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L 	I I.3 

The growth of the us* of parallel Thedsrs has 

b. i rapid due to increased reliability of armies and 

to the relative ease of obtaining selectivity. Thi* 

dissertation is an attempt for the protection of 
parallel feeders by static mew (d. c. bridge). 

Operating characteristics  similar to slectz'o'aeoknni+c l 
ba n emourrent relay have been developed u61ng rectifier. 

bridge amplitude t aparstor. The high speed parallel 

feeder pro votive-►gear, and devolopxaez of static 

relays have been reviewed err other static soh neo  

bested b r various authors are explained. Thereafter 

complete design of the achems developed by the author 
is given in detail. In conaluejons definite advantages  adv,nteges 
are olaised for this scheme, over other schemes. 

r 
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The ic2portsnoa of dut 	o proteot1e device. hes 
with the + is+a of trens*ilsLon 	Zn recant ' y*WM 

est sdvanosø hYe been 	. the 4sein and oonstruotlon  
of the protective devices, 	pre. 4*y des can be relied 
upon in pvactIO4 a.l wnoisvabI. ceses off' eiectricaa 
41strss.s. Seryl now type of protective ire 3ave been 
developed in psrtiounr, the transotor 3 1 , a now t pe 
of coving coil rsl, and a polsrsed owing Inn relay. Those 

slo is are rely essoolated with an ortant trend 
tom the use of static  m  en for sorting Out of 

tozrnatLor8 WA the 00004T on of quantities, 

It is howv.r fortunate that in resat yesre, new 
40VIOG r such as translators end other sa conduators has 
became sysi3.sbla, The erg of theee Giese opt the wey 
to now designs of protection soh*mes wtuiøh abibifle the 
lance gained OVOZ the lest ten yeas with new .4O* Of 
appro sob of gat potents vs e 

The sat *poxtent seesuranentsselective protection 
engineering. ares 

2, Measurement of Direction. 
3, Different to ?rote ?roteot ion. 

Baitosily three different sathods of seasuring are 
feasible and these are s 



(a) Comparison of the square values of vector 
quantities (Torque oon rieon). 

(b) Phase angle relationship between vector quantities 

(a) 9oparieon of the n ineriael values of vector 
quantities (d. a. Bridge) . 

This dissertation deals with an attempt t r the protea.» 

tion of parallel feeders by static mears utilising bridge-►reo-► 
titters for the comparison of the numerical values of vector 

quantities. The growth of the use of parallel lines (usually 
in pairs) has been rapid due to increased reliability of service 

and to the relative ease of obtaining selectivity and high 
speed of the relay protective system . In 4.0. bridge method 
the Selinium rectifiers are used as multi-input comparators 

supplying an electromagnetic clave-ouutput relay of moving coil 
typo for final tripping. 

Investigations into the working of mmult i-input oompsra 
tore have been done by 1(o.10  1  ) in the year 1950. Be has shown 
that for a moving coil relay, with three or more coils energised 
from fully rectified currents i, 0  .... j in  f  the relay 
operates according to the relation 

I'l is 
	•t I 	0 	in an ideal case. I 

The t sign indicates that the rectifiers are 

connected either in the operate or restraint direction. 
Easing on this a practical relay of Balaneod-Curr®rpt type 



ch*xacterietioe has been developed by th author. Other 

protective schemes by different  authore for the statics pro. 

teotion of parallel feeders Ive been reviewed and soap 

definite advantages are sl ed for the scheme ursedby the 

author. 
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.1,1 •  fit« __ 	 a d3 	1ROrEC.  

Rs *t deelopaerie in feeder protection have been 
*ain.1r towards highly discriminative  proteotiv esr slog.a 
with sbort fault alsarano times. This is essential because 
sodarn opsrstiz conditiois demand that when faults occur 
they should be cleared as rapidly as passible iaorder to 

ensure system stability su ftniher, ou ., faulty section  
should 	 disconnected to ensure continuity of suppl.y. 

Cors•idez'cble prorees bee been tae4e during recent 
y~in circuit brealcar design,enablingtotal break  

times of 0,06 to 0.08 aec * de(i. e. tZe time from eze tsirg 

of the tripcoil to complete are extinction). 

It is therefore et Important that t protective' gear 
operatingtimes of 0.02 to 0.04 aeconde be obtained in oertsin  
.Instances to ire ooapl.ts fault clearance time of the 
order of 0.1 to 0.2 second*. 

?sed r protective slats which satisfy the above 
ccmdittcos are 4 

a* PiZotuiwire Protective Syatees. 
b. Wirer current system* 
a* on.pilot.wi.ro Protective .Syst 	, such as 

i. HiØ Speed cite impedance 1roteotion. 
. high Speed parallel teedör ,Protect ion. 

Althea pilot.wire system after øzo*llent relaying 
characteristics, its application is unfortunately restricted 
due to high cost of providing pilot des* 



Carrier system are ezpeneive nines the apparatus 
ctrr# t*r in3eotizrn  the osrrisr ipuiIea into the power 

3.ines has to be insulated for th tufl system molts. 
Prthersore, a Yds amount of enoillsx.y Ap w t 
rs a .xsd, such as trnns*tt i and reosivlag units with 
their socistod batt*x1eo, +iara..zs *to# neoaseitin  

coneiderable tsstt and asintanenc.. 

The recent ieprovlments in the dosi8n of distance 

rslgs towards inatentensc operation for f its upto 90  

pent of triads lsitb is making ths inoreesirXypopular 

for provi4ir perry  protection  Of pall. feeders. Until 
recent distance  a lays are used to afford the necessary 

bad feeder pro option when thø perry parallel  food 
relay ey.tá is out of service during single circuit  
operation. 

fligh speed parallel feeder protection  gives fast 
opsr*ti tis for faults in the protected feeder *one and 
no costly pilot wires are required. Conssqtsntly where 
feeders are run in fir: c►*o the parallel foods% relay  
syetear can function on the balenced current principle 

tudes of zrre only# or on the balanced. 
per principle comparing pi ds $nd direction of power 
flow. The b! . 	+ rmt to relatively pimple in oor*trtao» 
tion as no directional slenients are o,oerósz► and possseas 
a high stab y ratio#  but its a ►ltd n is restricted 
to the trarzaaitting end of parallel tsed 	wher the unba.. 
1srIOL*to coossioned by phase to phase or ground faults in 
either line. The balanosdi.ourreut system may also be used 
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for the protection at the rooeivi and of parallel Unee 
provided there is an edditiozl 	o. of power eupp1y at 
th5 receivingwhiOb will ;Horses. the fault int in 
d 'ectiie line at 3►80 10 to 25 Ramat* In ganerel at 

the reoeivix 	. w nr a reversal of power can occur under 

f *lt conditions, a balanced power sohee should be adopted. 
Irian transmittingmad reeeivinç Bade are not clear3y defined 
such as Lu interroonneoted and rir eetee, it Its a3wye 

p Bbl* to 1*y balanced power reZare.  

r_ 	ads 	.. 	+> 	x~z. e; 	!►Y 	' 	t' 

The jorit of the fits on ovaz a lines Involve 
one p. es and a 	,, and f"ca oouveni.eno, and eoony the 
parallel feeder protectiv, grr # need +ono rover faults 
involving one phase end earth, leaving the ba 	protso. 
tiva saw to tee ear'. of faulte between phases. 

the oconeotinne of the current ciroulta for duplicate 
feedore ez shoin to rig. i • The apparatus r.quire. 
coxnprises, a Set of three current tranaft a+r „ * d flaren» 
tIOZR. r3q, end a directional relay at both ends of each  

feeder. A volteJa spp3. 18 required for directional  rel q. 
Differential relij Is of big s ted balanced bow type. 

Direct lonal reley is or the tt t c type* The supp1r  
for the voltage coil of the directional rly is derived 
trow en open delta secondary wing of a three phase 
trenstarzory the pr y of which is connected in stare' 
with neutral  point earthed. The sec+ dnr Volts Will 
be equal to the vector euss of the than le voltages# the 
resultant mer healthy 	 itior being sago. Asewing s 
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f rlt on t 	phase,, tt s oleor that the "A* phase 

of the voles tfsr is Short CircUit (+r part so) 
acoz4ixg to the 4istsne of the fault froa& the point of 
conniotton off` the volar r*nsfo z Cozi*Squsnt1r, the 
voltage ipreaeed mss the two P *inir hess rises 
to ice► valor *pproai phase to pie i tags, The 
resultant ssoo arr voltage mer this condition approaoheo  
tae time, the nom ssoo axy leg voltage, end is in 
phase *ppo* t 	the P` 5Z7 voltage to earth ` the 
A1' ,pie. 

PIE. 7-) ebois tie ,primes' 	a eoot a voltages 
or the volts tPnn*fOISr a.r b.althconditions, rile 
p1g. ?_) shois thS v50t9r11  assn ug en earth fault on to 

"A" pie ase #►o the voltage t n `o •r. 

.: 

Xt is *iso n.sarto oopsnsato for the power 
factor of the tOUt to In 	toz ue to give 
fast ani effective operation for an earth foult oa i ion. 

The Haug of 1Y2 end (6 Z eetace are genersll 
lid s e5rthS4, the fault p W$P factor is ur ' 

dspezdent upon to ispidanoe of fit path. This is ostZy 
the alt *UZ' 	the Vltege bj 

eproz&aetel 9O. Du. to this moons  with U 

p 	tO the 4ireetiol rely 10 tiM it lei the 
priar voltage by rite 600. 



P1' L° ehouve the ocnneottone of a ocperating  

cepeottena. fletwork, whilst fig. ) above 
vectis' " st o bipe of r ate and voltages. 

It wifl. be seen that the voltage v aha the reia ' 

brads the vcatag. tranetomer s000ndar3r voltage by 1200 

i, e. lage the perry voltage of the faUltr phase by 600, 

Pig* I ohm* prin a soondsrr currents for a fault 
as feeder I close to stet "A's, Pox' this condition the 
operation w , . be as folios 1 

a. 8Afl0( 'l'i 

The corm; i2  in the restraining coil of feeder I 
dtffsr.nUsl. Vis` to prporUonal to the fault current 2  
in feeder 2. Siui 	the current in the reetraining 
coil of feeder 2 differential re1*y to proportional to T . 
Thi►*aft in the operating coils of both differential 
rolys and directional reta3e ore proportional to 11  4W 1  
hence the differential r.3ey on the eodor' orr3rir the 
high great tends to operate whilst the other does not 

The direction of 'the reoulten current through 
the current aoilø of the directional relays is such that 

the relay eseociatod with the feeder +c xytng  the' higher 

went operateS while the cter doa not. It ta *Isar 

therefore that the pro eotLye gear on feeder I operates 

uhlsee the fAult current in the two feeders approaches 
equsUty, If this is so, the protective gear at station *A" 



z'emstne th.operative imtil► that at action ' 3" operates, 

tbe"bb opening C. B3  044 reduoiq i to aero. 

(b) STATIONm'B0  

The operatir coilsof th• differential relays 

rpt also the current coils of directional r l s, omrrj► a 
current proportional to the suz of current each ts4ar  
t 1g  + 3) . The wont in the restraining coil of feeder I 
differential relAy is proportional to the fault gent 12 

in feeder 2. SlailarlZ# th. current in the restraining 
it of feeder 2 di,ttsrenttsl relay in proportional  to 13. 

Both ditferental reams therefore operate, but owing to the 
direction of the art in the directional relays the one 
associated with feeder I operates while that associated 

with "`eeder 2 does not. Circuit-breaker C.3 to tripped,. 
the fault Ia isolatedand healthy conA*tios an motored* 

When a fault **awe outs 14e the protected some, both 
fet3dsre esrrr current of equal 	nituds end in the ease d 
reotion. Theoretically no current should flow in the opt 
ting ala 	the differential relays or the curreit coil 
of directional  ays. In practice, a small current say be 
went during head,  tb 	'its due to die sis .erity 
ben the curt trensfoisre, The restraining coils of 
the differential rel 	parr feeder I, however, csz'z .e current 
proportional  o the fault curt in feeder 2 whi3at the 

ree re$.i g doil of the relay on feeder 2 carry a meat 
in feeder 1 i.e. spproziaately one'.half of the tom fault 
int. turthsraoze, no current flows Sn tts current coil 
of diroc off. reams, so that note of the protective glow 



The stability f protect v ! gear on through► 
fault is therefore asked by two distinct fun lots too. 
the rsstWAI effect ec"t 	t s diffarent1l ;ole" and the 
non.op.retion of the directional rel . . 

When one feeder 	is,in Use, tt :is obvious 

that the p r *i feeler ?iotectiv. gear on the eeeoud 
Seeder stet be rendered gip+ utivs leaiirg onZy the 
bsotc 	protsetton in serve 	e feature to obtatned by 
autceti.oeUy ewitch&i the tripping ctrou t . The tripping 
circuit troa the parallel feeder protective rows on one 
Seeder is controlled by an uxilisxj switch on the quit 
breaker eseociated with the other feeder, so that r 
one feeder is ntxt of use, the tripping rude of the 
Seeder In rvice is broken, The tripping airmit" 
to shown In Zig, ~- 

tte direction cortaots are ann.otsd in *•rfte  
with h the differential cOntacts in the tripper circuit 
ar they serve as t o interlock. 



It ha. been mentioned pziv1ousy, that there to 
an increasing ted tam a using distance  relays, for the 
protection of parallel t rcde , 

There ors two wein wbith the distance protso 
tion of parallel lines can be carried out. 

1. 	Installation of separate  protection on each 
►i reacting to cunt in that particuler line o►. 

The setti.ng of the ass is adjusted as to the or4insz r 
course of single lin, operation. The t t sons 	set to 

ver 800 ct at protected .line. Second zone is set to covSr 
protected line pIus 0 of the n.zt line section end 
third sons to sot to cover prot*otsd ;aria plus 125% of the 
next line section. 

2. 	General protection on two lines, reach 
to the a of the dents in the lines. 

The first *ethod .hae the advantage  that inpedenos 
presented at th* tsz isle of the oba calor of the faulty 
linin dome not depend upon whether one or sox* than  

1100 I► workl. . 

However with the n000ni aethod, in order to 
ensure equal lapedanoss at the t0 uals of the ol* a 	r 	. 
when one or two lines are r xk*ng, it it essential  to vary 
the ►3teØs applied to the rs1a trine. 

When seooz4 aettd of die t nc. protection is tire;, 
the laapedanøs at 	 terainal.s of the Oba relays as a , no-o 
tide of the :point of fault is ,given bb the eras shown 



opezetso. 

Ths tabiZt' ct protective gear 
feint is therefore served by two distinct t uri oa. i.e. 
t ristxsini effect on te ditfarontiaX re3 e and th* 
non*operGtion of the direotic 	re ]e. 

1 w . P1GZ 
MG 

When one Festa ` 	is,n use, it is obvious 
thtt the peraUeL feeder vroteottve ;mac on the second 
,feeder must be renderei in.operaflv. Leaving only the 
backer protsct1a in service. Thisfeature is obt4ne4 b r 
autcsattoaU awit*!M!the tripper oirou t3. The tripping 
trtt fros the pareU l feeder protective relays on one 
feeder is Donned by ark. aufltary switch on the mutt 
breaker eeeooited with the other Seeder, so that when 
+nv feeder is nut of use, the `ripping oi,rcutt of the 

Seed ex' 	 service te hr*en ► 'the *ipp:3h  
to shy in 

t. direotionoL onrtaote are connected in series 
with the differential contacts . in the tripper  circuit 

they serve as the interlock. 
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Zt has been Gent of d previously,  that there s 
an increasing trend toirds using dietanoe relays for the 
protection ct parallel tøedexs. 

h,sre are two ire in wh1 i the disteno. pzsot.o 
tion of parallel liner can be carried out. 

to 	XnetaUat on of seperets p ata otton on rich 
We reacting to arrant s" in that particular line =4# 

.The setting of the *el s is ad3u tsd as to the ordinu 
arse of single Ila operation. The tirt zone is set to 

corer 	of protected line. Second $one is set to cover 
protected lift p 	the man line ecation and 
tit eons is sot to cover pxvteotsd line plus 125% of the 
nezt line section. 

2. 	mea l protection on two lines, r,reacting  
to the 	Or the cents in the lines. 

The first method ban this advantage that impedance 
Presented ai the terms of the oha rale of the faulty 
lines doer not depend upon shorter one or more than one 
Lino is working.  

flowever with r scooci method, in order to 
sure equal impedancesat the terinels of the C rets 

when 	or two "me are v rciag f  it is essential to vary 
the voltages applied to the rem' twice. 

'hen second a.tt d of distance protection is used#  
the ; mac. at the terainals of the Oba relays as a fun" 
tion of the point of fault is Riven by the yes o& nn 



in Pig . 	. These impsdsnoo ouryee for'ø shot oirai4t 

or* derived as follows 

fi  

* tips4anoe of the line  

• PrOpOZbtiOfl of tai lm ipsdanoe frcza Otetion A to 

the point of ,short oirouit. 

o4ering the voltage between A and S and 
igror&zgrutu3. fid* a between feeders z'efirririg to 

Pig. 6 	ww► 2aao 

(1 - 10 ) 31 + ( I1+I240) (1' q̀) Z,1 

.. Ii( r2Z1 ) . ( 1.Z1 ) 
Z1. 

Psclt voltegs V, a 10 a Z 1 

	

SIM ' " C + 	i,~*~  

	

1. 1 	2 	2 	2 
V 

The tcped5nos at the c relay tsrsizs, 9 . 
II 
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11 

* [a. i 	.( i+2 	I 
. era ai 1, a t 12 to coincide in phase then 

equation (1) gives ispedanco cu res for given ritionebips  
of the zrzute 1, and 12 from both suds to the protected 
fine . Those mpst ,4e curW►se thdiot a that az1auM i€npec o* 
at the `+ ` to t :m can occur when there to short circuit  
within the limits of p at+ o 	isoti , but not at its off. 
3 t 	the 	ante at he 	ter*inala is reduced to 
the extent that fault to 	ad away. 

When there are testa an one of the 'parallel 

Uwelirse and tai]iro to operate occurs,, or there is no oto 
protection (,.6. transverse differential px teotion), the 
diets protection trips Only the t*U]ty line, 

When protection is given In the second w, 
both lines are 'ripped. 

1.4.1,  
CIRCUITS'U~ AND 	ICX1CTJ LXNFBON Tff  

LAYOUT AKD ACOURACY O ' D18T#JC 	1Y$ 

The problem of autuel induøticn between persUel 
circuits arises when unbeoe4 Wilts occur on one 1140 
mix induced voltages in the parallel circuit. The 
*utual induction result 	from th. flow of positive 
sequence current 	l3. and is reduced to negligible 



value by the transposition of the conductors. However when 
two overhead Unm are operating in parallel and on sezth. 
fault occurs on oar of thee, the s p aseasqu• oe network 
r quires sodificatio a because of mutual induct o. between 

s two circuits osused by the flow of sero sequence currents 
whcs• vector tint is not sera. The mutual induotenos between 
oirmit. a ►rryirg "ro sequence current may vary frau esro 
for widely separated of 	is to 75% of the se]fsinduotancs 

C th. case of double circuit liter. A autual inductance of 
the order at 50% or star is far fr013 gligLble in deter'  
ming the distribution of flow of curt in parallel c 
cite. 

Pigurs 7 	shows the modified impedance dtagrsa 
for the purpose of calculating the flow of sero sequence 
current when ver two circuits Mae mutual uroasquenc e 
induoteno, and are .iec xio » connected at both ends. 

F67 ZERO -3EQUFNCF D%A(,RAt\ 

With the modifications in the caro sequence 

network of the -double circuit line, the conventional 
tjpe distance relays are not able to aessure : 0arut+ults 
with their true iap.danoe. The resulting seaeursent 



error observed in the d o ce relq closet to the earth 
fault 0  dap en upon the 2+cation of the i' t, of the 

feed polite cn of the neutrel sarthing points . he es 
seseureent sirore result i.0 fete of t(IUIt hLp$dSno. 
giving either too great or too short a diatnncs. These 
tot i iors can be studied b ` considering an earthfsult 
on a double circuit  linw as shown in Pig. ) . the 
seusnca diagres with such tet ted fros both .nt is  
shown in hats ). 

Zn ? ;. s c euflzes I and It denote the 
faulted and sound systas of the line reepeottvsl7, A and 

the infesding Poems., Sam  he tual inpedonce of the 
line 

a * proportion of the line from station A to the point 
Of Short circuit. 

Z 	a Positiy. semen 	p*danoe of line I 

3 ill  0 Positive sequence Ispednocs of line Xi. 

'SRX 	0 Phess voltage at Station .A 

' , 	*Current oorsv.1,d by the teult conductor  R 
10 	► Zero sequence oceponent of current. 
too  a Zeto sequence ate. of the line. 

a 	►,M ,dam 	r 	tt 	a 1 o  

Ax 
to 31 	0 

ID  
Rsidusl curt in taut syncs 1 

AIX a  31*All a 
Residua]. current in sound System 1 

11 	a C pe tion factor 	 .» 
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K2 	a eai m1 curet factor or ooupenaaUon tactor' 
of the aoud b rater 11 

AX 
	the mpeAar*oe a088ured by d atanoo x 3a RAZ. 

in ccorece to cquat1cn  

. The saw but Lz► aotordar e to equation. 

All 	the pelt 0$ am U O4 by diütetnce re3ay"All 
in aocordcnce to equ tLon. 8 

s# 	to The am* but in accordance to eqw Uon 

Prom cequence di.a€rern we have 

+ 	le  + 	(1 +1 

it (Z  '.2' )  

+ 20010*1 - z OAS 

ZI xI  + 222 +Z X0  x Z Iq ALX 

2AI 
+1 ) a 

fault cures in conductor 
R 



It foilo . x 

a [z1x+ Z2.Z2+Zxfl 	001• 

Adding and eubetxeatt.r g X. Z1 	we get 

v ~ 	* at 	21111 + 2 12 	.z1 .1~ .ZI 

AZi 

z 	oa+ 

	

+12 +1 )- 	*INS, 
a 	 Al Al ° .Z 	3. 

• zoo 
i riP WWMM 	 aw~lr•3 	AI 	3 	Axx 

IF O z' 	 on 

1x 

Therefore 

Zoo a° Z1.. 3 K,1 0# 	ana .. + ;~ ZI * K2 

Substituting the ve3ue a of 200 and ZOM in 

•quality (4) we get, 



2 
V 	s Z 	 ♦ K3a r r 

RA 	 AX 3 A2 	1i 3 

AMAX ......, 1u ( 	311+ Z, 	) 
3 	x  

Therefore, 

ij flK2XM2z+1 AZJ 

Therefore disttrnoo proport orl $.tnpednnoo of 

the faulted line at station A is 

[z+x10x+K2z 22 
 

Xt is evidc tem equation (►) that for an 
ear^ htault on ore  system of a double line„ the distance 
proportional to fault impedances is measured accurately*  

if the voltage ciroult of the ipe4u2oe-Jaeaux..ng relay 
"pelves the ' lte8.►line**to -earth voltage and the 
c rrent -oirouit rooetveet a vector sum of the faulted 
conductor' and at that prtion of the residual current 
of the faulted system I determined by factor 'K, plus 
that portion of the residual currant of the sound 
parallel oycta 2 determined by factor K2. 

However in conventional distance relay, the voltage 

circuit receives the fault  tedne.to-earth voltage and 

current olxc it receives only the vectorial sum of the 



fault current I A3 and erd partzCthe reeidual eurrnt  
Ki  l 	of the faulted line. They lack in the roelduel 

At 
currentIC2 

Axl 
 of the sound systemin current circuit. 

Therefore the ipedcnoe ZMAl meaeur+rd by a aonv nt n 

distance roll with an earth fault on one syatern of 
double circuit tine io g von by 

1RE1  Al 	All 

AZ 

Al 	1.AX 

The equation ( ) differ from equation () as 
the toz K21"AII 1$ lacking in the denominator. 

The relative error in distance metering Is then 

$ Al 	I 1 
.n ZMAl 	_It1,, 1 ..r1n. 	 .1,, - 

Ii 

l  Al 	A:' " Ful d it 

12AI I I"Al 

Now exexrining the condition when neutrals at 
both the eats of the double circuit 'l nt are earthed and an 
•artbfeult 000uxo near station A. The residual current 

( Ii.All 	' " OAZZ 	
' in 000nd yetem beoamca negative 

and current 1OAXX flows 	zs G the d1reoti+ shown 



in Fig g . Therefore the traction of equkAtion (7) be 
comee nogatiYe and the error negative. The conventional 
,distance rolaar measures icipednnoe values too low for 
. htaults" near station A. With earth-4aults located 

near the station D} the residual current 2°A11  in sound 

system obanoz, the direction and the err become, 
positive and is maximum  when m a I o The measured imp.. 
dente vale is thou too high and the reZy is under- 

S 
reaching. When the neutral at station A Is only earthed 

the. + urrent 20 	flows in the direotton shown in Fig. gce&) 

ikepeddOf the lavation of the etsrtbault. Thou the 
error le al ye positive and becomes oonoidersbi r 

high for m 1 ( appy. 40%) 

The distance relay BAU  of the sound system I1 

in station A aeaáures the fault Impedance of the oarht- 
fault on en e7etem I as follows : 

+K I AXI 
E'A 	 11 z  

AU 1  AIx 

When it is of tos ent . t type. 

t if in the current path of this di,etanoe "-lot 

"All  , the proportion 12' AI  of the residual current of 

the faulted line is also intro dUced, then the 1.mnpdwzoe. 
measured by this rely Is 



J

in x

' 	+ 2  All
1  

Zed   
Al 	1 	V, X 	+ 1 M2 I 

"Ail 	All 	SAI 

When the tranetormer neutral at station A on ia. 

ea thed and an earthtauit •  occurs near station A on line I 
then the residual t rent. t Al becomes very high. 

Therefore Z' 
MAX! 
	

z  LXX 

This deoroeo a off' . MA 1 by introducing the part 

of the ràidual current of the faulted line iCX,
Al  

into 

the cent path at the diatanoe relay RAZZ ;rte Lb some 

awes intiate an undesired tripping,* 'hue operation  of 
the relay. La uneeleotive and effords therefore speciall 
measuresfor elimination.* 





2. 1. Rt ' ' O mz I 

its jsugatioe are aet 

t1 *tattle rears an oirouits it Is felt Proper to 
review pr.oiaely tl* dsvelopaont of tbs5e static levies, 
Zn static 	prs, the ,,enorZ err art to use static 
circuits tar the Mean and sesaa resent of Input signals 

and to bav Only IL *I"# r.Zs,y to initiate tripping, 

There are two main types of static 	We 00 
have received  attention in protective 	application  

(a) fl•eieye using thsrsionio velYss. 
(b) fin`s 'sing t lstoz*. 

•Zeotroni In protective rlay'ing using thy'rstron tubes. 
'Thee giperty of the t4rat 	s y below a certain  
value of voltage! ppU.d to Its grid, it doss not fir., 
but Ono* the voltege was raisto4 'above a given threshold s  
it doss tire, lad to the investigation of a complete 
family' of relays, The relay's Such ii under"v'o tage, over-
currant, 

 
 power 4ireotionoiand distance at both high speed 

and low speed verities, all used Input circuits consisting  
of tr to e , metal rectifiers and Ltnear R, L, 0 
circuit components.. Zn thise circuits t o various 	 +c ons 
of cystes voltage, and U required,  system current were 
eu ate4 an øopered, the resultant elvers bei a stele 
voltage for application to tbs tby'ratron grid* 



The first rear using S.xrtonio Velies was 
described b ' Msopbszez, Wsrrington 4 KoCormsi( 7  ) 

I was applied for distance protection.  The bssio.. 
principle was to oopsrs line voltage with l ne cwrent 
at the moment of Un vol s *aziva. This P e's type  rali' 
using three tic sisainte 6a 'Mho' type obs'aoteristtcs 
Vie slate used were: 

(i) ft pulsing of u4to 

(11) a e urtt circuit,. 
111) 6 tube oirouit. 

generste a pa2a. at the moment Of line,votaga 	c 
1. A' .  

es it. a tube to conduct. The function of the sessuning  
olz $t was to spare the line voltage with the Un 

current. The tub* drotait sea the sensitive elwaeut rich 
was responsive to sias1s txm both the aoseun aj .0 
and pulsing circuit. The tube circuit 	 initiates the 
trippiz s* al to theoult breaker when the lapsdanos 
being *saaured fa Us below that 2cr whichthe relay Me been  
set to operte. 

The oval speed of operation was oXsiasd to be 
1* cycles. Other Mventsgea claimed waró, negligible Wiens 
on C r V e end Y. + s and freedom from ns suloal instabi it '., 

Zn 1949, 3.J. Loving" 	his piper laid OCR* 

principles for the sleet route protection of system in 
which 1 40 of #pe*'st; t of rela3s was seas irreepeotve 



4 

r 

of the type of reloyix employed t.,g, disterice, directional 
ovelcufrrent *too This genorel method is Illustrated in 

g. 9 Ce,) • Most of his polyphase  circuits had fact 
seperste current and voltage responsive circuits, pulse 
tones, teult detecting 	 ot tonal elements for 
each phase WA the only oosaon circ is ter the three 
pies were the ispu e oticutte which responded to 
the final signal. 

Pulte are .ted 	one of this system qu - 
titise, in this cese fr each of the three e . ''e. 
! ee# 'is+ a 	est fed to .detector circuit, the 
purpose of which wee to detect the fault and then to 
fnoticnal eleaents *.g« directional elements, with 

control provided by voltage signals, If t funoti.onel. 
elements detected a fart within the protected section, 

%b the pulses + e 	to operate an mpulte circuit and 

then to of uit breaker trip coil. Although to 	k e 

investigations oov red a veq wide i*24 of protection tection 
but the circuits have nsv r been used in actual relaying 
applications due to dte 	rtegei e.eeociated w th 
electronic otrcztts utilloing therwoinic yourres His 
ms the last attempt to use norrnal electronic techniques 
with thermtonic ' 	tonic 	 v'v'eu. 

D 
In 1954, 3srgseth 	published a paper 

on direot.pheae 	a rlece distance relay using & diode 
oo'4ncidenoe caret, while in the me= year i enn.dy 
described an electronic Bier relaying *0)3e50 using 



no. eleotrosagnetic relays at all, en tripping being 
perford by the use cf a heavy duti th. tson . The** 
were the 	1 dwveloeionts using the 	in values. 
In general, electronic relays using theza onto tubes 
have not set with such favour in the e].cvtricity 
supply industry because of their requirents in 
beater and anode supplies. Junction transietor r overs- 
rove the linitattons of thi*ionic valves so far as 
., and boater requiremnto are concerned. No heater 

supplies are needed and the J. d+ ande are sodest with 
regard to both voltage level and per, 

2.1*2. TRSX Q 8 rn REIIAU1G 

The applications of traneistore ri 
have been 	to following three 	 onset 

( Use of tr'anstatore as an aapli4ing element 
with the main ob3sot of increasing the 
sweltIflty of an electromagnetic relay. 

b) Direot applia*tion of transistors  to 
rilang circuits for which eleotronlos is 
already a standard practice  e. go phase 
comparison carrisr. 

O The use of transistors or group of ti Me.. 
tore to perform a parttoilar function which 
gives the whole or per of the obaraoter. 
titles of a static relay. 

The potentialities of the f. tInn tie rsistore 
were inl.stigat.d for o.z'tsin p oteotty+ esr applications 
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at *anaheater College of Tec holo in the year 1954. 
edepohl started  work on distenos relays  d the first 

transistor distance relay using direct phase comparison 

was later published ~, ~.0 This relay osU,d the der 

occparator '*ho' type relay ii ebb in Pig. 9Cc-) 
 and 2 , the two derived voltage Inputs from the 

ystan fault voltage end ourrent were applied to a 
coincide nre oirouit 

The output at the coincidenoc circuit 
a voltage block laetin for duration of ootnoidsn r, 
?he output of the coincidence circuit wee applied to 
an integrating circuit which charged up linearly over 
the period during which output was present and reset 
to sero potential when the output die-appeared. The 
arngnitude of .e voltage attained by the integrating  
oirouit wao thu the fiction of the .ngur displace— 
dent 0 between V ea4 'V 	e would be rnaxinum for 

0 end mc for ,O a 180. A level detector airou&t 
followed the integration circuit sad wee M3ustedso 
that a tripping output wee corresponding to 900 phase 
deeplaoaent between V1 and Va. The tendency 	 over- 
reach on d, oo offsets was olved by using a dual 

for whero the o par for Input qu ntiti.e were 
(i) Viand V and (Ii) - VI and - V 

Zn 1959 datnson and Talkhen published a Paper ( 13 
replacing therritonlo valves cc letely with 3unetton 
transistors in phase ocsparieon carrier protection. Their 
results ale ► include findings  on the ext sive lite. 



toots csrxte8 out on transistors, 

These and other dsve1opøit in translator 
applications to protective r.Iaying have 104 to th e 
possibi lit? having bt& speed! zUabi1ity, accurspy 
and robustness together. ?rimae aM deva1o*ient in  
trsretatoa is rspid1 b.zirto Moir rating and 
power into a situation where they will be of red 
p o is » v4ue in the desk and + eue1opsnt of new 
proteotivs .gear systasa and rcløye. 

'nejstorjs relays are, however, facing 
severe oopetit1on tri rectifier bridge comparator 
typo relays baceuse of their ezoellent ohazctezi.tics. 

Race ' i' bridge coaperstore are produoir  
great amount of excitation moot protection engineer&  
to-day. It to increasingly being used as a static 
e1itu4e casparstor in dioten a type$ current balance 
and differential • re3ye. 

The rectifier bridge oospez'ator"a firet 
applied to prcteotivs relaying In orway end GOMM 
and was later taken up in a 	er4a1 fore by 
C+ 	(/ 5  ) M is is no wr in wide use cosasrcts11,y  
the U.J., U.S.A. ad continent age( Q' ,1,s ) 

The rectifiers are generally used as current 
ca ertoz's i.e. the current flow is enforced through 
than. The throe, aero types of rectifier bridge t om-
t x Q ou na are *howashownin fig, o i In pres.ntday 
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0 -120 

(a) GRAETZ CONNECTION 

(b) MID POINT CONNECTION 

(c) SPLIT PHASE CONNECTION 

FIG. jo RECTIFIER BRIDGE COMPARATOR-DIFFERENT CONNECTIONS 



practice use Is made ct r otifie r in Oasts connection. 
The split phase connection is ueed only where a smooth 
d, a, output is needed, without Introducing inductive-

capacitive azooththg filters.  Theaid-point connection 

is x*re ly oploye4.  

2,3.  1121192 + ►_ F As 

With definite B vsntageB. claimed for high 

speed protections, there has been s trend to emints 

Urge magnetic circuits and to introduce high speed 
relays with simpler vem nt , wbl1cb 1*d to tfltroduoton 

of moving coil .ze ► 	, 

The poised soving coil system is based 

on the .intsr.sotion at the polriied flux eta pe 
asnent .met with the s agn•ttc flux in the moving coil 
pssetxig a direct current. The relq ham- a loud apo ker 

tfl•, movement and: 	+a id with two coils. One *ail, 
is supplied with full w * z'ecttfted current taming 
to move the element  -in the operating dirsotion while 
the second  coil is energized with a full .wave rectified  
current tending  to rester the element. 





0 

A comparator works on the principle of oar parixg its 

vector inputs and provides an output signal depen4 rig upon 
their relationship (magnitude or pie or a combination 
of both) • The inputs to comparators are derived from the 
system usually by current or voltage transducer's with 
suitable aodifytx otrcuitrr to obtain a required operating 

characteristic. The most general case to whore two system 
qucintitiee 'p std 'q* are each presented after linear  
transformation to both Inputs of a comparator'. The two in 

put* to the comp for are then 

8 	'~ KIP ' R21 4 

2 

where p and q may be current or voltagi* 

There are two types of comparators: 

(a) ' Amplitude comparators.  
(b) Phases comparatore. 

Amplitude comparators compare the scaler mag iitude of the 
two vector i*pute• These operate when the *odu]us of one 
creator input is greater than that of the other and restrain 
rthen it is loco* 

On the ether hand phase comparators depend for their 
operation on the phase d ff'erence between the inputs and 

operate. when the angle 0 between the vectors lice between 
certain limits say 0 + 6' 0 and restrain over the remain- 

trig 

 

portion of the fall 3600. 



0 

These two relations for two types of comparators 
can be expressed itbematioally by ,putt s 

+w 

Thus tort 
Amplitude comparison 

1 

{ sgt 
While for phase Comparison 

erg ( 	) -0 
2 

• By c oeing paroular values for aend 0 , marginal 
condition for operation to determined for a ,particular typo 
of comparator. 

For ezompie, 
Operate for 7 and restrain when l~?~ 

for amplitude com arat r . 

A rectifier bridge comparator has 'equai to unity. 

Per phase comparator 
operate for 0 <0 <, 0, 

• Restrain for ao 

In the complex f plane Pig 1 

def roes a .particular circle while O 	and 0t 

define particular radii dividing the op*ratinj region 



Are Of ope+ i nn of 
pmpI : tude C 

F~~~1 

Area of ooeraticn 
Phone co:nparater. 

from noxi-operatfig. 

3.2. 9OU&RATRfl Moms 

.Amplitude as well as phase comparators both can be 
designed using rectifier bridges . However amplitude 
comparator has. ezClusive2 been realised using rectifier 

bridges only ehere as phase ooxzpsratora can be designed by 

using 3unotiou transistors also. 
LJ . 3.3.  

Considerable divergence of opinion exists with 
regard to the beet types of rectifier to be used for these 
comporatore. The tour main poo sibiliti.es bei.Xg selinium, 
ailiaon, ., gemniu mt and copper oxide. 8elinium has had the 
widest application in U.K. and to pretered on account of 
its well deZlnate threshold on Z-~Y obarsoteriettoe, a ten-
denoy to rstain its Initial ohiracter with aging and a good 

over load performance. In oh1ionn It is claimed, that such 
rectifiers are very satisfactory in releing upplioutirn e. 



Some German opinion favours germanium largely.  on the 
ground that such recti `isra are much less Susceptible to 
failure because of moisture than eel ium or copper oxide. 
It has also been suggested that sebum rectifiers deterio-
rate in fluorsoent lighting where germanium an copper oxide 
do not. 

The author has designed a balanced current relay 
for the protection. of parallel feeders by using a static 
rectifier bridge comparator and a e.enett&ve 4.0. moving  
coil relay serving as 1 ndioator. 

Basically the comparator consists of two Azil crave 
rectifiers connected in series aiding as shown in Pig. i 2tQ 

a polarised moving soil relay being connected across the 
two rectifiers. Ie relay baa a single coil and comparison 
between system quantities is affected in a 4.0. differential 
àiz'oU.it formed by the two rectifiers. Thus the measurement 
Is made by null method, thed. o, relay indicating only the 
deviation from the measuring point determined by the 
cosetaate of the bridge. 

It is assumed that two inputs to the comparator 
are from ideal current sources I. e. the impedance of the two 
sources could be consider td as infinity« In practice, however 
no such Ideal current source exists and any source i.e basin 
OS14 a voltage source. Where the source impedance is very. 
large, however, it can for all practical purposes be comet-
dared se an ideal euPren i; nernrn h _ NvA. Mir #P 4 ,..i 1 + mk"4 &a 
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where this impeder ce mat be made  aads large due to other 
oirot&it l stat lone • 

Where the two inputs are from ideal current 
sot oee, the operation of the idea trir€ rectifiers Ia 
to follows I 

Nally the restraining current preponderates 

and current flows in the winding of the polarised aoving  
coil relay in the blocking direction. If only small value 
of ourront .. is flowing through bridge 2, the cbole 

of this current will flaw through the relay as shownin 
Pig. 12' and causes a voltage drop - V across th+a relay. 
'Thio volta8e drop serves as a forward bias tar. rectifier 
bridge 2 « When ii  is increased further, the voltage 
drop across this relay rises to 2 Vt, the threshold 
voltage of bridge I and the rectifier bridge I will 
conduct. Thereafter due to non-linsar olaraoterietio of 
the rectifier any unbalance current exceeding 2 to 3 
ti*ee the operating value of the relay flows through the 
bridge t as shown in Pig. .t 	preventing s relay 
from overloading. 

When both bridges are energised simultaneously 

i.e. when both tr  and i0  are present and in phase, the 

+xnpariaon of e,ystem quantities is affected in the d. a. 
differential circuit formed by the two bridges and canpiete 
relay arrangement is actually sensitive to s ll difference 



between i0  end , ,. It both the wrente are equal, 
3, dependent of their abet lute values # the relay Da  
carries no current, the rectifiers work on short 

OirOtit and take p otioelly no power. If the currents 
are unequal, the excess current Slows through the relay  
Dr,the direction depending upon whit current is 
greater ilei the polartoed relay makes contact on one 
side or the other eider► if i0 7 i, the contact $bail 
remain in Ito tripping position A - on the other hand 

 to  io  , the contact $bell open and block the 

tipping (sw ) . It the difference. between i3O  and 

vary great$ the excess cent after exceeding the 
threshold value bypasses the relay*  ' A000rdingl.y at very 
high unbalance currents, the rectifiers work pe tit - 

11J short circuited and are t , re1`oro stressed only by 
the voltage due to their interna. resistance. This 
bridge circuit tharefc re gives full $eneitti ty of 
operation#  protects the rectifiers agsirst voltage stress 
and 4so the moving *oil relay against overloading, 

When i0  and 1. are not inphac a the voltage across 
the rely will be a S4uare wave of double the f4 ntaj  
frequency e d if the two currents are equal In magnitude 
the relay voltage is a ouquare wave with equal positive 
and negative components as shown in Pig. !3 Ec4 giving  
zero 'average voltage over one halt cycle or the tunda-
mental voltage wave; the polar ed relay operating on 

the average input to its tezinals therefore develops 

xno torque#  sine the aveziage voltage over one cycle of 

the positive and negative oo1aponente oZ this equere wave 



ire each equal to 	Here it has been asc ed that the 

voltage developed across the polarised relay by each 

current input individuaI4 with the other bridge 

rectifier die-connected is . large compared to 2 Vt. 

4.3. $ERAVOUR UNDR pONDr1ION3 Wh& '2& INPUTSOURCES ARE 
'AL Fir̀  SOME, 

B 'E , BETWEEN THE TWO SC;URC : 

The behaviour of bridge comparator under such 

conditions is shown in Fig. ) 4 . Until the voltage across t 

vi_, 	V 7. -. 	% J 	• 	. 5o 
k = Ho-i1n • Cot'.. 	Re,1.d`! of 	tYT ed-dr~.e K. 
Z L , 	1•2 = IntLrnaL I1 tI 	Lt 1n(45 	't 	VoLta~ c 	S~uvc.e ~. 

L1 = fkt Lay C,,rr(3nt 	fed. trap. Vj. 

-3hunt Lv'cytt 	tcd from VL. 

L - KL J-a\ Current ted t'v'oY* Vz - 
unt, l.vrv' t\k 	fed f won YL . 

L '-Lt 1  / 

F i j rj 	Fte(_tLtLer F,rLJ.c¼. for aTatar wLth Vc Lta e ScuLrces 
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relay 'B' reaches the thr ewhold voltage to open the rectifiers 

on either side, the current from each side in each half 

byole gets a shunt path through the finite impedance of 

the other source. When 	is flowing in the direction 

marked, two rectifiers are conducting and the shunt current 

id flows through these rectifiers and the source V2. When 

V2 changes its polarity, the other two rectifiers start 

conducting with the result that shunt current also has to 

reverse in polarity in order to follow the low resistance 

earth provided by the conducting rectifiers. 

The shunt current is therefore a pulsating current 

and the wave shape will be distorted when the two signal 

currents are out of phase. When they are inphase, the shunt 

current will be approximately sinusoidal. The shunt effect 

from the other end is similar to the first one considered. 

There is thus a mutual. effect between the two voltage 

sources. This •tends to reduce the sensitivity of the relay 

at the operating point because this mutual effect is predo. 

minant when the relay is just at the verge of operation 

as it is only then the voltage across the relay is very 

low. It has been shown mathematically by Dr. T. S.M. R.(! ) 

that mutual effect is a m*nirnum when the two voltage sources 

have equal interval voltages. 





4a1.  ltTR? 	0 

Two static sob es have already been put forward by 

various *uthorfi for the protection of -parallel foodero. In 
one of the eohemco Rueelen ongineore 2 	) have designed 
$ semiconductor ba]erc current relay giving cbazaoteristics 

similor to their I.T. B 2O1 eleotroagnetto ba c current 

relay  eeoond scheme has been put forward by Dritiab 

engine ere 	 ' I 	for the protection of any umber of 

feeder using a moving col relay for each protected feeder. 

Both these schemes ace briefly reviewed hero. 

4.I•I. STA T IC $Ot lI U 	Q 	QR 	J.RTT  

The fund ental. ctrouit diagram of the relay la 

shown in Pig. 1 s . The operating transformerr (Tr. op ) 
has tiro -secondary WifldiXO 12op  ani shop ̀  and paeans the 

ourrent of the line to be protected. The c rrent of the 
panel line pewee thrcugh the prig wizing of the 
restraint transformer (T) which hue one seconds ► 
winding. The holding transformer (T f ) is supplied from 

a voltage transformertranetoraer ate► the hue-bare of the protected 
section. the actuates, relay is a polariesci relay with 

operating and restraining windi e. 

The gumt from the secondary winding W2Øp  or the 

operating tr fom6r is fed to rectifier bridge B1  , 

and emootboned by the capacitance 'Ci' acts on the operating 
winding of the actuating device. The emf from the winding  



Tr ?~, 

0  41 c  3JJo 
CA 	v2 0p 

I;! 

1 

30" 

0 

•------- • _ - . _ _r 

FC 'S FuN3 ~M~VT4L CIR2. Uir D/40'~4n-1 of 7/J RSLAti 



V3op  of the operating trazufoz ner in added to or eubstrao . 
from* the secondary ems' of the restraint transformer depending 

upon the phase relationship of the currents in the protected 
and parallel line. Their combined output is fed to the 
second rectifier bridge B2. The third rectifier bridge 2,. 

in supplied by the secondary voltage of the holding t ae-
former. 

Rectifier bridges 2 and B3  are connected in series 
and their output acts on therestraint winding of the actueti 
relay" • 

The etznmation at the restraint, holding and operat. 
frig enperetuzia tükee place on the actuating device. The 
turns. ratio of the auxiliary trtrneforrnere are such that the 
rete y does not operate it the currents In the protected and 
parallel lines are equal in magnitude, which is the normal 
condition of operation at the parallel lines. 

With a short circuit on the protected line 

lop 	, 	eo. that 

(A,T)OP 	(AeT) et, 

and the relay operates to trip the faulty line. Junction 

diodes are used for rectifier bridges. The performance 
eharacterietic of the relay are shown in Fig. {r . The. 
charaoteriatioe of this relay are claimed to be analogous 
to those of auso: i Q.T.B. -'201 eleotro.magnetio balanced 
ourrent relay. 



Fig • 16 (Charact eras t ics Iop  = f (Ir) ) 
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4.1.2. CCD  r~ 

This scheme is based on the comparison of current 
in each individual feeder with the average current of the 
whole group of feeders. 

Such comparison at sen ding and in a group of 
parallel feeders Indicates that 

(a) the current values in each feeder will be 
nearly equal under normal load or through 
fault conditions. 

(b) With faults interval to the protected zone, 
the current in the faulty feeder will always 
ezcsed the average current nt for the *bole 

At Pure Booe.ivi 

(a) With aulte internal to the protected zone 

the average current is sono an1 is exceeded 
by the curet In oath feeder in the group. 

(d) The direction of flow of fault current is 
. away •tri the local buehbare in the case 

of faulty feeder only. 

It is apparent from the above facts that a ditfO s. 
rentia). relay whose operating force is proportional to the 
current in the feeder# and the - restraint force is propor.  
tional to the average current of the group can be used at 
Sending and to provide the necessary discrimination of the 
faulty feeder. However at pure roóeiving and reliance is 
placed upon direction relay. To avoid false tripping 
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it is essentialthat differ tie and directional  rel y be 
interlocked ar that directional relay should operate only 
during fault condition$. 

,Af .'.!= 'AUM+T §C '! 	! 

The circuit diogrzn of the eorae which uses the 
above 'principle, for providing ea tki Z It protection is 
shown in Pig, (? 

The input circuits are auziUacurrent transformer 
circt4te. The current of each protected feeder passes hough 
primary wind windng of their respective operating transformer. 
(Trop1' T p2t Trp ) 	`he currents tram. from each of the  

secondary  windings (W$, W2 and $) of the operating 

transformersare fed to their resp ctive rectifier bridge 
0 B2 and 	act on the operating windings of the 

moving coil relays f I , R and I 	reepeatively. The primary 

wirdir of the restraining transformer T is supplied by the 
current of the whole group of paral . el feedea~ s. The turns 
ratio of the restraining transformer is such,, that its 
secondary windir supplies to rectifier bridge B4, the av+ 
rage our ant c' the whole group of feeders, The output at the 
rectifier B4 supplies the restrainIng restrain 	 coils of the moving 
coil relays which are oc eoted in parallel. in oz4er that 

small 	oropar2oiee between feeder currents shall not came 

instability the effective reatraintuscoil aimf is 20% greater 
than the operating +0.11 t. This margin is ae aatainsd 
corntent with varying number at feedere in service by use 



of circuit breaker auziltezi Britches + ~ 0 Sat 03.to. or other 

mesas to vary the giber of reef pint coilo connected in 
pwalle],. 

The summation of the opezttng and restraining it 
for each feeder tekee ' places in Ito respective moving coil 
reley* With faults internal tope feeder. group 

Xop 7 1en 	so that 

and that p+rioul ±r relay belonging to the fault feeder 

operates to trip the '0ult7 feedor# 

The operating 	 acterietio3 of a typical proteo. 
five scheme of this type for faults in various positio 
on one of 4 pair of feeders are shown  in dig. c8 

The +ecce for phase faults is oimi3.ar to that 
described above except that each pbese is balanced indepeend-. 
ently and has separate relay elements . As the differential 
relays Must now Ct * load currents they will tend to close 
their contacts during normal switching operations on the 
feeds . To prevent false tripping of tbsee relays due to  

load current additional differential windinge supplied from 
the main voltage tran a 'o=e are included. The differential 
relays are set below full load current (approxi 4O), when 

a fault oo 	, the voltage collapses and the current 
circuits with .°ieir low setting are left in control. 
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Por receiving end, eame sabome to used except 

ibst diroctionel relay i.e added. The current coil of 
each directional reley is connected in arise with the 

pz'imezj windings of operating trauefa ere. 
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5.1. RiCZPLEz 

The principle of balanced current protection of 

parallel feeders is based on the fact that when the 

iupedanoe5 of the parallel lines are equals  the current 

in team are distributed equally under normal load conditions 

or under thru -fault conditions. An difference in 

impedances of the two foei ere can be allowed for in the 

selection of the current transformer ratio so that the 
aecondazy currents of all traneforter will be same when 

all paths are uaftulted. In the presence of short circuit 

on one of the feeders, the fault impedance of path 1 .,.a 

reduced while that of path a 2 is increased. Therefore 

greater portion of the fault current from eduroee passes thra. 
ough the faulty line while smaller part passes through 
the undamaged line. T s similarity of the currents in 
the two feeders is disturbed at the source end, and it 
is therefore only aeoeeca r to compare the absolute 

magnitudes of the two derived currents from the two feeders 
to obtain definite criterian as to whether the fault to 
internal or external . The comparison is made electrically 
by means of a static balanced current relay in which *use 

the alternating currents are rectified and compared in 
an amplitude bridge comparator circuit. The detailed 
description of operation of amplitude bridge comparator 
has already been mentioned. The relay unit with ampli-

tude bridge- coup for design is inherently a high speed 

device and readily bends itself to balanced current 
Dmtootion. 



It met also be used for a similar protection 
at the receiving end of parallel lines provided thero 

is an additional source of power -supply at the receiving 
end whish will increase the current in the faulty line 

at least 10 to 25%. 

5.1.1. R RIP 'T Q 	S x 

The circuit used to shown In Fig. 2.o . The 

operating current transformer (Trap) with one pritary 

and eecondazy winding passes the current of the line 
to br protected. The restraining current transformer 

has two primary windings W4f, and'2r  and one secondary 

winding War . the current of the parallel line passes 

through primaxr winding ''lr  of the restraining transfouner 

(Tr,&' The sec nd primary winding W 2  , Is connected 

is series with primary winding W1op  of the operating 

transformer (T1,). 

The ratio of the pr r, winding W2 , is so ad3uo- 
ted #tth its second y winding that it feeds only a 
fraction of the crurrert of the protected lire to its 
secondary circuit. The holding tear toter (T) is 

supplied from a voltage transformer on the b' -bare of 

the protected section. The secondary wtndir of the 

operating, rest  restraining and holding transformers are each 

connected to their respective reeti ier bridges Bt. B2 
and . The bridges B2ea d B3  are connected in series 

winding and their combined output oppose the output of 

the rectifier bridge B1  . The actuating relay is a 

polazieed moving coil re: 	'D" 
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The current from the pr ay winding W2r  is 

added to or eubetreoted from the current in the pricnary 

wir iir8 'W1r' depending upon whether the currents in 

the protected feeder and the parallel feeder are £n - 
phase with each other or 1800  out of phase. When the 

two curre is are lnpbese with a each other', then to balance 

a fixed value of the restraining current in the winding 

wir  , the current in operating wiailing W jop  has to be 

large as compared to when the two currents are 180° out 
of phase, This results into automatic reduction. In the 
elope of operating characteristics of the static relay 
when the two currents are 180° out of phase . This is 
a desirous feature at the receiving end station when 
it is relatively low powered and increases the fault 
current in the defective line by at least 10 to 25 percent. 

The o mmMtion of operating, restraining and hold- 

ing current takes place in differential circuit formed 

by the rectifiers. The actuating relay is supplied with 

the current in restraint or operate direction depeijng  

upon whether restraining current predominates the operating 
current or vice versa. 

The turns ratio of the auxiliary current tri-
formers are such that the relay restrains if the currents 
in the protected and parallel feeder are equal in magni..

tude. With a fault internal to the protected zonal  the 
holding voltage collapses and current circuits are 
left in control to trip the faulty line. 



.1. 2. 	1 	S If A Aft$ 	1NALS A" s 

On the occurrence of external faults when the 

through current may greatly exceed the norma] cnrrent, the 
current trap formers may seturat . It the saturation 

conditions are not the same for transformers in both the 

feeder&# the unbalance may be large enough to operate 

the relay. It in therefore necessary 	 etcbilien the 

protection against external feults. Bias provides the 

ne000aaZ3r otabilisation. 

The relay is given taa by edueting the auxi . 

1iery current transformer ratio$ so that it will operate 

to trip one feeder when its current is some percentage 

above that in the otcr feeder. The percentage unbalance 

is ohoosen high enouJi to prevent false operation. The  

usual accepted value is 25% unbalance at bending end. 

At the reoeiving-pend of the parallel feeders 

where there is oma . additional source of power supply 

which will cause very small difference in magnitudes of 

the fault currents in the two feeders, the percentage 

unbalance ahooeen is small and the usual accepted 
value is 10% unbalance. Such a ohractertatic makes for 
wider applications of the balanced current relay. 

5.1.3. 	I?TTIcEs 

The relay is designed as three input rectifier 
amplitude comparator. The equation for operation io, 

~ ~r~ 	8r2 j K::I: 18Q 



The three input* are 

8r1s II2 ± *1 

$r2  K B 

Time for ope rat lah 

m12 ±n11  zf i'1 
+v sign when 11  and 12  are lnpbane -ye sign when I 

and 12 	8l8O '6 out of ph 	e. 

when one line 1s tripped out at receiving 

end i.e. when I?  • 0 , then 

ni l  I + I F must be greater than I 	for 

the rete to zeetrain i.e w the rest raining current 

provided by the holding voltage (V) must exceed the 
operating current provided by one line under maxtuiuzn 

load ooxiditione. This in esoential to avoid non-eeleo 
tive oration of the rela under the influence of load 



current because in consequence of switch out of circuit 

bier 0.13.2 on feeder 1 (Pig. ' .I ) will be an 
operation of rel 2 under the action of the working 

load current and tripping out sound teed E-,r 2. 

5.1.4. PTjJ1ALVESOR rza a 	+ TO 1J O E 

1 ' TI  _ 

The particular relay designed by the author 

has 254 bias at the source end and10 Was at the 

receivi1 end. Toppings are provided to vary turns 

ratio of the auxiliary transformers In order to ad just 
the slope of the operating characteristics a to any 

desired value. The ,alueo of 'gym" + zd " '" to got the 

required slope are calculated as follows : 

CB% c-T i  C•B4 

X X 

L. j ci• 	TJ C B4 

F ~ Zi 



Par the purpose of analyals we aeouae that with 
a heavy extez " l short circuit, the current tranefinor 
O.T2 to be saturated. ~'b.to gives rise to a fault current 

in the e0condar7 a rouit, although the ratio of 
the two tr eirzneze has not been altered and the 
currents In the two feeders are, equal in magnitude. Second r 
current 11 ©oneiete of one component 	whicti may be 

base ►i th current 22 and the balance current (Ilu12*Ift) 

any have a pbaee different trca that of 12e Xet 0 be 
the phase erjle between 22 and 	and the resulting 
phase tingle between. I and I be 

For .ba: tae 

Ill 	fax2 + n!1 
J 	 22) 

or f I 	24+ 2i + 2 iflh112 may- 	--41) 

When 	, t 	- 

1211 	
II. aX 

+ 21211 
180 

I, 	mil - riI f I 	 -~- } 



From equation (2) we have 

J
Ii 	xx J m12 + oil, 

Dividing both sides by I2 we have 

21 

 

am + n 
12 	12 

Current in the faulty feeder 	current in faulty 
+ 	ado 

Current in bealtbp feeder 	current io hoaltby 
feeder 

1.25 	n x 1.25 + m 	-""—(4 

With 	= 180° from equation (3) we have 

r1 
	m I2 40 nI~ 

n or I~ 	~- 	1 = m  

	

12 	12 

	

1.10 	am - 1.1 in 	---(5) 

Solving equations (4) and. (5) for the values of 
in and n 

1.10 	am. - 1.1n, 

1.25 aft►+I.25n 
we get 

n a 0.0636 

m us 1.17 

Substituting these values of in and n in equations (2) 

& (3) ire get 



I1 
	0.063 I1 + 1.17 12 

12 0.0636 11 

I1 a 1.25 12 	at sending end 

21 0 1.10 12 	at receiving end. 

When 12 	0 i.e. when one of the feeder is tripped, 

then for balance point 

I 	 I 	 J 

or I1 4 	Q2 I1 + + 2 f h 1 f ooe 4) 

Where 0 in the phase difference between 1,~ and V. 

For0 =0 
1 •~ ztl1 + N 

a 

11 	a 0.064 I1 + 

O.9411 V 

or 	x * 1.06 . 

Following two oases for holding voltege have 

tried to balance I1 when 12 a 0 

Case 1 e Feeder No. 2 is switched out at the receiving 

and station and the restraining current provided by the 

pull holding voltage in made to hold raxisivaa load current 

of feeder No. 1. 



Case 2 : Feeder No. 2 is switched out at the receiving 

end and the restraining current provided by the holding 

volt age for a through fault at the buohbare of the 

receiving end station is made to hold the minimum fault 

current +at feeder No. 1. 

Ca 	O. 1.. 

Magnitude of full holding voltage 110 V. 

Assuming d.c. output current cf bridge rectifier 

B3 12 180 m. a. 

(Rectifier 83 is operated above its toe voltage). 

To dthe via ue tresisne P in.lte&e itoui4 

Referring to Pig. 2.2 ) d assuming I : i ratio 

of holding transformer Tr,, 	then the value of R is 
r 

.= ISO 

	

R 	1000 

rr R = 610 	Ohms. 

To find the turns ratio of operating transformer (T]? ) 

When x2 = 0 

Let the maximum load current on feeder I - 6 amp. 

Then from equation (6). 

the ratio of Operating tronsfor*er =6 ©a~Sx"L ,.... 
1$t) 

W 
E 	33 

W1op 

With values of m = 1.17 and n 0.064 , in order to 

have required percentage bias, the ratio of restraining 

transformer winding will be 
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Ft... ZL(Fa.) 

IPo n.. 

F L~2Zcc)vECTOR D%A(,RAM 	 R 
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F,5 1Z (c() 



28 
WIr 	1.17 

and 

515 
W2r 	0.064 

The auxiliary current transformer have been 

designed at the working flux density = 700olinee/eq= 

with linearity upto 10 times the rated current of 5 amps. 

The number of turns calculated in each winding of each 

transformer are ae follows a 

W1Q.p  a 34 turns 

t2op  = 1122 turns 

40 turns. 

W2r = 2 turns 

3  , 1122 turns. 

The fault currents in the two feeders and the 

fault voltages at sending end bun bare for faults at 

various position on feeder 1 of an assumed system 

(refer to Pig.&) are calculated and tabulated as 

below m 
pable 1. 

Poult .position Pault 	voltage Current in , Current in 
expressed as % xslta a VR  faulty Healthy 
of feeder feeder seeder 
length `} in V 11 amps. 12 	amps. 

80 21.3 5.31 3.6 
70 20 5.85 3.1 
60 19 6.37 2.73 50 . 17.5 7 2.25 
30 12.5 8.3 1.5 
20 9.0 9.1 1.0. 



The operating characteristics IQp  - f {Ir) 

of the relay unit designed are shown in Pigs; 23, z y 
I 

Each graph refers to different percentage bias which 

is obtained by adjusting the turns-ratio of the 

restraining transformers. 

The p consumption in each circuit of the 

relay in given in Table no. 2. 

Teble-t(,r. 2, 

Phase 

VA U.Ig01SUMPT ION 

Operating current Restraining 	Holding 
circuit 	current 	voltage 

circuit 	circuit 

n 	
2. 7,s,• 	 6-2-5-  f- 

 4--75' VA 	-•- 

4, 4 v# 

When feeder no. 2 is switched out at the 

receiving end i.e. 12  = 0 , the value of sending end 

voltage for a fault at receiving end bueber of the 

assumed system (refer to Fig?" 0,1 is equ . to 37 volts. 

The design of the scheme in this case is 

exactly similar to that of Case, l except the magnitude 

of holding voltage = 37 volts and the value of R 210 ohms. 

The turns ratio of the auxiliary current transformers 

for operating transformer 	45 and for 

restraining transformer = Al 	a 38 . 
1.17 
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The number of turns calculated in each winding 

of each trenofoimer are as follows : 

~[1op 	a 25 turns. 

W2op 	w 1130 turns. 
1W i r, 	w 30 turns 
W2r 	~► 2 turns 
War 	1130 turns. 

The characteristics lop a f (1w) for the 

relay - unit are shown in fig. ZS— 

Q AR SPN C ' FSE IIP3 OF CASE tar CASA 

The design in case 2 as compared to case 1 is 

made to hold feeder I when feeder 2 is switched out, 

under worst conditiorm (i.e. with fault assumed at the 

receivir erd ). However the comparison of the character-

istics of each relay unit designed in both cases with 

values given in table No. 1 of currents in faulty en4 
healthy feeder indicate that the length of dead zone 

in case 2 is large as cammpare to that in ease 1. 

The length of dead zone in case 1 is about. 22%  

of total line length where as in case 2 it is about 40% 

of total line length. The permissible value is appro-

ximatsly 25$. 

This discrepenoy in lengths of dead zones in 

two case is because of increased restraining effect 
provided by holding voltage in case 2 due to low value 

of resistance 'R' in the holding circuit. This makes the 
relay unit in case 2 less sensitive. 
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The number of turns calculated in each winding 

of each trAnsfoxmer are as follows : 

glop 	w 25 turns. 

W20p 	= 1130 turns. 

V!lr 	a 

 

30 turns 

W2r 	* 2 turns 

Wyr 	. = 1130 turns. 

The characteristics Sop  W t CT) for the 

relay - unit are shown in fig. ZS— 

C? ARISO [ OF J ESULP3 OF. VASEa 

The design in case 2 as compared to case I is 

made to hold feeder I when feeder 2 is switched out, 

under woxet conditio s (i.e. with fault assumed at the 

receiving end). However the oaczparieon of the cheracter-

ieties of each relay unit designed in both cases with 
values given in table No. I of currents in faulty and 
healthy feeder indicate that the length of dead zone 

in case 2 is large ae e ampare to that In case 1. 

The length of dead zone in 0a3e 1 is about. 22% 

of total line length where as in ease 2 it is about 40%  
of total line length. The permissible value is appro-
ximately 25%. 

This discrepancy In lengths of dead zones in 

two case is because of increased restraining effect 

provided by holding voltage in case 2 due to low value 

of resistance 'R' in the holding oirouit.Thie makes the 
relay unit in case 2 leve sensitive. 
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APPLI PIO 0 " TRIGQR ZRCU1: 

It baa already been mentioned that when opera- 
- 

	

	and restraining Inputs to the rectifier bridge emplit . 

ude oc pursto r are not in phase, the 'voltage across the 

relay 	 # square l v t. When 	m 12 jori ~ I t - hi I 

the duration of the square wave output of the rectifier 

bridge comparator in equal and extends to 5 m. a ea. on 

50 circle systems. 

Reza 	i 	2 t . ~ _ 

the positive half of the output voltage across the relay 

continues for more than 5 sC while tie -vó halt 
continues for leve than 5 naso by the seine interval. 
Under thee* conditions there is cjattrin of the 

moving coil relay and operation of the relay is net 
well defined. These defeote can however be avoided 
with a trigger circuit. A transistor circuit could 
be armed to ;mor as soon as the positive half 
extends beyond 5 moose. 

The circuit used as shown in ?ig. 2 G consists 
of 

1. Ekrnitter coupled trigger circuit as a level 

detector. 

• 2. Mietrioal biarieble circuit as slave 

element. 
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It consists of three transistors r1, T2and 

T3. The emitters of 'T2 and T3 are connected through 

a common resistor 8523. The circuit retains in one 

stable condition as long as the voltage Vo is lower 

than certain vt3lue Vp (the pick up voltage) . As 

soon as the input voltage reaches this value the oir 
Quit suddenly changes to another stable state and 

output appears as a sudden charge in voltage_ level. 

When Va Is lower than the pick up voltage 

Yp • transistor T3 Is fully conducting due to - vs 

voltage applied to Its base while transistor T2 it 

biased to out off by the voltage drop across the 

cornuton emitter resistance Re23s 

when V. reaches the pick up vale, T2 starts 

to conduct and its collector voltage starts to rise. 

This rise of voltage is transferred to the 'base of T3 

and reduces its emitter and collector currents. 

This reduction In emitter current of T3 pushes 

T further to conduction with rise in its collector 

voltage which 1s again transferred to the base of 

5 and cycle i.e repeated. If during 	this action gain 
it greater than unity * the circuit will suddenly change 

to other state of stability where '2 is fully conduot~- 
Ing, and 5 is cutoff„ 
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The input voltage (in) # to the level detector 

is obtained from the rectifier bridge ocaparetor such 
that the operating current 1,~ melee the base of 

• positive with respect to its emitter. When the base of 

Ti is negative with respect to the emitter# it begins to 

oondu at and Va L̀a- 0 . ' when base of T Ì is zero or 

positive, transistor T1 stops conduction and the voltage 

»Voo etarte to charge the condenser '0' and Vo starts 
to rise exponentially depend upon the time consta 

C(Rb2 '+R 01 ) of charging circuit. As soon as the 
voltage Va exceed the pick-up voltage V , the bond deter. 
for is triggered. 	choosing proper values for B, 2 
and C ,0 Vo can be made to reach. V9 if the bees of 

remains at positive or zero poteitial for 5 m.Ceo,> 	+ •

and the level detector triggers. 

A8ir .. TRIc B ABI&IBCtLXP s 

The circuit ban two stateo of stability in either 

of which one transistor is fully conducting and the other 

is cutoff and can resin in one of these states indefinitely 

The time.. constant of T4 is made purposely made larger than 

that of ", so that collector voltage of T5 will rise at 

bight rate than that of T4. This is essential because 

when s witth K is closed both the transistors T4 and T5 race 

in co n daotion. The rias od; voltage of °, is transferred to 
the bsee of T and opposes its tendency to conduct, this 
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further reduces the rate of rise of voltage of T4 and the 

process is cumulative with the result that T5 will be 
driven rapidly to full conduction while T4 remains cutoff. 

When the -Mve pulse from the level detector (V0) 
is applied to the base of T4 through diode (D1) the 

circuit is triggered, the H.T. supply is ewitcg off and 

then switched on again by meats of switch K , the original 

state of stability is re-assumed with P5 conducting uxzi 
p4 out oft. 

The operating characteristics lop M f(I) of 

the complete relay. unit with triggering circuit are 

shown in figures 2-7 25211 • 
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With definite advantages claimed for, by 4.0. 

relays over 8.0. relays, electrical systems wherever 

possible, must be protected by d.c. relays. The oha. 

raoteristice iop a f(I ,a obtained, by using three 

input rectifier bridge comparator are identical to those 

of electro echanical balance current relay. Therefore 
the parallel feeders may be protected by using this 

comparator unit. This static comparator unit has 

definite advantages over other static schemes for the 

protection of parallel feeders. 

In the bridge circuit used, under normal 
condition of operation of parallel feeders, when both 

the operating and restraining currents are equal in 

magnitude, the relay carries no current and the current 
flows through the rectifiers which work under short 

circuited conditions. The rise in power consumption is 

small. In other static schemes the power consumption is 

large an the rectified currents are compared magnetically 

in two separate windings. Moreover the bridge comparator 

is Gout f ly sensitive to email difference between 

operating and restraining currents. When the difference 

between the operating and reetrainin current is vers 
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large, the excess current after exceeding the threshold 

value, bypeesee the relay. Accordingly at very high 

unbalance currents the rectifiers work practically short. 

circuited and are stressed only by the voltage due to 

their internal resistance. This bridge circuit , 

therefore protects the rectifiers against voltage 

stress and also the moving coil relay against over-

loading. In other static eohemeo, both the rectifier 

unit and the relay must have more liberal design for 

there is no protection of relay against overloading and 

for rectifiers against over voltage . In the bridge 
circuit, the rectifiers are used as current convertors 

and therefore the change in forwardd resistance of the 

rectifiers with ageing does not effect the measurement 

of relaying quantities. The draw back of both, the 

Russian end author's scheme is that their use Is 

limited only to the protection of two parallel feeders. 

The other static scheme can be used for the protection 

of multi-feeders. Russian static scheme also suffers 

from the disadvantage of time delay because of 

smoothening circuits. 

Technologically the static relays are simpler 

to produce and dimensions are halved. 

Although the ear otromechanieal relay in still 

is predominant use and has proved its tirelaibility, the 

static relay and components are gaining acceptance. More 
time aM experience are required before any absolute 
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conclusions can be drawn regarding the reliabilit, and 

the best static eeheme. 



The volt-ampere oharaoterietioe of the three 

rectifier bridges used in the comparator are shown in 

Pig. Z4' The characteristics for the three bridges are 

not identical * They are however Mede identical by 

putting a resistance of about 2 Ohms in the d. c. 
output side of h e rectifier bridge 2. he identical 

net of characteristics so obtained ie shown in Pig. 1r 

T "toe' voltage for each parallel path of the bridge 

is •qu8l to 9 volts. 
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