.o-time «hy 
>.t B, Rday A'i >ttting w01old hove to be d<,.nlitite<l 
and incr ... ...t in ,;.,.. (U""' 7l to be S<I<Ctive ..,¡th B. 
Thlo w=ld p.ommahly ruult in gr<>.t<r ob.om.ge durin~ 
a ohort docuit, 50 it would be h<tler to oub.,itute on 
invoro<·~mo r<lay lor the V<ry-inverO<·timo r<lar at B, 
making it po"ibl< to 1<1 B to ,; .. p<rl...,..,., u '"'"'"' 
by Cu<V< S. Thio w01old m<>n tl>al A and B «>~old both 
he more ><ntitiv. ond lo>ter, and OOfi«QUtntly would givt 
b<tttt prol«tion lo th< •J"<m. 

lt ohould aloo he nnt<d th1! il lhe very·in><rO<-tirn< 
relay "'"' uo<d ot B, the backup prole<tion lh>.t it oould 
proYldo wou!d be vory poor ind«d, d"' to the bir "pp" 
¡, th< pi<•up curr""" (><ruiti<ity) ol Rel>yo Bond C. 
•• olwwn by Curvto 3 ..,d 4, 

Anotber factor lo be «r<11idor.d, wbm <hoooin&" be
lwern IW<I <emlñnationo of cun~t-Up ond timo-dial ><!· 
tinKo, eithor of whiclJ will ~ivo a dtoit<d Ol"'tolin~ time 
with ma~imum bult "'""'' flov.·U,g i1 tl>al tbe combino· 
tion wilh the lowu cur..ent and highu tim<-dial O<ttiDg;, 
Utuolly prol<roblo. The r<aoon io thal the rday with '""" 
• "tting will be moro ••milive and fati« on low valu<> 
of loult <Urt<nL For , ... mplo, "'"""" on op<fOtin~ time 
ol 0..5 •«ond io d<>ir<d with • rday '"""""'..! to 1000/S 
""'"'" Curront lr>n>lo""'" in • ciotuit wit~ m»imum 
•rmm<tri<al faull """'"'o! 20,000 '"'~'<"'· R<l•r• with 
6 ompe« tap •nd 21 timo-<li.al, or 10 ""P'« up •nd 1.7 
timr-dial ><ttings will both give ti-.. do1ir<d timo. Bot in 
COl< ol • f•ult involvi~K only lOOO ''"~'<"'• tloe tol•y ""'h 
the 6 arnpero ""'"" would opetot< in Lll =and ,.,.._ 
pat.-d "ith Z ..<oro. 1"' th< 10 amptr< <ombi .. tion. lf 
lht cumnt Í! !lill furlhor tt<lut<d to 2000 amp.r<!, th< 
Ótlt r<loy will •lill o¡><rate in 2.1 sooondt, bul the ><ennd 
ont ,.-;n be •«Y. wry •1ow. >Ífl« th< turr<Dl i1 only 1.0 
tim., reby pickup ot whi<h point Dl"'r>tioo io Uf><ertain. 

Jnotantan«lUO R<IO:Jt 

When two brea.k<ro in >«ic• both h>ve inst>nl>n<OUI 
""'"""'"! ttlayo, th< ><l«ti•·ity ol th<>< -,.layo ;, d<
ptnd<nt .ol<ly oo thelr """""·' KttinoL Th<r<IOt< lbty 

"'"" h< otl >O th>.t !he r<loy ""'"" the '"""' will nol 
l<Íp its hrcakor on tl1< ma>irnum a.ynHntlrieol l•ult cur
rent that ''" flow lhrough tlot oth<t b,.,¡,..,._ Thl• un 
bo o«on•plio!O<d only il th<r< i• sulñr:imt im¡>Ñon<O< <n 
th< cirouit h.twe<n the two breakm in ,.,¡., to """" 
foult. loeyond both bttaktfo lo r<«ive a eon>iderobly 
omolt..- eurr<nt tlun lault• "'" the '"""' br.,;.,., so 
lh•t tho r<lay• of the '"""' broo\<tr c.n di.ctimin>.t< 
""'""" lhtm 11 this ddf<rrnlial b<l~<tn !ault '""'"" 
ot ti-.. t~·o l<>C>tiorto ¡, io•uffieient it io impo.,ibl< lo 
p<nvido ><l<<:ti>< Of><tolion wit~ in>t•nU"""'"' o'""tcw-tmt 
•d•;s; a11d it will be nocou.tty tithu to.talÚ>l< tho 
o¡><"i"~ ol both btt>k<rs nn througb bu!ts, or to n10h 
tOe r<loyo ol tho bt<>k<> """'" lrom ti>< ""'"'" in· 
o¡><nlive. 

U>ually ti" imr•d•n« ol a tnmfon"" io ¡uffi,in;l tu 
¡><nnit <oordit.,\;n,¡ on in<\.l.n""""'' td07 "'> • ruoh
vul,.go ¡,..¡., p:u .. l .,.¡,¡, the in!lant""""' trip-<oil ol 
• low-><>lta,, "'""'"''" hrcnker_ Al><> the ""'<!""' ol 

open t~n.,.,;,.¡.., lin<> nuy be oufficiml to prevido the 
nec<>IOtJ diff<rmtia! in llw>rt-On:uit <mrmt mapihl&o 
to petmit the ""' of inotantartrouo rol>r• " both endo. 

lnol>ntart«>uo rdayo cannot he tootdi,.ttd on otdin>ry-
lengrh cabl< IJ>1""' "f<>uO< tbe cit"<Uil imptdon<e i> too 
low to """ tbe """"Y currrnt diff<rtntial. In ooclt 
<>.><>, the relar al th< buo end of the f«der should b< 
utili<td ond the nth.r "'" modo inoper>tivo, ·in on:l<t to 
offord loot p•ot«ti<llt to tl>t cobl< " woU " ti>< ¡.,.,¡_ 

The lact ""' • rehy·><tling 1tudy r<vtah lhat """" 
ol tl>t in>tontonoou• r<loy> muot \M: """' inopenli .. 
ohObld nol be lnte.,.rete,J ., a >icn ol • pootly-<l<>irntd 
pmte<tiYO symon. Thi> i1 so beoou>< il i• ~nito common 
practi« lo indude in!l1ntartoou> a!Uclomento on >11 of 
lh< tim<-dehy overrurrent r<layo on twitch¡¡<>.r <qtlip
m=l 10 tl>at tbey ~·ill b< int<tth>.ng.obl<. 

Low-Vnlt•r• Break <ro ..;th D!roct-A<tlnr-Trlp 
Devleeo-600 Volto ond Be\ow • 

Dirrtt-actin~-trip devi«o on lnW·I'OlUK< brea~m are 
"'"'llyo1«tt....,.gn<ti<, pluog<l" 01" rungtd-atmalttt< Op<r

ate<l, arul moy b< eilh<t i"'tonton"""' or h•ve a eom

bi ... ,;.,., ol '"""""""'"' oOO time delay ttipping. Thtot 
tripping d<vi«> are pro<idtd"" ü<h th.-«·pha.e breahr. 

Tripping-~ovi« op<r.,ing eoilo ate availoblo in • wide 
ron~< ol oumnt ratin~t up to a.\d induding the m>.ximum 
<OOtitru..,>--currrnl-a."yin• «pa<ÍlJ' of th< cirtuit bt<al<· 
er~ Tht turront tatinK of • citcuit·br<>~« ¡, detmnintd 
by ih ttip coi] tating rolh<t than Íl> m'--"imum:<ontinuouo
<Utf=l-<.>nyin~ eap•ocity, or <O <llll<d "!romo •iu". How
ever, th< int<nup~ng a.pocilJ' io go.-.m<d by lhe fnm< 
,¡,. ot ma.imum cumnl-cattying «ea<ity ollh< brea<er 
and tnu>l alwon b< a>n>ioJrr<d whrn •pplyin~ dir«t·octing 

.- trip dtvi« broo~<rL 

• 

In • sel«liV< tti~ ''"'"" tho main !«"<!ndari bt<>k<r 
•hould O. ol ll.e «loctive typ<; that io, rouipp<d with · 
><ri<> o•<r<urtent trippi.,. d<vi<<1 t..,.;ng long •rul •hon 
timo delay eh;.,.,¡.,;,¡;.,, Th< dt>i<<> obould he .,],<ttd 
an<l ><l to """' the lollowing f<QUitem""t~ 

L l'orni•b ovtd<»d protmion !ot tht ,....,lorm<r. 

2_ l'urni•h •lwn:drruit prot«tioo lot th< buo and 
!"~" brtakeu. 

J. 1ñ< ""'donner ..,.;,. =<>ndory bru~.,. •OO...td Loe 
><lectivo with the l«<<or or group breoker.; th•l ;,, 
the ti>n<-turt<n! <hata<tori"i<. ol lheit '"1""""' 
'"i"' overcurrent devi«1 1hou\d not overlap. 

4. The ><"COrulary tn>in bre>~<r ohould givo tht """ 
¡.,.úblt roor<linalion with the p,j•nuy pr"tectiv< 
d<>-i<<. To inour< >mplo .,]«ti,.;ty trippiDg b<tw«n 

tht prinu.ry ptOte<ti" d<•k< and nuin ot<Ond>ry 
hreak<fl, the tn,.l-d<a,¡ng timo ol th< bro•kor 

-•hould lie b<low the mínimum oporating ''"" ol 
the pti""'Y prntrtth·e d..;<e lo< a!l valu<> of <trr· 

""' <QU>l 10 orul ¡,., thon th< ma•imum ,..¡.,. ol 
oymn><tti<>.l foult '"'""' tl.>t <:.an Aow throu•h the 
trorulorm<r too ..-cond..rr laul~ 

S. \\'he« the '"'"'former ¡•rot<dion io b7 o !'fitnaty 
rircuit ht<>k'f, both tht limo and in>l•nuneous de-
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vi<<> of tho br .. hr rel>y> >hould be "' •OOve the 
tnnofounoc inruoh o..mnL Wh<n Íu><> aro u>«! 
lor pri<h>ry prot«tion th<y 1hookl be nt<d >ppro<i· 

mat<ly lOO ¡><r«nt of the tranoform" r.llod '"'""'· 
to with>t>.nd tho lf>ndorm<r tnagnoti•ing imu$1> 
currtnl >ni! provide '~""'"'" l>ult prol<<:tion_ 

F«d<r br<•k<" off the =in bu> ohould be 1<le<tod 
and "' to givc rom~lote odwi,ity with thc tran.Jorm" 

• 

' e 

• 

>«ond>ry bmker. (Figllre J.!OA). WIL<n luoe> o( tho 
damag<>ble lYP< ore u..,J, it ""Y bo <h.lt ,.,,. ovorl.oo o! 
the bov.k<r aod lo.e d>m>~<>bili" or ohort ti"'< """'' 
eannot b< ovoiJed, then it ;, desirablo l<l "' the b"'""" 

""h tl••• u" b!Ookoc will ·'~··· trip '"" thou¡¡lo ~" 
fu>< rn;.y blow or be d>ma¡..! thmully. nu, can be oc· 
compliohed by ke<ping lhe tol.>l dnrio¡: timo ol tht lnn>
fmm<r·br<>.k<r bdow the minimum m<lti"g tim< <IITV< 
of the fu". 

Curren! In Afnpere• Ar 480 Vol!' 

Plf"on 3.UA 
S..lt<ti~ trippln¡: timo-current <~•racwUt!, curve• for the 

low-volt.Je tronoform" !notall.at!cn with prlmuy fuoeo. 
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Complcle ><l<clivil)', tlu.t io, no o>ffiop¡rin( of thc 
ch>co<t"i'tic ourv.,, b<tw<'<fi th< primary pcotc<ti>e dr· 
vi« ond tb< ~ .... br"'k"' ¡, desi.-.bl<.. In thr oppli
<>.tion of '"'" it ;, oometi""" dilf><olt to obt>in bo;ta,.. 
of the •~"<en< dilimt><<O in thdr chan<t"iotie """'"· 
n.. "'"""' r~tiog of ti>< fu« should not b< in<m~..d to 
givo complot< O<k<tivitr •t thc <>JI<n>< ol ,.,,;ficing adc
QU>.I< prot«tion. Partiol <W<r4pping of th< prinu..,. fu,. 
ond ort<>n<fary moin br<>k<t clu.ro<t<rioti< <nrrn .hoald 
not b< obf«tiO"ablo whon it ¡, r<>li=l Voot lh<r< wonld 
b< conwn<nt <>¡><ration ol th< fu><t ond breal¡er only !or 
boo foolto, whicll >r< nro. 

On opplie.tiont whcro """' ov.,\•pping <>nnot bo 
aooid<d it io r=mmmd<d that ti>< primary fuHo bt r<· 
ploc<d a! • ma!t<r of o¡><roting pro«duro wh<nevor th< 
o«<tK!uy moin br<.>.k<r tdpo for a bu• bu\t, In o.nm< e>.t<> 
lh< "" of • non..U..,.giD,I m>< of fu>< m>y minimioe the 
ov<rlop problem. 

INSTALLATIOM AND ~MG OF 

PROTECTTVE EQI!IPMl':MT 

In ord<r to <=l!< th< full b<ncfit which • pn>p<r!r 
d<>ign<d protec~vo inst>.ll•tion io co.pable of providinK j¡ 

io ....,.,..,, to ..,.~¡, <:<rtain that it hu b<m proporly 

inmllod ond '"""'- Th< '''" whioh "'"'' be P<•Íormcl 
ar< alv.-ayo ex>.<~•• and oft<n qu<l< <onl¡>\ex: ond <h<r 
m"'t be performcl very cordully to ovoid rndong<ri"': 
p<roons •nd oqui¡,nont. Wh<r< it ;, at al\ po0$ihl<, it lo 
...-;,. for indu.triali$1, to hi« '"'""'"'k<> from op<ciol
ioto; bttt wbue 1hio " impo,.ibl< the foll<l>li"l" guid< 
moy b< of .,,isbnoo. 

Th< ti>Mking wbicll mu1t b< <loo< Oft o <><W inoullation • 
to '""'''" that it ha. l><<n rorr«tly inll•ll<d, <mmc<t<d 
ond I<!ja•tcl i> Ól «>llf>< ftru<h m<>r< <omor.henoi•"< !han 
thoi t"tino whioh obcmld be ~""• O<dodi<:>lly to a...,,. 
a~aimt dtteriotolion, grod•al lo" nf adju,.mcnt, or 
tunO<rinr. The oubject of inlloliation do«l<ing will 
!l,.refor< bo diooumd in d<toil, al!ct' which th<re will 
k oom< oon;id<r>tion >t lo ~·hi<h !<Oto •houd k r<· 
putO<! p<riodicolly ..,d whicll can ,.¡,¡y b< omiurd. 

INSTALU.TIOI< CHECKJMG 

Thi• work io <1isc.,.,cl un<1or fQUt main h<>rlo 01 
follo"": 

l. G<n<ral '"'""'>" ond ~··~romminK. 

¡¡_ Pr<limU..rr ~betl<_ing of <quii"""'L 

1!1. Colibration ••rl 1<tting of imta\1«1 tqui~m<nl. 

IV_ Fi,.l ch«lcing of «¡uipmrnt gcing into ,u;-i<o, 

I. GENERAL SURVEY AND DIAGRAMMINQ 

•. Stu<1y thc in'<ndod lun<lion of ,.,.\¡ d<Vi«, a11d lh< 
monr><r in which al\ of lh< d<>k« •rt inl<f><l<d 10 bo 
<<><>rdin>t<d. 

b. O.o<k th< "'irino d"'"""'' to 1>< '"" '"'' <>oh 
d<1-i« ;, oo <onn«t<d ., to bo obl< lo O<<form ito in
lnod<d fun<lion If no diag"m' ba-·e Oo<n pm~·i<l<d, 

• 

cithcr ""'"" lh<rn ot inoiot on l<ltinr lh<rn for it witl 
k almO>! impe,.iblc lo do • .. r, O< int<llii<•l jo!) of 
t<Otin¡; 1<itl>out th<m, Pmerve th< diogro.,. [or luluro 
r<l<r<n<<, and ,.. tlut they ore kept. up-to..Ut< "h"' 
<h•ngco or odditiono are madr. 

c. C..mporo ti>< diavomo with the o<tt10l conn«tlo<u; 
ar>il when differ<n«o ore found, d<l<rmine wh<th<r the 
mor io in the diagrom or in. th< wiring, •nd cor<<et it. 

Il. PRELIMINARY CHECXINO 
OF EQlllPMENT 

o. lnop<et «¡ui¡oment [or do.""'g< or mo.IO<lju""""'' 
c.ou.<d b7 ohipmrnt or in.,allotion_ 

b. V<rily th&t oll pro<«tiV< r<loy~ ou•iliary aiay~ 
trip <Oil~ t>ip circtiit ~tal-in ood t>.rg<t <Oilo, fu><t ond 
inolruln<nt trandormm ar< of thc P'"l"'' lY!>< and rong< . 

c. Remove ..-ed.i;.., ti<S and block> inuallcl b7 ti>< 
manufwurer to pr<vont dam>g< in ohiprnrnt, 

d. Mo'<< el«trical =~nuity ch«ko of oll ''"""~ po
l<ntial •nd conlr<>l <irruito, rder<in¡ cOO>I>nt\y to thc 
di.>grom~ 

<. Remov< obort-<irouiting link• from '"'"'"' tr>n•· 
!ormm, aftrr thccking th>.t o«endory d«uito •re rom· ,.,. 

!. :Moh "tío and 
tcnt¡.¡ l<anolormoro. 

choch of '""'"' •nd po-

g. Make '"'' of ,¡,.,' inoul•tion ol a U r<lays, wiring, 
in,!n>mont tnnoform<r O<OOndari<!, ood in,.rurn<nt~ 

h S" tbat provioinn " m•d< for lutur< l<otino of thc 
e~uipmrn\ in ""'''<ni<ntl)' •maU unito. The inot>.liation 
Of a rtb.tiV<Iy •mal! numb<t of l<>t ,wit<l><_o. 1<11 ler· 
minalo and IO>l linko hefme th< ·~nipm<nt KO<! into 
oeni<c '""Y moh it ¡oo>>ibl< to t<!l th< voriouo el<m""" 
of tbe pro<«li,·c inllollotion <>n< by on< >ft<r they "' 
in""'"· with • mi,.imum of dioturh&ncc lo prorlucLion: 
.. her<>o ti>< omi .. in.n ol >U<h d<"i«o ,..;n lik<ly r«¡nirt 
that n,.jor ,.., .. ol thc plant "'"" bo ohut down P<riodi· 
oo\\y for t<>ling. Wl.l<r< <U<r<nt lr>n¡lormers or wiring 
or< 1hat<d b<tw<= th< rela)"t of a 1inole pooiti<m and 
differentia\ or otho; rol•y• whkh ort rommon to K<oupo 
of p<>~tion•, ''" th&t ,.¡. mo•n• "' provi<l<d lar 1<00· 
rotiD,I u,b [>QOition'o r<loy~ currtrrt lr>n•formero ond 
wirin~ from the grou¡o relaying for lcoting. 

IIL CALIBRA TION AND S!';TTINO 
OF INSTALLED EQU!Pl>I!';NT 

a. llir<<l trip br<akm, Lo~··\'Oit>"' air dr<uil hr<a~ero 
ore ofl«l trip¡o<d dirrttly by thc cun<nl tluou¡h <h<m 
,.ithout th< intorpúoition of <UHent <r>nolorm<f> •rul 
«layo. Thcy <r< o¡uolly ><1 at th< f.ctooy: •nd to <heck 
tkm in ti>< fi<ld r<quire• • '"' >OUt<e apohl< of ouppJy
ing ;cry lo<ovy '"'""" 11 they '"-""01 be """'· >t 
l<a>l vorify tha' th< tn>rh<l it'>l•nlot><o•t ond t;me-<l<i•y 
!<llin.¡;o •ro a1 r<quir<d for <OOtdinotioo ,.;<). other bre>l¡. 
"" ,,,¡ f ..... 

1 
' 

• 



' 

' 

' 

' 

FillU« 3.16 

b_ R<lay o[>ocOt"l broah'l_ Tko rolays lh"""'''" •• 
i,..trum<nll <>n b< cb«kal in a<<O<d.>Ott with!).., m.onu
b<turo,', in"'u<tion~ otxl wilh 11>< g.,,,.¡ guid< bdow 
in whid• initial ond tn>int<nanco chrtb "' oo"mp>rod. 
How"'<', lh< >dual (''!lormoo" nf thc «l•r• in «tvkr 
io inHuor><td by tho: b<ho..;ot ol '"" in"tvm<nl l<>n>· 
form<" which ou¡.ply thom with <umnt •nd pot<l\tiol; 
oncl tho.e in turn >« inRurnco<l by [0., magnitud< ni 
thdr Kcondu, bmdeno. lt is therdnce od>i .. blo [o pl•n 
lhe l<>ting In such 1 ,..7 asto ob .. in inforrr..<ion oboot 
tho P<rfOnnan« of th< "byt, wiring >nd 1ron!lorm" 
to¡ethe< •• o unit, •• well a< !<['"ratdy, 

F.p<e l-!6 oho..-o • oin•le pla'< of • typia.l cutt<nt
tronolorm<r circuit, in<lioating loor diff<:rnt l""itK>no Ol 
whi<h "" CU'f<r>t may b< appli«l. In lh< fim thm of 

th<oo l><>•itiono it io P<>"iblc tn '"""' '"'""' tn now 
oithe< towud !he rclay only, tow.,d tho <t>"<nl trono· 

· lonn<r only, or tow<U'<I both in ¡oaroll<l. The 1<>1 lrom 
Po!itiun 2 or J 1owar.l tho <;Ufr<Ot tran,!o~mer only io 
1 S<'<ond>.ry ionp<dooce or oxdt>tion te<t, and •hould in
dudo at 1 .... throo poónl• on tho <t>rr<nl·tr.m,lor.,.r 
Aturotion <urve, with <In< at or olightly ohov. th< kn«. 
One thr«:·~ha.< ""'o!'""""' h•n>lnrmm may <!ia<r 
widdy in imfl«hnc< lrom anoth<r K~ y<t uch be .. ,;,. 
f~tory 101' ib own lunttion ;¡ tht ... ...,. '" <OO>i"""' 
...;thin tht oot. 

Pooltlon l. Test Curnnt Appliod at ~ 
Iodiv!dua! Relay Location 

"'' thio point it is pouihle tu mal<e three m<o.uremont~ 
<a<h of whkh is u,.ful nud<r «ruin <O<>dition>. (In 
ord<r lo cnabl< Pooition 1 to be shown in a!l tht<t of 
its voriation>, an •u•iliary <1"""' tronoformec hao b«n 
&hown in Figuro 3.16. Th<>e aro olt<n u .. ful in multiole 
dillorrntialo and othor ooonplo. ocl><rn .. bot af< ..,, 
~cnerally .,ployod in ~mplo <ir<uitl lih tlul o1 Finr< 
3.!6. In l<1ling they moy bo tro.ted rl>e "''"' " any 
othor <Urren\ tran<fotm<ra.) 

la.. lñe r<l>.y io dioconneaed, cMded, and calibrat«< 
O<p>~t<ly •• an instrumenl. 

Relayo ohould bo d><<hd with <~onent ond on o<n.r>to 
timin~ devi« when tbey oro J>la«d in ..,...;.,, to ...Ue 

'"" th>l th<y h»< tl<>l boen <lamoge~ ;., ohipment and 
thlt 1hey will op<rat< in tho d<oir«< tim< ""''"" b,. the 
«:>o<-oli,.tion ohxly "'"'' Tf • t<la1 doto not !i,. thc 

~"'"'" """'''"g "'"" lor • ~\"n '"'""' on tho ~r<· 
<l<tecmincd timo olial >oUi,.g. thr ot .. ir<OI time <an U!1t>lly 
be obl>iu«< by adjultmcol ol tho ti"'< dial. Othor a~jun· 
mento oho.ok! 001 be >1l<'"~t<ol onlo" lhc adjullor io 
<111i1o ¡,,,,.¡¡;,., with re],,y d<>ion •nrl pooiHnH·'""• or ~•• 
>t>«ific m>nufwur<r'o in•lru<tinno, 

lb. With th< r<lay di"onno<t«< a...r th< ,..;n currcnl· 
tr.,mlo<t>l<r prim>ry rff«li><ly opon, the l<!l """"' io 
>¡oplicd tu tho·;omaiHol<r ol thc •eonnJ>oy drcuit. The 
cutro11t drawn """'Id be quite low until tho ><>Ita,.. io 
rai..d In tho ¡.oint whcre a main or au.a;.., "'"""' 
'""'formor hogin• lo """""· Tk '"' oh«~• fnr d<· 
f<<t, in the ,.mndory dr<uit, <>«01 in tho dist<>nn«t«< 
relay, hui in<:luding <uor<nl ">ndormtr -.<i10tion <ur
f<Ot, op<n Ond ohort circuih, mt>in ero., conne<lion' 
lo oth" piiO;o•, '"· 

11 this 1<11 di,.lows >pPro:dobl< IDff<r<O«"> in tbe 1<>1 

voll>•< r«¡uired to ~r<><lu« a (iT<o ·.,¡.,. of cumnl in 
the v.rio11Ío pha"''• lind out why, Thc "'"'" 101y b. •n 
op<n or 1hort cirouit in tho """"duy ,..;.;""· or a do
Í<dÓV< <u<trnt tr1n.fo.....,., or a l<gitimot< onbo'.ont< 
of >«On~;¡ry borden, c•u•«<, 1"' cumplo, by sin<l•· 
o ha>< m<t<ring or hy th< omi .. io'l of a r<lay an one ""'"· 
lt is not unu1u.il lo fiod 1n...1 in lh< cumnt·lranolortn<r 
<Ommc>n rolurn l<ad o! ti... thrto p~.;o..., '"" bordm, in
oluding ••layo, i• mu<h G'"'" tluo in tho pita!< load,. 
If it >Op<>r< lo ¡.., oxoc"i" th< 1«1! <hauld ¡, <xleod«< 
al lea•< to P.,.;tion l. 

le. Thc "" ""'""' io appli«< to 1ho relay <ttrrcnt 
t<rmin>lo, with tho ><eondary wirinR In tho currcol l,.n,. 
formoro •M othor «[UiP"'""' """"'lly oonn«ted. The 
rol>.y ;, •ubi«t«< lo tht ,.,... "'" •• in P®tion la.. 
inoluJins titning, >ny difl'ercn<< in lbo multo ob~.>in«< 
boing of cour,. duo lo '"" fra<tion ol ourrent u..d in 
tho exdtation of "'"""' trandor,.,.rL 

Tirio l<1\ io of pani<ttl"' •alu<, nol oniY becauoe it 
provid" a m<>.urc of tbe "''"' lo whi<h <urron1· 
tr>n>formor porformaoco afl'e<to relay P<kUp >nd timing, 
but >!so bocaW< it ;, tht bo>io ol much mainl""""" le"-

• 



ing. !f, on l>l<r moinl<nan« '""· 1~< •>lu<> ob,.ine<l 
in lhio po>ilion •" ouh<l>nli•lly lhc »m< ao in 11,. in· 
>UIIa1ion 1<>1>. oh< mlir< layout may 1>< arun><d un
<h>nK«l. !lo • rulo, only ;¡ lh< ""' in Po1ioiono le and 
lb •how nno.pTaincd unh.>.lanr<>, dcfinilcly l'oli«•bl< 
uourotion or q,..otionabl< r<>idual burd<no will moa <x· 
lmdrd '"'" l>< • .., .... , •• 

Pooition 2, T .. t Curr«l! App~od ot Switchboord 
T<nninols ol Curnnt-Tr.,olorm« L<•da 

In ohi, ''"';""" tho "" currrnl i• owlitd lo'" rnlire 
pl>o.,. K<oup of "loyo. m<O...-o, ou.iliory currrnt trons
ÍO<mo,.., <1<. Sine< oho main <Urt<nt tnnoform<ro rtmoin 
in ohtmt with oh< hnrrltto, thtir dl<<t on rday pttlorm· 
onr. io indu<lrd. Thi1 io a conY<ni<nt an~ foirly cll«tiv< 
~•• of d<~orminin~: wl><oOO opori>l f<lay <>iibntioo> 
>« rt<¡uir«<. 

In t<>tinK Kround r<loys lrom Position 2. booh pha,. 
and Kt<Hlnd·t<\ay bordmo will l>< irdO>d«<, ft·hi<h io the 
<<mdioion tl>o\ .,;¡¡ oht>in in ><1ual op<mion 10 <l<ar a 
"'"""d bulo. Th• ph'"' rrlayo will •om<Oim<> h< calltd 
upon 1o op<r>t< on pha>Ho-plu..., butu ('"' "'''"""' 
~ppli«< b<hw<<m lwo <Urr<n1·1ron•fonn<r pha•< leodo) 
•ncl ""m'"m•• on tht<r-phO>< f•ulh (1«1 '"'""' oppli«< 
L<lwom on< <un<nt-l,.nsform.r ph>..., l<ad " a timo 
and oh< o<utrol "'"'"' l<ad, "'i1h 1h< ~1.--.1 burdm 
jump<rtd .,,¡, 11 lh<r< i• '"1 oignifican1 diff<rrn<< in 
r<oding•, dota ,¡,oul<l l>e r«or.l«< for ;.,,¡, oonnt<lion•. 

h ;, """ibl,· to op<n !he "'"...roo... •• PO<ill«< Z, so 
" lo 1<11 11>< "'"""' lr>noformr<> withooo burd<n nth<r 
""" lheir 1<><1• to !~< ¡.aocl Tlú> io p•rli<ularly >dv•n
!>O<OUO in m<l>l'l>d in•talloti""'• whtrt Pos.itionl l aod 
• "" •P• •• bo itiO«<.,iblo .,- n<uly ><1. 

Pooi1!on 3. Tn1 Curr<nl Appli<d ot Cur<mt
Tronolorm« S<e<mduy T«mi>Wo 

In lh" po>ition 11,. '"' cunont ;, •ppli«< '""" th< 
>«ondary t<rmin>l• of th< <Uft<nl tr>ndorm<r, ot "''"" 
thc i«onda ty 1..-1> "on the pro•lmiry of lh< <urrml lr>n>
for<n<r, wioh >11 mtt<<>, rdoy> >nd othcr bnrclm nor
rn..lly ronntcl.d, aud o! OOUf'< ..-ith 11,. prim"1 op<n. 
n-.. 1<oting io <he ,.,.. •• PO<ilion z. ond oh< ,.,,, 
,,¡, 11>< ,;.,.. '"""' lor ti>< add«< •cl,·an<ag<> tku 1h< 
><<oml>ry k•do '" ittdudtd wioh th< burrlon in 11,. "'"'' 
mann<r " in oor""'l "'vi« atod that .11 dovic<> <>n bo 
r<adtly id<ntifi<d ..-ith <hoir r«p«~ .. ""'""' uans
foun'" If l .. d, w<rc oot [>lllilivdy i•ltnlifi«< in othor 
w•yo, thi• ¡, \'<tY im¡..,rlant. h i! of roum ¡x>,.tltlo '''" 
IQ 1<>1 !he curr<nt trondon""' alono from lhi< po>ióon. 

Po,;,;on i. Ptlln•ry Currtnt Ch<clo: 

Thio i• the mo•t rtli>bl< and ,.,;,fot\Ory mclbod of 
<i><tking u,, ¡><dorma ... of <umnl ltO"!Ínnnoro and 
n·lay> logcthtt, •ittro oll h'lrolono >r< i11tludtd, ongdhor 
wioh their I>OIInal offf'<t on th, ,.tuation darotloriotico 
ol oh. <Urt<nt lr>n1f<rrm<r. Unfortun>tcly il il "'""lly 

<bfficult lo =ke t~o ""''""Y high-tumnl '"""""""' 
In thc prim>ry cop¡><r; omd tho <~uip•nent roquir«< for 
ti>< high-<Uf!cnt l<\1 "'""' io "'""~hot un..-iddy. For 
<h<1< r<a""'' ¡he pdm>ry <U<r<nt <~«~ t.OO< to k 

• 

linlit<~ In """i•l opplbtion•. Whtn o prim>ry <Utt<1\1 
cl><ck ;, modo, l>oth c>lio ond polorily of "''"'" trono· 
formen obould bo dttcrmio«<. 

IV. FINAL CHECKING OF EQUIPMENT 
GOING INTO SERVICE 

11 ;, "umnl oh>l lh< U•u•l h'gh-pul<ntiol aod pha~ing 
chrtlr! h>v< l><on tompl<lf'd. and lhot thc t<¡uipmcnt ¡, 
.,..rgi«d at notr!Utl pol<nlial for ~.,..¡ ok<k. 11 io ... 
•um«l al"' tl.at ohe inlltUmonl-t.ondorm<r ""'" 1»1'< 
Leen ~roumlrd wilh con<luctof! o! ''l<ouat< oirt. and th>l 
th< >«<ndory .,;,ing hao bo-m t<ound«< tith.,- >0lidl7 
or il ,..,.,;..,y rhmugh wtll·d<>ilr>«< •park gop~ S<e 
tlw- I!Of:E At•t>li"t>on r;ui<lo lür Grultndtng nf lmtru
"""' Tnnoformer Second>ry Cir<uio, and c,,.,_ S10nd· 
or<ll Publi<;>oion No.. 5~. With pro¡o.,- o:round• in pi~ 
wioh oui~>hle "" •~·it<h<>, )><k>, link>,'"· in.,otl«<. ond 
with tlt< '"' of a<l"ua!dy insulat<d 1«1 l<>do it i• <11>1<>

mary -..ith mony u><r> <o manipulo!< conn«liono ,nd nuke 
1<>1! ~-ith ok r:quipmonl <n<roiZ<"d lt ;, importonl, how
<><r, lo m•ko <crloin tlt•t oll of 11>< ""''""Y au•iliory 
~<•lino .lt~·ke! >« P«l«ll, aud thot ""Y "'P of the 
<<>!in~ prv<tduro ha! bfo<.n pl"""«' ond do«ly oxomin<d 
in >dvooco, In ruard •R•in\1 unfoa ... n har>rd>. 

A. Cltcrrnt·ho•>fo'"''' Suo~tdat¡•-Có"";' Chui., ]\ 
io ab!<Ñut<ly vilO! lo "ltty lo ""'h ""'" tlu.t al! cho~u 
of crmn«:tioo, in,.rtion ond romovol o! mttm. <1<, l>< 
m.>dr in •U<h'a mann<r 1h01 th, "'"'"d"y cir<uOto of 
rnttgi«d aorr<r\1 tr>n¡lorm<<> Ot< no! op<r>«< ovm 
""'"""'torily. • 

l. N•ll Ch"k'. lf '""'"' i• fom>.J ~'"" thcre •hould 
k n<>r><, a dcf«t ;, indiaotd. Howover. • uti•f•<-
lo<y null ck<k io inconclu>iY< •nd ""'" h< •uppl,. 
IO<nted hy oorn< kind ol pooitivc or WiviiY <h«k. 
ln pr<v<nl d<<op~on by a fol>< null C.O.u>«< by opon 
or obort <imri~ 

For difforonlial circuito in ~·hi<h the op<r>ting 
ooil norm>/ly h>.1 M <ut!<nl, ch«k thot thm ;, 
""""- lñh, in conj""'¡;.., w;<h eh«~ 2 or 3, ._,-,~., 
lhal th< rurrcnt-l<on•form<r ratioo •« corrr:<lly 
bolan«d ond tho volaritico •od ph"" corr<<~y 
re\aood. 

Similarly • «ro or nogliotble currrnt ,.adiog in 
111< neulr.l or commnn r<turn l<ad of o thr<<·Ph..'< 
><1 of <llrttnt l<onolorm<r> under b•hr><ed-load "'"
dioion< indico!<> rotio bolonct :uxl l<kc po\ari1y of 
thc th«o >«ondari<>. 

2. l•tPWio~ o/ A"r"w Rtloy Có•<><iU. By ""' of 
&mm<l«, v~1m<l<r and "'"'m<kr of ph•><-on¡le 
'"'"'' it ¡, 1-"'"ihle to <~«~ th.,o th< "f>r<t«< 
.alu" ond polorilitl of vollag< and <urt<O\ are 
,.-<>=1 in oho voriOU< rda, ci<cuih. Ch<d lh< <Oil-

1>ct pooition• ol d;r«tioml olem<nll and voltag< 
tday•, and cnmpate with obo>t t>¡~<t«< in 1iow 
of l.,..j tortdition>. 

J. Rtlay Otr,alio~ C.t..th ,;,h Dh•trltd Lood c.,. 

""''- Whon<><r >oy r<l>y io ""'¡" ¡, '""d in 
>udt O ""'""" 01 1<> t>U'< il 10 Op<<O!<, th< «llll<• 
""'""'' of bro>.kor lrippiol ,b<ruld l>< conoidor& 
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' 
mainttN.n<< of othtr «¡UÍpm<nt io ..,.,;.,., <O•m:<! by 

"""''"" ond cor">parulenro b.llv<"n thr util,ty aod thc 
induwi•l powor U><r: OOt moe< !C<q..,.ntly it it ldt l<> b< 

dcfinrd by <U>Iotn at>d pr><tice_ lt Í! d"itoblr lo ""'' 
thr" m>1tt" mo" <i<ady drfoncd: lar hoth J"ftÍ<> proftl 
il "'h r<ro~n;,., ito '"POtl!ihihti" ta th< oth<r in ,;,,. 
of th< l>ct that bult "'"'""''do not f<!¡o«l '" a.bitmy 
bound"y lin<. 

1t ;, "'"' ,.¡, for th< inolu.,;,¡ "'" to "'""" that 
th< r •• ndrn ol prot<CIÍV< «fUÍprn<nt P<"K><Iir <h<<~Í'Il io 
aut..,..ti<olly pl.r.d 0<1 th< utility by Íl> n«d 10 l'fOI«l 

ill o~-n tqUÍpm<fl! and ><rviro. Thio m>y ind«d bo "'"""' 
trut in lh< <U< ol incoming linro •nol tht ..quÍpm<nt 
ditrt11y conn«t«l thcf<lo: but th"' '" m>ny poinu in 
m<»( indu>1riol plon" wh<r< bulh could O<<Ur th>.t il 
utorontrollrd would !>< vocy ro!tly On th< pl1nt hut h>rdly 
n<>li<O'hk to lhr utHity. A pouticular utility m•y. •• o 
mat<<t of <u>lmnor rtl.,ion>, pco,ide ><cvic" fm ¡>ooi1inn! 
of the1,<11<r el•!! •• wdf "of 11>< hmor, but thc n«<>· 
'"'" ol ;,. own opo;a1ion do nQ1 "quiro it to do oo, 

F~I!:QlJl!:NCY O!' Tl:s'r!NO 

n,. tim< int<r\'01 tb.t ""'' .,¡,¡7 bo: alfoW«< to PI" 
b<tW«n '"U of pro1«1ÍI'< oqni""""t io a nriobrc, do· 
¡><ndin¡ upon oodo f><to" •• <k>nlino .. of >lmo>ph<r< 
ond ,..,-rou<>lin~•. ""'"« op<roting tomp"""''~ Ir«· 
dom from vibro1ion and •hock, <¡l'olity of Of><r>ling 
p<r>Onf'l<'~ <l<. Thr bc>t ;n1m·al in any g;..,, 1ypo e>l in· 
!lallot"-n rnul1 bo d<1<omin«< by <>r<<Íro", but will in 
oll ""' Ho • .imrwhm h<twt<n a minimnm uf,¡, mrnnh• 
ond a rn»in•urn (with >UI'plom,ntary o¡~r«IÍnK d•"k' 
at int""'"¡¡,., p.riod•) of throe ><>r~ It "'"Y ¡,.. '"''" 
•• • KUÍ<Io tl»t if no d<t<rioration i> fou11d on ""'"' 
"''"mivc d•«k•, th, tt!ling io probably too lr<~urnt; 
.,·hilo il cqui¡>monl io found in a compl<t<ly Í!>O¡><rati.o 
«>ndition tl>< t<!ling r,., bo:<n dcloy<d loo lonr. n,. idul 
io to 1<>1 !t<qurntl1 <nou~h •~ dct«:t aod nopai, indpicnl 
"""bk 

llt~~larly ><h«<of<d '"ting >hot.ld b. ouwlrm<nt<d 
.,ith ,,....;,¡ l<>ll m>dc •t ••v tim< thot th«< lo t<>oon 
1m ou•r«tino thol thc proi<<Oii,. oquipm<nt may h..-c 
bc<n Wttn•~«l- Ono of th< plu¡ v>lueo uf '" intdlio<nl 
•nd-loy•l """"'"'~ force ;, th< .,,¡,,.,., it ''" •ivt 
;., ""'i"" ''"' r<poltÍ<lg ,;g,, of .¡..,,,,,,¡ prtf"'"''"""i 
atLd "'"" OL!Ch ,.,;""'"' i< «liabk, 11,, porimlic '"" 
m>y 1>< O<hnlul"l 1"' lrc<¡ucnlly, Ston,l•nl i<•"'"lu<>' 
>houiJ, of '""'"· b. 00 filo, •nd uhc1hrr >11 ""'oto 
tr<or.lnl Ot not, &<t>il• of >ny del«" fou'l<l 'hould b< 
<«O<dn1, TI!< r<«mh >hoo11d incl,.,je all ptulc<ti-c """'· 
t>Ot t<l.1yo onl1, and >hwld ino:lud< •r«iol " w<ll " 
""';.,.¡;, ...... 

SCOPE OF TF.snNG 

T"tin• t>l prote«Í•·• oquipmcnr ;, g<;><r>ly thot,~ht of 
irt tormo of tclay l«tin~; OOt ;,, ••lur""" f.r ¡,.,..,,d 
""" ,.,.,¡¡;.,,¡.,, of ti•< ;cby'; <alil"atiou. In f><t, 1hc 
"'"""< nmul,-r nf i, ""ul.ui1ics fouml do !101 ;,,,,¡" 
th< i<ldyo . ., ;'""'"""''' TI,, t«ti•tg ,¡,,,¡,¡¡,. '" t•L•nm·d 
>1 to d,.,k, " l>r., po .. ,¡,r,, <he ;ntiro "'""" ¡,.,, 
imtr"'""" 1r.m<fo'""" to <Ír<uit "'"''''' OL'<"liun, 

• 

F-<!uip•nent >hould b. in>¡>«l«l visu>lly for obviota de· 
fects >U<h a. hmken >tu~o. IOO>oned nut~ d•m•ged in.ulo· 
tion and tho tikt. 

Ordi,.tily tho in<li¡olion of normal po!ontial ot tho ,,_. 
lay by lomp or >oltmoltt ;,- «m<idor<d ad<qu>to V<rÍ· 
fiG>tion fot potontial ttan,formrrs and circuia. lf tl>< 
combin<d tdoy •nd ourrrnHronofonnor ehttk mado ., 
in>t>llation <•n ¡,., r<pnttd, 11>< <<t><titioot Qf >ub.,•nti:tll1 
th< """' r<!Uit, ~ ill b. oufficimt pmof 1hot tb<rc b 
no <hort cimnl in tl>< cumnt hamformcr <>r ih kodo. 
A <h«k undtf load wilh a low·Lutd<n •mmot« in ><rios 
or shunt '"'ith 11>< tolay ,.¡11 <>ULii>h proof o! continui11. 
Moro <laOOrotc the<kin~ " outlin<d undrr m>lollotion, 
i• r«¡uir<d il th<rt hu bcon '"Y rh.,tge in the oquiprn<1\l 
or wiring, if > ch>noo in «!1in• m•l•ri•lly •ltct! tho 
curren! ur poloroli.<l "'",¡"""" borden>, or ,¡ lll<rc '' 
cvidon<o ol impoop<t ¡ .. rforman<r. In 1hi> la11or <>><, it 
;, dem>hlc aho 1n 1<>1 thc in>ulalion of tho <ufrent, 
potcnti•l ond «>nltol ,..¡,¡q~; thi• requir" that tbo oqui,.. 
mmt k <ompl<toly dt·<norgi•<d ond tho wol«ti" 
grounib rrmov«l_ 

~<layo i:t Grnenol 

The .-.1•¡·• •l>cruld bo inop;..l<d for loo<rn<d t<rminalo, 
loo;k '"''"'' •nd oth<r l>"rl~ lar fillinK• ot o1hor forcill" 
matrrial in """"<! ~>p>, fnr Lurntd ar dirty contW•, 
for >ti<l.y <on<oct ~''''"""'· far d;tly, w"tn Ot btokcn 
bo:'fir.g< or ony uth<·r """' of >lu~gi>h op<r>tion, lo< 
d•magrd coil<,·rc'i""" or ~iting, •rul for d•n.ag«f ot 

mal>rli">ted indi,,,.,., l>tR<t• ur holding dovic,., 

P<rforn1a"" t.,h of lht <clay• "''" vary >umowhol 
with lhe ty¡><. n,. followin~ Hu oompor., initiol ond 
p<tiodic 1<>1! fut >Omo of t~< ""'" comrnon typo, of 
rola yo: 

Dill<r<ntla! ~ol.oyo 

a. lnitiol_ Vcrjfy th< publioh<d difl«on1i>l <hon<t<r· 
i<ti<> by ch«kin~ •1 mínimum o¡><.-.ting cu<rcnt and 
at ,.,.,,, otbcr "lu<o. 

b Pcri0<1ic. Chcck ndnintunt up"a1ing rmtenl with 
CU''"" m •·•el< 1<,ttaint coil. Che<k Op<rotion ond 
timo at • hi~t,., ,.¡,, with ono m1raint coil. 

Undorvoltage ~<layo 

•- lniti>l. Cltcck •nd odju>t pitl.-up ond dro;>--<>Ut ••lutl. 
Rcco•ú timo, ot lt1ll on drop fr<>m normal to roro 

"·"-

Ov<rvollogo Rü•yo 

a, lnitial r:he<k a11d ,,¡¡"'' pi<k-up and dtop·out "'"" 
Cncck linte .¡,.,,,,cri>ti.,, if >redf,ed, and opor•· 
<ion•l fu,.cliono. 

b P"iook Ci><·•k i>Í<-·uf' Cho..-k o..,f>tion ><<anlin~ 

to •bitcd fun<1iuoo, which '" ""''' dolf<rent in 
•·ariuuo ;.,.,,¡¡,.¡,""· 
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o. Jnitial. On <norgiúng l~e <tmcnt win<linK or lh< 
po10nlial windin~ olon<, th<ee ohoul~ b< no mor< 
th>n > olow drilt ''"'"~ do>ing, U1ing high <Urrtnt 
an~ low voltag<, ~c,.rrnine lh< minimum volt-am
P'"' r<qoired lor ofl'e<tiY< do!ing. S<t ,.,,.f<e<l lor 
hi~h (60 ""¡><"' m mo") <urr<nt onú no volto~<. 
on<l a~¡oly ltiOmentarily; tho '""""' •houl<i not <looe. 
In ap¡olying time !tlling• lo a di"dkmaT ove""'' 
"''" rday, orronge lh< '"' to indude tho timo ol 
both the dirWioool ond the O''<'Cilc.tnt <l<m<nU, 
NOI<: On oum:nl-polarieed dir«tional unill and on 
ourr<nt-produ<! ty¡>< of cliro<tionol r<to.yo, tho our
r<nt <011o an uoo>lly be «>nnecttd in ><ri<l for 011< 
in t<IIÍnl" oO<l odibrating, 

b. Ptriodic. Toot lor o<tion of oorr<nl Qr volt>r< olono 
oo obo.o. Che<~ ovec>ll time, in<lud'i..,. th< ooooci
at<d el<mont. Chotk dire<~onal elemmt timo O<J>O.· 
r.o!<ly only il the xl«ti.;ty ..,.rgino '" so do,. 
U kl r<QUif< it 

InolJUtlonoouo Ovemlrttnl Re layo an~ Elelll<nto 

In eh«king pick-up rumnl o! th"o fOhyo, it ¡, Ad· 
vi.,blo lo rai,. lho <tlrr<nl gradually in ordor lo avoid 
tronlient olf«:tl. Aloo, oom< plungoc-lypo tolayl txhibit 
o mark"l """"'" ni burJon impodan« whon th< gop o! 
tho mun<tie <irouit do•e• in op<rating, "' thot it moy 
be diffieult lo obtain e<rtain values of <Ur<enl on 1"1. 
Thio tffod un be madt 1<>> tmublt>Omo by the u,. o! 
r<latlvoly hixh valu .. o! lt>l vo!Ugo, i"doding a tt· 

'''"'-""' in ,.,¡., with t!>o '"' sour«- JI • relay hea" 
uce11ivtly d~ring <Urrmt adju!trn<n~ m>1re o puliminory 
odjuumrnt ol the <tlff<nl with tho r<lay by-poo>«<. 

L ¡.,¡¡¡,¡_ O.«k pick-up""""'"' >nd codju>t il «qnir<d. 
Drop-out ¡, imoortont in • I<W oppli'>tion~ lf a 
pt..,..,.ryp. relay ha.! trip coi!, or otl><r proto:cti\"< 
d"''" in Rrit> wilh th< r<lay coi!, <he<k from 
Pooition 2, J or ~. to be our< tlut lhe pick-up 
rtl>y dou not ""'ke lhe total <n•«nt-tnnolormer 
burdtn too ¡r .. t lo< the op< .. tion of th.:,. other 
d<>iceo. 

b_ l'ori-.lio. O.etk minimum pido;-up '""'"' an~ lune
tional mpon,., 

Indnetlcn Tlme-Ov.,..,.rrent 
Re!o.yo ODd El<menlo 

The .. are ¡>artieut.rly ou>e<ptible lo vori>.~on in both 
plc~·UP <Urrent >.-.1 timing if 0.. .,.,..,¡.,,,. o! 0.. <Uf· 

<enl 010«1 for lnting ¡, dhtot<d. Sndl d4tortion can 
.,; .. from non-linoar m;o~ttk dleao <ithor in 0.. rt!•r 
it><ll or in o teot lnut!lonnor. lt can be ,.;.,¡m!.ed by 
.,,_;,~ a r<l>tively high-volt>ge t<>l ""'"' (o<vonl timu 
th< yolt>gc '"''uired acro» the rel>y windi'lll iU.I!), 
obtotbing th< ""«" in • rheootat «>mte<ted in HfÍeo 
with th< «l>r. Somo td•Y• oloo •""'K' <harocteriilko 
with ho>ting, which may ,.;,, l•om ambi'"' t<rnp<ro

tureo, lucod """""'' or l<>t "'"""''· 

a. lnitial. Ch«k pkk-up =renl, and orcrating timo 
at thc tp.<ificd eutro:nt .. 1""· Th"e moy be any-

whtto lrom 1 S lo l<n tim" th< '"'""""'" pitk-uo 
<uH<nt d<p<nding upon tho notu« o! lht O<l«tivit.r 
JJI.Ifgin. with olb" protectivo t<¡Uiptn<nt. ~h~e 

all o! thO!e '"" both with th< r<l>r ¡..,lated >nd 
with th< ''"""' tran<lor""" and oth.r burdon 
ioclOO«<, ond il thoce ¡, ony o'•l"Íñ<ant d;fforenet 
r.eord both "" o!~.,. lor futuro ""· 

b. Periodic. O.eck pick-up CUfr<nt ond timin¡, prder

ably in a eombin<d "''· 

Conl•ol Wirin& and Op<totion 

An import>nt ''<'!' in p<riodic tutin• o! prote<liv< 
equipmonl ;, lo mo'•< «rtoin tlut th< op<rotion of any 
tripping re!ay .,.¡¡¡ romlt in the bruktr bein¡ lrippcd. 
After > vi•ual chock o! all termi,.¡, ><><1 expo>«< pot

tiono of tho trip cirouit wiring ood o/ t!>o cw.!ition ..,.¡ 
aoljuumtnt o/ onY <ireuit-brook<r au•iliory owitcbeo in 
tho trio <ireuit, ""'k< at hu on< <he<k o! an "'"'¡ trip 
-rotion lrom th< rdoy conl><l>. \1/hofe tber< aro a 
nurnber ol .-el•r• >n~ it ¡, no! d<>ir<d to ltip tht br<ak<r 
frorn <>eh, it ;, "'"•lly po"ible to deviso oth« ""'"'o! 
!<>ling the tdp dtruit throo¡h lht othtr r<lar• to • 
common point on the op<nin¡ control .,¡,.,ora r<eord 
may l>c k<pt o! the r<lay frorn "hith th< brc>ker ""' 
ttippcd, •o that oll rnay be oovercd "m ••«<niv< petiodo. 

Summory: Roquioiteo fot Protoetlvo 
Equipment Teotlni 

1. Ado~uot< "'' ""'""'· 
2. Ad<qu>.!e t<>l •..-itch<o or <imit.r ..,..,, o! i.ol>tiog 

<qt>ipmont !Or t<>t, both iniliv1d,.lly and aho In func-
~on.l ¡noup<. -

J. Control ..,¡ met<dng equipmmt for tbe ap¡oli<d cur 
r<:nto >nd volugeo. So,.. ,,..., o! rel•y• reqoire op«iol 
equipmen~ · wloich ,. •pco:ified in th< mamofacr.r«'o in· 
otrU<tion hooh 

~-. Ad<qu>.te "'""" o! d<le<tin¡ of><l timinr tdp dteuit 
clo""'" and opo:ningo_ Thio d<Vi« witl aloo be ¡..,nd ""
lul for titning cireuit bre>ker clo1in¡ >nd -ni'lll tim.,, 

"" S. Ad<Quate rtCútdo o! oll <Onn«tiOO!, <l«trbl con· 
''"""· odting~ test valu<', opmting p<r!orm>n«, and 
bilure> or weakn««< lound on l<ll. 

6. Tr.inod p.r>onnel. 

FtJSES 

MEDIUM-VOLTAGE ANO HIQH.VOLTAGE 
PUSES: 

A frue io dofinod by NEMA SGZ-1.01., "An over
""'""' protoctive devi« wilb a .;,..,;,._,;., mcmbet 
he.otod >nd dntroycd by lhe "'",:..' ¡oaotil\i: lhrou¡¡h it • 

From thi• d<finition it can be '"" th:ot a fu" ;, pri
m>.tily r<>pon,;v< to <Uff<nt and dooo not ,.!«ti..,ly 

,..,.,.,._¡ to ••r olher •ymm ""''""'""'· 

Mcdium-,oJt,ge and high-volt>~e !""' vary widoly in 
their d<>ign ond con>lrnction, hawov<r, tbey con be ob
vid<d into !<v.,al gonerol da1>ifi"tiOO> " folluw.: 

l. Diotribution cutou!o. 

• 
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3. N'on~rr<nt-limiti"ll ,.;!h non-r<n<W>hlo fu>< olo

-~ 

Tho dooign, of tho v>.riouo fu•<> vary wid<ly. thortfo1< 
tltey can only be d<><nOed in a general ""''· 

TI>< e~otmrt ;, o modi.,-a.pacitr ¡...., ffitood<d r.,-,... 
in • ruotdbotlon ontcm up 10 IS ~V. h.,...;.,, of a fwe 
moomtin¡, luoe hold<r, an<l fu,. link. Tho lo>< holdu bao 
a mediutn intorrup~ng ,.¡;ng and lo d"ign<d to "'" tho 
univ<r .. l typ< cable linl< ot ito .....xinn¡n> nolilll' for ~" 
into:<n~p!Íotu ...¡th only tbo univ<rul ~ni< b<inr rep!o«d. 
Th< n>I<IDI io uotd at omoll ou!>.t>tiono lor pmt.ctinn 
apinot line bulto, ;,olotin¡r lault<d diotribution tr>.no
form<r., at capacil<\r inltonoti""' and iD <rmll induotri.al 
pla>lto. Wh<n •wlriog fooe <mouto, "'""" obort-<ir<tbt 
cumnto muot be ktlown, in ord<r not be <~O<<d tho tn>nu· 
bct>u-et'o rotio¡:. Modm> "''""'' ha .. int<rru~tl""' rat
ingo io tk m>..,Utud< of 8000 omJ><r .. al 72 kV (oyn>
m<triul) .,d 6700 ampo:,., at 14.4 kV (oymm<tricol). 
Cutouto ohould not be ""d in oonfintd or on<loo<d ar<.o.o, 

. Non-Ctln=t-Limltlnr Po .. or Fme witb · 
Renewobk Element 

Thio ry¡,. IUK io a rn<dium.apociiJ" fu,., intrnd«< lor 
""'in indu.,rial aod ooentnl .,,,;., "'''"""' up to J4.5 kV. 
lt ccntitU o! a mooming, luoe holder and luS< cefill uni!. 
The luoe ;, available in eontinoouo rating, o! 200 amp<m 
nw<i""'m. <100 amper<> ma><.imum. afl<l (lor '"'" In><> in 
panl!d) 720 '"'~"''"' muinmm ¡..,. ool!a¡;o ratingo up 
through 15 kV. Continuouo '"ingo up to 300 omp<m '" 
a\·ailal~e ot Z3 ond 34.5 kV. A ,.,,;,,y o! oloorHir<Uit 
llrtrxrupting ratinp are »ailab!o; ,.. throogh 60,00(1 ..,. 
P<T<> O>ymm<trinl at 2.4 •nd 416 kV, 40,000 amp<m ot 
IJ 8 ~V, JZ,OO(l ""~"" ot ZJ kV, otK] 28,000 •mp<reo at 
34.5 kV. Tho.., raling> un be e>~r<o...d u tb,.,.,..pha>< 
'"""""'ical •bcwt-<:ir<Uit lntem•ptin¡¡ ratingo •• followo. 

Nomino] R>tlng 
w 
2. 

4.l~Y¡'24 Gmund<d Y 
13.8 . 

ll' 

~· 

Short•Circ\lit lntetruptinR 
Ratiog, MVA 

.-
Thio fu, hao many oppllc.tiont in a diotrihution •r•-

t<m o! an indu..,ial' planL ' 

Non-Cutr.-nt-LUniting Pow« Fuoe witb 
Non-Rennrablo E\ement 

Thio typ< fuoe io a hioh·<a¡»city fu,. int<nd.d lar uoe 
on inclu.,rial an<l <entro! otation >yltrm• up to ]J!l •v. 
1t «>nsi>1o el • ""'untin¡, fU>< <nd f.!!i~•. and fu" 
cnit. Tho luo< i1 '""ilab!e in "'"""' tati'lgl Up thr,..¡h 
300 •mp<«!, •nd volto¡< "''""' thruugh IJS kV, and 
i• •voil>hlo in ,,.;,, intmupting """"' up throu~h 

t,SOO,OOO kVA {three-pha,c >~) at J4.5 kV, 
1,150.000 kV A at 46 k V ond 2,00(1,000 kV A ot ~9 '""<><>P 
IJ8kV. 

Cu=t-Limltlnr t>uo 

Thlo type fu .. io a medium-capaciiJ" fu•• primuily 
de•eloped fot tU< wiU. a «~<~la<!Or, to ob..U. • bl¡b
inte:rupting-capacity hlgh·..o!~ '""''· lt """ •ho be 
n•«< •• a dimilmtion-type !use. lt «>n>i>to o! • mounting, 
fu,. fittin¡¡o afl<l • luoe uniL Tho fu ... ;, ovail>b!e in 
n01in¡• "11 to :«10 amper .. at S kV and 100 >mp<r<> al 15 
kV ...;oh interruptin¡ capao;ili<l in tho order of 50,000 to 
60,000 amp<r<>. 

The fu>< ;, 10 d"irned that tho mo:ltlnJ o! tho fu>< 
ele.,.,t introd.xeo • hi¡h al'< l<>ilt>nc< in tho circuit in 
advon« ol the """iblt P••k amrnt ol tht ~"'hall ryd•. 

Thio «<lfÍ<Io tho !hort-<i<cuit ''"""' to a low.r vol"" 
th.on wwld be P'"""'' witbout tho <>II'T<DI firniti!>i; dlect 
of th< fu .... 

Thio luoe i1 wid<ly U>.d on lndu<tr1al oyoltms wher
.,_ it ;, neno .. ,.,. to limit ol>oft··dr<l<it ronent '"' 
hi¡b-capacity ty!l<mo. lt ;, ooed to prot«t pot<ntial 
ttanolormm, lltl>.lt ].,.d, on hi¡h""•pacity drcttil!, and 
on hi¡h·vol!a¡e motor llutero. 

NEMA VUS!i: RATING 

• AD powet fu><• ,;.nula<tur«< 01 the preoent timo are 
tbe NEMA "E" ratln¡¡ In« "'bid> m<et tho lollowin¡ 
"""d"d" . . -

]. Alt fUI<> muot arry thoir "'"''"! 
'"""'· 

2. Fu><> .at«< 100 omp<r<> or ¡.,, !hall melt in 300 
· >«<ndt at on rmo cu"mt ...;\hin the '"""' of 200 
·lO 140 p<r«nt ol tho «1<1ti""""' n.~n¡ ol the {.,.., 
okmtnt. 

J. Fu>to <>t«< ~¡., .. lOO amptr,.. •hall mtlt in 600 
>«<>ndo at •n rmo <nrr""! witltin th< r=ge of l20 
to 264 p<<«nt el tho oontinu""> ratin¡ of tite fu« 
olem<n~ ,. ' 

Applkatlon of Fu ... 
• 

In lb< applicatimo o! a fu>< it muot be odedrd for 
volto&<. <Ulf<nt-carryin¡ <>.pacity and int<rruptin¡ ca
po<ity. Wh<n ¡,.,. mult be <oordinat<d "'ith othet fu""' 
Dt brt•ke" tho chor•cto<iotk <Urve> muol be uo«<. 

The •·oltoge r>ting ol o lu>e ohcruld bt ><ltct.d " the 
nut bl¡hot obnd>.rd \"Oitogt toting al>c .. tbe oor.ke 
\'Oit>.g<. 

The <ur«nl roting of a fu« ob.;.ul~ be o.locttd >O th.t 
it ¡,¡..,.., ooly on lault«< a;>ndition or iong time ovetload 
aud n<>t on <>II'T<nl Ín<u•h. Amloitnt temp<r>tum ond 

ty¡><l of ""1"'""' •licct fu>< perfcrman« •nd ol•ould 
not be QY<fioohd.. Wl,..n fu><> '" opplied 10 motor 
l«<iu dreuito they muu be >ele<t.d by the ..,.,,..,. m.ann
h<tu<«, "' full dttaih uf the motor <hara<t<rti.,ic, mU>t 
be ouppliod lo th< fu>< manuf"'tu«r. 

" 

• • 
' 
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Figuro 3.19 
Ch>ra<"rlotko- 5tond"4 Rcfillo-N o 

Te<npera!uro o! 2.5 C 
Proviouo Loo~ing • At • 

rh<ae corv" are ba"d on m-.im~m t<ot ¡><>into oo all 
vac"-tíono oro negativo. They ohould b< u<od lor aU 
cO<>rdinotion problema wbe<e \he luoe ;. tbc PRO-

TECT!NG dovioo. Whore the looe io the PRO
TECTED dovioo, <eler to Figure 3.17. 
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A ~u•l-clement fu" hu <Ucr<nt-roo¡>On.ivo <lem<nU 

0¡ two diff<r<nl lu•ing <h>,r><t<cti>ti<.! m ,.,;, m a 
sin¡¡l< carlri~ge_ Th'e fuS< i• one-time in op<r>tion, and 
tho ¡.,l·a«ing element prol"t> agaimt >hort CÍ<<UiU in 
mueh the ,..me way •• an ordin:tr)· fu>< The long-deloy 
domen! p<rmÍB >hart-dumioo ov.,loo.d>, but mdto if 
theoo ov<rloarl> are oustaffiod_ The most i'"¡.orb.nt op· 
plic.ltÍOo\ o/ lh<S< !U!<> Í> for molor drruÍ(>, They dn 
nol blmv nn motor inm>h eurrtnt, but prot«l the motor 
ond bcaneh <ircuÍl> from damage by suotain«< oV<r· 
l<»d1- Anoth" a<lvantage of dual-elemonl fu><t io th.>t 
they oper>te eool<r tlum th< lYPÍoal one·timo ÍU!<. Fur
th<r, lhe overload element >eh •• a t<mp<tatme pr<>· 
t«lor for the fu", <auoing the fu" lo blow b<lor.: it> 
>ln><:llm i• dom•god by ><>fn< abnornul «>ndition suoh 
., an overheatod fu><holdor _ Dual·d<mcnl fu,., io whi<h 
the ohort.clr<Uit <lomen! io curr<nt-limiting '" ,,.¡¡,¡,¡,_ 

Curr<nt-limiting fu><o ~< int<ndo:d for a~plicatioo lo 
<irouih wh<ro availabl< ohort.clr<Uit rnrrrnt ;, boyond 
lbc i.nturn¡lting rating of ordi""ry fu>< (or ol>ndard 

' ' 

circuir broakru). Attording lo NEMA (StaÓdar-d S.l.l--
1959), "An ac ourrenl-limiting fuoe io a fu>' whio~ 
.. rdr intmupu al] avoilable rurrmt< witlün ¡., intor
rtopting rotinr ond, within it> currtnl·limitiog '""""· 
limi<s tht d<>.fin~ timo al rato:d voltage lo an io~<rval 
equal lo or lol! th.>n th< fir.t major or oymmttrieal 
ourrrnt I<><•P dur-tion 'and limito peak l<t-lhrou¡¡h cumnl 
10 a v.lue le" th>n the poalc curren! tlut v.ould be pos· 
oible with th< fu,. ropi"M wilh • solid c<mductor ol 
the oomo imt>«l>noo". The eurrent-limiting fu«. lhe;o
lo«, plae<O a dofinito "iling on tho pealc let-lhrough 
<Urt<ll~ It di~'" in thio m¡=t from a high-intorrupt
inr a.podty fu>< whieh oimply int<rrupt> 1hott circui!> 
uP lo ito =•imum ratio~ but doeo n<lt infiuenoo the 
ourront which flowt In lhe dr<Ui~ 

A dhcuuion of power equipment lll<oq><lroting luoes, 
onrl ol th< • ..,.,.¡ odnntar<• &nd di..dnnta""' ol ¡..., 
"lativo 1<1 clreuit brulctr~ Mn ¡,. krm.l in Chaptu 
VIl, p.,..,, Equipmon~ 
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>~1 01 ~n w>¡<.(< ><jl 1" ""'"!"' ><IJ, "iUOJ<'jO>I" 

"ll u¡ p>pn¡>uJ >q Pl"'"l' """'!''' 'll0'l O¡ >,;no! "\0\j 

""""'' '"'"' >~1 ¡o """' Jo Y, '! '!""!' "!»'! ,4, 
¡o ""'"'!''' ><¡1 JL ""!n»p J>¡»>J >3>!)9.1·.~0¡ JO) p;o<n 
><¡ om¡»>O>~ 3"!·'""11"1 ><¡1 l"!l !'>"'"~"' <! 1¡ '11""' '! 
..... "!-" .. ,, ""'!'" "!""'!' J>¡»>] 4>U"q ,,.,, ......... "' 
>q 0\ <¡>,>¡ <! 1! 'W>)<~< ><¡1 Uj \Ujod .<u• 1• <]jO') JU!I<\ 

•IU)"' UO )U'!JodWJ <J >>UTl<J<" JO)>nj>UO> ¡¡ ·p>J>pJ<UO> 

><¡ l¡¡u>U>S p¡nno¡< """"!'" '"!""" '>P"I q>u<Jq ,; 
1"" ll¡n•¡ Su¡¡o¡n>¡~> '"'1~ UjOI 009 Mo¡oq """''' u¡ 

., .. ,,,,," "''"""'" '! '"¡q<> " ''"" '"""'"1' \!""!' 
J>lj)O ¡o ""'~'"" >Oj\ "'"' 009 '""'1• '"''"·'' u¡ 

'>8tl)O.I W>)i.(' JO ">¡pJ<!>J f»J>p¡o 

·-lOU <¡ '!"'" mq >~'<\ pu• <-"'!"""> ~JOIOW 'U> 

""'""1"''"' '""""""' ¡o ""'"'!'" '4' ~'41 ¡o ><no:»a 
'U"!-I>p >\j]>'>]OJd l¡n<¡ JO] Á!Op ~u~¡dnJJ>)U] !U~lTI">I<> 
l<>J >p~< >JO< ><11 U<> '! JGJI> <!'\.L OU»J>d M>) • ÁIIJO 
Jq _JOJ, U) >q IJ]-~ »UT)><» ÁIUG ~U]<n !"'< "U>U'>]> 

lO[r>ll '"JI JG O>U<i!)l>l >ql ~'"'1"'U Jq j»l<IO>I<> 
'"'""' 11••1 >q.L ""'"1'!'" "11 "'"!l > 1'''1 1• A]l<n<n 

<! ""'""" ''1' '"'""'!'""' P"' "o'"'""'3 " '1'"' 
""'""!' m[•w u¡ -.,,.,., pu• ''"""!<>J ¡o wno '"1 
·»., "'Jl '! »•<p><!w¡ "1' "!"''!' '""'",.""!1'""'1' u¡ 

.. JO >l<1¡<o• (<Jl<I>U.Ol•""'!l < >'[ 11)"' 

'"I<A <¡•;> .<¡<no¡A>Jd pou¡r1dn •v "'""' >q> ¡o '"''"'1' 
p;>l)O<j >q1 ~U)Áiddn< J>UIJOj<UUI m >o)"'"'" >ql ¡o 
>~<l¡O.o >l'ld>LU"U P>l<' >tp WOJj p>A]l>p <] UD]l'[O>I.O 

'"'""' l¡n•¡. '") 'l""l < <o '""' 4'l'IM »"l]OA "1.1 

oou•podw¡ P"" d"'L"A 

">•• ><<ljd·>¡Ju¡o ·1"1"'"-•"-''"1 >o¡ lll"" iOl lT 
IXI"O "<>lOA Olll' 1< 61"0 !>J< ><"'Id·>!""" >u!i.Ol·><l!l JO) 
o¡¡o. SO< 1< lllO 'ol)O• lllll' 1' l'l"O ,,, ><"'f(l·»•~l JGJ 
ll¡<>A SO< l• li"O ~11•• ~ 1• 690 :¡mi» ,,.., i<>]d.<l 

JO) on¡o. ••<>lOA ""ld·>"41 ¡a 1!"" >:>d u¡ '"'""' 11"'1 
-~p>< JO '"1" '""'"i".'"' >l<U•)MO¡ódy -(~ """'J'l!) 
"'"i"P '·"'"'"'d JO) ~L]A]l!'"" '""""" >~l ~u¡{¡u><l< 
u>~-~ )>OJ>)U] JO<¡~']'(" ")U>JJO> )¡n•¡ JO 00[" UlnW]U)<" 

>~1 >l'l">l~> 01 J>plo u¡ )UI!<IO>< 01"! 'Ol"J <¡41 ""!~<1 

pn~o¡ 1""'1 • o¡ "'4' ow>1<A< >ll'IJ"'··""I u¡ .,..,.,., 
1[0<j JO >P"li.,"" >t¡l UQ UO]I<l!W!I ~U).U<., U) 41!"' 
'>J.• UT JO »u<¡»<<W! ><¡l >•)OA.U! J¡¡u>U>~ >o¡)>,;d U) J.., 

~ 'P!'i""' "1"'1 '"l' '""'·""'! 1"'~' >q 1'1""'!' 11 

">>o.t<p><lw¡ pu• '"'11"·' 1'""'"""1"'"!1 J1uo 
Ju¡m S)!«¡ Hn¡d·>1>u¡o • uo p;>J<¡no¡•> ><¡u<> )U>JJn> "l.L 
·ouv¡p>uum J>WJO)<U<'\ <li'P JO"" ¡u i<>[P""" pu• 
p>f>U"OJ~ <) )U)Od 1"1""' >41 )uu JU J>4l>~M )U]Od 1<')0>" 
>41 10"'1< I"']Jl>WWÁ< '"!"'-'" 11"'1 >q1 ~u]pnpu¡ wo¡d< 
>Lil ""'»<[ u<>¡l]pUO> 11"'1 ""ld·»•q¡ • •u¡wnuo .«¡ 
j»~]¡duJ!' tll"<-' ,. IUO)l<l"'l"') ">J>4 ¡>OlU>"'d 1) ll<<>J 

·=>¡no¡ ><<4d-;m41 '"'-'!"i">l"' ¡o 1"'41>W "11 ÁIUO "0!~1 
JO »n~ --.w>)!.(o I'!Jl<Op«] "! 1""'1"""",.. J¡o;oJ >J< 

>DI"' ""'ld·»J4l >!ji ""'!l »ow ¡o ""''""' li"'J punod 
-<>h>U!1 ">>AOoO.OJJ ·on1 .. >O"ffi·»J4) "11 JO )U>OJ>oj )l! 
Álq]«od O) ¡u.,.>d il'J l""'!O WOJj >~U1" => o)u>JJO> JIO'J 
puno••-0)->U)I pu< '""'>oj lll -'1'1"")MOJdd< .,. ''""'"' 
¡¡o<¡ "'!1-<>>·>u¡l lw>)IÁI >h)1M·~~i4 P•• -wn¡p>tl.L u¡ 

oo• 

"'"'""' u.nw¡x•w u¡ "1"'" -'11"'"'~ ll"'l JO >oj,() <¡•p 'W'I'·'' 
1""'"1'"' u• u¡ '""!' ¡»'>p)<uo> >u<o ÁIU<I "11 ÁIL">nb 
->lj <] 00!1)pUO> ll"'l ><n¡d-»•q¡ ''LL "'"1"'1' <•¡» u¡ 
1"'" p»u UO]l'U)pJO<O> '"'"""""-"!1 ~·~~·" t< \U>JJ<D 

JO "'1'-' wnw¡xow >41 "'l''""'P 01 P"< "llu¡m -'><> 
-ll>WOW "~U)l<> IU]l~O>J>)U) >O"""'p• JO I»)A>p ~U)l»l 

->< jO "'od>hd "'l >OJ >O¡<.\ '"""" l]O>J¡>·U<>lll "'""' 
·]~1'W >q1 >U)Wl>l>p 0) p><n »< <UO]l'l"'l<' ~>OS ")[><" 
ljO<J >ql 01 '"1' 1"V> ~U]1]!U]I•IU>JJn' OU 4l'" \lmJ 

.. P''I''l .. '"'"1'~1«•! "'" • '! li'") >41 '"'11 P'"""" 'i 
l! '""1'1"'1" '"'""'"'1"'1 !0 '""~'>'""' 1'""' "1' "1 

"ln>d JO od-!.1 • 

">0<1<1 WOJj 

~>nw P"• ¡;,.,..,,. wOJj >]!l!l 1'<-'l>P ~>!'!.._ >P""' "1 
u.> <UO)ldu.nn< !o¡A)ildw¡< 1"'11 "·"'"'"!' "'1 .,u>¡>>d» 
pu• '""'l<>•¡dwo> Ju¡wn<uo> ''"'1 1"'' >no¡p>l »n¡!l»lU] 
"ll"'"'~ '""!''1"'1" onoJO•!ll -.,,.,. "'Jl JO ""'P>d 
·W] >ljl ~"!P"I"'! 11•<¡ O) >>JnO< WOlJ ""'l"dw¡ >q> <¡ 
Z )'U< "li'"J JO !<1)<><1 1• >"<L[M W>)<ÁO I'WlQU i) ó/ "¡uo¡ 
-m; l""'>r >l[l '! 1 ""IM "1""'"' 11"'1 Ju¡u¡tum>p "! 
¡»>n d]4!UO)l<t>• >t¡\ I>~<]UJO) 'Z/iJ. -/ • ... .-¡ OW~Q 

>lOIJ.V"lil:nY:J 

.I.NliHKn:J·J."lllV .,¡: .iO nv J.N¡¡¡'1Y<ll<n.,J 

"<)U>1Jn> >!J"'I>O)p >O)D..JO '"1""1" O) »]1><>~ 1m<n 
lOU 1! l! Á[~"li''""'V ·.<o¡>p ''"!1 1•oq< • ""!"'1 '''1" 
1""'""'·'• J" ><n "11 Aq p>p¡o-. '! '1"""" '"'"'l"!P 
JO q<nJu¡ JO\)""''"' oo ""1"'Jq ~u<q '"'!"~"' >ql ¡o 
~u¡dd]Jl ÁJ>ii>»UO[l "j»)"l"'" >q Áii<O>n U.O I)U>Un> 

))TI') W>)<ÁO U0 U0))->0<!<> "·"od WOJ) )>O);j> >ql OJO) 

•>J>'LL -,.,~ \IOW U) S>¡>.l> O") JO >uo .(IU<I JO )U<)<U<» 

>w~ • 4>!-" ""''" .t;oo>nb>•¡·q••q • ¡o •! 11"'1 ""'''' 
-< "1 <JOJ!>..!ot> J>><od WO>J 1"lJJD> >Zl"'l><]p ><L1. 

"JO)OW J01a>-pu00M • WOJ) OO)l"'J.!J\1100 >LJI 

""'""1"'" ""'1"1 'P"" >q Pl""'l' ""!'""'"""! >~p>d• V 
-'""~!""!' ¡ou '! uo¡¡nq¡J¡uo> 11"'1 J]"l> "'1' ''"'1'""' 

>Lto]l '!""!'"""'~' "'"1 "'l'"""'l"' ..... "'~' ''"' ""!4' 
-= "'"l.L "<l¡n:>>¡.> JOlO. •¡>q1 u¡ 1""!'1"!'"' """'!'" 
l<=>l~> """' 4l!-" p;>1t-'>do >J< llOloW JO)OJ-pun<> ... 

"""1 "'"'"'AOII "'11"""!'~'"0 ""'""" ""!l'"l'"! "'" 
•J>ll]nb< O 10 J>UII<W ''"" >t¡1 U! 1WlJn> 1100) >l"''!JlUO> 

m.o. L"'l ""'''"'""!' '!'!l u¡ 1"''""' '""!' •o>oJ J]"'l 
~)!>< >¡">ojo ~)1""-'0U UO)Ou.L U0)1><1pU) ;Q)OJ-pUnoA\ 

-ou¡q,.w "ll ¡o lU>Hn> 
:iu~J<li >hliOA•)I"I >q) "1 ¡onb> "'"'1" >~ 11'·~ uo¡>ru:¡)>l 
•UOO JU>>Jnj )JO<) >41 O>u>q l>U<P<>J 10jOJ·p.>~.>ü] >q\ O) 

m"" '""'l' "111!-"' 00!0' <)q.L "('.X) """""JO ••¡ .. 
IU>~U<>lqno O ÁjUO !"""!"' »• <J010W uo¡>>Op<l) "O:I<Il"J 

..,ql ¡o .,.,..,.,,., • •v <>unprw l<lo<JO;q,..." JO) •• 

IU>'--'<0 110<) JO "'1 .. .,.,, . .(¡><>)<"" IJ >1>1jl p>U!rp>]<W 

100 '! ""!l'l!'" PI'~ 'V "<>]>i> ""1 • 1>1)0 <t>l'!dww 
'"'-'~«¡p "JjO odoJp >O)OW UOollOI'"! no JO UO)ITiq)Jl 
• ..., >ql "11"'1 o wo>¡ ~"!'1""' >ii<>1•• "J""' ¡o 1""''""" 
uo """P xn~ o¡~¡ ""!S ·3u¡pu¡.~ PI'~ l"'JJOoN»"P • 
WOJj U<q) ;>4¡" J0\<)1 >~l WOJ) uo¡t>LLpU] Aq p»npo>d 
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kedcf shaald now bt incbodt<l ...t ., appo-(UJÍm>l< t<rbJ 

r<aistan<e obulntd b)' addinz to U.. ...,.;,u.nu of !he 
!e<d« a rooiot>.n« equ>l to ~ of U.. to<al """""' o! 
lbe '1"..., from O<>UT« lo fe<d«. Uoing lhi> .. !uo of 
tob.l <Qniv>.l<nt rnimn« R. and tb< h>tll cq,Onl"'t 
r...n.tD« X. U.. iq :, .... to U.. bull;. fourod 1>,. lh< 
.. prouion: 

Z-VR'+X' 
lt io importan! to _,,.¡<l<r 11>< odo<W>ce ol .U cireu;it 

ol<m<ftu in cakabtina" bolo canmtl "" low-.olUr<- ,,._ 
..,.... 'Tht importan« of small ol<mtnu of '""""'.,.,.. In 
Jimiti,... toul fault curr<nt hrmmeo Fo:at in oyotcmo 
below 600 YOJt .. 

1~ of Polllt C=mt-Di<e<t-CwTmt 
CompotlOI>t 

In dctcnn.inin&" th< nwcimum nlt1< of bulr =•"'' 
which an oc= ot _,., · point in a OJ•l<m, il """' br 
«~ruid<nd lhal lhc fault~ .,. .. ;, líkoly to no< be 
,,....n><tñco.J about U.. uro """""' o><io lor ,....,¡ cydes 
altor U.. fauh ox=rL Sy•knl vol!1r< ond bult <u<t<nt 

are oubot:u>li•lly oine wavc in ohapo and a« r<lot«< in 
pila>< oo,¡¡!e by U.. impedo.o« ancle ol the oyotem 10 the 
poúlt of, fou!t. Sine< the , .. ;.WI« ••ill "'ually bo ,..u, 
,;ble in compari..,.. to U.. ~. th< l.aoh <nrttflt wal 
1UW.IIylag !he .O...rcc vol ..... < by ,.ady 90 d<OT..._ Thio 
tlltlnO 10.1 whrn a bult oe<uro Ol or oear U.. p<ak o( 

the voluze wo~«, the fault-<u"'"' wov< '""' at ,.,.., 
and io oymrn<tri<al abaot !he =• ¡u],_ "ii'm a t.ult 
occ.uo >t or ,.., tJ.. "'" p>Ínt o{ the Yd~ - ... the 
loult..,. .. <nt "''' an>n owt.o at z«o "" !he O<iorinal 
<ero axi>. Ho""'"''• lt th< •U<t o/ th< laolt tiH: "'"""' · 
magnitud< •hould IH: ot '" ,.,., ¡><a~ IH:c.U>< the •ni~>•• 
l<ad1 by 90 dea"T«> ond ;, at mo ni..rnitude. To mett 
tlú,. ,..,..¡,......,., tJ.. t.ult<nn"<nt .,...., ~ orm
....,ri<al aboott a "'"" uro axio OQd ;, oll.n 01" U)'fll· 
metrical "' tb< «n> oxio o! ti>< mu~ ""'"'" 

The ma~mitude o! oll!<t /0< any loult will IH: b<twrrn 
tJ.. twD extr..,.,. oleo<tibod .W.<. Wl= U.. resiotan<e 

of .... ''""" "' w. '"""' o{ loult ¡, ""' "''"lioribl<, th< 
p>Ínt o/ lb< 1"0111.1< wa .. lt tbe time the foolt omor.."' 
pTOdue< mul""'m or ..,;ninmrn a,.mmrt,Y • ..,;n IH: dil
!ertnt than /crr the dr..,it <Qn\oininl ne~lioible miotance. 
Haximum '''"""""' ocooro a< a time ang]e «¡ual to 90' 
+ f (........,red in d<;rr ... ftom th< uro point of the 
n>llale ..,. .. ¡, wbue W>gut 1 <q~~>lo !he XIR ntlo of 
the ci.-cuiL 

For conV<nim<< putJIO'<o th< .. ymmruical 1>'111-""r
rent wave = IH: <oooódered u «>mpo><d o/ two booie 
~"- Witlo thc uro ..;, of th< vo~ .,,.., u 
• ,.¿........,., ..... ,......tri<at olt<:J"OI.tinl<o<=>t <Omi'<>
....,t o/laolt ~• ¡., okterminod by F.IZ), h>.o su¡>«· 
impo><d on it • direct-<:~~rr<nt mmponmt who" nugni
tud< io det<nnined by the poÍnt on the vol~.a¡¡< w•ve al 
-..hi<h U.. fault OCOU"L 

1ñe macnitmlo o{ the d;r<ct-<U<t..., .,.,...,.....,, ...., 
nry fn>m oo.-o to a nu..;mum «¡u&l 10 tf>e .,..k o/ ti>< 
oyrnm<tri<.al alt<rnatin1~mnt componmL The initial 

nurnitud< of the dir«t....,.,<nt .......,.,.,.t io -1 10 the 
.,¡.,. of the alt<rnating-GOrr<nt •rmm<tri<>1 '"'""""""' 
at tho in>tant ti>< /ault oc<ut1. Al any in'""' al1<r the 
/aul~ tl>e ""'rnitude of "'"'""' ;, ..,...¡ to the oum o/ 
U.. alt<m.ltÍ<II-<Wfeot and dif<ct-<;nrr<nt ....,..,.....,., (>« ro...,. 4.1). 

r Tl)C'-1.. A<n .... O C~ICAC ..... ..,~r 

/¡ T-"'-"""'~T~~T 
: 1 •Cf ...... n>oo·~'<l 
1 1 ,, ..... ....,_., CV'AI''<f 

l . 
' • 1 • ' ' i ' ' ' ' "~· ' ' " • 

Flauro 4.1 
TJPical oyatem /oult euna~t 

In a throretical ""<m with «re f«i•WX.. tio< direct
""""'' compoomt of lault """"" ...... Id rtmain ot a 
con"""' Y>1u<. llowever. in on "'""' '''''"' wh.ro «· 
oiotan« ¡, "''...,'· tho diM<t-ctm<nt eompor""'' <l=yo 
to ""' ._, the IIO<ed ....,,.,. it ~....,., ¡, <><p<flded ;, 
thc lonn of I'R Ion;., lb< moit'-- of tb< '"''""'- 1ñe 
rote ol d=y o{ thc d;r<ct<t~rrent componrnt i1 propo.-
¡¡,.,¡ lo tlot ratio ol r<><Un« to miotort« (X/R ratio) 
of tho TY>l<m 1.-om ''""" 10 loult. TI>< low<t tho X/R 

"rotio tho mo:e npid ;, lb< deay ol U.. di«<t-<urtznt 
<0111..,.....,L 1ñe eiF<ct el thio deeay ;, !h>.t tloe faolt 
"'""'"' ~lly d • ..,, .. ¡,,..,_ ... ,... .... ,;<a] "' • 
oymm<tfi<al ''""'"' with mp«l to ti>< z«o-•oltal< axi~ 

Tl><re ace tioU> tw<> l>cto,-, whitb '"'ult in the inltial 
'""""itode o/ lault """""' boin~ ~f"'-''" tlun tho ot<ady
>tale loult "'frrnt. Ono o/ tb<>< io the .-.riobl< r~ 
of rotating m><hi,.o and ;, atmtmttd lor in lault~f<nt 
""ICIIlatio,.. b)' using the initial .._1,.. ol mo<hine r<a<l· 
'"'"· that io, the ouht••.,i<nt ••'••· The >«<Od '"''"' ;, 
tbe ¡,.jtial aoymm<l'J' explained ;, l<tm5 o/ o <i«;>.ying 
d;fO<t-<tmeñt component. Thio ......! loetor doa no1 

toodily l<nd il>d/ 10 • onatb.matia.l ....r,,;, ""' ¡, """'' 
cao;ly •=-mttd 101" by the .,.. o{ .U..ple Tntlhipli<<> 
opplied to the <ai<Uiated oymm<trical ""'"' ol l•ult <Uf· 

'""'· 
In thc pa>t tha< multiplioro w«< applitd lo detennine 

ao)'fllm<trical faull-=t .. ¡...,_ "Th<>< foult «<«""" 
weto th<n u>ed in tho ><le<tóon o{ ""-"Pmmt ,.l\l<h had 
.,ymm<tfical currrnt copobility fotingo. A definite trrnd 
io now taking place toward the elimination of the U>< of 
.,, ........ ,,,.,._¡ .....,ipn><Dt ,.,;,K~ Tablt 412 ~'" tho u,..n
m<trial mul~pl,inc 1.....-o atill O. .,. •t tb< ~ .... ol thú 
-..ritinr. !.loltiplleu are applitd to tho aladattd rms 
oymmetrical bul\ Cllrtmt lo obtiOn tho ""' .,ymm<trkal 
•alue d"ifed lo< applic.tion ol prot<:<ti,. d"k'~ 



DRTAILED PROCEDURE 

Ctlculationo Uoini Ohmo, Percont Roa<tanco or J>cr 
Unlt Reootance 

Tbe dttenni .. tion of thon-<ircuit ..,..,..,,. bao brtn 
>hown to be 4<p<Dd<nt p<in<lpally upo1> the r...ct>n« X 
from the '"'""" (o-r IIOil<«>) 10 the foolt_ n.. pri<><lp;ol 
problem of ,bon-ciro;uit «~<""' dtt<rmin>.tion io one of 
dde<minin11 thi> roact>n«. To obtain it, Lhe f':•etanco of 
.. ,h ,;.,;~ant d.mtnt in the el..:tri< circWt mUit be 
d<tormincd ond the elrmmt> ~in ,.,.;.,. "'poBlleL 

J\.t tbe out>ct a deei1ion '""" be ""'dt roncemin, the 
tyl1em u•ed lor exprmin~ the ro>ctance of tlle el<mmh. 
Three 'Y"""'= be u,.d wiLh reaet.n<e expr<tted oiLher 
¡., ohJru cr ;, ~><'<""' cr f"" ""') 011 o <ho«n bu< nlu<
lt ;, often <OnY<ni<nt to uoe the P<f onit <J"'=>;, caku
latioru invo[yjng a •Y>I<m with ,,..,,¡ diff<r<oot volt>« 
l<.els. When <<><<anc" are exprm,.d 01 P<' ~nit qu>n1i· 
tiot on a eho"n leva bo,., Lhey can be «>mbin«l directly 
,.jthout reprd f"' tr.,.ú......., 10rns .-.tio in ,,...,.,.. 
otilizÓng ,_, thon one ,.,¡,.,.. Leod. In thi• <h>pttr the 
per ""'' oyotem w;u be n.ed. 

Con.eroion equationo for the three or>tem> ore u 
loUowoo 

p.,. =it ·--
J>t<<tnt reactan<e 

•oo 
l'« =it ,_,,.,., (on eboseo kV A "'"') ~ 

olono x kV A bne 
[(100 X k\1' 

Per "'"! ''""'n« (on <hooen MV A bote) = 
• ohJnoxMVAboto 

(~ l) 

( 4.2) 

kV' (4b) 

. ( 4_3) 

-l'er=!. r~ (011eboseo IIIVA -) = 

•oo (4 . .la) 

wbere: Ohml "" !ine-t<>-neutnl valu<O (ti,.¡, ccnd<><to<), 

k VA bo" ;, Lbo thre<-ph .. e bol< kV A. 

kV ioli.-..·to-li .. YOiuge, 

MVA -lOOCJkVA, 

'!k per unit ....:1 per<ft1t 1)'>temo ore metl>od. of ... 
1"'",.;"" nt>lllb<To in • form th>.t ollowo them to br 
cuily a;>mpo.r<d. A<nu.llr they ore o .-.,;. bo.ed "" • 
preeho,.n haoe numbrr. In det<rrnining bult cur<"'lt o 
«>n,_i<nt """ k-.... number mu11 br eh.,...._ R._.<,.n«o 
!O< bo,.,, cobl.., line., curr..,t tran>lormer., air a...,.,;o 
~ua~...-•. <te., .;u be,;-;, otmo., ot>d '' ,.-iiJ br -=
...-,- to <011 .. n the« .,..IP<o into perrent "' per unit 
r<><Unc<O on o <hoo .. ha ¡.,,. by fl><m! of equ>tiont 
(42) and (4J). 

Elenoent> in tbr oyotem OU<b .., tran>fo,..c,-, r«><r
otot., molO<., <te._ DOrmal!y will hoY< lheir rean.n« 
ri.m in per<<ht bu«! on thtir """' krt ratina. n...e 

•• 

reoctane<> mu11 be "'"'"t<d to tbr <bo"" kV A b>.1< u 
fol!owo: 

Per tmit rtaeton« on ¡.,.., k V A ~ (H) 

P<r u.,;t '"'""" on kV A rating 

for _,.pt,, ''"""' o volut of 1000 k V A 1u.! brtn 
'""""' •• • kV Aba,._ On< olth< elernent> of r...:tanet 
;, a SOO-kVA tranoform<r ..-ith o re..:ta,..-e of S"'''""' on 
ito kV A rating. Thio trondorm« would th<n br f<pre· 
""'«! b.- tbe followinr pu unit ,.,...,.., on tbo <hootn 
kV A bu::· 

X .. (onkVArating)= ~~-.OS 

·~ X .. (on bo0< WA) ~ (.OS)Sii)- .10 

Pnpare a 0...-LiDe Diorrom 

Pr<JW"Oiiort ol o ODt·linr diogram ;, the fint •'<1' in 
rnaking >. •hort-dr<uit !tudy. Thi• diogrom ohould obow 
oll th< """'"' ol ohort-<irCuiL curront and oll Lhe ,jgni6· 
Wtl ciroút elernents. fil"'t H is a en<.¡¡,.~ o! 
• b,.-pllthetiral inoto<triol ......... 

The following tabul.ition wt11 10rve •• o ruide to 1><01><< 
choi<e of r<>etonceo ond imp.donm lo\>< uoed for ddtr· 
mlning lault currents aboye ond below 600 .oi"-

F,.-/a><llo •""- 6f)l! w/10 

Utility ""P~Iy ,._.<12n« 
Moin plant oubo,.tion tronolormer reocton<e 
?lant genetotor rncun<t 
Plant primary ft«<er reo<t>n«o 
l'!ant oecond>ry ..m.u,;.o, r<a<12n« 
Plont di.,ributi<m cireuit re>r;lane< 
High-voiU¡e (above 600 Yolu) motor react>n«o 
Contributi011 tllr<>Ulh tron<lormero from low-.oltal• -· Fcr ¡,,.¡, b•low <IOtl ..,¡,. 
Utility oup~ly re.a<IOno:e 
).!,jn plant oulm>.tion tronolormer reacun« 
PI"" ~rotor~ 
PlanL primory l<ed<r ,_...,.,, 
l'lont o<e<><>oiary oubot>tion reaelanct 
Plont di1lnbntion circuit r<aclan« 
Braneh f<e<ler circWt r<><tan« ....:1 resioW><o (oee 

-· 92). Moto< '"""""""' (both abo .. .,¡ below lf:Jl ••lt>) 
lmped>.n« ol ony signi~e.ant low-.o!,.rt bo1""" 

L>w-vol,.le drettit b.-..kor "'""""' 
Currtnt ,,...,lorm<r reo<t>.n<ts 

Simplily the one-line diag<>m wbrn detirabl< by mok· 
inr a fQ<tan« diagnm. Thio ;. • on•·line diagnm in 
whidt all the o.i..,ikaot ...,.;......,. <eoetancu ore indi·' 
e.ated- F>gW< 4.5 io >. r.a<~m<r dio.gnm !O< tho """.¡¡,.., 
diaJrom o1>owtt in Ftru•< H. In tn>.ny ...,., eloril)' <J 

• 

• 
• 
' • 



' 
1 
' : 
: 
' 
1 

1 
1 

¡· 
,. 

' r, 
'· ! 

1· 
' 

' ' 

' • 

oh. .-e-lino ~ can bo m&intaln<d ...,¡ 11 ,..;n pr
,_, <Onveni.., to add 1ho r=t1o<o d.Q 1<1 U.. one-lino ·-

SuoM Sto-.I.S.t/lll R .. <1Utf V ala .. 

Ao,;., r....:ll.n<o ni~><~ to .U oy>l= d<m<ntl ohowD 
oa reuuna cüqTom_ 

Below io o lioti.._, o! roa<tarl<t t>bleo ov.ailoble io thio 
<bapt .... 

ToNo 4.1 Ru<m= Voh>oo fot S~ loe~ 
Table 42 ~ Values for IDIII>ctl.;., Motoro. 

Toble 4.3 RU<bn<e Voluco for Trandormoro. 
Tobl< U R<pr.-tatln Conduc:tor SP<inK /0< !ha· 

~~ 

T&bl< U Conm.n4 of Cower Corlomctoto !O< On< 
Foot Symmmical Spaclng. 

Toblo 4.5 C0<1<12<llo of Al,...,inum Cond""">ro lotO,., 
F- Srmmetria..l S¡rocing. 

Toblo 4.1 • 66-Hortz • R<1<10n<e Spodng Fottor (X•) 
Ohm• Por CondH<tor P., 1000 Feet for 
F«t ...t If><h<>. 

Toldo 4.3 RcaaaDt. Vol..,. f<Jr Trpi<al n........Ph>.,. 
úblo Cimüto. 

T.Wo49 Rea<tanc< of Low-Voltaro Powor Cirouit 
- Bf'<2hro. 

Tablo UO R<acW>« ol ~-Vol~ Di><:oru>«;t 
s.nl<hn. 

Toblo 4.1! R<><Un« Voluu lor Curr<nt Ttansfotme<>. 

Toblo 4.12 Woltip~«o ond R~ to b< U><d in 
Sbort-Cimlit C..lcalatiom. 

Fi¡ures 4.3>. throtlgh 4.31 ¡in ""'tono= 101" buo baro. 

Talllo u 
T)pt<&l Reacuru:o Vohloo for Synclm>DOIUI Modún" 

Pff Unit Yal,..o oa Mo<hiDo kV A R.at1D1" 

-Tarbiz>o Ga.en.ton x·. x-. 
2 polo .09 .15 
4¡do .15 .2J 

""Saliem Pole Gtll<nto<o 
witb damp« ..-lndio,p 

12 pol .. O< kn 
14 pol .. ot

S~W:oton 
6 polo 
11-14 polo 

··s~o.,d....., .. 
•·s~c.o..-tcn 

600 .olto oliroct curi'Glt 
Z50 ...,¡,. olireet """""' 

... 
n 

·" " ~ 
" ~ 

·u ........ .......,..,........,..._;,,.......,, "."ro-__,.,,..,.¡,......,.,.....,;, ............... 

~ 
~ 

" " _, 

Not.: Synchronouo !!>OlOr kV A ha><o ean be faur.d from 

""'"" """"''"".,. ntinp ., followo: 
.8 p:1 motor - kV A booe .. t.., ntinr 

!.O pfmotar -kV A booe ~ 0.8 ~ hp roti .. 

., 

Primory Voll2g< ..... 

•tJoo ............. ~. opodft.4 "'- !( o..U. .... 

Toblo 4.4 

Ropraentatbe Coadactor Spaclop {,. 
Onrhud Lineo 

Syotem 
Nonll.W 
Voltaro 

Equ!vol.nt O.lta 
Spacing in locb<t ,. ,. 

~ .. 
'"' 4.160 

'~ , .. 
"·"" .,., .... 
1!5.000 

" " .. .. •• • u 
Q 

~-

• • 
~ 

Nato: Wht:n coMu<1oro are not orr>nr<d in • delta, tht: 
following formulo ""'' be os«! lo d<t<rmioo: th< 
cqainlalt d<lta: 

( 4.7) 

Wht:n the CO<lduo:tou >r< locot<d iD ,... pi- and tlo< 
oon.ido CO<ldudO.-o .,., equollr •1"=1 '"'"' the midcllc 
<O<Idn<tor, the equinlmt opacin¡ io 1.26 ti,., the dio· 
t>.n« b<tw<'<n th< middl< condo<tor Uld an autoi~e <On
do<tor, f<>< <nmple: 

Equinlcnt do Ita spacin¡ .. TJ A x B ~ C 
""126A 

•• 

\ 
• 

\ 



• 

) 

•• 

Tablo 4.5 

Conotanto o! Copper 'CcmdU<toro for Ont·l'<><>t S~metrieal Spacinr 
Uoe ToblH 4.1 and U ol5pa.U.r Pa<torolo< Otbu Spaónp 

•• •• 
s;..¡c~~- R<Artaou Rruto•« at 1 FO<>t 

o• ... tcoou~ 11000 Ft S1«riog; 6/J Hm1 
c;.-n<la< Mil.< AWG ot 50" C. 61) 11m~ o• .. •!Coo4JJ()(¡() Fo 

1,000,000 O.OllO 00?58 
~.~ 11.01~2 0.0769 
~.~ 0,01 59 00782 
750.000 00168 0.0790 

~.~ 00179 ··-=.~ .. ~ 0.0818 ... ~ ••• O.CIBJ9 .... o m> . .,. 
~ .. ·~' 

. .., 
~.~ ·~ ·~ ~ .. .~, ·-~ ... 0.04117 ··= 
21l,600 '" OOS74 M9SJ .... '" 6.0724- ..... 
IJJ,IOO '" 0.0911 0.101' 
105,500 >/O OJJS OJQJ 
83,690 ' 0.145 O.IM 
66,370 ' 0.181 ... .. ~ ' ·= O.lll 
41,740 • ·~ 

0.113 
33,100 ' ·= O.l\6 

""' • 0.453 O.lll m,. ' ·~· "'" 16,510 • ~ O>U 

z-r.+J ( ... + .. •) 

• 

• 

¡ 

i 

} 
• • • 



1 • 
• • 
1 

L ¡, 
1 
• 
' 

¡ 
• • 
' ' ' ' 1 
1 
1 
' 

1 
1 

1 • 
1 
1 
• 

l ¡' • 
!. 
!" 

l 
' r . • 
1 ' ' . 
• 

' 1 

·~ 

• 

''" 
• 
' ' ' • 
' • 
' • 

• 

Tal>~. U 

Collotmt of Alwnlnum C.blo Stul Relnlon:od 
ll'or OD•Foot S~ Spaciq 

•• 
su.,¡c-""'"" R•<il'-':< 

O~...,¡C<nO<JJI()()() Ft 
Cir,.¡,. Mil> <W' "'so·c. (¡/} H••u 

I,S'lO,OCO 0.0129 
l¡lll;OOO 0.0144 

IP<~ 0.01~1 

1,192,500 O.Ol71 
l,IIJ,(D) 0.0183 

9Soi.OOCI 0.0213 
79S,000 O.ot4J 

"'·"" 0.0213 

~.~ 0.0307 
556,!00 0.0352 
477.000 O.OJ71 
397.500-- O.tl445 

""~ 0.0526 ..... ··~ •• • 0.0835 , . • 0.1052 

•• 0.\JJO ,. 0.1674 
1 02120 

' 0.2670 

' ~ro 

• MZ.W 

' ·~ • 0.6740 

•• 
Rtu~HilPool 

S~;MIH••" 
o~...,fC,..,t-fJ()()(J Fo 

·~ ,.., .. ~ 
0.011? 
0.0719 ..,. 
om• 
••• 
OJI7tl8 

·~ 0.080~ 

·~· 0.080 
0.1145 

0.1(1911 
n.!l15 
0.1212 

-o_¡m· 
O.lZS9 
0.1215 

O.!ZS! 
0.11'0 
O.ll59 
o.J:m 

Foro thr<Hha,. dra.it lh< tot.llmpecbne. !H>e.t<>-neutral lo: 

1 ,. 

Z-•·+J{.-.+.-,) 

• 

TobleU 

60-Ho<to Roootoneo Spodnl" t>oetor (X o) 
Ohmo Pu Conduetor Pu 1000 '"' 

' • ' • ' • • " " 
--o.OS71 --o.G412 --o.ll.lt9 --o.D252 -0.021)1 -0.0]59 -ll.Ol24 --o.009J -Q0066 --(1_00(2 ~-0020 

• 0.0018 ''"' 0.0051 0.0061 ·- 0.0093 0.0106 0.0!11 0.0129 0.0139 0.0149 
0.0159 OOHi'l O.o!n! 0.0186 0.0195 

·~· 0.0211 0.0218 oom 0-02.!2 O.OlJ9 'O.OZ46 
O.OZS2 0-0259 ··- o.o:m O.W1 '"" ··- 0.02\lJ 

·~ ·- ·~ 
00314 

0.0319 ·= ·~ ""' ·= 0.0341 . ... O.OJSO '"" 0.03.18 ·~ .... 
0.0310 0.0314 

·~ ·~· ··= .... ··= ·~· ""' ·- ""' ·~ O.IHil 0.0415 0.0418 
·~· ·=· ·~ ""' ••• ·~ ·~· 

O.OUl o.ous 
0.0447 ·~ 

O_IH.IJ '"" 0.0458 ··- ·~ ·- ·- o.om O.IH7J 0.0416 
0.0418 

'" 

-



Tablo 4.7• 

60-Huu R .. cton .. SpOciftl Pootor (X.) 
In Ohrno Pet Conductor Per 1,000 P .. t 

IOI>U"tio>D-Q"'rtor ln<beo 

r ... ~~<. ' '" "' "' • ~- -"'"' 
' -ll.OS11 -o.OSI9 -""" ~-~ 

' -11.G41l ~ ..... -o.om -11 0.1.!11 

' -1).0319 -"~' .-"~ ~-~ 

• ~= ~= ~= --&.0212 

' ~~· -o.o1?95 -0.01?95 --&_01684 

• --&.0!!9 -M149f -11.01.!11'1 -(10[323 

' -0.0101' --0.0]]52 -(1_01071 ~·~ • -o.OOIIJ ~- ~~ -(1,00719 

• ~-- ~- -(I.OOSZII -(1,00474 . 
" ~~ 

" ~-" 000 

TabloU 

110-Heru Reactan<o ol T)'l>ical Three-P!Looo Cablo CimUto 
R-.. iD Obmo Por\,000 P-

Cobl• Silt 4 tol ,., ... @Y '~' 11601' 
_, moov 

3-l/C cabl .. in ma.,..r;, «>nduit "'" ·~ ""' ·~ ~ .. 
1--.1/C abl< iD maJMti< CO<>d.Ot O.G;81 ... O.Olll! ..... -- oom 0.0526-
i--.1/C cable in ~oomqne~c dU<t O.OJlO ••• O.OJ10 0.03.15 O.OJ.IS '"" 0.0457 

C<Jbl• Siu 1/U ro 4/0 
3-1/C cU>ln in ,.....,.uc CO<>duit ooo> 0.0515.- ·- ••• 0.05SO 
1-J/C cable in nurntt«: conduit O.OJ60 .... 0.0.160 • •• O.OJ~ OJI446 00452 
1--J/C ablo in -tic duo:!_. O.ll29l_ O.OJOIL - 0.0290 ·- ··- .... ·~ 
Cobl< Si" 2JO MCM lo 750 MCM 
3-1/C c:abl .. in m>.l"'ttlc «>nduit ... 0.0•478 0.0450 o.osoo 0.0500 
1--J/C abl< in .....,.eti< CO<>duit ·= ·~ 

.. , O.lll10 O.OJlO ••m o 0.11!1 
1--J/C cable io noam>Pdic du<t ""' ··- ""' ·~ OW> .. , O.llll7 

T•bloU Toble 4.10 

Reaounc. ol' Low·Yoltap Po.or Circa.lt B..U.n 
6/)./{.,.,, 

n,...u.,.r"''""'""g R'"''"""''" 
R~'"" .A .. ,_., R•ri.og ,._ ..... "" " ·~ 

R-cf Low-Volua-o Discom>oct s..;rcbes 

The roo<"~>« el di'"'"""tin, •Wit<h•• for I<>W·>'(,¡"'ge 
circuit• (600 ""'" oM b<low) ;, in the ord" el "'"""i· 
tt>de el' OJ'KXIOl! ohm J'<1' poi< ro O_CIIl005 obm J'<1' ,..,., at 
60 heno lor owir<heo rott<l 400--1000 ampo mpWi"<ly_ 

~ SOto 100 ·~ ... 125t<> zzs ooo• 

"'""' 0.0000 ..... ·200to 800 00000 
, l000t<>l600 ··-" .. 2000rcJOOO ·-100,000 - ·-Note: Out to tbo mtthod ol ntinr lo•'"YOIUJ< pmv<r 

circuir br<2l<"J, the r.ta<WI<t o! th< brto.ktt "hi<h 
;. ... iot..-nq¡l lh< úult .. - iod-.ded in to.!Qdot· 
ina loolt c..-rmL 

TUio 4.11 

Approzlmato Roa<toncH of Current Tnnol0""""' 
6/J-1/<rto 

• 

• 

.• • 

• ;l.. ,. 
~ 

·¡ 



-·---·------.-- ...,----,--·-·--. 

• 

Tot>.-lot 

Gtnend <:>.1< •• , :. , , •• , •••••••••• , , , , , , , , .. , ....... . 

Uullun! kV ......... ,,,, .. ,,,." ................. , 

1111<0 onlt .•..•.•....••••.•. • ..• 

Cirouit brtokoc ar <anuotar typo 
Ci<OilÍt broaku "' cootactor type 

" 

. . . . " ............. . 

Cir<><il 
Vollog• 

AIK>vo600V 

Abov<600V 
li0l10HV 

601 V to 
601 V 10 

ohort-c:ircuit kV A 
:lllONVA 

' Anywber< in syotom 
R<mo~e.!•-

600 V or 1m Anywllcre In srstcm 

,; 
lou than 

otatian 

• •• u 

' " 

' 

••• u 

ti.O 

,, 

Subtn.noimt 

lod1><1ion 
1.!oton 

Sub~rt<~oitnl 

Subtnnoiont 

• Ro..;o>ono to USA StaO<b.rd CJ7.10 ha•• bo<n p"'l>QUd (Reforme<> B. 9). n...., r<I'Íoiono eli..Unote th< uoe of tho>t multiplying l•t<OtO in ·~plyin• ¡>Ow« 
eircuit br<okm. 1 , 

••n.,,. bctor> • ..., ;,.., .. 1«1 to l.!.,.¡ 1.1 rnpectiV<IJ il th< ,,..,.,...,.;w l>ult l.,.e) io obo•• 500 lo!VA and lbo .,..,.,. io 1«1 p<edomlnantly by rtn<r>ton ar 
""-gb e>~rtm!-li.,.¡tinc UICIGrO. • 

t Fu•<> whkb _,..,,in under 0.(104 oecaou!ltan • mnltfpl)'lo~ úct<Jr of H lo 1.6. 

• 



Tlllt4 sr~p--Combio~ R~a<l..,. .. 

Jt ;, now r>«<> .. ry to oombir1< ruol>n<<O to tbo point 
of bult into a oino;l< <QUÍvalent rnc,.n= 

loloo! ind!Jsni>! diotrib.>ti<m '71tm» an rdoti•<ly oimplo 
and ,...,.¡7 r«¡UUro tb< combinotio<> <>f bnn<.heo in ..,.;,, 
or po.rolld_ In ..,.... inotaneeo, !he la,_r ""'' io.ol..., 
thrt< bron<h" ti<d !ogcth<r. Wyc-<l<ila or delta·wyt 
t=ndormationo ot>te th>.t tho r .. <W><a )oi.,;ng threo 
dilfa<nl point> in o .,..,.., ""'' bo optioo.ally ""'...,...¡ 
by O W]'O IX d<Jta ..,...,..,..,.. 0,.. <>f tbooo «>Dn<Ctiono 
mar bo mor-e ouit•blc lor combinati"" ..,¡th """""' 
broncheo of tho: drcuit thon the othor. Firun 4-l giveo 
equati<>no ¡.,. tr.ndormi,.- ond <ODibinina" out"" , ... -

• 
roo <OOII"'""" or ••••<HU '" ouru 

t:. " \· . ... , .. , 
roo co••rouooo or ou•cou •• rau•rn 

·C·· . \· . .. .. ~ .... , 
roo ruooro••••• _..ro onTA 

• • • ... •• •• • •. .:p ...... 
' 

' "6' .. = ...... 
... ~ ...... ........ -

roo '""'"'ro""'"" ooua ro .. , 

6' "~· '• :: .. :::: .. . .. .. . ..... .. .. 

• 

Fourdr SI~P-D~I<Tmioe FouJr Currrot ot ir VA 

Dt-lormination of oi>Drt-<:in:uit <Urm.t or ohort-ri«uit 
kV/\ >1 the point o! bult uoin1 tho oqui .. lont "''""'"' 

i\lt<t combininr th< , .. <tan<., of lho r .. ctance di>.fram 
to a olncl< <qi>Ívoi<JII <<><tone< it io - poa.ible to 
anivo o1 o .. ¡.,. of o)""Dtt<tri<>l ohon<iKUi! I<Vi\. 

. . . BooekVi\ 
Symm<tn<al ohort""'"'"'-' kV i\ - X p<r unit 

. lh<n: 

S,._.nc.l ohort-dr=it cuncnt -

BuokVi\ 

XpcrunitVlokV 

~kV is tb< ¡;,..,¿_liD< kV. 

-(4.!) 

(4.6) 

smc. it ;, ~"'' to ... o .1-phooe booe k VA ood., 
ructane< -...tu .. &re Jinglo-pho,. .. 1u.,, it bo<omoo """"" 
oary to""' lin<-t .... line vo!121:c in equation (4.6) abovc. 

To ód.,.,¡.,. 1bc shorl-rira>it ...,.,..,, tbot lbc.pmte<
ti..., dni<e will bo: a.lled "1"'1' to inturupt on<l tho ,_,., • 
t..,. ohort-Orcuit "'"""' rdor 1o T•ble 4.12. Toble 4.12 
•ho in<li<>t<O IJpeo o! <n><hinc .-eo.ct>nr<> to bo u!ed ¡, 
makint; <al<nlabono. 

R&J.CTANC& DATA 

H- 1<1 Caklalot< Utillt:T S~om Ruct>nce 

,., shorl<ircuh kV/\ of tho utility io 1bc m:oxi"""" 
thr«·pho>< •hort-<:ir<:uit kV A that th< utility con produce: 
th<r<lore, t~• pcr unit fea<WI« o! th• utiliry on ito own 
,._1-<Ít"CUÍt-kV i\ bt.1< io 1.0. lt /ollowo frorn ...,.tioo> H 
thot tire prr >mit ,,__ <>f tb< milit1 .., tb< choo<n 
kV A booe io tb<td""' equal to 

--(4.)") 

__j 
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BXAMl'LE OJO A.C JtAULT.CURRENT 
CALCULATIONS 

The proceduro to be lollow«< In calotd.otin¡¡ lault ""'' 
rrnu i> beot illuotnt<d b:r .., oxamplc. Firure U ohowo 
.o hypothctkal power di.!triboltion 011t<m typical <>1 tho« 
to b< W..nd ;, ind"OottW plaou. n.. circuit ..,..,_,. 
ood arrongcmcnt do not o«,.,.,ily conlorm to pra<tic"' 
autlined in othu <h>.pl<r~ but ha.., bem cboom lo illuo· 
tr.ot< the fundarnrnuh atld ¡>r<>«<~., .. lnvol...:l in mal:in¡ 
/.oult-cummt c.tlo;ulati..,.. 

A ..,.pl<tc lault.......,..,..t •tl>d:1 would irm>l>< the W
culation <)/ lault curr<nl> at all locationo io lh< <yotem. 
Thi• cxvn;>\< will muotrat< tht caklllotions lor mlT a 
r....- oirnifiant locatiO<!L 

... .croo -..... " 
_, 

Thio cumple Will be worked in the ¡p<r unit m«m. 
A oimilar proc«iurc would b< /ollow<d if it W<r< ..,orhd 
in pu«nt or ollrnic valun. 

Th< -.... kV A will b< ...,_n ., 10.000 k V A. Tllio will 
r<:oult in p<r unit valo<O th&t >re euy to wc>rl< with; 
that lo. nlb<o •bich .,.. o<ithcr too l>.rr< DOr too omall 
Eqo>tion (4.2) (Ív<O thc volu< by whkh obmic ,..¡,., of 
r....:ta.C. "'"'' 1>< ntaltipli<d to ""'..,. th<m to p<r unit 
valueo on thc cho><n kV A base. 

(a) at 4160 oolu: 

P« ..,.;, rud1l><e .. 

~ 

>OOOfTU&IU 
' • ~ .., V. CAk.f. ... ~ .. _,.., 

.. (ohm.!l ~) (o.576) 

... _.,,.. -~........ 
Jt;--

_, 
•·'k"""%~ .. 
\<o•COND<ICIOO 

!·111: .... \loCAIU ,.._,._ .. ..,.. 

'" 

. 
.... RAIOON 

••• 
. 

¿ ¿ ¿ 
>-000 ..... --·· .,..,. •• ''- UOTO"> 

,...,., 
....... ) 

-· 
-·) -· ...... --· 

...,. .•. , ................ ......... 
a aa -,.,,"ll",•·l<o··r~ ... ....,., 
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(b) al 480 ...,¡,., 

Tho:.o: mqltipllen will b< u>«< in tb< =lli• to olmplifr 
!t.. connnion from <>hmi< to p<r trnit ~~ .. ~ 

Th< '"' ol<p io to alcul>t< th< ptt .,.¡, ~ 
.. ,.., ¡,,.. ea<~ oirni6cont cimrit <kmcnt lhot •iU an. 
tribute to "' limit th< lault .,.,-.,t. 

Utlllty Svpplr Kqu.in.lont Ra<ldco 

p....., &¡m.,;.,., 4.7. 

3000 kV A T<anoformer 

Fmm Tabk 4.J, 

- 0.01 

Por unit "'""''""" - 0.01 "" '"""''""""' ,.,;,- kV A ba><. 

F~ <qt>Ítion (H). 

Per ucit '"'''"""'" on 10.000 k V A bo.,. - oom C 

-= 
U5 kV A Ouorator 

Gi""" x•, ·- 9 p<rC.,t ~ 

From "'~""''"" (U), • 

(<'!><rotor rotinr 
kV Abo>< 

From oq,.a¡¡., (U), 

P<r ucit r<a<ta""" 0t1 IO,OOl kV A bo>< ~ 0.(11) 

-1.44 

JOO..Foot Tlo Coblo 

F.-om Tablo U X • .. 0.\0J ahm}\000 ft. 

p....., Tabl< 4.1a X, .. --&Jl7J ahmJlOOO fl ¡,.. ~ 
;,m,,...;..,.. 

Toa.l""'<W>« X,-X,+Xo 

Fot 300 f<rt, 

X,- O.LOJ - 0.07J ~ 0.030 ahmJ 
OM" 

x, - o.roo :nJ - .00900 """' 1000 • --

Per unlt r<>á>.nce - (.00900) (0.5?6) .. 0.00518-1 · 

500-Foot p..,m Coblo 

F<0111. Table 4.5 X, .. O.IJil81 ohm/)000 ft. 

From Table 47a X, ., -O.!l'&J6 ohm/1000 !t. !.,- n 
ón<b opocinr 

Tot>l =<W><c X,- Xo +X, 

x. ~ 00981 - o.ous - 0.03'5 
olnn/1000 ft. 

Por SOO ¡..._ X,- OJJJU ,: .. O.Olm o1aa. 

""" lwO pai..l!d -· pcr ,...... X • .. ~ (0.01725) ~ 0.006625 ohm 

p.,. ..... ,_...,.,.- (0.0086Z5 (0.576) - 0.00496 

700-Foot Fcedor Cab1o 

Prom tbo calcalati"" for tho JOO..f- rio ablo, 
x. ~o liJO Qhm/1000 !t. 

""" 100 r .... x,- O OJo~- 0021 obtn 
OM 

P<r unit .-...<t>n<e- (0.021) (0.576) - OOill 

Tho>o I<>Od> ••ill ncitbor «llltribrto tn nor limit tbo hult 
curm.t in tbo oyot<M, oml 00 ore nrgh>;1od for tho por· 
poo<o Qf ai<"Oioti .. f>.ult =.-o. 

Cmrn:at Llmltin& ltea.-

l'or ...,;, r~ on U..: ..-- k V A bo .... 0.06 

Ro.ctor throu~h ~VA roti~l ~ Vf (JO(I) ~-16 .. 21611 

Frnm «<'"'lion (4.4), 

Por unit rext>.,.,. "" 10,000 kV A 1,.,. .. 

7SO k VA Trousformft 

From Tablo ~.3, 

P<T onit ''"'"'>~>« on tr.ondo"""r kV A hooo ~ OO>S 

p....., _,;.,.. 4.4,-

~ unit roxton« on IO,OOOkVA boot ~ 

(1(1(1 Honopowu Synchrooo .. M""'n 

Froffi Table U. 

Por omit r<Xlm« X",~ 0.10 on n»tor kV Abo .. 

Per .Dit .-tonco X" o = O.IS""""""" kV Abo .. 

Motor kV A base"" (0.8) (600) .. $1 kV A 

Poc unit r<>rtonc:o• "" 10,000 k V A "'"'" 

x·, ~ o.w 

'" 
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From Fif'"" 4.3<, for an equivalen! delto op&cinr ol 

.,Y(5) (!¡ (10) ""6J in<h<o, 

R<aotancc - O 000049 ohm/foot 

For 12 io:d, rooctancc- (12) (0.000049)- 0.000588 ohm 

Por unit r<&<Wio:< .. (O.OOOJ.BI!) ( 43_4) .. O_OlSS 

BIII"B" 

From Fi~ro 4.Jb, lor on «¡uiv>lmt &Ita l)>l'<inr ol 

"'! (f!) el!) (16) - 1o.os;ncru.~ 

Ruot••« - O 0000645 ohm/loot 

fOf lf<t~ r<>otan«- (2) (0.0000645) .. 0.00012'Jolm> 

Por ,n, r<aotan«- (0J)(l(ll29) (U4) .. 0.0056 

60-Foot Motor Feeder C.b!n 

Frorn T abl< 4.5, X, .. O W.\J ohm/1000 IL 

From T ablc 4 ?a, X • .. -O.ClS12 ohm/1000 !Uor lin<h 
opo.omg 

Tot•1''"''""" x, .. X,+X• 
X, .. 0.0115.1 - o_osn ~ omst ohm/ 

' HIOO IL 

For 61Hoct, X • .. 0.0381
1
:. .. O.oom ohm 

Por -..it <a<WI« .. (0.00229) (4H) -O 0995 

100 Honep<~..,- Moton 

F rom T ahf< 4.2, 1"" ""¡' rno;tone< x·, - 025 on 

""''"" ; V A ~oa .. 
Motor kV A ba>< _ .. hp .-->tin~ approzirm1<ly.,. 100 

m 

x·,- o.zs "" 
12CI-Poot Feeder c.blo 

From Table 4-S, X • .. 0.11)! obm{IOOO ft 

F rom T abld 7., X. - -0.0129 olun/1000 lt f<>t 
~ incll ,paci.,. 

X,~ U 108 - 0.0129 ~ O_(JJ¡ ohm/1000 !t. 

x, .. 0035 ~~~~00042obon F.,- 120 loe<, 

Per onit "'""an« ~ (0Jl042) ( 4H) .. 0.182 

Alr Cí=>lt Btuken 

From Tabl< 4.9, 

il<a<ton<< of -llOG--=npor< br<2l<e:r - 0.(11)007 ,¡, 

R<art>n« ol 15() and 200--amp<r< br.Uen- 0.001 ohm 

'" 

P<r ,¡, rc&<Unen 

ol ll(l()..ampo:ro llo-.Uu - (0.00007) ( 43_4) .. O.ooJOol 
ol !Sil and 2QO.amp<re brWero- (0.001 (4l4) .. 

"~ 
Carunt Tranalorme.-. 

From T•ble 4 1!, 
re><tancc o! 11!00-l CT- 000007 
r<><tan« o! 156-S and 200--S CT'o - 00022 

P<r onit •-
o!1200-l CT ~ (O 00007) ( 43.4) - 0.00304 
o1156-l ond lOO·S CT"o- (O.OOU) <•M)- 0.0954 

Th, ncd oi<P ;, to dnw a .-.act•n« di>&ram obowin1 
the ukulatod pcr wit ~ val,., in OP<-lin< lorm. 
Figuro 4.5 obowo th• volu<l arrang«l •inular to th< <ir· 
<Uill of Figor< 4 4. · 

Many ol th< ,..o,....., ~ be «>mllo-.,.d wlth <&X, 
_ Serieo rc&<t>.n<<l ca» be a<!d<d up and <<Pr<""'t<d a. o 

oingfo r<><t>n«. Parall<l ""'"""' can o\oo he <<mi· 
bin<d into o si.,.le vol,., Who:n motoro and ,....,,.._,.,., 

'"' r<pr<S<tiUd b}' tho:Uc po:r lmlt ,...,..,.., on io ~ 
kva o. ... all of th<ir '"nrutral" or "<<nt<r" pOinU are 
conoider<d · to he connoct<d to th< .. ,.,. bos u io tho 
utility wi'!'IY .,.i .. l=t , .. ,...,.._ Thuo tho: utility ,p. 
ply cquivot,nt r<aotonct i> in [>llrall<l w,th the motor 
aod ¡ren.r•tor ro>otan«o. • 

•• 
• ' ·~·~· ·= • -· '"',.L ·= ·-· -· ·-· o m .. . 

~"'" 

·-·-~···00 ''""' ·---· -· - ·-· ·- ~J"T -· -· ·- ·- • ·-- - ... 
4·•·· ...... 

-- -~ -
...... , ..,, 
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n.. rtl<!In« <lia¡ram ol>oold t.. oimplifi<d .. rnucll .. 
posaible. ,.qm;ng !be poónu •t wllitb !he l.ru!t corr.nt 
io tG be cal.,.lot<>d. Firur< 46 illnot.,.te> tbo Wnplif>a
tion ol Figur< 4.5 by e<>mbinin¡ ,.,;., and parallol , .. ,,. 
ancc ..,¡.,.._ Tbc dott<d ~ ... indieltc t....,. of "<qaal 

potrnlial" oo fu .. tbe fault<mTtnt <>l0<14tlooo --

Furtlt<r oimplifi~tion of U.e ~-. diavano = bo 
nwl.e oo:dy fot a op<ci6o faolt IO<ation. For a loult at 

!oo:otion No. 1. 1or "''rnP<. ót ;. on longer """""I'J to 
"'t>.in fauh !OC>tiono No. l ..,d No. l, and lurther ,;.,. 
p!ili<ationo el tlie react&D<e diarnm can be made. 

Fnlt No. 1 

The lim¡>liñatíon o! tbc ruo:lan« dia~Jf= i:lto a 
lincle ..,; .. t.nt ""'<12n« io '"'"'"' in F1gll«> U a, 4.7b. 
4.7<; ond Hd s.e....., it ;. de>tt«< to cakulat< the la..lt 
current both a\ y¡ to 1 cyde ond at 8 cydu, both X", 
- x·, .,...,... """' be in<l!>ded, .,..¡ ..,.anoe oin,¡¡le 
eqWnlent ~t&nc<l detcrmilled. F0< tbe """"""t&r)'· 
fauh-amont <>.kulatiolll, th< utility oupply ru<t>fl<t ond 
tbe X', .alue. .,.., n><d. F., tbe iotorruptin¡ duty foult· 
<n<nnt eoJ~!lo..., tbe utility ovpply r<a<Unc<, tbe Jrn· 
entor X" o val~><, and the oynchrotiOUo motor X', nltiU 
are U$<d. Th< induction motor reoctvl<e nlueo are not 
US<d wben ulculotinc thc illtcrruptin¡ lault =• ni· 

""'• oinco thoir foult """'"' tont.-ibotioo io rqliJiblo 
ott.r a ¡..,. Qd<t. 1~ f';~,., Uc and Ud, tho ruct

&n«O "'' <embiaed Wo oopon.t< ~in~;!< tqllinl<nt ni._ 

Fro<o oquation (4.6), !ho oymm<tñe>.l rmo faul! OIIT· 
,..,, lo: 

IO.(XXJ leY A -8,Z20amper" 
(Y"l} (4.16\cV) (0.169) 

"-1 
1 
1 
1 
1 

1 

1 
1 
1 ,_ 

,,...._. Ua 

"""......,.,.._, ( l TOo C<O.f) 

'"'"-T -"""'"'HT O.U:U.•!lON 

;- .. ~ ..... ,;._, .. ~ ·.; .... 
¡ .... ,. 
"·o.-

""',..._.,., ... (.~) 
""'-T~T C.O.LCI.U.To:lN 

11...!_1' ;; • m • o.u> • ;:¡:¡;
¡ .• • , 
Jt•O.IOO 

'"' 

"' 
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Fr<>m T>ble 4.12, a multiplic>!ion !'""' of 1.6 mu1t 
b< >¡ovH«< to ""'"""' for th< tff«t of th< o);f«l~rrmt 
oomp<monl of initi>l !ault cumnt. Th< rmt "ymm<trk>l 

laoh """'"' io tbm: 
{16) (8,2211}- lJ,UOarnp<r.,. 

Fr"m <QU.,ion 4.$, th< oymm<lriul rmo {lkyt1< 

bn:>k<r) l>uh k V A ¡,: 

~ IO.OOI'HVA ~SS,600kVA 
0. 1M 

From «¡u.>tlon 46, th< oyrnm<tric>l nno (R .. yd< 
breal<er) (>ult <.,.,..,, io: 

~ IO,!IOOkV¡O, -J,720arnp<r<i 
(,r:rj (4.16kV) (OIM} 

From Table 4.12; a multiplying 1-.tor of 1.0 oltould 
b< >pplied to ohtain 1he int«rupti"': requiT<m<Dt lor on 

B..:ycle f'O~" cirruit breola:r. 

For pro>p<r protection. U>< 41!JO.V<Oit """'" cir<ttit 
hrtakm woul~ hav< to b< e>.p>tole o( iniOrrllpting 55,600 
kv> {7.720 •nil""" at 4160 volu) ano! b< oapobl< ol 
wlth<t>n<lin¡ 1 moonenury ctorr<nl ol IJ,J.I() arnp<r<~ 

Paalt No. 2 

Figuro 4,6 mu>t he simpli~«l in onotb<r monn<r lor 
the.<.>lculation ol lault ''"""'" 1\ loeotoon No_ 2_ In 
oyot<m< of 600 volu ..,.¡ ¡..._ only th< momontary (¡{ lo 

", .. 
... 

--T-·' ' ' ,. ¡. W'i + .--...· ¡:¡;;: 

o "'l '"' 
""' -

"'" 

o ... 

l 

Pi¡¡uro U< 

"" 

I'Ja't!r• Ue 

1 cyd<) loult ....,-nnt nl11< io of ;,..,...,._ Ftgm., 4.&., 
48b, Uk, 4.8d, a..:l 4.8< >how th< prO«» o! r«lu.:in¡: 
th< «•<1>''''" .U..um of Fipre J toa ,;n,¡l< oqoai .. lmt 
r<><l>ne<. 

From «auation 4.6, th< symm<tdeal m<mtrnl>ry fouh 

''"""'' ¡, 

Pault Nn. 3 

F;,....-. 4.9. .bo-..• tb< .,mphfiod ''"''"""' di>~ram 
!or f•ult l""'t"'"- No_ J. The ._¡,., O.IUII io th< <in.o;l< 
<quivol"'t r<a<Un« for lault louli<XO No l, •nd th< 
.aiu< U.J26 ¡, the re.aon« hetw..,. lo<>~on< No. 2 and 

"" 

.... u""'] 
P ....... 4.9a 

• 

• 
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No. J { ... Fl..,.. 46). The toUI ,_......, ¡,.,., """"' 
10 ¡..,)1 is ·-

0.894 + o Ju; - 1220 

A <h«k ~~ Table 4.S ;ndiat« thot thc , .. ;......., of 
th< 120-loot 1«<1..- ablo ;, hirh ;, ..,.,pan_, to th< 
,,.,..,.. · <qtli .. l<nt · rNcUn« . from '"'"" lo .lault. The 
p<r unit ni.,. of ,..,¡,tan<< Íl 

(0.131) 120 (43.4) -0.94.1 
>M , 

O.'l4.l X lOO., 77% >= 
of ,...,- ,,.,.,., ""'<Un« ¡...,... ......-« to foul~ h """ b<· 
rom" n<oo<OIO<Y to indn~e thr <ff«t o! the r<>illo~ o! 
th< f<d<r cable io ord<f to a.riY< al a ...,_.;,,;, .._j,. 

o! lault rnM"mL Finro 4.9b ""'"'' tbo .;..,~ijf.td reaa
>n«·r<oislan« cir<11iL 

.... u .. 
RolO ,)(0....,_"-U> ..,...,fU 

{
o.oo>o ouo•o• 
004].0 ••• 
~ CT 

......... .. .. 4 
R•(O-.. )(o o .. ) 

•M:>Ol>T,..At!O 

• 
'"' ••• 

·~ ·-· -· ·-
' ... ·---1 no 

z• .J¡uoii •(t •20l'"'·'" 
P ....... Ub 

A<CO<>Pt ohoo&ld oloo be ul<m o! th< ~ o! tbc 
,.,,..., tiJI 10 ti>< f«<<<r. A"u""' o p<r ,...;¡ rtthtan« 
equ>l 10 25 !""~' o! the cormpoodinr pe,- uOit r<acl
>n« l<cm '"'"« to l<eder. 'l'hio ;, at l><ot 111 .. oma.., 
bu! it will tJold loirly '""' for """' , __ ..,,..., oyst=» 
not hovlnr ony •on<raton or o '"'1' proporrion of ""'" 
'"" <onn«trd to it. 

"'"'"' 4.91> ohowo th< <:>.k-olat<oo ol thc P,glt equid· 
lmt imp<d.>r><:e, Z fo(lault No. J. From Equation (~.6) 

th< 'f''""'''i<ol nns louh """""' ;, ; ' 

IO,OOOOVA -:ro10omp<<<' 
( \I"J) (0.41:!0 kV) (1.715) 

The ,,¡.,. of ,,,..,.,nc.r ,..... fauh """"' ¡¡ <kler· 
minod by r<o<:t&n•:o ol- w<r~~ld be; 

IO.OOOkVA = 9,8{l0omp<r<"~ 
(\I.'J) (0.411DOV) (1.220) 

Tbio would <<¡><.,.,.,< on <rror of 41 p<tcmt il <<>lotan<-< 
,....-, not «moi4<.-.d in lb< cak~:~l>.t;,., of lo<>lt l. 

C.U.CUU.TJOI< OP 0-C F J,.ULT ~NT! 

Tb< alculltion of dir«t·<UI'<"'t foolt·n>rrmh io in· 
cr<OoÍnl in imp<>tt>r-..:o w;th th< ¡rowjn¡ utili••tion o! 

di!'ffi """""' io induoHial pimto. Th<>< caf<ulatjo,o >r< 
"'""''W to lh< d<>!rn, O<IKIÍO«, >M opplicotion of dB-«t

"""'"' p<>w" appomuo tuch •• '""'"'""· mo1oro, 
re«iMr1, <abl< >M buowo1o. and orotr<ti .. oqUÍpmcr<t 
...:11 •• cir..,;t br<akt<>. .-.~a,,_ >M !00<0. A know\<dg< 

of m«honi<al ''"""'' baoed "" th<,. a)<ut.liono ;, aloo 
imp<><Wtt in the inol>llation o! e>bl<O, bU><>, and tbcir 
·~ 

Ao in tho col<u\t~on of olt<=ting-<>rtr<<lt loult <ti<· 
rmto, th< ,.,..,;ludo of th< oni!abl< d!nct""'"'"' hnlt 
am-mt ;, th< ori"" <011>id<ratioo. H""""· hirh-o¡>«d 
dir«t-<:Urrrnt prot.-ctive doviuo can int<rruot the Aow o! 
&ult <urnnt bcloro th< m>.ximum vooluo io T<>Oh<d. In 
lh<>e ....,_ th< nt< o! ,.;,. of tho &.nlt am-mt mast be 
""''""'ed a loor with th< ;n,,.,..pt;on timo o! th< pn>t«· 
tivo d<Vi<:o in ordor to e>lculot< the moximum "'"'"'' 
tbot wil! octuoll,. h< obuin<d. L>wer opeed p.-otectiT< 
dnloto will-rrn«>-IIJ- pmnit-lh<-~ to-be
'"ehod \>dore inter"'ption. , 

Th< mocnl•""• of ""' dlnct<t>rrmt fa,dt <arrart ond 
ito ..,,. of ri>< on ftmniono of lb< cboroct..-lotico o1 

- the f>ult curren! """"' >M of \hr: <Xt<rnal cir<Uit be
tw= tbe -~ and tlt< point o! b.ult. Th< """" of 
tbe' fault """"'' >M nt< of rioe con b< obt2in<d "'- • 
ty¡Hcol 11001«0 >M circait <ha=t<riotb lw cenen.! 
=-oo, or from acta>! t<ou in op<ci5o <11<'-

Tho "-' lrequently <n<OOntered """ceo o! diro:ct-ror

«nt loult "'"""' ore: ,, 
-~ , S,..clr""""' G>nvert.n 

' "'""'"' { ..... ~ bad:) 

' I'Jectrnnic R«tlfi<ro ,, ~R«<i&o:n 
6. &tt<rieo 

7. El<rtrol,-tk Ccllo 

Slmpli~<d proceduroo lar ulculation of direct:..,,.,..,, 
fault """'""' .,., otill ,.., w<ll <ttabliob<d. Acco:din¡l• 
tfúo chopter 4o<o - inclu&e tblo mot<r!ol. Th< follonrinc 
r.foren<:e• corn•i<l holpfu! in!onnatÍO<> on thio.oubj<et: 
J, 4. 5. 6. 11, 12, !J. 

lt "' r-ecopiud that dinct~m:rtl paw..- ........... . 
import2nt in indllltry todoy ..-.:1 do re~uire t~e ar<ful 
att<rlti.., of tho S)'otmt dtligner to ..,...,. safe >M .,,;.. 
laclor-1 per-1--. Di><d-<>rrreat """" halt._...nt 
alcu!atlono must be made to """"" obt>inioa: odoquat< 
fault-current apobi!ity in lb< <ornponento ehoocn lo< 
dintt-cnrnm pow..- .,,..,_ Thudore it io l>op<d tllot 
rmoióenble procf'OU w\11 b< madc iD th< ....- 1vtu<e by 
the approprioto !EEEcomnUtt ... In <1tob~ohin.a: appro..d 
oimpli5«! proc<dnreo ¡.,.. o>Ol<i"' o.ll <n><> o! direct
<ll«ent .,,,..., obo<t-<irnrit lult calat!atiom. 

"' 
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1 Simplified Cokul>.~on ol Fault Cunmt~ AlEE Com
mitt« Report. AlEE Tran>a<tiono vol 67, 11148. 
PP. !...U.,\5_ 

2. Short-O~it Currrnt, in Low-Volton Syotcmo, 
NEMA Comm;u .. R<port- !bid, Nov. 19S5, pp. ..... 

J. Sho<l-Orocit C..l<ulating Procedor< lor Diroct-Cor
,..,¡ S)'$1<m>, AlEE Commitl<o': R<t>OI"L Papa- $7-8ll. 
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pp. SIJ--19. 

5. Pr"'"'><d (luid, lor Od<rminati001 o! Sbort-Om~it 
Charaot<rioti<S o! Dir=t-Cum:nt Maehin<1'y, AlEE 
PublicatiOD No. eío6, July, 1957. 

6_ Sbort-Cimoit C..l<ulating Ptoceduro f"' Di.-.:ot·Cur· 
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7. An:in~ Fault Ptot<ction fot low-Voltao< Pow<r 
Di.,ribution Syotem>, R. H. Kaul=nn, J_ C. Pu•. 
1\n<l, vol 79, 1960, PP- l6G-16i. 

8. Propo,.d Revitiono o! ASA St•ndo.n:l 07.10, Appli
eotion Guido /01' Altemating-Cutt<nt Power Circuit 
Br .. n.-.. AlEE Comn>itt« R<port_ !bid, vol. 79, 
t%0, ,.,._ 4n-49J. 

9_ Appliation o! Ci=oit B'"'""' with Symmnrial 
!Utin&o ;, ln<hotrial Plults, P. L. Camp, J. D
Wood, AlEE Conforme< Pa!><r 60-5052. ' 

10. Pmpooed N<w B•uker Ratingo ond Th<ir Ell<ot"" 
Applieation for 1.-.dumial Powcr Syot<m~ A. H. 
Kn•bl<, AlEE Tran,.ctiono Pap<r 6)-j(lJJ • 

11. Eztt'tl&ed Rcgul>.tion e~ for SU.·pllate-Doubl"' 
w.y •n~ IXruMc-wye Rcctifiet!, l. }(_ Dortort, AlEE 
T<anYction>, vol. 72, Pt_ 1 p. 192. 

12. E<¡uinlmt Maohinc Conotanto lor Rcetifier .. l. K. 
Dorl<lrt, AlEE Tr..,..ctimu, .-ol. 72, Pt. 1 p. 435. 

ll. R<ctifi.,. Faolt Curr<nto 11, C. C. H..-olcind, AlEE 
Tr.,..etiono, vol 68, PL l p. 243 . 
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CHAPn<R V 

GROUNDINO 

All ~ of U.. oobje« ol g....,.¡;,• witbi<l U.. 
0<0¡10 ol thio ~ubli<ation baV< ~ otudi«< by an IEEE 
Subcommittec on Gt<l>l<ldin• Pruti« in Industrial 
Plant>. 'Thcit pobti<>.tion "Gf(IIDidm& oilooltootri>.l P
Spt....,."' """'Mutes tbt baO: rn.,.m« ... wri..l "" u.. 
oubject. 

Thio d .. ~ ...... lh<refO<<, .,m oirn~t1 .,.,,;¡y lll< natur< 
and broad dO$oÍfio;.olion o! th< iudootri&l IJI"OUnding prob
¡.,.. .. ith c<lw:r•:., pointinc 01~ tb< &pprop<iate S«tioN 
ol th< buic IEEE G......,.¡;nl Put&ati.n 

n.. ...... iderations of .......,..,,.. lhot 11< inool..d in 
indiJitrial powor dUtribution 1)'>1.,. m&J' be oubdi•ided 
into laur h<adinp nam<ly: 

l. Srot<m Grouro:lina: 

2. Equii'<'IO"t Gr<>U:>!inr 

· l.·· Statlc and Ll¡t.~ PMtt,.,_, c-inr 
4. Conne<tion lo Eartll 

·SVSTIIM GIIOUNDI!<O 

El«trie ~"'"""'~" d;.ttibution oyoto:m ~U,g ,. «Wt· 

«n>ed with.tbo..m.~>~r<.ond.locttion ol on,;,ucnto.nal 
dectri< intm:onnoct;.,. bnw«<< U.. <kctri<: oyotan «>n

dueto" and ,p-ound (oadh). Th< "''"' oomn»n do,.ifi
<ationo of rroumi,. lo bo lound in iod<~.~tdal pow<r 

di>tribution ''''""" .. ., 
l. Un.,-,....¡.,¡ 

2_ R<JÍIW>« p-out"ol!<d 

l. R<a<r.anco grom•.l<d 

4. S..lidly ... -

n.. noton o! <l<<tri< '''""" .,.-oundi"'' ,..., b.vo a 
otrilñn¡ ri"«t on U.. molf"itud<> ol ¡;,.. . .,_crounol •olt
._ which '""'' be <ndurod bQth un<kr >1<><ly·ot>t< and 
trami<nt conditiono. El«lrÓC oy•-• "~óch ollow mor< 
'"""'" o•<r•oltage ha,.,~, "" <>p«t r..J"'od U><!ul lil< 
of inoul>.tion. which will rn>k< it><lf !<lt 11 ..,.. Ir<· 
quent ino..Ution ¡,.;¡urnr Qf <irtuit i>f<,okdown> ottut. 

In rotatónc ~l«tri< machin<> wh<n in>ulati<oo ,_., ia 
Jimi,...¡ tkio e<><>Airt betw<m •ol..¡, ltrnrl ond 1bo uoeful 
lif• ¡. partitul:orly a<ut<. 

In addition to lh< control of oyot<m o•<noll>c<>. in
kntion>J <lectri< ''''""' ....,,,..1 ...,.....in.r malees p<>l· 
oibl< ..,...;,; .. and o¡>«dyloolt prut«tion bu<d"" <ktcc· 
ti.;.o ol tlf- o:wm>t llow. Ground<ol ,,,-, in .._, 
....., &t< ••~~ so lh>.t <im>" prut«tiY< dni<a will 
rcmovc • laulty ci"uit ltorn lho ''''""' r<K>rdleoo of 
tho typr of foult. Any ""'1><' Ir- pha1< to crmu>d in 
lh< tn<rull<!od oyotem thuo reoult> in in=o«!iat< iool.uioo 
of the f.,.lty <ircuit ond ito loado. HO>O<...-, 1bo up<-

ri<n« ol """" operaton hu be<n tht VUI<r ~<~•ice 
continuity can be obt>in<d with tnoand<d ...,tral than 
with "'l.f''<'Unded ll<ldnl .,,t<ms. FIUth<nnore. o ....,
bjp Qfoi<r of rQiatin• .....:hin< loillt prot«tion .,., be 
oo;mn.! bJ & o~ .... _¡.., &round Oi<I< .. I<Ht 
.-eb.y. lt ..-m oloo be foo>nd that 11>o prut«ti .. cruolitioo 
'of n;d.atin.c machi"" dill'«<ntial prot«tion will be ..,. 
h""""" by tlfOUndi,.- ti>< p<>W<f Oup¡>)y Oytt<m, 

lt hu b<cGm< ~_,.¡.,¡ pro<tic< 10 Ct'ound "'" 
n<vtnJ of ind ... trial d«trÍ< po-.- .,. ...... in~ 
.;u. tlw: lollowing toble. 

120/240 vol~ 3-wire, oin(l<-pbase 
(ootid) 

(oolidl 
4160Y /2400 oolt. 4-.;,. ond 3-wire, th:ee-plq.oe 

• 
\3,800 ooho. 3-wir<, three--pha>< 

· (oolid..-aio~V~<r 
O< rnctan«) 

lr .. ioUn«) 

In r=nt y....-o lh< ,_.,nd lo toword lh<-a.loplion of IYI· 
'""' r><U1tol lfoondinC .at int<rm<diatr ooltor< k><l> Íl>· 

• <lndinl pri<><ipally: 

480Y{zn '"'''· 4-wire and J-wiro, thr..-ph._.. 
• ( oolid and r<:oioUn«) 

600Y /.146 1<0lt, 4-.;,. ond 3-win:. thrr<·pbooe 
(•olOI ond r .. ioW>«) 

2400 •olt. 3-wi«,lhr..-.ph>.oe 

(r.,i<tonco) 

lt will be not<d that thoro io todoy o di•ódod Ollinion 
omonB """''"'' ..,. to lh< ..,.;.....,..,o! tbt o-.onoltor< 
probl<m on ~ low·•oltogt: 1600 •ol" and ¡,.,. 
low) or•«m• ond lh< hk<l""""' o! "' d«tíng 1h< 
O<fVÍ<< contjnuity o! un(found«< o¡><r.,ion. S-ornr op<:r

aton 1 .. 1 that ,.,.;« continuity i• impro•ed ami h•>< 
uprri<n<«< • roduction in <qui¡.,....t foilur<o by U>inr 
lh<: ground<d lyll<m. Otho:<l f<d tha~ und<t prop<r 

o¡>O:nting <O<O<ljÚOns, 1bo """'oundrd oyot<m olf<>o a 
~uo.bl• addod ~ ol Kt>Í<< <Otrtinuity .., Í<OI"'· 

di•«< by ony O<riouo ¡¡¡.,¡;hond o! donrorouo ''"'''""' 
o•<nolto..-.. A dotoil«i diocu.,;on of tko focton inftu
rncinr a ehoóce o! tbe lt'ounciod "' """""'"lod oyotom 
¡,p...., in Chapt<r 1 ol tbt Groundinr Pul>li<>.tion.' 

Tbe aafiO ""'"" 171t<m (oo--aJlod) d o<tt10l17 higb 
reo.cW><< copaciti .. ly grounded ., a r<>ull of lb< a.paci
toncr couolinl to ground of ""'1 m<rKi«<i <Obi< con· 
d<~<:to:, buo bu, o.---~""' <oil. Th< op<rotin¡ ad••nbgr 

O<Jm<timoo doUned ¡.,. tbt un....,mded '''""" """' lrom 
!he toa lh>.t a oincl< lin<·l<>-lt'""""' lool~ il it .., r<· 

"' 



' 

• 

m>.in>, wlll not reo~lt in on outornoti< tripout of 11" cir
a<it. Thil r<>ult> m<T<IJ in lb< llow ol o .....U <iwiÍOf 

'""""' to g.-ound. h io quito ¡rn<rolly cono<ded thot lhio 
prarti« inlro<\oc<S poto:ntial huard> to otb<r oppuotuS. 
(R•f=n« S). Fm the duroticm of the g.-oond bull on 
"""conductor, th< othor two phll< oontluctors tOrooghout 
tho ""'"" m<tallie .,.,..., aro oobj<<t<d to 7J !><"""1'1 .,...,. 

- voii>.E< on a ouotain<d baoio. lt io, th<oeloro, extr<mely 
imporWII to loca« th< Í>ull)' <ircuit ,.-!>UT and r<pair 
m- remo•< it btfore !he abno"""! voiQgc otrrn<O ,..Wuce 
l>o-Hkdown m olh<r maehinu O< dt<UÍU. ll<a.OJ< ol th< 
.,.pacitan« couplÚ>I: to g.-_.!, lh< ongrounded oyst<rn io 
oubj<ct to don¡<tQUO ov.rvol,.~o (five tin><> nont'l>l or 
..-<) a. o r..Wt ol .., intttmittrnt <antut groun<l!oult 
(orcing E<<>t>n<l), or o hi&h indn<til'< rraol>.o<:< connrtlOd 
fmm """ lin< to g<-..d. So long u .., diltorbirnr infto

<fi<ft <>«W 001 th< t)'11<m. the line-ID-¡round f>'"'"'ial' 
(non on on un.rrnun<led oyot<:rn) ,~ 11ndy at al><>UI 
58 por=t ol 1M ¡;,..,.,.lino vo\tqr nl<><. A<CIImU!a\«1 
01,.,atinr exp<ri«><• il>llkot .. tha<, in ''""'' purpo" 
induotr>a.J "'""" dilua..ruo.. >Yitnm. th< o...-volue< in
ciden"' oo.,xiated willo ~ounded op<rotion oo d•min
ioh the uo<ful lile ol in>ulation that <l«tri< drcuit a!>d 
machín< - occur ,...., f~tty th>.n lh<y do 
on ~oundod oyot<mo. The a<lvoniO"" ol an U"C'oonded 
-.,..._ in not imrn<diat<ly d«rppiroo: Joo<l"""" lbo: oc
""''"'""' ol o ~ound laul~ may be larg<ly d<Uroyed by 
tho: ..-=tÍ« ol i.-ina: • ......,.,.1. ollowing it lo ,.,..in 
on llo< oyot<nl until o =ond on< <>«Uf> nuoir.g •n 
outu<. /In od<quot< d<te<tion oyU<m !OJ<thor with an 
otpni•ed p<OI:>"Oin fO< ranovio& pomodo ÍS <OflOÍ<Irfed 
'"rntial lor beot op<ration of the un¡rounJ<d ;yotem. 
n.... oboervoticm> .... lilnited to •1-•inl!-<W"t<l11 ,,,_ 
t<ms. Diroct-eurr..,! "'""" oporotion io not oubj«t to 

- ......,_..¡_.1h<_ov:rvoluat ho.o&r<b to be found on .:lt<tnat
m&--<nrrdlt .,. ...... 

R<oilta<>ee-""""d.od ''"""" '"'I'IOJ" on lntrntionol 
reoiot=<O ronntction betw..,. the <lectri< oymm n<Utrol 
aDd poomd- Thi• ,..,.;,~ Opp;>.ro iD poroll<l ..-ith tho 
07'ttrn·to-Pounll tapociti,.. ~ aDd mak<> thio cir
cuit b<l"'v< more \ike o tniotor thao a <>p>citor, E"n a 
hirlt-tnio~ü>« _,¡, (R ;:¡¡ X-/3) ..-iQ Jllffi« to 
o-urb tho oV<nOitogo pr«<U<Ín.!: to:nd<llci<S of o pur< <.>.· 

o-<itiv<ly .,w.ded ., ....... 11 low·tni.tanc< COIU>«<ion 
wiQ =rcist o more ri¡¡id «>ntrol ollino-to·rround poton
ti:ola aDd oloo mal<e ovoibbl< a oubowuW (cootro!led) 
rnunitudo ol lir><-to-¡rmmd bt>lt ,.,--...,, foc ...,.,;ng 
O<l«ti>< ground-foult r<briDI!. 

Hl¡¡b-resioto""O ¡rnuadin¡, 101" efle<tive control of 
tho: OCY<r< tnruitory ~ ....... lhoald ÍDir<ldu« be
'"""' doclric orottrn ond I<T(IImd a r .. iotance "hOO< ohmio 
va\ue io of tho 1M!>< ordtr (o: low<r) tlw> tho tol>l IYO· 
,.,.._to-Etomod apociti.., r<a<ton<e (X,..IJ). _Thio ovi!l 
limit to modera\< '"'"' tho nvervoll>g<> cr.ated. by on 
u.c~ ... u .. ,.....,._ •V.. trum ""' phu< to ''"""" 
or (r!>m an int<rmitt<nt CO<Itocl lino-1<>-&rotond ohor1 cir· 
.,..;L 11 will - o•Did th< $U1Wned 13 p<T(<ftt ovoovoltaa< 
<m ...., ¡>ho= """"- tbe pr<><n<-< of o •',..,¡ l•ult ""-· 
tho: third pha><. Nor will it ~ovo much ofloct"" • low im
p.dw. o•onol,..o _...,. ..,.¡, •• ., '""''"""'"""boro 
W>lh <onductoro ol O higbtr V<lltaK< oyll<m, • groond 
bu1\ "" th< -01 .,.¡ of 0D OI\<nded wind!OJt: traa>f""""" 

• 

or ottp·up outotr1nofotm<r, oro voundlault o\ lbe trUII
¡..., .. ..,.pocitot ¡ ..... tioo conneeti<:ot o1 • ..,.;., o:opo.ci

weld<r. 

' Lo-oo--nobtanco I'.....W... <Olla 101" a vtrandior coa-
ne<tion of '""' muclllower ,.,;,,.,,._ Th< r<oiotan<c mor· 
nitud< io tailor«< to prov'.d< o gromod-b>llt <111"'"' mo.r
nitll<lo ,.·hi<h i1 0«<ptobl< lo< r<layinll" purpoo<l. Typi<o! 
eurrrnt volu<• .,...¡ ,.,,, lrom 400 ""'~""'' on mod.., 
oyOI<rn> uJinr orn~ti•e window <tltf<111 '"",¡""""" 
ground·..,nsor relayin¡ up lo ¡w:rh>.po ZOOO arn¡>Or<l in 

tbe laro•:r 'Y"""' noing J<I<"'Dd '""""~"' r<lap <0<1-
ne<totl in cu.r<nt tron!lormt:r ,.,idu•l <Írouito. In tbe 
mobil< t\octrie ohovel application 1\old. muelo lowtr Jo .. to 
of ,,,.,,.l.fou\t o-umnt {51l-2S arnpom) are dictoted by 
tilo moro ..,.,,. ot.;w;k h>.urd «msid<rotion•-

Reacto.,.._rrom>ded oyot<mo oro not ordinorily m
eount<r<d in indn<tri.ol pow<r oyotom•- Th< ponni,.iblo 
redu<'- in p,..,¡-lault '"''""' io hmited toa ""'-">4a1")' 
of obout 2S !><f«n\ of tho th•o:e-pha" oOe<t-<irouit <Uf

""" without H>curring tho: riok ol tr-anoitory .,..,...,¡U&< 
troubl<> dU< to rtp<titiv< reurik< in on .re in lloo V<>Und· 
f>ull dt<UÍI. Tb< r<IÍStan«·pourtdo:d OJ>l<rt> r<m>\no 
Ir« ol this troublt in vio~· of ti>< foet lloat tho r<
oiote< ;, a l>llttreacUvt impocb.n<o. Ev<ry ·,...., of !'O"'"« 
do\i=ed to tho: f<>ÍO\Qt ÍO ot """' <Oitv<Tto:d to hao~ 
""''' to r<lurn tu tho <\«trie IY"""'-

Solld\)'-lfoundod oyottmO <X<f<ÍO< tho rvuteot <OO
tro\ ov<r ovorvolt>J<I, but r<Oul\ in lh< hiKheot marni
tud<1 of ,.._.-.d.fault <=Tdtl. Tht: latttr ofle<t may, Íft 

it><lf.. brinr in ;,. own bmily OÍ probl<ms ond gr<atly 
m,.,.;¡J tho l"obl<n> ~~ dl«ti.-. <qmpmrnt .-.oom<~inl: 
de"rn ., 

-So\W¡\ ,.........,¡;., ;, - ,~,_¡wiy in low-vol\2&'0 ,,,. 
temo (600 wlto · and 1<,.) ,. A' lar11< marnitude · •vailoblo 

.--rourtd·fault <"'"'"' io O.:.i,.bl< to """"' optimum por
forman<< ol phaoo-ovOI<Urrcnt tripo Of int<rntpt<.,. Tht: • 
low lin<-IO·n<Utrol d<iving vo\Ug< of th< oupply syol<m 
(~ volto in th< OOQ.volt oyot<m ond m •olto in tilo" 
480-volt sy"em) l<!!t1ll tilo \,kelihood of dang<rouo volt· 
o.c< tt=li<nto in tho: gr.,..,.¡ "'"'" <ir.,..;" ..,., w\l<rt 
high<r-than·normol ground r«urn impedon<to oro P"""'· 

EQUIPM~NT G"OUNDlNG 

Tht: oubj•« o1 <quopm<nt orromodm&- portaim to thot 
oyotem ol <l<Wi< eonductots by w~i<b all metallic "'""" 
"""'- llorough whi<b en<r(ÍI<<I conductoro '""' wal be 
int<rtortn«ted 

Tht: .,..;.. -- o! <qniP"'<'tt pomodioa: au: 

l. To maintain low ""ltntiol d•fftron<< b<tw«n ,...,by 
m<to\1>< """"boto m orty Of<a to ;...uro f<eedo<n 
lrom <l«tri< oho<l< h.uard lo p<roonn<l in th< 
or<a, ""'" ., machi"" op<rator~ <1«!6o;;.,a, main
·t~......, o<<.·{R<i«"""' 7.) 

l_ To II'"OYÍ<!<., "'"'"""· offe<tiv< oloctri< cond"''"'" · 
"''"" """, ~-!ticb ohort-<tl:cuit ""''"'" invol•in& _ 
orround = flow .. ithout opo.rking or other <Vid<n« 

of th<nnal diotr<>• oo u 11> ovo>!. ~ .. ~d 11> 

<ombU>tiblo mat<r"-l or .., ÍF'IIÍQn in combmtiblo 
atmoopbnót: .,...._ (Rd<rm<V Z. 9.) 

• 

' 
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An <l<ctrk condo<to< bou<iniJ>, «!!ÓI""""t <ndo>ura, 
ond motor i<><M> oholl be int<r<onne<trd by an <quipo 

ment ~"'r '''"'"' .. hi<h wUI sa1iofy lhr lor<P"ll 
requir..,..nu. Th< ru!« r<prdinr equ~o;nt ground
inll" .. <mh<>dóod in lh< NEC ond lho NESC ""'' .. 
thrir obi«ti•a 11>o "''";,., o( !loe ,...,. <n<1 rt>ults. 

In <al< of an insu!>.ti<ot !.ailun al..,. a po...,. """· 
d»ttor ol an <lect.-ic pow.r Ortuit, >.llowin¡ an ele<trio: 
<(lnn«tion bctw«'l lh< m<TIJÍ>ed <ondO<tor ....t """" 
~""""""' ol • ....,.¡ ~ ti>«<. ,,.;,., <he «nd<n<1 to 
;,.,_, to the meto! cndooure th< ,.me <i«tric pot<t~ti>l 

•• u;,., "" tb< -" «<><!"""". Uni<U a\1 >t>:h ..,.... 
dLJ<tivc o:ncloou~ hove b«n intoruionally ¡round«< in "" 
>pp:oved moru><r, thc <><:<U!Teno;< ol an iruubticn bru~. 

down on tl>e pow•:t «mduetor .,.y ''""' to app<ar on 
>L><h tndoouro a volt>ge ol (reO! OJIOU¡h mornitude u to 
_.titute a d>ft-o el«l<ioNI><>cl< ¡..,,..,¡ "' .,,_. 
wt.;. touch<o it. A round·>boot rroun~mg connoction to 
the mdoouto nuy bo ;,.ul'l\ci.,t to ••oid .s.r.cc,..,.,. el«· 
trie obotk ho .. rd: J"'l p<rnUt a .. baunUol '""""'' oi 
V"Wld·foult' <Ur«fll lo ftow. The con><qll<'llt hool ...,. 
¡ .. ...._ un t.. reopotooibl< lo< o dclinile fi,. ot nplooion 
t..zor<l in oddilion. 

"> t.eo.,. o~l borildinr """"b<t' « n<Ori>J ¡M¡ñnr ,,....,_ 
In or<lcr "> provKI< on tff«Üv< ourront-corryi"l path, 
ri<h<r tho o;roo>·•t<O!Óo>n>l ,,.. ol lho <OO><!oit "' .......,,, 
'""'' b< in<rooo<d, or • parolldin¡ groundin1 tCio"o<luctw 
mml b< ron inoKl< o/ th< oCio"o<luit Of "'''""'Y· Poull<lin& 
<OO><In<toro or ciro;uiu .-.nnin1 u<..-...J 10 tho <OO><!uit or 
ra<<w>y "'' ~uite intff«tivo· in ohunting >~ort-.<Í«uit 
<UJT<Ht> >v.-or lrom tho mttal\ic: <Cio"o<ln<tor mtloo,.._ 

Prdorr<d mnhodo ol ,...,uf'<linr tho lollav.in1 typt> ol 
<qllipm<r>t or< g;...., ;,. dotail in O..o<« 1I ol lh< 
Gr""""i"-" Publiu.tion.' 

l. Su-uttur<> 

2. Outdoor Statiom 

3 Larre Go-rt<Toto" >nd Motor Room• 

•- Co.-.!oclD< Entloour<l 

5. Mi><otlono:ouo Moto<O 

STA TIC ANO LmHTI<lNG PRQttCTlO!< 
GROUNDINQ 

Only b.- Í"""'-ÜO<IItly ,...,..,.¡;ng tilo mtto.llic .,..].,. Stati< G...,ttndíng 
'""'in o monn<r w~i<h OIIUr<l th< pr«<n« ol od<-q.,.t< 

-e o:nm:n~-attyinr capo.l>ility ond. on o<loQn>tdy ¡,..... nlU< ll'<l01triol pl2tlts. "'"""""'W <11obl...,....,,. ood ;,.,,;_ 
'of ~tound-loult drtuit imf>Odonto e>n \>nlh do:<trie>>-k ·-·-'---M"""-Mndlin,._..oo¡..,nll, -dw;ly -m.ottr"'-l•,- or _oth« 

ha<ard ond. fi.-e h:uord be aooi<k<!. In o ltoat '"""' oppli- ~onunohl< prool"'l>, olt<n h>.vt • poltntWly Wor.louo 
atiott ., .. , tho opplicabl< elmrieol «><!" pt<Kribo ..,.;h Ol"""ün¡ ..,.¡;,ion b<ca""' ol >tali< oco;amula~nf "" 
(n>undin¡ pro<lit<l u a mondotory ,...,.,;,."""''· «¡uipm<nt, an m.ot<tlol> btin& h>.ndlod or <V<n on op<rot· 

loduotry el«trlo omdent otalioci<> tompil<d by th• 
Statt of C.liforn;. .,a,. it d .. rly ""id<nt th>.t 1 J<ttal 
....... ""'"""' ;,¡..,;.. ..... f<Jl>lo.rlr <><=<irll .......... 
ol <l«lrk oha<k wh<n m>.king <onto<l wilh rn<l>llic 
m<m~>rr• that aro ~ not rnert<i«d ..,.¡ ohould .,._..., 
l'n>O"'bly b<ftl e~pech:d lo remain """""''giood. ElfO<· 
,;.,. «¡ulpm<~>t 11'..,.-.!ing P<><tireo woulo! dintin>.tt th<oe 
""'oonal iniuri<s. (Rcl""""'< 10). 

Fire in>..-on<e com¡ranieo. ,..¡,., ,......,.,;,., •~ 
of inCI"'trioJ u..,i<n«, "'-•• ino!ko~ tbu, in u..,;,
j..Jgmen~ """'lhing likt .,... ""'' o/ e><ty ~<ven fir,. in. 
ind,.trioJ establiohmento o-. iu ori.-in to tho electri< 
l)'>ltm. Wlul< th"< rtporll undoub<tdly m~Hain oome 
unj111tifiod ... ;..,.,...,. md<t- the <>-l<fOI'J' o/ oimply <1<-
fecti.., .,irin(; non<the[.,,, tho:r< ;, ,..._""' t0 ouope<t thot 

diffieultk• in <leetri< ''"'""' op<ration .,-., r<>pon>>ble 
lo.- o ,..,.,., rtllll!b« ol fi""' tlwt ......Jd bo fint im
qined. Perhapo, the O.velormonl ond. adop•'on of moro 
ellecti .. ~ in. equipontnt p""""inc fl''"""' ""' 
dlott a mukod roduttion in firo ha•ord >lpe<ll. 

R«<ito l«hniciJ invatip,;.,.,•·• pcrint out th< _... 
oity ol mokinr roed <lettrie ju,-.ctiono betv.-«n mtiono 
ol <o>t>duit « 11>t1a1 cablo , .. .,...,, ond inour""" 
od«¡uolt O<QII·>«l~ aroa or eond<l<lÍvoty in th<>< 
rncloour,.. lo !>"Wet <irouit wirin¡ uoo<,.ttol with el«· 
lrÍ< canductor> OÍ ]/0 «<OI•>«:<Í(Jn. OT luiJ'f, th<rO Í< 

unini.,ak•ble <Yidtn<t lh•l the ohort-<irruit <Utr<nt fiow· 
inc b,.- way o! ~~tound. wij[ >«k o path do>< lO th< 
outroing <Onduttor th., w11l "'"'lly "''""' of !he oon
duit or th< n«tal mtlo>inc rocew>y. Thl, io .., <•<n 
tbouo¡b th< oonduit OT rate.o/ay may bt r<peot<dly bood<d 

inc ... oonnd. 

Th< diocl=c< of a ¡b.l., rh:tret to "'"""" or lo oth<r 
<qUÍprn<nt in th< P'""""' ol ft:mttnablo o.- explooi~ .,._ 
ltrill> io oftt., lh< <ou>< of fir<> ond e<plooim,. whi,h 
result in u.., ¡.,.. ol owty li•es <2<1o ,...,, on<1 with "' 
"'"""P'"Ying finonc•ol lo" of millioru ol dollaro. 

· Tlle oimple e><p<d;.,t o/ grouno\ing oquipmont io not 
alwa.y> th< ><>lution o[ the problrm; thertfor<, il i> nr<«
,.uy lO lludy ..m' ""tall.otóon ;,. otdtr <h>.t "' od<quo.<t 
m<thod ol «mtrol "'">' t.. ><lecltd. 

Pro«dioo of ~- tilo ;, the firlt obj«lÍY< in &t· 

tompón~ .. <ontrol '"''" '"""" s .. ;n .. th• n ••• .,"' 
Ji.., b<cao.»< of oxploo""" 01' fir<> <h>.t ""f ruult h
• outie di><~><c<, tl>ere io abo <he doo~<r of o penan 
becomin• >tarllod if luddtnly oubje<ttol lo> >talic '""'"· 
wbiclt mu "'"'lt in follin~ or aecidenullr <aming in"> 
conta<l "itb '""" rno,.ing «¡uipm<nL 

Th• O«<Nf aim in eliminatinr "' <ontrollinr otatit " 
to pr<Vml th< ¡.,.. of: 

l. Copita! inv .. tmmt in. buikhn11 >nd <OUÍpm<nt 

2. Op<ntinr fundo in otorod materialo 

J. Profil> b«oo>e of lh< lo" al pr<>.loelion 

!!lo.,., '"'h ., clt<d obo•e un t.. ovoid<d by prop<r 

""" '""''"'· tho <xpenditure r<quirod to >«uro thi• 
po-ot«tion i• ~00<1 """' ...... 

An additintW n«d for ltoti< <O<ttrol .,.y bo for ;,_. 
pro""'"ent in. prooluet q.,.lity. f'or '"""PI<. >tatic in 

'" 
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th<it ooiub~i!J. TI>< ... o! plutO: pipo: in O<w, ond o! 
wood<n onn in old<f wat<r lflt<mo m&,\' o<riou>IY imp>.ir 
ito volu< u a rr.,.,..;!ing effi:trodo. Evrn ir"" or ,. .. ¡ 
pjpinr m>.y inc:lude poketo whieh '" .. inoulotoro. 
Sornetim<> ...,.11 ..,.,.1 (bruo} ..,,..¡goo ore,.,,..¡ to ÍNure 
el<etrk>.l corni"'lÍty. Th< .. ....dt;n "'"" 1>< coreful\y «· 
pl><«l wh<n r<p~~ir~ are ..wi<. In oU cao<t, it io importa.! 
th>t irtt<rior piping t)'1tano ""';u. are \ik<ly 10 h«o<n< 
<n<rti•«< 1>< bor.d<ó 10 the <l<etric 11ot<m ¡roundinr 
<O<Idu<tor. lf the pjpinr oyotcm «><~,.;., a ~ do
,;~ to p:nnit <My t<rnovol, a boodir!l' jumper ol>ou\d 
1>< imtlllled bridaQ>a th< r<mO't2hl< ~. 

ldod< el<etrodoo <n>y 1>< oobdivided into dtiTal de<:· 
trodeo, bnri<d otrip< or cab\<1, rrido, buried plotn, o.nd 
eount<rpo;,.,. Th< !Jf" <el«1ed will depend opoo the 
typo ol >Oil """""'ter<d ...:! lh< &ftl'lable d<pth. Drinn 
ele<trodeo ""' ~rally mo« "'tiof>ctory ""d «<tKJmicol 
wh<r< b<drno::k Íl 10 loet 00' ,_, below th< outbce, 
while rrido, buried otrípo or cabl., ore preferred lor ¡.,.,., 
deptho. c;..ida..., lt<qt><~~.tly - f<>r ........ ,.,.., "'-· 
enotinr ''"'ion• to pr.,.idc <quip<>tential '"'' throu¡hout. 
!he mrire otatiooo wbtrc honrd> to 101< and prop:rty 
would juotify the hirber coot. Th.,. aloo r«¡uir< thc leo" 
omount ol buried mal<l"ial pcr """' of rrOOJnd eoo<!o<11n«. 
Dnried plot<> have 1>01 b<oen o...:! utenoiwly in "'"'' 
r<•n bc<.o.uoe ol th< hirher cost u «>m~ to todo ot 

otripo. Abo, v.-hcn n><d in lft'IOll fltlrnbetl, tl>ey are the 
leaot r<liable typ< of mode <l«trodc. Thc «>untctpoi!c 
io o f<>rm of the buried cable d<etrode and \1> - ;. 
(ftl<rolly cooñn<ó to locatiom hoviflll hirh reoiotm« 
ooilo, o»<h u W>ll or rock. whcn oth<r mcthodo are ""' 

_Th<fc hao b<oen o ,..,...,. to-..1 lt«l irr plau of eopper 
for ea:tbi,.- electrod<> p;<rt~ly in <orrooi .. >Gil 1(1 

minimi~e plvani< corr.,;¡, o! oth<r offi:trically <011· 

nect<ó buróed 11«1 pjp:o or buildirnr ltruo:tunl mo:mbeto. 
TI>< CC11!1«tiooo to 111<h otee! ~ffi:trOO.. commonly ""' 
inoula!ed <opp<< cable witb odequate prote<tion a¡•iruot 

)ocal plvani< -"""""' at thc -··tecl jun<tion. 

A dio<u>olon "" ..,.,_. of -""• on11 ,_,,..in.r 
t"aiotan« to .,.,-tb, eurr<nt kwlinf capa<ity of ooil~ u 
well u re<.,.,..,.j<d <PCtho<h an<1 tO<hniqu<o of «<n· 
otrl><tÍflll conroecti<>N to Q>1h "'"1 be lound Íft (h.opter 
IV of th< Gmundinr Poblication.' 
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ot nriou> loado .,.;th "'"'m&l acitarion. At hirb """""" 
loo.d• oven tho 0.8 powcr la<tor motor may drow ma.r· 
notiri•r kilonn. 

Mou capac:ilor> UJe<l ;, indu,td•l plon\o oro eonn«:t<d 
oerou tho 1m. in ohunt with U.. lood and. he-, "" 
call<d olnmt o:>pacitoro. S...iel capacitor~ which aro <011· 

<>e<t<d in,.,-;., wi!h lh< load, lind Otta!ional u.t Ofl wu.k 
~ .,. ......... ,...¡""' ...,._ dtops ond ... ~tinf 
loado to r«luoo V<>IU..< fi,ek<r. Th< prop<r oppHeation o! 
t<d<o capacitan io """"wha\ <Omple• and lheir ""' io oo 
optci>.liled that t!>ey will not be~ here. (5« Bi!,. 
liog.-aphy, Rel<rrn<< No. 5.) ' 

l!>duo:tóon moton ph,. <Opo<itoro ue of!Cn ~ ..,.,. 
nomia.l than oynchronouo mo•oro olono. ~m<>. !he 
.,. ... of cbiV< will dicl>t< !be ""' of m< In>< o! """"'· 
bnl wh<re o f~ ohoi« can be "'""'· .., .. onomic <mn· 

~"'<"""' ~ be modo- Th< capa<itoc-induc:tioo -
-.-tloo hu lho od..,tq< of .,_,. main'- ond 
in mony .,.... wm proV< t ... uprn~i•e in fint ="· 

Th< omoant o! .,...,ru.ina; kilonrs whkh m""' 1>< 
ouppl;.d from <.>.padtoro or <yn<hto"""" ,_hin<> lo 

....... d<srt.:l ;...,..,....,.,, iD ""' """"" - = be 
c.o.kulok<l by ,..;ng !he ha>>: re4tiomJ•ip ohawn in Firure 
6.1, or it <=be <kt<rm!ned by Ulinr tl>e "kW mWtiplkt" 
labia, T.W. 6.1. 

Tal>lo t,l-

l:llo-tt loll>lllpUenlot ~ 

~-~ 
o..;g;..,¡ o,.;..,¡¡.,fNJ'Wd p.,.... F""'"' (< .. '-J 

P-Futor 
(,..,~ ,00 " 00 " 00 

00 ·= ·- ·~· 
0.713 ·= Q 

·~ 
11.937 "" ·~ 0.516 

• ·~· ·~ 0.717 ... . .. 
• 1.138 ~ ·~ "" "" • 1.078 0.749 "" 0.4SS ... 
ro 

··~ ~· "" .@ .,. 
" O.IIM • .... ... -

·~- =· " .... ·= "" ~ 0.159 

" "" ""' =· = ... 
• ·~ 0.47J O.J\8 .. .. MS2 

" 0.7SO Mll - ... ~ 
" ·- ·~ 0214 ~ 

• ·~ 
0.317 O.l6Z ·~ • ~ ~ 0.109 .. ·~ "" 0.056 

• ·~ O.ISS ·~ " ·~ ~ • ·~ . .. • "" • .,., 
•oo ··~ 

A o an o.umplo of tho we o! Tabl< 6.1, ... ,....,., lhal the 
O<;p...i powtt - ;. 70 pa=t, ""' O<i¡:inal 1ood ;. 
100 kV A ond !hc i"'J'r<>oed power factor ioto bt 95 w<tm. 

"' 

' 

TholoodkWio: 
kw-.7KI00~70 

f"n>m Toblo U, tho "kW ""'ltipli<r" it 0.691 for impro ... 

in¡ the "'""'" la<tor lrnm 1ll percenl lo 95 p:r«11l The 
o:apacitor kV Ar r<qllir<d io tl>en lound to bt: 

<kVAr -rokw 10.691-484 

l.o<ation o! Carnctln Bqulpment 

lt ;, import&nt lo r<m<ml><r ""'' all .... bme~ts ab
t&i....t by inotalling cap•dton or oynchron<mO rnoohin<1 
lo• pow<T fac10t U,pt......,.,t ,.,,¡, lrom tho ffductim 
o! hlo..,... Th<y o'-ld, -~ be im!allrd u deJo< 
to the load oo ponible. Fi.,ore 6.6 ahowo ¡.,.,. P'l"ible 

"'"''""" ... 
r 
" 

<>.pa<itor lox.o.tiora. Tho """' d<.iroblo !o<ation ¡.,. ..,rt,. 
toctoo- ;..pr.,..,.,.,. ;,·o; u-.;,. ~o~~owo.. <IO"Ótl", o; 
CJ and C4. . 

n.o ...., principie oppt;., 10 lhc location o:l o¡HC:Iao-
110111 mo1ou u fu u pow<T facl<>r impro...,..,t io ..,.,. 

ttrft<d. al~ """ -· &U ....u,. .... «~ 
lo< 240 ... oiii'I-Y(IIt .,.,......_ 

F-i<. """' bo: """'i<lefod whm ~ lh< 
capacito< location. Tho <01t o! a owitdtint; d<Yi<e, wbete 
required, obould bo inclod<d in tbo mot <(1111~ 

~.,._,-

Tho op<ntin;t: Y<>ltq< wm oel<lom bo ~ "'ml 10 
U.o ~t<d copoci<or •oltq< ond u o <Qolt obt O<rm! 
~ilo-.v - will - cq.,.¡ lht caporito< .-attd kllcrnn. 

Tho follo,.in,c upruoion IIIOJ' bo UKd lo cktemlint tbo ---'"""1 <~V ... , "" rot«l cltV Ar ' 
"' Co¡racito<o ...., ooñubl< fO< op<n.n.... ot o muim= 'OOit

oa< of 110 ~"'''"'"' el <al<d copa<;itor, ..,,.,..., • •• 
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U>qM j>;U>f"<U<I> ><¡ ]mW '<>tobJOI lU>)N'<Jl 1""' 'uofl 

• .,p,.,.¡¡>< 01 ""P ~10"...0 'IJOI>Oj o ... ] >wn "!l. 

. ~""""' ""'"'"~"" 0] IJOif""d<> JO UOf10>fjd~O "l<lOJd >JOIII 01 p>.'WIO¡jOJ ..¡ 
PI""'!' ,..,.,.,.._ JOlOW ><¡~ ¡o '""1-.p»Wu.co>J "'ll. 

'(t ""'"'"1>"11) 
.,,.,.,., UOfUOI"" p»<Jr¡1¡oUJ uo <¡»><ir :!u¡llmp "''~"'JO 
'.~>~mr >C14 ,...JO¡ruono1•• "" 1" UOflJIOII >hiJ0>-11"1 
><¡1 01 d., .-.,¡OA p>>np>J ;q¡ WOJ) p>JJ>)""'Jl 1) JOI')W 

1 ~»qM m:»<> 01(. á<W <>ni>JOI ><>'i.L "Y¡lJ>U! j010I 01 

Of\J>U! -JO "!>" .., """ •• ,."' .,'(11 """""'' ><¡l 
UJqM ,..,,.,. >U!J pu-o ;l.,¡o• "'1""' "ll "''""1"'1 ;¡11'1<0 
><11 ';U](O• J010W >'11 JO >pOtoilliOW >'11 uo>Jn &jfJ""!Jd 
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capa<i"'" ate •wli«1 lo o bu< "'"ino o rnwp ol n>Oiato. 
The oi..,.tioR wiU bo ,_, <til;,>l "'""'>U lt.. ,,,..,.,.,., 
and ooly l•ltt o! lh< moloco M< <On'l<d"l lo lhc hu• 
Th< 1.-.ru;.,.,l IO<<]U< probl<m <>n t.. cl1minotn1 ,¡ tt.. 
r«:l<»ur< of lhe ¡,,. onlo thc ¡,,.., ¡, olcl>y«1 """¡ the 
mo""' hove >low«i rlown cnou,.h to ¡~ron•t lh< bul 
.,.,... 1<> collopo<. Or lh< <Opi<itor l«tl<r brcaker may 

be interlock«! with the '""'" hr<Ok<r "' the <>¡ .. citoro 
o.rc dóoconneet«i from the bus »h<n lhe ""''''" br-« 
Opertl. 

Solocóon o! Conductor Si.o 

The <"O<ld"'""' o><d for copo<itor opplitatO..... •"'"-'kl 
be 1<1«1«1 on the baoio of lh< J5 ""'"'"' "'"''""'' whi<h 
NEMA Stondotdo p<tmit an u.,..cito". C.,.,.id.,ation 
ohoold be Ji•tD lo lhe ornhieo" l<ml"""'"" and to 

the 1><1 lhot e>p.ocitoto ""'""'" •1 [ull lood whencv<t 
enet(il<<l 

NKC Ina..U.O.tlto. Reqw--.., .. 

The N >liana! El«tri<ol COOc "" fotth the m¡uitem<ol> 
C<>O<Unin& a¡racitO< inoWbt;.,.,.. "lñ<>r roquirom=to 
conc<rn lhc m<>nO ond time ol ,¡;,.h.,Kiug, enn<h><:tor r>l· 
ing, owc<urr<nt pro~<:<t;.,., diKORP«ti•K """"" .,-ound-
1ng, n=honial eonoid<rotioo• ond eo¡,.citor rotü1r wh<n 

the capa<itO< io owiteh<d wilh the '"'""'"· 

E.fl'ecl ol Ambieat Tempcn.tun 

The NEMA St>~do rcquirc copa<it<>r unito to be 
ouit.able 1<>< opcrotk>n ot oml>icnt >ir trm¡..,.atur<t om~

mdly ""' eoee«<inr -IO"C, wl><n inllolled in aeeordonce 
with lheir r<eommendationo. It ¡, impoctant th>.t <•¡""'i"'" 
not. bo otdlj«t<d to im,.....,... ...,bi<nt ,.,.,.,..,.,.., ., 
thio may <au>< thom to (nn,tion im[>rop<rl~ an~ ohort<n 
lhcir lile. 

C.re >bould be takon to pco¡><rly '""'"' <O<h <>pO<itor 
...,;, and lhi> ,..ua[Jy rcq~~ aro mdi•ido;d 1- 011 cach 

~' 
Moot lo .. ·l'<>lua< capa<itoc ..,;,. indO&!< '""" n-•t<d 

on th< unit. Ca['O<ito>r """;"""'"" "'""lly ha" iruJ,iduol. 
r .... !O< e><h e>.padtor .rut. 

n.:.-< .,.. '""' m>jor rcquirenl<nto ""hen •ppl¡inr • 

owit<hin¡ d .. ice: {1) it mu1t h>•< an od.qnate «11>

tin.-.o <Utrent '""'l• ond !~) it mw;t have • <hott· 
circuit in1<rruptin1 <>['><ity a<l<oua« lor lh< oyotent to 
whi<h it i• conto«led. 

The NEMA Standordo requir< tlut lu>iblc .,(ety 
owit<t..• oh>.ll !uve • current roting of not ¡.,, than !65 
1"'"""' o! rat<d <>1"1"1"' oumnl and lh>t conudoco and 
low·•oltare """'""' circ..it ~o..,o,,. ohall !uve • curmot 
rotin1 of not !roo than 135 !'<'"'"' of rllod oapaeitor 
<urront. For mo1~«l-a>< citcuit l>reok<n. ol>tain marnt

faeturor'o "'""'"""""''""'· 
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~><11 ''"'""" ~l¡q Eu!ldnJmu¡ JOj p>I¡O>p .,¡.,p·o pmo 
'""""""" ¡o "1!1!'1' li"!>d"-'"1"! '"' puot>q •! "11""'• 
""'1""'1 >q "' ""JJJI) "!1 ¡o >pou!"''ow ''ll ~ -
><¡l U[ .. IIU~ndw.>O JOlOW JO lti>J..., JOlOW "''lo¡ puo4l 
_,, q>¡q" UopJ ¡o uo¡t»J¡p "'l l>pun qof ·~• op U!"' 
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'l! l"'''" ¡on¡ to!n opu>d>¡> »¡•>¡> >A!J>Ol<Ud "'ll ¡o .,.,.., 

"'lL ">~'~""" JO ,_ -"1"'~'"" .... ¡o ""''"' "" ""''l ""!' 
-ou¡w¡p ·~• "'1 top~ pcn "''=>Jd "' >n>"-'"'d• "''"' 
-1¡> "~'" 01 l»<11>J '!''"' U>¡¡o '! >nq '¡¡n>~p ¡owwuq1 
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;uow4¡n~» "!1 <1\u¡ .a...... ¡o -"">11 "'l •do!• pao >J<II>UI 
Uf IOIOJ«<dl JO l¡t\>J¡> "'ll 1>1<¡00) 'Jn»o OUOJl¡poox> 

1''"--'""'11 'l'l"!"pun >~l U>~H< <U><Io q'JW" OUOfl!P""' 
""'11 01 ..._111""' >ti>Wd¡llbo ¡o '"!'""' pon ,0.,w ''ll 
'111""'0 """'lltpo.IO> ~"""""!"~=pon ¡o P!J>' "'~'~"" 
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><¡ .. "!, '""' po~ .. '! ,, """!'''!l'lod ,., ...... 
-nuew pcn ""'""""S VI'I3N !""' vsn "'~' u¡ '1'1"1" .. 
1) IIO)l<WJO¡u¡ ¡npon q>n)'l! "P'"'"'"' o.-. II~Bo¡qMoq ><¡¡ 
11"" UO)l<>JI'l<><l o¡q¡ u¡ pu• P""-"1 '! '>l!IW l""!<int ~q~ 

'XI ""'"'O "! p>>....-. >n ..,nq !""' '"!"' '»1'1<> 
" ~"'" IIOI>np.., uo 010(1 -,ti>Wd¡nb> ~"!1"0' pcn 
'01>~"'"1 ¡¡n>Jfl '<>U![ uo¡¡nq¡lli!P 'IJ>WJOJIU.,l ¡o uo¡¡ 
.,.,OJ4 >~JRI "" <1-.p ql)M J><¡~l 'wo¡¡ó> UO¡>nq>J>"P 
>fll»J> 1'1'1"'1"'! uo "! p;>J¡n~»; >U>Wd!""" >li-..¡o•·qB"' 
""' ··=¡pow '·"'"1 ¡o ..... ,! .... ¡ .... ¡o ""!l"!)d4• pcn .... , 
llO>W>I)nb>J >~\ UO 110fl0WJOJU) m•o> 1>\d"'!> 1f4~ 
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Conttol p.,..., 
Sue«>o!nl ott"'ticm of owi<<hru• etnhod}'inr <l«tri

al1y ot<r>1ed dovi«• ;, cl<prnd<n1 on o .. Hable ooum: o! 
eontrol powtr ~·hi<h •t a11 timtO witl maintain volta,.. ot 
the 1<mÜnalo ol 1uch devioeo witt.in th<ir .,.,.,., opentin.g· 
Y01lago ronse. In ,.,.,,¡ the op<rating-volta•• """' ol 
a '"''"'"'" «<\\ipm=t ;, d<1ermintd by the rat«l optf

atin.g-YOita.o< , ... ,.. ol lbe """'"""""' eie<o1Ik.ol!y op<r>ttd 
cinonit bmo~en. n.o.. ran"" oro .. ~ablj,¡,.,¡ by Op¡>rO" 

pri•te I'>EMA Stondardo for "'""'" ci=lit bmokero. 

Thtre ore IWO primary ""' for control power in >witeh· 
-·' tcippinr power and dooing """'" Sine< an ,.,.,,;.¡ 
flmction of owitU.,....r io 10 pro,;d, i,..ttnt ond onfailin~ 
proteetioo in emerg<Dcl.., lbe _,.,. of trippinf poWd' 
""'" b< mo tlut onll alwiJ'O be anilable. !t io renor.~.lly 
pr<letabk lltot th< '"'"" of dooing power at.o b< in
d<!'<"dent o! v<>lt•g• condilinn, on the power oyotem """' 
ciottd .,¡,¡, th< switchgeor. liowevu. mote oon¡ider-ation 
rmy b< pormitttd con oo o foctor in .. Joctin• a souwo: ol 
d ....... -• tlwl i< p<rmi..,'ble ,..;th th< ,._,.;,¡ tri¡>-
pi~~-

Four prootieot ""''"' of trippin.g .,.,...,. ore: 

(1) Dir«t ourr<:nt lrom o otoroge bottory. 

(2) Dir«! carTU~t Ir= a el>or~ capodtor. 

(J) All..,.tinr =t from lho: o<e<mdori<O of =· 
cent tron!lorm<ro in the p«>tected pow<r cirmit. 

( 4) Diroo:t or olt.:rn>lin~ eumnt in the primor y circuit 
po..m.- thr"""h dir«l..cti,.., tcip deviUL 

Whet< • rtongo bott<T)' .... """" ""'..,- •• the '"""" 
of triwinr pow..- it = aloo """''' d,.;,¡; po..,.r_ An 
addod conoid<rotion, howov<r. ;, the pruo:N tn:nd 10 

• intorporal< otortd•<n<TifY (opring-mechonism) <looing on 
both ·low· ..-.! mod;um-V<>Itaro pow..- cir<Uit breakm. 
Wor.>! dlotributkm >Y>"'""· wt.:ther a!t<nutiog~ 
en: diT<CI..,.,rrn~ com>ot bo r<liod"""" 10 oopply tripping 
powo:r b<nwe """'g•• or< olwoy• po<>ible. and u< '""'' 
lilo:ly to O<CtiT in tim" o! <m..-gency whm the owi<ch· 
'"' is Q!lc<l opon to p<rlorm ito prot«!ivo fun<tion~ 

Other futoro influmcinr th< choioe ol control power ... , 
(1) Ani!ability o! odo:quot< ~~- r., • bott<ry 

ond iu et..rxer. 

(2) Avo.ilobility o! ouitablo houoing for a battery Of>d 
ito thatrer. 

{J) Adnn!a,... of l>al'i"ll r<TDOnblo btoo.lo:<r ...Uto ¡,.. 
t<rchan,.,.blo: with thoo< in oth..- inuohtion~ 

(4) N<msity for dooinr breakon wilh the pow..- •Y•· 
'"" d<-eno:r.-;=1. 

By do6niti0<1 • cir<t>it bre&kor -,. a devicc !ot inl<r
niPting a dr<Uit bo:tweo:n I<¡>Otabl< eonta<ll undo:t norm~! 
or abnormal mnditions. Ordinirily, drcuit br .. ko" are 
required 10 <>p<r>.b: oDly infto:qo<nUy. althnl>.l;h oome 
~ of b-akers U< ruiublo ¡.,.. f•~t op<:ntioft. 

(No"""l indieatto the int.,ruption o! <uTT<nll not in 
<«m ol th< rottd continonuo """""' ol t~t cirruit 
br<oker. Abo,.. ... / inoti<>.l<• tht inttrrnption ol cu.,..,.b 
in ex<do of ratc<l «><<IÍnOQU> <Uft<n1, ouch ., ohort cir· 
cuia.) Tho: ratin¡ ol a dmm br .. kor 1hould be «1"'1 

to or ~''"'" '"'" the •Y•l<m ohort-<ircuil <luty." 

Cir<uil br<ak<n oro comrnonly u<td in<ltad ol fu><> 
011 uti~ry and induotrio1 powor dimibution oYil<lltl in 
order to provid< .,...,ti.al owito:hirir Be~ibility Of>d tirmit 
protootioo. 

Cirrnit br<akm aro ,,.ilable for the <ntiro •oltago 
unge and moy b< furniohc<l olnrl<·. doubl<·, tripl<·pole 
en: ....,,.. ano:! arrongtd lor outd- or óndoor ""• ex«pt 
tl>ot bt<>ko:r> abo>< J4.5 kV or< rmorolly ,.., typ< ond 
oled outdoor>-

Tht ratin• of a powec cio<uit bceaker in tht mt<liutn· 
oro;! IDgh·volta¡r< d.,, inclu<l<> tho following ittmo. 

(1) Rated Y<>ltaJ<, 

(2) Muimum ,¡.,;11'" "''""'· 

(J) Minimum vo!U¡< fw rotc<l interruptinr mvo, 

( 4) Ratc<l impull< with>t>nd v<>]laK<, 

(5) Rattd lrtq~><:~~<y, 

(6) Rattd ..,.,,;""""' curron~ 

(7) Roled momtntary curront, 

(8) Rattd 4-oocond <UTT<"~ 

(9) Ra1«1 3-pha«: int«T\\ptinr M':' A. 

(10) Rottd interrupting CIOC,.nt a1 raled voltoge, 

(12) Ratod intcrrupting timo in eyd<>. 

The vol10n ,,..¡ """"' nttinr• ...,., .. u, listtd oro 
ba,.d on altitudoo up 10 JJOO f«t. O.r<tinr lactOT"• • ., 
wo:ll ., dttoiltd in!ormation on 1ho abovt, '" •iven in 
'~' USA Standard>: but Tot.l• 7.1 io • ~•ndy ref<r
<ne< for """'"' cirruit br<akers . 

n.. ratc<l ,.,..,12ry ond intcrrupting-<urr..,t-<>rr,.;,.., 
<opa<ÍlÓ<S ••• ....,. imp<rtant loctoro loo: Ul< in tt.o: appli· 
oation of th< medtum- aro;! hi•h-voltage cin;:uit br<>k•"· 
Low-voltog< power ci;cuil br<11km bovt th< lollowing 

nttin,o!' 

l. Rattd Voi!Of<. 

2.- Rattd MuintUm D<1icn Voltoge. 

J Rat«< Maximurn Vnltare. 

4. Rated froor=Q'. 

S. &oled Cominnou< Cun-mt. 

6. Rattd Short-Ti""' CurtC<t~ 

7. Ratod Short-Cirruit Currrnt. 

8. Ralod C....1tol Vnltar<- • 
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A•><><i>t<d W>th thio typ< of owit<hg<ar io th< m<lol
<n<lo.<d e<ntralil<d <onlt<>l boar<lo call<d th< dupl,. 
owitchhoa<d. 

¡., ouldoor •ppliooti<>n• a owi"hr<ar it av>il>.blt with o 
pr01<Ct<d n»in«>,.n« aiol<. Th< <quipm<nt ;, d.,j¡¡-n<d 
~·ilh <ilh<r • dupltx board or local «m!fol. 

Tn,;,,¡ intt>ll>tion• ol th<>< lyp<o of <Quipmenll '" 
oho""" in Figur" 7.1, 12. ond 7.J. 

Th< Notionol Elcttrical Coó< d<lin" a pon<lboard ., 

"• ""K'' """''· '" a ~'""P of pon<l uni" <ktirn<d lor 
a<><mbly in thr form <>fa •ingl< pon<l; induding hm<~ 
ond with or ~-it!>Out '""it<h<• •nd/or ••tor>>atir ov<r<Uf· 
"'"' prÓlocti>< o.,;,., for th< tonttol of light, h<>t, or 
1""'" ''""'" ol omall ind,vid""'l •• w<ll •• a~gr<g>.l< 
<apadty; d<>i•n!'d tn b< rl><<d in O c.obin<t or cutout 
box pi~ in or ·~ain>t • .,.,¡¡ or p>rution •nd •«<,.ibl< 
only from th< front." 

Po1><lboard< ar< ol two !m><~ donn: (o) liKhtiog 
and •pplian« brar.ch ciroui" and (b) pow<r ond ¡..,¡.,. 
di<triboli<m, Principol diff"'n« io tll:lt lighting and a,.. 
pl;.,n<< ,..,..lboanlo "" ,óngl<--polt cir<Vit d<ri«l o( 
r<lalivoly low <11rr<nt roting, wbil< tho di1tribution pan<l· 
board m•r <<>nlAin twu· and tht<<·pol< bro•k<r. or fu>«! 
o,..;tch<o o!.,,¡.,.,, ,;,., up to 600 ampu.,._ 

Panolboard• 1« o( tht« kindr with <O!pt<l to tho 
<Írcut ,¡......,,,_¡a) ~lttg lo"' only, (b) •~·it<h<> on~ 
fu S<!, 011<! (<) <Í«uil bre>loo.,, Wb<n lho <ircuit ol......,to 
'" only fu"'· ool~ th< pluo fu" i> ollow<d. hnoiOO.roi! 
diff.r ., to 'th< '"''''"""l of th< m.oino Som< "'"'ll.,.tdo 
prn•i~< only '""in lu.go and o<h<" provido o .,..;n .;....,.;, 
br<ak<r or m>iu ditronn«to,.- ., ... ~ Whor< a n<~~trol i• 
inn>l•«l in th< •r•«m, wnn«tion for lh< n<ulrol <abl< 
io provid<d for in tho pOn<iboard. 

Sin<< pan<lboardo "' «>mprio«l of citouit pmt«li"" 
d<um. ob<h •• lustl ond <irruit bt"'k<r~ m>.gnitud< of 
·•hnrt.,;r«~it·"'trr<nl·>t rh<·plo«·of inrt>.llation"""'"" 
art-fully eonoid<r<d. Th< <irouil pr~t<<ti>< d<vi«• mull 
bn< od.quot< intttri>Jitin¡¡ obility_ 

TIUINSFORMI!:RS 

By dofini~oo. a diJtributioo tronofor....,. io "'' ,,.,..,. 
fotm" h,.ing a tating "'"'-"n J oud .\(1() kV A, ioclu!iV<' 
trandormo;n -..·ith r>ringo abo ... 500 kV A'" tla10«l., 
I'O"'<f <nndorm<"- Not< that by thi• dtfinil;, only koa 
rotino i> i•wolvod. 

Mtl<h inform.>lion p<rtaining t~ tronofor...,. feolllfn 
•nd ch.,o<t<ri"i<• ;, intlud«< in th< USAS! •00 EEI· 
NEMA pubhu.tiono. Som< el tho lollowing "'''" ,.. 
t;o<l<d from Lh..., """"'~ lt io "'"""'.,¡ th>.t th< ,.,..¡.,. 
r<l<r to '""'., w<ll 11 manulactur<ro' puhlicoliono for
morc comphotc infonnotion_ 

Mo•l ttan>form<ro in induttd•l pl•nll '" """'"''«1 
with ><COO><bry tmit oubotatim~ g<t><rally in ntin•• of 
!o(I(H500 kV A, ""'"f.fill<d or wilh dr,..typo; inrulatio<t 
h<ntil>ttd or oeal<d and 10'> filltd), and loul<d indoor~ 
Wh<n t;an,form<r. "' lo<at«< o-otdooto, th<y '" 
... ua~~, o1 th< .Dl·~llod typ<. Pr.><ti<>lly oll of lll<>< ,,....,.. _ 
lorm<ro in indullty at< of thr«·pO.I< ~ h 

'" 

¡, un,ommon lO find on indmtrlol pl•nt wbo nov.· ""' 
>inJI<-1'1>•" unito "' makt up o lh<«·ph11< b•nk' thr«· 
pOa" tronolorm<ro 11:1" •n <x<<lltnl l<nÍ<< "'""'"- «><1 
¡,., and r<quiro lm opo«. • 

In ""'"' ~·•11 tht pow<t ttoruform<ro for moot t)"li<O 
ol in~ullri•l ""'" O.vo oimilor r«¡uÍr<nr<nt~ Thio 11>.1 
,...,¡t<d in "'ndardiution ol <ll>ro<t<ri>liOI, oo wb'"""' 
ponihl<, it ;, "'IK<•tr<l '"'' ti>< ,,,,¡.,.,.,., .,.,¡.,.,. 
ing lo tho" b< sp«ifi<d, tin« r<p<titiv<·=nufacturin¡¡ 
m<1bodo owl)·in~ oo '""h USA S"ndard tran•form«t 
"'"'"' rorult in '""'' o;o<t thon ÍM non-llondud unit~ 

In 111< ,.¡..,,;., of o tronoform<r lor • pl<ti<ul>r •~pli-
<Atioot. <<>n>id<ration ro"'t bo 1i•"' to lht fo),_;nJ rhar· 
oct<flrt;., which d<t<rmin< ib roling llru<tur< o 

T. kV A roLin¡, 

2. V~ltag< ratingo and ratio~ 

J. Yolt•o• tap~ 

4_-Typo; .,¡ coo~;nc,-

5. lnsulot;on l<vel, 

6 Sourul l<v<l. 

1. lmv<dartt<. 

• 

Tho kV A robng '""'' ¡rrim.uily b< wffici<nl to hondlt 
th< imm«<ial< l""d r«¡uirtd. Con•id<ration thould b< 
gi•<n oi<O to -tibl< hrltlr< lood firowth whi<h miKht 
~>< '"l"''"' by ,.p.n<~inr l>.ciliti«-

TI>< .dt>&< rotio and tapo '" ,.¡..,,..¡ to ¡>tovido lh< 
«><r«t volt•a• '' tht load t....,;no\~ takinr into """""' 
tht vori.,iono in •upply volta"' •• W<ll ., lht V<llt1J< 
drop lhr""lrtt '"' tranolor .... r •nd m tbe di,trilrnlion lin<~ 
(S.. Cbapt<r II). Mo<t pow<r trwrof"""'n '" "'"'"' 

- with.ll><- inooonin¡:. volt•r•· ra~ng -<qUOI-to· th< .......;nal .. 
V>lu< of oupply •Olt•"' ond with two 2~ p<<«nt tap• 
abov< and b<low tho ,.,,..¡ •oltao< to •dio>t lo.- ..notiono 
in 1upply voltog<- Th<>< tapo"' ÍO!" <~<-~«<~<>pera
tion only, ond h<n« '" nol int<nd!'d for adjunin• the 
<mtP•" vol""'' wlth .,,¡.,;.,., in lood Th< t>p> abov< 
ral<d •oltog< ;., o otop--down trwr>fonn<r ..;u inr:r"'l< 
th< "''"' in lh< high·voltog< -..·indinK. With a ¡¡,.,.¡ in· 
coming >Oito~<, th<r<IO!'<, ><l«tion of a highor thon 
normal t>p wlll '"nll i" • l<>w<rilt.!l of tl>< output .,¡....,_ 
Thio •llowo "'"" l«wOy !n lh< 1<\c-<tion ol tapo to b<lp 
compmsat< for ~.orl of 1h< voltog< drop in tlr< ""''' 
Íonn<r ond 1he di''"""''"" lin.,, but it ohoold 1>< ,.. 
m<mh<red tll:lt tho moin pm¡><>>< ol th< taPI ;, to odinot 
for th< ¡,.,¡ in th< oupply vol...,,, not lo• 1<cond&r1 
lfll'lotion_ 

Toblo 7.J d<li"" nriouo lYP<I ol tnmofo""'r o;oolinl 
~ 

Tho r<lotionlhipo b<tw<Ut ,.1(-o,ol<d ond f<>r<ed • .;,. 
eool<d kV A nlingo for oil·imm<r><d and venrilot<d dr1· 
t)'P< tn.n,fonn<,-, ,..;n be in aocotd.onu with Tablo 7.4. 
üch kV A nti"g lO< &ny EiV<Il rranolotm<r wlll b< boto«! 
on ito rat!'d t<mp<raturo ri1< (SS'-65" e for oil·imm<rl<d, 
5S', !10', 115', 150' e fo. dry·typ< trvtolonntro). 

Tabl, 7.6 ~ • ., ropmmtativ< imp<dan« .. ¡,., of 
pow<t _ trandor....,.._ _Th..., ...alu<O aro Ul<lol for <al<ub· 
''"" ol .dta .. ..-pbtim, ond obnn<i•<llit CllfTe:>b. • 
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Aud;o ¡ .. .,¡, >r< ~ _.., im~ lhzod1 rop. 
r<><~~tati•• nlueo ore ri•"" in T.abln 7:¡ ano! 7A 

'"""'""' ¡1 be«>m;nr _,. «>n«med with reduciaa" 
V<>lta&e opr<ad in !ho int<r<ot ol b<tt<r p<rfomw>ce ond 

~ ~le of el<etrie eqgipmono. Tbio io 1en<tall1 a<· 

cornpliohed "' rqulatio& <quipmrnt. o,.;h >O the Outo
m>.~<-tap-dwlrinr·undu4<»d. loa-• .., _.,. t=u

lormero or individual ci=út e<rulatoro. 

OA 
ow 

OW/A 
0/VFA 

OA!FA!F}.. 
OA/FOA/FOA 

,0, 
mw 
AA 

"' '"'' 

Tablo 7.l 

0\!·imm<rl<d. 1<11-o>okd 
Oil-i<nmerO<d, wuer_,.ed 
Oil•ÍmmorO<d, wator-a>oled/,.1!-cool«< 
Q;kmmcued, oolf<1><ll<d/lotced·:br-.led (abow 500 kV A) 
Oil·Íimll.,l<d. oell-=oied/lot<:<d-air-cooled/foroed·:br-«>>ied ( 10,000 kV A and larr<r) 
Oil-lmm<rO<d, l"'f.a>oled/lo<ctd -olt -for«d-<>il -<OO!ed/for«d-alt -fo.-«><1 .00-coo!ed ( 1 0.000 
kVAandlar~) 
Oil-imrnerud, fore<d-.,i!--1«1 ,.;th lorco<J.oir-<:ooler ( 10,000 kV A and lur<r) 
Oil-immened, fotud...,¡l-coolcd wi!h fo=,d-,...tor-oool<r ( 10.000 kV A ...,¡ lotl"') 
Dnr·tn>e. J<!f-co<>W 
D'l'·\J1)e. f<lr«<H!r..,..l<d 
Dnr-m>e. 0<11 «>ooedJior=l-oir-oool«< (•bov. 500 !<VA) 

From USAS 07 and NEMA TRI (1968) 

Truuformo< C..pobWtlco wltb FOt<Od Coa~ 

P"''"' of Srlf-Coo/r4 kV A 
Srlf-C ... t.d II<Jt<d tV A wA ..,...,u..:. c .. ¡¡,.g 

-- Si~gi<·Piodu --n,.,.p~oruo Finl Sldg< S•<•od Sldg• 

CA/FA 501-2499 SCI-24911 '" "~"" ZS00-119911 '" ·~ ·- '"" ~ ~ 

~ .. ~~ 
• 

. OA/FA/FA ·~ ·- 133.\'l '"" ~ ~ 

~~· ~~ ., •• '"" ~ w 

~- ~~ 

• Fl'<lm NEMA TRI (1968) 
1 Not o.pPJQbk to oal<4 d.,. 11P< ~ 

'" 
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n.. IO<ll>d knb a .. "-" nlact U'OIIIId 1ho poriplt
<r)' of ti>< tranoform<r. 

Th• nlu.,. do not oppiJ dttrin¡ lho lote<nl tlut inw
,.¡ pow.r-<.>p..-..tod ..,;tthr, ••• in op<ratiOIL 

l'r<>m NEMA TRI (1962) . 

Toblo 7.1 
Audiblo So""d Lo..,! o or OU-Immon<d Po...,r T,onol<mnen, 60 Heru and Bolow 

, .. 
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'roblo 7.4& 
Au~iblo Sound Leve1o /or 01; 'J'ype Tronoformen 

U,OOO. Volt ond Below noulatlon Clau 

EQ•iwl'"' 
Aw"'g' Souod L<WI, p";¡,,¡, EQ•ówl<•t Av .. agr SauM Lrvrl, r.., •. w;od,•g Srlf-Coolró, ClouAA 

"' v,.~·w,c~ S•ol<d 

• •• • " JO]. ,\00 • " 501- 700 • " 701-1000 • • 
!001-1500 " • 
1501-2000 M " ~·- • M 

~·- • • 4001-SOOO " • 
~·~ " " 6001-7500 " " 

n,, .. Standard. o« not o~plioahle to r«:~lfior, railwa•. 
fumoce, grounding, ft'IObi1<, • ond mobile ...Ut ,.b>t>tion 
tranofonnero. 

T-·Wiodi•g DttiiH~ F'ffud·Ao'T· 

'" Coolrd.C!o" FA '"d AFA 

J- ll67 • 1!11&-1667 • 1668- 2000 • 
2001- lJJJ " ,.,.. 

" SOOl- 6667 " ...... " Sl3HOOOO " 
whieh will not b< e>=e<le<l on the ¡,.,. H>n.lormu, ,.. 

-duoiV< o/ OO<m<l emitte<l b1 inte~r>1 load l>-O dnnging 
mednni•m•, di,conne<ting IWLl<h«, or grounding ¡witeb<O. 

From ND.IA Sundard TRJ.J%2. 

Toble7.ab 
Audible S..und Lnolo, 011-lmmened Diot<il>l>tlon ond 

Notwork Tronolormers, Clau 0"-. OW, ond FOW • 

Eqwi..,tn.r r ... ,.wioding 
kV A /S kV ood Btlow 

¡.....,¡,,;,. Clau 

•• Sl-100 
101-JOO 
3111·500 

From NEl.l"- Standard TRI {1962) 

• " " • 

lnduotry fo•ot• tbe unit-tn>< or f:oetory-o,.ornble<l oub-
otation ntbe<. than .the .li<ld-a..emble<l lyp<. ThudO<e, 
thio d;...,.,;..,_ ..-ill bt dire<t<d p.-imarily to tbt ...Ut t)'ll< 
of oubotation. 

Subn>."- are r<n<nlly dirid<d ;,,.. '""' cluoi&eo.
tiono--pri..,.,y tmit oubotation~ ond ·..coma.,- unit rub
otatioao. 

NE"A Stan<brdo No. 201 to NI ocnWn 1llll<h u"ful 
information on o•i""''1 oubot>tiono. Simib.r information 
cot>«rning oecond.l'l' tmit "'bowi<lno ;, ¡....,.¡in NUlA 
Stand&r<U No. 210 "' 213. 

By delinitioa, a unlt JDb<tatioa io ~ IUbot>tioa wOieh 
anoioto prin'wily o! one or _,-. tnrulormero whl<h o<e 
mechani<,ally • ond- eleetricolly-~e<l IO•elh<T, ond 
..-bidl ore <OO<din>t<d in desip with - Ot """• owitd>-

'" 

Nttwork Tra"-'fo.-...n-• 

&¡.;ullnot T....-Wi..diog 
kV A 61' kV oM Brlow 

t ...... talion Clq.u 

' 

' 

A-v<.--ogt 

·~,_, 
d.,;¡,,/, 

" • " • • 
" • 

,.,._, or ""''"' <011t<Ol ouenthli«, or <Omblnationo therool. 
Unit oubsu•i""> ••• .,,.ntialty po_,. ,,.....,/0 ,.,...,., o/, 
otand.ord rotingo thr""t eonnee"d or eonn<"<d by o 
mela!~. boo . 10 . m<t>l<lad . owitcha:.._r Ot <tlll\<>r 
<011trol oquiP"'<"t of otand&rd totÍIIg< • 

AISll by d<~nition. ""- primary unit JObotatioa ;, a ...Ut 
wbsu.ti"" •t.o.e Je«<l'daf1' ;, medium •ol~ (601 to 
15,000 volu)." 

"-l>d b1 d<finitionc "A otcordary tmit IUbotation---<>ftm 
call<d o l.,.d-<ont•r unit,oub•'-'ti..,_.:¡, o unit 1ub!lotion 
whieh l>oo o low-•ol<ag< ratin¡r ol 600 ..,¡11 or below." 
In oddition. tho p<Íhi2IJ' •oltogo io uoua!ly below !S kV. 

Tn,¡eo1 ¡.-im>ry and ~ oubst>ti<>ru ore ""'
in Fil'd'., H, 7.5, ond 7.6. Fi~JU•• 7.7 abowo o opecial 
tYI"' of ...Ut ouboutioa indudinr o .-ecti6ec lor dire<t· 
<WTO>I _.. oupply. 
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n...-~ ,,.. .....,. ¡,.,.,.. to be «V>~idtrtd in ti>< .. leo:IN>n 
oRo! Joc..t;.,., <>f ouhoutiooo. A low of <k>< ••~: kV A 
rotinr, vo!Uor< roüng, o!Jowon« ''" fu"'•• lfOwtlt, op
peannco, >!motphoric """ditiono, outdoor .. r>uo iru!QOr 
lo<:ttion, oUtion lightm~. •••tif•tKln. 10roico f>ciliti<o, 
Olorog. opa«, typo ol otnl<lw<>, <t<-

Sut..utk>n Olnoctu~ ano! <quipmcnto optl'Ot!na •t ~t· 
u., •""•• IS kV ..-, ""'"llylimitod to ""'"""' inltolla
tiont by buildin1 <om. Pottiont ol tho subuotion ""'"''' 
ing >t 15 kV ,;,d bolow m>y bo in<looT or outdoor. Tbot< 
po>rtiono ol ti>< ou!Muho<t .,., bc of """' ....,.tn><tioa or 
utiliu m<t>l-<1>11 ,.,;o:h,.._r for oith<r indoo. or '"'tdoo< 
inoullationo. V..-y {r<qU<ntlr tho hirh->olllg. otrnctur< 
ond po>wor trlr10lorm<t will 1>o Iooottd ootdoo" ..,d tho 
mo:tol-<1>11 owit<hgoar '""''"" iruiooro. Highlr corrosivo 
atmoooh<'<<O g.norolly moko it advi»IN< to lo<at< " 
<=<11 ol tr... <qui.......,t u pomibl< indooro. TI>< opaoo 

r<quir<m<nto el oondoor '"""''- ..-. fT.,,.,. tlw> ll>ok 
ol indoor "''I>ÍP"""''- Tl'l< ..,.,, ol indoor oqWpment io 
lowor and mo.int<nano< io moro con~i•nt and lo" u
ponoivo but building ""'" moy bo K' .. ,.,. Whoro tho 
óndoor oqui¡m,.,.t may bo IO<>tod in a portion of • build
inr u><d to hout< otb<r ~pmont>, lbt botildinR o;osu. 
moy 1>o .-.du<ed appr«i>bb,. 

- Low-Volta1• o .. , •• .....,, Protect!on 

Tboro aro two types of low-vol~o oltemotin¡-cw'r<nt 
III'Ot<Ctin ,,.,.,.._ rtf<rr<d to •• "oei<Cti .. " ano!·~· 
'1"""'- TI>< baoio r<a>oo fot U.. two >J<kmo io o<>O of 
«<>n<>mico. 

l ;t:; PRIMARY 
~ SYSTEM 

+'""""'"" 't ,¡;• 
't 

X 
1), 

}-
~e 

T 

Tbo di....,.,ion ol tho 'oolectivo" oyltom '*ill rol« to 
Figuro 7.8. Tbo objmi .. ol "l«tiv< ttippin,¡¡ io to r<· 
""'" only tl,ot portiO<! of th< <ymm whi<b io t.ultod. 
Ao onlr a oin¡T< citruit bo-<>1<" io upocted to oprn in 
int<rn>ptÍ"': t!>o: f>~lt <url<'70~ oU bt<>bn in • ·,.r<rti .. " 
'1"''" (cirruit bfubn A, B, oncl e in Figur<-1.8) 
'"'"' hllvo fui! inl<rruptin¡ oopability. Al! rirouit br<aht1 
in tbo mi<> <l!ain aro oquippod with dir«t·><ling tdp· 
pin¡ moano. Two '""'' of ov<ro;u.,...,¡ oro <«<>Kni•<d
the mod<tot< -·=•mt ....... •nd tbo tbo.-t--citruit "' 
fatllt rang<. E.><h io pr,.;dtd !or ..-parotoly on th< rit· 
arit b-r<>k<r. In both uno<~ tbo ritruit-br<>ht trippin1 

.. timo: dolar """'"'" ouccmiY<b ohort« !O< br<akoro la<· 
thot ,.moR<! from the pow<r ooor<o. Tbuo lor ~ l•ult in 
rl>o 1ood rirarit bcyond cimlit br<>k<r C. ciro;uit br.,k<t 
e b<in.r 1<1 to trip in • obortor ,;,.. tl»n .,u.., B "' A, 
....,..¡d 1>< tho onlr- to oprn Aft<r e""''""~ th< uip
pinr d<vi<oo rJ_ <'i=oit broakotl B oncl A mult outom>.ti
cally rml "' ., to duplicot< th<ir ori¡inol wion >hould 
a >u\>ooquont fault ocotr "" anothor lood <Í<01it. In """ 
tito fault ohould ettnr ¡..,¡ b<rond cir<uit t.-.. ~.,.- B, only 
citruit br<>k<'< B ...,.Id oprn lince iu trippin¡ <1<>-i« io 
t<l to Op<'r>lt in obon<r time tlw> brntkot A. In an7 
chain ol l<le<tÍV<ly <OOrdÍNtttd <Ír<uit br<>kcr~ tbo ""' 
<urrrnc< ·ol a· <ircuil fault ioill "'"''' tho o¡><nin¡ ·o¡ only · 
tho ono ciratit br<aku n<•l to tbo bult on tho oupply oid<. 

Th< owidar<lized tim<--curTent du.ra<kriotic. of thp 
unito for appli<>.tion in l<lecti•• ,,,,.,, '"' ou<h thllt, 
whon roquired, four circuit broai<m may b< oporoted 
><lecti••lr in..,.;.,, Ono of tho>< muot be tho 10><1 circuit 

• broak<r havinr ""- inount>....,.,-ldp · ,¡.,.,~·· Br<>k<fl 
with ddayod trips oncl without inotanl>n<Oito trips opplied 
"'""" U.. &n.ihobfo fault curr""' ou-otdo 15.000 om.,.ru 
mu" havo ind.,...OO.Ot-manU>tly-oporated Ot olectd"-'111· 
op<no~od clotin¡ mecllanioma, 

lt io importan! lO recogui>< that !<l~tin trippinf of 
low-voltog< bo-eal«ro roqu;,. .. coordination witb the roll 
o! tito oyot<m. 'Th< r<lart or fu.oo on tho high--><~ltol< 
tido o! thc ttondormer bank, lor imton«, muot 1>o in 
propor motdinahon with tho break<r; in the S<lt<tin ttip
ping S<<Í<> on 11>< low-volll~< sido. L<>w-•oltag. circuit 
bo-ukefl '-'' quito froqu<ntly rnlnhin«! with cnrrmt• 
ijmitinf fu.oo 10 <Xl<nd th< oPI>Ii<>úoo rJ_ !ho tu-<>1<«1. 
Fu.., ond br<>kou in theO< combioabono aro mordinoted 
oO<ording to tho moru>l><tur<t'o •P«ilioationo . 

Sd<rtin ttipping ""'1 not 1>o appliable on somo direct· 

"""'" .,..,,.,., n.. ,¡,. .s.r.y of tbo .. r<rti .. "'" <~<
,.;.., """'Id in c<rtoin inounceo pormit tb< dirtct"'"'""' 
ohort..,jr<Yit curr<nt lO .,oume O magnitod< >nd durat!on 
boyond tho withtw-.1 limi11 of m.uhino <omm"Uton or 
•tcti!ior «llo. 

fn !olly-rot<d appli<>.tion~ lb< O>divid""l circnit br<>ko<o 
&f< <>Jiablo ol Ífltorraptinr tho !ull avaiiU.< thort-W-<-uit 
""'""' unoo~oted but inc:orporotc an in>lan""'""' trip. 
Sy!lom• makinr "fully tolod" application <>1 drouit br.,.k· 
'" ""' oxhibit otl«boity ..,.¡., """" <Ortdition._ s..er. 
ode<tiv< proporties in fui! y nt<d oy>lmu hoYO'""" 10 1>< 
tormed "Zono s.reru..._" 

"' 
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Cuca4t Applkatlca 

Th< tand>.mnl!al priocipl"' of a "aoeade" oyolem !o 
•ho illustrot«< in Figuro i.8. Be<oker E io «m>idor«< to 
bo oubjoct to on av>.il>.ble ohort-<:Ír<Uit ''""'nt in <X«" 
of ib ;,,.,....,ptinr ntinr ond will bo o.uoñn«< •• to it> 
K«J>U.lrility /"' uocod< appliatlon with .,;,.,.;, bfuke< 
D. Ci<QOit B«ak<'l" D muo! luvo an int<ffu¡>tinr apa
bility at leaot equal to tho ovailable ohort-cirouit <Urr<flt 
at tht <ODt<mplot«< point of inotallotio., 1ñe odvallu,< 
o/ tb< aoado l)'ot<m io low<r coaL lto di>odvanur< ;. 
tho\ o /aolt "" a """"d«< lotdtr cir<toit moy lhut do.,. 
a "'""h larg<r portion o/ the d<ctrio P'>""' l)'ott'm thon 
tho /ault«< l«<ltr drcuit iuell. 

Rul .. ,.,...,.,.;,. ~"C of Wv oír cimlit boeal<wo 

r«¡ui«' {1) ti>< <>Unlber of ''""' ol aoead< io '"" to 
ex«-«1 lwo, (2) the porti<Uiu brul<ero u«<< in aocode 
a« only tboO< which tho bruker manulacrnrer r«<>m· 
m<n<b /or-'> appliatiaD. (3) <ir<:ait braker D "'"'' 1>< 
folly rated. ( ~) cir<tñt b<oal= E ""'" ho .. m inumop\· 
in1 rating no! lou th1n OXI<·Iulf th< avail>.blo ohort-· 
drruit ""'""'• (5) alter &n !nt<rrt~prion o/ a ohort drcuit 

a\1 brtaktto o1utl bo inop.<l«< h<fo« attomplinc to .-.
dooe them. .,P<ciaJiy 1.-eak.,- E. To <WUil tuo .. rd to 
P'"""'"''• <ir..,it brtakor E ohoold bt eloctrially op<f· 
at«< lrom a romote p01ition. 

,..11 or<uit b<uken in • o=codo orrang<m<nt ..... in
,..,.,.,_ ., .... n •• ,,,......,.,,, ,.;"' •• .... ,.,., o1 

th< ""'"'"'"' r>ngt. Tho instant>ncou> '""o/ br .. k« 
D io "'' to op<r>lt whtn tht rurr<nt ~owin( through 
brtak<t E tx«"«<> 80 p<r<o:nt ol iu int<rrupti"C <>ti"C. 
Tbio ;. to inouro thot tho """'d«< bt<akor io ~]y 
backed up by 11>1: folly rat«< brook« D. 

"'' P'""''· only low-volt•~• pow« air cireuit bruk<ro 
a« appro..d fO< ,... In ca><adt. Moldrd-ca"' b<oal«ro 
annot b< atad«~ and can ho ,...¡ on\y whert tho anil
oblt lault etment at t~< pOint ol inotallotion dor> not 
ox<«<l tho br<oict''o inl<.,upüng ratin~. 

Pr<>ent«l in Tablt 7.10 io convoniont ttf<r<n« data lor 
oel«ti'll: ei.-cuit l>r<2k<ro in l<l«tÍ>"< and ao<adt arran~ 
mrnto lora ••ri<1y of "•p-down 1<anslormor kV A and 
O«ondary volta¡< rotin1•- · 
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' S.toca- of TraDalonner ktia<l ol Load-Centor Unlt Sl>botationa 
- (!ndoO< Suoice)• ., 

10 li~lurúng on<l th< us...t p<01«tion io 

(11) """"" Oludy .... <k1e<mi, .... tlwt th< .,,.,,.ni ol li¡¡htnin¡r e>poiUfO io no~rli~ribi<, or tll< pouiblo 
""'"'"'"' YOIIQ:t "'"'"' un h< ,..._,,.,.,, tak<<1 <"or< of by li~htni"( p<OI«tion ..•.•..•..... 

'" '" Whero otmoo¡>heric cooo.litiono or< d<>n, oO<h •• m p!..nb ¡>roducing oircroft, m>ltumonto, P"-
dlion por1o and «rtain ty¡><o ol m.chino .hopo, ._.,.mi>l> ¡dan", lood pro<o.o .. ng planb, aml In 

'"' 

<lean, dry voulu ........................ . .......... ·' 

\Vhue di .. ..,..rutiono 0<0 J<=<. OU<h U 

othe< similar dU>tY or diny l<>cariono 

,, 
·~· 
• 

(f.) v.'l.e<e """'"'" conditiono ue l<nft, ...:1> •• in lr<Oir&phi<ol ~iono 
wl>en tht Otoru(o,.,...,.. nuy t.. mbj«Ud "' putial o.- tOUI ou............., 

' (F) Whe<e unib "" oubj«tod to acid. oil, or co:ro•ivo va¡><~" ...... . 

(G) W!.o<e unill ><< oubjo:ct 1<> ail or lb.mmoblc .. por, Ol>d l<xotian i•,dauiMd 
....U-haurc!ouL (S.. Ar..;do ,\00 ~~ Nalional El<ctri<>.l C<><l< foc ,,Ddan<o) 

(11) Wh<re tran,lo>tmen aro k><aled ovorhead on ~~Horm• or in rool 
,, 
""' ... 

. ' 

.., haaardou• or 

'" ""'.formen tobo moved ootdw<o ot a lot<1" <bto 
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MOTOR·STARTlNC AND CoNTROL EQ!J!PM~NT 

For owi!ching dr,;«>, '""h •• mo!or~ woldrr<, hoa<rro. 
<>r c!hor dovk"- und<r ordm"'J' <o>r<li!Í<rtll. ond portieto· 
J.rly wbo:r< th. •WÍt<hin¡ io to b< romot<ly <>r 01®

nu.tieolly eontrolled, th< nurr><~< owitch or contador io 
o~ They '" ,,..;l•b!• l<>f dm<! .....,..,, ond lor olt<r· 
""'ting aurrnL (In......, a,.. "hor< <tani...: lo Wto· 
r¡umt bruhro con b< o.ed lot ti>< owit<hin,r d<Yi«.) 

ConU<Ioro lo< dir«t '"'"'"' "" ..-n, >inrl<·pol< and 
tilo,. lcr olt.rnating <Urrmt tl>r«·pol<. Standord ..;,,.,. 
boor ratina• a« lrom IU 10 2.500 ,_..._ 

On oltornatin~-<~:~rrmt conto<lor>. tho ratóo ol ~<! 
e>il <ur~"'t innr•h nuy 1>< 10 to 15 timu tbo hold-in 
corrr;nt_ Thi• m>.tt<r mll<l bo: «Jnoid<r«< ;. -.;n¡ tbo: 
,;,. ol «<'Vhotto<, l"'ni<ulorly if tbo: ,;..,.,;, lw: l<q:. 

Typeo o{ Ccmtrol Cir<alta 

"In<>-< '" ,.., ¡.,..,. ol mmrol circuito: .. d....,ll"'' 
"'''"" ond .od...,.llog, 1••'"';,. In ti>< 6rl!, il th< 
.-oltag< drop< to a low nhx. oo il U.. ...,trol-cio<t>it 
YDltaK< lail>. U.. <mta<I<Jr will drop ""' b<>t will o<d<>oo: 
•• soon " tbo: volt>&< io ..,,-..:~_ With and<r-.olta~< 
prot«tion low Y<>ltoK< "' ¡,¡¡,.. ol tbo «<ttrol-drn>it 
.-oltog< will COU« th< CO!lla<IO< 10 drop O<Jt, b<>t tho """" 
t.o<tor wiU <>0t r<d<>oo: opon ,.,toration ol oolta,.. 

ContactO<o ••• int<tld<d for ropctitive oporation. Tb< 
no~] Me ol"""" >Í<a "'"Y be a million or mor< o¡><r• 
ati<m<. Tho inten-uWnr oaoa<itJ ol • <onta<tor io ol th< 
ordor ol 10 tirn" iu cootinuoln ""'"'"' roting, 10 oth<r 
'""""' roc:h ., lo><o or br .. ~,., ..,., ul<d for ohort cir<Oit 
prot«tion. 

In olt<rnating-<Orrmt motor Jtortor~ <(lnt><torl aro 
gon<rotly u«d lor controlling tho circuito lo tbo motor. 
l"l>< oimpl<>t ''""' i• lb< a<rooHho-li,. or fult.vottar< 
t)"P<, •nch •• ohown in Fi..,t< 7.9, whmin, a conta<tot 
i< th< oolo main owit<hing m<>no. Wh"' th< <Onta<tor 
do«<, thc motor """' with lutl ""1"'' oppli<rl at ""'"· 
Oth<r formo of '"""' may in>olvc control o! pdmary 
"''"""• ><<<m~aty r«iotoro, trandorm<ro, or o<paroto 
winding¡ on th< mo!or. H<r<, th< di"u"ion will covor 
tho main contacto• !or otarting at>d O!Ofll'ing tho motor, 
it>"convol, ond m<ano !or motor p!O~~on_ 

o .. rload Protection 

Motor''"''"' aro oquippod with ov<Tlood nl•n. Th<o< 
rolayo may b. ""'""'tic "' thormal typo. 11 ol tbo: mo.g· 
notic '""'· a <laoh pot altowo llH: ne«o .. ry timo lor llH: 
pt"Opor flow ol otortinr-<urrrnt. 11 ol oho llH:rmo.l typo, 
thio timo d<loy io inboront. Th< miE"'ti< tTP< .-<qUÍI<O o 
,..rtirular coil to o<lapt ti>< r<lay l<>r a ri•m ,;,. motor. 
In tho llH:nnol tJ"P< odaption ;, a<compliohed by a boat<t 
ol a l"'rti<ular .;.._ <Orno~na w lho """"'· By thc 
I'R d1>< to motor load"'""'" ftowing thro<tab tht boator, 
"" .,¡"""""- all"«t<d by that boat io modo to rupOhd to 
o particulot"' ol ~t0onL -"Th<-NatOon.ol-Ele<tri<at 
c..Jo S<cion 4JO ........ tbo nq,;.......,., fot motor 

-«tion. 

,;-~,r' 

~/. ...._., 

; ., 
' • 

. ' 

Ff~ro 7.9 
Comblntttlon 11111-•olt&p .,......,. r,pial ol 4811-Yolt 

l:tduotrlal oppli<&dono 

In tho ot>ndard motor otart<r, U.o OV<rload r<b.y bu 
two cutront <<Oponoi" ol<mrnt~ <m< in <ach ol !OVO 
«>nd=toro -1 n • indotttial • ,..,...;,., · "'M'ti..t -1.,- -dolto·Wl'< -
or wy.-dclt> tranofom><ro h .. ing Iom ntbor than 
breal<oro lor tronoiOMI1<f prot«tiott and owitchón¡¡, "'"" 
may be ca><o """' thr«·<lcmcnt DY<riDild proto;<jion ;, 
nquirod. In moot induotriol opptko.ti""' wboro U.roe-polo 
brukcro oro ul<d......,d oinglo-phooin& ;, thoroby .. oidod, 
two OV<tlaod <i<m<nto ouffico. 

Motor '""'" "" .. oilobtc in ow-.hrd >irn, ratod in 
lloro<po"'"· A otart<r io odaplod toa puticob.r motor by 

prOp<r <hoico of """""""'' roloy. With llH: tb<mu.l·typ< 
of o•ora.n-mt roloyo, thio m..,.. >imply i..-tioo ol tbc 
appropriat< l>ut<n in tbo: «lar~ 

In Otd•r that cif<llit and <n<>tor """ both h .. • prt>
tottíoo>. tho ......., _ with ito <>ftr<U!Tont .-.!aro ü tmwnod 
in an <r><~o,...e whk.b ,¡,.. oontai~• a lud owitd:t or a 
dr<t>it brul<er ru<11 ., ohowu iD Fipro 13. n.: •witcb 

' 



• 

, 

• • 

or ritcllit br .. l<u ;, Op<r>blo ..;thout o¡><ll¡,( tbr ,. 

do•~" and uouollr ''""' ""'""' ;, pro•i<led ¡.,. IO<k'"( 
it in tht o¡><n ~"''""- Combination """"'ore r>ted in 
loor""'""'<' and YOI..,.r~ 

In applicotion of oombin.uion oll<t«~ it io <>«Óti.o.l 
<hat intrrruptin• <apooity of tOo drouit prot<toivo 1''"' 
o! tbt combin:nion be •dt<luot<. 

MO<or ourtero mar bt combine<! in motor-o><ttrol oub
,,.,;.,.,, •• ohown in Fiourr 7.10. 

I!;COMING-L!NE A>m ROTATING-MACHIME 

f'Ro"nC"~"ION 

lo tho oimpl .. t onalysio, .. .,., prot«li"" lor iMmtrial 
oyotenll can b< divid<d into two ''""'' do.,ifiootiono. 

l. Protecnon ollina oo.:l """""'"" =<>«ted"' ... ,. 
bud ¡¡,..,. upo>ed to ligbtnin(. 

Z. Prote<tion o/ rotatinr =•hin« not dir<<tly eon
nccled lo o•po><d citcUil>. 

' 
The !nml>.tion 1....,1 <r1 o•orhood \in., io nro: ... rily 

conoidorobly high<t than the inoul>tion lovel of torminal 
oppo.rotus ouch 01 ~lomoers, owit<hl<ll, pothncb, tt<., 
which compri>< 11>< 1<roic< entn.n« lo U.. ónduotrial 
pbnto. Such <rv<rhead Hn., '" YUinrrable to ov.rV<>I!>~ 
prin,ip.olly lrnm dir<ct Or indu=l li¡rhtning mokeo ond 
>wilchi,.. >Ut~J. Th ... OVtr..,!OOg .. COIIId haV< n!""o 
nf)'in¡ !TOn> ,....n.J timol tll< >m¡><>! .. and low·ft<qt~<D<J 
wilh>tand otrrn¡rth ol tho loxmin>.l appar.otuo down to 
""'1 low voiU<o. 

lt io a fnn.lamenl>l <h>,..ru,rútio ol tn..,linc ooiUg< 
wovoo !hat th<7 «nd lo inc=ue whtn th<7 arri., at 
oquipment h•vin¡r a '"''' im¡>«lonco highor than thal ol 
tho ina>ming lin<. Th< mo¡rnitudo o! oud> incomi"" wavn 
will appn»<imately double at the terminab ol a trano· 
forrn« or an open pow<r cirtuit broahr. Boeauoe of thi> 
oh=ocleriotio, equipment «>nn<cted hy cablo lo ov..-h .. d 
ci=rito ~ly requiros '""'" protection at ooeh md 
of tho cablo to ..,anl apinot tho pouibility of doable 
voh~ • 

Protoction ap;..,l dirrct ottok,. io u~U<tlly ~ro.id«< at 
oubloo< -t>tion inotolt.t;.,.,, in tho lo"" ol l1Q<Pid«< 
m>ou anMor ovorh01d I[Tou!>d wir<o otrotch<d above !he 
imtollation lo interc<pt li1htning otrok., whirh míght 
othorwi1< t<rmónoto on tho '""' or oppar>.tot. 

m oddition to dire<:t·ltroke protortion it ;, ... <ntial 
that the ontran<e equip<n.nt, ouch., tranoformm, circuit 
brmors. ot<-. bo prot«<<d ¡._, tta .. tin1 ,.., .. , by tho 

inotolt.t;.,., ol liclmoinl ""'"'" bol'in1 prot«ti .. cm,-. 
act<rillico bolow the impuloe inoWation otrtng<h o! the 
terminal apparotu>. It io ~ommend<d that lichtnin¡ .,. 
«ot«o be inotall<d ao d- ., po.,.ble to the hi1h·mlta~ 
...,.;.,.¡, of the pow.,- '"' 'IÍO<met, ond that otl>er -i!'" 
mrnt toquitin¡r IUtl< ptottction be ¡rrouped •• clooe as 
po11iblo to !he or<eot<rJ. 

Air-in>ul.,<d tronofor....,-o bo>< impoho in..,!ation 
voluot •rnro<im>"IY hall •• """ •• liquid-~11.-l oppa· 
'""" A'"""' "" ttQuir«l ., tht t<rmin•l• of ou<h 
rnnolorm<n ~h= conne<t«l to .. po...t rio=it~ and m>Y 

oven be ,_¡,.,¡ il ouwli<d ""'' nbl<> <Oiln<d<d to ••
po><d <it<OJito ~ir<etly or ttotou(h tronolormoro_ 

Arreoten ¡,. indumiol ..,rn,. '" clauifi<d in th< 
follo,.·ing 1,..,.,.¡ '""' in tho otdtr ol d«raoinc -
te<livo mor•in, dio<har~t •bility, >r><l coot: (1) ""'""' 

dau """"'· (l) inl<rm<diat..clau """"'~ (J) ro
tatin;r m><hin< type. 

Tho "'"ion <ype om\t<r pro•·id<> by lar lho b<!l pro
l<'<tiv< l<vd ""d ttoe hi¡h<ot '"'"' <li>eh.tl< abi!ity and 
i• "'"""Y ,,_..,.,.do<! lor itnportl.n!. ;,.,.n,,;,,_ Tbe 
int<rmodi•t< c!a" ;1 """ ¡, teu importl.nt in.tanationo 
m:l lor fin..pmto:<tion wh<ro tho «>11 o! ot.toon l>P' 
WOilld bo protoib>tive. 

Rotatin&·M&<Itino Protoctlon 

Tbe . ba.;c lnool>tioo I<Yd of rotatillr oquipment lo 
approximately hall !hal of liquid·lnml><«< -ipmt<lt of 
the ""'' volt>i< dooL !n oddition, the df<ctiv.nou ol 

-lurn-to-tllrn iMW..tioo i> depondent on !he rato ol <honl< 
._. ol ""'""'' ¡,._..., ol W)ll2ge wavo). For tbox nuom 

it io r=mmond<d that all mocloin., ronn<et«l lo oxpol<d 
cir<tlil! be proto:<tod by rotating mll<hino type amotm 
and '"'l"prot<otive capadtoro at .,- near thc tt<rninalo 
ol tilo madti<><. Thio prot<etion io in addition to tbt filM· 
nin1 OITC>teto req.nr<d 01 thc joncrion ,¡,.ith tho incoming 
lint. Th< ¡outt>"' o! tho oapooto" io to ""'"" th< >l<<p
"'"' o! th< li¡rhtninr or owitchinr wavo, th<t<by ~tocinr 
the otrm on tho turn inou!ation ol the macltim: winllinr. 
Somo roduction in tna¡rnitUde ol the incomin¡ W>V< ..,¡11 
•loo be provid«< by the capacitan. 

E .. n thouot!t ...,.,;.,¡ oquipmen~ t>peci>lly I<R<r&IO<I 
or !arre or imporunt motot!, '" not diroctb oxpo•od to 
li•htning, it may still be desirabe to provlde ormtm 
,.,..¡ >urr< capo.citoro to r<dt><e !he tff<Cb of ovorv<>IUg<o 
ouch- U m.Juo:.d )ightninl lntf<l 0< Owib;hiOf -·<>. 

Rant:Rl':NCA 

l. buJ..,,..;,¡ POUI" Sy.r"'"' HoMboo~. McGraw-11!11 
Boo~ Co., Now York, Now YO<k, 1954, O..pter l. 

2. E.lwri,,.¡ r ... """i.r.tio• o•d D;,,,;;.,,; •• R•f"'"" 
Boo~. Wootinghau>< El«tric Cocp., Eoot PittoOur1h. 
p.,.._, 1950, O..ptor S. 

J. N4,;.,.,.¡ Elwrk<>l C..U, NFPA Bullctln No. 70, 
USAS Cl, cucront «<it ion. 

~- No'"-'/ E.lwri<OI S•f•ty C..Jt, ¡.¡.,;..,.¡ B"""'o ol 
Sta!>do«!o, ll•tldb:>ok liJO, USAS a.'"'""' edition. 

Tho lollowi"l Standardo and Cede rolorenao '" lillod 
1..- ""'..,.,;""'._ Thao: ao<. lnoti\u\o ol Eloctrical and 
Elo<tronico ¡;,¡;,_, (IEEE-Iorme.-b AJEE), No
tion•l Eloctrical M•nufaoture" Anodotion (NEMA), 
Unitod St>tOI of Amoriu Sta!>dord> lnotitut< (USAS!), 

"' 
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>nd X.1;.,...1 FiT< Pro1«tion ,\oooci•tioo CNFPA). A 
briel dn<ri¡o1ion ollho 1'1''1><>"" of <>o<h o! 1ho1< Swld>.rd> 
mn be l><lpful in ><l«<ing lb< appropn.,, in!orm.uion. 

IEii:E 

The ehid purpo>< ol lh< IEEE Staml>rds io lo d<~ne 
lenns aod «>n<<iiÓOIII •l"ti<h eh>~>< lh< r>lin¡ >nd 
h<bov;.... ol <!«tri< m>chi...,.1 and awaro"" wi1h o!>«i>J 
rd<rrnce lo «>ndilicns o] o:omplionc< 1«1~ 

NEMA 

Th< NEMA Standard• pr,..ide pr.o<1icol in!ormolion 
con«m.ina 111< <b>oifia.<H>n. '""""· ma..W.rtarinr. ,..,. ¡,..,.,.., tnlin¡ ond >wlie><i"" ol prndnct... Prim>ril1. 
1he>< Stonclll1"dt "'' irrtn.kd lo<" mamrl>ctminr • ..,...,""'. 
IÍon_ >nd di,.,ntional h.form>lioo. 

USAS! 

·T"" USAS! io 1ho outhorilaiÍV< """""in 11>< Unllod 
Sutn lor a~ovin1 ti>< USA Stondmb. >no! ""'" •• o · 
clearing hout< for St>nd>.«<~ Th< USAS! do" .. , tna1« 
Standard~ blot ,..ther mok .. or ..,. "P pr.,.,..juret >no! 
provideo the mO<hÍn«1 for <te>tÍng V<>hmtar1 Stand>1d>. 
A USA S .. nd"d do~n .. • pu>duet. proc .... or pr .. 
cedut< ,..¡¡h · i<l«<n<e to" on< .,. moro o/ the ·lolloWin.:: 

'mmmcla!ttr., """""""Í<>n. comlructioo; m,...,;on,. • tol-
~ ,.¡<11. oper.otirt¡ cborot!erioti<>, perlom>onu. 
qualit:r. r>tina. <ertifico.ti<>n, '"tinr. >no! 1he ><n'Í« fu< 
... hich it ..... d<Sip<d. 

NFPA 

Th< NFPA ¡, '"" '"""""" of 1h< Notio;m.l El«trie>.l 
Codo {NEC) onol o<h<r r<lot.,j Stand>.nh..Th< ,.,.._ o1 
thio Co<!e io Lh< practi<>.l ,.frnordinr o! persono anol ol 
bmldingo and th<-ir contmts, from (ol«tria.l) ""-<~• 
arioing lrom th< uo. ol ele<lririty lor ligltt, h<Ot. -..-. 
nodio. oign.o.lling and for oth« purpo<e~ 

Thio C"ode «>ni1Ílts b>sic minlmum provi..oiona ...,_ 
oid..-«1 t1«<011l)' "" ,.¡..,._ Complionce ~ilh >nd 
pn>p<r m>.inl«>m<e will ""''' in an inst.Jia1ion .,...,. 
tiol1 free lrom ho>ani but 1»>1 no«<Sarily <fficiml. <011-

v<ttient. or ad«¡U>I< lor pod O<rviO<. This Code io not 
int<nded ., a dosi¡rn sp<CÍh<>tion nor an inot<u<tion 
m:mua1 lor ontroioed P<<SOno. 

IEEE STANDARDS 

A.k Switch<>. ln .. lotor Unlto. and Bw SUfi!IMt.o. 
IEEE No. ll. J•n. 1\160 aod llA. O«. 1'162 ( Proo<>J<d) 
Fu,., Abovo 600 Vofts. IEEE No. 25, feb 19511. 
Volvo and E~puloion T:n>< U¡htnina A<T<>l<>"~ IEEE 
No. Z8. Feb. 1967 (USAS 00.1). 

6. NEMA STANOARDS 

Uní\ Subolatiom. Publioation N ... 2111-2117, 19$$; 2!(1. 
Zll. 1957. 
High-Volta¡e Pow<r Circ.i1 Brealcm, SG4-1963. 

!..ow· Volt- Pcn.-.r Cimrit Bt<alo:n. SGJ.\965. 
llofded·C.>< Cit<llit Br<ohn. ABH%4. 
r.,. . ., s~ itching Equip<n<nt. SGó-1%6. 
Powor Switchg<or Ao><mblie~ SG5-1?67. 
lli¡h-Volrago Fu><t. SGl-196.1. 
L>•·Vofta•• Camidz< Fu..,. FU1-l%6. 
lndu<t•i>.f Control. IC1-1?65. 
Tr>..,lorm<rs. R<ru]ot<><s. •nd R_,O<t. TRI-11162. 
Tr>no{or...,.o. Ditltibu!ion 0-..rln:od TyP<. TR2-11100. 
L.í¡htnin¡ Arre>I«O, L\1-I%5. 

1. USA STANDARDS 
l'OWER SWITCHGEAR USAS-Cl7 

A·C Pow.,- Cír<IIÍI Brea~<rs. CJ7.4-195J ( R 1966 and 
07.4>-1958 (R 1966) •nd 07.114-1964 ond CJ7..o4> 
-196'. 
Cal,ufotoon of A·C foult Cu<rent~ 07.ó-I9JJ (R 
1966) ond 0705-1964. 
Prtl<r=i R>.tingo ¡.,. Pow<r Cir<llit Br .. k<rs. 07.6-
1%6 •nd CJ7.06-l%6. 
T<tl Codo fo< Po....,. Cimri• B<nl<us. CJ7.9-195J 
(R 11166) >od 07.0'1-1964 >no! CJ7.olla-191\ot. 
Low-Voft>.ge Air Circuit Broalc<rs. CJ7.1J-196J. 
Tttt Code for Low-Voltage Air Cit<IIÍI Br<ahrs. 
CJ7.14-196J. 
Prelerr<d !Utingo !.,- A·C •nd ().[ Low-Vol"r.' /.!, 
Ci rcui t • Broalcen,-07.1~ 1963.-

- Swileha= Aoocmbli« I.Cid Meul·F.nlowd Iltt.; 07.20 
-196$. 
Hi~-Voltog< Air Switch<~ m .. toton and 801 Sup
¡><ms. CJ7.30-1962. 
Hi¡h-Volt>.te Air Switcheo, TtSI Codt. CJ7.3-I-1962. 

TRANSFORMii:RS. REGULATORS, AND 
RKACTORS USAS CS7 

~~ 
Tronúormen. 67 kV ond llelow, 501-

10.000 leVA three-ph•t<, s.J!-5000 
kV A oin¡le pltaJ< 

Trartsformero. Onrh.ad·tn>e, Distri· 
bution 67 kV and Be1ow. 500 le V A 
and s .... u ... 

Ttu~úormero. Tcronioolotn> 
Supplement to 

Tronoformer~ T<SI Code 
Supplement to 

Tronsfotm<T~ Guide lor l.oading 
Oil·/m,.,.ned Oi.,ribotloo> >nd 
l'ow..- T)'fi<O 

Tran,f<><rt~et~ Guide lor Loadiog 
Ory• Type Diotribotion and Power 
Ty¡><o 

C57.12.00-J965 

C57.12.10-19S8 

C57.12..20-11164 
- C57.12.80-:-1958. 

C$7.12.S0.-196I 
C57.I2.90-1965 
C57.1l.5l0>.-l%6 

,.,..,. 
C$7.9.!--1962 

A¡>p<ndi:. 
c.\7.96 

DEFINITIONS OF KLI!.C"l"RICA.L TERMS. 
USAS Clt 

Tn,of""""'• Regulaton, R<><ton 
Switch¡tar 
Control Equípmont 
Instrumento. M<t<rs an~ M<tcr T<olinR 
Tnnomi>1ion ond Dimibution 

C42.15-l958 
C42.2G-!956 
00.2.5-1956 
C42 .13-1%7 
C42.35-\9S7 

... 
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Low-Vo!Uo&• (r;ocl Vo!to ond Belo") 

lnoomin, utility oit<Uili: 
Sarm:, in ...,,.t, ,.¡.,.. 2~ Yolli •nd •bo•e. 

Feeden: 
Voltm<to:n (optiona!J 
Ammetm (opti(>fl>l) 
w~- ¡,¡,..,., (cptional) 

B=ouoe oltbe odd<d eootth<l< in,trum<nto ond otbero 
ore only wred in low-•ol,.~ !«den wb<n iuoMed by o 
potential u.•ing> in open.tioa VId maii>1<1Wl« of oqu;p.. 
...., .. Wrthout p<r11W'r<nt mmumenu.tion, it io eommon 

·-- o'"oti« lo eheek p<dodiaolly with potU.ble inllmrn<nU. 

Go:ner01oeo: 
. s..,., in...,,,¡,.._, 1.,- 2400 VQ!Ü ond abov<. 

ldotoro-Srnchr""""": 
S.....: ... 1.,- 2400 ,..,¡, ""' abo>.<.-

Motoro-lndu<1krn: 
Ammetero on loue molori-
Go:neroiiJ no inotrurnml.O on .,,.,lJ "'"toro. 

l. Sl2nrhrd Handbool< loe Fle<tri<al ~"""''· N<Graw
HiU Book G;.rnpany. 

t. Exp<Ti....,bl Fl~ ~illc. Karapeloll, Jobo 

.....-~ •• ""' Son>. 

J. FlectrieiiJ Me<«> 1"" Spt<ia! !We Stn~r<htr<~, P. A. 
Bordr:n ond M, F. B<hor. IMtr""""U, 19J5, Vol. 8, 

PP. 1:!0-!Zó, 14J-15Z. 17&-1&1-

4_ • Eleetrieal Meawmnen!l, H•rri•, Jolrn Wiley ond Sooo. , 
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CHAPTER D< 

INSULATED CABLES, TERMINATORS, AND BUSWAY 

INSULATED CABLES 

·..... -~ 
' 

• Flpro U 
T,;al lnterlod.e<!Afm..- C.blo (S-U Ir. V) Showíng Into..-...1 Componcntl 

- Col<ti1JCT0119 

Cond.......- matetialo ón rnmmon ""' ""': 

Cbll" io ~~y t>S<d lO< «>ndn<IO< ..,..,.,-;.¡_ Th< 
prim< a.~~tag< of ropp<r ;, ito high <l«tric condt><tiv
ity, which reoult< in omall ooble ,¡,.,_ Al'""'"""' ton· 
dw;;toro haV< b<tn uo<d with IUCCO>! in th< lorgtx oi«o 
>nd in thos< applicatiom wh<ro it1 adnnl>r<O. •"<11 "' 
liPt weirh~ o<>«. a .. ij@ili11 ond -ti< I'<"P<f· 
,;.. ..,.kc it • deoiroble tubstitut<. 

l. Pop<< 

Z. V&ruish<d eloth 

' Synth<ti< """f>O""d' 

• ~moplo.ni< materWo 

' Poly•inyl-<hlorode ( PVC) 
< Polr<thylerto 

' Therrno1<tting ,...,.,;,¡, 
•• SSII. (B..,. S) rubbor 

< Butyl rubb<r 

' Oil-boK<I ruhber 

' Crou-linked polyethylene 

'· Sili<:ont rubb<r 

' EthJI«>e·propylent n>bber 

'· Cblor<>O"lph,¡ted polye<hyleno 

' Minerol-in.t"lal«i abl< 

"7Papor 

Hi>«<ica!lr. oil ;.,0,.,...rt<J I"P« imulatm bu ..,.,,. 
be<'n uoed bao>. ... o! it. ox«lh:nt <1«1rhlprop<rti" ar>d 
ron~<quent <m>ll« out>ido diom<toro. B«:>U« o! ito 
higO IU!<rpta!.lity to rnoiotur< .tlm<¡>tlon and poor 
m<elu.oc.J """'"" >!-.:l Aoxibaity it ;, al-..•r• _.,....,, 
<o co..,. the popu ,.¡dt a 1=1 oh<.>.!h 1<>< 100<1 orot«t;,... 
Aloo, lhm prop<rtioo el ,..,,.. m•ke it v<ry difficult <o 
handle, ood th< <>hit r;ow muo( b< highly tkillod ¡, or.lor 
to oaüdactorily ma<< uo ophe" ond polh<ad torminalo. 

Vomilh•d C!Otb' 

Varniohed-c=.bric cable ;, i"'ulat<d ~ith tap<o ol 
vunúhed cam~>,;, wropp<d around lh< conol>><Olor with a 
"alipp<<" <»mJ><>U"'i b<tw«11 th< layen lO Un,.,..,.. th< 
Ac.ibility_ Vorniah<"l-<'llmbri< inaulation io <ommonly uo<d 
¡,, diatribut'on rabi" and <an be uo<d ;,. d<y loxotiono 
wilhout a load sh<ath. Tbe dtniah<d-ambric, how .. <<, 

;, not wot<rpo-ooj ..,.¡ wh<n O><d """"'"'""" O< in 
«n~uit tubj<ct >o <on<kN.ation, varnitb<d-<Oatnbo-Oo <>bi<O 
ohould be lead <om«l 

Varni>h<d-combrie in>ulation ~<rally hu • muimum 
op<ratinr <ond""'"' <="''"'"'' o! n•c ., 15 kV ond 
85' e .. 5 k\' ..... b<lo'lo/. Rrtrnt <l<vrlopmmtl make "" o( 
oynth<ti< .00 ¡lou fib<ro in>t<ad o[ <Ollon lo ga.in 
in<'<>K<I mochanical >l«n(lil and moiolu« «oill•n«, 
p<rmittinr a m.>ximmn op<rotinr tcm¡>rroture ol 85'C 
up to 15 kV. n.. moxim""' o'-t-<ircuit trmp<rotur< 
;, ZOO'C 

L<ad-covcred, .arnioh<d-wnbri< inoulot«< cabi<S ohould 
b< treot<d <xactly the !-am< •• p>.p<r·in>nlat«i cobl01, 
tha\ il.. lh< jointl thodld bo: mea>«! ;, l<od ole<><> 1lld 
poth<adl ohoukl b< uK<I lO< t<fmirt.>.tio~g. lt i<, bow<v«, 
oorn<limeo p<rmiuible to' l<rminat< .arniol•.~l-combr>c 
cobl<> op<rating al 5000 volll or b<low in dry l<><>lkmo 
witl>out potheado. In thi. <.u< tt ;, .,,......,.¡ th< !ead 

"' 
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oh<ath io r«¡uir«< lor pan ol th< ""' bo.t th>.t thc 
1<nn'nalo aro in a d.--, loc.>.tion. \\'h<To"" it;, p<nui .. ible 
to "" nonl<a~<d vornioh<d-cambric cableo both •oli«> 
aud l<rminalo may b< m&d< withoot a moiotUf<p<ool 
oovo:rinl-

SynthW. Compom~do 

).!.,;.¡.,., r<>iltarR. ..__.. of lw>dlin¡ &nd o! opHcino ond 
iu oxtr<m< A<>ibility hO>< contribut<d to ti><'''"' 1"'1'"· 
larity th>.t oplthetic rubb<r inoulakd <abl< hao laooo 
<f'lio~od, <>(>«iolly 01 rollar<> 15 ~V and bo:low, E.uli<r 
oil-~ ""tural-rubb<r ;,..ulatinr «>m¡:<I\Ulda. l>owev<r, 
liad many diA<lvant.l..,. S,...,lh<tic _,.,.;.¡, ],.,;ng 
ouperior <l«ttical aOO m"haniool p;Opert~o aro MW 
bem¡ ....,¡ .. , • .,;.,¡,_ 

S¡-nth<tic in1ulotion mat<ria!o un bo divid<U into \wQ 

<&t<gori<s' 

Th<.-,.opia>~iu. a l•mily ol m>l<rialo which ~·ill ,oft<n 
wh<n h<ated. Th<y ve utrud«< oround ti>< «<Idu<l<>< 
rmtorial by oupplyinJ >ufficicnt h .. t lo """ lh< corn
pound 10 Aow. bu! sine< no oi~nili<>nl r..ction tak<> 
placo ther will ..,¡,.,., w!-.nl rth<>t<d. Po\yviny\..ohl.,-id< 
(PVC) and polyethylrnc ar< <(lntmonly U!«l them>O....... 

n""'•ut,;ngr. a l>rnily o! mot<ri>.lo whKh roouiru 
h<at 1o vuicaniZ< oc aooo-\ink it. V~k>.ni<alion <&U><> 

a permanont ch<mical roaction >O that lhr mattri>.l will 
haY< V<rt httl< ""'<'<ney to oohrn i! ,....._,.,¡_ StyKne· 
buladirnc nobb<r (llun.. S). botyl. ero,.-hnk«< ooly
<thylrn< and oilieon< robbor (al! ln thio "'''""'Y· 

Pcl:rti•yl·<hlo,-;,¡, (PVC), allhouch \ikr rubb<r in it> 
<haract<rioli<:J, cont.alm .., rubbor. lt rniot> oilo. a<id>. 
ounlig!o~ .,.,.... ;,. J!anor.-<e~ioun~ ha< moi>tut< reoi>tan« 
and good tlectrkal propcrti.,_ PVC ,...., dev.laped ., a 
,...u,lt ol the onrdl lor an oi).,.,isunt C2blt arol is, 
tloerdor<, the fi"t choict lor wirin& mochinc toolo. PVC 
eablt • io Aexibl< •• hao. a hlch- dt¡rr"" . ol ,.,.;,.u.n . ltl 
moi>turt and .-..¡ui,-n ""ó-np<r•;, i><l<c!. ooct. ._. l<lld 
A prol«ti"" iockct will h< r«¡ulrod if mrchanieal ahus< 
i> l<wtt. Cabln- uoin& thi> inoulation a..- ratod "11- 1t1 -
600 vciU. NEC ty¡>e> T ond TW m.,.. a maximum 
oporatlnr "'""""'"' t<mp<t"ature of IIO'C lor pow<r app\i
cationo &nd a maxlmum ol-orl-<:;.-cu;t l<ml"'"'""' o( 
l50'C. NEC typc TWH h., a max,mum o1,..,-oting t<m· 
ponm.-. o! 7S'C and lype TIIH • mn;...,, oreratinl 
l<m¡><ratur< o/ 90'C. PVC rom¡>oundo ort avallable in 
"'"""\ <olou ond "" oo«< <xl<-n~ivtly in ec•1>rol ~·

Po/_,·.rh.l'l<"' (txctpt tht <r<»o·l'"kod .aritty) m<IU 
at o rtlaliv<ly low ttmpcratur<. Thio f..:t mU>l bo l.wnt 
in mmd ... hen op<cilylng it. lt ;. at>O oe•rrdy afl«tod 
by roro"" <uttillg and ~rtat caro io ""'""'' '" cablt 
d<OÓJII. ik<a- of ill higb todfo<i<Dl of th<m>a( <X(IO">• 

olon durin¡: load cyd'l. lt 11 <l<oirabl< lo uoe a r<>ilknt 
typc o!· ohi<ld CO<UUOKtion oo tht ohlo\dtd typt>. Thio 
;, ... uolly a«omplloh<d t.,. the uoc ol a ><mÓ<Ond<><ting 
l>utyl bcdding tapc un<l<r tht meulli< ohi<ld 

Pol)'flhyltnt ""'..,"' n<dknl <l«lrical prorerti<o,. 
and <X«IIrnt m<>iotuf< and chrrn;.al rnioW.:t. Tbtot .,...,...ti< .. al<>nc .,;th ill r<lali .. ly low <OJt, h>. .. l<d to • 

iu «l<nilV< ""' f..- low-voltar< po..-.r cablto- ldany 
""~"""' up«t ¡>Oiyrthyl«lt lo k UO«< widely f..- <>hit 
inoulation "P to J5 kV, and oxco•ionolly at hirhor vo\Ugto. 
Polyothrl.,., hao on <Xctlleot '"""'"d in th< many appli
<atiQtli "h«< il h., bt<n uood in place ol pa¡><r in 
mcdi=·•oluge eablt. 

Jarkctod wlth PVC ti>< mulmum o¡><:roliot~ <Ot'ldU<t..
tempo:ratou and oho<l-ér<llll t<rnptta\Urtl o/ ..,....,. 
tio<oal pol1<thyl<n< art 75'C and 150'C r .. pteti .. ly. 

Sl1·r'""'·bolodi<"' robb..,. (SBR) <>hiblU many Ó<· 

oirabi< ¡><_.tito ol a low-volt>.t« inoulation. 11 ;, h<at 
an<l moiotur< ..,i,unt, hao oxcollrnt aginr qualili" Out 
la<ko """"' rai>t>.n«. SBR io '"'*'"'~- lo.- ;..,.. 
portan\ low-voll>t« drcuil1, ""htr< a long·li!< hiJh· 
quolit1 nlhbtr i111ulation ;. r«¡uirtd. 1t io lóst<d by tht 
Und-rrwritt<o' Lat«ot«it<., b<at ond .nc,, ... , . .-uiot&nt 
inoulat.;,n. 

NEC typo RHW bao a muimum "'"f1'tlng cond<><tor 
h;mperalürt o! 75'C. NEC \ypo: RHH hn a muimum 
_,..:¡ o;opcntinr t<mp<nturo of IIQ"'C Th< ohon-<:irarit 
lt111P<""""'' limll lo 200'C " 

To Prot«< the Sl!R i~~tulation opin<t «rUin typ<> ol 
me<l>oni""l damogt, a prot«liv< oovtrin¡¡ io um>lly appliod 
o•« tht inoulation. 

B.r,•l .,.M..,. ;,..,,.~ •• h., not only a blgh ditlectric 
olrtlll[\h, bllt io abo hichl1 T<li>tant 10 .,.,¡,,,.,, hta~ 
•nd <>=o<. n.. laot charoct<riotic nu.k<• thio ini"Oiation 
""'''"'••lly •ultable lor ffiedium voltage rabio <ir<Uit> 
(up "' and in<luding 15 kV) whtro tberc ;, alw>~yo tht 
thoeat. il not ti>< "'""""'· of <01"0.., and •ubotqutnl 
""""" lormatioo. Thi> ;,. the r<a10>1 whr oz- rrtiol>tl« 
is on< ol the prime requioiteo of a hlgb-voltar< lmulation. 

Butrl-i<Uubtod cahl"' &rt re<ommtn<lod (,- modium· 
voltago 1<anomi11ion and. • diotribution,- lor • "''ioo · and - · 
app>t>IU> clrcuill. !or ..,;,¡ "ind · iUbtñarifli- ablt.' and 
diro:ctly buÍitd circuito. Fot ~ prottclion a 
jacket, ~,.,.lly "<OJI'"" (and und<r oomt <onditiaoo 
PVCJ. i> awlitd over th< m.W..tion. 

Tho maximum <>p<ralin¡¡ condurtor '"""'"'"" io 
w•c up lo and inclndi"" 5 kV and 8S"C lor 15-kV ~
n.. ..,.,;,.,m oh<>rt.clm:~it ''""'"'"''"" ;, zoo·c: Th< 
NEC d<>iornation io typc Rllll. 

Ool--b«SM ... b~" <o,.,o...dt l>ovt botn in ""for mort 
lhan JO Y••" .,.,¡ art otill h"'<Knll~ "'"l 11><y havo 
a maxi"""" «<Idu<tor ''""'~"""'" ol 75'C. 

C.-o .. -liokM tolp-lbyl"''- Cl>on¡¡inr polyt\hyl- from 
a thtmooplaotic to o '""""""''¡"" mal<ria\ thr<.olh <hcm· 
;,., ""'-'·linklnt~ (or vu\caniting) r<~ulto in a ouperior 
inouUtiao with u«lknt lhtrmal uod <lrctri<al proptrtj.,. 
lt may k UO«< in •l'fiiÍ<>tiono .. !>ore butyl cabl< "'" 
r«;comm<nd«< ,¡,,._ TI>< maximom op<rotin¡o; «>t>ductor 
...,.p<n\Ur< io 90'C u¡o t<> and ill<ludinl 15 ~V and ....,;. 
mom olx>n-circtúl t«np<rature "2lO"C. 

s;¡;,.,., ••Wo.-• io extrtmtly r<>iotant lo htat ond ... 
hibi\1 >11 ootstaHd'"K r<~iotan<t lo "''"'" and '"'"""· 
Thós inoulation <an k UO«< ift _, or dry local;,.., 
ex,.,..,l or i~ carxlulL wlocf-.: oubjrttod lo con>tanl high 
trmpcralurn. ~lr<han>:al .,.-o«<lion io obtolno:d by "" 
.,¡,.,too 01" K¡., btaó1. 
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The cnn el a ..,lK.,.,. rabb<r cable ;, """p<tiliY< .nth 
ul>«too for higll-l<m¡><ntur< appli<.>.ti.,.,..- n.;, la<! 
t.,.W.<r with thc oul~«l moillur< no•i•Un« of oilkone 
robb<r acceunl> lor th< inc:r=tnr ...., el oilicon< rubbor 
wh«< ._,¡,..loo would Í<>nn<1"1y t.t .. boa> opecifi<d. "Th< 
maaimmn opontiog condu<IM t<mpcn-., for oilK.,.,. 
lo 125"C. and th< maxirnum lbort-.cimót temp<n!Ur< i• 
lSO"C. 

Mieon.l tn.aht..t Cablo 

J.lón<nol inoul.r«l <>bl< dilf<n w>loly in de>irn ond 
char><tcrinico from <onv<ntionol typt!. Bui<ally it oon
oio" of a single or multipli<>ty oí condO<torO inoub.!«l 
wilh or """",.,¡ by ma"""i'"" o•ki< ano! lh<>.tbo:d .nlh 
a __ wbtn~ll hu beul.tn long-time""' ;,.Eoropo 
undu th< trod< .....,, "Pyrot..,.•" ond "'' introdue<d;, 
our coontry oroun~ 1950. 1loi1 corutru<tion is cap•ble of 
with•t>.ndinr continuouo op<rating l<mptralllr .. up to 
l50"C. Ho,...•or. mainly be<=>< of t<m....,..rure ~..,;l>.tÍO<to 
cl •PI>fovod tttminatmr ~uinn it ;, tffOC"Ó=l by th< 
NEC for grn<ral Ui< ata muimum OP<Tatinr temporotur< 

·• of 8S"C. Thio coblc is complotcly O<alod •r•'"" th< '"'"''" 
o/ liouido and vaporo along thc cabl< run. lt i• d"ip..J 
for .,..,.ation up to 000 rolt>. Spocial cue ;, rtqniml m 
maktnc- oplitto ano! b:nninations dt>< 10 U.. .,..,...._¡. 
nature of lb< inrul•tion mat<rW. B.a.uo< of it1 lo_,. 
impul,.- otrcngth · oompar«l wilb conV<fltional cable, it 
ol>ould br prot«:t«l by lifhtnina ....,.,toro wh<n <<>nn«l«l 
to .,.po>ed circuitl.. 

SHIELDINQ (Mota!llc Shloldin¡) 

Shiddin¡ of a cabl< iJ a<compli>hed by wro¡>¡>ing a lhin 
(0005 mclt) cowor (or tiontd ""W<'".., rubl><r·in>ub.ted 
cal:ll<>} tapo opirally .,....,.¡ U.. Wulation. to lorm a-· 
"'""""' ohi<ld alonl thc enti<e lmgth of thc ""'le. n.;, 
lapo mayor may not be ptrforated !U r«lu<< lO>><> •od io 
hold at (IToun~ pot<ntial by ouit>.blc I«OundinK. 

Shieldins is .....,.......,. on mediom- ond hiKf>·• .. tato 
ca.bl., """- of thc .W.cor oí domare ¡,._, """""" or 
ioni .. tion. Tho (>Ull'OSO of ohielding • <Obl< io to eonfioe 
;,. dicloctric field wilhin the <On<!uctor ifllulation. 1loio 
,.,"¡" in a 11mrnctrical rodi>.l otreu diotribution withlo 
u.. ino~lation., <~>o>on ;,., fiKU« 9.1. Jo ad.clitioo, ;, .a¡ 

Jllrur• 9.2 
Voltaco St«N Ltnoo tn 1 Shi<ldod Coblt 

Jl(&tlro 9.3 
::Confirurat!on of Eqttip<>tmt!al Ll,oo if Shlol<lln¡ hod 

bHn Terminotod .. ithout a Streu RcUof C>110 

SHIELD 

Plrur• U 
Configurotion of E~uipot<nt!al Lineo "hen 

Tormi:u.tod ,.;tb o Stre., Re11<1 Cono 
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holp prot<cl oabl<>, in<la\l<d o><,head or oonn«t<d 'to 
OV<'fbcad lino<, !rorn bo:"'a: <ob)<ct<d 1<1 indi>Ced voi!>.K<L 
lt will ai>O provid< "";reu<d ...J<ty to h""""' li!o. 

Thi> ohioldin¡ mu>l bo: ¡round<d al ono <nd and prd<r· 

obly ot """" !han - point. Th< "'""1 "'""'"'' io 10 
ground lhe ot.iold ot <o<h opli« ond termin>.tion. /f ¡., 
""1 """'" l~r r~irldi•g is ••' groundtd, ir r~o~/d br 
""''<d"' o /iw coo«<wle>", 

Str<>.~ rotid """" or< uotd ;, t<rminatin¡ and oplicinr 
o ohieldtd "'ble ¡.,. th< pur¡>OO< o! r<li<>ing the concen· 
trUio<> o! volt>.g< '""" ot lhc >lúddil>g tapo t<nn;,.tion
Thi> con<, if built up pro¡.erly, <ffutiV<Iy d"''"""' the 
'"'"' oa 11>< in>l>latioa as oh<>wn in Fi¡ur<> 9J .,..¡_ 9.4 . 
The «¡uipotent~l l>ru:o fw 25, 50 ~d 15 percont ''ol"r< 
•"-"" ;., Fi..,re 9.3 indica1< th>t a 25 """'"' potmtiol 
d>ff<r<n<< uioto betWftn lho poin"' A ond B >nd ¡,.,,._.., 
B ond C. A"umin¡ • 13.8.--kV 'Y""'" thio r<pr<><n1> 

IJjj . 
O.ZS ~ VJ ~ l kV. A mmpanoon bo:tw"" Fi""'" 9.3 

and U <l=ly -dioplors · tho: "lfl""'~1, iocr<2>«1 ·oleario:.. 
¡radient al 11>< <nd of 11>< ohieldin¡ tope in tho aho<n<e of 
o otrO.o telief """' (betw..., tht ohi<ldin¡ U)>< ..-.:! >nd, 
poll>t "A" o! Figure 9.3) ;, contr.ut with 11>< tonlroll<d 
t..-min>ti<m gradi<nt with o '''"' relitl <Oil<, Figure 9.4. 
Eilh<T ""'"""" !onnatioa ot the ohQtin¡ tap< tonn;,.tion 
or oimpl< 0'"""""td inoulation at th~ loe>t<on """ be 
raponsible for- pnmab>r< cabl< bilure. A cr011 o«tioa 
view o! a """ coru: couotn><tion f<>r rubb<r-in>W..t<d 
<abte io •"-"" in Fi¡ur< 9.5. 

o •• 

- ~::.:: ·-· '""" .... .... 
, ... 

"" _, ........ 
Fipro 9.5 

~ u .. ......, of ... l<mllotod C.ble 
Termmat>on .,tb a Streu ReUd Cono - • ._ 

Soml<:cmdue.U.r TopO 

To ~"'"""' po!>ible damu< o! tht intul•tlcm from 
oorona ond ioni10tion, • """i<onductmf lorer io f>Orm>lly 
w.ed lo sepan te the conductor lrom the rubbo:r or rubl><f
like iNulo.tion on all <.>b!oo r>l<d obove 2000 >olto. The 
ocmkon<hxtinf: lo.y<r moy bo: cottoa-grophite to.pe. nyloa
'""iconducting ro~ber tape or c~trudtd ~<mieonductinr 
... ...-w. 

n. ... Al"< ,,.,.,. o! ><m;rnnductinr ~oyw, are brinr 
wtd to >'!"'rato metalli< ohiddinr U¡.< ond inou~tion for 
tt.. ..,.. reuot~ ., d>:><ribrd obo.e. TI>< t>p<, bond«! to 
tho ino¡jf•tion. pr<venU po.,ibl< oir opa«l bo:tw~ lhe 
innd>.tion and rnet>llic thieldi,.- top< lrom l>oing oubj«ttd 
10 ~hirh·•olt.>g< ,....,,,..._ 

A "ióe •ario:ty of fini>h<< io u.<d. Th<y att lomtlimH 
r<fmed to u jacl<eto. ohuth. '"""''- o< brud>. u,...n, 

-~ oae <K ....,... typ<> <>1 co .. rinlf$ •re rr<¡uircd "'" the in
oW..tX,n, po-imarily beco"" o! the pi>yoQI .,.- <l=oi<>l 
ch><><l<rioti<O of th< parti<ul>r inoul>tion in•oh·«f_ Sorne. 
of tbeo< betoTo "" JIOOI" moi"''" ,.,;,unt d11.r>ot<r· 
illi<->, low obruion miotan«, low rooi.,>n« to >IU<k 
by oil and oimi!>.r corn,.,.,.-.:l•. <«- 01 <Otl<'<. not ollm••• 
of iruulotiono r«¡uiro covoringo bo<aU>< """"' U..Ub.tion>, 
in thcrnotl•ts m...,_ the jack<t r«¡uirem<r>t>. 

A.r. 1<1 11>< m>teri>.l <mploycd. 1\nioh<> gon be dividtd into 
m<t>llÍ< and oo...,.,.llic finW.... 

Me..nio Flniohea 

l>!ct.J!i< .,_ obookl b• opplied w~ere a ~ioh d<rr« tt • 
n:t<hani<oo~l"ol«tio<> ;, .-.quim. ¡, addition it ~ vol.,.ble 

,lor roo:l<nt or t.,-mit< ptot<ction, oioce t<rmitoo >lta<k ony 
nonmelafli< finW. ...,.¡ ...,. .-.,drnl> ...,.¡ "-<:1> ortally _ 
>11><k kod. In t~i> opplieotion a bromo, alurninutn, or 
otee! flni>b ....,. be '""" pn>t<ction. Th<oo m<t>U;c 6nid>ei 
con be !>'"01«t<d onimt "''"""'" by th< •opli<>lion o! a 
pro~tcti .. ia<lc<t. 

W~ ~ ohoul~ bo: uoidtd "" Mglr-<cod~;t .. 
oii"""IÓ8g·<><"'"'' '"bl" btcauoo of th< bigh ohath 
loo""- In tlúo cooe 11>< >h<>th Lo.on a,. in th< ord« o! 
1200 ~"''""'' o! the <Ondi><IO< IOO><o. lo th< eooo of tln-«· 
«>nd..ctor a.blo~ th<>< lou" ore in tite ordcr of .l-5 )><t· 

""'' o1"" m ... in"" cond1><1<>r. N•to<>Uy, hi.:h ..... u. 
Ion<> produco 1 grcot amount o! l><at and may d<>troy 
the Qbfo qui<lcly. 

lf two IDOtol!ic fmiohe> cf difl.,..,t mami>.lo "' ....,¡, 
lh<y oh<>Uid bo: ,.porattd by • nottn><tafli< lay<r to pr<rtnt 
<krtrol,.UC ao:tion, if applied in ,.., k>caboas. 

AU m<la1li< ....._tlq art !iabl< 10 bo: dama,«! by <k<· 
trolytk act;on •nd a !""ol«tivo cootin¡ or j><:ket ohould 
bo: m«1 u a 6m !in< ol def<M<. n.o.. inert barri<f> ''" 
low<r in <e<t and easiec to juotily oconomically u «>m· 

l=t<l 10 (llhor ,.-otottion och.,.._ N<OI>"'f"', poi)"Vinyl
cldMide. and poty<thyl..., bave ¡,.,., n>«1 ouce<»lully 10 
oombat <O<Tooion do< 10 plvat~i< oclion. In olher in
>l>n<a, <atbodi< ,.-ot«tioa ,.., bo: ¡,..tir..bf• 10 <U<b 
<orr<»ion. 
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Flaure U 
llluotratloft of a I.ud Sb<atb AP¡>Iied "' o 

Multi<;onduttor Coblo 

Uo4 ~~-• (Firure 9.6) ;..,... o/. lb< o=Jótot In><> o1 
mo<allio oh<atho uotd and ;, uill b<inR "'«!- Eilh...- puro 
load or alloy l.,.d .._, be<n ut«l, dtp<nd;,g """" the typ< 

- of·applhüon.- """"'- 1=1 ;. m<d -1..--_..,.;,..tdy · 9S 
porcent of all appl;o.tóono ol l<a&d oh<>fh<. lt ohould not 

be U>ed if froquent mownont of tht ooblo (H in ...,,;,¡ 
cable appliution>) io inW>Iv«< oin<e it io oobj«t.., b.ti""" 
lailut<S. In sirio Cb<S .. ...,. l<ad •'-"' b< _.¡ m.tood
ln """''"'"'a l'VC i><krt io u=l ""'' the 1<0<1 she:uh 
lO roduc;e la tiguo: fa¡).,-.,, _ 

L<ad ...... th • ..., u><d .,.,..,_,;..,,, ... p>p<r """ -

niohed-toml>rk uroi«Boound eablo., h«•u•• 1 romplotoly 
water- and ...,;.,.,.,.,..,;.b>1\ fi.UY, ;. es><nt;.l. Sónc< puro 

- ln<l ;. ,.ther- ...,.k oacd..,tically it io oft<n -.:1 in «Jm· 

-~ biMti.., with ono ol tloe othor fin~h<l if moill""' reoiot· 
aro<e and m«hani<>l ltr<'l\gth are t<Quir«l. Alloy l<ad io a 
K<>Od ~ ... 1 bardot ond may not r<qnir< &dru..,_. no<d=oi· 
w pr~tion. 

Flot·bond "'"'"' (Fi.,re 9?) io ~<n<ralty auoc;.ted 
with lhe t<fm "porkw._,· and U>ually c<>Niou ol a jot< 
btddi~. two h<lical Up< wcopo onda ~rot«ti...., jut< <Vi· 

Orin~ Ol'<f the !>.peo. The top<o may b< <ith« plvanln<l 
or plain ol<d. Sbhllm >l<d tapoo""' oometimeo.....! lor 
inotallatX;.n> wh<o-e <h<mril .,,.,., may ol!O<t •~-

F!at·b.on<l •nnor io ,.tisl•cto')' on thr«·con<lu<tor <>.· 

bloo, bnt iu ""' llfo:ocniO problrnu wh<n uood "" omgl<· 
""""'"""" cable. Marnct>:-a,_.,¡ oin~lo-<t>nduo:t<w 021>1< 
io limite<! to \ow-n.rr<nt «ri<O lh«t)i¡Míng applbtiono. 

' f~lfffMhd ..-mor ( E....-o 9 ll ÍO a particulady ..,-,_.. 
ti!< In>< ol '"""" i•.,much •• prot«tÍ>< eoodui< io '"""' 
no:«<od with thi• conotruction. The armar conoim ol a 
p.)v.,.lzod oteo:~ aluminom QO' bo-onz< otti~ "''piM>I ,.....al) 
oround th< cable in ouch a way tlu.t m«h>.nicalprOlo<tlon 
..-.! ~exibWty >r< mainuiood. An imp<rviouo jacket 
(poly•inyl-chloride) ía r<quir<U under the armor il w«J 
011 •arnilhrd-ambo-óo: inoW.tlon which io to b< ÍMW!<d 
in n>Oiot lo<at;,;.,._ To p.-ote<t the O!n>Ot ag.inol ch«ma.) 
or eorrooive otmoopher<>, • polyvinyl-chlonde jacket a.n 
be oppli<d over the armo<. 

.. 

Power an<l control cablu "" .,,¡[,hle with • m<tallie 
..-mor which io fot"mod lrcm o «<lltin"""' ....., ..-.klod 
tubo. The toh< io <Ol'ruptod oh« w<ldinr 10 proolue< ., 
.. terno) ap¡><.a.-.ne< oimilar 10 tb.ot of int<rlockod armorod 
a.bl<. Thio mulu in a pc .. luct wbo"" A<Ailnlily eomp.t<t 
10 that ol inl<rlo<k<d ,,.,...,¡ able. Thi. onnotiog •••
""' ;, w>ternght ao.t ¡, P"""" test«! ,¡,., completion to 
a01urolr«dom lrom loako. 

!f alon\ÍO"'"·oh<ath«J ubl<> are - und«r;r<><o><l O< 
in a>n<ret<, they oboul~ \>e proto<lod by a protKtiv< jacl<<t. 
Thlo ><ld«< prot«tion io aloo requirod ¡¡ the <Obl< ;, uOO<l 
in., ... ..-h<R it i> known lhat olom¡,.., will be •lbded. 

w;,. "''"""'ve •n.ll>~e in two lyp<> in eommon "" 
today, ronod-wlrt ..-.! .._,l<<l·w<"'< or b<aid<d-wit< --

Fiprc ~.S 
Vantloltod-C...,brl<;, St .. l-Wi.-., o\mtot Coble 

_ Round-wiro orrnot<d ablo (Figuro 9.8) i& an <XIr<rndy 
otroor nhle p.rticularly·ouitable lor oubmarine appli<a· 
tions. lt hat high tenoile olr<nglh which mal<<t it rtr}' 
P>J lor ""'tical opplicatK>N. Bec.aut< of iu m"'"<tic 
prop<rh<>, th< "'' o! thio >rmor on 'oingle-mnducloT 
cabl<> <bould b< ovoid«L No<tnu¡¡netic olnminunt alloy io 
_..,..u'«< for t ...... imullatiom. 

Baok<l·w<avo nT b<ald«!·wir< ormor conoioto of o 
braid of m<t.al wit< wovon dlr«Uy oveT the ca~< ., an 
....... ,.....;,.., ,..,.,.. ><lditionol m«Nnícal prot<<tion ;, 
r<qnlrod for ouch ""'" .. in<loor inotollotiono in power
bouo<>, •ui»t•"""'· mari!l< veooclo, or •""ilar applieationo. 
Either plvan;,od oteo:), b-<<111:<, or alominum <2ft be l10<d 
for the b<aid, depending upon th< oervice !m which the 
oat.le io int<ndod. Cableo with bra<lod-wir< ormor uood 
lO< int<rio< WO<k <>n be inotalled withoot «>ndui~ Light." 
·-~el>~- oompo<Oi>,.,.. • and • Ae>lbillty · >t< • the · im,.,-nnt 
/ouuro. ol thio type of ormor, 

Chom,dinor of Cable Sbootha 

All met>llie a.ble ohe.atho oMuld \>e •rouOO<d lo the 
b<it oy<l<nl gl'<llmd arub~e. lñe primary objeet ol 
(T<nm<ling io lor ...tety oo.t to ¡li"O''id< a \ow·t<1il!>.nce 
p.lh for ohort-<:if<Uil cumnll. Al\ cable >h<otho obQuld 
normally be bootlod to¡eth<r ond gt<tundod •1 f•<QD<nl 
intornl~ Aloo, all meullic >h<atho .00 ohiel~o oloookl be 
el«tticolly oootinuouo thr.,.h joinu and l>pt. 

In ..-d..- 10 olimin>.t< drcu!.alinr <Uttmu ano! ,.,¡,.. 
ol!eath los1n ano! th«<by incr..,. the <Urr<nt-a.nyin' 
capocity on larg< oio(lo-<onductor coDI<O, inot>ll<d '" 
.. ,.,.,, duo:" <)r where opodn¡ betw"'" ·-• io ap
pr«íabl<, inoW.tinK joint ,¡....., mar be uoed 10 b«ak 
the continuity of the oable ohe>th. When inoul•tod oleev<> 
ate >O UO<d, >>tiouo <On-tiono =Y bt .,.,p]oyod lO< 

bondinK ..-.! 1Toundin1 .. ~. oheatho ou<h ., ¡rl)UIIO!inJ 

• 
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Th< .. - .... of. -.noli< CIOI!duit fur!bor u... ...... -~ 
tbc o.lcin ancl p«><;,;IJ' df«U d.,. 10 tbc bicf> pemor>.bili!y 
of it0<1 condui~ 

S1notJo <>otl A..- Lou 

A oin¡le-<»n<!U<tor ohie\ded ubl< ,..,-.,;.., olt<Tnatin¡ 
.,.,.,..,., ._pru.. wilhin iuclf oll lhe el<malt> ol • 
....... ron-. Th< condt>ct« Kll U lh< primuy, the 
oheath OT ony oth<c m<to!Hc finilh ''"' u the oecondaq. 
Th< oltematinlr maan<ti< ftox, wbklo il ><1 up bJ the 
CUI'Tmt in the «>n<<lxt« ¡¡,¡.~ the dteatb, ;,.¡..,. ..,¡,_ 
.,. .. in the oh ... th. Th<oe vollalr"' may """"' <ddJ =
""''" "' - in tbc sbc>.th .,.. ""' metallic: !mi>b- lo o .,...,...;o-- 111<>< «<d)' Clltt<flt ~oo ... .....,. bo ~':Ya'<. 

- dut to Mah ..,.,,<ntrot;on ol Aux lin<O. 

lf !he oh<>lh il .,-ounded 1~ two "" moro pi"'"'· citada=- _...,.. will bo vrodo«4 .. ¡,;m ...,,..¡ ....,.... tbc 
oho>.lh of ano: .. bl< ond rmam o.lon.- 11>< ~ polh .,.. 

-!he ob .. !ho of the o!h<f ~- The lo"'<> ,,.,.,;.,.,¡ ,.;lh 
u.... CIIITC<IIJ ..... ¡, odditioo "' tbc «<c!y-<=T<n\ lau. 

lf tbt obo:a!h ¡, &round<d •• ""'' - poin~ "'' inc!uerd 

.. . . . 

N•~ 

Slu " N-· 
-AWG_ CiTNllo• 

w,,, ~ 
··~ 

-¡;¡¡.,.._ 
~ ·~ "'" 

- .. _, .. 
Slro..J· ¡,..¡.,, 

•• 
.. • 4,017 ' ·~ ,....., 4,017 ·~ " '"' ' 0.0915 

12-ooUd '·"' ·~ " "'" ' 0.116 
10-oolid '"" o.!Ol 

-• 16.510 ' ... 
S.oolid 16,.510 .. ~ 

• .,. '. 0.18-1 
6-ooUd .,. 0.16<! 

• 41)40 ' ·= - . 
4-oolid 41.74C ·~ ' "'" ' ·= ' ... " o.m 

>/O 105.500 " '"' ,. IJJ.IOO " 0.418 ,. .... " 0.470 
</0 211.600 " 0.5ZB 

~ " 0.575 
m " '"' '" " .. , 
@ • ... 
'" • = ~ " 0.814 

~ " "" ,,. 
" o.m 

'"' " 1.152 

mltare in !he ob<>.th will •Pl><1' u • vol...., to cround: 
lb< macnitl>ll< of ..,¡...., b<inR: diurt!J proportio.W "' .... 
....,..,, ;.. !he conduelO< ancl 11>< diotanc< ol lhe paint 
undH mruid<r:o.tion to 'Whm• the oh<>.th io grwnd«L 

To Ul~>~tn.t< 1he el!<et o1 ohealh _.,,;,. tbt lollow
;.g data indiute the oppro1im>l< rtlati .. moonih.t"' of 
oh<ath '"'' unMr voriow condition>. The oh .. th lo,. ol 
u op«~-citalited loa.d-obo:atl...tcahle ,..¡~ .mm, •l""b' 

-- 1-, is tal<m .. tht otandud ol rd<RP«-

• . 
. 60 Hmo R..JR .. R<Jftu 

D~~llisftJwo Coftm Al""'""'"' 
o~-./lf)Q/) FL 
otlJ"C(TrF) N- M.,.u~ /ol«l«id 

mllolli< !Jo<IJ/L 
,_ 1/<IIM . -Do.<tJ/<- -" " J.-l/< IIM.I-l!< .. . -~~M J.-l/< Vohog.., · 

••• s ... Tfoj,.Md Al•"'· 600 V 600 V •v-s -11•m- Coro. Noo• 
con" Cott•• SW- HV·< SiV- Mog. •• JHV HiJI "'~"' St,l -· ~· ~- u s ..... D•<l 

=-- w "' , . ••• ••• ••• ••• ••• • •• • •• 
~ "' 

.,, 
'" m U> . 
>Q . 

·~ •• -
'M ·~ 

,,. . 
·~ ·~ "' 
·~ ·~ ' 1.07 . 

~· 0.6.59 ·~ 0.410 0.427 0.674 

'"' 0.415 oM• =· ~ ... 
0.25J 

. 
·~· 

Ml6 - - - - - - - - - - . 

0.162 0.169 ·~ ... 0.134 0.211 

0.102 0.106 ... 1.01 1.01 1.01 1.01 1.01 ""' O.Ollll O.OI!-Il O.IJJ 1.01 1.01 ••• 1.01 '" '"' 
~· ·~ 0.105 1.01 '" ••• ••• ••• '"' "' 0.0509 '"" ·- '" ••• ••• '" '·" • •• 1.001 LO! 

0.(MJ1 0.0«9 ·-~ '" ••• '" '" '" '" '"' ••• 
·~ o.om 0.0590 '" l.nl >M ••• LOS ••• "'" ·-~ ··- ·~ O.<J$06 1.02 '·" '" '" ••• ••• ·~ ••• .... ·=· ·~ ••• "' 

,,, ••• ••• • •• 1.005 '" ••• 0112•7 o.om "' '" "" U\ ,. 1,11 
·~ •• 

0.0216 o.om O.OJS4 ••• '" 1.11 I.IJ 1.11 l.IJ 1.007 ••• 
0.0180 0.0187 

·~· ••• u o "' 1.18 1.15 1.17 1.1110 
··~ 0.01« O.OHS ·~ 1.10 !.15 '" ••• '" "' LOIS 1.12 

0.0108 O.Oill 0.0177 l.! S "' ••• 1.42 us 1.42 1.026 1.19 



' 1' ., 

Coruluc:tor ol""<, 
op<n-drcuit«< ohoath, M >rrnor
thort..:ir<u,t«< oh<ath, "".,,__ 

l<ad ohnth aod "'PP'<' armoT, both •'-'· 

in iron pipe-

• 
, .. 
'"" 

r~ "'in& lonJ .,.¡ Wgr oi~e..:O<Iducto< mw.llio:· 
oheathed ableo op<d>l t<chniqu., ""'' be requirod to 
<liminot< cir<:ul>ting-curr<nt loo><o, ti>Ch .. intulatin¡ 

- at nriouo point> olong ti>< •buth o.- """~""U.. 
lh<: >huth. 

In a fnllltia>ndn<t<>r cabl<, forming part of a pol~ 
ci.-<Ui~ ..;th all tb< ~uo;tor, ..-.;1<»«1 un<l<r """ «>m· 

mon ohoath, tdcly-aorrent ''"'"' in <h<oth >nd enoloour< 
.,.., rtd~ to approximat<ly ~5 ""''''"o! tho eon<luctor 
~ whil< circul>-tm¡ """"' Jo.on oan be n<(1«ted. 
Thio it d"" to the olrnoot compl<t< oonc<llation of th< 
magnetic lltu< ou,;,¡< 11>< ~1< "''"truo:tion. Only , .,...11 
«Oo!Wlt rot>tU>J fi"" ,.;1) <>tUK """" lou<o, ~ • 
abo•e. 

Cumnt-arrying conductoro, inotalled in m>Jil<lk con· 
dult, <ame additional """" in lh<: amo:~,.,, in tb< >&«>< woy 
., uplain<d und<t lh<>th •- n.... loo= ario< l<om 
both hyot<rooio and tddy mrront df"" in tb< ""'Ir'""'' 
o;x>duit. "Th< """'m a magn<ti< .,.¡ """""'gt1<ti<, metal· 
¡;. ""'""""' OH not "'id.ty dill..-..t. In a ma¡rnt!io: ..,.. 
clo>ur<, ouch 01 ronduit, th< hyot<r<oio lo" will b< high, 
bu! th< tddy-curteot loo• will be low, dD< lo the high 
reoi>ti•ity o! th< <O<Iduil. N~ m«>lli< rncloouru 
txp<ri<n« no hyot<r<oio lo.,, but hi¡h eddy-<u:r.,t lou. 

Tablo 9.1! 
~~~ Tem~ l'acton 

T""(""-' M•lrifl)'i•g p.,,,_ 

' e~,~ A¡,;,,. 

" ''"' ' '"' ~ ""' ·~· "' 
,_ 

·~ ,.- 1.116- 1.119 
M 1-135 1.138 
M l.l:!-4 1.158 

" 1.173 1.118 

" 1.193 1,198 

• 1.1!!2 1-117 

" ·~· "" • '-"' •z> ,. 
'"' ·~ '"' ·~ l.J!6 

'" ·~ ·~· •» ·~ 1.015 ,. 1.41!! 1.494 
~ 1.674 U91 

'" 

Toblo U 
R .. ctaru:e Co,.,.eerion l'octo<a for 

Variourr Conotnrctlon.o ond lnotollotioDO 

Coblr JI< toblr ;" •~•d~il, J-1 h '" ••• d.i< ~· ih<l 
lo.tio!/olio• d•tf ~· onno< mólt ,.,..¡.,.lo~ 

E•<lon<rr ••• .... ~.,,;, ·- mogntli< 
,..g•rli< "'"9"'''' 

(ond_ ,;,. 

ZS0 MCM 
anc1 .,..¡¡.,. '·' 1.149 " '-' 
~ ' . 1.146 " '' ,. ' .• 1.140 " u - " 1.13-1 " " m " l.lll " " ~ " 1.111 " 

. 
'-' 

~ . " 1.100 " " '" '·' 1.095 " " 
Indn<tl•o Reoctance 

Slcio o...! !"'>';.,¡~y 1....,. ofl'ect DOt mi1 th< alttrm.t· 
inx-=~t '"iltanoe, but ,¡,., the inductin rnct>nc< o! 
o:onduct<"•· While thm trnd to lncr.a>< th< olttriUitina'· 
<WT<nt ,...;,_., tb<y dttt<aO< tbt ioducti .. r<a<tao«
Hown .... th<ir eff«t on inductiv< rtaeta""' io mt>:h 
,..,.¡]«. In fact, it is 10 omall \h>.t it ~ be ntglo:ctod 
..-;.- •w-«i>blt lou in a=ncy. 

Nogl<-<ting okin and o proximit,- <fl«t, the inductivt 
r-etar>«, X o! ow.l.rd otr..-.!ed tlrr«-rond11<tor ~ .. 
omgk-<ondn<tar cable opc:oted with op<n-ci.-ot~ited obco.tb. 
ioolated oingl<-phao< or il<>lated. th.-~phao< dr<uits with
equilat<ro! triallplar arrangao><n< · wuld' be' aokulated. • 
.. in;- tho ¡...,..¡,: 

' x ~ 2rt (140.4 loe~ -¡- + 15-ll 10"' 

X~ Dod<>tti.. reactan« to ......,.al. (lhrn.o pu 
1000 l.et. 

f ~ f!"<qU<IIC)',"heru 

S - di>~an« bct_, «;>ndoo<tcrro, ..mer to .,.,._. 
~ •• mch<O 

• ~ ,..¡¡.,. of ~""""'- in<bar 

11 tht """J<"II''"I of lb< rondt><ton ;, nO! equilat<ro\ 
tb< ........ «a<tan« .... be ~t<ol ¡,.,., .... k-mula: 

x ... 2.¡ { 140.4 toe.~ 5·• ; .. s .. + 15.2) 1a• 

-~· 
s .• - opa<ing bctw=~ o ar>d b «<<<IID<ton in 

incbct, etc. 

-9'$., S •• S .. - <qui.al<m delta lp!I<Í""-

4 
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Pl,pn9.111 
-Re&etaru: .. ID Ohmo po< ltiOO IIHt at 60 Herts, Lln.o to Neutral 

F<>< eloodr opoced «>ndu<tnn, .. in a thr<e-<onduc:tor 
cable, in alr <>< .......,.moti<- dO<t, th< rea<t>.n« can be 

_ detumined !rOorl Figuro 9.\0:The tondu<l<>< opaón¡¡ <11t -

bo t;>k., u the oul>do dWneler of the w.Je. 

To oc<OUnt fot random lar of lh<e< oincl< wno;hrt«s iD 
r»nm>.rn<tie du<t. tho r<a<W>« obl.linod lrom Fii'U« 
9.10 is rmdtipl;..t b7 12 ( ... Tabk 9~). 

11 ;,la)led in a ~tic end"'""'· th< o~proxim>.t< 
multiplóer is U. This .....,¡,.,- """"olO<> into ..,.,...., lb< 
inor=ed indu.;t.n<< dO< to lhe hi1h Aux con<o:ntratm 
in U.. magn<tie ~-<. React.n<e <Orffi:tion facton 
r..- lht~or cables in mag»etio: do<t acmant 1or 

incr......t induotan« <><~Ir. 

n.' eurr<nt ratm~ of a a.blo io affect<d by manr lao:
ton, th< ,_, impoxtant o! whn, ore lhe <ola! watl Ion 
o! the eabli ,.,.,.tn><tion, lhe llw:nn>l ~iot&n<e of ....,tia 
th< heat mull """ throogh in order lo b< tamplmly di•
oipo.ted. the "'""""""' .U.woble <Ofldl><tO< t<rnp«at= 
ond th< arnbient to:m..,.,....,... 

n.. total _,. ¡.,., o! the <abl< il o fun<l;.,. of I'R~ 
wltore R, ;, U.. eff<ctl .. alttmatioz~t .nistat~<e of 
the «n~duttor al ilie muimom .Uowable tonductor tem· 
pcntme. ~tly, all lotto<o which Ju. .. b«n di .. 
cuooed Ullder tito bading o! abl< ,..;,unce ,.¡.., dl«t 
tb< total ... tt lou U. the .,.¡,¡., 

The max""- tnnd""""" temp<ntof< is dctenrúnod by 
!he maximum t<mo<<>lm< th< insuli.\<Qn oan withltan<l 
1U<tt>1fully for o lool p<riod of time. Woh<f t<mp<<>tW"< 
imulating compouruil will, th<r<foro, h .. o o bigb<r <;Ut· 

r<nt roting 01 illu>lr•l<d ón Fiauro 9.11. Th< rnaximurn 
<:rp<nlÍ"4 temp«>IUI" of ;.,ut..tio<b .... ~ot<d iD Toble 
9 4. Th• curront rating of a cable io al.$o affo.:t<d by th< 
unhin>t tornp<rot.,.<. 5« Fi1w< 91l. 1\ i> obviOUI that 

FI&>~<O Ul 
Onph Sbowi:t11he Jl!lfocot of Muhnwn Tompon.tllro 

cm Coaduotor AmpociiJ" 

••• 
FIIJU<O 9.12 

Oropb Sbowi:t1 tito ltlh<t of A,..bin~t Tompo,..ruro 
OD Conduotor Amp•clty 

\ 
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doma,., corrooion. inh<«n\ wco.k"""· <le. Tho lile of 
.• cable iMulatioo io """"' hah<d ..-.! th< OWT>O< rol< of 

oon1ce f>ilur.,. >boo.t doo.>I>IO<I lor <>eb Sto IO"C Bcre>>< 
in no.,,,.¡ daily load tcmporotur<. B<>id.,, '""•i""d opor

a\ÓOD """' ond abo•• muimmn "'>'f•tin~ '""'~""""'"' ;. 
no< a •uy <li"«ti.., oc""""""'""'' <>podirn~ t.=."" t<m

""'"'"" ,;,. io 4iroc~y propo<tional to «<PP'" ¡.,.,, ond 
incr"""'" lh< OQ""f< ol tho curr<nL Thc in<rea>«< volt
>F drop mioht aloo <nlat,. th< ,¡,¡, to equipmcnt and 
.. ,..;.,. '""tinuity. 

A• • pr..,~"<>l ruid<. lh< IPCEA has <>tab!;.bod moxi· 
mum .....,.~..,..,- ..,.,..,..,~ ÍO< v...nu, typco 
of inoulaüono. A ,.,.._¡,¡ liotin( of lh<>< IPCEA ratin&> 
has b«n inclod«l in Tabl< 9.4, Oporation a\ thc" <m<r· 
iJmCY..,...,.Iood tcml""'t~ ohoold..., o.«'Cd lOO houro 

. -p«--,_.->m<t-.-.dr 1!16-1-ottt-- "'""'"l<ad .....- shaald ""' 
oxceed fi><. 

To cakul>.t< th< <m<f~rncy..,..rrlood ""'"'"' of • <ablc 
!mm lhc currrnt rotina, lh< follo.,in( lormul>. <>n be 
<mploy«l: 

- ¡, _;, -J /¡(.,.:::.,.¡> ~·~· . V u. t,)" R, 

IVh<:r<! ¡,~ «n<rg<n<y...,.rlood curren\ 

i,- ..,.,;niiOOI-atrrt:nt rtlin~ 

1, ~ <mc,(cncy..ovorload l<mpocatur< • 

'·- ..,.¡,;,, ...,,..,. ...... 

1,- rnaximum Of"'""tin( t<mp<r>1uc< 

R. ~ condO<!Ot ,..,.;,...,., ( or r<>ioUncc·ltm,..n
turc a;n-H<t'on b<t.,.-, li•t«l in T>blc 9lat 
maximum o¡><rotinr tom¡><,.lur<) 

R.- cond<><!Ot ,..,.;,uno:, (<>< rniouncc-tm•¡rn.
turc bctoo-, lioted in Toblo 9l>t =~cncy
o•<rload t<m¡><r>tur<) 

Sbon-Cir<tllt Cottont-Tim< Llmits 

Undcc ¡hort-<ircuit condilion, lh< "'<"4"""'"" of lh< 
«<ndO<IO< ri><> ra¡»dly. Th<n. d .. lo thmnal "'""ct<r
;,u.;, of th< iMul>.tion, ohnth, '""....,.!in~ .,..,.,.;..¡,, <«, 
it cooh off llowly whcn th< ihor<-o"cuit condition ;, 
rcmovod. 

---n.o, 1nn>;.,t kmp<nl,..< limit ~ oo th< tn>< of 

in•ulation •ru! >hould not <X<«<I lh< ""''""~'""'' li•~ 
itt Tahlc 9.4. Th<>< l<m!><rO\Ur<l h•vo b«n r«ornm<t-.dod 
by IPCEA' for >bort dr<ui"'..., in<=«> of 10 >«<nd>. 

Failu.-. tn d<cci< the conducloc ,¡,. r.,. •hocl-cirmit 
h<a!inr coul<l r<>ult in '"'" ¡><<man<nt d=<a"' lo th< 

-nble·movl>tóon·dtle to·<~i<int<ant;,.. ol·or,....., imul-a
lion rnal..-ial. which ;, o<<Qmpani«< by omoke and corn
bw.tible vaporo. n. .. , vapo" miRht, unclor muin con
dition>. ""'<~< oll" an .,.¡o~os;., or firt. llnid<., th< ""'""' 

- oí thc abk ""1 b< upanded to pro;luc< void•. -Thio be
•- corneo <•¡><dally. 1<riouo in S-k V. ond -1$-kV Qbleo, 

'li'CU--Iaoo<-j ,._ Co>lo .,..,_, .. .-...... 

, ..... , -- ~-~ ...... -... ,_,. .............. ~ .. - ... . . ~ ... """"~· 

"'" "" ....... . ""' '"' ...... ,. 
Ficure 9.ll 

S!u of Cond""'o< foro Conductor Torttpcratu«< 0.""(0 lrom 7J C l~itiai ZOG C 
Durin( • S!:t¡lo lntocval oí Shon.Circoit Currmt Flo• 

Fino! 



• 
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llcoid" th< thwn•l olr«.OI, lh"< ar< m«h.>nical 
'""'" >el up in lh< <>1>1< thr~ <'!'""";.,., 01'0" b<>.l· 
inJ:_ Ao t!>e h<>ting i• rapid, th<>< "'""' m&Y re>olt in 
"""irlorabl< rahl< mov<m<nt_ Howov<r, on mod<rn ubi<O, 
.oinl<><<ing bindm ;md ohrath• '""';d"obly r«l11<e lh< 
<ll'«t of >u<h .,, .. .,,. Within lht "'""" -..f l<mp<t>l1>r<l 
lunótin~ th< thonnal """"· th< m«h.>niul oop<ell un 
u•ually b< dio.-ountod <x«pl with old cab\<1. 

O. lht batlo th>.t in ti-.. l'<'io<l of "'"' '""';,¡<f<d (a 
fow o«<>nd•) t!>e" io no loso ol hnt from 1M <OO<!o<to.
by cnr<luctiot1 M <onv«liM and th>l radi>tion io "'~lici· 
bl<, t!>e coru!O><tor hoatin¡ <.an b< "l>t''-'«1 ma~t<matically 
ulollow>: 

(c~Y •-o.=~ot-· 
Alumm,;, c~u<loro 

(c~Y t-o.omJoe:. 

whoro: 1- rmo ""'""'" durin¡ lho rnlir< in«rva\ o! 
<W"r""t ~ow 

t- duration of >ho.-t-cir=t !\ow, io =oncb 

CM- <onduclor ero>.! "ction, in rircular milo 

To- iniu.J cond,><:ICJr tempefotur<, io d...-- e 
T,- fi""! oonductor tanperatar• U. d~ e 

To oimplify t!>e appticatian, ""'" roloüonohips '" 
J:«<'Dl<d .,-..,hically in fiEW< 9 IJ_ 11><>< ..-.phi apply 
only to an initia! cor.duct<rr temperoto.-e of 75'e and • 
ohon-cnuit le>npo:<atur< ol ;l(IO"C. Th< initial l<rnperaturo 
io in 1m<rol not b.>wn a<cmat<ly oin<< it d~ u¡xon 
ti-.. loailinl: o1 th< cal>l< and =bi<nt ctoDClit"""'-·In - -
.. ..,, the initóal tcmpo:ratur< ;, uoum<d lo b< <quol to 
th< tna.<irnum op<ratin¡ tem¡>eroture of lhe insollltion, 
wbi<h ;, ccns<T,..tiv<. !n critica! <ase< o mon ...,.,..,. 
~yois miPt b< r<ql>itrd "'""'a,_, raliotóe l<ml"f"· 
turo - and - tiH: • actual - ohort-<i<<UÍl · l<mp<roture · cf • !he '--
inoulation T=po:rolur< ~tion !O<toro (K,) taldn¡ 

into KCOUI!l th< ""'"*' ollowoblo t<mp<nhn rite <m 
b<.obtained from 1"16\1" 9.14. 

¡ . 
• 
!' 
; . - -'"'""' ,. ..... ,. .. ' 

,. 

R<><>t-J,!un-Squuo Curren! 

"The ""' =~• u u~ in fiJUR 913 io d•~nrd .. 
lhe root·m<•n·•~""" voluo ¡., ,¡,. total int..-vol of ,,.. 
r<nt Aow. Th, initial tomporary diro"·<Urr<nl oomponcnt 
<n<ountor<d in altt<Nling <Uff<nl cimoi!o in<r<a .. O thi 
mto <=~~ but [(1 o l«><r utmt ., th< int<< .. t of 
cumnt flow b<com<o long«. Firuro 9.15 1i"' JC. l><tO<o 

" 

-¡-• 1 

1 
' 

• 

• '"'""" • • • • 
' . ' . 

• • • • .. .. " .. .. 
PipnUJ 

Corne!lo:n Paoton X. !O< !he Diren c..n-... t 
Compoo<llt of Curront 

.. 

whi<h <ornprnoat< lo< the """'""' ofloet. Appropria« JC. 
multipli<ro •ho•ld b< applied to the nailoblo •rmm<lrical 
ohort-c:irruit rurrtnl [(1 obtain '"rnu arnp<r<O" ÍO< Ul< in 
FiJUR 9.13-

ti the X IR ratio of a oír<uit io nct lmown, «m..,-voti>< 
l>otoro (K,) for the mor<""'""""' opplieation condítioru ...,, . 

Low·volt.g< """'" circuit broakt>o 
tri~prd imt.ntanoously JC.- l.J 

p.,....,. circait kukero, 1-<yck. 
iniWlW>oouoly tripprd -· JC.- 1-l :___ 

An1 indwttriol ¡mvet diotributioa r>roblem -
with >ho.-t-riKuit dm-ation of 

~ -"""- "' """' K. .. l.G 

Whil< lh< at.ov. fac:toro ..-. o¡>ptO><im>.te, lh<i< "" will 
,..,.¡¡y Provid< aood <Otimatet of ""' om~. C..-rurt
limitina' <hon<:l<tioti<o o/ eertain low·.-olta&< circait 
brWmo ond difl<rmt:<l in tri¡>p<nK tim<o of lh< nrioul 
typeo of breal<..-o bovo Ml been ~ into ••coun~ If 
• mo<e ...,..,_ ono.~,..t. of th< citcuit ;, ~ F~ 

9.15 obould be uJtd lo d<trnnine ""' ·-"" K. 
Í><tor. 

SltLitCTlOH AND APPL!C.O.T10Jf 

The .. lcct;.,n of ..., cabl• ''''"" <o»ld be brcken 
""""' into fi,.. l"-ffi: 

l. OperaW.. conditiono 

2. Type o1 <abl< in<tallation 

J. So<!""""' of cable ..;.,lr'llo;tion 

1 



.. 

' 

'--
¡ 

~-

'. ' 

-' 
' 

(') 
,<!,, 
. -
•• 

·• 

4.- T,.,.. of U...latkm an<1 )ocl<.t 

5. Sdection of ablo tizo 

lt lo po;nt«< out lhat thi> Otqll"""' ohoold b< foii<IW<d 
In <O<h ap~Hcation .;r>« eaclJ of tho 6r11 fot~r paru will 
da:t tho: Kl«tioo> of tho: nquired cahlo oi:e. 

OPt<ath>r Ccnditlo"' 

Tbo cwrrnt that 11>< ahlo hu lo <2f1T ;, d<l....,.;-¡ 
by tho load it ¡, ...,..;,,_ Thi> "'""'""'" ¡, """"111 anil
ab!o "'" <&n 1>< obu;no;~ lrom lh< .,.m,~latt ol lh< 
._.-attd. Ho.,..,., """"' Codo reqnir<mor\to an<l opecU.I 
coruK!<r->..,., w!U<h rnter int<> tho "loctico:> of tho ablo 

- oitt Dt:<d lo b< con.ridor«< and will 1>< dim"'«< h<r<. 

Tbo Nor;,w El«trril Codo ,.,.¿&.._ ;, S..tioo> 
<IJO..l2. tbal b<anr.h·d...,.,;r «>no!........, ouppl1 mr on iodi
vidual' motor oha!l hov< > ""rrent-<arryin¡ ""l"'<;ty nol 
leu úwt 125 p<r~t o! th<: mo<or !u!Hoad eurrrnt roli"" 
if the - ¡, m«1 for «<IOtimtouo duty. Any moto< i> 

-· coruid..-«1- to b< for ""'';,"""" duty · ..,¡,.,_lho natnre 
of ti-.< appantuo which it drino lo ouch tb>t lho motor 

will ""' oponte <a<>t;,-.11 -.;!h '-:1 ond<r U17 0011-
dillon of ..... • 

- S..tlon · ~J0-.24 !ndkat<> thtt the conducton o! ony 
cir<llit_oltppl,.-in& lw<l or """" IDI>ton- oh>.ll ho.-. • 
<lll't<nt--catf]';,. copo<ity IIOC lo11 tlwl 125 pot<Oftl of the 
lull-load <urrmt of tho higheot ratod motO< in tho rrouP. 
pluo lh< """ o! the lull-loo.d <Urr<ntt o! th< r<m.ú«kr 

of""' -·-
Conductoro •uppl,.;n¡ a eombinotion rno!or ood li¡hti11¡ 

load oh>.ll h>.-. • eurrmt-a.rrytn¡ capodty sullk...,t for 
lbo --- load plm requir«< capo.dty 1<.- the moto< 
load d.t<rmi11ed tn oct:<>r<bnce .nth NEC s..,;.,., <IJO..Z5 . 

Fcrr conductor• oupplying motor• ,...¡ fot oll><r t1w1 
""""""""" duty, r<l« 1<1 NEC Soetioa 00--22. 

Tho oqu;•alrnt ..,rront-<>.rryinr <>J>4dty o! ableo ,¡,¡,. 
_ J<ct<d lo a load eydo can b< 'PI"""imat«< uoin¡ · tho 

lonrnJI.: 

~ J., - eqainlcnt """""'-Qrr}""'' capacity 

l - ""'''""' '"'"'"' duri11r • .,.,,,.;, ''"'' 
internl 

1 - time In..,....,_¡ o1 ........... """"' llow 
T - total time, expm><d in oomo unit aa in«<· 

....,w timo int.,_¡, lo -.pie!< on< 
duty eyde, not ez«e<~mc 1 to 2 """"""-

Thio oquivolent curr<nt-.:orryin¡ copadty ohould b< 
uoed only for ><loctinr th< eond~>~:tor tU. /rom o th<rmal 
heating ound..,U.t. In checkinc ..,¡,.lit ~- tbo: 
h;¡b.,t <Ut.-mt in the lood C)'tle oh.,.,;d b< med to d.
termine tho ..,.,.;rnurn volt>rt drop. 

In ><l«ti,. cabi<O lor ohuot--npacitor applic.ot;,.,., 
ollow..._._, "'"'' 1>< made for tho tw,.,.,;, cornmt of tho 
currm'- NEMA Sw-.dord CP1·1\l6J ind]Qteo thtt the 
<lltrerrt.....-<1i11J apadt1 of 11>< .,.w, oh>-11 b< ot leoot 
IJS porccnt ol tho rated <un-<nt of tho ohunt <&pO<itor. 

-si- moot <>po<i..,_, ¡_,.industrial o«vico ore d .. irn«< 
for"" io ...,_ ""bierrt of Oll'C moxirnwn, tho cable ratin~ 

ohould atoo "" .. lected '"' th>.t ...,¡,;.,., .,...._.;..._ unl ... 
it ¡, definitolylmown tlu.t 1ho ,_..,bi<nt trmp<n.tm< ;, Jou. 

Thor< aro .,.,,.¡ typ<o of cablo inotallotionr, <a<h h>•· 
in¡ ito &dv>nt>¡., >nd dlo><lv>.ntaf<'- IA<>.I o;ondition~ 
paot .. por;-. o.- Compo.ny rnl<O oft"'ti""' fnor o 1'1-f· 
tio:ubr type of inotallation. 

_Opon Wlrlnr 

Opm-wire cir<llito on iruulatoro ore u><d !..- (IUtdoot 
PTimarJ' diotributX>n whoro ti-.. ~lant co-<<ro • larrt ,...._ 
In thooe <a.oeo they are tho eha¡><>t in 6r" <oot and are, 
in ~ral, S.tlofoctory for primuy di•tr,l>ution circu;to, 
Tbey m>J be _,,«! on poleo "' ottxbed 10 borildWP. 

- th<-~. b<ing- .,;,¡.,.. bore. oo-. ,,..,h,,proof.-The 
wireo ar< <xpos.d and honeo aro oubj«t to int<rf<renoo 
- <qui-t oud> u eran<>. They >h<rukl .., 1>< uo«< 
;, ..,.,,.,.tod anao or wb<te th<r< ;, "'1 po;mibilit)' of 
objecll int<rferinJ with them from lho g¡ound or droppin1 

·- on thein from o•orhead. 

Opm wú-inc, oltboulh """"""' to rroatot likolihood of 
<hm>&<, ~""""'" an o~O<ttmg od,.nt>ge ;n thot the line 
!aul~ &<nenlly o brol<<n conducl<lr or • f.aulty in!ulotot, 
¡, ,_. euil1 lo<ated ond repoired thon ,.-itb o!h<r 
eonotr1><tlom.. 

D"' lo ..,,;, relativ<ly lorg< !J>4dng op<-n·IVite circuito 
=lubit a hi¡b ruc~ reoultma in hi¡b ..,.t>g< dropo, 
eope<iatly ;, low-pow..-.focto< d~"-

Expo><d opon-wire circuito are more ouoo.ptible lo 
.,.,...., ¡,,... HrbtnmJ than ond.,V,ound O< aorW eoblo 

dr.,.,itt. Tho mniption of li¡btn;nc "''"''"'"'" on '"'b 
lineo ond oonn«t«< a~paratuo m.oy be aeeompliobtd by 
tho "" o! o.uhead rround wireo, li¡bmi~~~: ..-reot<ro, 

ond ""'"' ,...,...,; .. ....,.. ........ 

Aorfal Coblo 

Inoul-otod <&lile ,..., b< o>«1 alonc tho oíd.. of bo>ild
inn or on polo lineo and provide o more rel¡,),le circuit 
thotl opero w;rlna ond ot tho """ time requir<> ¡,,., ol"'<•· 
Prop<>-lT pro«<:tod <&bleo .,. not ..,;¡y ;,¡.,ed by 

"""'' <onl><t but are opero 1<1 the ume objeetiono " 
opo:n wire 50 lar ·., eloaronce ovor tOid"''--'' and 1><
,_, buikiWp ;, eoncornod. Whm ,...,¡ m lonr op&n&, 
ablo io .. .,.n, ouppoo-1«1."" • m<»<ng<r whrl ..-«•;,¡., 
hi¡h """gth atld b<lpo !o p.-event lo>o of lh< uble d"' 
10 otO<""<>< injury to ouppor""" poleo. 

Tho ouppor!tng '""""~" ""1 olio ...-.. u tho 
¡roundin¡ eondO<tor of the paw<r <ir<u;t, In On< !mm 
tho inoulat«< <.>.bl< cond'--"'"'' ""Y be cont;nuouoly la<ed 
10 11>< ""'""l<r with o rpiral meul batñ Motor;•ed 
opino« he>do '" o.ailobl< whkh will apply tho opiral 
hondintr in th< fitld. Fa<IOty·>Uembl«< •<rial cable is 
fi.-.:linl in<r<&Otng "" for induotdol wirinf. Thio eoblo 
io .,...,.bled with a ouppoo-tmc meooeni:<r ot lho coblo 
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11 ohould be r<>li«d that all or a f'&rt o! tho tot>.l 
rrooun<I-Ú.ult <>~rrmt will n.,.., """"rb lb< <h<looure. 
whkh indi""-l<O tho neceooily lor w!O:I bond> b<twom 
<Onduiu and connectiOCIS with jW><tlon !><><<O, de. In 
<>o< o! interlocbd armo< lnotallatóono it ;, matot......:l,-.1 
that tht armor t.. clamp<d <\Qoo.<l on !he roeko or lod<lon 
at rogu\u U.t<rnlo and that 1ht la6d<n b< scHdlr borid<d 
at thoir oonnectiont. lnterl<xked Ofm<>f <>rri<d fran ""' 
r.clt: on 10 onoth..- r"luirH a mot.ll;. conn«tlon ~ 
''"'""' th< two runo of t>.dd..-.. Fa>luu 10 .,tablish u,;, 
mcWlk <onM<lkm will ,.,ult in ..,,.,. Of'&rkinc o.nd 
da ...... 10 ......,.. ...,.¡ imulatlot>-

Clrouil> l<tdinc throe-~baoe loado •"luir< only "'" 
vooun<l <Ondu<tor -..bor ... cirn~iu • f«<<;q- threo-phu< 
ond oin¡l<-~h"' loo.d> rtquirt both a n<trtrol (whit<) 
or;r.-.dr<ODdU<to< ..,.¡ .., .qui¡.n<Ot rr.,.....¡ (v=l 
oonductor (FiJUT< 9.\7). Th.,< ln!tallabons requin a 
low---«>ndiOCtor ...,-..,J<JD<nl ..-ith inl<Tilitial gr.-.! wireo 
O< 5>< linal< <ODdiiCIOU in 01>< ......,...--._ 

r---, 
' !~ 

=:~ _J 
"""""""' -¡ 

' 
'd . ..... , ... 

Flprc 1.17 

.. _, ..... • •••• 

A Whin.- Dlq-r&m Show!nr tito F""odonol 
Distinetkm bet.._ a Gt-oom~ Conduct~>r 

Ú"t"" coloor) ond o~ P<t..,-. 
Cor>d11<tor (-..blto color) 

Th< od<eti""' o! lh< prdorr<d IYP'" ol "'bl< inoulation 
&DI! jock.:t io ..,. onlj'- buod "" thr 'TI'< of imtallatial,. 
but ol10 on lh< arnbirnt t<mpo:ratnr., trP< of ooni«. 
"""".,..¡ >«vi« «>n!itiono, p<nor..! pr<l«~ and ¡ra>t 
uperion= h ;,, lh<rdot<. impouibl< lo o;,.,ply .-.mm
mot-.:1 a ~rdured lnoulation or ja<k<t motorial. In be~ 
two ... ,_.. ;,.,w.tioott .Wgbt ¡,., <qllolt,. • ..-w.~t ¡,.. 
on< partkulor ap¡>lication. In thooo cuco, """""""" 
usualJ.r will <liminat< ....,. imulationa. 

Stloctl<>o> of Cable su. 

Tbc ><l<etioc> o/ .-!U<to.- .... ;. p.-iocipa¡¡y buod "" 
threc <ONid.,..tiona: 

•• 

2. VoltaJ< rtful;ttion 

l. Sbort-circuit roquir,...,.tt 

Eoeh ol lh"< point> ohonld b< chc<k<d b<lort dcddiftC 
.., th< roquir«i ~1<. oin:. FoUur< 10 4o thio miPt 
,.,.,¡, in impro¡><r !unctionin¡ ol tb< uti\i,.,;.., oquip

"""' e• <n<bn.-<_rin¡ U.. prop<r operotion ol U.. abl<. 

Tht «l«tion o[ a cable ,;., bos<ol "" ito thcrm.>l h"'t· 
m., io m<Wr1 <0111id<-red ftroL Cmrtnt-cury;,.¡ <apari13' 
tab\<1 .,, •vailablc l<om tbc IEEE in publicatiO<\ S-Il$ 
(AIEE-IPCE".A Ampacitr Tabl<~) ..,.¡ hovt bcm odopl<d 
tmivcnolly f<>< thc otanda<d 13'1«' of <t.blco. ~ 
Standardo givc o rom~l<t< d<Ocription of ih< calculation 
ol Ct>trtn1-arryin¡- <>po<iti<o ..,.¡ thc ..,.,...., ..... ..-h>:h 
lh<y ... bued. 

Tbc Noti<m.J Eltctrical Codo """'Id b< <h<dced wh<ot 
detorminin1 lh< OÍ<« ol rondu<tO< for boilding puf]IOO<> 
wb<rc thc Codo auth<>ril1 r.a. jori>di<tion. Condu<toc .;..., 
cannot b< omo[\er than allowed by lb< Code 1m..,.....--... . 
tivt ~n¡, lutur< lood 1r<owth. v<>lt>.~<-drop con>id· 
<nW... Of orx.rt-ciraOt heatin1 ""1 m>k< th< m< ol 
lar¡er cnnductoro dcoir.blc. Sorne juriodi<tioru, •• in thc 
Sutt of Call!ornio. pobli>h "'1"' and cxtnduct<" <aparity 
tabl" >o~hich dilftr /rom tb< NEC. &r.d th<o< ..,.-.m th< 
minirmnn r..,ui"'""'"" ;, their ar<a~ 

G<Qilpin¡ o/ cobl., hao a l"'i< cft"<et on thc ~~
~ c.apacity. l.afJ< groupO ohould b< avoided both 
in tmd«¡-rooun<f WtallatÍO<II ..,.¡ in bailcl;,,... So:n:nl 
ornall« rronpo arc prdcrablo lo ot>< lar., group. Wh<n 
it io ""-'ibl< lo _,-ate ubles ..- cxtnduiL dontin& 
/octon ohould b< wcd, to pr~ =«OOi>'< t<mpcn· 

tureo. Rclor lo NEC llG-11 .• 

lf th< ~uired cooducto.- ,; .. ;. ..,.,.,..te<t to be lar..,- -
<han .100 l.l.CM, po.rali<linc oloould t.. =•idcred. Somt 
induotr-ialo pr<l..- to parali<l """" .,...rlcs" oiuo. Paral· 
lolin¡ lo dcoinblc b«au" the om¡><f< r'-tin¡ per dr<u\ar 
mil. o/ «><>::aoto.-~ . .;m. thc- ¡,.,..-.in- cable 
,;,.. On< roooon for ll>io d««ase ;, okin <ffect and othct 
oltornatifll!'-au-com losseo: u.. otber, !ou ~~ni-· 
lo« p<r cir<Oiar mn.-Also. thr -t«ial coot o! cable io 
.,..,.lly 1<" lm- '"'" omallor conducto.-o ll>an for onc 
lot-J< cxtnd.......-: l!llo ¡, .....,who! olh<t bt hlcb<r in· 
otallation '"'"· 

In rnoi!-U,., circuita for lor2« <~~~nnt ntinEs ..,.¡ 
utilioin¡ <><iotin¡ eonduiL a<l~tf" =t b< taltm o/ th< 
hi¡-hcr ..,.,.,_, ratirt,co ol hi¡-1>--t<mp<r>.totc inou!.ationo. 
In on<it <a5<1, 11>t NEC ollow> o ,.-...rer <oondttit fil~ 
which will lurth<r incrt.aO< the amper< rarin¡ ol thc 
larf"o\ siu ol .,.,. <abi< lhat can b< installod ;_. uútirt.c 
eonduit ¡,.. NEC. O..~tr< 9, Toble 3). 

V olrogr Rr¡¡w/otio• 

Tbc occond comitkn.tion in Hlect;,.- - oire 
;, that of v<>lta¡c rc¡ru\ation- In p.-operly d<>ign<d m<dtrn 
•1•<=>. UU. <oa<idcration ;. ns...Ur not limit;,,_ How
<ver, /or unuo ... llr Ion;: """' of C>bl<, ¡ranicularl1 ot 
low v<>lta¡-< and ..-bm applyio¡- h)p-t<mpttaturc in>ula· 
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s,...u tormln>.h e.o.n be oppli.d ... llh a omall ~ 1<>01. 
Ur~<f tennln>lo OT< oppli<d with a hyd~u!i< eomp<...ioo> 

·~ 
A prop<TI7 crimp<d joint dd<>m!J tl>e -

•tr.mdo oul!\oio:ni!y t~ havt good <lmrical tondu<tivicy 
and ~nlool olrtn~h h<>l not to much ihat ti!< <rimp

in&" action owr-e'"''"'""" U.. Jt,.ndo thu. wuk...,. 
th< joint. Tht optimum d<pth ol ind<nt io d<t..-mit>ed liT 
"wark «<T•to" whkh plot tht dopth of ind<nt o! tl>e iB· 
denti"C dit opimt pon-{IU\ lor« ond cond,...;rity of U.. 
joinl 

Ptrforntaft<O Reqalr......,to 

l'lrttri< t<tminatoT> !<>< lndmtrial pb.nb "' .s..;gn«< 
to m«t tllt r«¡ui'""""'" oltl>e Notional Elmrical Codo. 
Th<y ore , .. lu>t.,f on th< b.o.lo of tht-ir obility to 1"111 
....,...,...._ hoati"l< • .,.¡poi loa! ttOU" oatliD<d in Ul>da-· 
writ<ro' Uborotori<1 "Standud lor Wiu Conntetoro and 
Soldtrin¡¡ LaJL" Th"" 1<111 or< Oomidtr<d ~eqn>tt to 

""' .... ' u.. typ< of dlltJ' 1>01"11l&lly """""""«! in in
dustrial planto. When uo<d lor powtr ¡mer.uion and dio· 
trib<>tion. ,....,;,.,.,. ceqoira=nb oro ...., mor< "'""' 
\han tboot O<t "11 by Urdtrwritou. l1>t7 mtlsl bt ot.l< to 
mw <lmrlc.al and rnochanicol op<nti<IJI f""lUiT<tntlltl. 
Ek«ri<2lly tbt ttl"minaton ohoold arry U.. <nrttm with
ou\ ox<«<<i"C U.. ,...,,..,..tur< ri1< o! tl>e «>n<h>:ton ~ 
joincd. )oint ro.;ouno. no! apprtdably hi¡h<-r Iban \hat 
of &n .....,.1 l.....,h o! condt><\0< ~ join<d is .
mtndtd to "'"" <Ontin\Kitlo ond lltitla<lor:r _..,tion of 
tht joint. ln addition, tl>e t<rmiJUitoi muot bt ablo to with· 
mnd OXIOit1lW"J' onrloada or Jbort ci<arib to U.. -
der<O< ., tbe =>luctor !tO<Ii 

N<ehanieoll.o' a ,.,.,;..tor ~ be tibio to ~ 
tho tf!t<ts of tbt <nrironm<nt within whkh it io <rp<nti"':. 
lf out<fooro, it rrnut ound "11 opin<l wind, ol«~ ribro· •. 
tion, <OITOOion, <te. lf <Q<d ddoon. any 'fibñtioa fn>m 
rotating ..,.,bin<ry, ""''"'"" couO<d by p!ati"C or man,.. 
lacturin¡r pro«,..,_ high trnop<r>lur<> lrom fuma«<, et<. 
mwt not matmoll.o' all'«l U.. p:rf~ of U.. i<oint. 

Wht-rt oev<ral rtlativoly lau< inoula\ed cobleo nmot bt 
joined tOCftbtr, it ;. {nqt>mtly """" .....,...;cal lo -
an inoulat«< ttrminator. Tht .. t<rminaton, <allod •,.,¡.,· 
or· "trabo",. "' .f~m<~o"""uuy.;,...,¡.w .w... with .,..,... _ 
vision 1"' m>kina' a ntmlbtr of gp ea t'OIU ...tlid> 
ean bt nry eaoily up<d. T<rminotors of thio ,,.. -'>~< 
a compl<t<ly imulatod ""'ltipl< ooon«tlco lo be modo 
witl>oort th< olcillod labor no..-lly <rqooirtd for <ardt>l 
"crotth" uping or th< <Xptfl« o! tp<d.ol itm<lion boJeo~ 
en. widelr ....d ~ype ;. a pr<in..,Iatod multipk.xnlet 
joint in "tú<h th< ablo «!M<CtÍoru ar< made mechaDicolly 
by cornprt.,ion """"' and d>mpi"J nutl. htoU..r type ¡, 
o ,_, compact prcin<u!o\ed ....,!tiple joint in whieh U.. 
able conntetiono ore ..,.,¡, by "'~ «>mpr<uio<l tool
inr wllkh ind<Jttl tbt conduo:tor to tht tubular ablt -· haulatod t<rrninotoro ltnd thtmoelv<o partiatlody W<ll 
to -~ l<1"rieto ODd iood..m..l .,.¡,..¡,. -..btr't o 
larl< nnmbtr o/ nntllipl<~ jointa ....,.¡ bt ..-_ 

•• 

Voltart Cono!don.tlon1 

SW><Ianl ..... hanical or """"pn<<ion typ< ttnr>lnoto<> 
are T«omm<ndod lor an pfhtu.ry ~olta¡;<$ prorided tl>e 
but ;, omin..,lated. Wolded ttnnifiOioro ""'Y alto be nood 
lor cimtlu-mil·ol•od conducton. Up to 600 TOllo, otandonl 
twninator d<ti¡mo P"""' no probltm for inoulated or. 
onloSIIlatod aono:IIK'toro. Tht tlondord oompr<>lion ly¡>o ltr· 
minatofl Ort t«<OIIm<-ndod for Ul< on lmolat<d aondocton 
up to 2.5 kV. Abo" 2.5 kV, «>tona <onoiderotiont mako 
it dt<iroble to- o>< bP<'fed~ <emprusioot ,.,.,;..toro. 
Str< .. ,.¡;.¡ eonoo at lormU..tiO<>s, 1110de "11 in tbt ....,.. 
ner d<urib<d torly in thio <hoptrr, ohotold bt applied in 
u.. .,... of lhitldtd condt><tor .. bl ... 

In t<rminatinc o hl1h-volt>r< c.abl< or in ""'JO"" • 
<Uf< t<rmiru.tion in th< ~ of .,¡..,,., atrDot¡oh<rie 
eomlitiono or obj«tionabl< eo<>taminenb o pothtad io"""' 
.....,]7 .,..t. A poth<ad COI!IÍIII of a poi for hol<linr in· 

oo!atill,l ""''-"' inlide of whit:h U.. ....W able 
t<rrninotiom •nd eonno<tiono ,¡.. modo. Tht cabl<. i! 1...! 
oh<>thed, will havo lt> obtath wiptd to a olee•• PfOvid<d 
on U.. pot for that parp<>oe. Otborwi~ o ~ 
fitting will bt ouppliod to e!amp tl>e C>lblt ohtath, or o 
6tlinK ftiOJ bt provided to t..ñoinot< tht aono:f-oit OOIItaio· 
inr th< eable. Ont .,. mor< porr.!ain toba ar< •tto.eh<d 
to th< pot for the outl<ts to ov.rhoad linto. Ah<r U.. 

joint> '" made '"" potbead lo .... .,blod """ 6llod wilh 
hot in<Ul>rinr comp<lllnd, the obj<CtiR b<inl: to oeol -
oll moiotur< front tht jointo ond eable inoul>tiort. Pot
htodtt ue lceqvo,otly of U.. diOC<I<II><dinc ,,.. lo< -
of maintnw>« OT o¡><rotico. 

Alumimmt amductoro. are, di!'lercnt. fffl<n - • ...,. 
doctMo in ......,.,] ...,,., .,.¡ thest dill'<r<n«> ,boald be 
<Ottoider<d ;, opecil)'inr ODd otin¡¡- t<nninoton lor ahtmi
"""' condocto<o. Tho normal oxido coatin,r "" •lmnlrtnm 
io of rtlotinly ¡,¡p tui...-. AJnmimmt bu 0 ' ·.,., •. 
of th"'"'"l oxpanoion higher ~ that of <Opp<r. Tht 
llltimol< ond )'itld "'-"h prop<rtieo .,.¡ the ruistance 
to a«p of ahtminnm .,.. dif!....,t than WhUI""idinr 
propeni<l o! oopper. Bocau .. with .... ,.¡ olectrolp .. , 

ohtmimom ¡, - to """" .,.,._jy - metais, -
,,.;., io poooible !llld<r """'~úono. 

)!oehonkal Propenieo ond R..- 10 CrMP 

Tbo odtimo!< """ )'iold llr<nPho of electrk-<XIüd"""" 
.,.ade almnirnnn "'' """""""' !eso than "- of <OPP<f• 
ODd to olomirnun of th>t rradt ean bt plaotially tldonned 

_.......hat ,;,., ctadily than -· 

Cr«p lw bt<n dtfin<d u the ph<no""""" of «>ntinted 
"""""""""" of a mat<rial tmdu ,,,....._ F..- cqaal onlt 
bearinr loado, the r<IÍotanco co a<ep o! el<rtri<
rrad< alwninum io """""""' 1<10 than tho.t of <npp<<. 
Tbo t&«1 of ttcessi., er<ep, .-ltin.r lnxtt the ,.. of 
an iru.d«¡u>te tuminator, could be a <duatioo of <O<tto<t 
1"'"''"" witloin U.. ,.,..,;,.,.,.. ond renoltinJ tkterlora>ioxl 
o! tbt tle<nic CCIIOPt(ÚOD. 



o 

Tho p,.,,.;,;.,. of .o4<qoite ~ areu, in m«hoN<;.I 
,.,...,;,..¡~" for aluminu., r>bl<, an limit unit bnrin( 
loo<b to cn..,.,.blr valun, with r<>ulting miNmom pl.,lic 
d<lormotion and <re<p. Similady, m>ximum unit 0...-in¡ 
loo<b = bo: Umited by lhe .,. o1 o t<rmimtor wruo~ 
fib only • o¡>«ific ~ •• of rnn<lu<tor or o nar~ow '"""'· 
r.ub.,. ,¡,., o wide nnt<, ol ,;, ... Suth • tormin>tor 
airo provid" loW<r """11<1 «ti"•"« b<<>u .. of ~r<>.Ot; 
<OIIIa<l are>- The <11m of <T<'<II an b< minimi«<< by 
th< pn>violon of "oprinr lollow" in th< d"i~ ol th< 
t<rrnlnotor. 

h 111< bo:.u 1......:1 that conn«tiono 10 ,¡.,...;....., abl<> 
with ,.,.¡,.,.,¡..:~ maodo are lm •ubj«t 1<1 ¡><>O!iblo 
tr<mble duo to cr<o<p oi th< O>O>da<tor llwl Ollfl1>ed;on. to 
oimilu corourtoro with N.rd-drawn ot<>.ndo. 

Olddo Film 

Th< .urlau oxide film on aluminum. thoo,h .-ry thin 
00<! quif< brin le, hu o re~ti .. ty hich d«tri<>l ,.,¡,,._ 
ond tbc>-<fore muot be romo..d or pcn<tr>t«< lo '""'' a 

- utiofadory doctrio j<>in~ Tbio film can bo tabstanriallr 
- ,.,,,.,«! by coo.ting tb< olumintull ourla<e with • >uitablo 

joint com-d ond obndinK Mth • ..;,. bnuh, ot«l 
...,.,:. or rn><'J' cloth, .,. similar abrool"' tool .,- mat<rial, 
witll th< compound in ~laco .• Tho. wiping o<tion <fQrioR 

_ innolbtim .of -.WO., ~IIÍn,fO .. W.IIcto<ily .t<RlOYH 

tito film on now condtxtoro ...;rhout ><lditional cl .. ning. 
Weo.lh«td ...,.¡~,., sbould bo d.-.d by obra.ion. Sorno 
fittin•• ore factory·fillod with o eo<npound. "'hi<h io 
bonolicial. 

Somt eompouno¡. """Wn met>lti< partid., ... ruch old 
in obtaining low cont><t r.,htaneo. Oth..- coonpom.U ,.,._ 
,.,... tho <><Ki< film by ch<mial ..:tion. All ofl"cctive eom· 
poundo O<l !O O<>.! <OnMCÚ0<\1 ~or>ÍMI O~id&tion OJtd COt• 
,..,.;.,., by pr<o<nlin& >Íl" ond """""'' fr¡¡m r=hing =· 
oact ""rl>«o. Wb.,, it ;, ol)viouo th>t u.; ourlau• "' bo 

join<d ""'-'!d bo '""""'' cl .. n<d ofl« roca!> dunino; by 
wiro bn11bin¡, final romo .. ! o! oxido ohould bo dono by 
abndinc thr<><>gb tbo joint compotllld. 

Tbe linea< coofficiont o! tbomoal oxpomioo ol olumlnwn 
i.s Jn>.l<r thon that o! copp<r. Thio conoidoration io im· 
portant in th.: opplication of tmninoton "" olumino<o 
condn<IO<O. Th< UO< of metal witll coofficirnto of ex~>n· 
,;.,.. l<oo Iban of olominnm = ,....,¡, in hiJh .,,.,,., in 
the olnminum «><>doctor durlng hat cyd<O. Thuc """" 
can cauoe additio!\lll pl .. tic ddorrnatlon aM oignifi<211t 
cr«p. s.,.,....,, can bo quito hi•h becouoe tho t<rniliul<>r 
ma1 opctat< ~• an ~pprcciobly low« t<mp<"tn"' thon th< 
""""Dt;to<. To onínimi>o tbo eff«to of diffor«~c .. of co· 
officicntl of <KpO.n•ion. it io nr<<u~ry thot oluminum t<f· 
m.i""to" bo we<1 on alum.inurn C<>Dductot1. 

Co11: 'on 

Gal.anic a>rro.lm con 0ttt1t botwrm dlnim~or mctah 
in thc P'<"""" o! on <i«ttolytc. Aluminum io onodic to 
copper and oevcnl .U.... n>ct.>lo io tht pf<IW<< o! ,...,,.¡ 
typoo of ele<trolyt<. Under thm eonOitiono, •luminum c•n 
..,.,.oo:~ .... tilicially to p<ot<d the <OI'p<t .,. «tl>in ....... 

-~ 

Golvani< corr01ion can O. minimi•rd by the ~rn¡><r ""' 
of • joint mmpound to k<tp moiOlnte owoy from poinu 
of <OniOct btt»<ffi di,imil>r met>.h. The "" ol rclotivtly 
'""' •nod•< .,,., on~ m.,,., con bt n>«l to minimi« 
tho off<<U o! .,¡.,,.;, rotr<><ion. Alth011oh ,., com"""' 
rroeti«. • ~ro¡><rly detign<d aluminum tcrmi .. tor e>n bt 
.. riofo<l<lrily u•<d dir«tly on copp<r ,.,¡.,, many ei· 
po!Ut< <ond.,iono. though '"" >hauld bt token in tilo 
odoquoto "" ol • joint coonpoomd. Soro. <n<x• ha.., h:td 
mony ""' o! .. riof•<tory mvice with ouch mnn..:tiono. 
In • ~roporly de.iomod terminator for <V<h >«ri«. the 
orca ond volume o! thc ~luminum t<rmi'"'"'· tho onodc. 
would bo lorg< <ompor<d to tbo <OI'J>Of eondu<tO<, U.. 

Soldmd <opp<r. buohins• in •lutninom t<rmin>t011 h:t..., 
bo<n uood otoCCOifully lor n=y '""" for olominum·t<>
<Opp<t '""""""""'· Tho oold«od rnnn<ction bctw«11 tho 
buohinro ~1><1 tbo t<rminato" """' bo ¡,... of ..,.'do to 
miWmi<e tho po11ibility of cor.ooion o! th.: ooldcrrd bondo. 
Bimotollie linero. eon•i.,inr of cop¡>« on ono •id< oncl 
almninum on th< othcr .idc, h>V< b<tn ""d lor oluminom 
to <OI'p<r <Onn<d;.,.,o. Plotod t<rminoto" h:t., bo<n n>«l. 

- but "'" in ~«tion of platino materiol onO in ol)toininr 
• nonporooo coatin¡ io <H<nti•l . 

Tho=oh .,.. o! joint comi"'U"f'o ;, t«<J<<IIItrndrd. fot 
-- all • IYI"" . ol- copp<<·to-alwninum, . or. olum.imnn·t.,.&lumi • 

num <Om>«tiono. 

' Tn- of Connoctlona Rocommmd<d fo• Ahtmir:nmt 

Underwritero' L>.bo,...l<>ric. bu ~•t<d ''""'"""'"" op
provrd for "" on olummum. Such terminote" h:t .. 
•••tteufunr •ith"ood CD<lerwrit<"" Labontori" p<t· 

lormancr '"""· Both m«l~>nial ond '""'~""'"" ty¡>< 
totminatoro "" ov>.iloblc. The rrmt .,tioloctot}' tomUna· 
"'" or~ opocilicallr de,.¡(ned for oluminum conductor~ lo 
pt<vtnt ony poooible '""'bb hom er..-p. cor=ion. ti!< 

. pr<><n« o! lll< oxid< film. and tbc diff<rn><oOo! eoo:ffi· 
ciento o! e~pan1ion of oluminum ond olh<r mru.lo. lh· 
dwtical alttm.i""'" te<minalo .,., """' ,...;w,¡, whieh 
!'<'IOtnl utiobctorily on both coppot ond almninum 

-~ 
Who:n ~!..minum terminah ""' <OOne<t«l to oluminum 

or eo~p<r podo. bc•t multo aro obo.iotd ¡¡ both contact 
oorloen are .t=drd thrrugh o coating of joint compo•md. 
The u« of olumiñum alloy bollO !oc ouch <onn<<tÍ<>•" io 
"'""mmmdrd. 1f """ bolu ...., ....t. llollovillc •Pting 

to mointoin <OOotont P"""" 

For olwninum abl" in thc ritcular mil,;..,,, carrying 
hoovy '""'""· H«l!ent t<rmin.otiono e>n bt tnadc bt 
wdding op«ial t<rmU...I• to the cal>!<. Thio io bo>l dono 
by m<>nl o! thc in<tt .,.. otti<ld«l meto! O<C mrlhod. 
Tho UO< of ar1on f" olimi"''" thc.....! lor ony ~ux to 
bo u•«l in m>king !he w<ld. Th< w<ld«l ty¡>< l<rminol 
io ,.,.u., thon • comp<<,ion terminal b«ou>< tl>c barro! 
for holding th< <>bi< <•n be ve<f ,hart. lt. thorc!mc, h:t, 
tho adv>ntolr' o! r<quiring l<1o toom in junetion 01 t<<· 
minsl boxeo of <quipm<nt. Th< ,.;" odv.,,.ag<. howovor . 
io duo to tho <e<luction o! ,.,;.,.,.,,, in th< cot\DC<tóon. ,. 



. 
' 

E><h' st .. nd of !he eabl< ;, t>o..s«1 to Lbt ttrmii'IOI n
mlbng in o mntinuooa n><t>llk path for tht C'Orr<nl from 
<Val' strand d tht ttbl< to tht t<rm;oal. Woldin• t<r
min>.l• are- <>lt lmm ol«:trk-ndu<IO!- 1'1111< oltlminuni. • ...,-, .... .n..•-"!'1':"""'"' •· ~.:~o·- -:.··.f 

Th< tonguo:s .,- pad. ol th< wddini lY!>< t<rmin&lo, liko 
the largoc wmPr.,.,ion !yp<, ~'< dtHI«< lor two boT!o on 
IX incb c<nto;o lo conlorm lo tht NEMA 1londordo 

'"' on outd""r ·. .... .. - . 
• 

Precautiono_lor Terminatin¡ ATurnlnum Conductoro 

l. Whon cutting e>ble, >vo•d nickinK the "'""d>. Ni<k
in¡¡ make. tbe cable 111bject to my br.oh~o. 

Z. Conta<t >u.!ace> >hould b< cl.ancd. TI" abr.,ion o! 
conta<t >mt.m, nrefenbly through a compouoxl, ;, 
he!plul <><n with ncw >urb<O~ onol h <11<nti•l with 
... .,.th•red ,.,;~.,.~ • • • • • .. 

J.• U>e only l<<mi,.toro •P«i~<>llr <«ommeoxltd br 
th. m;¡ouJ!oct'"" for .,,. on •luminum <onolocton. .. . . 

4. Alwu> ""' • joint compouoxl u r«on>mmoled by 
the ononufactor<r. Tbc oxide film pencttating or '" 
moving o<<>p'<tic• ol wmc <ompouncb aio! in ob,.in· 
ing tU"" ¡,¡tia! "'••h><6,i.ty. Tbt ''""""" inlúbitin¡ 
and ,..:[ing propmi" of o:omr><>m>dt belp inour< thc 
=intenancc o! rontinuod l>igh <oaductiYity-.! ¡>f<· 
vmtion of oocro.iml. . . 

f"·~,"/·:.::t-~. • .. ,_,_~t:;.• -_,r 
. . . , .... ·_.,.i.._ ~: ~ .... '"'"«> • """'".:o J-. 

··~= -,;_ 
• . ~---

' ,;-. ·--, . . 
• • . . 

,.__.,_-.:-'' ·-· 
---''%?'-~--:~·· -· ~ (",::-_:;'::. '-

...... ,_._ 

.- '""··~~ -·-- ·. • 

'·' . '{. 

• •• 

• . . 
. . 

• 

5. In ma~ing •n oluminum-to-<;pl'<f <Onn<<lion whith 
> _ i• oxpo>e<l to ,..,;,tur<, pi•« tht olutninum e.,...joctor 
.'t 'obo.o tht <oppÚ. Thi< P"""'" wlublt «>PP<r ,.¡,. 
.,__. from roocbing th< >luminum «m<luctOr, which'coold 
,.._ mult' in rorro>ion. lf th<et' is" no tx,.,.ur< to 
'•·• rnol>!UfO, lhe rdati.--po,;tion'~¡ tho two mtl>.\s jo' 
·" 1 ' not imp..-t>.nt. _., -~ ..,.,.- -' • ' ~ 1 oc.. •" 

·,, ,- • --.~-: .e '• t •"..;>oft'• 
6. WJ,rn U>ing insulatod cnndotton outdoor~ <XW!d 

lh< «mducto< in.ulaLion-· or <O>~oing •• do,;- lo th< 
tortninoior os ¡..,,.,hle to minimi« wuth<ting ni th< 
joinl. Outdoo,., whenever Po5!illle, jolnl> ,¡,oo]d b< 
mm~l<tely pc<><e<t<d by I•P< or other dlwiv< 
m<>n>. TI m<tdoor jointo are to b., cover«l or pro
toct«<, tho prot«tion •hould compl<ttly cxdnd< 
moi•tur<, •• the retention ol moi11ure couM lud 10 
""" <mrosion. • ' • ~ ,_, ... ~--<-~ - • .; •• ,_,., 

B • " , USWAY •\" • ;. , ,-¡. ¡ 
BmwaJ, >om.tim<> e>ll«< bt" doo;t, ia an in>t.TI>tion <>1 

condu<tor> >Upporl«< on in>ub.to<> in on .ntloou.-e. Buo
way may b< <itber tolally endo>t<l (no p<oio~tiono) or 
""'1 b< p<.!orat«< to provid< v<ntilatiozt. :<- ' '•-

' ' 1 B"'"''' ;, panirnlarly ad-.nt.ag<OU> wbere nurnuot~~ 

""' "" to be mado <>1 • ""'i"'""'""""' notur< .uch., ¡, 
¡,,.,.¡""'tioa ¡;.,., monul>cturing ol•nU wbetc chong., in 
""'hin< lo<>.tion •r< mado. h i> aho u>t<l lo< N,h·<ll!f<fll 

l..&r ""''" -· • ' • . .. " .. 
·• "' 'Lo> •! .. - -"' • . . .. -: . ....... - "' . . .:, . 

•• " • ··-
' • .• 

.. 

• , . . 
··-. · -r·- ... ,.. .. 
-; ., -
'· 
' 

'· 
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"' .. ¡qo;, JlO·~.I. s:>•od p>I>>IOJ"d·IJl'"!:')·llOqS 
P"P!All'"l ~u¡..oqs ~ ... •na "!·ln¡d '"""":J·Wn!I>OI'( ¡o ... !Ir. ""'Fl'!l"l•~I "V 

61'6 Ul\l]d 

..,,,...,, ooos 
J>U• 'OIJOio 'ooor 'oosz ·~ 'oo9t 'osn 'oocn '" ··~"!'"-' 
I<OWO> J>q!¡q "! >¡qq~t 1! Á'-"'"'J J>po>j JO Á!>!'"' 

u¡-Jn¡~ ><1.1 ·m>dwt 0001 !""' 'OOll '009 '001" ';zz; JO 
""!1" \O>JJr» 1"<1"'~1 '!11-"' J'>'""'l"'""" '! '00!l"''!""!P 
'""fll"l"'"P"! Jo¡ f'>'" "1!-''WI>I'"" ~ '.<'"''"'! u¡-Jn¡,¡ 

...,J\><1'"""" ><!1 '>l'JI<nno 61"6 >mllo,¡ "<Bn¡<l >Olplol., 
JO 01l0lt>!fl<'! J"''<<.dl '<">P>IOJd >~o¡¡oA Ofl"l' ~>>~<>>q 

'!""!' -.,.."!'" >pn¡>"! <»¡.op "!·~n¡d "'''1.1. '"'!'>!' 
u¡.on¡~ >1Pf>"''"'"''" 01 "'"''"! "'11 ¡o 'P!' q><> 1""1' 
'I"""!U\ "lnll" 1< ['Op1.'0Jd >>' •~u¡UO<Jo l»"'o::l 

·.<¡Mn• .(>ql ~>Jq" <>u•q><w 
oq¡ "'" '''""q •ql "" P"•¡d <>>!A>p u¡-lln¡d >q¡ ql)hl 
"'" "11 ¡noqSnOJql Ju¡uunJ p1<0<¡['"oil JO P'""'l'Pl!MI 
!"l<!UOJ> U< lt P'"P!'""' >q "'"' Á<ln<nq u¡·lln¡d y 

'81 6 """',¡ "S ''""" 
·d)'li» >pi»¡> J>qlo put '<¡oo¡ >mq'<UJ )u>o.Cp< 01 ""'od 

'1'1•1!'"' 'I!P'>J Á¡,dm 01 ""''''' pt>q"-'0 "' " <)Ut¡U 
¡>J1)<0pUJ UJ Á•M<Oq Uj-JO¡d )0 0<0 UOWWO> ¡<OW >u 

u.ouna u¡-J•Jd 

-n"''"'' L>uonb:u¡-q~¡q P"' '.('"'"''! 

)U"-'J"> ¡»J<p '"'"''"'! Ju~)WH->"'"'1> '"""''"'! '"'''!' 
•JljOW JO "'"'J "'!l UJ '1'1'1!'" -'' """"'1 jO <u"!l'!J" 
"'!10 ·:.J<¡ 1""1'1~ f""" Joopo¡ '!1"'1 m >¡q<¡Ju• '! >o!<> 

"= 

.op»¡ "U ·f>.msopu> 1"1'1!1"'"' '" po<op= l¡¡-.-¡01 lfll"' 
f'W Utq <nq WO":W"J• JO J-'(l;o.." >1'1'1\"-'• '\ ..... 
·<no¡ >:>U'J"dwJ-""'1 ><LQ -"¡»>) >q1 pw :.J,(J u¡-:Jn¡~ ><¡1 
q!OU "tJ»¡<>><¡l¡n>JP .,.,·p>p¡<IW >0 "'q>l•u p><a¡ Ju¡ 
'"!"'"""Un¡~ fiA<ttq >A¡»>J O] <Ju¡O>do u¡-Jn¡d p>J>•o:> 

qlJM >¡qt¡¡ .. o IJ Á'"''"'l »U>p>d'"'--"'OJ JO U<>J]')J .. 
V""'"''"'! u¡-Ja¡~ >J><lw•1XI9 JO >-"'lw•--oot ¡o .(¡»~ 
•U> O]lj<UO> Ol>!'.O ''"'""< >q1 <UO~<IJ>l<'-" iU"-" UQ 

""" '<!001 •i<ln>od [»><l< 
·qJ¡q .,,, '<!<¡o•¡ >i'l"l> 01 UOOJ;<>UU<l> JO) <>>¡»p 
u¡.Jn¡~ (lnuop<l' JO) Ju¡1ow 2mm .. <11<>-<l., .. J>Mod 
>JJ'IOUI <>pJAoJd l•M<nq .<>jjOJ.L (<) "lUJod ÁJ"J[>p < puo 
.(¡ddno JO ¡u¡od • u»~l>q ¡>uu•q> uo¡<SOw<UYJ) ""'f»dW¡ 
•"'O) l»Jjp' JO) ¡»pU'lUJ <¡ ÁOM<nq "P»d (¡:) -·~""[JO 
UO\!J>UUo.> ''"JO) UOJ >~¡ ~UOJE p'>..:l' .<p<op !1>[\00 
JU>JUO'UO> "l<JOdJmu¡ .(<~nsoq upn¡d (¡) ·.,opnp 
·lt<l> p1<opu> ¡o w>¡<{l '""""\lUOO pu• P"9Jun < ~U\Pf' 
-<!Jd 'o>¡JO<mo. puo 1Buo119 ~\\.n >¡>¡du,o> ">¡q<l\'" >;o 
"""''"'!¡o nd.<¡ »14.1 "p>JJOti>J 1' ¡»pnpu\ ><¡ """ "apap 
-uoo l"l"'N -"!"'' ><><¡d-»•~l " 11'" " ><o~d·>J""!' 
.10) puo : "'1 •O <lr>' 009 1' m>dw~ DOOS O] 05 wo•¡ 
'~"!"' '"'""'u¡ !"Jn)>O¡nuruo " -'•-~•nq p.-puns "uOJl 
·•JI•""! m¡d'"<» • "~"" o1 ,1q.1,._,. ,,. •. ,, '"o!'"""""' 
>i.n¡¡ r""'l~'"-''" "•1u¡o¡ uo¡•u>dx> "•llnfl •nq '>»oq ~., 
'r<l"" .,,,.,,0, .,,., ''-""'11' .. ~'"' "~-'"'""' ..... 
·<>)><J >u "luO~»< \00]-U>l U) >p"'-' <¡¡•n•n '! ÁO..,<n¡¡ 

( \) 



·1"'-'" '""""" !WJ 1"'~-'\>cnW.(< 000'00l JO'""'"' l~""~' 
•l>O~! y "IUO~l''O")~~. >Ju<HUO "'""JO "I'"J JO)"" 
_,,., ~·~~ '-"~ 01 P'""~'"P '~ """'"~ ~L<:l~w~¡¡uwn:¡ 

"'-'"""!! ~~~~Wj']·l~OJJTIJ 

"UOI)<W>OJUJ <\01p '"")JO-' 
p.l[J'l'P JO) l J»d"'] o¡ "l'l!.-'"-'1 P'lB)!lU>.I -~~ "' 
,,~~'.'1 tw¡ll·,r 1''" ><~<¡ ~"'"1"" "11"\0' ''i' "' >m¡-ol-'"'~1 
l»J 001 "" "1"' '< o¡ ¡ ¡noq• "'"'J '""'' (un> >~: 
¡o pu> '~l l' PilO[ "!1!1> >"-ll Yl'·") ""'P'O[ 1"'""' ?-'l" 
1' "'-"«nq J<p.¡>J »U•p>~w•-·""1 ¡o do•p >~<!jO.\ >y,L 

'"'"''"q >d.<¡ "P'>J P'""l'"' 
Á[I<\Ol ••><1 >41 UJ >JO]<>><lill'l ""'l"><IO lj.Jll .(lq"'"P 
·Un UJ l)TI<>J (¡:) pu" '.<•-"'"q P'l"l!l'"' UJ ""P"P""' 
¡o l>OJ pu• «ji >~1 Ál'""'"'""" """"' (1) .piTIOM 
uo:m• """ >><Ido> ¡o ~'"' >">nb• '>d ""!''' "'"""\l"o' 
¡o <»ó>Úw• 0001 ¡u .,qwnyl ¡o >[OJ., >Id"'" PI" ><11 ¡o 
»n '~.L 'P"! »<nO. J>d <>J><l<U' 00)1 ""'11 "'1 >J]<U>p 
]U>"<l> ' "" 01 >J>mJ>U Ál["''"'" '! l] "»<>.M~ "Á<.-.-. 
-1nq »p.>>j p.><opu> Ál¡r¡o¡ l"'l" "~"1 '~l u¡ "'"-"'"'! 
uo-~n¡~ 1»'"1'"' .<wm ~"'" "'11""' >ql "' pu• '""!"P 
-'"-"'"'! p.ll'l!'""' •~1 ¡o .lu•uo u¡ P'·"'~'" " 'P"! "'"~' 

J>d '"'""" 0001 "'4' "'"'" """ '"'! '"'do' "! "'" 
-u>p 1U>IJO> y 1LO!)"od ~uo¡unmu ><¡¡ ~1!·" <><<> OWU' U] 
P"' "p.¡¡r¡<¡u" ID p.><OI>U>·Ái1'101 »~)·~·" "uu~pn>¡<UO> JO 
>dÁl >ql ~1~-" "!"-' 11 "JSS ¡o ><]1 "-'"'""'"'" ¡od<·l"'' 
>jq]lijWJ>d • UO !»'"'! >] '''-"'"'! "! !'>l!Ob>J Jo¡Jn¡.=> 
mqd >:.! ,,, l'""!l"''-""" "'""!"'"1' JO 1:.ldm >'l.J. 

"J>ql•><~> 01 ¡uood >~e>"'< ><JO wo>j tu» 
•11l> >fl<) ~~M~<[>I < ÁJJC 01 p.¡-;n Á!I>J>U>f <] -'"-~'"'! 

.,¡.<¡ »p.>>j ~1""1 11""' ¡o nqwnu '"'"1 • o¡ :t>-"od 
'!'l"i> >¡nqu1'•p o¡ '11""'" p.¡-;n " 'P!'I" '-'"-"'"'! U! 
.>n¡d o¡ l"'l""' u¡ "Á<.'I\i"'[ uo-3n¡d u<ql ·~~" "'"""' 
JO'""" l>qfJ'I < U] p.l101»Jn,_.... '! -'"''"'!" JJp»j "!"' 
. .,r u¡ "'"'-'"'! .,..,op>dwj--"Oj • """'"U! 0<6 »nli]j 
..,u-.p>dw] "'"1 'P"""d ol ""'! '"'1 ¡o ~uood> '"'>qd 
-<>+-><"'Id "'"P "'!1~" -'"-"""1 "P"'I JO '""J"P U>>P"I~ 

u~ona "P"'J: 

"' "l"'P»U J' !"'""'' >q U<> '""''" 
''"""-lJ"l' "'1~!'1 ll!l< pur uou¡ttmun ¡ou <o »JOd 
·W· OIXJ"(l(ll 10 000")! JO ~"~l" lj"">p-l>Oq• r '"'OUI JO 

""~"" OOOC ¡o '~"''" '"""" "' ''·"'"'! >d-<1 "P"; 
¡o '""' ·~1 u¡ -,,,""" ooo'o> ¡o '~"!'" 1!"""'-''oY' 
"""""" """' ~'!'1·" '1"""1"' "'ol' 1" •uoddn< '"'1 ""' 
., "o"' ~"!'" >Jq"l'"·" "" •ua¡<>u .,,dw• ooo's< >q 
lyH]W '1'·'"'"" ~>UJ·tz l" !)>Oddn, ,nq '{lj-"-"'"-Snq .. :!<1 
m-""1" ""'"""OW Jo¡ ""''" '~"''!'"''"~' IDJd.<l y 

'"Ol<" 
·U>3 p.¡muuo' -'ll'"'P "P"I'"! "'"'-" >q¡ "•'1111 ·; 

"'"'"·" ''l' "' p.li»U 
-uO> >>r »~>rl '0 VA~ 00>1 JO >J>WlOJSU"Jl >1>~,\\ ·z 

-wo¡s-'• ><)1 "! p>pn¡> 
-U] '! -'"-"'"1 >O """~" ~Uijlillll·lU>JJn> >J<~A\ ·¡ 

.,,., ""i·""IIOJ 
>~¡ u~ ¡,¡,,_, >ni•A P>l<J"'I" •q1 '"'"! lU>»tb 1'>!'1>"' 
·"''" ''"' ><"Jd-»>yl 'Y' "]<Jqo o¡ 1>'"' >q -'""' "!Id 
·mnw '!'U. ''"""" !"'!'"'""'·'" '"" "'"'Id·»''!' u!•¡qo 
o¡ Ln " '""'! "'"'"'"''" ""'P""""""' ''Ll .,,~""'1 
'"'"!" """'I"PJOW pu• ,,_.,od >~<\)OA-""'1 >OJ ''!'"''!" 
'"' uo ~>''" '!''~'o,,., l:/fX """' '~'" "q.L '(>561 
"In\! p><pu'l$ YWJN) 9'9 U"Jl "'l IOU JO O!l<J 1/fX 

"' '11"' "''"'' • uo ""~'' "'""""'q -''"'"!! ""-"'nl[ 
"ll ¡o s¡u>'U>i]nb>J ~"''"q l>''!"t»J "JI '"''""l>P o¡ 
"P"' "! ¡¡n•; ¡o ¡mod >ql o¡ '"'""' "Jl JO O]l<> ll!X 
>ql h\0"'! O) I>r<<>»U '>JO)>Jot¡\ '<¡ l] .,_,,¡ill, )<>!>l>ul 

-w<.-. '"'' '~'"'' u¡ ""!" "' '""!~" "'-"'"'~ "'1"'' 
_,.,, 1!"''!>-UOOjl wnw¡nw >a¡ p.>>"-'1 s¡ -''·"'"1 "'"!S 

"""·"'"'! '4' pu• '"""P '-'~>'101d ot¡l JO 3m¡" l!<l>'J>-ll<l~i p.>>mt»> 
><¡\ >u¡uuwp o¡ ·''"'·"""" U0\1'1"'1"' l\O>J1>-l>O'j' >uo 
-<¡uo 'p>l""'l IJ »oA>p '-'!\>'IOJd >~l '"Y"' 1uoa<l ><U<~ 

>ql -'11"""'" '! <oq¡ ""!S ·p.¡muuoo >q O] <] """'"'! 
>~l ¡o P"' ¡ru!u] •ql >JOq,,_ 101<>d '~l ¡~ IU>W>> )1rDm 
·'--'01!' ¡o '"1"' >¡q•u<Ar "ll ~"'1'1"'1" tq l'>"''""l'P >q 
p¡noq• ""~'" l!"''D-l>Oq• p>lJnb>J "ll """'l"']ldd• u¡ 

")O>J'\>W 

--uL("" '"" '~'"·" "'><!""' 000'001 01 000'>1 ""''' ·~""' 
·~!"' ,,~, "!•·""'" "1 "iuS)i>p "''""'~ ""'""-' '\>ql 0] 
I!!U!l" '"''""" '"""?·Unqs 112!"" o¡ »p>o u¡ s¡m 11"" 
-Jp-poq< P'""P""" ••"! '"'""''!"""'"" ""·"'"q owos 

-.,.,oddn• •~1 ¡~ ••P"l!" 

-:.!= """ >1¡1 no '"'»• !"'""""'"" •·'"'! •]JQ<ldns pu• 
""'! >41 JO ""'1._.1!" JO <>]-lu>nb>Jj (UTI\W >4,1 "<J"'! 
""! u»AA.l>q ~"?«!• ot¡l o¡ ¡<UO<uoolo>d Á)>lJ>.\U! " pur 
1""""' l!"-''!'"l"q' "'l ¡o """b' •41 01 I"""JI>odo'd 
"l"''!l' >¡ -""! •nq ¡o ~"'1 l]Un "'" "'"! !"""'"':,¡ 
>'l.J. '"'""' 1'"'1' ~!'"P >pul<<ili., >11"-"P!'""' ¡o I>>JOJ 
""""'"""'""1• 01 p.>l»[qn> """'-"'"'!u¡""'! snq >u 

'"fl'l""'''''P d<up-•"<~lo' "'1 z 
1>1drqJ o¡ "J'ij "p.l¡qnop >q p¡no.n ''"1"" o»ql "uru oq¡ 

¡o p= ><¡1 '' ""'"'""'""' " P"'l "!'"' >ql ¡¡ -~"'~'""~ 
¡o ,.¡¡¡ p.l1"'1!'"'P 1"'"'-'1 ''{] .10) >u¡¡-<>Hu!) ¡>.>¡ 001 
J><J" >l)O• r Ol ] WOJj "~ti» ·'"'""'~ Á>)IO>I !""' U]·l!Ojd 
u¡ drup ;h¡¡o• >OU '!1<>-<1'1 P""l q>= 1""'-'>q ,,..,, 
->p i]'[l 1""' 1U)Od )<>¡¡O<¡ "[1 l' :J.)> l""'l' <] "'"""'! 
U]-l!njd "J p>l>>d•> >q 0) "J' >'"l<JodW>] ''"UU]X<W "'Ll. 
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~ble at the '"'''" enttono: <tub> o! > 4~0Y/l77-volt 
•~pply, for <nmpl<. <>.n 1>< re<locod to 100.000 omP<«> in 
• 45-foot run o! 40C<l-am!"r<-totod CUt«nt ]¡miting bu>· .. , 

The applioation of <umnt-limiting bo'"'"' must induJe 
a voll.>ge drop <>.kulation. In odditioo, <on>id<ration "'"'' 
1>< g\ven to the total o;urr<nt ,,.¡loble to th< low-volt>~< 
circuir prol<C!ivc dcvic" al tho totminatioo o! the "'-"""· 
¡e. thc '""'"' th<ough the bu•w•Y ol"' thc motor ¡,.,¡. 
Dock curret>l which ¡, not limited Dy tho bu>w>y thot 
would bo '"" by lccdor drouit prot«tiv< dovi«>. 

High-Fr<qu<nq Applicotion 

The in"<O<ing u<e ol high-fw¡u""Y po:mcr in jr>J"'''Y 
h" lod to thc Jcvclnp•ncnt ol vory low-i"'""'""" l.o.way 
>Y>t<m> wilh intcrl<»<d pl"'c conducl<)t> ID<"" •1 ti"" 
higl>er hequ'"""- Thc u" ol "'"'"U 60-hertc """' 
ductor arrangcmcnt! at hi"h" lrcqnenci" n1ay mnlt in 
oxcc»ivc voltage drop unl<>< thr ,,mporr "ting ¡, rooltl<c<i. 
O.,ign o! thcse >y>!<m< is >omowltot >pcd.lli•col and !houl'l 
O. rdcrrrd to thc n•.lnulac"""· 

Troll<y lluoW>y 

Trollcy bu"''Y ;, > !p«ial lorm o! l>u>~vay ron!lrUdffl 
so it <an r«<ioc '""'""''Y ot trolrey tyP< bp_,ff drvie<>. 
It ¡, pofti<ularly applicable on , moving produ<Hon lino 
where, for «>mplc, it ;, !Omrtinm ncc«my lo oupply 
de<lfir powcr ta a molar or > port.>blo tool mo•ing with 
the produ,tion. fine; ol.o whote Op<r.,O;> '""" ba<k •nd 
fotth o•or • rango o! ten to t\<onty leet, •• th<Y pcr!orm 
thcir >¡><cifi< o¡><fOÚOn>. 

Trolley bu!w>y Í> u!<d for lighting d"n"il>tttion k<au•< 
it pro,-id" «>r.tintoOU>Iy · ><"•ilabl< •«•" la tho olewie 
oupply eoodu"on p.rmitting any de<i":d •rr•ng<m"'t and 
'""'-rr'Ulg<ment ol lighting fixtor<>-

Trofl<7 lrn>way ;, onilahlr jo """'1 dyln: 6.,~ a 
l=o•¡-duty, tht<r·plq>< bu,w•y, r>ted >< 100 ""'~"'"· 
d<>ignod primarj[y for I'O<Uble tool< <1< othcr mo.-ing 
load.. wh<r< it i> n«<<,.ry la .,pply pow<r la thc eq,Up
mont whilr in motion; ond •ccood. ~ght-duty bu>"":"Y ...;th 
ourront ratin¡• nP to 50""'~"""''- ~o>iptd pri=rily fot 
lighting circuit., but •l.o ooed for port.blr too4, <1<. 

Tho p<>rb.blo tool> or oth<r mo.-ing loodo >f< mnnected 
by Hoxiblr e>ble to troll<>> "hi<lt <OO•< en roll<r. U, th< 
bu,,....y. Th<>< trollrn "' pro>id<d with bnnho• m rollor. 
,.hi<h mol« oicctd< ""'"" with the bu, bar._ Trolloyo 
,,. availabl< <ither fuo<d or unlu..d. AI!O, uoll<n ean 
bo fumi•bod with box<> «xltoilling rir<Uit b:<>km or 

motor ""'""· 

T<ollcy bu<way, ., now bcin.¡ ""-nufacturrd, Op<rol<• 
at ~ very low -tcmp.r.ture ri>e, genr,.lly bo!ow .ltl'C. The 
vclt>.gc drop i> only obout one or lWO volto por huO>!.cl 
l«t >.t ratod "'"""'· """"'in¡ a uni!ottnlr dhtribut«l 
load. 

S~leetlon lltld Applicadon ol Bunn.Y 

The >cloelion of bu•w•Y for • givrn >pplicotion h.o1 born 
shown to be >imply a """" o! >Oirctin¡¡ • bu>woy that 

,.;fl <•"Y thr re<¡nirod an>OUnl o! rurr<nl •nol prO>idc 
.. ti<f><to.1 "'"'"' ot the loo.d. TJ,o oom;,..r valu" o( 
tcmper>lur< ti>< and •olt~< dr"'' liv<n lor plug-in onJ 
lr«h hu•~•Y aro •Uill><to<Y lor prdim"marr rough <~.i
m>t" or lor o;atcul.tiort! o{ in•tallation• ~hm "'""'' 
O«urart ;, not r<qui"•l. or on in>t>ll>.ti<>n> wh<rc it ¡, 
di!fcoult to r<tlrnotc th< cumnt ond powrr f•<tot of the 
lo><l<. On '" im[>or!•"' in•t•ll>ti'"' wl"tr the cutr<nl •nJ 
l=d pu~·" lo<tnr '"'" lx: dotrtmin«l. it ;, >.dvi,.bl< to 
mah ·' thnrn .. ~h ottnlt nf th< 1"""'' in>t•llotion >nJ U>e 
>«Utol< formul., tu drtmninc th< bu<way pr;!ormancc 
dt>ra<trrti.ti". ni. ;, "p.ciolly imponont en low·>nlt

'•~·- hi~h curr<nt b'""'1-

T~c fn11t rnaior it<nn thot U" ploht '""inrcr sl•onl<l 
con>"ter ;, <lc>i~nitLR o hU<W·'Y di.trihu!ion >Y>I<ttl arr: 
<<>nti•HI"'" """ nt· roft) in• <'l'•city, •olt>gr Jrop, 1ho• t· 

"""'' ,,,.;1y. ""'' '""'"' lo""· 

Volt•g• Drop 

The "'""''¡;,.,¡ trr>i ""'" nf voltaK<-~rop pmb[o," •m! 
•r<dfic volt.>go-.lror ol>t• nf bu•w•y •.rirti" will bo 
loun~ in Ch•pt<r 2 ,J thi, book. · 

Tbc •olt>•o drop in • kction ol plu• in buow>y, wving 
• grou[l o! ino1i.i<I"OI 1"'-ds diltrihll«l unilormly •long 
tho l•u•~•Y len, ti•, con be corr<Ctly rvaluot«l by con>id"
in~ tl»l thr entiro lo.od K<OUV i> l«lfmm thr r<"flt<t point 
ol tbr bii>W>y l<nKth. The volt>.g< drop"' comput<d will 

1>< tlqt which would bo "'"""'' ot the "'""'' rnd o! 
thr "'"· 

In buswoy "'"' o{ unoym""'tti<>l spo.cin• (fi>t opacing 
of pho>< <ondU<IO'I A, 0, C) tho ho!w•y >olio¡:< drop 
will cortt>\n •n rlrm<nt ol YOI!og< unbalan<<- For long 
run• of th< largor am¡x:ro load<d boswoy, tho '!liT'""'' 
V<llt>g< unlqf•nc• ma,. bocomo btg< """"'" to be objec
tlonabl<- \.\'brre\<t de>irod. the =Dolan<cd \"Oit.>g< dr"'' 
an bo dimin>.t<d by inttodtlcing t-..o ~r.o.,.po,iriono along 
thc busw•y run. F.arh p""" wi!l thon """ occupi<d .och 
P""iblo physial buo bar r>O>ltioo lor an oqual eff«live 
l<n¡th cf tt., run. '!M reoult ;, <quol eff.,.,ivc impedono: 

in urh p~.a..,_ (The low-im...,.Iancc ''"" 00..""1 ernploys 
a r<pc.><in¡ p.aUCfn cf O)"tnm<t.-ico.ll> diotribured bu• ba" 
..-l>ich moku it fr« ol unbolance.l .ol~o drop.) 

Sbort-Circult Str....., 

Th< >hott-<Íf<UÍ\ curront "'ith,,.nd <>po.bili~ .. o! !he 
••ri011• trpe> ol bu>,.ay " trftoctcd in thcir ""'""cd 
ol>on-cit<:uit rotinJ> """ ¡,.., lOI><bcd upon in ><>eral 
pr.,., in the bu""'' scction. 

h is oignifia.nt lo noto '""' thc •'"liry tn with>b.nd a 
high<f ovail•hlo shott-<ircuit <Urrmt ean be obtained by 
mor< ruggcd <onmu<tion and clo,.r opacing of bu• "'~" 
""'"· but moy •loo 1>< obta\n<d ...;thout • phy>i<->l <"=lf< 
in the bu>W•1 by th< intr<Xh><tioo ol • ~;gh·opccd loult· 
<Urrent interruptor (i <-, curronr-limitin¡¡ fu><) al the 
powor-oupply <no! of tho bu,..-.1. 

Tho '"""' ol ohmt·drcuit do"""' ot • loul< poinr 
within • run ol bu>W•y <an 1>< gr<>.tly "'rbod by moro 
quickly inlrrruptin¡ the Aow ol loult <orr<nt (R<f« to 
Chopt<t J, Foult f'rot<ction). 
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Th.o: po"''" l<><s in • i>oJway «>mpd>n tht ,..;"'""' 
lo'"'' in tbt ~n<ton •nd tbt <'ldy~n<'llt>nd hnttrt.i• 
lo.><• in lb< bou>ino. """'"<«r, wbtn om<o'"'"""'"" of 
bun••Y <OO>Iant< >1< ""'d• ,.·ith tbt bou1Ífll: m ol.ce. 
lht bousino lo.,.., ill"'<""l . .t.ow ~p ao opparmt """' 
on<o loooto io lh< buo bo.rL 

Th.o: m .. wr<d a'"'""' r<>i"'"<< of th< bo...-•y will, 
thor<lot<, in<lndt not only tht 1<1i<lan<r of th< oondLlCio" 
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l. Nati<m>l Elortriral r<><lt 

(Cumnt Edition) 

l AJEE-li'CEA 
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IEEE PobH<>tron No. S·ll5 

l. Gonotal Sp<ci~<ationt for \l'iro o..! C.blt "-ith 
Rubb.r, Rnbbtr-UKt, o..! Th<rmoplolli< ln>ttla!i<m<. 

!PCEA Bull<1in No. S-19·81 

FOW1h Edilion, Juu,.ry 1964 

'" 

bu~ also, on additionol '"~"""' rt>i1t>n« dut to i..!uo<d 
lo>S<1 in tht hou>in.¡:. llu1woy nunul><tuttr. <>n •upply 
1<><> dat1 for thrir lfll<m> ond thio infor .... lion ,¡..,.¡d 
bt obt>.in<d ,..¡,.,n on inuollotion io bting d«i.-J.. 

ThrS< "''"" Oft dtp<noj..,, on tht lr«[""""J oo thot 
buS<; <J<,;ign<d for 60-hort• .. ".;" nuy ""' bt >uit>blt 
foro,. al hi¡btr lt<qumritt "'ithout '<dud"': tbt <urr<nl· 
carrying <>.parity. O..noto nuy alto bt n«<> .. rJ in th< 
bu.! ot.ang<ment or hoo1ing ""l<rial at hi&h<r fr«¡Uenci.,. 

4. UnUo;ground Sy"'"'' Rdmt"< Book (1~57) 
E.li>on f.l«trk Tn$lilulo Publicatiou No. 55-15 

:;, R,bb<r-ln•ul""l Wi« ""1 f•blo /ür Tr.'n>mi»ion 
and Di•lnbuHon of F.lt<lritol Enmn·-January 1%4 

IPCEA Publiwion S-19-81 (Fourth E.lition) 
NE~IA Publ;.otion WC l-1%4 

6. 11><rmopl.,tk-In.ul0l<d Wir< and C.blt for Tr>n•· 
mi>~"" ond o;..,;¡.,,;on of Elt<!tk.al F.n..,-JD"-Jnly ,., 
IP(EA Publkotion S-6l-4'l! 

XEMA Publiutiott IVC 5-1961 
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>t(l !mUO> <>znll, '"'' !"'IX JO ~U,OUUl'> U)""!') OJ. 
...,!1"'11 >¡w<IU<>O> ...,.,...,.,...., ....,,., ru>u»~ u• ~~·->o¡ 
,.,..,.. l¡>ti>?\11"' ,,. "l<¡> BUJ>""'l"' ><>IJ.l. -wml< 
UO)ll>qOSI'!P >!'1»!> >t(l JO <1<<» !""~ >'11 I»!JO UOl"') 

J><¡>O 1'1'1' ""'"!' !>llj><>Jd 1""' ''~""" ,,.,,, .,.,.,~ ""!!" 
-ud<>Jdd•"' lOO> U)t><¡o 01 ¡»m >q "l<¡> ><>'fl l<OW 'IX>)l!P 

•UD> 0U '>pUfl '"JP"" W>]<Á< "!l"'rdW<XI Bu)lOW JO 

>roo!;Od >tjl .tOJ lj>ro" J'>lU><>.Id >'> "l"P 8U)MDjj0j >'JJ. 

·¡ m~"'O ¡o ) ""' 
•)>jl\l U) UOAJ8 IJ <l•p jOJ><n >UIOS "J"'!O'>dO <) )o><"dfUb> 

>ql .1>0<¡ UO pU>d>p ¡u>w"¡nbo >J>P>]> ¡O "l"' ""lfO_,¡ 

·wnw¡u¡w • o¡ '""1"1 ¡o "''1 
-u,mu >'fl »np>J U<> =rouo¡u¡= >AJl""·'>Jd >u¡¡no> pu• 
lU>..,d¡n(l. >l'nl»p• JO UO)I•Il"l'U) >q¡ l"'l "'''"" ÁU.W 
"''"l ><¡ ••• ¡u>wd¡ot> >)'!>>¡>>o¡> ¡o ""l"l ><u . .,.,,np 
-uo; pu• "''"""1'""" -.,~"P "!l»>o•d P"• ~"!q»r•" 
¡o "'!',_ lnrw>oo wml• ""!l"'l!-'1'~ !ur¡d ><u 

~l'u¡pl!"'' pur lJ>u)q><•u o¡ >hwop 
•t<l!-poro ..,.,..po><l fu!'J•!I'I~~· ¡o ,..., .. ,_, 
J>¡>om 1'1"~""' JO ''"L""'' ""!l""p<IJd ¡o 'SO! >pn¡>u¡ lrnw 
""1!'1 ,.,.o<l¡o '""'>tU. 1"'-'>l'!'uo' >q "'!"¡m"' w.,..:, 
>¡.11»P >~1 wo;¡ I'>I<"'do Ju!"J ""!'!'"'" ''11 ¡o ""1!'1 
I"'!""J""' ¡o puo A¡&ln< ,...,.,.. Knou¡Jd >q¡ u¡ <>!'1<10 ¡o 
AITJI"-!10<><1 01!1. li<>Liodjnl» ]U"JO J'l<>l >'11 Uj >A\1»<1"><1 
•><!OJO ll! u¡ I'"'J')IUO> >q !<DW pu• "l"l' uo¡¡>np<>JO 
>o¡¡ u¡ '"'"''1' >uo o¡ W>1'-'' UD!1"'!!1li!P >o¡¡ J>qwow 
.,. PI""'!' '""!~"' >~n Al'">' >q¡ ~u¡~= u¡ ·w,.-1< 
'IO¡Uiq)'¡<¡p >~\JO~Jnl!<J hq p><D<> <>~<¡no WOJj >DU>A>J 
pu• uO¡!>npo•• u¡ iiDI >q1 !u¡u•»uo> OJOl>•J >ql JO uoo¡ 

·•"!'!'""' '!'""""" uo o¡u¡ JJ"'I! '"1"'" >••Id I'PJ<npu¡ 
u, U] Ul>llht UDI,IOqjJI".P jO ,.¡.(¡ >q¡ JO UOI¡;i;lj .. >qJ. 

lU>wd¡nb> P•• 
•pU.,I JO !U!"' >~1 p<IO 'uO]l!'¡""'J >!qjOA '>mu >Jq" JO 
l(lBu>¡ 'wo¡o{< >~1 ¡o ""''""!"!>" ~¡?<dn-ru¡¡dru,¡u¡ 
~1"'11 '""!'" >~1 ¡o "!' poro ''"!1""1 '<•o¡ow ¡<> "!' 
~J;>UI>OJII'UI JO "!' 'li»WO¡ob:o JO 1<<>' '>Jo¡¡oA J¡ojdno 

J¡¡¡¡ln >¡qo¡¡• .. " q>n< """'! '""" .(q 1''""""" '! ..,, 
.,.¡>< >l<!jiiA ><11. 1"'1>f'!<UO> >q I"'W \"'JJ JOI><J lto .. Jod 
-w¡ "" •! o>f•I¡o.< ""H"'l!'1<!P "!> ¡o uo¡m¡>< ·~1. 

l•""'l >1°ll"A 

·p>¡,! 

•!1"'""! >q p¡no~• uo¡><J>u>~ !"""!¡o """" >q¡ '""~"''~ 
·Áq • '< ¡on¡ ;o "'"'" mnpo•4 ..,,.,d '~' "'~"' ,., 

. . 

>310) 11 WO>II JOj J"'OW>¡I >1(1 ""1.'1\ "U<IH<J>tl>3 J>"od 
~J!IIR( O] o¡q¡uod wop¡>< <j 11 """Jd JO ÁIUQ(I'W >o¡¡ JO_i 

">IQ"J,'R( .(¡¡""~ 1! 
'! /! ... 01 1'>''"!1'"""! "1 p¡noo¡< .,..,)4 "' '"-""' 11!!!'1'11 
• ., • """1 >¡qm.¡ .. '"'""' ..(¡d4no ll!l!l" ~"'<>">~ 11 

"UO,<J>p¡<UD> l>poo lU<¡d ¡o >d.<¡ 1"'' o.¡o >~1 
u<><IR lu¡pu><l>p »o'llodw¡ ~"!""' p '" 4>!qM ~W>\1 
lu!MOIJO) >1¡1 ''" >1>41 ~UOWI/ "UI>l!Á> UOJIO~U"Jf' >~1 
Ju¡uuo¡d u¡ >p<w >q l<RW 1<41 •uo¡sp>p >¡tuooo» ¡o J>q 
·WRO 0 '" >»q¡ U.MU~ _,, <IU>W>J¡nb>J ['N>j '41 1>\)1/ 

J'>"!"'""P >q o•¡• p¡no4• uo¡•uNxo JO) ''"'"'"!""" >41 
ru• '"~"'~' •o¡ P'~"'" ÁIJJ!~!"~ '4' 'p>•¡nbOJ '''l!q"!l 
•>J JO >>J~>p >111 '>P'OI Jo(<w "11 JO UO)l<>Oj pu• <•!< 
·~• 'p<o¡ >q1¡o ""'"">u -uMw¡ "1 p¡no~· '"'Id oq¡ o¡ 
>lq<l! .. • "'!'"' hl!I!IR >q¡ pu• 'uo]l"""! ><¡1 '<>JO >ql 
'1""1 "~JO u~ >~1. "p>z¡mopow ~U)>q ¡ut¡d o JOj "·"""'! 
o¡ >0 '¡uo¡d "''" • J<>/ p>J<d>'d U»q "'! l>•••• 1'"'1 "11 
lhJl p>WRIO. <¡ IJ »l'l"J> <!'JI "' UO!"""!P ot¡1 >O_i 

-uo¡l"'i'.ll'!l' "-"011 >¡"~~»~¡ ¡o .,"""'~ 
,.."".,•"! >uo¡d 110 mn¡>J "''""!=m ><¡¡u.d<»( 01 10U 
'""'odw¡ '! 1! lii>Wl»>u¡ •"''d I"'OI "JJ ¡<> '""'><! 01 
<mfl 1"1 "1 •nen'" W" '"'"'' '!--'1»1' ''ll ¡o ,,., 0<¡1 

»~~!S "W>¡UI ""l>"'I'.JI"P 'r<i"''"' '""" ><¡! ~u¡uuo¡d u¡ 
p>J>p)'lu<" "1 PI""'!' ~'!'1"' ""'"'! 1"".,. ¡o >uo ¡ro:¡ '! 
'ltOOIJodw¡ 'I!~M '11<» "'''''' ln¡l J'>"><q4w> >q p¡noq< 11 
"<1U>W>Iu•"• UI>J<hl '-'~'""'!' ¡o rn>i¡Jodwo> >¡wooo» 
•q> •! Jo¡uuo¡d u¡ >llo11 IU<¡Iodtu¡ uo ''"''"'' 'l'l"l' >41 
U) iU>Wl'>'U! l<<>j ·~~ JOj <IU>W>J!Ob>J J>MOIJ IU•jd 
>I.Jl l»•u Ol l>f"O u¡ -p,n >q UO> ¡n¡¡ ó!J>U> JO WJOj 

'"'!""""' P'" I"']WOUúO> "''"' '4' 11'" '! ''"!''"'' '""!'"!!~"" """" '"'1~ I'!'""P"' ¡o Álf•o!•w >q1 •o,¡ 

""'l'P •o¡¡>Jdwo> ¡•BnJ!JI 
·u» otJ<¡ Jo¡ »JnO< J>Mod o '" ó¡p¡40J Ju¡doi'"P o¡ 

'"·"''"' "~ '~' '"'!' '"'"''4 >41 >v '1'"" "' IU>wd¡nb> 
¡o o¡¡un '~"1 "'~" '""!l"!idd• u¡ ÓJ"l"'!l'"" '"""1~ 
>ljl u¡ ~'""' ÁJ>A 11!1' '! J>Mo<l <U.,IS "'"'" >¡JI»j> 
>q1 41!-" uop¡¡><lwo> t»J)p u¡ ''lU!'Jd l"!'""f'U! u¡ IUD, 
·<>!)~~· J"-'1<><1 lunn JOj p><n "I'P'" <] J)< ¡»>"Jdwo:J 
""~"·1><1'""" >¡qoJ>p¡>llO> <¡ "'4' '""~"'! 'p¡•9 ,.,...,.. >ql 
"1 "1>4.(¡ 111)1><1""" p>>=!'"!l' ÁJ>>>r<Jw<» >"'"'1' ""~ 
IIWOJ >¡JI»)> ..,.,.,¡unw..., u1 l!D poro ••~ 4>!-" >~1"1 
':'"1"!0?> ><¡! UOM <«¡ ~>!''.'"'!' hr.qj!l ¡o PI>~ ><!> 
u¡ -poo¡,.w In¡] <q f">'!d>' ><¡ •o •¡>Oq>>W "'l!l><lwO> 
-"1¡10 lu• ¡o l"'jl ""ll "'1 '''" • 1< ¡uo¡d >q> ~~ ,.,...,.. 
>¡qopu>d>p '>¡n ~'l"'"l 1'""' ""1'" >!11»¡> '41. ''"' 
·IÁI ,.,...,.. >ql u¡ <')UIOUO» uodn <fiMI"" •!'"!""" >ljl 

p1J< '1<0> ¡o W>lj uo 'p<>¡<U! '<¡ 11 'PI'"' ~uj>q 1>npo10 
>4l \OU <! J>Mod '!'l»j> Jn¡¡ 1></ >q¡ 41!" j»IUOJj 
•uO> '! ¡u•¡d j<¡J¡<npu¡ U< u¡ "'"'Bu> I"!•P>I> >ql. 

) 
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In making <eo'lomk rompati!on< it io hnporl.ant thot 
tho rnti" •Y"<m b< induolod, •• <O<h pan ol th< IY>I<IIl 
io """""'"jally r<l>t.,j lo th< wbole. 

Inot&llati<m eo. .. 
Tk <mt hura in thl• d».pt<r «>•<r <'l\1;....- «><11 

only and M not include in>talbti"" ex«~! in Tobl<. 10.9 
ond 10.10. 

1-Jow<Y<r, whOr< nn acouralo infnrmatioo io •v•ilabl<, 
tll< lollowing f•¡;uroo m•y b< u1od to o~toin l "'"""bl< 
approximation lor in>tallation lor rompo,.ti>o purpo•"' 
only. Th<>< f'"""' do ""' indud< foundation> and '-"Y 
opeci>.l r«¡\\ir<m<nh. 

Power TronolormeB 

The in>tallation oi o thr«·phl>< tronoform<r oonoi>tinr 

of pl>cing it 00 lh< l<ru..r..tiooto aro;! m>.lcing """'«tiolto 

;, appro>im>.td~ 1 ""'"'"' to !S p<r«nl o! U.: <"O>t ol 
tho< tron<form<r. 

The in,tolbtion ol a ban~ ol thr« oingl<-pho,. Lrono

fortnoco ;, •pprnxim•ldy 15 ¡~rcont lo 25 pm<nt ol th< 

oo>t o/ th< tronoformrro, lf o ><p>rat< !tfUC!Ur< io r<

QUirN lo molo: the ">< OI ddto conntc~On> thio odditiot'l.ll 

<011 ohould b< addod. 

Tablo 10.1 

In<oming Line Strueturo 

Cornparativo Colt Data lor Equlpm<nt Only 

St.-vcln" Nc. 1 ;, o oimpl< singl<·boy ,,. .. >lru<lur< /or 
one i""""'ng lino. Matori.al «m>ioto ol olre1 >tru<tur<, 
"'" lhr«·ro'• manuaDy-<>P<"'t«l di><»nr.«t nvitdt, thr« 
~ghtning orr<U<ro, ""' ocl o/ in•ul>toro ond <"Opp<r <O<>

D«tions. 

SI'"""" No. l io a >impl< two-hoy stul strtrluro for 
two incomino lito<!. Mat<eial conoi<l> ol atrd otru<ture, 
lwo throo·01e manually-op<rat«l d',.<onn«l owitoheo, 
throo light"i"~ orr<ll<!<, "'" "''o/ inoulo[ors and COpp<r 

""'"""'''""" . 
SI""'"" Nc. 1 ;, a lour-boy >1«1 otl\KIU<< /or two 
/=len r.diol or loop <ir<'llit with mamo.! >«tkmoli<a~on 

an~ .,.,,.¡ "1«tion for t1'1.t¡;OLJOK !he load. Mot<doi 

oonoi>to of >l<d ''"'"""• thr« thr«-pole manuaUy· 
oporatod di><O>ID<Ct >wit<hn, tltr« lightning """"" 
ond - Rl of in<ul>tou a.-.1 coppu <OnOo<tioru.. 

St••<l>rl Ng. 4 ;, an cight-boy <1«1 mu<tur< lor two 
inroming ca<lial f«d<" ono.l lor four outgoing looden. 
1J.\odal <on>ist! ol >1<·<1 '"'"'""• ton thr«-pole m•nu· 
•lly-opmtod d'"'""""' "''''"''• ~~~ve l'oghtninK ><· 
r<ll<rl and <me "' of inoul>toro aM eoppet '"'"'"tiono 
<O th'-1 thrre bC<•hrs can b< u,..¡, two loe ineoming lin01 
attd nne (or tie lino. Pri<e of bruke<> not in<ludod. 
Obt.>in ~ri« ol Lreakero ¡,,., T•ble 102 .00 odd to 
atoo .. prie.._ 

\~--r( yl y . . r~ 
'( '\ : _¡ .. '---.,'"'.-/'-¡--'---, 

y y 

~. 

'" 

"T"'l ' ~ 

r,.p, o/ S"w'"'' 
No. ' No.Z 
No> 
Nc.4 

IHkV 

$ 4.1>00 

u:~ 
11.~00 

. h .. .bl . .-:.ld .. d 
~1~ ~l~ 

' ' ' 1 ' ' - ' . - ' .- .- ... -. 
2HV J•.5W 46kV "" $ 4,500 $ 6,000 $ 1,000 $ ~.000 

8,.100 ll,óOO !2,5-00 15,500 
12,000 JJ,;oo l6,SOO 20,0<!0 
16,500 19,00() n.~ 26,500 

TI>< abo,.., talrulation indiW<> only • few ~¡ tho< ••oil>ble typ<l ol outdoor ''"''""te>..,.¡ "iv<> 
eom¡>.ar>tive oric., ~"ly. nr.• •" •oJ le¡,.. ••N tO d.-J<rmino LoJ<et ~r appro¡o<i•tion '"''~ 
Cm" do not i""lud< <i<<u;t ~ ... kero oOO t<an>lormero. 

1 

. e 
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Fa<tory Antmbled E<jui;>rntnt 

Tke in•t..llotion ol f><Wy-ommhl..:l <Quipm<nl IU<h 
•• medium-volt..go me<ohl-•d owilthfW,Iaw->olt..ge .,_ 
•omblod owil<hg.,r, unit ,ulo$lalion> onJ lood or power 
""''" is appro•im•ldy 15 p<r«nl o! the '"'' o! the 
tquipm<nt. 

Cob1o 

E!limtin• ;.,,toll•d <O>ll lor ubio >re giv"L in T•hlos 
1Q O an<l 10 !U, Th<>< <o•" <>n '><y v.idtly but are on
tirdy >nit>blo for mokin¡ comp..d10n otudi«. 

Moton and Control 

In genero! il ohould oot b. "''"'"'1 to a>n>iJ« in•t>I
Iatioo <<»4 of rnotor1, '' tht in>toll•lion «"'' o! high
and low-volt>¡o motoro >ro <>><ntially the ..,._ 

P,.~parin¡ Eeonomle Comparl><mo 

Thio th>Pt« liuo tho comp...-.ti" .-tU...ting ""'' o! 
the m>.jor ito<lll of t<¡t~ipm.:nt u.ro in ind.,rial <l«trit 
di<tribution oy"tm.. Tht>t <O<I figurtl are t>.bul>l..:l lor 
individU>I <quipmenl in ordor lO ..,.ke it mo.-. v".alile, 
and ""k' il mor< >ppliooblt to th< v.riou> t:n><> ol 
ele<tric di"ribulion oy>ltm~ 

Th< 1>bl01 liot typitol r<tin¡o o! <qUipmmt, ond rrul<ts 
no atl<<npt <o covtr al! th< ol>nJo«< or opeti•l <Oting> 

ovaibblt in th< voriou> tyP<o o[ t~uipment ti,t«<. The 
pri<<> li"«< in th< t>bl<> orO lor •c,ui~ment only. 

A ,ug~O!l«l mtth<><l of proccdur< in P"p.oring CO>l 

comp"i•on• o! >>riouo di!lribulion >Y•'''"' io" follow>e 
(!) Outlinc lh< mo"<n pnittl> of thc prol.ltm; 
(2) M>k< >ingle linc di>ttomo of the >r>l<m> bting 

tOOl~orcd; 

(3} PO!ignot< nombm 10 lhc votioUt itcrm tu be com
p.orcd: 

(4) ~l>ko tabul>lion ol tht variotJI ittmo thecking tht 
""1"-bili<y of codo iwn; 

(In tho t>rl1 "'~" it ;, often """,_."' lo mah 
<>ti'"""' o! the l<»d> >nJ Oh< it<rn '"luirtd.) Th< 
inform.>tion in otl-.or t!uptm of thio book will 
~,,.¡., lhc tn¡inect in tnal<inr ,......_bit •uump· 
tiono 

(5} Tobulol< tl>< «>ot figut<> from thi> thapter; 

(6) Tht>< ore .,timatinc figurto to b. u>ed in «rm
pori>OO c.blotiono onl1. lf atimating figur,. for 
the tnli« distribulion >Y>ttm •tt t"luit«< •ddi· 
tionol coou "'"" bc >dded to conr enginetriog 
and d<>lting ""'"· ovtrht>d, contingm<Í<~ and 
local conJition~ Th< '"""'"' lo bt •ddtd moy 
rango lrom 20 ptt<<nt lo 6l:l porten~ JI "'"""" 
pric" oro requir<tl con>ult ""'nulocturm, <onoult· 
in¡ tn¡int<r~ ot t<>Oir><lor>. 

Table 10.2 

.. 

IligO.Vo!tago OutdOor Oil Clrcuit Breal<ero 

Comp..rativo Cost Dato loe Equipmont On.ly 

Coml"t>lil"t tO!l """" on< J.po]e. 60-he;tz outdoot oil drcui1 bre>k<r. Control 1witth, ~ro
tecliV< td>YI. or powcr oupply lor brtokcr op<ration io nol indudtd. 

J-;•ou ·Amft'"U A'"/'<"' 
" Am;r" lol""Pliog A"'i'<"' J~'""''';og iol<r.-.;liog 

RoUog RoU•g Ro~ng Jfomcnlory e~""''•' RMi•g Cwrr<~l CM 
af llred~r ofll•""*" w, Raliog Ro!nl tV L; .. ;,.u.~ Dau • ., 

IH .. ~ .... 10,000 "·'"" "" 14.4 '"' m .... ro ... .... "" '" '"' .... n~ ·~ - '"" IH '·'"" '·'" 1!5,000 .,.,. "'"" "'"" H.4 .... '"' 1!5.000 .... mm .... 
" .. m ... 12.600 24.000 'm 

" '"' m .... "'" ""' '"" ., 
"" '·'" ~!.000 25.000 ,. .. .10,500 

"·' '·'"" 2,500 .... 42,000 .... "·'" "' '·'" 2,500 "'"" 42,000 .... ... 
• .. ~ '·'" 35.000 19,000 "·'"" 12.000 

" """ 2.500 .... 21,000 24.000 14~00 .. "" J.5oo 40,000 "·'"" JI.OOO 15,000 

" '·'"" '·'" 70,000 41,000 ... ... 
"' 
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Toble IO,ll 

Medl..,.. Volto¡¡o Ind<>O< Motai-Enclooed !ntorrupte< s.,;tch¡¡ear 

Comporadvo Coot Doto lor Equipmont Ollly 

Com,..n.tiV< <>»t c<»'<ro in<loor fm·•"'ndml mot>l· 
<n<l<»<d >wit<hg .. r a<!<mbly rompltt< with iolmupt<r 
owit<b (<><hor un/u..,¡ or with oon..our«nt-limitinr fu,.. 
wüh ren<W>blc elemrnl' •• indi<at«l), thr~phoO< buo >nd 

intorconn«~an.o. rround bm, ob..,,...¡;oo window•, ar.d 
door int«lock. Th< intorrup!ing r>ting> m>.y '"'l' lrom 
m.>nufactur« lo m>nufcoclllror o( fw«. 

Raled s, ...... 
" " 
4.16 "' .. . .. 
4.16 ... .. .>A 
•• •• .. .>A 

'" '" .. . .. 
'" " .. . .. 
'" IJ.2 .. ... 
14.4 JU .. . .. 

Cast ,, .. , .. , .. 
"" ·~ 
·~ -

F"'" Rolrd 
lOOé ,\fu. 

""''"" r~'"'"'''~g 
Rali•g 

n,,_..p~uu, 

s,.,. .. ,,riul 

• ""' '" = 
"' "" 19.> "" M = .. ~ 

"" = 

"' -m "" "' '~ m '~ •• = 
'" ~ 
~ ~ 

For m.td<x>r <q~~(pmrn~ induding n«<n>ry o:o<nln>e· 
tion !..tue<~ ~ni•h, P>kding, opo.ot h<>.tm, <l<., 1dd 
$125 ~"'' unit 

>loll<d, o( potrntial tron>IO<m<r< <"'!uired lor vol"-&• •=
ing ao followo: 

Sí•t.•·~hru, Th"'"p¡,,, 

For ~uto..,.Hc op<r>.tor, odd $1100.00 p<r un!~ 

For "<merg<ncy-p"'f"e<d" autom.ati< tcon>f<r pan<! to 
control two automaHc oporatuu, add $960 p],,. «>!t. in· 

.-" .. ' Tobi•I0.4 

Powor Fu ... 

"' 14.4 

Cornporatl•• Coot Dou lor Equipmont On!1 

'"""~ 

"" ~ 
'" "" 

Comparativo '""' covm '""'" lu>o• in<iudin¡ mountin¡ d<tail~ ;up¡>erts and mpp<r oonn«· 
tion• to be mount<d on '''""'"'" liot<d in Tablo 10.1. lnt<rrupting ntin.g• m.lY vacy from 
=nuiactuc.r lo manufactum ol fwo•. 

• 
M o~-

Vollog1 A"'P'" /•J. Roti,.g 
>Y Roti•g ''" MVA c., 
13.8 ~E N""·Dropont ~ $ •>~-~ 

~E :.;"on·D•opout .. ~ 

"" ME :.;' on -llropoot "' ~ 

~E ~on-Dropout ,. ,. 
"' ME ~""-Dropoot "' @ 

~· 
Non· Drop<>ut ·~ "" oOOE Oropout "" 

,. 
~E Dropout ''" 750 

~· 
Dro¡>eut - ''" oOOE . Dropout <00 >00 

ME Dropout ''" uoo ,00, DrOf'OUI ~ ><00 

·~ 

s,..,so·•• .. ~ 
"" "00 "00 
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Toblo 10.5 

pawer Tunoformor 

Campa .. ti ve Colt Dua/or Standu~i«d. De•ign E~uipm<nt Only 

Com¡>arative oo>t <O><'> >n outúoor oil-in>ul•trd ••11-«><>lrd, thr«-pha", 60 h"''· ll'C nse 
lrandocmor v.ith low vol<a~e ol2400, 4160 ur IJ,mO vaiU, "'"h hialo· •nd law-volta¡¡o hushircgo, 
>nd """"'Y in>ulating ail. 

.. ~ 
1,100 

'·~ 
l,SOO 

"" "" '"" '"" 

,.,. 
'"" -·~ '·~ 
3,750 
>.~ 

'"' !0,000 

13.8kV 

$ 9,000 
10,500 
lJ,OOO 
14,!100 
18,000 

"~ •.m 

11.8 ¡,V 

$21,000 

"'00 
14,000 •. ~ 
Jl,SOO 
37,000 
47,500 

Witho•' !,ooJ Top C!.nn9ing 

No.,in.,llliyh-Voli"yr R,,.;,g 

2HV J4.HV 

$10,000 $11,000 
11,500 12,500 
IJ,OOO \4,000 
15.000 15,500 
19,000 [9,500 •. ~ 2J.Soo 
31,000 """ •. ~ •. ~ 

W;,~ el: ID P"""' fA,4 T41 C!.a•giog 
No,..;..,/1/ig~-Vo/¡,g, R41iog 

z1•v 14.5 ¡,y 

"'·~ "'·~ •. ~ •. ~ •. ~ "·~ •. ~ •. ~ 
:14,500 Jl,OOO 
4[,000 42,000 
51,500 •. ~ •. ~ 61.000 

AddiJion for l'or"J Air Coolioy 

'" c.,, 

·~ $1.100 
1,500 1.!00 

·~ 
1,100 

"" .. ~ 
3,750 .. ,,., 
>.~ "" '·m .. ~ 

10,000 ·~ 

fó ~V •w 

'- ,_ 
15,500 18,.500 
17,<XIO m.~ 
19,000 

·~ n.~ "'"' ... "~ 
·~ .... ·= "~ 

4/l H' •w 

' 
,_ 

··~ 
Jl,!IOO ... 
··~ - .l.J,OOO 
"~ •. ~ "·~ •. ~ 50,000 

"~ 61,500 
65,500 •.~ • 

' 

,. 
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• Tobl•JU 

lnd<><>r A!r Mnol.CJod Sw!teh¡oar 

ll'falu Sy.ch•o· 
Mo<irn•m ¡.,,.. n • ..., • .., /od•"'"" • •• SY"córo-
B"~t" '"'''"g llrtahr l•lm•fli•g Molar I'l<i•<tia• Malar "'" w c.,..,., Capa á! y M"'"'"'"'" Capoáty F•ll· . Motor F./l. M""' RaH•g af Rati•g Rali•g C",.,-'"' Mor;'""'" Fr~<' Vo/lagt Rraclar Vollogr Rtatlor 

B""'" Amf"" ., Rooing A"'t<'<' u.;, Starl" Sta"" Sta•!,. Starlff 

' 
., 

' ' ' • ' • • " 
24/4.16 ·~ 51!/75 ·~ 12,500 $ 4,900 $ 6.000 $10,40(1 $ 9,BOO $14,20{) 
2.4/4.16 ·~ 1511/ZSO w.~ 37,500 6,Hl0 7,100 12,700 11.000 16,600 
2.4{4.16 ~ 150/ZSO •. ~ 37,500 '·~ ·~ """ '""" .. ~ ... ·~ '" ··~ """ '"' ··~ ""'" 13,600 ""' 4.16 ~ ,. -.~ ··~ 

15,000 "~ 24,000 20,100 •. ~ 
'·' ·~ ~ 70,000 

··~ ~ .. ~ 17,600 1J,600 21,500 

'" = ~ """ """ .. ~ '""" 19,100 15,100 ""' <U ·~ ~ .. ~ """ ... """ 17,30:1 13,60.1 """ 13.8 = ~ 40,000 25,000 •. ~ 11,400 19,000 """ "'" "' ·~ '" .... M.~ 10,700 ·= """ ""' 
.,. 

!3.8 = ,. .... M.M ·= !5,600 •. ~ 19,500 N.~ 

us ·~ ·~ .... ..... 14,100 .... Jl,OOO 21,000 "·"" 13.8 - , .. ... .... •. ~ ..... ..... "~ 
.,~ 

For crut&>w sb<Jt.,ed-<li•lr <qaipm<llt •dd $1601'1¡><r unit. 

Ctrntro! --· . -·· ,....,¡,,..¡ Jo.- ...u. .. .... ll.tion "' includt<l-

T .. -o pokn\lil tran;lorn><n (o, moto< Cf inco~ ~,. add 4 kV $1400. '.2 O< 13.8 kV $1800. 

J.loto' Wfl'u<ntial and =•=t hab.nte ,.b.,, ..;,~ (6) "'"'"'' tranolol'fii<TI add $.1200. 

End<»<d >taning , .. '"'" .. , incltld«< •bo'-.-E"¡.,.,. f<om Tobl< ln.6.!. 

Coml'"'~ve Cooi Data o< Eqo.ipmmt Onl1 

Co/•,.~6: F=~e, Unit '""''"' of • metai·<M metal·<nt!oo..l "'"'"'"in which ¡,'mount<d • <tmov;¡b\e b,<ak.• de
m<nt wilh el«"i' op<rating m«h>niom for 125 .oiU ~irert cur,.nt dol< an4 táp. Complete with b1" and 
connttti<mo, th"e cumnt tranolomm. cable tormin:ll'.on f:oeilili<>, "'" omm<l<r >nd !<:moler switeh. on< 
ci .. ouit breaker control owiteh wilh tw<> in<licolinr l•mpO. and lht<e ov<rtllffmt f<IOJO .• 

Coh.m~7: lnduttion Motor Fuli-Vol,.g< St•rler tOfi>Íoll o!> me ... l-elod met>J·enelo!od "•u<lure in ~hich ¡, mounted 
a mno;-able hee>k« element wich eledeic Of'<I'>!Ínr mt<l,.ni>m for 12S vnll! dire<l tuf«nt. Clo>< and t<"1p, 
<Oinplete with hus an<l rtlfint<liono, thr<< tu<rtnl trand<>rm<rl, ooble tmninotion f•dlili.,, M< ><1 of >urge 
apaeitor> th«<-O~"e f<>e mounli"g., molor t«min•l• by t!u: P"r<hl!«, one "'"'"""· on< motor <Onl<ol 
•witch with lwo imJkatino '""''· ono ""d" •~lt•~< t<l>y, IW" thennal ov<rlo•d «layo, ond lhr« "''""'
,.,¡ <<i>)''· Polonli•l tfÓn•fo<mrro not indwlod. 

Col""'" 8: lmhtction M olor !loador St.1<1« '""'''" of >n ;.,,lurtion motor fnll·vollago !l>;t«, a reaclOf he"" k" unit, 
plt1< "'"""'Y <rl>y!. E!limat< ontlmO<I !l.1rtiog "'""' from T.;blo JO 61. 

Col"'""9' ~yndtronou! Motu< F.,:l.Volt<"o St.1<l« ¡,o d"plirnte of an ind<t<lion mol<>r {.,11-;-oltag< ""'" ph" 01'< 
fidd amm<l« wilh >hunl, nn< """''"· 1nounti"g for ,,..,.,.;1\y "1"'"'~ "dlt·t ~dtl rhet,tal. ono romple· 
m<nl o! device• to ¡trovi~< ¡;,¡,¡ 'l•¡tliration ""<1 fidtl ]'<OioclioH, ,,,¡ '"" ¡,.¡,¡ tli.chO<R< miotor. 

Cal"'"" JO: Synohoono"' ~lotO< Rtattae Sta<l<f roll!i$1• of a >)ncbronouo molor full·l'<llla~e ''"'"• • roa<lor bruker 
unit, pln< n«<>»<Y l<>ndtr rel>y• V.>1im>te <nrlu"~ >tortin~ ""'"' !r"m Toble 106.1. 

O,JJ,., Out~oor <Quiomtnl <On•i>l< of n<<<""'Y <!"""" ;, cnelQ!Urf lo m•l<e unil •uil'ble loe u>< oulrloo<> >nd_ 
iucluding !helle.ed aide lo<""''"""'""· 

,. 
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·~ 2,500 
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J.SOO .. ~ 

• 4,500 .. ~ 
5,500 
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T•Oio 10.6.1 

M<tol <:ocio"'! Sti,;n~ Ilo-1d0r Uni" . 

Prke Additivo• 

" 
,, 7.;! 

w "' "' 
$ 3,100 "~ "~ 
·~ ··~ 

5,500 
~.7rl0 6,100 ' 

··~ 5,700 •. ~ •. ~ 
·~ 

8,000 .. ~ .. ~ 
··~ 

9,500 .. ~ 9,500 10,100 
10,:?00 1!,000 
!O,RQtl 11,600 
11,400 12,500 
11.700 12,1Ml0 

12,000 1J,ROO 
16,200 . 

17,500 
19,000 .,. 

Tablo 10.1 

Secofl<laf)' Unlt Sulntation 'l'ranll'o<tn«o 

Co0111l<•rivo Coot Dota for &tolpment Only 

"' w 

' ··~ 7,4()0 

•.~ 
9,700 

10,800 

11,100 

12.100 
lJ,400 
¡4,400 

""" ]5,900 

'""' u.~ 

""" ><m 

C;.npo.ntivt co<\ <Ovtro • .......W.ry uni¡ oubst>.tion tr.t.noformu thCO<·plu'< 6()-h.nz with 
vol!>¡" u'"""'"· Tranofonn.,. aro ot>.<><brdi•e<l dni¡rn with prim.,y <>.b1o •ir fille<l l<m>in>1 
<hombor •M Pl<l•ioion for .¡;,.., conn<ction lo owit<ho:o•or hou,¡ng_ All boohm., •ro oid< w.<ll 

-~ . 
i-<>nolormoto •« equ>l coot .,Q,.I fillod 6s•c ,;,. or Y<fltibte<l dry I>O"C ,;,. iodoor rkoign. 

WA 

111.5 

'" ru 
m ... 
'" 
··~ ""' '~ 

""' 

.. 
l!UY/IZO 

$ •.800 ... ... 
'-"' 

""' '-"' 
'""' 

"'"' ''"' ''"' ""' ... ... 
""' 

m 
fiiOY!lll 

$ 4,000 

·.~ 
""' 
··~ . .... 
""' !0,100 

1J,100 
16,000 
18,900 

For outdoor oil l<>no/Ofmtr .,. moltiply by 0.8(1 

For 55"C ,;.., 1iqoid u>< 1.05 • pdco of tranoformrr. 

• 

.. 
ZO!.Y /Ufl 

'""' '·"" ... 
11,400 

"' 

$ 6,l00 

''"' ·= 10,400 

<M 
~Y/117 

"'"' .... 
'·"' ""' '·"' , .. 

10,100 

1J,100 
16,000 .... 

'" 
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TablolO.I 

Compa<Otlve Coot Duo foc Se<ondory hbll&\lon 
S-..itcb¡eor lor Uoe -..ith Tn.nolormer,_Tab\e 10.7 

Swil<h¡ear ;, thr<O-pha>< 60-heru !uuc-wi<o indooc with ·individuolly mountod loreakm 
man~l op<<>tion <>.oept 3000-4000 ompom •re <1<-<trioa!ly _operotod-<ontrol o.ource not 
includ«l. 

T m••!•,....,.,. MoldrdC.ut MdoiF••'"• 
& Moi• Bou RtorAr«>.O:blt fl·=··· Amp.,-., s .... ,.,. a ...... 

w ' ~ ' m ' M 
~ "'" •• .. ~ 
··~ 

000 ""' • '"'" ··~ ··~ '·"" ,.,. ,., 1.150 .. ~ .. ~ ··~ ""' ·.~ '"'" ··~ 
S« T•ble '-lO !or tf">.nsfonner fu!l-l=d ourr'ent~l«tive--fully ratod •nd eao<>did •PPiic.atOo. 
oilrreak..-.. 

Toble10.9 

Rdotlve Coot of 15 k V ond SkV Cableo lnoto!led in Ri¡id St«l Condult 

Coml'-'rotive Co<t '"" 100 AtnP<<e F<ct 

Coml'-'r•ti"< """ ""'"" one lhr<-<--<Ondudtlr .,. thre< oingl<-cnnolU<tOr ab1<> 
in•tolb.tioo indudin!< •plicing and tetnOnation. 

' M""Y oth« ty¡><• o! <>.hle and metbod. ol imtollotion •« aniloble. 
thon !hown in the following tobk. 

Mony of tbe"' an be in•to!lod oto lower total coot 

Co•t of termi,.ton not inelnde<l. 

R..ted curr<r~t on ""''' oi«<"C omhlrnt por IPCEA. 

' ' U•9••••d•d 
Non·•h,-rldtd 

lHV RHWTypr "' RHWTypr 
T.vPtVCL • Rubb,- T_vprVCL R..b!>.r • 

Coblr o., n.,.. n,., Singlr Coblt OntThm--.. T!t"' Sinqlc 
Si"' Cond•do< C""d"""'' Siz• Co•d•<lor Co•d•<lo•> 

AWG Ro!'d i• e o•d•i' Ro!cd ;., c •• d .. .-, AWG R"!cd in C"•d•it Ra!.-d ;, C""duil 
•• Cqrr.-..1 t/100 c ..... , $1100 .. c ... ,., 1/!00 c ... ,.., $1100 

MOf Amfr<r<' Amjoerr Ft" A•nPcr" A .. pcrc Fui MCM Ampcr" AmPer< Fw A•<tun A'"P'" F.,¡ 

' • 18 . .!0 ' ~ 9.80 " ... 
• " 17.60 • " .. " m 

' '"' 14.71l "" 14.00 ' ·~ '" '" ,. 
' "' 13.20 '" 12.00 ' "" '"' '" '" "" '" 15 JO '" 1!.50 '1" ,,. 7.JO '" ,. 

•m 147 • "" '" 10.40 '1" '" "" '" "" 1/0 '" "" "' 10 !U 1/0 '" r • .4n ~ "" '1" '" 11.50 2.13 9 JO "" '" r •. m "' 
,., 

'" "" 10.70 M "" "' "" 6.411 '" 5.40 

'" 232 "" '" •• J.IO '" ... .1Z1 '·" ... '"' 9.40 1M '" •oo "' '" "' 6.•0 

~ 

• 

E 



) 

• 

' Toblo!O.!O 

Reluive Coot of 'rbcee.Cond..Ctor 110(). Volt C•bleo Inot.U<d In Rl¡id CoMuit 

Comi>•rotivo Co•t per 100 Ampo« Fut 

Comp..r~tiv< «>•1 <ov«> aluminum or copp<r «mdU<tOrl in alum.inum or .,..,) rigi~ <0<1duit1 >nd dirott l>i>or lor inotaH>· 
tion incl uding opJ,cing ,nd tormi.,6on. 

Many oth" tn><• o/ <>.bl< and m<thodt o/ lott.Tiation Ofo ,.,;l>b!o. lll•n1 o/ th"e an b< Jn1,.JI<d >! • lov." tolo! oott 
~ tbown in _tho lo!lowing table. 

Coot ol t<nni,.ton not incl~ 

Rat.d cucront or koi• JO· e •mbi<nt. 

- A/u...;•u"' Alw"'l"""' ,., .. c.n,., 
r,,RHW TJ~<RHW Tyt<RHW TJJ!RI/W 

Ruóbtr Robó,.. ·- ... .. 
(>" TA•"Si•gl< r~ ... s;.9 ¡, n ... s;.g¡, r~ .... , s;,.9t, 

R.,.a c...,¡"''"" e.-~,, • ., RoltJ c.,.¡~•··• ,_, ... 
Cn>,/,SU• c .......... ;,s'"' ¡,A t.,.;""'" e""''"' loStrd ;. Al • .,¡ •• .,. 

AWG o• .lfCJf ~~. ... , .... '""""'' C<noduil ""''"" CD>«!uil c...&.;, 

• • "' ••• • "' $H. 

• • ••• • •• • ••• " ' ro '' " "' " " ' >OO ' ' " 
,. " " '" •ro " " •• " " '" .. u " '" u " "' "' " " ~ ' ' " '" 

,. " '' w " " ~ "' " " "' " ll 

'" ~ " '' "' " " "" '" " V ~ " ll 

"' »< " ll 

NOTE., All ~gur., indude .,.,"; .. ¡ eoot of <ond1bt ~ttin~, and <>.blo (•~<<P1 t<rminatoro), labor«>" lo inor.ll a.nc!ui~ 
abl< and torminati~ •• wcll ., JOb v.prn><O ;,..Judini ,.,.,, inour>~ sup<rYioiOh, h>.ndlinr o/ nuterlal, 
.,penohJ>lo ""'''· et<. pi"" oo<m>.l <>v<rhoad >n<1 profit (mat.,¡,¡ cooto b.S<d on P'"""' matkol). 

. ~· 
' ' • 

• • 
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'1' 
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ToblelO.ll 

Laq¡e Squirrot-C •r• 1 n<luetl on M oto ro 

Cornpuatlve Coot Dau 1...- EQul~mont Only 

Compaati-. coot ., •• .,a rwo b<•dn~, O!><n ty¡o< mo!Or, 
t.Joo v<>lt<, J-,.h>>e, 00 heru. lor coupl<'<l ><rvi« with 
•l>m;brd tOtQ""'· No •P«i,¡lfeotureo indudtd 1.0 m vice 
factor. 

H' 
100 

"' .. 
M ,. 
m 
® 
~ 
M 
1.~ 

'·~ 
•.~ .. ~ ,., 

H' 
100 

. "' lóO 
M 
250-SOO 
501-1000 

·-~ •.~ 

·-~ 10,000 

18/JIJ.j .. ;. é(JI],f .. i• ]()/} .¡ ... ;. 
$ 1,624 $ J,5JO $ 7,440 l.ru .... "" "" •.m "" "" 5,695 lO.'" 3.!94 •m 12,4-19 

J,746 >.m 14.187 
•.870 .... 17.246 
5,975 11,\36 ro.u 
'·~ H,6J7 ""' 1"" 20,150 JJ,lSl 

22.?59 J7 .257 57,\JJ] 
34,138 53,932 !10,107 

"'" 87,.158 1?5,117 
m.~ 170,922 m.~ 

Price Additiono Abcve 2300 Volto 

fi){)(J V oJt 6dOO Vol/ 

,,. ,,. .,. ... •• .. 
Tob!e IO.LZ 

IJ,21JiJVo/J 

Ftill-Vol1>~e St>n«o lor Lo.rge lnd~><cion Moton 

ComP"~tive Coot Doulor Equip,.,ent Onl,o . . ' 
Cc!mpa"ti"" "'"' a,..,. !ull-vol,.ge """' f« )01C< 

indn<ti"" moto" «moioHng of a hirh·v<>l~e air mnU<· 
""· hlgh-voltage r,..., and ll«<l .. ry prot«livt t<l>)'l 

mounted in a otttl <n<lo»or<. 

Th<>o ""'"' aro limit«l to the loorl<powor ,¡,.,, and 
voltag<S ¡;.,..¡_ 

The int<rrupting <>.padty i• ISO MVA., 2400 volto. at>d 
250 MV A at 4160 volu. 

For lacgor hompow<r r.otin~. hi•hor·•olt>ge rating, 

o<>d high<r int<rrcpting r>ling "¡ motor """" U!< 
mot>hlod swit<hgoar li!t«< in T•blo lO 6. 

l0-100 
70HOOO 

1001-1500 
Sü-1250 

12;1.2500 

UOOVo/1 

$5,600 
6, !lO 
ó,lt\0 

<!6/J Voll 

$5,600 
6,150 

Toble lo.n 

Smoll SquirroJ.Cage Induotion Motoro 

Comp•ntivo Coat D•t• for Equil""<nl On17 

Comt"-r.olivo eo<l COV<fl lWO·bearing, C!><n-tYJ .. , !.15 SF 
><¡uind-<eag< jnduetion moto", zro or 2Jil >t>d 04(1 or 460 
''01!1, thr«·Piu" 60 hertz, for <»upltd ><rvi« with ot.roi• 
otd tor<¡u<" No >pedal f .. tur<> ir><lod«i 

H' 18(1()r/oúo 'liXh/ .. ;• 

; $ ·~ $ 1" 
10 '" ~ 

" 100 ~ 

ro ~ "' • w ~ 

• "' m 

" w ., 
00 ~ l.O'l2 

" 001 1.~ 

100 $10 1.654 

1" I,W 2,R-42• 

110 1.484 J,826• 

>OO 1,910 4,597• 

'" 2,730• ·, 5,414• 
$00 J,J4S•• 6,196"• 

~ 4,Sl2" 6,94J00 

• For 2Zll or 230 I'Oit, •dd 59'o 
•• For 220 or 230 volt, add I09'o 

Tablo 10.14 

FWI-Volta&< St.nero lor Smill Jnduction Motoro 

Compa.rativo Coot D•t•lor Equil""<nt Onl7 

Com,..•otive eo>t <OI-<ro low·wllt•g< •1t<rn>.tinr·<u"<111 
,..,...,;.: loll-volt.g< eomhin>tioo motor''"""" v.it~ cir
ruit break<" in NEMA Typo 1 <n<lo"m•<> 1<>< indU<!Íon _,_ 
"' ¡;EMA s;=, lJO Vol/ 160 Vol/ 

. 7.5 ' .. ~ $ "' " 1;; 

" ' 1" 100 

" ' 100 

" ' m m 

" ' m 

" ' ~ 

100 ' ~ 

100 ; 1.349 

,M ; 1,467 
100 ' 2,941 

~ ' 2,941 



) 

!) 

Table 10.1$ 

Syhehronouo :.toto<o 

Com~u•~•• Coot Dota or Equipm<nl Ody 

eo., 0 .. rr;., ""'' «>•<" ot><n-ty¡>< ,,..,.b<,ing, :!.lOO· 
volt, tbr«-pba><, 60-b<rtt, lOO ¡><r<<nt P<"'" fwo< witb 
!he following lorquo.' 

MolorRolin~ Swl 
Tor~"' 
1'•1 ¡,. p,.¡¡,,., 

250-1000 
1800-600 r /min ro w ·~ 
1250-10,000 bp 
1800-600r/min • ro •• 
251J-IO)IO(Ihp 
lOOr/min • • ·~ 

For bq1<r hor,.pow<r rating, hiKber-ooh.o~o r.oli"-" .ond 
hiobe< intor~upring r•ting "'" motal-<:bJ "rit<hr<>< 1i•te<l 
in Tablo lOA 

'" lJOO Volh 4/llOVolh 

50-250 •. ~ 
251.\JQ(I ,,oo 
90J-ll50 8,550 

1 
l251-15tOO 8,650 

1501'1750 •. ~ 
S0-250 f/,150 

ZSL-1500 '"' 1501-1750 ..., 
1751.JOOO "" 

Co" of •~cit.c i> not indud<d. •,. 
1 

E .. mpl< of th< U o< of Cornpot>Hve Coot Figureo 

"' /8/JIJrf"''" /2011r/min 61!0 ,¡,.;. 

''" $---~-
~ 

M 
~ 9,155 ,., 12.11l5 

·-~ 17,211 

'·~ J.l,4l2 

$ 4,900 ' !M 

""' ''" 10.1JIS 

""' "'" 

~.JJl ,., 
'"' 9,69S 

12,.516 

""' ..... 

$ 10,55-! . . 
Jl,513 • 
ll,20J 
14,%8 
1B.65l 

"·~ 39,255 

'·~ 51,647 "·"' 41,718 .... '"" ""' ""' .... .... tzo.m 

'" 1000 Vol< 6600 V oll 

250-400 ... • 
4$0-1,000 '"' • 
700-1,000 ,,. 
'~ .. "' ,, .. •• •• 
""' Noin<r<U< •• .... • 17..5,.. 

0 A .. Hable but ><ldom u,..j_ 

Tablo 10.15 

5J,621 
11>,499 

1«.74.1 

Jl.<OI!Vo/1 

• 
• 
•• ... ... 
"" 

Fu!J. Volt>.go St•noro for Lar¡e 1.0 PF 
S)'1lebronouo M <>toro 

Comparatiw Coot Data for Equi(lment Only 

Con.p.r.otive """ <>>Vt1'3 full·'"'lt>¡re •wter for >)'11· 
ehrDnOII• ""'"'" comi>ting of a hi¡h·•olt>gr air <On

tactoe, hi¡h-vo!Uge ru..., lield applic>.tion ret.r, lield 
cont><tor and -=ary on>tnoti>< relayÍ moont«< in • 
11«1 -=-re. n...., '"""'' ... ¡¡.,.¡¡ed to ""' ho~ 
po.....,. ,;,<> and ..,!t>g« li>~ed. The inl<rtu .. ing <>.....,;ty 
¡, 1$0 MYA at l'lOO volh, and Z50 MVA at ~IW vol ... 

• 

'" • 

•. 

""""" • ~lant b<ing locatod who;e J4.5 kV ¡>Owtt '" 
avoilahlo from the urility an~ th< <>timotod initi•l lo«! ¡, 
6500 k Y{\. with • pm>iblo growth tn 8,500 k Y A. - . - . . 

Tbe pretent l""d con•ists ni the followin¡ : 

1-2500-hp 1100 r/rnin >rn<lu-onou• motor 

1- 500-hp 1200-r/rnin •rnchto>•>OUI motor 

1- JOO.ho 1800-r/min iodnction motor 

4-1000 k VA~ unit ••lnt>clono. Eath luorinr 
Jcu.l o/: 

• 800 hp uf 46().volt motnu iro;:hxlinl divmily and 
200 k V A ol tighting lo~· voha¡r< 480Y ¡zn. 

lncoming lino roqui«> a hr<ahr ha>inK 1,000 MV/1. 
inlorruptin~ <>[t.O<ily (>alue OOtained fr<>m utility) nuldoor 
>t<tl "'"""" with a ,;ngle inooming lino: 

l.a<l< motO<> '" loctttd from thr rnain di>lributlon 
lwit<h¡¡e'" u follow>: 

ZSOO-hp motor 200 '''" 

500-hp motor JOt'l fott 

300-hp """"' :100 ftet 

4-1000 kVA «condary unit oub>tationo, <a<h an 
>v<r>O< of 1000 fott frotn tbe m.in ouhot>lion and 
from .. ,h oth<r. 

Problom:-

Th< following proOI'"' ;, pr<>entod to illu>tratt tho Ul< 

of 1h< t>bl<1 in thio dupt<r. Othtr ehaploro of thlo pul>
lic.tion eont>in infor,.lian lo drterrnlf>< tn>e of di>trihu· 
tH>n '''"'"· tYP' arxl oi>e Q[ equiprnrn~ volt>r< ol th< oyo
'"" arxl Qth<r "'"'" that ,_ •d..,...!<ly ,..., th< .,. 
quir<m<nts of a po.nicut.r pbnt. 

Single-Une Oio&Bm>' 

The oio&le·line d¡,gn, for lh< two '""'"' ore u 
lollowo: 
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Eqo¡if'"""' ,.~;,~ o/«11 1~< r••' «""l•ri.hm ti"" l~r 14.5 

¡,y""""""· 
han (1) 34.5 kV Strv<t..,.. No. 2 (Table 10.1) 

Oil circuit bualt.,. (Tabl< 102) 

(2) 1500-kVA T...,..lormer {T.ble 10.5) -

(3) Seoonclory b....nr (Tablo 10.6) 

(~) Feeder brcak<n (Table 10.6) 

(5) :ZSOO.hp Synchronoao """"" - b.-ul= 
(Tablt 10.6) 

(6) 4 11100-kVA Trano!onncn 4/JI'JY/277 T<lltl ..,.-
....S.r, {Tablo 10.5) ' 

(7) !S.kV o.nd S-XV cable (Tablo \M) 

(8) 2500-~p Srnc:hronouo mo!or, 600 r/min 
(Tabl< 10.15) 

(9) JOO.-hp lndU<tÍon molor, 1800 r/min 
(TablolO.II) 

(10) SOO.hp Synchronooo motor, 1,200 r/rnin 
(Table!OJS)' 

(ll) 300-hp 1.-.duction motor '""'' (Toble 10.12) 

(12) 500-hp s,fl<hronou. ,..,..,, .,.,..,. 
(Toble 10.16) 

(U) 1500-kV A Tnnolo"""' IJ.Bfl.4 kV 
(Table 10.5) · 

(14) M«liiPh-Vo!Oqe ,.;, int..-rupter owit<bes ond 
-lor tn.n~f<>m><n (TablelOJ)-

' Amp<n apacitT and ohon..c;rcuit ~ oi.....V.. 
<lod owiw..ar. • 
7,500 kV A@ 1311 kV-~~ JJ0 ampores. Use 12(16. 

~----7.500 kV A@ 4.16 kV oqaob lOSO ---u.., 120Ck 
ampcub<ealo<r. 

OthcT bo-eakcro = all b< 1200 amp«< at 13.8 kV"' at 
4160 ....... 

' 

• 
lntor .. ptifi¡i "'1'<cit1 roquiremonto (>« O..PI<r IV lor 
<f<t.;J, ol a.l<ula1ion). 

Ut~ity ohorHii'CIIit kV A <q~~>lo 1,000 :WV A. 

2500-hp •rn<h...,.,..,. """"" x.· eqgo.lo .la PU. 

SIJO.~p '"""~"""""' mooot x.· eqgo.lo .IS PU. 
Uoci,OOO.OOO k VA but. . 
Utilit1 "-t-cir<t>it im~ «¡uab 1.0 PU. 
7,SOO.kVA tnnd,._,. ec¡~~~.lo L7PU. 

2,.100-bj. ,,.-_- equolo 100.0 PU. 

.100-bp•~- equolo37i.OPU. 

1~ of utility in<ominc 1;,. ond trondortno< 
O<¡Qab 1 p1m L7 - 9.7 PU. 

equalo 8.7 PU. 

Shon-circuit kV A oqualo 

equala 115,000 kV A. 

1 ,000,000 (ho•o) 
8.7 !'U 

u .. Z.\0-MV A cirruit br .. k<r &1 <>kub.tiono &r< ~rukr 
2>0MVA. 

C..biO TeqUÍr<m<ntJ for 13.8 kV oro "' Ion"""': 

(a) 2500 hp-.200 loot-105 amper .. 

(b) 1.\00·k V A tnnoíO<met-Z50 foot--63 ampereo 
1"b<><- ..... z.~ oolto. 

(e) .100-hp""""'--50 f.n-121 amp<r<a" 

(d) Xll).~p "'" 50 IM--13 '"""""' 
(o) Four 1,000 kV A-1,000 ¡..,.._¡6!] arnpont 

' 
Cable n:qolia.....u fot 4160 l'OltJ .,... "' Jallowo:. 

(a) 25(J(J trp......¡m lm~ ampeno. 

(b) .IOObp.....JOIJIM- 'Oam¡><Ta 

(<) 300 hp-3):.11oot- 4l ~ 
(d) F001r I,OOOkVA-1,000 !oott-561&mp<r .. 

Fóvo .. 
10.1 ID.l 

ltem 1-J.I.S·kV otr11o<t11t< witb a 1,500 MV A oil cii'CIIit br .. k<r 

'~-
Oil circuit bruker """" ~ 

;:'2,000 ............................. $l2,000 $ Z2,000 

ltem 2-7,SOO.kVA """"•former witbout tap clwor¡in~: pn>Vioion !01" 
"'"'"' ¡.,.....¡ &ir coolirlg .................................... ' ll.SOO 31,.100 

¡...., 3--Src:ondl...,. b<aoka" 

13.8 kV, 1200 ""'"""' .100 XV¡\ 
$8.000 + $I,IKIO ..................................... . ... 

U6kV, 1200 ...,pon.zso MVA 
$6,100 + $1.~ ................................ ' .. '.' 

• 

. . 

' 



Item 4-F...t.,. bt<ool<n (J) 
IJ..8 kV, \2!)1)- :IDOioiVA 

~001) )( J ........................................ .. . .. 
4.16 kV, 12!)1) ._...... lSO lo!V A 

$6,1011 )( J ........................ -••••....•..•..•.•• . .... 
it""' ~hp O)ToChn>nOW molo>" b«>ku 

IJ..8kV,!2!)1)-:1001o!VA ............................. ll~ 
4.\6 kV, 1200 ~ 2SO lo!VA...................... .•. .... 11.000 

lt<rt> 6-I(IOII.kV A tnnof"""'" 411)!117 ...tt> Y oec. (4) 
$10.(100 X 4 ....................................... :. 40,400 <10¡100 

' 

!t.,.. 7--Cab\o VCL ....ty 

CoH X amperoo )( f... X - .,1 ¡.,..¡,., 
IOIIomp. Ion 1011 

(o) 2SOO-h~ oyr><hronow !TOlO< food<r 200 fl 
\J..S kV (No. 1) $1l.20 X 115 X 2 ••••...•.•••.••..•...• 
4.16kV (SOOio!Ciol} $6.110 X .JlS X l .....•.............. 

(b) lSOO..kVA ~ ........ -:i;so ft. 
• • ll.8--kV (No. l) $14.0'0 X 101 X 2.5 ............. , , , , , , , , 

4.16--I<V Not nood<d ...•.•••••••• ; ...................... . 

(t) JIXI.-hp lnd•<tim -· ¡...,... 
.... ll Jr.V. (No.. 2).$7.60 .X.IIll X...! ...................... . 

4.16 kV (No. l/11) 0 $6.<111 X 175 X l.,, , . , ... ,, , , .. , , .. . 

(d) SOO..hp ~motor foodor 
_- 2.4kV (No.l/(1) $610 X IS4 X .5 ..................... . 

. 4.16kV (No.Jf0)'$6.<111 X 115 X l ................... . ,,, 

.. ,., 
- 4,430 

,. 
.. 

. "" 

' ~ ' "" ....... 
Total ablo ..................................... .- $1711,0911 - $22!1,(1)0 

!ton> 8-2SOO--hp ~·motor 
"1J..8kV 157:1' X 45,594,, .......................... ; ........ . 

4.16 kV 109:1' X 45.59'1 .• , ........ : ....................... .. 
.. ""' -Item 9--JOO.hp inda<tioa ,_,. • 

4.16 kV 116:1' X 3746 .................................... .. .... 
Z-4 kV 100:1' X 3746 .. , ....................... ,;, ......... .. "~ 

!tan 10--SIXI-hp ,.,...ru-o.x--
' 4.161~:1' X 8144 ....................................... .. .,. 

Z-4 kV 1oo,lo X lll44 ...................................... .. ,,. 
!Iom 11--c:..t of JWtor fw J»-bp indu<tioo motor 

4.16 kV ................................................. .. ,_ .. 
2.4kV .......................................... ; ....... .. ... 

Ittml~ofotartufor~o~-

. -~- .7,.150 
2.4 kV ................................................... . ... 

¡...., U-ISOO..kVA tnnsformt.- ll.8/2.4 kV ......................... .. ""' 
Itom 14--0no flu<d Ofld - tmfu..,t owitck for eadl tn.n>fon,u 

13..8kV4 X (ZZOO + 1000) ................ : ............... . 
416 kV 4 X (ZZOO + 1450) ...... • : ........ ............... .. ""'" .... 

• 

• 
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~- l ..................................................... . 

~- 2 .•••.••.••••••.•••••••••.••••.••.••.••...•.•..• : ••• : .• ' 

ltem"l ..••••••••..•••••••.••••••••••••••••••.••..••.. : .•...• 

Item ~ •.•••••••••• , •••• , •••• , ••• , ••••••••••.••.••••••• , • , ••• 

lt= 5 •....•.••.•..•.•.•••..•••..•. : •..•..•..•..••.•• : ••••.• 

Itom 6 ••••.••••••••••••••••••••••••••••••••••••••••.• : ••.•.• 

lt<m 7 • • • . • •• • . • • • • • . •• • •• •• • • •• • •• • • • • • • • • • • •• • • • • • •• • . • • • • $104,9J:l 

ll<m •••••••.••.•••••••••••••••••••••••••••••••••••••••••••• 

¡...., 9 • • . • • •• . •• •• • •• • •• • ••• • •• •• • •• • • • • •• • • • • • • • • •• • •• •• • • • ISO' 

11=10 .• : .•...•..•.•••..• • ••••••••••••••••••••.•••••• : •.•.... 

: .. 

Itemll : ......•.••.••••.•..•••..•••.••••••..••.•..•.•...•••.. 

Item 12 ~· ...•••••••••. , •• , •••••••• , •• , •• , •.••• , •. · .••••..•.•..• 

lt<mlJ ..•. : •••••••••••••••••••••••••••••••.• : •.•••.••• : .••. .'' 

lt<m 14 ••...•..•••••••••••••••••••••••••••••••.••.•• • .••.•.•.•. 

89), ••. 

' .. -. 
T<>bll • .... .. . . .. . •• •• • .. .. .. .. • .. .. • .. .. .. ... .. • $106,m • 

T-:1 .. ....,m&._."' r..,. 10.1 t1oo IU.kV .,..._- $63.292 

Ctnni:IIOIIII OD Pn>bloal 

4.16-H' S;,~r,... 
Fig.IO.l 

.. 

The ~rob!om io pr<Jontod to lllllllnlo 1bo """ uf 11M 
tableo In thQ <haplft" and not .. iDdi<ato • p.-.i<Rn<C lor 
a puticalu typ< uf .,..,... ,.. a oporific YOI~>Fo l4an::r 
-..... coaJd bo - lo lhlo pr<ill<m lhat ...,.,Jc1 de<t 
1bo 6aol raulb. A kw on u lollo:rn: •• 

(l) Ft>< tbe 118 kV,,..,.,. it ""'1 bo doohblo 10 0p..-. 
ato 1bo larr< - at 2JOO YGlts. 

(1) lt m&l' bo ~. "' - tbo lour ~ 
omit otlbstatiorlo wi1ll o ndial iyotmt insloa<l ..t o· 
po-low-y....~Kti .. O)'Otom. ~ ' 

(3} A ~ 'Y11< uf cable inoQUatioa may bo -· . •• J.Wij- &.do<Í .. aorlliiled .. "olbei- <bopton .iroot ¡,·..,.... 
oid<t<.l in maltina" 1bo 6nal odoetion <JI 1bo dectric dio
ln"butitm .,.....,.. Tbe «><~ 6rura p.... m thio chapta
ore to bo liOOd for oompo.rati .. purposeo · anly. , 

' ' 

• 

·--

• 


