
HYBRID CHARACTERISTICS 

IN 
DISTANCE RELAYING 

By 
THALLAM SUBBA RAO 

A Dissertation 
submitted in partial fulfilment 

of the requirements for the Degree 
of 

MASTER OF ENGINEERING 
in 

ELECTRICAL POWER SYSTEMS 

• 8 
2 a 

DEPARTMENT OF ELECTRICAL ENGINEERING" 
UNIVERSITY OF ROORKEE 

ROORKEE 
1965 



C Lii T I 'I C i. T L 

Ce-, tified that the dissertation entitled f1YiID 

Cri:.ACFEliI► `.i'ICS III DI J ALCJ 4 LLAYINO which is being -gubmitted 

by bri. T• Subbra Roo 	in perticl fulfilment for the award of the 

Degree of x ester of Engineering in PO ° LR jMLk15 of University 

of Roorkee is a record of student's own wort: cai ricd out by 

hin under my bupervt cion ,fid guidance, The matter embodied in 

thy.:.. di&sertattan has not been submitted for the award of any other 

Degree or )ip1oma, 

Thi w i further to certify that he has worked for a period 

of „  	. .._....~.....~__,.. ».~ _.xnonths from  
for prepering diose -tction for Master of tngino :rirx ; Degree at 

the University,* 

D` ted 

 

Signature  

/'- ' tt 	_" 6 s 
_N_~_fR~1 rY +M r►M ~16~+u 

De4gnett on of the 	H 
Supervisor  

L ea 	+~~r+rurw►+wrw~rwrrr~ha► rw~~►+www_wrr 



4 "4aL # 	AL LL 

T do C2tor JT1C 1C.3 to CC  C3 h3 CiGO) Z. G '.̀..JO of 

taao to Dr. 	cclzcv 	o p £nixicriy t cocit_to 

OOO  ca O ' 11cetviCz l CiflecrlinC in thc U vcruit r 

4 ' z 	co 	at p •c..c t Pro o,,,vor c 	E :Oc.N. o .' 

cMAidIVic 3. Incin V It.C, r+Ml: vin terg.wc 	 *L4,q; VcMir+CC 

Collo3o, Jaipur# for .o iflitictinC this topic cnd 

C4 CC t1LOUCI2Ut, 

~3tcoro thninte n'G` dtzo to ProfcDcor Cow, C. .ach 
or tho vc.rtouo rr ct" i do n o Torcd In to Copcitucnt 

in comoction with th z writ. 

f u 	IL J ;'. 	€' ~.1". Ct Cwr tho help of hihtz 

col oc.Cupc tar, &C, Cuptri cnc r. :i 	Pcrti for 

t?c c ".zcucsiOf 1urinr e CrilCft-ai tort'. 

L3t :iA UAO 

f 



CI'4X 
oft 

The cQnverIttr7& 2iccrico c1'y 	itch crc In t'o till 

now, hcv Lot tri: t 	nd circu1: ct tctorLtic rLpr"crtcd  
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c of to i ci ci.ctoz'iticu i. 	cut. 1. 	Ac 

diL:cr 	u1t: 	jtJ 	1U 	:c iypcLioVe chcrf en. 
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IM%QDJCTIGt~ 

:c protection of tronam anion liner Lc one of the 
cot Sm zor .cnt, difficult n .d frits ootin ; brcinchco o„' the relaying 
art. Oneshould cpprccioto the : r ct thot the m.c4crttyr ci' thc 

faults occurs o;,. t icn$i C4On linea rat!tcr tbau or, bust u or 
ppa c tui. Tc to1lowIn c GO tic typ: c; of proccticn employed 

f'o: tre &ri.ut on lincna. 

4) 	Ovor.c:nrrent pro octton 
b) Distenco protection 

c) Pilot Iro protection 

d) Cerrior roi. ' 'int, vt h end 1i.thout djut + 7t' cO i,olL t6. 

tor c lone ttmc It vac t:.c p,-ccticc to opr1y over 
current rcic. o for fl'c protection of lines. It i s bocau5o tho 

ovoZ'w current rolcy;, ^rc ein,icct In applicration, reliable in 

operation cn l chcapier in cost# Sat eiit;i the Inert 4 ci. c din d 
for paver r d incrcaainC C o Jth ma conp1 cnity of ayacmc it boccao 

difficult or coy inpocaibic to Obtain colcctivity with t .e :;low 

sp; ccs oven curent rcic;ys, bocnuco Of the problc.i off' choosirt: 
t+.tie ; c : Inc .- :ich : ro correct under all conditions. Even 

whei t:,,f uc3.t cttvity iL merhievod the oporatiidc ti©c o COLUC of 

t , relcrn IL inz cceLocrily long* 

ufficiczitiy quick elecronco o ' ollort circuits 
within the Bala t ©' 4, Lc: pro t ectod coctionn €incl the be c up 
protccttcn cel : c fol lovi.n • LcctI ox o : oCo'. hor tri it the rclr k, ivoly 
low cont o dI 	ro. cotjt.L bt. crd .jli.d L. wldc;~prctc 

ext uton i tic  dt once , rinctp1c c.. .c mate cru b-ck•up 
toxic for :ii h' ~h vcl a c- nc riot I* ,c t:pc ct al l ~Ihen thc~.•c ; re 



a F rj,c nu,ac: o. 	ctton& cnd &cvo: c1 oupply 4:o urccn„ 
'he pick up cbz:1 Ci o.w t C3 ©; , utctancc vci :y uccd z-c i ly 
,r pe&ncc, ICLC..cnce ...w too rc:ioy'c cen be reproamte by i tra1-

cht link's or cf.rclL J . r hor r lotted on 1. dtac~; c j,, the rc lciy 
©etc ate Ther t1 t4 pa of t ; e ', Pcde,! cQ vector tthictt i dctormined 

t I , t - ° ti. o of vel'-a c r r:s- curcnt nppiicd to Its terminad o Is 

plc! r: tthtn ti're lI ini 4 o of t ::a rCCtos „ 

Ltmec -. ci. y ; :::ith licv_ a C cr Lorit3tic& were 
Cc'iG: ctorr' foi tho potcctlon of tiny types of line* 3ut clue to 

x : nercceti uoo of ton o cMl corn hcr,vtly io ..deet tr& ca - ;ion 
ith. cryo: t 	or flCa,r x:o otabi'itY limit ;nd incra-.sic in 
th( net cr o i ;terconneetions. icacrc Lor crcrter reliebi itty 
of 6: ODVtaC, 	otiitthtru 1;z•rr• ,C OCrntc Uttit sire t minimum n:ambor 
of ctrc4t b ealte~.0, t .0 pro i to of rr.tecttcn pre cera► o cis oxen Crrr,.w 
ter c`tt1.'c1'Cc to 'the 1xCflutt: or r(.:1ty CnL'inL0rO,. ?LC cxtofint 

c2j rco :.•clryo 1'r1th taitht line or ci culr.r ci arcetori-tic 

eaa&C Inc +cocinr, jncoirect oper , ti o, Devol©prnct :: of c : ~;1c 

eompe,-.'t, torn acin ; 'vccuu tubt s,, 	totorri clod r(. eti a to bred o 

compL--a, t tO 	o oi; U' c to cont tr•ict t11:: cn cc i cluy+, 

o ." 1ptici „i, Imo,. c rboi1c cr , ~.: IC111: Compl seta 3 c ;. '+Gctc .. 1 .'tico. 
1' ho VU. jpt jcc,l ci,'I .+R CCtO i. ,tL L IC covo 	c,,, y n(„ r6 o-w iArtppi it 

c: ca re arc ctited In hl• . ci ixz ; - uili. atrtctl • c_L►velop the 

over till 	ci op r}w_ to pointo of tLc t . dcfLet e linc 

t,C? t1 t41 tiOi. 1Zfl tlii rt . 01' inc1WAVL,, 2Ofl o QJ be . sltLy opt. z'ct .1n, 

to o ti., f t̀ 1orM•w to ob.cic •'LJFc cl 4.p iccl Yt IJ' unco 

s1 V y chc r, cte,• ." tt.%, h'- e 	+ .r 	in 198, by ac(veko lyre. 

0t 110r2 (1) .hey t ,. 	s3 o' ; 'Lest ujt tI•r, c I-p.tt j fu y 

rr ct W ed cr 	P0110 J L o ' a!a ".51rcc eoii-, Of movie } 7 coil rt-it. 
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ciliptlocl abtrcotcrj ttc ctr be of ta1zcd. It t. ho~rover powoib10 
to u C on1J o 4n; 1c coil rclz rtic & Jpltfy Lc circuit which hcs 
u, Ln Gone by"YAC t."or. 

:1 ;hc a c of trcn istor circuits theAo i u rrcc:t 
flexiblI 	 in corLtzuc ire rclr: ,c with o:..Sntbuc charcc o tvti.tcc 

to cult rant cppllcrtion :L. 7 is Vol ago irtercow:nectcd netcrox'ks. 
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CEa 

_471T C0*.Vii.' I Lilt CII,.' IaCTL. Id IL P J ry tr•~ 1'~ 

1.1 "* Ci a1 ct c! Icttec of Di. `: cisco licicy ix 'Igo IrpcdoncO n 
Adniitt ;race Pl. nc3 

The corvcntionr dlctcncc rclz- y. till now uccu he vO 
Ltrr izjit lice o~` c4.r Cui I' ch ,croctort;..tie t?l'1ct1 t?_ jn in t1 o 

imps dcnec plrnc, '_'h s'cicy operctoO I" "l c tip c ' ' Ic im aedc nco 

vector uiiic: 	Cctcninc'd by hhc r do of volt:Qcc cnd c 'rent 

cn ltd  to `.:i'c rel. y tox in 3.c, i pi.cccd uithin the 1iini 	of tic 

rccion of thc complon p1 to li,t „tod by the rolcy Ct cr- ctoi i w.ic. 
!t en . N ti-,l of M C . DpcCflea vector i& moved. to ccot._c p<,.rt of . c 

coCn1(`Z iilcno, tic rc .cy Co,c . no opo;r.tr it' thtz p- rt is outuido 
tic 1!!Qi: L of tic th c.ctertw: is in quoction. 

Voi w cidoa i►ri, I. 	oper~ Vir t ell- vt'c eri , t Loi! Lti.., N7: in 

t c rctr', .L x : opcdc.,nco plcnc, vc can dict neUiLh IIIc fc o : n ; ur.in 

type a o: •clty, 	
0 

1„ 	17on-dixcctbon) d.tgtcnce relay ui th t.. citculw V 
chtrLctcrir tic 3. II v.a centre c, tic oricin cchlcd 

lope- cnce ro1w.y, 
P. 	h dtrcctioia.1 t izi ence eV 4;1th c circuit r 

chcrcctcr't .tic, #~ :or tr.t tl me to the ortCtnx (,:c3.3.:d 

" o :•c cy or 	rait : r nce c'lcy. 
3,0 	Dt,,tt nCC . C- .c :. ~ ': 	~y cod cWrc: lar 

chr °4.cto_.tstic of ecr1cI r1 form in the i pkuuncc pal* roc. 



4• 	The nor:.•dt: cctjcn,) c'1 t r uc rc.1 r y ith a 
ctrr_:i h,̀  "I1nc ch rcctoi t tic p;, Z.11c1 to ;.c Icxia 

in *, hc ircd-ree pir no ccflcd fle^.c!1 'ncc flriay. 

The ch,znctcitjc.. ot thoc rltutcnncc i3.  :y 

cr. .1'own it Fic. (1) dao: h in the icpcdtnco p1rmcr c,nd -,dm .%.tnncc, 

plc no. 

'r: hcco cI I-r ctc —tt€ ", :re ob .c t cd by he eoipt ri on 
of #' .c vol c co : rt+ cu rent by e1.cctxoci-cl ni.cci1 prtticiplc 8 

i. p.* Gcm rr 3 1t - ed,r:ncc 1,, ur tt©': of 	lac"° res ; r.:epic Itcl 
`Ihc oporct".tin of ciny cicctro nctic i cloy ir_volvc c 

~o :euiict or quo produccd in ttc clew rpt by . he ur°p1ier ..ton 
c '  current nd/o' voit.. c cit( the to orcc ton or cu,rcnt cLnd 

lie vol c.tO, In the ce: c of d1 ct erica r cr :.L In" s lei x . t, the 

rc ;ill cnt torlue ct i:.h'a b, lr z uc point; C m;.;' XC C(jaw-1 O cro ^ct 

th £ol1o.r. i Lcnovcilql l : 1i 1Z 	ri y il+c uri.tt o . ".:O O3tpi(a:: '. 1io 

. 1v1 ,0 jet 12 ,~ TT iv 1V coy 	 (i•1) 

t2 LPubch ' he f :it err iu indicctivc o_ the torq ,c 	b:j 

the volt t;c r locc tcndtr (. :o o ~cr i( cent cM 	he Lcc+cft 
tc . i:. inc iclativc of t K tor:1uc prcdacod by t .o c. ,rc t alone 

tcntth to cloir.+4 be cor cctu! 6n-s the thlr3 .- cr.i Julie .Llcy '~te 

in'crr etio to rue jr which `c ca .glc $P i he vccto F cir glc 

between current cnr! vo3teec ct hich th,.ju lntc:QCtion tore® I 

maxim am. 
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Iu.ttcn (1) rny . 	nrc. 	I- 	c-is oL' /. .ic cficctivc 

mnC5tcc P c by (.V1Cii, byIvI 

ne 	 4 LOU( ø 	-:A"-
I'v 

i - ii' ttcri () m'-y c 	i'orrm1 int 	C 	 L'or ;1 hO 

c..  '.tion of ____ 	to Lot. 
Ir 

 1-1 	-
- 4 Co.i ( 	. ') 	1p+ 	(1'3) 

1 v 

I qutr' () rt 	i- .Ccojjii.1 c 	Lli' 	rtfl o 

cpr(.(d in tc.n 01 Lt o1'r coor n3tc .. 	f6. 

V 11 ci' .ht. cic3c i 	+ -4 41 XvIn It 

itL ccnt: . i ioctcd ct t' diii 'tIU:O 1 1v/P ic1, from the or ,  'Cin 

'"t nuc '1',.Iro' 	Lc C1W.C!'C0 vcc'or. 

Licttor Cr) i 	. 	't.t.c c ci. my be .o1vcL or 2, cvzc ;ho 

:win czrC...3cn: 

cos (Ø 	'r) t J vpl  Coo '̀ 	4 hi •'  -) 

.y t:.L 1'op0 t 1utici. O\ con ue 	, 	1tt) 

io 	 io1iotiz form., tibtcI 	cLa ,citrtttic .x  
of t'c vrow yr of (31LtrIeO raloys,  iLt iv V 

OpC. ilip' 	WLiti0L, 	UflL can be W C to LAW,-  an 

ope ctj. 	c. 	L tOtLl C o' cj y Cj tIc 	 IC 

rcliyLi. 



1. . 1. tnpc. LflO 

tv* 0 

ib..t1t tiri Ii' 	zitton(t4). 

L (Coristcn), 

operttz ci rcc:1:.tc of thi... rcicy is ta*.oun In 

circic tit crtC'n va CC.fltl*C end rLdjtw Cq.ie1 

to Y.  

9 

1. N PO * lit I 	clays  

.v0 	 900 

jn Cuvtion 	), 

Co. (af j R4  U rr( .* -) 

[I  + 	 _____ 
v  v 	xi

(ø 	
)L1 	.:oz Lv 



.Jtit COa "'fir,, 	'Cos(Ø~~. 	
(~ v 	 ivC 	' 

C 	rrrriy,• ~r~riru.r+-~•rmrr~.,i 

It ,VCoa(os - V.) 

C 	, 91 . Uhcn 	po 

Sin 

orZ.yin0.# 

In other ;-ordo, this rclar has an opercitirt characteristic 

£UCb that—— ped- nee such that all, impedance radius vectors 
vhioyo hrrdc lie on this charactcristic have a content ) component 
The oporctinC chraroctorla'tc fbr t4 relay is a straight line 
paraflol to ro3t3ta2co cZi3 and 16 at a distance of is  

chon in ftg„ ($). 
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xs 
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~r~CRArJNG 
GN AR A TER1S?'C 

1•'i c. r 	c; iter n 

The oicnificcnt thin, about thin chorcctcriotic tt, thct 
the rccts.tcncc of the iapc&&.ncc hr•c no (f&'cct an tic operction 
of the rcicy; t, , ;c relay •c:~pondu i;olc y to tho rc cctcncc 



1I 

coc poracn to 

ISI 0 
I,= cquatloo(i-S) 9 
Z 	Co (~ 	!#') ~ a 	or " 1,f') 

iv  v 

oo(O1 y-) 

C 	Coc(03 

Fin, (4) chr 	c :t .c 	FTha' Q1i. 

1.3, 

1. 3, 1 1~rc 
AD It hcc ol , ocicty bca t ioun that the opor©tInC cht ractcrtDttc 

of Cf IIIpcdcnco rol Is n circic frith ccntro e D oriC2n u.] the 

:o1 ci :o 1c oper to for cziy icipccicnco fci11ifl 4 t to t. x ctrc1c, 

2 t fo1 Roma tbct the rok37 tt cU  cQru of CL.Ctc1ir1LtC botticc..  

t2 ontcrfc.i gc.2L9 tan 
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ror crc a p c, ir, Mc '1t;. (5 ) y, lot r.m ropzc }out one It uo 

rr C, c cccoru live tu cc:.- .o n, Then crtth a rcicy 1occtc2 t 
Li e the 11no AD 	.,oald ropro...cnt 3 t nc .colon lino in 
$rout o2 t c C1cy z u Q 19... C o 	2.~.a cfl l.1c bo ind the 
?'iof ryo 

o it to ZCCC3cvy in cost cp-pltcotioizC to t2accii1 oto 
boot tics, eco tto it ec, it ? c c citic1 to cod c Gli cCtionnl 

rci. iy to 1a Ii3t the rolcy oper ti to one line. 	a c crnctcr.. 

ictic o3' tb!c xo1Qy to 4 cproccntcd by the 11no D.D uo thct tho 

rrcicy to iiou cepoblo of oporction only for i'culto occt rinC 
Uit in the cab cdcd portion of the circle. 

1, 3, ::. t A;,J CSG ..,~►  a~► 3 

(.nco t .o :occtcnco roloy eoccuro3 only the rocctcxico 
cnd icno:C~S the C?~"p.r.i ~.nc c poncrtt, it to thQopcnCtblo for 
very Lhovt Loco vino c the crc iooiotcncc t.,oy be cotta.,.vc_ia I.c 
uith the line lcacdcnco. Lito the tr pcd.nco rcicy$ the 
rooctctico coley ro _ul,cu a dircctioi ci wilt; this unit trill be 
uauo'ly o the tho ttpc, The .. coctcnco rol3y to cpp ccU to 
linos not L3ub3CCt to savor 1o. d Oz.' poicr Cu' ti con+t1i ttono t bic1 
z'apro8cnt; il icpcdcncc lot r cno hh to ccr000 the salty chc sector. 
1 otic. :7hzcthcr this x3 l occur ccn i)c found only by c ;1culctton 
of the ouini .npc knco. Mac tcnco typo rolcyu h~..vo cl.co basso 
the ctendard profcroneo In cost countr. co for protection oCntntt 
aroma Faults otAinC to the bfrb racictc co componc2t often Found 
In ground to tat 

1.3.3. ' 	Z' 

The c"io C ,crcctC ?1 M t c 2: ouitcd tdca2Uy for psotccttnc 

Ione or hccvl ly to dod 	nc~ oci e l 1 r oo ! cc ui:o it ' ... loz c 
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lil' oly to trip on po*scr imago than tho eon'iontional roact co 

or iipOdcncn rolcyC(4 )  Ar other dcoirablo far.turo i Chat n 

relay for phcco 8a iso should oporcto of ly on fcultc innrolv°.ng 

the phase pair with which the relay is az coctt ted. All other 

faults or ayotcm concliticna should not affect Ito in fig,( 6 ) 
it can be ace that the larco trippinc area of the tnpedLneo 

choractoriotico of the inpcdancc arid reactance relays chovo 

that thee' rol cy: are of LC$.pt blo to power ctith a cud faults 

in other piaooc (denoted by a erlho) vhoro as the onus fit 

of the Llho circle around the fault area choun In €ifl, 6CC) 

indicates tip; ,t the :Iho relay of fectivoly prcvcnto tho tripping 

for pocror striae o ,end for any faults tat th000 for which the 

relay is act to oporato. 

The fc,ct that the tlho unit cor bino sanoitjvc djroctional 

action lith accurate ohnic ceciouroent Deena that one tho unit 

doss rhr:t tuv ConVcfltionai units did before, This not only 

o1jtnjntoa the c+c :.act races th t ccn occur betuoon the there et. 

tonal olct cnt end the cioaaui.icnc ciccont but obviously simplified 

the circuits to cyhich the relay is applied. 

The 1-'tho :. clay hcc Cot l9 i4tat fon. for applicc tion to 

short lines, bocauz.o on very short li.nca cvcn ciith c=oa7' 

action the torque to lit cly to is 1.o during .second zono fault 

after the aenory ccs .on hoo cap Ircd„ 

Arc resistance also plc.cc; a limit On the ss ortnoss of n 
lino to which the !:ho unit can be m; p9icd. Arc r+ 3f.G r co 

incroco00 cc the current dccxoci ca and bcco oo uoro effective 

on short linea„ This 1u In the oc O c31x•ccdiori a- the other 
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i o-n off' i.± 	Voita~O to pi°ovido ar1cc' c to torcjuc. 

C : ho •c 17 tilll g)ei2it l Ccr pO JO2' 
cr7~.k;C;u th OtL C C Llcc or 'ccCtc CO vol,-47C cr t oast cn 
'e1 O ov'- L'.°.t on, -'Lac t2.ctr pOuO ' F'"I 1c, ~'nc o that the 

::I?O ciic:. cc t~ r2:, S C ui l 0- iov t t :o zt f chic o e r tion ccn bo 
£©L 	C;cOL .c-t cc.'~ Z7 C. tr .OLl in t iC. 

Inc cain to Cleo E 7 )t,fl to the iQpfc Inco of the protoctcd 
I:.. V. i;. i.. oit c. v<, 	c&nt O boyonia tcz othcl L, cud RR 

iz the 	tc=;J jcrcti llcc 	tcrrtncl J. 

Dzic*a e pC:. c1 rbc :. th :oath the t icd point o. :.:• Vivm 

9 u.oro it cuto the rolay chrrcct. riatic cls cu linci to It$ Li t 
1, ex 3 3. 	J iu tI1c rLTICIO Qu bcttICcU t1 X Cancretc42 t•:ii 3 ct 
It t-nCt u ct C?h .cL t12C aolcy ot ax Vi11 operate. 	Lys je tlic .n 10 
0 bottlocn the t(z in I vo tcz eo at A ca 3 at tcL the rolay 
off: 1 cr2.l'! trip end tL 10 tho I e&ivo it ccoo„ 

¶.ho po• sop c!jing loco 1c ubbo.n aC c ctraLCht line. The 
iEpliou cq ,l CCF.0 .'tc.c! ClcCtrOEOttVO forces ena no line 

copceltcccc. The uth iuclnco locuo for other carne to 
U'! ucmz,cctd in clt'ptcr VI. 

If the phaco c oo of c iho c OLetCrinttC t;. ter. o 
OO r~o tht of the icpC&nc.c Of the line the 1c.Ccr bccocoo 
a dieter 0i 	e cirCU1C' '' ,".hO C rCCtorjUtjc, i;Cnco tion the 
G1aC:•cno it cc a be s;ccn that the eri: ac po cr cuinC cn ;1O 
bottrccn ;:c ~ trLr1 vo tcc: thrt to elio.rcla gay the lho roloy 
ci thcztu t Hipp nc t u Ciao. tna U tho circ ilcr chiructcr`utic 

' . 0 fin :t1j icth (to cccOCat:ctc icr Cr'c 'CClUt1 ntC) the 
pocr CZ1flC c.Uot;cd ¶71 1 Lc ct2 ." ~.c a ^► ^~ € Q. 
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The ideal requirements of a relay 3,s that it should not 

trip on power syringe from which the ;'ystem would be likely to 

recover that Is roughly ipto a power spa".ne angle of 110 degrees 

between the voltages st tie ends of the line, This meons that 

even the :}ho ch rccteristic will be large enough to trip 

urs-nccoc rtly on power swings because even ct 900  degrees, 

the power swing locus will enter the operating cheractcristic 

of the :=abo relay z. nd thuz trip the lino  Unc 	neee: sorA.ly, 
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In vicu of the u? fdccpz- ccd intorout In oicctronic clovjcoD 

or all htndu, t iu not crpriin hat protection on o ncerO 

Iscvo dovcgopcci n hccn intcac: t in electronic protective rcicyc. 

This intorosb houovcr heo not ro3ultcd in gcnoral entbuciaen 

for such "clao bcccu co L cry rolciy cnWincor o are thoroughly 

roti .ficci u2 .t! c 1cctroc cgnottc ro1cy,  a G the othcr he i Dot o 
operctorc could c cicoto ci coraploto lino of electronic roloyO. 

Sow of the letter Croup have been inclined to ottribt to the 

lack of into.. cct In electronic roloyc to o  ubct to to the a react. 

iontry ottitu1o. 

The follo;ring aO the adventragoc of static relays over 

olcctrorilz.cnotic roloyu, 

a) Lour burden on current trerzsforiuors and volts o 

tronufornoro„ 

b) 1!bocnco of nccbcniccil inertia and 'bouncing' contocto 

c) Very fcut oporat ow ... 

ri) Ilciiiblity in the building up of the rcicyo v i th 

coot cc plicatcd operating charccteriottes, 

8tottc f101cyJ3 can be divided broodly into tuo categoric os 

a) ilolcyo uuina Voccuuii tubcc 

b) folcyu usim, . tz : nototorc, 

propocclo or clectron .c rolcyu are not new cnd reforonccu 

resting to that app: U c 'tion to po-icr cyutcc protection may be 
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noun 1 in tho litorr furca trcn 112? ont:ordo. in that yoz r 5 
I it3ci-c 1(p bshcd a pcpor o c'tb$rg a ochcrio for an cicct?onic 

pilot i cq cy 4otcm to ovcrcooc tho linitatta.-i o of pilot too 

thou ou OXX tiEC Over conol c "Cblo d1ot, cOC„ This ock!ctio Stam 

c•. iR lo_ncO !ccouo of t ~c abort Itf o cnd the litch coot of the 
taboo cvc r.ble at .t t ttc2o but n , onct* of a9.s .2.c r schono (6 ) 
to no In cc , .vo uuo c:r the phcuo comp: ri co! relay. Fttooraldt 0 
ro the fi :'ct uol3. hinouri application of electronic protective 

In 	Rol .'tidroo(7 ,) do icribc cicci rantc circui.to 
'tar most of the co ..ion typos of protective roloyn urine thyratron 
tuboal A tiyratron, vhon o certain volua of volta o appltcd to 
Its Crid dco u not fire but tyhcn once the voltaCo Is rtaisod U.l ovo 
a given •:roc 	it will five, T' i3 principleto uz3cd to 
produce rolryc ouch co undorvoltagc$ ovcr*voltacot power 
6t cetionc l ci d c1t-tcneo rolayo. Input circuito coiojoUUnt, of 
tronofomcro t rct l rectifiero and linear LOL, C circuit 
components 10i, sur.  ~ctIor. and coa•pfrisen of the input quantitioo 
crud cl rayo c atnelo output voitego it applied to the thyrotrcn 
grid. 

In ii x;x(' ) In the 'ITzitod 4tatosg o laboratory :.a plc of 
electronic roceto co relay ciao bath and tcatcd q but ct that 
tiro tic c1cctro nctjc reactance relay veto fully adequate for 
tho nocd of the IndeLtry cnc no steps rcro token to put the 
cel octL cnic relay Into pvo ucttan, 

cc cr cn v Jc:rintcr CXUi*jcCànnc1l($ } In 1O3, 
push the s t Esc pc 	c oo 	o '.loctroitc 12ho relay* The to' 
V A ae toMJ iC 	oV 	ct1 by w..0..i'ypi th j the 1ir2C Vo1VoCOlth 
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line cu: rent at the moment of line volt ige maximum. the 

complete unit consisted of three b sic elements, r pulsing 

circuit, a measuring circuit and a ;ubc circuit s shown in 
block diagram below. 

The function of the pulsing circuit is to generate a 
pulse ,t the moment of the line cuirent maximum. Yeo pulse 
is used to overcome a it.rge grid bias and perm ,t a tube to 

conduct. The mer curing circuit will compare the line 'voltage 
with line current. It consi&t: of a.  tra sfo mar suppiicd Ath 
line to line voltage € nd a tr, .n sductor supplied with the 
correcpordirg line currents. The tube circuit 10 the sensitive 
element hich; is rosponsitre to signals from both the mocsuring 
circuit and the pai©ing circuit# The tube circuit ciao initiates 

the tripping aicnal to the circuit brer.:ker when the impcdcnce 

being measure falls below that for which the Olay is set 

to operate. The operL ting equation of the .:clay has been 

sFown to be 

K Imz  Gin art a V I 	& in (wt + o - 0) ... 

considering the moment the line voltage mrximums 	whe: a the 

reasuring takes pie a I. e. wt a 900. 
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I LU. a It's I Co c (0 - 0) 

or Z 	coo (0. 0) --(a) a 

tahc~a .o tho poicX' ccjnct o.. of c tiho ctrelo, 
It 4 s al<.o sto :c th t fro rcicy 	y bo cado 4o li,-,v-o 

c--ct nco chcractcriottc by cCLctnC tho LQ O%. s c cciaont to 
occit ct tIa txiotcxit of ? jc cm V cnt ccro. 

Tho fiold auper cncc ,i tLi t ii o typo of rol y $ c dcocribod 
by 1) noc cEd L1ncphorcon in 1C&), (g ) 

Lo ne .n 3 0(10) dcacr? frd cZcctro..ic c1 rct ,3to to 

p+C iy orc coziploto roicy'i '3(,; fl.c' ct' ©n , caw diatcnLC dt3•cctt on 3. , 

ovo c .wrcnt otc. In 10&.1, Dca'CootI 11) nubll,-hCd a p .per on 
ci aoct phht cc coapw.rlccn dictcjicc rolc ta~:.t ng a dioda co .nc&donco 
crl.;°cntt uh..c h the ocic y( r tcnncdy( '2) doocrtbcd c::n cicetrontc 
cr rtcr ro1aytng 3cIcc3 mine no cloctZ'o nctic raleys ct all, 
cvcn trIpptng OtnC perr 'orccd Ly the tic of a heavy duty 
Myrctron, 

r'o ovoi t koro n c cortc jn lit ttcttono t 	v th atat$c 
of 

lc 7J uOjn3 thcratonle tuboc 111ro the rcgLdrernt/cpoclal pc'icr 
"p9l.cc f'oa vclvo boat o3 cad fro 9.4t n of cAArcc cblc VOlteOO  

for vc :. c C :c oo c ,4 of lcc►L,1- o btao, 

TO ice ' po,cr oupplice raq io i for t iora.io:. ,c vclveo, 
toc;ctI cr utti. the tnciccocd coafic3c sco In trcn4otorc 11cCO at£rcct 
cd the c4~tcw. ' c of p otccttvo cr tncoro to the dcuira it ty of 
8) : 	(4 y j . C r u ti.~. th L.i t +U. I1 ? ;.:tor u* 

d i.t b )t 1.itr.*'3 1..'oti of llta 'ctt ro I-,Irc dy o111.0 c on trezwio. 

©:.':~. tx t! 	). 	SJC3 Coit 	t 	t 16 .dcpol lea:'  
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coj%coo of tcch. ilocy door bcd a Elm o1y ti , taotioi 
tvCmL .Stora'~13) a ac bloc1x d2cCsc! or the circuit Wad to 
oIotr n £icy► C$ - b). 

V aAt ' , oro cortvvc Prot c rototi 1 toCo t.n1 cum nt. Tho 
C Inncidonco circuit Iu cuc i tbt t It pro1ucoo c roctan ulas 
output voitcCoo the duiction of cuhich Ia tho portct2 du inf, 
t Lot both the volt goc T1 cnd V are both inDtcncouly 
pocittvo, The intoi rattnc circuit convorto thio olttO block 
trite ra tricneular crave for the peat ampli tudo of vi. ch 10 a 
notac o o the duration of  1cticnco. The level a otcctor IC 
a c ,rou.t; Ubtth pro2ucoc en output volt ..,Co pu1:Lo uhcn its Input 
VOl .cCO ettcino a prc.Gotorctncri lovo1, 

The circuit rcprcocntcd by the block d taesaii Is aductod 
In each a  r that for a the co- 3Isplacctont of O dogro cit 
(duct col) bo con volta,ec V1 cnd V2,, the poak voXvco 
attctucd in the Intccscttc circuit to 3uot u `ficiont to 
operate the level dctcctor, cnd for pbcco d1 wplcce nt greater 
tai eO doarccov It to tncuiItctcnt to c cuco operctian. The 
OChCDcttc circuit of direct phe.00 	 per n relay doocribcd 
to ohcm in fie. ($ 

' w'hC2 , cnQ x ,are cuitched off' ciL:ultcneotialr, the 
cep, citor C comacicoc to charge c.ccording to "Cho 1atro 

V0 	1T ( 1 

Cit is co ar'cflgcd thct tthc.n' '0 5 ttllicoc. (0.238 cyclic) 
VC •~ vbt $ thau the oltogo on tho concicncor co tcr ectro 
the offoct O. thO I4 .co "fib° on T3 , cd b3 otittchco on, canrAr 

the operct2o: o:: MC ; olay P. AD Coofl to CQ" ;.fir V$, o:.' on 
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bcco cc jjo 'o o nocett o C C13c errcC. It 10 thti€ noccoCa ' 

0or V'V c.. 	to bo - sicultcoor o1y poc tivo or cro than 
01 cctz cci Qocrco3c tide cor c ipor_Q3 to o p1iczo dtoplcccucnt 
bctucci v: ±nQ Ve o lc, o team COO beforo oporgaton ccn occur. 

it the c2iotcnco . ro1cy ut th cbovo pi tnc 3 plo founcl to bo 
cfcctcQ crcctly by D*C* trencio c tbct the rcicy ovor•icrchcc, 
` a.o -o cathor lctar publichcc 0 coQtftO 2 fora of obovo 
typo(14) 2 cr cb they cic Q to be t; co frot r cloporetion do 
to 	trm clont c. In thie p the blocs dicer ti oV ikich to 

,, 	 (Fig 9) 	 ~Q 

CivePr.11 be .C7,T9 ACVnOICtO of to 2.4.cnMtcel phcoo W7..JVn ct c ctw c .cct1 

uith V V, Ond •Vjj, .'V i'CLpL0t1VCly. Tho c .tputo frou the 
to coc~?~c 'ctcra cro E'cc2 to tlii coinciticnco circuit crr aA(Cd co 
thct en o.itptt oIcriel JL t;r r-c yr tci only hcn both coop arcto s 
r dIc~,to c fault oiuultcnoouely. 

In 1E 	abrt kont , a Ru.~oien LnC .moor publitihod about a 
t  c Gto ccd phcoc com ► ° ~a r( 1 S) The C:.ffcrc at: botvccxi 
t1 Ic c.:Q the c2.rctIt CIvcz by : Q:icon 10 tI t the Mao of 
cocrico of he input, electricci qucrtitios IC conprscl with 
!zor:,w c©2.i!C cisco L10, not uitl i c cpocUtcd LtEca It 10 C aIccd 
Wict £t-:?::o operetion ID lcue 9..holy cLurtnC trCflDIontCD lcrCO 
pro'icv but ciCncl3 cro pc .cciblo c=Q the cyotco is boo 
cffcctcc by t dbicit tccperatLnc. The cyctco to hoZrcvo' UO'O 
cO€ p tcwt o, 

fovcr It to o. ily in one Slolc electronic protoctIca hoe 
;~ccri s a*cccuofu' lr opplicat t r t 10 In cc: yrtcs r01C:7i C 	I_c 
L Cc"c n to h.,-.t ce,b a top 	 ccmipl rbc 1 a cow.;c:vLo.. £'cz 

.a .CLl7 6i TIcult '3wo-Ice eS' c pmrIn ccndtcaoie tt tIc C3 Of 

C. t 'c .o 	oyuttc 	i o c C. 4° "',o: a .:;; !y it La';'.L r o p o• 	i' .+ i.'y 
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o cr ccanc. 5Ic tcctu.ro cn tbtu cupcct i u qu .to 

cr.'CC 
 

(S )(t) (16) (1'l) 

ho 1 i o o trcnd iofi ^u lot  c.t psouort, wdmo.Mt clt O.'Qll 

?.t Is c1 cicWd thr:w their oporu tn,; l Uo of ncrcc1 rctinr, ctil 
be nc t2aou that of coflv3ntionc1 thorziioMo vcivoo cv2 that 

ihci 	e1 l ifo d°.a c ..c,...aont 1ndofthi R►o. ProCr'c.L+o i.i;:id Lscvolop 
ctcnnc In t cfl43to?u IC rapidly br elne t it rztinc cnc2 
PAZ Ir to u oltuw.tio i koro tk o3r U Y I 	of ;oat practical 

Vc1UQ In the CCtçn ci d cvo1opcet of nct protectivegear 



-in 
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10i 1E , n1 Y- 1 3, 

Ynvoottcotiorc i to tlw uor!dflc of 	iuLnptt coapt atero 

cvo bean only of z'c.crit orlein, co do f1t iflvcatiCction in 
this field coo to Iicvo boon inS t etcd by rloc . ?") In 10 . - 

Io thC.O Chi. tit t for za Cavtni, Col rolr," uitb fitrco or 
nOrc cva Yo c crC act ft c 	llyt rectified cu- cnto i1~  
Ing the :oloy Operetoo accOr( i.fl6 to the egwtion# 

I iJ ± Iis I t j i I 	 I 1 0 0 , o (''11) In the is oa1 colo, 

The + Dien 9.a c~jc tot tIt 1 o vectjfiero arc connected 
either In oporato or rootrc:.nt condR tion, In thic vay roicyo 
with o11i~aticol,g perbol ct or COro couplcz cI aractcrtotico con 
be obt aired. Jcac2 cn U.ic thcorjo c practical rc).csy a? pcaro 
to hcvo bay lov iopet in M, (15) (20 )4 it Ga,o en o111p£ica$ 
chcractcrictic cnl the c aror Bion for the orquo ¶ aC CiVC r. cc 

Lt 	I Vr .11.x.,  (i 	C) f 	IlYrI (1 ' 	(:?y2) 

uhoro V . ari I c ro host circuit 1Ytco end cw rcnt at the rolcy 
torathnio referred to eccondcrr for tn€1a, 

ZR a Ytnpodenco of the protcctcd occtton referred to to coley 
inpft to c1o. 

C- = coconut city of t .a n31tpao. 

If Ira put Via► 	C) 	~ 



0 
do 

L 
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and zR (a + C) 	ze 

Then ZH a ZI + Z 2 

I iu..ti:n () ccxi be *.n j ten zas 

1 x (Z1+ '-2)J 	Ivy, - s.] j - JVr - IZ I 	...c • 
to circuit uocC byGccvonko(19) csi&.:ta oC thrco 

full w >:vo rc titior ;aridrec, thc autpA of icii. r :.-c cc to the 
ti rec coil.. a ` r. 'ovtnrj coil rcic .' oL, 3.tOWri it. Vice (V . 

•the Inputs to M . tbrcc rc~.t . 'tor br1t2 ;€c cit 
proport orat i to tL-r qtzc!_-': .tie., rcprc . t ritel ii. the o ,u .ttcn (31)x► 

ho outi)AL. Or t:.c t cc +cc; Iffier i i c- in- o L 
cerilt a ely cr-oothono out tdthoat introduci tick c:elc,y 6 1 or 
LI i: 

	

	r oso :►pli`.. pha a a$rcalto c-nd pcdpi z,( rectifier brickc oo-1~ 

Eel cyu crit:: on-1 ..rd o?Lic:. 4pCC&C3. ci1cr"aa to i :P.: tcD 
c-~acLI L. to it. ye Xc Cr: &c VOlopc.t uDtnr na..n-11nct,i cicncnts. 

IniO..ttjcttcns into the oiii . of multi input 
comp r r torp we. c cont Huai by ''cdepohi(z • ..c is o r1n 
type c of Malti..rrp .I co. -..naso t hy. t wcrc ir<vc:.ti[,: ted by 
et pois1 we.. c (1) i.c iifroc tt p4t 	e. -i for jO coa,J iur,•. or 

( 2) The .?.xc,o input reLt i 'tei i)r lC' ; a cot 	or.'. In JiG.0 pohP D 
vi 'w t i Cor:plcx 	 rnci bt obte .., C : uYI' .h rt l; tivo 

cc. Wiwi... V.: f- ;.C.ltyj cjx ut.L &( Crtucd i.t ©vc (mutt ±tr,pit 
coxap&rt tors) i 1 
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3. P.lT r 	ri..f_ tl. .. » '+Lt £r: _ .4J G7tVv Ph,, ,:X  

`A'hiz 43 :-! o in ii: i ic,11 tai win', thrcc Lmsiaor8. 
ic threc inputs are Vi,, Vp nc V3. It i. nccc. flary for V1, V2 

o,d V3 to be in -.r -anco c iy roc It vo ior rorc th r± qu. rtcr of 
a cycle, for . -Clay to apart±. o As socz c:► 4i.c or more of 
t!--,e thrc&..- inputs signs' a bccoms neCr_ 'i.t(, cOincidence CO: scs„ 

. re nct , ,ei- of Clit tCtCri3t4CC UCrc a.Jtatt.c6 azo 'ho' 'ah iI 
cul dtrc ct' an& c ari etc-, J,'Ac uith inpu,. s of .c ±arr, 

Vi= i ZR- V 

v2= v1 

Vl, ` I ZR or I Zlir 

,.hc char aatez .;sic;. 	c of rhic'. t. 	O'sk: in 

11C. It Cb) consiL -cd of rres 01 cly.,c .e am!; et rclt;bi: lint L, .LoitainC 
c8.4...col.'.4xtu3 polar curves.  

3. r.p•' hrct. j nut Lcct.tio Lri4Cc s Ccs m ators 

in 	j(J)uLrL tito rc 	.ti s 	r r 	? ;c:~ 
Pyr 	thrc 	ir9putQ are i, iS end i3 cx 3 	s I7c input t:•cndztor. 13 

cut. off .1i 	t' output iz. aero. 	'c& poh l c c 	3c,, 	'bis circuit 

in tc tt, o1 ar; cquivclert 4 input p: csc coimperator a ,iri. 
t ; z i:. cis type 'c !-c ejuiv~ .cnt t.npu"-.0 ChOUI ? bcs 

ih illu in • 13 
is ,l + t 	.~ 

i@ i1wjp *3 



FIC:.11 ) THcLi; fi, `JT T ti P1 ,I: `:'Oft pflikoh COMI Ili-, .ion 

' % 	IItE►) ci k C. 	t CAMA: E,c  j 	 .'T 	! PL COt„iPd CCF3 



Thi µ equivc1c:. ei: ciii t& uhoui in !i e. i2 (), 
o u' put j: product(I on ,' .,5 ,.Cn ci tIxe four inp .2 :u arc simti1tancox1y 
pc tttve. b * 	f i n:13 to ie Co-vC3 in r 	 1itule am of 

A ( I 	* } 	i YZ ; it) (I, + 12), 13 

	

lit) (11 + 13) 9 1r ; 	iv) ( a, - 12) , 12 

	

v) (Ii. t a) , 13 ; 
	via (12*  1 ), I1 

the; e Cnpv a1 I re ;re cit 	r=# nacnitc o aa. rcnto il, is tnd 
j. !ie 	c &,r,r ,.Otc.: t:ti.CL 	ou1d hcvw f co=non ::::~, a 	; ouu:(ikt> i , the 
cix `-innp t ccx etc i :t!CQ with trp; 0 of tl.c form 

11 ` v I Le 

Ti a I«.,... 

Ore Of Bucy c : 	c . Jtl .; I:, chow z in Vic, 12 (c ) 

3,3* 1 • c ontc ChrrrcteT.1 Ac; , for M;vcynce i:r1 r L1 

The uppltcttton of iz►ulti. input cor pci' for CL CUItC 
£o 	" L. 	c21:.. cr.,cc r Iv 	ult. z ccIaI chcrc.ctC_I.~t1c3 hrw beCu 

r 	;..t L 	,.c by (1-10. 	I t i . f`ound tit by curt tning 
i 'C outp.ztC of the COn' r for r :(l iipittuCO Camp..,Gtor3, 
s:g ty7.)i or conic 	 en o ob _cincd ,,-or dtU ncO 

r€l t'ys• 

	

3.3.2 . Lflt..tic: 	i1pi :J:cc U , •c= =` 	A; 'CU w1t 1A1'C. t!ak 1 3t 

	

P;a. 1 . 	typ l i .cctiC 	 i' r", 	.. .Or. 



SN,WD£D AREA 
"RESENT, U 1VIRAL L 

C1yL1 RQC TfR/f7/C 

11 

kc 

•.l 2$ i) }Iir, .L N P 1.' h1.Ci IF'IEr BRI Vul. COMPAI,,i O t 
RL 

'b:4 -~iZ--i2- ti3 

3. •l2(b)•I n VAL1i; i ft iojolOh PHA uf' COMP; 
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jnvStt 	4- f. a by h&t, he out-, 	0- 	:1 let-,  t 	'onorttc:ci. to 	tic 

coftic or tt p -  c. rmLlc Ixtwccn I.I. e 	tio tnpu 	ciCniL. 

In n apIitu& cop rtor 'rorir L C ci linpCIcncC 

z'cic,y, tc irp:t.0 clc I Za clid Vr itheo  Vr  In tit vault VoIttece 

"he toruc U erc :ti 	 • 'hO output of thU 

cotpriv.t0r Is Cotiprr(d ttI tic outnut 01' c cLttflox' phaco 

7h0C( 0ut!Ut Ic (UI1  ta to Vz, Cpu 0* 

lor L pttidc C0r1pcTcto2, torque U zwo uicr 

-hr.1 	and 
ZR 

Cow ph'-,c eonwr tor, 

ZL 

aci 1incr) I., tt:o opo. cLtlr:C 

ccirt of tLc plicroc,  cor3percto1 

.hc criterion for operation tho cfoio tu 

III.I!Ll +  
Zu 

putti. 	 ____ 

!r.*ZL1U2+ z2  

Cori a a 0 .....(t). 
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V.. 

R" 	i . ic') • fi. Z•  

htCi' ecr; bc rat In tb form: 
2. 

b 	 —w 	•..a. (?. 

L 	12 	 2 

i tit, 	 ctittc. oi : 	ciijci :ito 	cct 	(t:tc. :otjo: of 

ijor :d mitct .xc3) t.. Ai1ttCd frou t 	otCiv in ILc pcottivo 

dt:cctttn by 	. 	c uho-c ccr x&3 
( j 2) 

•p%rr- 	cavid r1iov ot$  

0) ' 	 /1 V OF  (1. 

T11UL by vritthC U:C viuc of 	 ti.. 	cm bc rco 

to bve tVteret opt CIA1.6 cb -Qttoi.i1Co 111,10 clicic, o'llpcc, 

przcO1; rid hprtIo1Q. Fig. (13) chows t:c. co:p1t. C circ4t. 

Ic. 	(14) 	:o 	tLc ;3p c Oi ci 	ctcH..'tcC ob.ti. ct .or 

v:. ryit 	0 to 1. 

.2.3. 	Jilt ttcol 'io' C .cctc: ttc Litht)ictc1Jtc0 

In he prcvlous ..cvtior, I. iriv y cc uio'cu it 

itørtxty 	. I C.TCC t - 7 	Iczcc 	c cI'ietc.. j..ttcti will 

not pt tIroui . c ortn. If thc inpu to ti cpt(tc 

conn r Icr arc, ( I 	a.8 	4) , then all the 

c!tci.t iez wl1? ne 	t hrou[42,1 	or't$.n ru tI:C x'C1r3 wi l l 

he bc 	 c.U.:ccttot1, 



VOLTAGE IMPUT 

13 



i10 90 60 

X 

- I 10  

240 
	

270 
	

300 

6R F i Cc • i ti , c R.a,AcTTIVcS O8T4/LAED BY l/ABYiNc l/s1L UE OF K 

Iso 

210 

;0 

C 

130 



M 
M 	 I 	 J 

L 	+ ru. ____ FT 
(1 	 ) 

'o 	. 	• 	(V 4 C 	C 	C. 

ro 	 ! 

r 
	

ATu  

t:c C. 1y ( t 

It 	I C 	1Cz;C.....: 	tLO 	c 

c rc t r  

38 



C;1Ap4R, Iv 

)ti411 AIL! 	LLL1PiI(41A  : OttC 

ALLI IC' tiIC 	 iLLb 

ARLU4,  c2, 

39 
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b.jJIC iii. 	/4 	I•*w t.tt .-. £t.L Li) 	TIIC 

;..i. . 11,.ii. . 	JL 

L; C, 	. 

4.1 	cctUiC 	L j( tC 	itiC(cr:n: 

cctije. iztc cop.r.toz'. 'I'L xin. 1nctt Lt111 

U. d j... 1. 	Li  i. Of pro ,  ccttvc cI:ir:,. 	Cy rc.y bt c LcU 

i1tud ccat. .to:& or ì:c cc. perLtor. 	...1. 	er 

t pc hvc Lcco c very populcr td cc in ite u Ic in .It., J.'./. 
r 	

(24 
3 C ttncttc1 i tiiopc (21) (?_4 

 

t. 1.1. 	oil Cpr re. ctjort  

u:.tn ty( D Oi' rcvttC 	(C COj 	to 
ctc:dt c:c !4Q 	Lx ILL. 05) • cat or 	:.c 

& 	Co.t 4c)' ti t:c fpl 	 ,: uttoi 

j.: U, c,6 on! y 	hcc u 	z.c! J.C. ot 	t nccthd,  

irto&icin j thtettve • cc ctzcc 	otiz iflte:. rniit' 

:'f.t2t)Qj2t corncc.ttor t 	ye y 	C , )io;C. 	jc 	Stc 

0. It Ltift0i' tc co': 	ctctt L cp1oyt1 i t. 01.1y roc 

OPCL &t.c oi tit.... 	,'pc, 

k&tc&?, t t t 	yc o. 

to: ci Ltt O. 't&; full 	CC11 	cfl1ICCtCC in 

1. 	., , c; .c. 	j, 	(16), z 	oli 	iovt 	coil 

kI y ('C) bc 	COL1CCttU :C:c. 	yo cCt11i.C. . . 

.hc 	 't 	ip 	Col r'( ttcfl 	.. 

t... t 	Ittvtt: w4 	1 :i 	h'k.I Z.. t )C'4 caieri 

thicL i.. 	. 	c. 	• 	cj..t!c, 	. j,. j, 



(a) 6 A' 4177' CONNECT/JN 

1̀ ) . MID PO/NT CONNECTION 

LC) 	SPLIT PHASE CONNECT/D/v. 
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c' t 	pt'' CurrCrt 	tiwaoi t' C r(ty,  - c c rc only 

CL2fli fttctio!1 0.. Lt pt*1 curcrt tioi t'routt t C rclty tt 

!.ghcr vtluc 0.;" ip it cu 

-hit; cci b 	V.. ijo. in rig. (%) p  hec 

onli "'t- Arcil ' 	init t5. Ctc,. to 	r(.17 L. V. Lt. O. 4 2 

1..: cini1, tLt c:tjrQ ctLc.t Timm txoji v  mcvti coü 

rcry V! IL,  boin 	octton cr. th iUj 	 j 

VA L, 	01 t, I.. 	further, thc CLU1 t ronc tho 

rc1ci: thcrctcc until thc 0l'ZciC tx'o 	c ovt, Coll vc1cy  
re, 	 %f 	tihcrc Vt 	t;.c thvc 	16 	1tc; C o 

ric C1t ITior CictiCtt, Aftoi tii11., tLc vctW1c:. c o brWv (1) 

will, co!dict, 	all thc ozco crctt will i'loi tuotCh thcoc 
z'ccti.ftera. 	bo Cii:; z'ctt thz'ou1i the io1y tiiIl corc iLt of Litt 

topped *11 1 ticvo cL Qo-m in 1,-iC* 	(17) 

o  	 4 	 tcc,  

the vorcc drop Lcroo t rc1z td' I i o' o V 1r 
I.CV01-cc 01 clticr.i zllcnn 	0 2  Ln., 	1'CZt tIAVO tb 	Olay 

Will x In h O()'.. ctti,,,  6tr(ctior , 	iC th vol c.L: eros 

to c two cl vyS x ceht c V:1 UC of 4  P V, CS Ourplxjt  ctLcnt 

fro br1 c 3 u1' 	i! oov thi-outjh th,- ccU5c br.o . 

:v1o= ;n6cr Ideal, Cotdjttoru 
(2) 

1xz: both j, 	xd i 	o pr c t ic rc1cy o.tce 

will bt r untdt-cctioui wcvc 1.12iL11 will 	Z. 11C1: Of 

r vt, tt in ic, 	o whie4 ci tt cUD ca 

oui c tu lurcr. 	 t r 1ry VO1CLL I. OVO t  

cvOry In., at 	 (1) Aiel,  io  ,rd i uC ct In 
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phcie 3 tIhc vo .tc CC c.ce OL c; the rc~. cy► vll 1 be 0 c IuLro 'avo ci Qoubic 
_lac P 	cr tri. c._jucncy cnd if the two curzcntu Linc ajuo1 
u Cnituw,.o, the a•c1c roltc c Jill be a .,quc,rc i' vo uitsi o;mal 
,oct "i ve .n6 nICCCtIVC ColflO!CfltS Liv1nC icro evcreve vol tc.( c 

over or.e 	l^ cycloa o t :c Tc c? _ c itc1 VOtJJC c7avti; th. po1€aµ4 Dc6 

achy (),,C tic on tho cvCt'
c'CC to i:;:i tc LAnclo tbcic orc ccvclopo 

no tc . quos utI CC the r vc rccc voltcCc ovcr cr.o cycle off' t' 4 .. 
po<, t1ve c. r_cecAvo conponcnto of Clio 1 quc .o uuavc I..,. ecc , o ;ucl 
:.O 'Y t. DL.'.c it I cs been cJ)L;uri d th t ' .ht Mo 4cr:c do Yclopcd 

. c ouc tic po1.crtccd sc1cy by czch input cu_ront indivtduc1 .y 
ui t h tic other brides re cti `t.. r d Lcorr. ccted I. c 1t~rec cocpz.rcd 
toe 4t. 

Thoconpar~tor th cctcr i8ti +iia for the tr .nttio point 
roz poc~ltive throuib zero to ncCctive voltc.Cc tr1cn the tuo 

cu: rcnto crc In phc:co 1c shoe n in . ic, 	cio the t cn:4ton 
1 very LLP.rp! but In the cc W:orc JO end , , ci'o not in p!acc,, 
the tree ittion is 1c.—a rp as jndico,tcd in UC. #18.6.3. 

t h4n he tuo cup: rcrto o 	 pI c c the cuu•icnV 4 _. ovzh 

ti's act e;J I z ai,ucl to the dti .. crcncc ;pct'icen t o tuo Input 
cww rcntu, inti l the voltage cc o o the racy rccchca QV. 
.' or tb1 th,, o 'a111   be no aurthcr iz crcccc in the rcicy 
current.- Wil ; . t a true tthctovcx ac be the tepcd, nco øç the i-c1ey, 
bur: the -L .:un poc cL1c rcicy cua rent ti .nvorcoly proportio..: 1 
too the cis JmrcQcnco, The scnctttvity lu thu:: b.?Cheut T7hc 
the th;at c:u i•.. nto Lro In ph ae„ 

t) 'hen the tt7o 1r' Z cu:. rcntu t ro out of p_*Ir 1c t~.e 

rrC?,cy V.. A':( `iii (}"~tct_ndc on tuzc cVC'Lrr.Lc 	 I YVd4. ti C i.fl( 

the rc 	'"mpe(.cnCc. 	1ce,c the 	,t c:u:.vcntc, c,rL :,:.u$i.Cicntly 



Z Vf -2b 

j 

dp < 

FiG(17) 

¢IG1 •(Is) 
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1croje, the C1{2 0 *1 o output 0 V334 Coop - cito Cm bo Cw.ulk'C Cc 

r,C ria ''.fc ! ugSmn-, c rrrvc 	c. (1), to c 1rCC67 	ctc2 co 
c ; ' 9.npiit cu :. c tD the n rnco v1tio ovc ono cyclo of tho 
)OC .£'S GO rLt(1 CCCttVO cwC-v Cm` C of 	c c un-ro tl Ivo Ic cCtl 

cu1 to V. 

r,1• 	1 , ~;t~ ? ' 	' a 	'~ .t'!", 	'' .F`►~' 7~ 	('•;, 	f~";* .` GHQ 

:i c CiCCCtCOtIC o;' e IDpcc iCC ro1ry ©n I1~.t 1kr,C `nmy 

ca -rt.cr gay c~lc2 .cs In CiicptcZ 1 13 0 C1'C1O utth Ito COMM `M 
c .' OPiC'SMt* Ttzo c a£'+ ctcrL c' i c owt ion #cii be u 'i tC CIO,, 

IZL1 a Iz I 	•. (4.1) 

Thos'o ZL is the i cc r cO vector or  tho I... o frOO tho 

volt point, to the ;'tI1t c2 Z1 to eaiicd the ;,cp1tcn. .snpc& .ico 
(v ch. jt cn oitcnc1 icpc&ncc in tho relay circui ). 
:ul t plyli— 0 ; t t cn (4' 1) by 

or I vS.4 	a 11 z~1 .*. (4' z) 
bccce S Z, 0.V ' Cz o Vv is the fruit c ►ltcCc Of tho rcloy. 

or 

T̀,1kcrcSo `o pu4o to the cr'p 1Uu c combct.oz' vo X. ne oc ci"+i 

sgpcO?cgco r'c"~ny cre I .. 	~► W 	 3, 
too c~rcutt 09 rm P) S t12tIO cc 	n£+ vovJr .i ; Co 

Ir ct1 n o ro cy i c ci cii 	.c. (f6) 



Fia (1(a) 

M.C. PCL .41R LIED 
RELAY 

Fl G • 12(Q) •  	ii. CC7,"SI'nh. ' Oi ti ' tx 	j; ;;.j :L 
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1~ 0 

3Ic C3~ ".:.':.c~►t~:" Z+i: C! 'o i' 	i 	V C *a 	C 	cit c:( ► 2 	Lc̀ 

C C p :::; C v', ,OL! OE2G?f --.c2 Ct khc a 	 c;; ='t cc 
Cc. 1z 	cC r+ 

0 tlao a.'. c etcrI ►£ale a roto 
C2 Cps: C . Cs~ C C :: C. CI Of tt C £ O c4► i n o roc 	r► of 

CL' cCVCZtSInC Into CiVnt oqut2ca  

# . I I 	1 
crcc me tttc o tho opp1.tacio comparator to LthC  

di 
.l c 	 cti t C2.t C:IW 3 of r-ppUt&o C p rato cC a ~, 

0 	'? r CL ' _Tic +~ .'4.z.s3QC 	OE tLLC 'OOU to G  
:~.fa C:►t°^i 91n i ccte4 Oto the lCl.t h tar' t=.cjor czlQ. 



FIQr •2O(0)- 

Zj 

$ Hm! 
Vr 

FIG •W (J AXPLIT'UDi COMPi%hi,,.OR A. 1 MHO lthL.iY 
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to cic. (2~ ) pct ZI cnc ~e zcp . c~Cnt the 
vcctor 	:c 	09 .i ci: c 2cic?c :,tth ti.c £oei, off" thha 
c:  :c 	on 	4 ['.E'C.i, 	let ""ice i'Cz a'c cat 	6 1CIEl t l 

!' Cn the c=lipt ccl th :=ectoliLtic o? the c2t.tmec• 

c .c c c n ecc In Ccr--rc1 cCCO C, 

I2 - 111 4' IzL- a21 	(") 

cc I:rscctcr ct c W p coins ti oU i the o. 	.t3tn 	t.o 
I 	fta. 	(21 ) the ici:t t 	of ..;z jor C.rt& to Gzjue1 to the cw 
of vic ►'! t;t co 3 from the otth to the foci, 

lz,ft ZpI * I ,+ 21 	.• 	(4.6) 

<g tiply1re CI f?t on (4.') th:ojbout br I, th 

put tin I e. = V.. cc bcfo o,, vo cn un tog 

IVV .x 	4Ilvr .172raII(Z14Z2) •. 	(4.) 

!:o by 1 Z.) , to cc we rt into C L' 'rc nt 
C' t~ c ~ s 

(.!Cc ©a' C " 1!t cl.plittt. 0 	v t'"'tr,O "` lla i..'° 
,'. ~M.c ri a Lcli,j 	 Cla.C.t t c l V~JCM

..
a lnc 41m c.C#A , 3L C, , L 
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The cchco 1t..c circuit r: l r.:, , rcc cz ©ycr LL u cimcan in 
~s~ 23 ~r 

Tc ,z .1 ctpic uti1tcci iu Oho property o ' the Iypor..o1a 
t sr't ti. c: 2ATc' tco of tLo Q ..atc.nccc irOu cny point on the 
rjpera1a to tic. foo i to a ccn tent c Q cgtz . to the icnCth 
0g tr nvcc c' : •. ti, c« t :c 	t neo bot~con tlac trio 

:cfothc to fid;* (a) Z) , let Z,. nd 12 x*cprocaft v Ite rs 
the t .pi o A ',2iith cotnctCe t it x 'tc focit of the 1yperbo1a 

en 1 	c~.'c„ cnc "dot P ropvcuent the forth of tra4L;-- 
voree cud, 

Jo Cen unto the cquc icn for the richt exiC icft 
b:. calclicc of byperbo a eCft  

l e"L f, Z11 'w II. f x+ 21 0 1 2 c i r 4 	(4.10) 

I&L,t80"l- 12. z11 	i Zai .. 	(All) 

:ltip17 c cftcut  by I zA C puttinC I Z,  

 +1 IVr '"► I 	I s c II 

I 	•x 1'! Z znI 	t If 	.1(4'+) 

5 
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`l oo g0, n i. i co Input rc WWWrrio coops. tutor 	co 
c7 	c ;cc oacy uta lt c: : o1 c e z'cct oc tc thc inp&to c'o 

4sc OcLcmatic Circuit dic rca CuplOyCc3 to chCUn In 

j _Ojjfljtfl , 
pl 2, of the circuit Is the £ OCCu .nC Ci?Coit. .. c 

q utO to t e coczurinC ctctait are Vr (atilt roltco ct the 
Y.,cicj) crsj £c tilt cur mt 1. 

The rctioc 05 tl.o curont t i formorc oro ci.izod on 
the ccrcttt d .aG ' ;+ „ .Lc t CO o itpLtc of t ai; s auurt.hC 
eircut ^ o fcc to the thrc o rc of f for bri jc o cor-:nc etcd in  

The D.C. output Or thio Con -pastor circuit to 
fcc1 to tri ;r.ortn Circuit (ozplaine In do; r i tcr), Ti c 
otic, rut fro the t 1LCCI ".nC ctrcitt to Cipp1iCC to the po v .Lc$ 

covtrs, coil rClc'.yo 

It hc.o boon cZg1cAnc4 ol'crc y th,.t the outp t of u 

c C t .c b tcii;c c=:tela tuGc ccpactor :r ll be a cqu ro ucvo  

c7 cc the scar Input to thu cc rcrcto cC not in p, c= a. :1hCn 
tIkc w=:© 	u:e c 	j I4 n 5c ai tteic but dO not in pL~n o 

c t ltcr.;o r.cvc c the $ of uy Ill be a ocjw. 10 mmcvc o' co ü2 
the P~ 22t.:cntci h cc 	cV u: equal fCCL vo c.i~113 Ou tiVC  

the 4Joro 4. V1... ate vol i✓c,Cc. {w~ ~.b~ CC W6  

co. 	'c ' ° o n 11 c L. i ape c rel cy g it 'c pon.Lt u to Iwi''  

c 	 c; c ttvt 	; 6 z. ► eye o ,O_ t:? c.. 0' tI : dI € .7 t ii 	rot 

be t c l dcfsc.C. 



Or 

H 
f /G, (8'l 	SĜ EMAT/C D/46R4itf OF RELAY 
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ce the Ot9t Ca ti c CO 	•w tee 2 c p c.i to c: 

C ctcCt l' C".:,.'C-At q t...S C\ In ttl: i1 	LCC 0. bl GtC1".i'.0 Ill L C1f tq 

ca • c .! c po~ t .vc _ ~ ' cc tho spat tl :VO otccc&u 0 

o C 	.CQ c4 'cis 	~; L'_ 3" l ,': '~ r ~Zti~♦ 

C~►1r 

 

1.1. 	CT • ,,.} 	'SCC . '`?' 
(2.') 

1; c gwICUo. a.. W—.0 .c~ of ictcoto 	to to 
ZL'I ir(Il u. ..ca C+:, t!Wcpco tl v' o c.:' of th c- !' 3put u , c e ;c`, cc2o 

5 L 	 CC (+IJ D C.1i.1 Ci V123 c 	tl,V 2. 	pc1f,rO n the o .ib'put 

CCC. 	Lc cst'c t 	 £ c. (£4), 
i'c c tib;c a of T4tc 	n3 23 t O++ encctc 3 

CO., CO c OI $Lw, ho iC C 0-0 t1 c VO1tt2 c V© 

tL ia: a t."i cc -tc,i vvlac V (the pici tz volt) trencictor 

13 la L ttfl 	LCcuCtinC &to to rcCcttVC z2.tcCO cpp12.c4 to 

c t CD .iC Y .:2c ar 	tC LIt ccC to cmr ►eaf ` "y the 

vo ac C crop LCz©cc the cc ct C'-Ilttcr I'c.+11atcicc fl0 yy, 

^. r 	so .tcCa VSn wo to level £ctccti.r .o ©bt 	r.tv.(A 
D ~ Lc ,'ccf~ir 2.c ew~a~L ,.yc CoorCto 3 Ch tkt Vhc oper Yi:Cj 

0t1 c 	mac iezc 0g ^  poz4Z v0 sIith 'cpcct to the 
ops wtc', :c 	a of i'2. 4 c rc 'a :,t ra. ^.t~4c 	Purl , itis, 
T, c tepc ca CUCtlCZO L2 110 vo tr c *Vca ctcrt i to w,1tjo 
tt'c co*:Ccnuc, 'C, -. 1 V0 cto to :.pct ca czaacAltiall 7 

ccpc~*<1 	Oz Vit: c tick cc o cnt M + no,) of ci:I-iinc 

'vim iso u rCzvt LIt2 Stc 	 c O v' ,GS C 	 to 
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TIt3 rc4ae `on in cmttto' currant of T. puchca T. 
ft?,z cr to coed ction t14th rico to itc collcctor current 

u: ?,c: _ . c rr;c¢n t rr sfcrrcd to the bo of T3 L,=2 cyc'io to 
vc,C „tc(2, i ' during  durinC thtL► cction .Cts n iG croator then 

ur ty the circuit c411 suddenly cbcrCo to other utoto of 
otcMity viL ,O L to fully con4u tthc cf►d 	iz out off, 
•lac., T3 is cutoff, a negctivo voltage t donly appooro 
r croL o the co! icctor and otntttcr of trot i ~tor T j which 
is eppltcd to the bi$t b.c circuit. 

'~y cboo ing proper vaivaD for 1161 # Rb2 cxic C t Vo can 
by tedo to reach V , if the bcdco of i rocino it po:$tivo 
or zero potcDf icl for mor c than 6 eilha+co ndo. 

aid.: circuit hr s got t o states of stability in 
either of * liici cno trc:naictor to fully conthcttne and he 
o'ltor llQ cutoff and cCn remain in ono of thoso ctaton 
inGo ir.ttc17, 

7 ho circuit oey be triggered from one ttato to the 
other uta, ;o by a, )! F1y ng enter a po3tivc pubo to tho e ,o 
of Mc conduetin trcmintor to tum it OW or a ncgnt ve 
pulco to the taoo .of nonocnduct g tranoictor to turn it. 
©► , The 1!,, tov uc 1y Geo do 10cc energy„ 

Lt ',:tc. circuit tho ,n initially wean o itch It is 
cloccc O tri nhil.otor n icy cut off and o will be conducting, 
The t? r- co~_lN ciat of 'fir is ccdo purpocoly lcre c: t cn that 
of '20 co Wln, t col ctor voltaGo of T 6 t:il1 rice z t a L:icjOr 
rat: them QQ., t ©d `u'r,• 	jt ► ceat +1'i bcceizzo tie c+. tcib 
r 

 
t; cicoed bot'.. tr: z.._i cto c TG cnt T5 r cc in corrduction. 
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The to of vo .tofjc of , i.c trcna£orrc t to tho be o of 
. r oppoCoe it to GCney to aouct, thic fuuthor rcducon 
t c :t e of rloo of coltctjo or T45 cnd the procoo c cumirttvo 

u-I th the roe Lt t !c.t T5 ui1 . be dzivcn rnpidly to full 
conduction blit 1c c'd roc  inc cutoff. 

?i1cn e nee tivo p.~1co 'rca the lovo1 clotectoa to 

opplicc1 to the boo of neo, , c circuit to triccored to the 

other otcto g t* 0,* i conluetI C end ro to cu twotfs x o rc ©t 

the T.T. supply .U: nuttchcd off cnd then outtched on ncc1 n 
~Q thct the ori icol &e—oS Otto of stability U cLtcblichod. 

die tthole trtCecr e? rcu1t , . l2 thus be tri scrod vhhon 
the pocttivo hair of to input c,ctvo (o.tput of tcctt icz 
: iaco copperetor) to rro'o tb an 6 mIlitoeconde, i.e. ubon 
the oporctine current is t - o ten the roctroinin.c cu. rent. 

In CSCE Cletroct:rnotiC roloy ouch as on induct on cup 
unity perfect cb wcctczUUttcO ccs be obtoA nos with r caonoblo 
bu 1cntuo bcceu o it u;..00 tho toEqu comparison cad, th ctrl: 
clone to c .o`.0 C be contocto be 	Got no affect on the r jm tic 
flunoo tihicII produces the .orquc. In static roiayc9 on the 
other h do the copericon in cede c .cctrtco 1y, in a net ork 
cad cool cl_ cvcctcrietico cro obtained only it the burden 
4 po:icd by the trtppine device to ncell ctblo coipnrcd vit 
the potier in t C nOtiiok. 

The .;.00t LC OUIVO CIOCtroo, cctI c trippinc £'01030 
0,x.,o of tho uuovin;, coil o. covin iron type e, pole rt ccd by ca 
pcCnt n. ^,►rust. In t!o prcocnt cc.,0 c poi.- r i cad novinB  
coil relayy to used c:. e tri' ppine c2cv2. cool 

Ofcou: co t t p:: curt tie ^,, cc itrol Leel L l.2con roctifioro 
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c 0 tvat1ob10 rritb auffictont c, xacity to trip tho i rockor 

l:, t9''nc C tr 1 p Coll Cta 'r'Cnt of  

but Uicz co fit to too gh.. 

it vca pL-r pooct or .nC41y to ooicn tho rolcy o ittcblo 

for teff r, In tho I. igia opoc#i rolcy toot peroi, ioi. cod and 

3ovc1opod by a,, o. r,, Rao in the povor oyototi 1r bcrctory(Z 7 

t fircnco? octon mo or 13 V,, of 100 odor Is roproLiolntcd 
in LES oloy toot pcnoi, by the oultobic ixnpcdcncou v .c!i 
ore 	z tc o, a# 0 ochc Zttc Giograt+ of t n toot x c. 

10 ohoir. in fig, ('s * 
if m fault to croc£cI the c itiGlo of tho Jird na 

thotn in the iocroc, the U.UEi tmpc8rnoo bott?con the 

roioy nC po"nt c d the faint point is 20 o r The priory 
of tiro C,,T,, connected to the lino, has got O turns cx4 

tho zoconcicrp turns ora 1rcrtoblo from 6 turns to IO5 turns 

in stcp of 8, The e P,T, coc cotcc2 hco Cot a sotto of 

A_OV/JIDV. 
If thi ncicw curvcnt tht t con be dreun 'ron P, T„ 

co thct it ui' l root be burdoncd cNc000f voly 1a 

(Z + z n 	r 	NO ° 	9 ohms 

t~;~ c~niiuC C . pr't h: ry tarn, = 00 ( to U car be vc~rj cd from 
6 to A!0& turns 
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t' [t. C,2, p (1) iv pio "Mc U.. i 	:  

C. 	2: . O Cen 1x vr::-lclS x'm6 t 	. 

64, 	 ti°, \ 	 i.f".1  

.  .ire  

.:'bc circa it oç 1or'"2 	J,:Yr ;fin I1!,, +t26). I11 V31tcCO 

coaccc uczc trcno:Ccz,, (! tht cup° —nt ccc cc; , 	's _c`:ccch or 
the L-c?.C7 can bc 	v, s tn" t1 tccodc. cc (Z1 ). In 
t he ©1 CUtt c Jvlo oa Z 	z zrn to Dc r; csi2y cLtcico, 
bat 	:? 1 f .fl p cotioc 4.t :*1' 1 tX cJ 	 t 	.►~ c 
cac o ' r.: cti ui1 Ccc'.Cc the , . z: t at qi 	CI(0 "tea 
•, r! we o r .1. whc (:'  rGttcc 3L on n "ii'! rc:,ci y be '--C1ttCa 
~rt.ts u : CIr.!~ t13 : c ;A1 )L o 	IC C~ : L Ct(rio tC t3 c i th Cvuo. . 

P tcco -1AVt n bct icc B ac 	a %o 	r, C 	i" ob~.c2 CQ 
Dy u3n r c p1i c 	c. a c~? "ct to ~ 3• p .,C .o I..-CUC C~ 
c ,u 	:itU v4 	.r c1 c:+ c ~: wy opc c :c'2 tLl..L•c:s cf 

CoccJn. both "n co °t coy, 10 icC1 caw  	Tho 
.^.Lc Cf( C O ji oto CCccndt, 'J 'm t .CQ 'f'.' th ."C`.+pcct to t1jo 

p 'S cr r r vo "'. c~,~c c .n be"° v; r? cG, b yr - . ;C the port U n of ';Ec 
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dl 2.oa opctnC C cec 4c :: ate"*cincc2 

. CCC lep ,y O QC thctc2.ctic Ct.,vo 

o 

cccczntr,.city on be cc jQctoq by cti cne 
IC vc.l ;i v 4 	 1.C. Lv cal aC r C the 

cttGLL o C, T L, (1) cG m e 
'hhc ch t'3ctcZU t c ce be nt;IO of ` cot from the 

o rllncm M. 1,C.CUB)0Li(3A) 

2ho h rpe boltc cblPi cctcrluticO dreun foo to ;*, 

rectalto cv uliotm in tic. (3),The Curvl, r'o or tc c 
b2lAo;Aralu. ccn ba vc ' .eta ti 	:biy cr2jw tthc the scttoO 

cil C 	) ec c1i rl, 
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 wr  urs u i iw~rrw: rrwi 

Fig. (g4) rep 	nt the rmi.t vrol;: , /z,ea.cb ct °ve. 

The relayc atnt th Lfl acc 	'y o1 t . a euc nt within t/. 

dorm to 8 volto Thus the ashy vtll be L p li. cablc to 
t:fl&ijSjo line:; -.-.beie the value of Sources line 

impc-dcnce, ensured that tIx vOltcCo drop to the point 
of feult would be no le _9 than S volts sccaiUQry0 This 
otnim;am vol t ngo will app r only when the Fault i t very 
clo .e to the bus* 

T ,c. accuracy ti quite octt ; 'ctctory :h +n olcc 2,0» 
M. gnotic relit 'z%. 
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The Forszsvd end rovcrce clw r}otu :tsttca of s c1entu 
rentti icr uvcd c,:.o : Yhc'wn in etc, (S5), The tt~rothoid 
voltng0 of rncb rccttftor to about I volt. The socio of 
the rev rc c current has been purposely orilargcd it 
corpert on with thy:: £oruard cw r+ nt,, bec two It ? of ::nch 
a low order. 
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7 6. 
1 

fi' 1r 	L- I 

u yr: c, ccrtc.ZI !c : t1i of trc, must on li c,, convcn t .oncl 
c -~ 4 Cc L C . y tr .fl rs 	c1 otin , ulLb 1ntctn 1. fculto or 
•Ti34.ca 4, c '? i^.c. :lou' l be opcicd rn2 cntcrno1 f ult ,, lo"'d cz r g.M .oma 
cn2 pccv riic'or i '# tie Itno oi1 rot be opcnc+ , 2:1iso 

b'-ccG on the 	o. the $.:Lpcts4..nco o rccc C: eo 

0g 	r;; It ppoa to be rc1oy 	. 31Iiu iccknco vti l 

bo ca, 0: r'c:2 to hcrocttcr c the input t c ;3c&. cc t r-: 2G aotcla i 3c i 

by the cu;:.°cnt rfl 	oitco c .1 t n cit the rcia 1oc :tit . 

%'Le 	ntttuO of the input 1gqcd, :tcc wil'- iLMnea .u11 
c1c4 .y acts cn into c1.: i c .t( rn . fcu1c for cur YcnCt a of 

lines,, bit c-• lotCc~_ l .nco eo co. .c,orca the t1tfVcrcncc in 
rzpci;.rcc tottcen 1oaC cr, tr cit conLtticno be cOccu 1cr o c-nrl nc ' 

oval be vOvcrGcd(2$)4 

t1t1OLCa horc . c little (A, £ f'U Cnco 2i tspcd, fcO DwGn1uC 
(5 t iCC fc.s~It c:2 load cow ttcr 	on vc y imic 1inca, tncc o is 

co oiCcr io + 2i' 'c4.c co in pec c.r~c1c. DurtnC 
.o : ccz:fi4 c: i ; v the hccy ci 2 tht c u . rcnt cozpaicnt tcn to 

r: t:o the 'ant impcdcinco z~cvirg Cl lCcciinC pO°rcr €C CtOrt ribo: c 
r.O =- Is~c c :: ntcrn!,l Vcult ouch o the lac ccipcicitcncc to chart 
circ tc~3 , i C t'ic inpat .t: xc+ deco uii.l be lcccinc eiocib1y. 

(. r. r „ T c IU 
:? .t'. 3: op w-` ' ccnt c i jientia o9 	c 

'L' 	ii .. r .~ 	i...+~~y 	 ,~~ r 	w 	~.»~ 	~p~ ~ [S~. ~~~~ ~ "l "u 11~i.S. G~, .,CL'~L ~r 	Ci1w'~s~.S~TCiLµy 

Lcc t c:3 thC L7 3... wi c. eC ucr ec c c& ?co of thi 1. no botL3ccn h?O 
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rC:~.cy Grid t ft:2.t I cuitj t: 7 crc or GOTstLC 	o.L:4 ~-tcnvo o~ 
O t:r.v fC ► The lLxjCCICi CO L.f crc rcc~ tmeo L30 	C2 by 
4-tic IO1OyC no 	rcc, ly c caC .: tcci Uh the £c1 ` tii_fcre 
fLon the us:..;~ i CCrfCC bJ e 	t ¶Y12. C!' &pC: CL) cm tie typo 
09 fault. 

AD to : i3tr.oU.3 C c p C UW t ppcticncc Cc'cn by to 
three +nth . C0 : 0 ryu C+ -nCCtc to '; cCOO p.. ►r 	3 rnla o'« ,q for t 

t 	bCCC pIu CCA P3  
C,}..ic C.s-Ac t:.J.3 to c v ctoCu rep L.- rx iM -.e nc the trtio (pmstivz 

cc 7!—,L,3~.c) .:at.~/ulcncO Oz' thc p otcctc 	{I ... 4.:::1 Z.L i.+tJ-,M'1M.a.1 .2nc \r$bco c:.i 

I' to the 4 `,,1t lecrtlon, Tl*p,.. 1thoo A 0 cn 1 R✓  L rop ozxnt tLe 

tote. cy tc 2.tccicnce c4n the rCicy rn boycu1 tse protcoteG 
l sae opcct.ve1y crz user cetUy be eciculotcc frci t1 T :iicdr:c 
as the ct~ot cl rcutt ct'i n r et the fits-.1nei u A Cn(2 D, c?Cc uct 
the c4 . root' , : L t c1oic ' ..o wjIt tho l'4 no4 For the OIC Of C .Up' .ice► 
cit 1i the icpc(cncc c of the :yoten CXCeons: c~ o ctI to be of the 
3Cao ph; wO i. c 00 thc.t 	UIe Ctora 13 booCCCou c1i points 

Aq 13 enC, t cro on the ctm otr 1.Cht i no,. 
` 3*e Imp en nco tie. uwc 1 by tho roloy in to fc .tc2 pro 

"'>~.3 	rc 	co) to rraprc cntc by the line A t 
V 3`~ CII t c tc a" CC to ncUtrei VOUttvo CC.j1ZCD C t£ pCG .inCC of fi 

bct*.3ccn the :.'c1 r,;j in(! the 1ct1t as to 3forrC'I to cu the truo 

uLIc~.~tnce„ ¶o a~oe 	olcy Over en l c•3cnee c ldc .o 3.t. r d- 
Inc US ,.c 	 vn0l p icaoC i.r ro' qt carInG toy:: cnco 
r ! L~?c c::c ~ 11'.Cu:~ 2.11 ' LIC 	--j 

ti i c 1• uCC' 	or trc 'C1 

? a ±a!2.CwCL ii 	t:2. -t .t,Cil r CC uc '. by the 

T he rl' c 41  	 ` I .0 	 4r: .. ..ov 	L aJ I  ~r s ~ l rntl of fl sA.-.VC4w..V 
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onlyJ C t. _:;t ,c3 C al' rc sa1t cm, . cti ► 'loc, o t' rot -ii tho rcIc ', 

tho vcot cO 0 f ►.i thc inc c cct .c on he oct 	c 	 .c 

b,c oozo 0g lac It-IpC CO OC t ra1C iU (7lLC , cr 

l o c Gt t C ' .no 	« T1'm ;,*j c .r cGuaco 1oa:',i 

or :: c`~ i ) C r.L'~c i o 	L;i;e:: .;l'cr1 1 c ic. (3 70) ' C 'C j31oti:Cl 
~.. £tc«( 37-(b)-) for the cc G~~w cn L ~ I« 

1. 	t',;o Ccncrc:tor ca in pt'amc t.th cccha o cup thO 

CUZ'cnt lC) G vos U) thc. c 'c vc thc ,. pi)CtCIt Supc:2c. cc .c 

~mf,l ~ltc,v ♦' i 	o C4ido3,c o Q c 100 ci tc o t  

be cocc acro ct tho rlkt110 o1' VIC 1 o crd tklo ro 'o o tlic:,c 

c!)pcc1C to t)c c t .rcc.pIi CO o iorv, es rct ,S ct, U .: t posit 

:acs the voltCceo ct the N.c3c oof the ::yv cD arc riot  

QtIani , sLC 11nG tDpC1ar: CO l©cil, Cu L Cczi b r z'o1c 	ul l ho 

c L cri, —r 	 ttmt c,4± of Ct r .0 iw+ linco ( 

Then thc. ..-, cd,lflcc tib' ncv r bC.cai- c tcf'nitc# 

" 	 W 'e i, 	R 	.:~ 	- 14~" f 	1~'S.~t., S,r11. y,!~.~► 

X :, 	« 3 %) the typicet 1oi2 2 cGt co circlolot' 
, ~atct'cc: cct ( -oto .0 L'110- Cn2 trt?.h,C t ►1P Jth c "c_: CCtCB: rttCC 

Wd C+i'".~ 'L' i3` t z'.eti3.sco ` n i l awo u C i.~i a- • ,bt ccn be  

the MAix1 rock © thc conn t;? c'c l 	cc : co CL  27 .ct to 

Qi: QC. t.tO f £ : : e .4,.'p Y SC: 1-gqto ) t z C 11w~.w+o oi)c r to c±. ..ho 
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1. i'L.L tlICX i_,, ?Ljr of rope ..4.nco ua1 C )C L(  
rc e• c ow GFc 	.ft2c rprtof t. wo c .c:'~ t 1C : oweco 

esnC, pecd!. C ;, p c. ' t c().ir; c, 1cnc CnCi+ct cm 
(' :s (3 	c 	Oa Ci;1t3C K O11 313 tb' py Wl X110 

4, %., 'C i L43C~a; CL3 	$ t Csl Cc=cill `t'y cAc tr.'s o 	' Gno a j ,r.ci c 
cpt t 1)CA"020 VLCIo£ e,, 

o o Vc + i..... i✓  :e. 12..0 c Li10 o I-C-] y 4 	.: li 	iik1  

tbo pro" ACt to thol efct c to CQ 	;:.~ 	L ,e CVL:, c'L e:, 1'11 3 ) 

1, '..VIP , twtc.3tt -COUL . ,r .'G:' fC. v O :. 0 Ac lu i ;.; Ci C 

ro4 Ot CC. 

ON tp 03 4 	of-ot'Op tor`$' tc'ia c2 C .T1ACu fn'otl t7I1Ci ' I o 

Gyctc© Lf " .1 rot ecove,. 

t;ot trip on 1or-de to LI!c etc j sta c pC iOE' 1tr tt. 
4„ Trip 2:,: Golcyct. ttc tpto D9 fot poet: +gyp pz otcetioi„ 

6, hot trip on c,tflCC `re:k .ii tø yc tco v c : ld be ' .hol to 

rt'covo ' tihhc t to a'olic,:l?.4,r apto t: C3 11000 
P. ov Go c ,r cr ulo li for- C t,c .': e1 fctitC,a 

. tc 	c 	Ir td O t: t t! - cZcjcsal-Uu12 tz 1p 

,W D 40 D0 	° cdcL'rc c: 	A e .re10 iu o vcrg ro11 	t.mi tho.--a 
polnt v '(Cco Vi ce 3 8) ' ' c CCtio of ' hic C `? c1 o c'2 ' to 1 s co 

icxcc"l-neo A .o co it CO Cocrccc iccc th the 	tI Ct1 
t CICO 	O3 L.ocC 1001-LID c.; e!. .o: 	it OOelcfics u-CC ; 

MCO (E ), ' e, 	C9? L'CIC 40 t .0 C ?. ?CC'tc..w t e Of  

\.J C fl...V  C. Lot+ C C MLV-iC~ntp Gil ) the W.k :'L GVEI 	 od G 

l'; f 	'^,r+i^rf 
	

(t '"'•-• 	ii': t 

•.'"• ~.. r /. 	f: 	C 	n •.' . J f"~ f~... 7'" C1 •• {.. ~I t̀  h ..,~ .11 f ~4 \ f 



opernto tit: In tho c andc l con of ''i c. t38 ). 

B.S. 	r 	r"~ 	r•► tthC 	,.tUJJ4flJ1  

_ho cotbo2 cCopt_4 til ono cnoo (Z cnDno . 1 obresnz, ttcr.. 

cozmcction) to to u o to ohu tit coUUod b1tnCoro In con unct-
ion utth one t 3Q moi £ (Qua ftc.3P) )• By co ncctlne d o contacts 
of tuo olln cavi to In 3c icn u th jccnco unit an n tires unit 
bcc1 up protccttc vith cioicycG t tpg 4nc occuo in thht 'tcbt17 
chndcd nroc co olotiu In the ftc. (3°S) itch Qiapoocu of Item 
4 and 0► 

in i,oferonco to itonu fl cni 8,, by ConDcCtiDC the cc toctc 
of tho oht unite In corico vith thooc of tTho unit, the voluo of 

O :øt uh .ci tripping Occurr, ecn b occur toly cantroiled by the 
ootttnr of the ofta Tito; othcruloo this limit Ic dotorcinod by 

tho i:; 3o unit, uhoso totting 1a be cd on the 1ont;tbb of tho lune 
cad knncc cannot be nod u tc. The tibo unit -mula Naz( vent tripping 
on r r nao upto O• 7&0 butcbout pO c:eu1t2 be rcqutcd to 

pzrovtc+ auf€t ci t nezcin for po!uos culnes, oapcaiol,.y\ after 

inctcntcncoun rocloGurc of tho b:oc3o "c fo11o:t 3; 'f ho fc u1t. 
E~o12 i ly GDO cuts +3OO arc chocn fov the o!1i units. The 

0 c 	ctc r r;ttc ccn be no cioco to trpcCAzncc vccto, c:O dcz4rcd, 

but the cl000r it to the 1o°ror the obctc ptc.: 'up cnC hcncO to 
b Icr the potent nl bur6on,, 

The ? docrec chcrnctcri otic boo to o lots for the mez cia 
n^c cltct3O, tthtct utlI be c1 i C r'iniouzi gc orcuon - me aifC O. 

oiil feta, 
The cbev'c c cbc :C v C ullm o t!~. 'C O "c ou fors C r' C1 p-1 c &o 

there vill is th cc• conwcoto ".n 3or!o ► in the trip circ it, 
1c the L!e)C of Cont'n ;ti:. in 3CLACO i U inm-Cc.CCd, the rcliab2 9 Mty 
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trlU bo 1ccccc, 

''" i,• (o 	£ ti 'c o pooi)tblc co ccttoz1 o? rcjr-yo £'or 
rp)lic ticn to lC C ilicc„ In ticp zi 	plcccd eOulcr 

f.O t ct2 ".?: .cli Coco not Incl o to otr ,w 
.c c? r ctc- cal c:ctc a c c 'cic vill bo co.^llcr thcn thrct of 

c 	c'n c c& i o or ' o zr.t of t c 0m z'ccch cn2 conootiontly 
 ec tie s.cti► 11cr r ul ur F nca In 0-i 04 L vot on 09 ctrtnc 

t pc:: nec l occw, 

&~ fin 3.  

rC 

1'roth 	ttho 3 uttlioo3 c dirccttonel c .z cnt c 2 fit 

ai cntc icvtn c c r cliurc.ctcrj tt a of lrrtjc ccOtOz co 

An tCa (4o.b). Thc .cttc' c5lccct pc~Rfosn the function 
Of a i dorop bat bcc4tco 'ick" circioo lri oi'occt , no other 

Qs ctcncc clonat lu sic-lal rel to !1c2.t thc L etch on to .to. 
Thio ,:ovjr co ;cod co ico in to +2Aroet on of fcult 

1 pcd ncoO Lncl vc Ltt " ct cn i r the t i cct ov% of loc1 cuii cnt 

.fid L1tj ncc. 

tttcnpt to p;.c ucc tea( C:. tc ncc rolcrf: uith chcrcctc 
t1 ie! V1 cl, occ1y eovCL' t! c ft.tz1t trJp2 nco cr'oc loco 

to t;Wc t--colon of 'c1Cyu wM: of pticci to c .:;ctc ' ,otice-, Ln 

c1l l pt c:, % c! c ctc- o'.ut c c°1fl c' oc' .,r 'C"Q 1 c-j tic f u1t czcc 
:: cc ac 	nec CtflZ C;7a , r. ,.D1  OVCr lo. (Jt UU3I rot 

f c  	"..'~il t.i`c c— C:: tL -`' t 	 cCtCL'~ L + 	t "?"..i Lct c4 t t l ' at DO 

c c~ ti ii u '©w' a go ; ton c2 c .r 	C ovC r10 . c. 
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An c11ipt c'cl c nrc'ctcr Ctic t'ou1G h vc eon o c of pblo 

C Vz 	c; 	CO t13 be t:ot off' cia ioi o 	zcgon to 

. ► .ZZ t t InS ooc1 cc1 grit t -o b1in, o 	Li om,-Anc 1i o the 
ndivi ur . L'02 cy '2 3.t D bCc3 Oque. rcUr )l ,i ty 1IC zo1 UitL 

c' :1.i ptic H. 	rc,.cuc a 2 c tj-oulc3 be Cor c c.ci4o co It 
have C17 CC +Ont; Ct in the t 'ip ccdt 	cc ca the 

O'lavr1c"rt ...off*er3o 	1icvc c. co c ntectc in cvloo in the 

trip c .:Cr .t, 

.c i # tction o0 the o,C ` -,'t`2 ►'tCLC1 0 ` G G1LJ 'I. ICO 
Z"0' C,7 Of c .y '' O Can be ecbic'vcc by the :-t dtticsa 0 a Cit 0tc:nco 
blcciin C .^:T to oh Q ti r u .-hcsw c cicfma»cd pct of tIo ou,1cn 
p enc„ :lI oc!:ing of c U1 -o of cyr by the tio ohc tzriito (otra bt 
1iwo cct cc Mac bean doscribad clrccdy9 The tum 
brc zexic 1 of o 1: c •bo1c crn c^Ico be capioyc4 fo' i1ocl,tu the 

The taco of bloc!: 	co rolcy cry. tb b1pciolic 
o bcer"V•t 	 ui l bec 	pro ccnt ovc the oo of c i.1 

rc1473 . t'! 1 1Jli :.. t I nc ictoyt uttcC bcccu o c bypco1ic 

chcrCtL:.0 tJ .L1 ft c1osoy uit i the fcu1t CrC (tr'.Cj ;linC 

,3e fcit3.t c ;,'t1 t : rooictcnco) 

xn the Cacc Gl u' cn o Prot ct ono cone 1. x..ro € o c for 
~ :..c 	:fir of Ccr 1co t1 Co 3 	o.. c :t Uy bac!.~ 

3 	cCJ to eo4v LLc 1"k-'0 +c cC 1ac nc . irc: rj L Cct .ca 

Tape 

 t : p. 	Ct 	u is OB _ u1ic;.'o 	tho 
~y 	 ..~1t 	9 	~y 

..c.1 C. 1~ .—C c ;~ l'o 	1W U:. ~' C 1 ccc L.~ c::~ i,.: v~ .~3 V :C 	 c :l~ '»'eo 
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of :.Yo tort coction cnd t1 to tho Eiozizw rctio 
of tho totol W. runt cntorinC tho not t coction to the 

protected 
ccOT2flt flot,inc throiah tho 	ooction. 

Until recent yocro oycitoo co ditjo::o rt cro foirly eici',lo 
Co thatbOc .up protoction tic electively pzo1iita6 by tho 
roloyo at tho nct otot$cn touordo the Sou 'co u t.h cnouh  
time doloy to pormit the rol cit in the Icultcd circuit to 
clear tho ffrct fcult1 It operable, The tncrocoo In the 
ntzinbor of intoreconnoctiono clad pouci, ,nfcoc potnto In 
rcc~cnt years hoc rcduccc the fault current in thD c1rCaItc, 
other than the tcultcd circuit, oo thot rcooto bacb up 
i,=clayin( is becoming inczoz cinch y dtf `jcult : t the oe o 
time ltcdo oro becoming morc. tapo tont and hence + omen inC. 
bottor ; orvico continuity. 

ioro the limitation of the buck••np roach of dicttnco 
relays is mootly &o to the line 1cnCth, en ipovcmcnt in 
their oporction con be obtc .nct by loc: titer, the gena 3 unit 
at the other crud of the thc -icction cndrovcrc nG Ito 
(itroction. Roforrtnc to fie« C4 Z) ti:o third otcp of the 
# Utcnco splay noruL.13y provtdoo roriotc bncb up for reAlto In 
ccctton I) C if the brct ksor ct 3 cilo to trip, 

Lou this bcch.up can oqc ?1y ucil be provIc cd by rcvero* 
Inc tI. c, Gird oonc unit at 13 co that it covcrc coction D C,, 
TI-As cT : -cnunont not only rcducoo the Atpc S..nco soon by the 
bccc-u, rolcy by ' ho tupcUUcnco of coction , I) but off' co 9.nzc o 
pwor cxpply to tr_ppcL lor2u in coction f 1,, 
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c icb.LZ p o t c i by tc rove': G •►oI t► cot thin l 

local be ►up utaco thic bcc!i.i r°c .er I eo 
t* -c c x !.C. 	DNC,, & nplico , .';:.', t o rel cy,;  

Lu) CO c;!. 4 I t Dry f Ill for the tic :co cauco. 

r M'S :; C!rl .f .ct ity Crm be ctolioretc i by :Act 	dt tcico 
:c1.- 	o 	ckracc. lotte 	thc th .rd zonc trait 
ta C'> t2 1 C:0t) C .t to : 'UVJ C, +;1. o?rtor j +a iC&C! CO rcCCh Vlore 

t io 'c Lc n, 	r or c the 
Gi ti:c qucctiwll of motc vc~lct o local bcI. >p p °otoct .o:: 

the oUo1.c otc-tc,..cnt from the 1CO CoXoG.U,r1. pu'ilicctt 
to.' C, p o 36 ccn be geoud. 

' t ctort3 to tic 	+ 	?'Z. on Dcc w 	p'otcotto ► 
i3 2p c Lt: > * T Mc $rc io thccpcat, ;carne oipplcotform a ` 

ccT.•u 	'oxctl+ . It Inn cntt1.cly indopcnthmt of local 
c ap' 4 cue c4? vine etc, rind to o, . c ti ,1 ioic thoro to no 
btac , torte? c,t. On  O the other a 4► it jQ rega l S3b1G ihcro local 
pc1?o' .r icc I 'ciaoc the Ippod nco octal, by the bQel_. up iolcy 

to ` srt o 	.ntm lo n d 2 2ttIcno,, th o lipttccl f 0 X 

r17* 	,c+ fi ,, 	a 	r~9 < •..c 	+ 	~, , 

tltttcrt2ne .ntcrconncctca zjy 'arc be vc becoco coo 
p ', arc lCU:; bcc~.r uo o.' oco oric fc+ctc involved. & tc-.a plcr oz'c 
C L°0 cpl72C tncccUiflC p1o~.or1'0 on t :c i olcy onc,nco on the 
t3cu  	I :: bCQt pocci,3io VOlcrtnC :.--yU O Cct.Ot coot CO ouch 
c- ~✓  4 	t.Z 	 .on3 C2.,-vt~•':C V 	vC 	IO 	rX, l do~dotbl r ark 4. 0i1~lioncl 

cCC-'t^.Cr' 0." 	: r.: 	~ - 	d~t K7~.' 	~C 	~`.'~. 	X34 L Iliz;p1 o 0 iLO InCCZ UI SRT 

o : i c; T./ c~ =~, ° [ice. , It ? U I O oI `.i c- to •o`? L.y Com- i yt tcc. 
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Cly 

(Si)  6.7.1. ca 
In GUM , tCI tnc1 lthcc, the nodificrts on of : rctc 

i ae1ancc cccn by diDt acc rc1c 	000coc a rrc at difficultyy 
of oattufy ne contictrj rcqutz'c- Icnto by cultab~.o ch rc:etor► 
jctica tn2 cottinec., Thto to o 1c nct1 for a cimplo 3.tcrtitno1 

itno ci-ø -n In fie, (4!) A . 
e io voltecO - t tcrmino1a of A 	(I + tc)Ziw 

civrcnt t ouh so.n eaG 1~, 

Apparcflt ttpodLCO OOcn by rolay at A 
SAwZAD (I '' ) Zi " 

ZAD +Z ( +. -) 

and 2DF c i ) to caflcd th.ø appartnt tapc&flcc of tho 
lint ccctic 1W to the 'cicy at ,CA, 

Min a the tnfoc from to inol C caeca tL itno from 
A to B, no vicucct frcn A to appcar to bo for c' tikes It 
z caliy i. Ln 1. ,o t tna . short lino cam► OactIy tht appccr  
to be a vcrj $onc line* 

6.?,P. f 	 (36 

Biz to thiu incrouoc6 appcccnt tapoduncc cowed by 
tnfccfl, t:,c Iclay3 rt tcrtno10 A to be ©bio to 000 the fault 17 
nccr tc:k J, Icy tzy bbcvc to be cat uc ccnctttvcly . int 
oVCn ,c Dina CU'nC botticcn ter. i n o A cm! ( cey cau)o t3 
tz t pp1 nC of t;ic b c -cz :t tcztytal Le 
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Om co Lt*tion to the Ctmvo pro )Ico I o to ut+c cocj ont2c1 

tr2pp r,. '21 c ac' . y cyi c 	s' 	c ct P. c~zDt tC cont. cetcG 
to a 	CI? a Q to pornit c ron: o %b1r CoeG 1occ2 czyir1C 
c tii t. ''Iic c10. ccdt b~•c .cz ct C 	r110 is 3to tvip 'Ir t uio i 
d o 'suit .cicLLCC jrjpr, from cAs to ID Iva* Into the 'Qi, 
ectc'ittc ct L. Then cn rcicy at A cm cc C the -'nt'~ t ci1 
upon to t& 6 C'- ct A. 

Cale;'c11y acluertic1 tYippi[N3 . c c utto to or blo, but 
oeocx1ci7 thc: 'o u .' . be other  01ou0 t ch cc the fo ioAnat 

Trc'*.l upeoI oe1otj of o line 	T h VO to be 

d lcycc1 bcCcu O of oCq nt l trtppir. . 
11) jrz ac 2c co typo CCVricr atcrttn; i 0 intolorc blo cc 

..luct'Vetct In £ .c. (44). 
IV t t C Icult i Q rOVC1 to crcco from DI 

ti c. o x111 bo c L-Orlo of f'c"i .0 loc..tia am bich x will 
(pp oti' to be in th c.se- t". The err c' ctcvt icley ct 
A trill ctrt a bloc!i utc,I:r~.'? # bat the c:: °sicr 
otoppinc o cy will not 	c._ala to tvp the CL.rz:2.cr. 
Thcz-o ,ill thci be no ci ov t p eny c, oro• The 

pzot lcu c n be ovotccd by ec:.I..°1c,*DtCrt e ulth 

rowroc oif«.s et t ho z'olc . s Toro is thou, no Intc m l 

~ L1.%lt conditi for ubich ec'ricX can r tcrt uithout  

b^$liC, L;tO )pCd. 
ii) x ' `?t .o c?ocld.Acd to ; 1oct t ippin, t't'ic o o '•Ctcp 

c d~.tic::a, the o to c o 1tc p 9o: cla Lot tL%I cn CC c 

®^ by the OL.rriC c  	? t,ccz ( CVC. c"Vxf in 

ich a o GtCV bioc 4 nS 4 c ct up. 	thoo 10 
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n t2is Gobi of OcVorr.T cycles botuccn tho ops ':tion 
o2 the oto-stop a1oc!x of A cad c--a'rior oto p cmd 
t .j) Ut AO 'CO t`.~'jnin Lt £CL3lt rcDr 0 +tJ eppccr 
to be In tbo circa I2' end till'! : of up out. off atop 
biocit ct As Thia uUm .on tic bccn ci'4T !iCcd in o 

fou eppltcananz by mccno of cn ctrrx rel p it A 
(c r o ificd reoctcnce rcl vy). The e outof-atop block 
O ^Go 10 ohoiun obt'dcd. 

It IIr-y be dccirnb1c to obtain hiCh opocd tripping for 
nii t4z, Foulto and yot not poiiit t. ppinc durinn a c•r 
unlot;o t aoro is ncturi out of-ctcp condittc i. The only uc ' 
of , ,:Chtovg.nC th .o. and jo to ncrro i dotrn tho tripping circa cT 
tho roloy c ,rnctc z'j tic In tc diroction of uc1ina locu3. TI 
tripping a. oa of tho rolcy c hcractcri&tic 8bouid be reduced 
to tho cctuel 'cult chnractcric ,gc. ear' ouo ochecoo have bo a 
used to cpproccch that (1) by t~:c uao of ohn bUUndol-C to U! . t 
tho circa of 11TAo roley chcrcct,-riot c (P) to uuo tuo rcicyD 
tiith circular c heroctortat tc9 one circle being o ' '» oot from 
the orisin (3) the uuo of Rolcy uith elliptical cbcrcctcri tic 

xnvo tig;ntjona for nou typos of char ctcrtcticc for 
application to Rich Voltage intoreonnoctcd nctt,orho oo led to 
the typoc of chorocfi,. rioticu for dtc41,onco rolay which will 
ozcctiy cover the fault area  no that it nllotUC naEt UD 
porniosIbIc over load and F: t the acme tine oporl ttne for 
nininun fc:c It current. 

A t k.n : GUtorizrcd elcy baa boon Qovolopcd In algum 
~38) 

a cr'L',::cctc ' $tc 0i U 112 	: 	~~:~Q: aI tZ SiiC. J4 	• 



cc 
.0,4D 

IMPEDANCE RE-LAYS. 

Pc/NTL THE PO/A' ' OF PERM/SS/BL£ L /M/T/N0i DI/ERL O,4D IMPEDANCE 

PO/NT 2. THE PO/NT Or MAX /MUM SEMS/T/I/. TY FOR 84Gk-UP PQOTECT/ON. 

• 



V 

jo 

The opcctthC ono c2optc Ic 2. loc1 bbccrwo it tnc1t .cO 
cy cpc:,ctior under the covoso~.t cori2iticziu of ovcr-lord :ihi t 
ncvortIolonca - ctoi2 n j vc y b'oct vtion of fcu .ts ovtn It 
too is ci erc 'ot: , .r.cnco. 

7hho CI.C.fl.C. coiitc;oo cot up for diccuio Ctao 
,nLo1cCO pf protoctton of rz1ti.tcrtntnn1 l nco czprooccG the 
£o!! ocyis?W Op' scion* 

"The fftcu1ticD zO1itcd to Octi.cfcCtOs7 cottire or 

;tcncc : cicy  in itcrcor- acct on notuoo1rw Ivo boon I non 
roe.' c cortc:tn t .Qc , but "to two pako e t tiro the probico 
ht o cn1y been acute In ccvorei pt rticu1r ciscstihtch tutu 
volt ti 1y r;0," 

"On cCcowt of the incrocao in choat circuit po ioro 
cnQ 0.Co of tho morocco In tho nucbor of ototiono tcppc6 
fro a t he irtorcotncctct Ino the caifficu tica ore bccouinC 
ccccntuotcI cn MOM  

, cr C;i vin the vr ?+ono po sotbic coluttorw for L ach 
caeca t hr conclucion of tL C ropowt In at to 1ocrc- 

"The prob3.cQ rc[:c3 ~i C the ut; ,rttnC principle of 
3: '.c . taco c1ci,c z;hou G be col cd cc coon oc posol .lo : :vtnp, 
rcCC.z•t1 to the prc cnt ccotc i tote of € c quc:.iio_n. 

It ciould oppct r that the pooibt9.Uttoo crloln, from 
the uco of electronic tochnziquoc co Ic Dtipply cpprcctoblo 
iip' ownento in o ohort fico hhctvtnC rcCLrd to the fIzzibt1 ty 
obcorvcd in the buildinr, up or the most eornpitcctc8 oncrcttnC 
czcctcriti 0c•' 



lr c:. L C L}tflC cor 4 Acicric c on the be he loci or 

C1( ct "C.:i C CGJ lc 3Cft., S.Wx . cloyu oro C+ if l.ne UciiVO Qct 

rcccpmcc. :'ti OtatiC C0 p. Z'ctO C,, tiox o iLA t,3 (Oct 

f ozibil i ty, to obtoin the rcquircd typo of oporttinC 

C- : ,'r.Ctcv'uV c,) Tbc OtotiL. dti;tcneo rolny conotructcd 

t' ti., mct L or brido compo'. otox'o can be r.E Luotcc1 to tirvo 

ci' 1 ' o .io;alrz (iMpo+ -nco o' t-ho) olliptieci Or khypor olic 

V'i ,o a chcoo uccfi by the t yu +ho h +, Cot the f 01 I QI1i r1' 

c+ivrntcCoo Over abhor ccbonr .. a Qc,cribcd. 
1) In t o circuit uaod by Gnovoniro, onoot1 inC off.' thO 

D. C, output to ncco.ocry trit11out tntro1uc a C time 
do1cyc nnn for thio purpoco aplib ph000 ctr cuito 
orad po2ypbaoo rectifier brldCoo ore C3ployod# 
t*oro r o r~o such o©oobbtntj to nocoo gory in the 
prc cent CnOO, 

P.) 4ngio utne-jnG poi food covin coil relay Is used 

n the output otogo, b0CCwo the conpertoon of 

inpL quc.nttttoo to (ono oloct tc:l?y, uhoso no in 

the o ic__.o uced by Onvonlro, three utndAnC cvthc 

coil roloy hnu to be used Lad the compertoon of ;bo 

input quentittec Icy Bono n:grxoticclly. Cot only 

tho cost t1l be htcrr but o.1co the poor conouiption 

will  be 1rrCo. 
0) Tm the Ci?ou ,. t c n1oyCQ by 	loo s `or L c°: C.1nt 

tC coca : ? cq y vs' the o :crE.'  ;; cvo1 the veluo 
U• 

or E ( 	) lira to be c1 a2,CC12* UO oleo thcZtCO 

the : c. Th of the z ol ey rnG I ,c zico tl:o ori j ULIUM Or 



hr eccentricity of t; ac oporatine charaetcri.atic 

i not flozibie, :'hcro ao In the pro cnt caro, 

the t d, uM ent of the eccentricity of tho Chcroctoar 

2.Otic to indcpcndcnt of the ad j u: tramt of tho r w 

of the roloy, 

4. In the circuit used by O.N. Rao, bccouao of the 

.utua3. offoet bctvocn co44jt o and phoco óocapcsatorov 
there cñ ,i be a buicinc of the oporattna chap cetcriet c, 

uhich in the prcccnt Cato doco not nppccr. 

The refry oaintaino an ccourcCy of t 6 percent 

upto etntnum fault voitaeo of 8 volts applied to 
the roicy, ibteh to quto satisfactory* 

Co use of a d t otc co rales grit b hypciboiic 

ctnoroc orishas sill be as a blocking relay for the 
tiho ebcroctortstic, For this purpose the opercting 
eboreatcriattc should cover both branches of hypos. 
bole, To achieve thio ttio relays may b ve to be used 

oc'ch rolcy having a Characteristic eovcrine ore b anch 

of h. porbb .a. 
ttltcrnativoly, a .. ncio relay con be constructed 

to satisfy both the equations (,14) r and (4'15) 

Otaultancoualyo 
Distance relays with very nt rrotr tripping 

arcs arc necessary for )pltc tion to long tr n5ILOOtOn 

11noc and in t o respect an elliptical charactcriotic 
vtil be core appropriate,, Inw otiCctiono to conotruct 

roi nyp tit th oporettn tharcctorist5.c c r-ctIy fol los 

Arg the fc ult. icpcdcneo arena$  Lor applI cation to 

lone lines uuL:orc the t sjrtc~.ja Vault current to lo.. o 
tbri the r:r 9 nzn loco, current,, a::c ,Coint-  one 



• 
The c ractcristf c for the ..tarting unit 

for sppU c ,tion In high voltage t tcrcornectcd 

nctworkG,devclopcd in 3elgium gill, st tisfy thoce 

requi c tints. :`his Is posoiblo only with transic-

torised relay cire4i • • 

Though the trani4ctor rOlage may riot replace 

stinpler types of elcctrorazgncttc relayo s  they may 

be accepted for rcleys with cotuplicctcd oper. ting 

cicrscteristtcs which cre pos: iblc only with 

tronoi» toriced roloys. 
B 
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