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The growth of the use of parallel feeders has

been rapid due to increased reliadility of aexvice and
to the relative case of obteining selectivity., This
dissexrtation iz an attempt for the protection of
parallel fesders by statio means (d.o. bridge).
Opsrating characteristics similay to slectro-mechanicel
balance~current relay have been developed uning rectifier-
bridge amplitude comparator, The high speed paraliel
feeder protective«gear, and developmert of static
relays have been reviewed and other statio schemes
suggested by verious authors are explained, Thersafter
complete design of the scheme developed by the author
ip given in detail, In conolusions definite adfan‘bsgu

are olsimed for this scheme over other schemes,



ch@tﬁr( 1o

- Chapter 2.

. Chapter 3.

CONTENTS

CERTIPICATE i
ACKNOWLEDGEMNERNTS oc
SYNOPS IS s
"INTRODUGCTION | s
gégg.armn PARALLEL FEEDER PROTECTIVE K

“1.1. Puotors Affecting the Choice of

Yeeder Protective«Gear, S
1.2, High Speed Parallel-Peecder
Protective-Gear, &
1+3. 8ingle Line Operation. 3
1.4. Distance Protection of the B
Parallel Peeders, | s
1.4.1, Effeot of the Mutusl Impedance
between Parallel cirouite of
double end Multioirouit lines on
the layout and accuracy of
distance relays, | A%
STATIC PROTECTION RELAYS | =
2.1. Development., >9
2,1.1, Relays Using Thermionic V.lves 9
2.1,2, Trensistors in Relsying, <2
2.2, Rectifier<~Bridge Comparator. zs
2,5, Moving Coil Relays. 37
BASIC AMPLITUDE COMPARATCOR USING 28
RECTIPIER BRIDGE, | -
3.1. Basic Comparator. | s
5.2, Comparator Devices. 2

| 3.3, Reotifier Element. ' ' A\\



3.4. Reotifier Bridge Amplitude Comparator
‘ 341, Behaviour under Ideal oonditione
3.4.2, Bperation under ideal conditions

3.4.3, Bshaviour under ideal aonditicns
where the input sources are not
current sources,

Chnptar 4, STATIC Scwemes FoR PARAwew FEEDER PO Téctioy

4,1, Introduction.

42

40

44
A6

48
a9

4.1.1. Static Scteme I using Semiw-cgonduotor

Balance-ocurrent relsy.
4.1.2, Second Static schenme,

Chapter 5. RECTIFIER BRIDGE TYPE mmcm—cumm
PROTECT ION,
5.1 Principle.
5.1, 1, Desoription of the Scheme used,

5+1.2, Stabilisation egainst external
faulte,

5.1.3, Design of Static Belay.

5:1.4, Optimum values of 'm' axd 'n'

to provide necessury Bias to the
RQ].(W .

5.2, Application of Trigger Ciroutt.

CONCLUSIOR,
APPENDIX 1,

REFERENCES

49
$3
59
G0
61
64
&4

¢
78
86

&9

92



The inpoytance of sutomatio protective devices hes
grown with the sise of tramsmission systens. In recant years
grest advanoes heve bsen wads in the design and construction
of the protsctive devices, and pressut dey types can be relied
upon in practically all oonoievable cases of eleotricel
distresnes, Seversl new types of protective relaye have been
developed in pertioular, the transduotor relay, & new type
of moving coil relay, and a polerised moving iron relay. These
dmnloximn are clossly assooiated with an important trend
towards the use of statio equipnent for sorting out of
information and the ocospardson of Quantities,

It is however forfunate that in recent years, new
devioes such as tronsistors and other semi-condustors hsve
becone available, The ndvent of theee devices opens the way
to uew designs of proteotion schemes which coubine the sxpere
dence gained over the laat ten years with new Lreedom of
approach of grest potential value,
| The moot fmportant messursments in sslective protection
engineering are &

1+ Distance Nessurement.

2. Nensurement of Diresotion.
3. Diffeysntial Protection,

Basically three different methods of meceuring are
Lfoanible and these are !



(a) Comparison of the squere values of veotor

quantities (Torque comparison).

(v) Phase sngle relationship between vector quantities
(c) Gomperison of the n merical values of vector
quentities (d.o0. Bridge),

This dissertaticn deals with an attenmpt B r the proteo~
tion of parallel feeders by static means utilising 'bridgd-rao-
tifiers for the comparieon of the numeriocal values or vector
quantities. The growth of the use of parasllel lines (usually
in pairs) has been rapid duc to increased reliadbility of service
and to the relative ease of obtaining selectivity and hzgh'
spesd of the relay protective systems. In d.oc. bridge method
the Selinium rectifiers are used as nulti-input comparetors
supplying an electromégnetic slave~cutput relay of moving coil
type for final tripping.

- Investigatiors into the working of multi-input compara~
tors have been done by Hoolo 1) in the year 1950, He has shown
thet for & moving ocoil reley, with three or more coils energised
from fully rectified currents i, y ..., i, , the relay
opersates accoxrding to the relation

z:l +|4

HIES

2

4 :linl >/ 4] in an i1deal ocase,

The + #ign indicates that the rectiflers are

oconnected elther in thoe coperate or restraint direction.
Basing on this a practical relay of Balanced-ourrent type



characteristios hos been developed by thé author. Other
protective schemes by different authoxrs for the static pro-
teotion of parallel feeders have been roviewsd and some
definite advantages are oiainied for the scheme usedby the

authorx,
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Recent developmente in feeder protection have bdeen
mainiy towards highly discoriminative protective-gear slong-
with short fault clearance tizes. This is essential because
nodarn operating conditions demand that when faulte coour
they should be oleam ap rapldly ac possible inorder to

snsure syeten nabuity aml further, cnly fsulty section
should de discomnected to ensure contimuity of supply.

Comsiderabls progress hes been wede during recent
yeare in circuit breaker dosign, enabling total break
times of 0.06 to 0.08 seconds{i.e, the time from energising
of the trip coil to otmrlou aro extinotion). |

It 4a thersfore mt inportant that pm‘beetivugear
operating tines of 0.02 to 0.04 seconds be nbta:tm& in certain
instances to ensure complete fault clearance time of the
order of O.1 to 0.2 seconds,

_ Feader protective systems whioh satisfy the above
conditions are t

e, Pilotewire Proteotive Systems.
b, Carrier current systems,
0. Hon~pilot~wire Proteotive Systexs , such as
i, Higk Speed dsfinite impedancs Froteation.
14, Higb Speed parsllel feeder Protection.

Although pilotewire systema offer excellent relaying
characteristios, its application is unfortunately restricted
due to high cost of providing pilot wires,



Oarrier systams ore expensive since the apparatus
reguired for injeoting tiw osrrier impulses into the power
lines hes %0 be insulated for the full systen voltage.
Rurthexmore, & lage smount of anoznar; apparatus 1
reguired, such as mmutting and receiving units with
their associsted batteries, chargers eto; necessitating
considerable testing and msintenance. '

The recent improvexents fn the design of distance
reloys towards instantenecus operstion for faulta upto 90
porcent of feoder length is making then incoreasingly popular
for providirg prisary protection of parallel feeders. Until
recently distenocs relaye are ussd to afford the necsssary
baokup feeder proteation when the primary parallel feed
relay systom is out of servics during single circult
operation,

High apeed parsilel fesder protection givea fost
operating times for faults in the protected feeder scne ond
no costly pilot wires are required. Comsequently where
feeders are run in duplionte, the parallel feeder reley
systems can function on the bslanced current principle
oomparing magnitudes of ouryrent only, or on ths balancod.
power principle comparing magnitude ant direction of power
flow, The bdalmoedeourrent is relatively sinmple in comtma
tion as no directional elements sre necessary aul Posaeswes
a high stability ratic, but ite appliostion is restricted
to the tranemitting end of parallel fesders whers the unbse-
innoing is cooasicned by phase to phase or ground faults in
sither 1line, The balanced=current .yauﬁ nay slso de used
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for the protection at the reoeiving end of parallel lines
provided thers is sn sdditioral source of power supply at
the receiving end whioh will inorease the fault current in
defective lins at least 30 %0 25 peroent. In generel at

the receiving end where & reversal of powsr can ogour under
fault conditions, s balsticed power soheme should be adopted.
Whes transmitting and recelving ends are not clearly defined
such as in jntersconnepted and ring systenms, it is alwnys
preferable to employ balanced power relaya,

The s jority of the faults on overbead lines involve
one phess and earth, and for convenlence and sooncmy the
parallel feeder protactive gear, need only cover faulte
involving one phase and amn, leaving the back-up protec-
tive gesr to teke care of faults betaesn phages, |
| The omnections of the ocurrént olrcuits for duplioste
feeders sre shomm in Fig. 1 . The apparatus required
conprises, & set of three current transformers, s differen-
tiod relay, and s directional relsy at both ends of each
feeder. A voltege ocupply is required for direotiomsl relay.
Differsntial relay is of highespsed balonced bean type,
Directionsl yelay is of the Wattmetric type. The supply
for the voltage ooil of the directional relay is derived
from an open delta secondary winding of a three phese
transformer, the primory of whioh is connected in atayre
with neutral point earthed. The secondery voltege will
be equal to the voctoxr sums of the thres leg voltages, the
resultant under healthy conditions being serc. Assuming &
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fault on the "A" phase, 4t is olear thet the "A* phase

of tis voltage transforser is short circuited (or partly wo)
socoxding to the distanve of the fault from the point of
conneotion of the voltsge trensfomer) consequently, the
voltage irprecsed scross the two rertining phases rises

%0 some valus approaching phess M’g phase voltage, The
resultant secondary voltage under this ocondition approaches
 three tines the nommsl secondary leg voltage, snd is in
phase opponition to the primary voltage to earth of the

*A® phase.

Mg. o) shows the primery srd seoondary voltagen
of the voltags tronsformer under healthy oconditions, while
¥ig. 2(0) shows the vestors, assuming an enrth fault on the
"A" phase closs t0 the voltags transformer,

Zhpse fnple Oomp

| It is also neosseary to oompensate for the power
factor of the foult to eusure maximum torgue to give
fast and effective operstion for any earth fault condition,

| The peutrals of 132 and 66 KV sgystems are genernlly
501141y earthed, the fault powsr faotor is thersfore
depenient upon the impedance of foult path., This Lo mostly
reavtive and the fault current lage the voltage by
spyroximately 90°, Due to this resson, with solidly
earthsd systems, it i3 uowsl to coapensate the voltuge
applied to the directicmml relay so that 1% legge the
primary voltage by ap.roximately 609,



Pig. 3o shows the ooonsctions of & ccwpensating
resistonce = gapacitenge network, whilst £ig. I shows

. yeactor relationships of ourrents and voltages.

It will bé seen that the voltage v, Goross the relay
leads the 'voa,me transformer fecondary voltage by 120°
1,0, lags she primaxy voltage of the faulty phese by 60°.

1175 IS ., Iy }
Hg. 1 shows primery secondary currsuts for a fault
ans Tesdsr 1 oQlose to station "A", JPor this condition the

operation will be a8 follows 3
a. BTATION 'A%

The current 12 in tk;a restraining coil of feeder 1
differentinl xelay ic proportional to the fault curremt I,
in feeder 2., Sinilarly, the current in the restraining
ooil of feeler 2 differentinl relay is proportional to 11.
The currents in the opersating covils of both differsntinl
rolays ani directional relays are proportionel to Iy - 12’
heice the differential reley on the feedor carrying the
bighar current ‘tende to opexate whilet the other doee not.

The Aireotion of the recultsnt current through
the current coils of the direotionsl relays is such that
the relsy amsouiated with the fesdor oarrying the' higher
current operates while the cther does not. It is éplamr
theretfore that the proteoctive gear on fesder 1 apomtﬁ |
unlese the fault cusrent in the two Lfeecders epproaches
aqumw. If this 10 so, the protective gear at ptation “A®



renains ine-operstive until that at station "2" operetes,
thereby opening CuBy and reducing I, to serc,
(b) 8TATION *p*

The operating ooils of the differential relays
snd aleo the osurrent colls of directional relays, osrry s
ourrent proportional to the sum of current in ssch feoder
'(.12@ ISI « The ocurrent in the restraining coil of fesder 1
difterential relay is proportional to the fault current 1,
in feeder 2, Similarly, the current in tls restraining
ooll of faedar. 2 difterential relay is proportionsl %o Iye
Both daifferentinl relays therefore operats; but owing to the
direction of the cursrent in the directicoal relays the one
Dssociated with fecder 1 operates while that associeted
with feeder 2 does not. Cirouit-dbresker 6.55 i tripred,
the fault 1o isolated and healtly conditicns are restorsd,

When & fault ovours qutnidt the protected sone, both
feuders oarry ocurrent of sgual magnitude and in the same Adiw
rection. Theorstiocslly no ourrent should flow in the opeyé
ting element of the differential relays or the curremt coil
of dirscticnal relays. In practiocs, & susll current asy be
present during heavy throughefoulte due to Alssimilerity
betwesn the current tramsformers. The yestyaining coils of
the differentinl reloys or fseder 1, however, carry a surzunt
proportional to the fault ocurrvent in fesder 2 whilst the
restrainirg coil of the relay on fesder 2 carry a ocurrentg
in feeder 1 4.e. approxiwmately onecehalf of the total fault
current. Furthexmore, no carrent fiows in the currsnt coil
of directioml zelays, so that none or the protective ﬂla.v



operaten,

The atadility of protsctive gear on throughe
£ault is therefore sssured by two Gistinet functions 1.0,
the restreinirg effect on the differential relays and the
non-operation of the dirsctional relays,.

web ' ' :
¥hen ons feeder - = is,in use, it ie obvicus

that the parallel feeder protective gear on the seoond
feeder must be rendered in-operative lesving only the
back-up protecticn in wervice . This Yeature 1e odtained by
sutomatically ewitching the tripping circuits. The tripping
cirmu from the parsllel feecder protective relays on one
feedar ia oontrolled by an auxiliary awitoh on ihe oirouit
bresker associnted with the other fesder, 8o that when

one feedexr is out of uss, the tripping cireu&f of the
fesder in service is broken. The tripping ciroutt®)

1s showm 1a 2184 -

The dirsotional contaots are connected in series
with the differential contects in the trdpping oirouit
end they sexve na the intexlook.



It hae been nentioned previcusly, that thers is
an inoressing trend towards using distance relays for the
protection of parallel fecders,

There nre two ways in which the distance proteo
tion of parellsl lines can be caxrrisd out.

1o Installation of seperate pmtncﬁm on each
line reecting to current in that partiouler line only.
The setting of the relays is adjusted ms in the ordinary
ocourse of single line operation. The first sone i éwt to
cover 808 of protected line. Secord sone is sst to cover
protected line plus 50% of the next line seotion and
third sone is set to cover protected line plus 1258 of the
next line ssction, |

2. Genexsl protection on two lines, reacting
to the sum of the currents in the lines,

The Lirst method has the advantage that impedance
presentsd at the terminals of the ohm relays of the faulty
lines doss not depend upon whether one or more than one
1line is working. '

However with the seccord method, in order to
ensure squal impedances at the terminals of the ohm relays
when one or two linse are working, it is essential to vary
ths volteges ayp:ued to the relay twice.

¥hen second method of disteance protection is used,
the impedance at the terminals of the Chm relays as a funo-

tion of the point of fault is given dyv the ourves shown



operetes,

The stadility of protsctive gear on throughe
fault is therefors sssured by two distinot functions 1.6,
the restreining effeot on the differenticl relays and the
aon-operation of the directicnal relays,.

meb - ' ‘
When one feedar - = is ,in use, 1t is obvious

 that the parallel feeodor protective gear on the scoond
feoder must be rendersd in-operative lesving only the
back-up protecticn in sexvics . Thie feature io odtained by
automutiocally switching the tripping circuita. The tripping
girculit from the parallel fesdex protective relays on one
feeder ia ocontrolled by an auxiliary switch on the oirouit
bresker sssocinted with the other feoder, 8o that when
one feeder is out of use, the tripping shroust of the
Tesder in service i broken, The tripping a&rmm(l =)
is shown in f1g.4 | |

The dirscticnal contacte are connscted in series
with the differential ocontects in the tripping oircust
end they sexrve aa the interlook, |
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It has been mnentionsd previcusly, thet thers is
an incoressing trend towards using dietance relays for the
protection of parallel fesclders.

There ars two ways in which the distance protec
tion of parallel lines can be carried out,

1s Installation of seperate proteotion on each
line reacting to current in that pariioular line only.

The setting of the relsys is adjusted sa in the ordinary
course of single line operation. The first 'mna is set to
cover 80% of protected line, Second sone is sst to cover
protected line plus 508 of the next line seotion end
third sone is set to cover protected line plus 1258 of the
next line ssction. |

2. Genersl protsotion on two lines, mat:lué
to the sum of the currente in the lines,

The first method has the advantage that impedance
presented at the terminals of the ohm releys of the faulty
lines dows not depend upon whether one or more than one
line is working. |

However with the second mothod, in order to
snsure sgual icpedances at the terminals of the ohm relays
when ons or two lines are working, it ie essential to very
| the »voltagu applied to the Telay twioe,

¥hen second method of distance protection is used,
the impedance at the terminals of the Ohm rolays as & fung-
tion of the point of fault is given dy the ocurves shown



in Mg 5 . .éi'hne impedance curves for 3-f short oircuit
ars derived as follows

I, ” PR o

i-é—————-—W\Z‘ ———— ("’"W\)Z"' >~

1 ) . F&ég‘

Z, = iwpedance of the line
@ = Proportion of the line impedance from wtation A to
the point of short cirouit.

Concidering the voltage between A and B and
ignorirg mutual impsdance betwesn feeders referring to
Pig. ¢ we bave '

1, = ‘
0 |
21,

Ry 2
Iy Ipt, Ipak
2

‘xmzum- a

A 2
Jr
The icpedancs st the obm relay termimls » 8 o .
| 1
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Asauming I, amd I, to coinoide in phese then
squation (1) gives impedance curves for given relationships
of the curremts I, and I, from both ends to the protected
1line . These i:pedence ourves indicate that meximum impsdence
at the relay terminsls can ocour when there is short oircutt
within the linits of protected sectian, dut not at its enda.
Secondly the impedance at the rslay terminels is yeduoced to
the extent that fault 45 moved awny,

¥hen there are faults on one of the parallel
iines and failure to opsrete occurs, or there is no basic

proteation (e.g. transverse differentiad pivtwtacn), the
distance protection trips only the faulty line,

When protection is given in the sscond way,
both lines are tripped,

te4.1, BPFECY OF THE MUTUAL IMPEDANCE RETWREN PARALLEL
CIRCUITS GPF DOUBLE AND MULDI-CIBRCUIT LINES OX THE
LAYOUT AND ACCURACY OF DISTANGE REIAYS (\7,)3)

The problem of autual indotion between parallel
circuits arisee when unbalanced faults occur on one line
causing induced voltages in the parellel circuit. The
mutusl induotion resulting from the flow 'o:!' positive
sequence current is small and is reduced to negligible



value by the trensposition of the gonductore., However when
two overhesd lines are operating in parellel and an earthe
fauls ocours on ons of them, the serophaseaequence network
requires modifiocations because of mutual inductance detween
the two circuits osused dy the flow «f sero segquence ocurrents
whoss veotor sum is not sexo. The mutusl inductance between
- eirouits oarryirg serc sequence ocurrent may vary from $erv
for widely seperated oircuite to 75% of the selfe-inductence
in the case of doubles circuit line. A mutual inductance of
the ora‘tr’ of 50% or greater e fay from negligibls in deterw

mining the distridution of flow of current in parallel odr=
cuits,

Pigure / shows the modified impedance diagrem
for the pﬁrpon of calculating the Ylow of sero seguence
aurrent whensver two circuits have mutusl serosequence
induotence snd sre gslectrionlly connected at both enis,

200 72 G

U-M‘ZOM

Fie] ZERQ SEQUFNCE DVAGRAM

With the modifications in the mero seguence
network of the doudble circuit line, the conventional
type distance relays are not able to messure jesrthfaulte -
with their true impedance. The resulting measurezent



error obasrved in the distance relay closet to the earthe
fault , depende upon the location of the fault, of the
infeed poirts and of the neutrsl sarthing points. Yhese
mmnt srrors result in temms of fault ixpedance |
giving either too gmtloz* too short & distance, These
_comitiors oan be studied by conaidering an earthtsult
on 8 double oircuit 1ine as shown in Fig. 5> , The
ssquence disgram with such fault fed from both ende is
awmm.e@.- S

In PMg. 8@ suffixes I and II denote the
faulted and sound system of the line respsotively, A and
B the infesding points, Zon the mutual impedcnce of the

m = proportion of the line from station A to the point
of short cirouit.
24 w Positive segquence inpedance of line I

w Positive seguence impedonos of line II,

Vi N s Phase fnltag. at Btation A

Tn, = Qurrent conveyed by the faulty conductor R

X = Zoro seguende component of current,

Z = fero saguence izmpedanne of the line.

Iy -IB&IY:-IB = residusl curyent myxo

- 31 » Residunl aurrent in faulty systes 1
x.“ %1 v e

1,'“: - n"ux » Residusl current in sound system II

Bof/By =1
K, = Compensstion £80%0r = ey
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: xz : = Residual current faotor oy compensation faotor
' of the sound eystem IX

% ' = The impedonos measured by distance roloy RAI
N .
' in eccordance %o eguation S
'y 1 » The sams but in socordame to equation,
A ,

zunx » the impedances measured by distance relay RMI
in agcordance to eguation. &

2 « The same but in eccordance to equation O

[
Moy

Prom sequence diagream we have

v ol 7 1 |
, : i, ; , +1
L I 'az 22,y om® orr °.m).
sm |8t 8, T, 2 I/ 43 1
I'Aar “r€ar 2L 0% Oprr
* ooty - z&x :]
-ms‘x-»zx*zz +2..1 |
[*I Tar "2y Tomogyy TooToyy i
Ir 2, 2
1 " %2y
and ( 1 + 1 +1 ) - . ——
Tar %1 oax IBA (3

a fault current iﬁ oonduotor
R



It follown.s

'I ]
N Iy
v e m Z I All Al .]

Adding and substracting I"AI&'I we 'get’

v wm | By Ie 4B, LY, 4L oG, =l oG
By [ 1 ey Hr %% ' ar s

YUpgs X i
o 0 3
2
g Iu
v - (1, +I +1, ) & e x Byy
B [ ar 21 Oar 3
zoa L zﬁm |
dp  —— E I Sicanee SR | “‘_ !
¥ax 3 ATI (4)
1¥ Zoo~Z4 Som
k'l - 33 I snd K, = ,
‘I 3 211
‘J.‘hererore

Bubstituting the values of 2., 808 3, in

squolity (4) we get,



Vo v @ |2y oIy = e, + K.5.8, . -2l
Ry 15" Ry s I",AI S
1, -
Myx .

Therefore,

v wnin 2
R, 1| By xzx“an 1%,

B

Therefors distanse proportioml impedance of

the faulted line at station A 1o
Sy

’?‘A

1. +K..I. +K.] 1

[RAI 1" My 31”“: !

It 15 evidont fyom equation (5) that for an
esarthfault on one system of a doudble line, the distence

B3y ® ———en(5)

propoxrtional to fault impedsnce is measured acourately,
if the voltege girouit of the inpedance~measuring relay
vecaives the fsulted-line«to -~earth voltage and the
current-cirouit rﬁeetveuthe‘vaotoi sum of the faulted
condugtor and of that portion of the residual current
of the foulted syetem 1 dotermined by taator,x, plus
that portion of the residual curvent of the sound
parellel syotem 2 determined by faotor Kpe

However in conventionnl distance relay, thé‘voltago
cirouit receives the foulted-line~towsarth voltege and

current cirouit receives only the veotorisl sum of the



fault ourrent IIzA and poxrt of the raaiauai surrent
K I“AI of the faulted line. They lack in the residnal
current K qux of the sound system in surrent oirocuit,

Therefore the iumpedance zIIM meaoured by & oconvention

distence relay with an earth fault on one system of
double circuit kine is given by

+K
Rax ’I"A AII

I + K1
l Byx 1:,‘“

Myy e |nz, 1

The equation (€) differ from squation (5) as
the nm_xé.’(x is lacking in the demominator.
“AIY

The relative 'errér_ in distence messuring is then

g, -im 2
| | ' "u' b ‘
JAYE - .
”AI © 2 ’ -
11
I, + K Il .
B + Kol
' ar 1 Mart Roly, ' |

I, +K. X
’ Byy 1 ¥y

Now examining the condition when neutrals at
both the ends of the double cirouit line are ecarthed and en
earthfault ocours near etation A, The residusl ourrent

(1, 31
(Tu, 11 = loyy1

and current I“AII Llown againét the direction shown

) 4in sound-aystem beccmes negative



in Pig, Q. Therefore the fraction of equution (7) be-
comes negative and the error negative. The conventional
distance relay measures impedance values too low for
earthfaults near station A, With earth-faults located
near the station B, the residusl current 1%11 in sound
system changes the direction eni the error becomes
positive and is maximum when m = 1 + The meacured impe~
dance velue 18 thon too high and the reley is under-
reoaching. ¥When the neutrael at station A 18 only earthed
the . ourrent Iam Llowe in the direction shown in Mg, 8@\ )

Lm@wmct the location of the earthfsult, ?han. the
error ic always positive amd becomes considerebly
high for B 1 ( approx. 40%)

The distamoe relay B,y ot the souni system II
in otation A messures tho fault impedonce of the onrthe
fault on an system I es follows

T +K, ] + K I

' I, +X
| l Byar 1 I'”‘M::t‘

When it is of conventicnal type.

w8 )

Z = |mg ,
¥oxx ] b

" Bat Af in the curremt path of this dlestence reley

HAII y the proportion Kaluu of fhe recidual ourrent of

the foulted line is also introduced, then the impedence
measured h,y this relay is



I, +X +K
Ryg I"‘u 2 AII’

x == (9)
I +K, I
Bazr ' a1 2 "AI‘

A s lmg
%11 l Ll

When the trameformer neutral at station A only is
earthed and an carthfault ooocurs near station A on line I
then the residual current :"AI becones very high.

Therafore z 2.
"An < Baxx

This decreass of Zmnz by introduoing the part
of the residual ourrcnt of the faulted line Kaluu into

the ourrent path of the distance relsy R,y may in some
cases intiate an undesired tripping. Thus operation of
tho relay. io unselective and effords therefore apacia;l

measures for enmmation.






2.1, DEVELOPMEND 1
Ae authoxr's investigations &re meinly concerned

with ptatio relays and oirouits it is fLelt proper to

review precisely the development of these statio dovices.

In statio relays, the genoral trend is to use statio

ciroyits for the wmpu,rhon and messureszant of input signals

and to have only a slave yelsy to initiate tripping.

There are two main types of static relays that
have received attention in proteciive relay spplication

(8) Relsys using thermionic valves.
(b) Relays using tremeistors.

2. 1. 1 BRELAYS USING MIORIC VALYES
Bolt !um-{' 6 ) vas the first to introduce
sleotronion in protective relaying nling thyratron tubes,
‘The property of the thyratrons wheredy below & csrtain
value of voltage applisd to its grid, it does not fire,
but once the voltage was raized above & given threshold,
1% does fire, 1sd to the investigation of s oomplete
fanily of relays. The relays such &8 undervoltege, over-
current, powsr directional and distance of both high spesd
and low epeed virdties, all used input circuite coneisting
of tramsformers, metsl reotifiers and linear By, L, ©
cirouit components, In these oircuits the various functions
of systen voltage, and Af reguired, system current were
sunxated and compared, the resultant slwaye being & single
voltage zoi applioastion to the thyratron grid.




The first relay using thermionic valves was
described by Macphersen, Warrington and Nocoonel 7 )
and woas applied for distance protestion. The basio
principle wae to compars line voltage with line cirrent
- at the moment of line-voltage maximus. This pulse type reley
uuing three basio elemente gave 'Mho' type ohmracteristios
The slements used were:

{1) & pulsing oirouit.
{i1) & meesuring circult.
(111) a tube oircult.

The funotion of the pulaing circuit was to

generate 8 pulse at the moment of linevvoltage maximum.

The pulee wup upsed to overcous & large grid bias and
| permit & tube to conduet., The function of the hMumng
oirouit was to compare the line voltage with the line
gurrent, The tube cirouit wesn the seneitive slenent which
was responsive to signals from both the mossuring circuit
and pulsing oircuit. The tube circult elso initiates the
tripping signal to the girouit breaker when the impedance
 being meesured falls bslow that for which the relay has bwen
sst t0 operate. "

The overall apam of operation was olsimed to be
1} oyoles. Other odventoges claimed wars, negligible burdsue
- on C,T'% and V.7.%'s end freedos from mechanical instability.
In \19&9. Jods Ima.ng( 3 in his paper 1laid some

prinoiples for the electronio protection of systeas in
which mode of opexetion of relays was saxe ilrrespective



of the type of releying esployed e.g. distance, directional

overcurrent etc. This genoral method is illustrated in
Mg, 9(%) +» Most of his polyphase oircuits bad infaot
seperate current and voltage responsive circuite, pulse
forming, fault detecting and funotional elements for
esch phase and the only common oircuits far the three
phasee ware the impulae oirouits which responded to

the final aignal,

Pulsen ars formed from cne of the syetem quane
titiee, in this cese fxom each of the three C,T's,
These pulses are first fed to detsctor cimuit. the
purpose of which was to detect the fault and then t»é
fanotional elements e.g« directional elecents, with
control provided by voltege signale, It the functionsl
vlenants detected & fault within the protected seotion,
then the pulses pasced on to operate au impulse oirouit end
then to olrouit breaker tyip coil. Although Loving's
investigations oovered a very wide field of protection
but the oircuits have never been used in actusl relaying
applications dus to disadvantages associated with
slectronic cirouites utilising thermoinic valiwes, His
was the last attempt to use mormal elsctronic %sctmiqnu\
with thermionic valves.

o)

In 1954, Mrgﬁcth( [ published & paper |
on diiect-phua comparison distance relay using & diode
\oo-meidmoe circuit, while in the auxnme yeer Kenncdy( 12 )
desoridbed an electronic cerrier velaying schere using



no sleotromsguetic relays at all, even tripping being
performed by the use of a heavy duty thyratron . These
were the final developments using thermionic values.
In gcnefnl, sleotronic relays using thermionic tubes
have not met with much favour in the eleotricity
supply industry because of their requirements in
heater end snode supplies, Jubotion trsnsistors over-
come the limitations of themmionic valves so far as
H.T, and heater requirenents ere concerned., No heater
supplies are noeded and the H,T. denonds are modest with
regard to both voltage level and power,

2.1,2, TRANSISTORS IN BELAYING

The applications of transistors in relaying
have been confined to following three oantegoriest

(a) Use of tranmistors es an anplifying element
with the main objeot of invreasing the
gmitiuty of an electromegnetic relay.

(b) Direct application of transistors to
selaying circuits for which electronice is
alreedy & standard precotice e.g. phase
comparison carrisr.

{¢) The use of transistors or group of transis-
tors to perform a particular function which
glves the whole or part of the character-
istice of & statio relay.

The potentielities of the Junction tremistors
- were inyestigated for certain protective~gear applications
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at Manchestor College of Technology in the year 1954.
¥edepohl utarta;d' work on dietaence relays snd the firat
transistor distance relsy using dirsct phase coaparison

(1i4)

weg later published This relay oalled the dual

comparator *Mho' types relay im shown in PFig. 90>
Vy and ¥, , the two derived voltage inpute from the

system fault voltage and ourrent were spplied to &
ooinoldence ciroult,

The output of the coincidence circuit woo
& voltage block lastirg for duration of coincidence,
The output of the coinoidence oircuit was applied to
an integrating oircuit which charged up linearly over
the period during which output was present and reset .
to perc potential when the output dis-appesared. The
magnitude of the voltage attained by the integrating
cirouit was thus the function of the engular displace=
ment £ between Vy ond V, end would be maxizum for
£ =0 end sero for £ = 180%, A level detector ciroust
followed the integration cirouit and wae adjusted so
that a tripping output was mrreapona‘mg to 90Y phase
displacement between V4 and Vy. The tenlency to over-
| resch on d.o. offsets was solved by ueling a dual
comparator where the comparator input quantities were
(1) Viand ¥V, and (41) = V, and « ¥, ,

In 1959 Adatmson and Talkhan published s paper( '3
replaoing thexmionic velves completely with Junction
traneistors in phase comparison corrisy protection. Thelr
results alsc include findings on the extesive life



tests carried out on tmaumo

Thess and other developmsnts in transistor
applications to protsotive yelaying have led to the
poesidility of having high speed, reliadility, socurapy
and rodbustness together. Progress anmd dsvelopmert in
trarsistorm 1s xepidly bringing to their rating end
power into & situmtion whers they will be of peal
practical valus in the design and development of new
protective ~goar aysteme and relieys.

Trunsistorised relays sre, however, facing
severs competition from reotifiier btridge comparator
type relayes beceuse of their excellent characteristics.

2.2+ RECPINIEH

H«cﬂﬂcr dridges comparmtors are producing
gmt axount of excitstion amongst protection engineers
towday, It 18 fnoreasingly being used se a static
enplitude comparstor in diatance type, current bslance
and ditfersntial -xrelaye,

‘The pesctifisr bridge comparator was first
applied to protentive relaying in Norway and Cermany
and was later taken up in o commercial form by
cormany’ /S ), It 1s now in wide use commeroislly in
the U.K,, U.S.A. md continental Burope' £-'€),

The rectifiexe are gensrally used as current
convertors 1.6, the current flow is qurood through
then, The three main types of rectifier bridge coapsra-
tor circuits ere shown in fig. do . In present-day
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praotice use is muade ot reotifiers in Greets connection,
The eplit phase euméation is used only where s smooth
d.c. output ie necded, without introduocing induotive-
capacitive omoothing filtere, The mid-point connection
is rarely enployed.

2.3+ HOVING COIL RELAYS:

With definite ndventages olaimed for high
speed protections, thers han been & trend to eliminate
large mognetic sircults and to introduce high speed
reloys with simpler movement, which led %o introduotion
of moving coil mhy( > ‘),

The polordmed moving coll system is based
on the inter-astion of the palgrueﬁ flux of & per~
manent magnet with the mnognetic flux in the moving coil
paseing a direct current, The 'relay has & loud ig:nkw
type, movement and is wound with two coils, One coll
in supplied with full wive rectified ourrvent tending

to nove the element in the operating direotion while
| the seoond coil 4o onergised with & full wave rectified
- ourrent tending to restrain the element,






3.1, BASIQ COMPARATOR

A oompamtor‘ iorke& on the principle of comparing its
veotor inpute and provides an cutput sigoal dependirg upon
their relationship (magnitude or phase or & combination
of both). The inbuta to comporators are derived from the
system usually by current or voltage trensduoers with
suiteble modifying cirouitry to obtain s reguired opereting
_characteristio. 'I}ha maﬁt goneral case is where two system |
quantitiés 'p* snd 'q* are esch presented after linear
~ trensformation to both inputs of a cooparator. The two ine
pute o &m comparator are then | |

81‘ = K.p + Kaq

where p and q may be ourrent or voltage,
There are two typee of comparatorss

(a) Amplitude comparators.
~  (b) Phases comparetors,

Amplitude comparators compare the Scaler magnitude of the
two vector imputs. These operste when the 'mdniun of one
veoctor input is grester thon that of ths other and restrain
when it is less. |

On the other hand phase comparxators depend for their
operation on the phese difference betwsen the inpute and
operate when the sngle 6 between the vectors 1ice between
oertain limits say °u and‘O'o and resirain over the rnmninu
ing portion of the full 360°, | |



These two relations for two types of comparators
can be expressed methematioally by putting

“B“’ = .."ie ‘(; = plane
§2

Thus for,
Amplitude comparison

¥hile for phwe compaﬂaon

arg (*‘.'-‘1) - ﬁ

By choosing partiouler values for £ and 6 , marginal
condition for operaticn is determined for a partiocular type
of comparator.

For excaple,
Operate for /7 7o mnd rentrain when £( %
for amputude oomparatw .

A ractizur bridge comparstor has f .equal to unity.

Fox phape compmtar

operate for 8! <6 < o)
Restrain for 6! Q <9¢

In the oomplex ’9 plane Fig 14
dofines a perticular oircle while O, end o)

define partiocular radiil dividing the operating region



from non-operating.

— Area of operaticn

///// Prhase comparater.

Aren of operation of
Ampl :tude Ccmparater

NITAL Line

Fig 41

3.2, COMPARATOR CESt

Amplitude 28 well as phsee oomx;amtom both osn be
depigned using rectifier bdridges ., However amplitude
comparator has exclusively been realised using rectifier
bridges only where as phase gouparators can be designed by

using aunamon'tramutﬁra) 6180,
21

3.3. BECTIFIER ELEMENT:

Considerable divergence of opinion exists with
regard to the best types of rectifier %o be uned for these
comparators. The four main poesibilities being selinium,
8111c0n,  gervAniunm end copper oxide. Selinium has hed the
widest application in U.K. and is prefered on account of
its well definate threshold on I~V ohnmoteriaticé, a tene
dency to retain its initial oleracter with aging snd a good
over load performance. In eiliocon it is claimed, thet such
rectifiers are very satisfoctory in releying applications,



Some German opinion favcura gormanium largely on the
ground thet such rectifiers are much leés susceptible to
failure becauss of moisture than selinium or copper oxide.
It hes also been suggested that selinium reotifiars deterio-
rate in fluorscent lighting where germenium and copper oxide
do not. |

3e4.

The author has designed a balanced current relay
for the protection of parsllel feeders by using & statie
rectifier bridge comparator and a sensitive 4.c. moving
coll relay serving as indioator.

Basically the comparator consiste of two full wave
rectifiers connected in series aiding as shown in PFig, 1:o)
a polarised moving coil relay boixig connected across the
two rectifiors. The relay hos & single coil and comparison
betweon system quantities is affected in a d,c. differential
oircuit formed by the two rectifiers. Thus the measurement :
is made dy null method, the d.c. relay indicating only the
deviation from the measuring point determined by the
constante of the bridge.

Jedste

It 1s assumed that two inputs to the comparator
are from ideal current sources i.e. the iupedance of the two
sources could be conaidoﬂd 68 infinity. In praotice, however
70 Such 1deal ourrent source exists and any scurce is bosi-
eslly e voltage source., Where the scurce impedance is very
laige. however, it can for all practical purposes be consi-

derad £8 an 1d4eal survant sanras. hnt P4 A1y anisss
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where thie impedance ocannot be made large due to othex
oirouit limitationa.

Where the two inpute are from ideal current
sources, the operation of the measuring rectifiers is

as follows 1

Normally the restraining ourrent preponderates
and current flows in the winding of the polarised moving
00il relay in the blocking direction, If only small value
of ourreat i, ie flowing through bridge 2, the whole
~ of this muryrent will fliow through the yelay as shown in
Pig. |x2) end csuses & voltage drop - V across the relay.
This voltago drop serves as & forward b:té.s‘ for. rectifier
bridge ) . Yhen 1, 1s incressed further, the voltage
drop acrose the relay rises to - 2 vt' the threahold
voltage of btridge 1 and the rectifiar bridge 1 will
ocnaucs; Thereafter dus to non-linear charscteristic of
the rectifier any unbalance ourrent exceeding 2 to 3
times the operating value of the relay flows through the
bridge 1 as shown in PFig.i2(thus preventing the relay
from overlot}dmg.

| W¥hen both bridges ere energised simultaneously
i.e. when bmn' L and 10 sre present and in phase, the
comparison ‘ot systen 3uant1tiea is affected in the d.o0.
difterential oircuit formed by ths two bridges and complete

relay arrangement is actuelly semsitive to small difference



between iﬂ and 1. If both the currents are equal,'
‘Andependent of their abmsolute values, the relay D,
carries no ocurrent, the rectifiere work om shoxt

cirouit and take precticelly no power. If the currente
are unequel, the excess current flows through the relay
Dr' .the direction dependirg upop _yh:loh current is
greater i.e. the polarisced rolay mnkes contact on one
side or the other side. If 4,7/ 1., the contact shall
remodn in ite tripping position A - on the other hand

i£ 17 &, the contact shell open and blook the
ti#ipping (Sp). If the difference betwsen 1, and 1 is
very great, tho exoess current after exceeding the
threshold valus bypasses the ralay; Accordingly at very
kx;igb unbelence ourrents, the rootifiers work precticse
1ly short circulited and aﬁa tisrefore ntressed only by |
the voltage duse to their interncl resistance, This
bridge circuit therefore gives full sensitivity of
operation, protects the reotifiore againgt voltage stress
énd z;lso the moving coil relay egainst overlom.wg.

When 1, and 1, are not inphase Vtha voltage aoross
the reloy will be & square wave of double the fundamontal
froquency end if the two currents are eﬁnal in magnitude
the relay voltaege is 8 suguare wave with equal positive |
and negative componente &8 shown in Pig.(3(d; giving
gerc ‘average voltage over one half cycle of the funda-
mental voltage wave; the polarised relay operating on
the average input to its terminnls therefore develops
no torque, sinoe the average voltage over one cycle of

the positive anl negative components of this squere wave



ic each equal to V ;' Here it has been ascumed that the

t

voltage developed across the polarised relay by each

~eurrent input individually with the other dridge

rectifier die-oconnected is large ccmpared to 2 V..

IDZAL CURR SOURCES:

SHUNT EFFECT BETWEEN THE TWO SCURCES:

The bchaviour of bridge comparator under such

conditions is shown in Fig. 14 . Untill the wvoltage across t

F(g ;4

V 1’ V? - \J L » 50 . .
Rr = Mowin - Col'., ReLyagy of {mpedance R .
Zy, Zo = Internab Impedanees of Voltage Souwrees.
L
Ly = Retay Cervent fed trem Vg,
LU
Cy = dwonl Cu¥vrent fed from vy,
A .
) = Retay Cu¥rent fed tYom v,
1'_12 - Hlwnt urYent fed tvom Y, -
(('"‘(:l \) = (.'
LLL* Cy ) -

i

Rectefler Brodoe Lomparater weth VoltuRe Sources




A7

" relay 'R’ reaches the threihold voltage to open the rectifiers
on either side, the current from each side in each half

oycle gets a shunt path through the finite impedance of

the other source. When %2 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 resistanee'

parth provided by the conducting rectifiers.

The shunt current is therefore & pulsating current
and the wave shape will be distorted when the two eignsl
currents are out of phase., When they are inphaae, the shunt
ourrent will be approximately sinusoidal., The shunt effeot
from the other end is similar to the first one considered.
There is thus & mutusl effect between the two voltage
sources, . This tends to reduce the pensitivity of the relay
at the operating point because this mutual effect is predo~
hinant when tﬁs relay i1s just at the verge of operation
ap it is only then the voltage acroes the reley is very
low. It has been shown mathematically by Dr. T.S.M;Rao( )
that mutual effect is a mbnimum when the two voltége sources
have equal interval voltages.






4.1 INT CPIONS

Two static schemes have already been put forward by
varicus suthors for the proteotion of parallel feeders, In
one of tho scheance Russian eug_imam( 20 ) have designed
a semiconductor balance-current relsay giving charaocteristics
similay to thoir I.T,B=-201 elestromagnoetioc balanoce-currsnt
relay second scheme hes been put forward by Britieh

( 2 )

engineers for thé p:mteoticin of any number of

fecder ueing a moving coil relay for each protected feeder.
Both thess schemes arc briefly reviewed here.

4e10%. §

The fundamental cirouit diogram of the relay ia
shown in Pig. 's . The operating transformer (Tr

-oz=)
has two secondary windinge 'Rop am wﬂop” and passes the

¢urrent of the line to be protected, The current of the
parallel 1ine pesses through the primary wingma of the
restraint trensformer (T, p ) which hao one secondary
winding., The holding transformer (Tm'n) 15 supplied from
a voltage transformer owm the Sun-tmm of the proteocted
seotion. The sotuating relay is & polarised relay with
operoting and restraining windings.

The enf from the ascondary winding wzop of the
operating transformer is fed to rectirier bridge By °
and smoothened by the capacitance 'Cy' 8cts on the operating
winding of the actuating device, The emf from the winding
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”50» qz the operating trampformer io added to or asubstrac.
from, thie secondary emf of the restraint transformer depending
upon the phaso relationship of the ourrents in the protected
and parallel line. Their combined outpux is fed to the

second rectifier bridge Bys The third rectifier bridge By

is supplied by the secondary voltage of the holding trens-

former.

Reotifier bridges B, and B? are conneoted in series
and their output acte on the restraint winding of the actuating
relay.

The aémmatidnvﬂf the restroint, holdirg and operate
ing amperetums takes place on the asotuating device. The
turns rotic of the asuxiliery trensformers are such that the
roelay does not uparata if the currents in the proteoted and
‘parallel lines aro equal in magnitude, which is the normal
condition of oporetion of the parallel linea.

with a shart circuit on the protectsd line

£

guj ;7 Ir - 80 that

(A.‘r)op7 ‘ (A.T)régt.

and the relay operates to trip the feulty line. Junotion
diodes are used for rectifier bridges. The performance
characteristic of the relay are shown in Pig. ¢ + The
characteriotios of this relay are cleimed t0 be analogous
to those of Russian I.7.B, =201 electro-magnetic balanced

ourrent relay.
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4.“.20 CORD AT 8 H i

This scheme is based on the comparison of ocurrent
in each individual fesder with tho everage ourrent of the
whole group of feeders.

Such comparison at sending end in a group of’
paraliel fecders indicates that

(a) the ouireat values in ench feeder will be
nearly equal under normal load or through
fault conditione.

(b) with feults interval to thb protected gonae,
the ourrent in the feulty feoder will always

exceed the avercge current for thoe whole
group.
At Pure Heoeoiving End.

(e) With faulte internal to the protected sone
the everage ocurrent is gero and ig exceedsd
by the current in sach feeder in the group.

{a) The direoticn of flow of foult current ie

. away fras the local bushbars in the ocsce
of faulty feeder only,

It ie apparunt from the sbove faota that a difte~
rential relay whose operating foree in proporttonal to the
. ourrent in the feeder, and the restraint force is propore
tional to the average current of the group can be used at
pending end to provide the nscessary disorinmination of the
faulty feedor, Howover at pure iéeatving end reliance is
placed upon directianél relay. To avoid false tripping |
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1t is escontial that difforential and direotional relays be
interlocked and that directional relay should operate only
during fault ocmditions,

The oircuit diegrem of the schame wh_a_ch uses the
above principle, for providing earthefmilt protection is
shown in Mg, (y . |

The input circuits are auxiliary ocurremt transformer
‘edreuite. The current of eamoh protectod foeder passes through

primexry winding of their respective operating transformors

wwp,’ Twpg' Qmpz) 4he currents from each o? the

secondery windinge (¥,5, W6 and '638) of the operating
trongforners are fod to their respective rectifier bridge
By » By and 83 end act on theoperating windings of the

moving coil relays R',Raand R3 respootively. The primary

windirg 0: the restraining transformer mrB is supplied by the
ourrent of the whole group of paral iel feeders, The turns
ratio of the mﬁtrmim transformer is éuoh, that ite
seconiary winding anbpuea to rectifier bridge B,, the ave-
rage ocurrent o« the whole group of feeders. The output of the
rectifier 34 supplies the restraining coils of the moving
coil welays which are oonneocted in parallel. In order that
small disoreparcies between feeder ourrvents shall not cause
instability the effoctive restreint~coil mmf is 20% greater
fhen tho operating coil mmf., Thie mergin is maintained
corstant with varying number of feeders in service by use



of oirouit breaker auxilisry owitoheo 01, Gy Gstto.or othex

means to very the number of restraint ucila»oannod%ed in
parallel,

Tre summation of the operating snd restreining mmf
for each feeder takes place in ite respective moving coild
relay., With faults internal to the fesder group

;

Lop j7 | Tan a0 that
(AeTudgp & (BB
and that paxtiaular relay b@longing t0 the foulty feeder
operates to trip the faulty feeder.

Trhe opersting characterietics of a typlioal protec-
tive scheme of this type for faults in variocus positions
on one of & pair of foedorp are shown in ”tg. (S .

The acheme for phase faults is similer to thet
described above exoept thet each-phase i balenced independ=-
ently and has seperate relay elemento . 4p tho differential
 relays must now carry loed aurﬁenta they will tend to close
their contacts during nommal switching operations on the
tecdors. To prevent false tripping of these relays Gue to
load current additionel differential windinge supplied from
the main voltage transformers ars inoluded. The differential
relays are set below full load current (approx. 40%), when
a fault ooours , the voltage collapees and the current
ciroulits with their low setting are left in control.



57

—— = = — e

L1
o ——— —————

e e e =

-- Simultanedus Tripping

-

} Sending: end

| tips first Receiving erd f
- .f
- } R R n tips
) . : Yo
g 4 22 ©3 o4 ?5 e 0‘7 ’3

Fraction of recder Length.

Fig. 1y Setting curves for high speed differential
frotection for parallel feeders.




For receiving end, same scheme is used except
that diroctional relay is added. The ocurrent ooil of
eact: dircctional relay is comnected in series with the
primary windings of oporating traneformers.
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5.1, BRI

The principle of balanced current protection of
parallel feeders is based on the fact that when the
impedances of the parallel lines are equal, the current
in them are distribduted equally under normal load conditione
or under through-fault oonditibns. Any 4ifference in
impedances of the two foeders con be allowed for in the
ualepticn of the current trensformer ratio 8o that the
esoondary currents of ell trensformers wili be same when
all paths are unfaulted. In the prosence of short oircuit

on one of the feeders, the feult impedance of path 1 .s
‘reduced while that of path 2 is inoreased. Therefore

. greater portion of the fault current Lfrom sdurces passes thr-
ough the faulty line while smaller part passes through

the undamaged line, Thus similarity of the currente in
the two feeders is disturbed ét the source end, and it

is therefore only necescaxy to compare the absolute
megnitudes of the two derived currents from the two feeders
to obtain dafinite criteriamn as to whether the foult is
internal or extermal . Tho comparison is made elsctrically
by means of a static balanced ourrent reolay in which ouse
the alternating currents are rectified and compared in

an amplitude bridge oompafator oirouit. The detailed
desoription of operation of emplitude bridge comparator .
has alraaQyAbeen.mentidnad. The relay unit with ampli-
tude bridge couparator design is inherently a high spesd
device and readily bends itself to balenced current

protection.



It may also be used for a similar protection
at the receiving end of pmnex lines provided there
is an additional source of power supply et the receiving
end which will increase the current in the faulty line
at least 10 to 25%.

5.1.1. DESCRIPTION OF THE SCI SED:

The oircuit used ie shown in Fig. 2o . The
operating ourrent traneformer (T, op) with one primary
and secondary winding pssses the curremt of the line
to s protected. The restraining ourrent trensformer (Tr.it)
has two primary windinge w.n, and War ;md one secondary
winding Wyr . fhe ourrent of the paral.iel line passes
through primary winding W, r of the restraining transformeyx
. (mr.a). The seccnd primery winding W, is conneoted
in series with primery winding W1op of the operating
)

" The ratio of the primary winding '2:- is 8o adjus-
ted #ith its eecondary winding that it feeds only a
fraction of the ocurrert of the protscted lins to ite

transformor ('ﬂr. op

secondary eircuit. The holding tramsformer wr.ﬁ) ie
supplied from & voltage transformex on the bus-bars of
the protected seotion. The secondary windings of the

- operating, restraining and holding tronsformers are oaéh
connected to their respective restifier bridges By B,
and 35. The bridges Bae_nd B3 are oonneotod in series
winding and their combined output oppose the output of
the rectifier bridge B, . The actuatirg relay is &
polerised moving coil relay '10:’ . |
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The current from the primary winding W, . is
added to or substracted from the ocurrent in the primary
windirg "1r' depending upon whether the ourrents in
the protected fesder and the parallel feeldor are in-
phase with cach other or 180° out of phase, When the
two curremts are inphese with cach other, then to balance
& fixsd value of the reptraining current in the winding

Wop the ourrent in operating winiing ¥ hes to be

1o
large as compared to when the two aurrantapare 180° out
of phase. This results into eutomatio reduction in the
slope of operating chmracteristios of the static relay
when the two currents are 180¢ out of phese . This is
& desirous featurc at the receiving end station when
it is relatively low powered gnd inoreages the fault

ourrent in the defective line by et least 10 to zs'percent.

The summetion of operating, rostraining and hold-
~ ing ourrent tekes place in differcential circuit formed

by the reotifiers. The actusting relay is supplied with
the current in restraint or operate direction depending

upon whether :eatraining current predominctes the operating
current or vice verso,

The turns ratio of tho auxiliary current transe
formere are such that the relay restraine if the currents
in the protected and porallel foeder are equal in megni-
tude, With a fault internal to the protected smone, the
holding voltage collapses and ourrent ciroults are
left in control to trip the faulty line.



S5¢1.2, STABILISATION ACAINST SXTERNAL PFAULTSs

On the oacurrence of oxternsl faulte when the
through curient may greotly exceed the normel ourrent; the
current transformers may saturate . If the saturation
conditions are not the same for trensformers in both the
feeders, the unbalance may be large enough to operate
the relay. It 18 therefore necessary to stgbilise the
protection againot externnl faults, Bias provides the
necessary stadbilisation,

The relay is given Xas by adjusting the auxie
liary ourrent transformer ratics oo that it will operate
to trip ome fecder when its ocurrent is some percentage
above that in the other fecder. The percentage unbalance
is choosen high enouzh to pravonf fulse operaticn. The
ususl aoccepted value is 25% undbalance at sending end.

At tho receiving-end of the parallel fesders
where there is small'additionnl gource of power supply
whioch will cause very small difference in maanitﬁdoe of
the fault currents in the two feedors, the percontage
unbelance choosen i6 small and the usual acoepted
value is 10% undbalance. Such a cheracteristic makes for
wider applications of the balanced ourrert relay.

S5¢1.3., DESIGN OF STATIC RELAY:

The relay is deaigﬁed es three input rectifier
amplitude comparator. The equation for operstion is,

Il

3r1 * Sr@




The three inputs u&e
489.u11

8

r1 =8Iyt =l

v
r2 A

Thus for opsratich

‘1 X & <l11

4ve sign when 11 end I, aro inphase -ve sign when I,

. o
mIe - aI1

and I, aNe-180° out of phese.

When one line i# tripped out at receivirg
end i,e. when Ia = 0 » then

]511] + lx-%&] ‘must be greater than I, for
the relay to restrain i.6. the restraining current
provided by the holding voltage (V) Pust exceed the
oﬁgraxing aurrent provided dy one lins under maximunm
loed oonditions. This is esmentinl to avai# non-geleg-
tive operation of the relay under the influence of load

*



current beceuse in gonsequence of switoh out of oirouit
bresker C.B.2 on feeder 1 (Pig, 21 ) will be en
cperation of relay 2 wunder the agtion of tho working
loed current and tripping out sound feedcy 2.

{ BIAS TO THE s

The particuler reley designed by the author
has 25% bles at the source end and 10% biss &t the
receivirg end. Toppings are provided to vary turns
ratioc of the auxiliary trangformers 41in order to adjust
the slope of the cperating'oherautoriaticu to any |
desired value. The values of "m" and "n" to get the
roguired elope are caloulated as follows 3

C‘B'\ ¢ T i I (Ba

S —p—— X
| >
]
— > s IO C8q >
_X lelﬁl— ><""

ch N



Por the purpose of analysis we assume that with
& heavy extermal short cirouit, the ourrent transformer
0.%2‘ to be ootursted. This gives rise to a fault current
I'A in f.he secondary oircuit, elthough the ratio ;>t
the two trensformers has not been altered and the
currents in the two feeders are oqucl in magnitude, Seconddy
current I, consists of one component I, which moy be
inphase with ourrent I, and the balance current (I,=I=I,)
' may have a phase dir!ermt.trm that of I, Let & be
the phae’e angle betwsen Ia and In end the resulting
phase engle between I, and I, be VY

Por balanoce

lz,l - ’mIé v nt, |

or II’I q._\[‘malg*palg+ 2m1112 Coay- womef 1)
lhexl'; xk a0 |
. | 1,] - ’ mlz + nx1] --'~(2)'

When «;r\ e 180

I,, fimIQ = nI, , ¥ )




Prom equetion (2) we have

-
v

- Dividing dotl sides by 12 wo have

I,
.-u-l am +4 n«J—
I I

n current in faulty
current in healthy
teed_er .

Current in the fewlty feeder

Current in healthy foeder

1.25 =N X 1,25 +n wee(4)
With ¢ = 180° from equation (3) wo have
11 = m 12 - nl‘1

I I

or -1 = - n 1
L I
1.0 =m - t.1zxn wee(5)

Solving equations (4) end (5) for the values of
m and n | ‘
.10 =m =~ 1.1n
125 =m+ 1.5
| we get
n = .0636

m = 117

Substituting these values of m and n in equations (2)
& (3) we get



or I,'u 1.25 I2 at sending end

Iy = 1.10 I at receiving end.

2

When I2 = 0 1.e. when one of the feeder ie tripped,
then for balance point |

lx{l %\n! 4.[ [:(’

v/k I2 +'%?* 2 nI, %} Cos 6

where 0 is the phase difrarenoe between I1 and V.

orll1l ©

For 6 =0

| 4
I .nI o wontm-
1 LI

11 =1 00064 11 4‘%

o
O
r<

11
tof

(o} o 11 e 1.06 . "‘"(6)

- ol

Pollowing two cases for holding voltege have
tried to belance I, when I, = 0 '

Case 1t Feeder’Ho. 2 1s‘awitched.out at the receiving
and sBtation end the restraining current provided by the
Full holding voltage is made to hold maximum load ourrent

of feeder No. 1.



Cagse 2 ¢+ Feeder No, 2 is ewitched out at the receiving

end and the restraining current provided by the holding

' voltage for a through fault at the bushbars of the

receiving end station is made to hold the minimum fault

current of feedor No. 1.

Gage No, 1. |
Magnitude of full holding voltege = 110 V,

Assuming d.c. output current ¢ bridge rectifier
133 = 180 m.a.
(Regtifier 33 is operated above u:e toe voltage).

To ﬁng the_value of ;:eg;_s_;gn e B ; zg;ggge gﬁrgg;

Referring to Pig. zz(ol)md assuming 11 1 ratio
of holding transformer Tr. H, then the value of R s

10 180
R 1000

a R = 610 Ohne.

To find the turns ratio of operating transformer (T, OP)

When 12 &2 0
- Let the maximum 1oad current on feeder 1 = 6 amp.

Then from equution (6). ,
' 6x0,94%1000

" .cu the retio of operating transformer = 180
W
—29P. o 33
wiop‘

With values of m = 1.17 ard n = 0,064 , in order to
have required pefaentaga bied, the ratio of restraining
transformer winding will be
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_'_3_1_‘ 4: —n‘HZB

= 515

", 1.17
and *
Ty 33
W, 0.064

The auxiliary current transformer have been

designed at the working flux density = 700011neq/§qpm

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

The number of turns calculated in each winding of each

tranaoformer are ag follows

Yi0p
W
W

20p
ir

¥
w

r

3r

The feult ocurrents in the two feeders and the

= 34 turns
= 1122 turne
= 40 tm& .

= 2 turns

= 1122 turns.

fault voltagés at sendirg end bus bars for faults at

various position on feeder 1 of en assumed syotem
(refer to Fig.ga-*") are calculuted and tabulated as

below i

Zable 1.
Foult position | Pault voltage| Current in- Current in
expressed ap % | xaliage Y faulty Healthy
of feeder feeder eeder
80 21.3 5.31 3.6
70 20 5.85 3.1
60 19 6437 2.73
50 175 1 2.25
30 12.5 8.3 1.5
20 9.0 9.1 1.0




The operating characteristics Iop» = L (Ir)—
of the relay unit designed are shown in Fige: 23,2 4
Each graph refers to different percentage bies which
is obtained by adjusting the turns-ratio of the

restraining transformers.

The JA oconsumption in each circuit of the
relay is given in Teble no. 2. |

Teble No
VA <CONSUMPTIO
B Operating current| Restraining | Holding
hase circuit current voltege
. circuit cirouit
36 vA 4:75 VA -
R i -
275 6-25" p 4 4 ¥A
Cane No.2

When feeder no, é is owitched ocut at the
recesiving end i.e. 12 = 0 , the value of sending end
~ voltage for a fault at receiving end busbar of‘fhe'
assumed system (refer to Flg?a"k>3’is equsl to 37 volts.

*  The design of the scheme in this case is
exeotly similar to that of Case 1 except the magnitude
of holdirg voltage = 37 volts and the value of R = 210 ohms.
The turns ratio of the auxiliary current transformers
Ay for operating'tranaformar a\45>and for

restraining transformer = 4 = 38 .
1.17
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The numder of turns calculated in each winding

of sach transformer are as follows

l1°p = 25 turns,
w2op = 1130 turns.
'1: = 30 turns
¥, = 2 turns

Vsr -= 1130 turns.

The characteristics I, = f (%) for the

relgy - unit are shown in fig.z25—~ .

COMPARISON OF LESULTS OF CASE 1 and CASE 2.

The design in case 2 as compared to case 1 is
made to hold feeder {1 when feeder 2 is awitched out,
under worst conditions (1.0, with fault assumed at the
receiving end). However the comparison of the character-
iatics of eech relay unit designed in both ceses with
values given in table No. 1 of currents in faulty and
healthy feeder indicate that the length of dencd gone

in case 2 18 large as compare to that in case 1.

The length of dead gone in oamge 1 is about 22%
of total line length where as in case 2 it is about 40%
of total 11nﬁ length. The permissible value is appro=-
ximetely 25%,

This discrepency in lengthe of dead gones in
two case la because of incressed restralning effect |
provided by holding voltage in case 2 due to low walue
of resistance 'R' in the holding circuit.?his mekes the

relay unit in case 2 less sensitive,
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The number of turns calculated in each winding

of each transformer are a8 follows

'1op = 25 turnms,
waop = 1130 turns.
‘1r = 30 tums
Wop = 2 tums

'}r ~= 1130 turna.,

The characteristics Iop =2 (!&) for the

relgy - unit are shown in fig. 35— .

OMPARISOR OF LESULTS OF CASE 1 and CASE 2,

The design in case 2 &s compared to case 1 is
made to hold feeder 1 when feeder 2 is ewitched out,
under worst conditiorns (i.e. with fault assumed at the
receivirg eni). However the comparison of the character-
istics of each relay unit designed in both ceses with
values given in table No. 1 of currents in faulty ang
healthy fecder indicate thot the length of dead gone

in case 2 is lerge as compare to that in cese 1.

The length of dead gone in case 1 1s about 22%
of total line length where as in case 2 it is about 40%
of total linﬁ length, The permissible value is appro-
ximately 25%,

This discrepency in lengthse of dee& gones in
two case le because of increassed restraining effeot |
provided by holding voltage in cese 2 due to low walue
of resistance 'R' 1in the holding cirouit.This mekes the

relay unit in case 2 less sensiltive,
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APPLICATION OF TRIGGER CIRCUIT:

It hews already been mentioned that when operaw-
ting and restraining inputs to the rectifier bridge amplite
ude camparator are not in phase, the voltage across the

relay 1s & squors wave, When Im I, 'nril ln"lx1

the duration of the square wave outpuy of the rectifier
bridge comparator is equal and extends to 5 m.sec. on
50 oycle systems.

o>

the positive half of the cutput_voltage aoross the relay

¥hen nl, ¢ o I‘

4

continues for more than 5 sewe while tie =ve half
continues for leas than 5 msec by the same interval.
Undex thess conditions there is chattsring of the
moving coll relay and operation of the relsy ioc nct
woll defined. These defecots can however be avoided
with a trigger oirouit, A transistor circuit could
be arranged to grigzer as soon as the pooitive half
extends beyond 5 m.sec.

The olrouit used as shown in Fig, 2 © consists
of | |

1. Fomitterw-coupled trigger circuit as a level
detrotor.
. 2+ Asymetrical biscable oircuit as slave

elenent,
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LEVEL ECTOR

It consiste of three transistors T,. Tzana
'QS' The saittere of‘T2 and TS are connected through
a common resistor 3.25. The cirouit remains in one
stadble condition as long as the voltege VB is lower
ihnn certain value Vp (the pick up wltage). As
soon as the input voltege roaches this value the oir-
ouit suddenly changes to anotler steble state and

output appears as o sudden change in voltage_levcl;

Yhen vé is lower then the pick up voltege

v
P
voltage applied to its base while transistor T, is

s traneistor T3 is fully conducting due to « ve

biassd to out off by the voltage drop across the
common emitter resistence Baéj‘

When V° reaches the ploic up value, Tz starts
to conduct and its collector voltage starts to rise.
This rise of voltage is transferred to the base of T5

and reduces ite emitter and collector ouxrrents.

This reduction in emitter ocurrent of TB pushes
Tg further to conduoction with rise in its collector
voltage which is again tranaferred to the bases of
Tj and cycle is repeated. If during this action gein
is greater than unity, the oirocuit will suddenly change
to other gtate of stability where Ta is fully oconduot~
ing and TB is cutorf.
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The input voltage (V, ), to the level detector
is obtained from the rectifier bridge cmmparstor such
that the opersting current I, mekes the base of T,
«pbaitivn with respect to ite emitter. When the base of
T1 ’
conduct and ¥, - 0 . ¥hen base of T, is sero or

is negative with réspeot t0 the emitter; it degins to

ponitive, trenaistor &i stops oonfuction aaﬁ the voltage
~V°° startes to charge the condenser 'O' eand vb starts

to rise exponentially depend upon the time constant

C(Ry, +R., ) of oharging cirouit. As soon as the
voltage ve exceed the pilck-up voltage Vp s the bend deter-
tox is triggered. By choosing proper veluss for LIPT
and C , V, cen be made to reach V, 1f the base of T,

remains at positive or zero poteitiel for S m.wec.

Y
mlz nl, R
and the level detector triggers.

ASYMMBTRICAL BISTABLE CIRCUIT

I *

1

The circuit has two states of stability in either
of which one transistor is fully conduoting and the other
is ocutofr end can remein in one of these states indefinitely
The time constant of m‘ is made purpcsely made larger than
that of 15 80 that collector voltage of T5 will rive at
highey- rate than that of @‘. Thie -is essential because
when Switch K 1s closed both the transistors T‘ and 25 race
in conduction. The riao‘og“vultage of TB is transferred to
the base of T4 and opposee its tendency to conduct, this



further reduces the rate of rise of voltege of '.124 and the
process is cumulative with the result that ‘1?5 will be
driven rapidly to full conduction while T, remains cutoff.

When the -ve pulse from the level detector (Vo)
is applied to the base of T, through diode (D,) the
oirouit is triggered, the H.T. supply is switch“off and
then switched on again by meams of switeh K , the original

state of otability is re-assumod with Tg ¢onducting am

The operating cheracteristics I, = £(I.) of
the complete relay unit with triggering cirouit are

shown in figures27 22 29,
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CONCLUSION

With definite advantages claimed for, by d4.c.
~ relays over &,¢. relays, electricel systems wherever
possible, must be protected by d.c. relays. The cha-

racteristics I, = £(I.) obtained by using three

input rectitier?bridgeAoomparator are identical to those
of electro-mechanical balance current relay; Therefore
the parallel feeders may be protected by using this
comparator unit., This static comparator unit has
definite advantages over other statioc schemes for the

protection of parallel feeders.

In the bridge oirouit used, under normal
conditions of operaticn of parallel feeders, when both
the opera#ing end restroining currents are squel in
magnitude, the relay carries no current and the current
flows through the rectifiers which work under short
circuited conditions, fhe rise in power consumption is
small, In other stetic schemes the power comsumption is
large as the reoctified currents ere compared megnetically
in two seperate windings. Moreover the bridge comparator
io acutély sensitive to small difference between |
operating and restreining ourrents. When the difference

betwesn the operating and restrainics current is very



large, the exoess current after exceeding the thrashold
value, bypasses the relay. Accordingly at very high
unbalance currents the rectifiers work practically short-
circuited and are stressed only by the voltage due to
théir 1ntefnal resistance. This bridge cirouit ,
therefore protects the rectifiers against voltage
stress and also the moving coil relay against over-
loading. In other static schemes, both the rectifier
unit end the relay must have more liberal design for
thers 18 no protection of relay ageinst overloeding end
for rectifiers agaimst over voltage . In the bridge
circuit, the reotifiers are used 8s ourrent convertors
and therefore the change in forward resistance of the
rectifiers with ageing does not effeot the measurement
of relaying quantities. The drew back of both, the
Fussien and author's scheme is that their use is
limited only to the protection of two parallel feeders.
The other statioc scheme can be used for the protection |
of multi-feeders, Russian static scheme also suffers
from the disadvantage of time delay becouse of
emoothening circuits,

Technologically the static relays are simpler

to produce and dimensions are halved,

’ Although the el otromechanical relay is still
is predominant use and has proved its relaidbility, the

static relay and components are gaining acceptance. Nore
time snd experience are reguired before any absolute



conclusions can be drawn regarding t_he reliability and
the beat static scheme,



APPERDIX 1

The volt-ampere characteristics of the three
rectifier bridges used in the comparator are shown in
?13. %3¢ Zpe characteristics for the three bridges are
not identical . They are however made identical by

putting & resistance of about 2 Ohms in the d.oc.
oupput side of the rooctifier bridge 2. ':‘(‘he. identical

set of ohsracteristics oo obteined is ehown in Fig. S\
The "toe" voltage for each parallel path of the bridge
is equel to 9 volts.
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