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ALBSTRACT

s, Relay proleelion

A new technique for the development of a quadrilateral distance relay for transmission-line protection is

reported. The modus operandi consi
derived refaying quuantines, and the relay is made

in continuously monitoring the coincidence period of four suitably
tu develop trip output if the colncidence period is zero,

whereas it the coincidence period is finite the relay develops restraining output. Such o simple eriterion

. resulls in extreme siviphieity of the relay vcuitrs
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1 INTRODUCTION

The rapid growih of power systems owing to increasing
demand, as well as interconnections, has resulted m e.b.v.
lines heing wied uver longer distances o deliver the bulk of
the power, However, such fong and heavily loaded Lnes de-
mand that greuater attention be paid o the problems arising
out of the encroachment of the focr of waximum load and
power swings into the distance-relay characteristie, At-
tempts to overcowe these problems have rvesulted in ihe
quadrilateral eharacteristie, which fits the fault character-
istie of the trausmission Line Lairly well.

Although numcrous technques® = have heen reported for
developiy such a characteristic, most of them either re-
quire larger numbers of relaying inputs and/or quite an
claborate eircuit. The new technique that is reported here
required four relaying inputs and an exiremely sunple
civeuit.

2 SUGGESTED TECHNIQUE
2.1

The desived quadrititeral characteristie, defined by the
extremitios of phasors Z,, 2;, and Z, is showa in Fig, 1A,
whereas Fig.1B shows the relayiyg quaniities for any relay
npedanee phasor 7, defined by point P,

Relaying quantities
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The relaying quantities are thus defined as
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Itelaying quanlitics

Properties of relaying inputs in trip and restraining
region

i B 1B, the relay impedance phasor 7, defined by poiat
oo showa i the restrianing rogion. Observing the phasor
dlaposiaons of the relaying quaitities S; 10 5, the followiug
sencral conelusion is deawn:
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¢ eonfined o 1807

L2 shows the relay impedanee phasor 4, defined by point
s crossed over into the trip region, The conclusion
clating to the phasor dispositions of relaymg quantities

5, 15 now found to he:
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_'Whenever the relay impedance phasor 7.1 in the trip
ri'g“{" all the relaying phasors are confined to more than
1807 Bhasc-angle margin'

2.3 Coincidence periods of relay inputs in restrammg
and Lrip regon

Figs. 3A and 1 show, respectively, the relay phasor positions
as confined to 180" phasc-angle margin (lory 2, in restraining
region), and confined to more than 180° phuse-ungle margin
(for 7, in trip region). The conclusions with repaxd to their
coineidence period are as follows:

(a) 1In the restraining region, the coincidence period is
finite and is poverned by two extronie phasors.,

(b) T the tripping region, the coincidence period is zero or
there s no cotncidence pericd,

Finde coincidenee peviod jor phasors contined 1o less Uun
180° phase-angle margin

A7 no concence

peviod

Fig. 3B

Zevo coincidence peviod for phasors coupined (o wwre than
180° phase-angle margin

2.4

Fig. 4 shows the complete block diagram of the relay

Principle and block diagram of relay

The refaying mputs §, -8, are derived a5 functions
I with the help of replica impedances 2y, Zy; and
potential transtormer.

These inpuls are thea fed to a oincidence pate, which
detivers outpul pulses periodically, every 20 s, bised an a
puwer frequency of B0 Hz, tor w e rentransg
The pulse streteher, which is é(] ms monostable (0
on (he Jeading edpe of the input pulses, debivers continaes
output Lo encrgise d o stave relay haviog norunily chae
Licts, The contacts are thus kept opea for 2 0 the v
ing region,
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Block diagram of velay
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Whenever Z). falls in the tripping region owing to fault con-
ditions on the line, the coincidence gate, and thus the pulse
strefeher, delivers no cutput, vesulting in the drop out of the
Shave relay, The slave relay, therefore, closes its contact as
s deation of teip oulpat,

3 PROTOTYPE RELAY

The cireuit arrangement of the relay unit based on the above
prineiple is shown in Fig. 5.

. T3 5 SRLVIRE (1108 VA

o8 [V IRy ) Ve

g
transuctor z
3
%
.

r T ARV ATy B EVA
{8 lunx

f LA ~|

|

2
e
I TR o
» o |
" g
futenuial t g! -
woned creer Ve L 2l |V
R
3 L

Fig. bA

Devivation of yelacing tupnls

Fig. 5A shows how the four relaying inputs 8, -8, as functions
of V. and I, are derived with the help of a transactor, an
auxilinry current teimsformer and an auxiliary potential
transformer, whereas Fig, 513 shows the trunsistor circuitry
consisting of four clippers, 1 NAND gate, u monostable as a
20 s pulse stretcher and the sluve relay (reed typel.

4 EXPERIMENTAL RESULTS

static polar characteristic is shown m Fig. 64, for a
stant value ol I, cqual to 140 A,

Accuracy/range characteristics for steady-state and fully
offset condilions of the relay current are shows in Fig. 6. The
retiuy operated within an accuracy of 10% up Lo a range of 30,
and-the maximuni lransient overreach was tound to be 77%.
The operaiing time was found to vary from instantineous to

a magimunt of one eyele (20 ms) depending on e instant of
faule. :

Phe burden of potential eireuit and the current circuil wis
Yowd to be 004 VA and 05 VA, respectively.
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relaying inputs, followed by a very simple cireuttry, ine
tnodus cperandi of the relay being the peneration of trip out-
Sl 1 rne comeidence pulo(l of the four relaying quantities
15 “ero,

clipping circuit
*Vee

*Nee
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