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EVALUATION OF THE PERFORMANCE OF DIFFERENTIAL RELAYS
UNDER MAGNETIZING INRUSH CURRENT

. 3 TE EXE
M.S.KANDIL, F.I. AHMBD AND H.H, ELTAMALLY

Abstract

Harmonic restraint differential relays are popular
in practice for transformer protection. Under magnetic
inrush current, these relays should not operate since the
harmonic restraint discriminates between this current and
short=circuit current according to the harmonic analysis
of the two waves., This analysis is c¢arried-out for
different operating and design paramsters of the protected
transformer. The resulted data is used to eveluate some
practical differential relays with harmonic restraint.

A new idea for a restraining feature of differential relay
18 introduced.

1.0 INTODUCTION

The magnetising inrush current (m.i.c.) is a transient
phenomencon which is 6ccasionally observed when the tranef-
ormer ls switched-on. This current may reach very high
velues in primary side of the transformer only. Consequen=-
tly, the differential relay may consider this nhenomenon
as an internal short-circuit and un-necessary trips the
transformer from the supply.
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To avold such false or un-necesesary tripping, the
differential relay must discriminate between m.i.c. and
internal short circuit current. This discrimingtion

is based on the harmonic analysis of the two current
wave-shapes.’

2.0 HARMONIG ANALYSIS

A comprehensive harmonic analysis of m.i.c. is
explained by the authors in a seperate paper (1), The
analysis is carried-out for numerous design parameters
eand operating conditions of the transformer under protection.

Rumerical samples of this harmonic asnalysisg is given in
the attached Table.

The wave of the internal short-circuit eurrent is,
mainly, a sine-wave plus g d.c., decaying wave. Hewever due
to saturation, 1in transformers. the sine-wave may be
distorted and second harmonic component may be produced

but will be of low velue compared to that of magnetising
inrush current.

3,0 EVALUATIOR OF SOME METHODS OF BLOCKING DIFPERENTIAL
RELAY AGAINST MAGNETISING INRUSH CURRENT

A popular method of blocking differential relays
against magnetising inrush current is to filter-out the
harmoniés from the differential current, rectify them and
add them to the percentage restrsint of the relay. There
are different features of harmonic restraint that are
applied in practice, and some of these featuree will be

evaluated according to the harmonic analysls given in the
shown Table.

(a) Pig. (1) illustrates the basic circuit of harmonic
restraint relay (2,3,4) . Harmonic restraint 1s obtained
from tumed circuit Xc, Xy which permitts only current of
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fundamental frequency to enter the operating circuit,

d.c. and harmonic being diverted into the harmonic restr-
aining coll. The relay is adjusted go that it will not
operate when the second harmonic component in the differen-
tial current-wave exceeds 15% of the fundamental current.
This means that 1f the second harmonic component in the
differential current is less than 15% , the relay will
conslder this case as a short-ciruit and it will trip.
However. from the glven Table, the second harmonic comvon-

ent of m.i.c. may be as low ag 10 %4 , and this relay may
trip un-necesgsgarily

(b) PFig (2) (a) shows a restraining feature which is
applied to relays widely applied in practice (5)., The
circuit supplying the operating coil of the relay is a
series tuned circuilt, tuned to pass currents of fundamental
power system frequency, and to offer high impedance to
currents of other frequencies. The circuit supnplying the
restraining coil of the relay is & parallel tuned circuit,
tuned to offer high impedance to currents of power gystem

frequency and to offer less impedance to currents of the
higher harmonic frequencies. In some cases,from the Table,
where the wave of the differential current has very low
harmonic components, the relay will have no restraint ,
which is also the case for the restraint feature based on
second harmonic restraint.

(e) PFig. (2) (b) gives a construction of harmonic restra-

int relay. A filter or rectifier circuit, connected to
isolate the d.c. or harmonic components and deliver them to a
a restraining winding on the relay, will effectively prevent
false operation during m.i.c. The series tuned circuit is
tuned to rosonance at fundemental frequeney. The parallel
tuned circuilt is tuned to anti-resonance at fundamental
frequency. By using the haermonic restraint circuits, the
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relay is prevented from operation during m.i.c. Thie

harmonic restraint feature may result in non~trip situation

on an internal fault condition of considerable harmonic in the
current delivered to the relay, These harmonics may be present
in the fault current itself, due to are of the fault or due to
gaturation current transformers. Also, 1f the fault exiats at
the time the transformer is energised, harmonice in m.i.c. may
prevent it from operation. Moreover, when the wave of m.i.c.
nhas very high pesk and a very wide base, the percentage of the
gecond harmonic will be very low, and the relsy mmy consider
this case as an internal short-circuit,

{d) Plg. (3) illustrates a d.c. biased scheme, This schem i

& convenient way of obtaining percentage bilias orn through faults
by rectifying the through current and using it to control line-
arly the output from a.c. primery winding carrying the differen-
tial current the same phase. The output from this transductor
goes to the second one which controle a tripping relay. The
d.c. component of m.l.c. has been used as auto-bias to the relasy
in the same transductor element. When m.i.c, is symmetrical and
dees not contain a d.c. component, the relay is made stable by
cross-feed bias from the d.c, component of m.l.c. in another
phese. For this purpose another transductor element has been
incorporated. Por a small d.c. component, ‘which is likely to

happen according to the given Table, the relay may not operate
properly.

4,0 PROPOSED NEW IDEA FOP COMBINED SECOND HARMONIC AND D.C,
RBESTRAINT PEATURES

Harmonic restraint features discusgsed in section (3}, have
limitations for certain transformer design and operating cond-
itions. These conditione result in lew percentages of second
harmonic¢c and d.c. components in magnetising inrush current.

From the harmonic analyeie tabulated in the given Table,it
is noticed that, when the second harmonic component of megnetip~
ing inrush current ig of low value, the corresponding d.c.
component is of high value.
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Consequently, the new idea is to propose a restraint
feature based on both second harmonic and d.c. components.
In so doing, if the megnitude of the second harmonic
component is not sufficient to digcriminate between magn-
etising inrush current and internal short circuit current,
discrimination may be obtained hased on the corresponding
d.c. component. The proposed idea is shown in Pg. (4).

5. 0 CONCLUSIORS

The harmonic contents in the wave of magnetising
inrush curreat depend on the different operating conditione
of the transformer under protection, and also on its design
parameter®, Therefore, differentiel relays with hermonic
regtraint needs careful evaluamtion if accurate data on
harmonic contenta in magnetising inrush current is availasble.
The evaluation carried-out in the present paper show that
un-necessary tripping might happen due to magnetising
inrush current. A new idea for a restraint festure is intyo~
duced to avoild un-necessery tripping.
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