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developed, The comparater is found to generate
idat inputs. The resultant crumctm stic is the
Atplication of this comiparator o _3.):‘4 o quadrilateral
5 ddiscussod, A relay based on the new itechiique has
fhe comparatar 15 jound o penerate uny discontinuous
either by circular arcs or straight line=s or a combingtion of

the total sinu

two-input comparator contributing o constrain
the resultani chamcieristic. One of the serious
disadvantazes of thus scheme is that saay clange

3 in ong of the inputs alivcts (n—1) charactenisiics,
Fhus indeperdent control of any one oF Lie
Charaderedes s chtheuis,

Mutli-input sine plise comparstor (Blucl\ sprke
principle®, In s case, #is the totad nuinber of
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(i) No cluborate pulse width detector is re-
gquired, The outpul from the "AND’
gate can be muade to operate directly
lh veistor or a telephone-type relay coa-
{rolling the breaker.

(1) The shape of the churacteristics is fixed
afthough  independent  control of  any
oue of the characteristics is feasible.
Ouly number of inputs should be in-
creased.,

(iiiy The cormparator gcncratcs only (n—1)
characierisiivs, whereas the comparater
lmr\,d on coiucidence principle gencratss
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—=~ characleristics.
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Lookmg anto the various adyantages apnd disidvan-
Lages of the above referred scheme, 1 is fell necess: ry {o
mvestipate whether o suilable comparator iechnigue
could be developed that will have the siubility and
reliability of the coincidence principle and, as well live
the flexibility of mndependent control of the indsvidu
characteristics of the sine comparator based on block-
sprhe principles. “This paper is the result of such an
investigation.

SUGGESTED MULTIINIUT AMPLITUDE COM-
PARATOR TECHNYOU

Let the opecating criterion be given by the cquation.

.‘)‘. £ ,‘\L}
AND Y W Ny
AND E- £ S,
AN Ny £ Sy
AN S5, & Sy

Suitable comparator circuitry, deseribed later, sittis-
fying the above cquntions vill be equivalent to (1 — 1)
two-input comiparators with their trip ontputs *ANIY
compounded.

CHARACTERISTICS

For the sake of simplicity, « case of five inputs is only
considered. The analysis would be extended to

any
whnber of inpul quaniitics.
Let the five sinusoidal inputs be

S,

Sy S L [.l ]

Syowdgp v by .
S hyp b iy

Sa = dap A kg

where p and g may each be sindependently either a curreni
or a voltage, and constants A, tr X, can have HINEIRTIE
tude and phase that can te realised ina pracacal cireuit.
Siple pudhematical manipulation and rearrangemcnt,
similar 1o one aiready reported carlier by Mathews and
Mellist?” would lead to the following four dificrent two-
input comparator cquations, assuming unity comparator
ratio:

< for pair 8, S,

rytor pair 8, §

rytor pair S, 8,

Vag = i k < P
e = ra 0o puir S, 8,
e 4 Il ™
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I the constants &, Ky kg, kyoand kg are chosen such
that

iy sy v By

Py sy sy s |

then ry e

The four comparator equations will, thus, reduce o
straight line cquations and the Tour straight lines will be
perpendicular biscelors of the line AB, AC, AD. and AL
respectively as shown in Fig |, where points A, B, C; D,
aud bare the eateemitics of the veetors a, b e, d, amd ¢
I\"’.i'(_'('“l\.'\‘[',
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deteristic dvoveloped by five inpass
Corparator ratio

i peneral it way be suid that any polygonal charac-
teristic could be senerated by the proposed multi-input
unit rato miaplitiede compaiator. i he nwinber of siou-
soldal inpuis to the comparator would be one plus the
numiber of sides of the polygon. One of the extremitios
of vewtor constants (such as A in Fig 1) will have o be
inside the polvion wnd the rest will be o sort ol inages
ol point A Jeross the various sides of the polvgon.

For protection of transmission line,
charicteristic is considered as ideal since it just fies into
the fanlt chisracteristic, Fig 1 has deliberately been drawn
as quadsitateral (o show such an application. It now
sisuply remains to choose p and g. the system input quan-
tities, as voltage and current at the distance relay loaa-
Hen o convert the so calted ‘weplane’ to the familiar
Seplae” or the 8- diagram.

quadrilateral

For the sake of showing detinite application to parti-
cular type of distunce relay, constants 7y, 1o rg were
chosen as unity. In the most general case the polygon
could be bound exclusively either by arcs or straight
linies, or a combination of arcs and straight lines, almost
at will, by suitable choice of scaler constants Potox,
Companator CiReuiTry
The crenitry, v principle, sutisfying the basic com-
PUraIor i S oshown o Fig 2. Fig 2(a) shows
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;2 etransistorised  multi-input *AND’ pate, norwally
Jn the conducting state, driven by the bias resistance
Koo Ry The SAND? gate will deliver trip output oaly
when all the gate inpats (E,—£)), (£,--£,) .. ure sivoul
tancously negadve. Thus, 1o develop trip output, the
following should be satistied.

iz %
AND E, <
AND K, E,

kw—q-»—-f‘*’*""r*“"
1

8% Input Valtiged
AL A

S | b o

TS S

2 {by Rectipeer circuit

Fig 2 (¢) D C owiput yoltage wave fors
& '/

tig 2(b) shows how to devclop the de voltages Eto E,
W % om the basic sinusoidul mpuls S; 10 S, The single
phase input is split into three phase and then rectificd
by the three phase full wave rectilier bridee civeuit:
becanse of phase splitting no filiering is nev sary aid,
thos, fast resporse is cusured, The rippde content s
as small as about <29 and can be consideie
gible. Replacing de voltages £ to £, by sinusai

injits
57 109, the above equation redives o the desired coime
paration ertterion, Successtu! opergtion of @ circuitry

very similuv to this, except with an additional e
tunnel diode across the base cmiter junction has
been reported® in simpler cise of two inputs. No malo-
perations are reported and the operating G s el 1o
be very smali,

DESIGN AND PERFORMANCE

b ordey to apply the posaple ol the criterion ex-
plained in the previous section, 1o generate a relaw with
quadrifateral  chavacteristic, o transmivsion e wis
cotidered with an nopedance of 70 68 a0 65 © Are
resistances at the end of the zone and @ relay locutions
were taken as 6 £ and 4 2 respectively, Desired ¢lirie-
tevistic is shown i Fig 3,

From the figure the magnitudes and phases of the
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Fig 3 Desived quadrilateral characteristic

respective vector were measured as under:

o Ba e 122 2 59
b == OB == 242 / 76°
¢ = BC = 140 /£ 34°
i=0D= 120 276
¢ = Of = 120 £ 76°

UCMPENSATOR

Compensator is essentially an air-gap transformer
with current energized primacy winding. On secondury
mduced voltage appears which is praportional to the
magnitude of current. Phase angle velation between
the primary and sccondary quantilies is a function of

,paruineters of the compensator circuit, namely resistance

and inductance. With u suitable combination, the desired
veclor quantities could be obtained. It has been shown
mn the veetor diagrim in Fig 4.
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Fig & Vector diagram of conipensator
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Fie 5 Civenit diagren of the designed reday

The relay input quantities, S to Se were obtained by
proper vector addition yind subtraction of the yuantities
from relay voltsge, Complete vrelay circuit is shown in
Fig 35,

PERFORMANCE TESTS

The following testy were pertormed

(@) Polar characteristic

(0) Relay sensitivity

(©) Relay operiting time

Figs 6. 7 and 8 show the st vesalts and are self-
explanatory.
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CONCLUSION

A new technique iy multi-input amplitude comparison
bits been dey cloped. In order to develop a characteristic
ot sides, the total number of inputs are (n+-1). The
resuftant characteristic could be bound exclusively
cither by circular ares or straight line or combination
o buth. Independen control of cach characteristic s
feusible A simple dpplication o gencrate quadrilateral
facteristiv to it iy the transmissicn loe Canli chapace-
e ! has been designed and us

S osctinaed. A IL'IH_\’
Porfornsnce siudied.

SEAEC Popag CHARACTIERISTICS

Wi seen that tie theoretical and actual charictersstics
prhcally comeide. This relay could be used as a (hiee-
Step ddistance velay by changing the reactance charac-
teristic 1o a suitable vilye,

RELAY Sensiivigy
The relay is found to operate very satisfactorily upto
the viadue of 8“ equal 10 6.5, Operating time of relay is

very smalf and it is constant,

VA Consumerion

From the view point of burdon consideration, the
comparator has delinite limitation since Jarge amount
of VA is lost in the phase splitting neiwork riather than
being available to Gperaie the transitor gate.

AND Gavi

The suggested ‘AND® gate does not give false tripping
under the {oHowing conditions:

) When there is failure i the current and potential
wransformer circuir,

LE) Journal-£y,
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Fig 8 Fault position ugainst operating time

(b)) 1 the transistor entter and cu_llc\:(ul'. under ab-
normal condition, ure short-circuited.

Power drain is negligible.
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DISCUSSION
. oriuivasa Murthy:

. The present trend among relay desipners (distance
Ay) Is o aninimise the number of (ransactors wsed
ad wake input circoitry as simple as possible. It is
ulso expressed in many papers, that transactors are
tLie main source of errors, if proper matching is not done.
Trom the above counsiderations, the relay presented by
the authors looks out of tune, with the present progress
1 the area.

Since the paper does not discuss the type of testing
equipment used to find out the dynamic performunce
of the relay, it is difficult to appreciate the significance
of test results such as accuracy and seositivity in a
practical situation. When compared (o the multi-input
phase and comparators, the relay does not possess any
advantage. The transient performance of the scheme is
inferior o that of multi-input phase comparison bused
on polarity coincidence principle as the reclitier case
used to average the siznals will be an additional soucce
of ercor.

2. The anthors have noted that vippic content is
about 4.29. Since they are compuring n-independent
signals, it Is quite possible that errors duc to ripple
content in various signals may be non-compensating and
may give rise to a large accumulated error. Whether
this case is considered. Contrary to the author’s assump-
tion, this error is not insignificant,

3 IF an attempt is made to reduce the ripple content
by having {ilters, the transient performance ol the relay
w11 be very unsatistaciory. Then how could this type of

aparison compare with the versatile phuse COmMRra-
tors where 0o need for rectitiers and filters exists?

4. The title *New Multi-input Amplitude Compuarison’
also raises some questions. Here the comparator com-
pares only two signals viz the smallest i magritude of
A-mputs and a threshold voltage.  But multi-input
amplitude comparison implies that a sinvle comparator
does the job of comparing all signals with a reference
voliage, This is not so.

Authors:

1. Static relays generating a straight line or a circular
characteristic needs o minimum of one transactor, bt
to generate any discontinuity in the velay polar charic-
teristics, it is an accepted fact, more transactors wre
required. This is not considered as a disadvantage,
since the advantages of improved polar churacteristics
are considerable.

Guly static tests on the relay were performed, since no

dyramic test beneh was available during the course of
wiostigation. The proposed relay has an advantage of

':\“?,;rolling any one of the segments of quadrilatecal
distance relay independently which is not the case vwith
muiti-input phase comparator based on coincidence
prineiple, whereas the multi-input sie comparitor is
prone to maloperate on stray pulses due (9 system switch-
g cle,

No claim at improved (ransient perforinanee has been
made, since no such tests were made.

2. The ripple content of 4.2 is not considered farge
and no serivus errors were caused in the polar charac-
teristics.

3. Use of filters to reduce ripple will predominently
cause delay in operation rather than anything else.

84

4. The authors believe the title appropriate, since the.
basic comparator delivers trip output when all the four
relaying quantities {(called the operating inputs) are
sininliancously more than one relaying input (called
Lo rosirining quantity)

B S Palki ¢

J. The boundaries of the characteristic correspond
to the perpendicular biscctors of lines A8, AC and AL
where A, 8, C, D and E are extremitics of vectors a,b,c,d
ande. Thus implicit in the technique used is the necessity
for an accurate control over vectors « and e, responsible
to give directional property Lo the relay. Any error either
in magnitude or angle in these makes the relay either non-
dircctional or shifts its position from origin. In such a
case do the authors recommend such relay to be used
as a4 measuring unit of & distance refay?

In contrast the phase comparators exhibit an inherent
directional property.

2. A desirable shape of quadrilateral characteristic
is one with extension in second quadeant also. This
might require phase shilt of more tun 90° in current
circuits, which caunot he obtained by transactors. In
addidon, a general quadrilateral characteristic requires
phase shitts in current circuits fur removed from line
angle. Will such requirements not impair the transient
performance of the relay?

3. The theary reguires amplitude comparison of
absolute valiues of two signals. The ripple content pre-
sent in the rectificd outputs may introduce crrors which
can b as hioh as 12 in the case. tosuch a case, do the
onvmend the relay for fist zone measureinent?

authors res

Perhaps this s one of the reasons why amplitude
comparulons are used tor starier relays as in the case

of tvpe RXZF of ASEA

4. Using block average or block spike methods with
symmetrical/unsymmetrical Jimits of comparison it is
possible to obtain characteristics like quadrilateral, only
with thres sipuals as compured to 5 signals used in this
cave,

Methods ure availuble to obtain the above charac-
teristics using a single multi-inpat comparator.

Therefore the statement that above methods require
alarge number of signals and comparators is not correct.

In fact ASEA’S latest version of static distance relay
with guadrilateral characteristic type RAZOG makes
use of phase comparison technigque based on block
average method,

Authors :

L. The authors agree with the conclusions drawn by
the discusser. for the first zone unit, the phaser € could
be shartened, in which case, the first zone bigh speed
antt witl positively natntain directional eature. The
thivd sone wilt could e made to enclose the origin, i
wihtieh vases it will Tose it diecctional featre but without
Wiy seriaus vonsequences siee it has o delayed opera-
ton bechise of Uic tuner,

2. Getting @ voltage shifted by more than Y0° with
respect 1o current is not a seroas problem as shown ia
Fig .

3. The authors do not know the figure of 12% error
due to 4.2, ripple bas been arrived at. As pointed out

1EX1) Journal-EL



tro WMV HPEIC GOES UL DOSE @ SCTIOUS problem.
discus may refer 1o Reference s, where no
wus problem has been mentioned,

I
iy o
al€ |
R k.
: !:l:" ] j
Al L !

s 0L O
Fig 9 Shifting voltage with respect to curcent

Ao The authors have reservittions about the block-
spike method as mentioned in the piaper. Using a bloch-
average method, it is possible to get a discontinuity in
the polar characteristics i unsymmetrical fimits of com-
parison are used. but the authors consider the circuitry
for constraining the phase angle margins unreliable,
The suthors are unable to comment on ASEA’s RAZOG
quadritateral distance relay, since details are not avail-
able.

5 8 Gangakbedkari
I. Refer Fig 4--conipensitor circuit

Division of total current 7 in the brunches & and Y
are shown equal to wtal current, which is not correct.
The vector diagram also has not shown the direciion of
currents such that the voltge vectors £ K wad £ Y are
equal 1o the output voltage £

2. Refer Vig S——the final circuit dingram

The author mentions that shorting of coltector and
emitter notaflect the operation of the relay. Suppose
the collecror and amitter of the wplitier ircuit vets
shorted. Will not the relay operate?
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In the s way, will not open circuiting of input
fransistor of the multivibrator ciceuit cause the relay
T uperate?

3. Please explain the relation of quantities S, —S,,
§; =Ny ete to the fault impedance measured.

Authors :

L Phusorialy £« IR +7, similarly /, has rightly

been shown in phase with £ and I, lagging by 90°,
L being the voltay tose the parallel combinaon of
Kand X The authors do not see any anomaly.
2 In Fig 5, the basic *AND’ gate has S transistor
stapes. The fiest and the third fransistors are "ON’
whereas the rest are *OFE, The shorting or breakdown
of collector-ciitior of any of the ofi“transis will
tesult e mad-operation of the relay. Such risk, although
resele, is taken.

3. Phinors Sy to Sgare all functions of Z,. For example

&, iy Sy Z,—b and 50 on. The phasors a and ba
and this Sy and S, will decide the disposition of line

PM on the R-X dingram,

PV Dalishinamoorthy :

Lo Will the authors elaborate the test arrangement
adopted by them explaining how fur actual conditions
are simulated in their Lests?

2. Whiit s the transient overreach of the relay? Does
it maloperate for transients due to external faults near
the reach point.

A As the speed of the relay is indicated as less than
10 s what are the precautions taken by the authors to
prevent watoseration due to switching spikes both in
the primuary wad in the d ¢ circuits?

4. What is the variation of relay operating time with
vaiying Zy/Z; ratio

Authers @

The wtansient performance of the relay was not
invesiigated due to non-availability of dynamic relay
test besich. The operating tme of the relay was found to
o aroand T s for faults within 80 percent of the reach
point and for £y, upto 6. For fault, beyond 80 percent
of the reach and range factor more than 6, the operating
tiine mereasal.
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