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Our invention relates to differential relays for
the protection of transformer-banks or other al-
ternating-current electrical apparatus of a type
which is subject to an inrush of magnetizing
current, or other transient fault-simulating con-
ditions, when the apparatus is first energized.
More particularly, our invention relates to ratio-
differential relays, which respond to the ratio
between the difference-current and the through-
current, rather than responding simply to g pre-
determined magnitude of the difference-current
alone, the difference-current being the difference
bhetween the input and output currents of the pro-
tected apparatus, or the sum of all of the currents
entering the apparatus, whereas the through-
current is the sum of the input and cutput cur-
rents, or any load-current, or combination of
load-currents, of the protected apparatus, Our
invention is more particularly related to these
ratio-differential relays, because such relays can
be, and are, sef. much more sensitively than
straight differential relays, thus introducing the
danger of faulty tripping, on the magnetizing-
current inrush, necessitating some form of mag-
netizing~-inrush tripping-suppressor.

Several different forms of magnetizing-inrush
tripping-suppressors have been devised, in the
past, but all of these previous devices have in-
volved difficulties in one form or another, Such
difficulties may include a race between getting
the suppressor-relay contacts open and the dif-
fereniial-relay contacts closed, or the introduc-
tion of undesirable delays in the tripping-time in
the evenf, of faults, either a permanent retard-
ation of the tripping-time, or a delay which is
introduced under certain fault-conditions,

An object of our present invention is to provide
a magnetizing-inrush tripping-suppressor which
takes advaniage of the well-known fact that the
magnetizing inrush-current of a transformer al-
ways has a pronounced asymmetrical component,
or & direct-current component which is superim-~
vosed upon the allernating-current component
of the current which is first fed into the power-

transformer when the latter is first energized, «

this asymmetrical component being of g tran-
sient nature which dies put in a certain length of
time, which may be of the order of 1 to 5 seconds,
maore or less, depending upon the size and char~
acteristics of the power-transiormer to be pro-
tected and the system connected thereto.
According to our present invention, we sort out
this divect-current component, at least partially
segregating it from the alternating-current com-
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vide a device which is selectively responsive to this
direct-current component for rendering the dif-
ferential fault-responsive protective-relay rela-
tively ineffective, or for preventing said protec-
tive-relay from producing a {ripping-operation
while the direct-current component is present in
a predetermined degree or magnitude. Thus, we
prevent the faulty tripping or opening of the cir-
cuit-breakers which are connected in the input
and output leads of the protected transformer,
during the magnetizing-current inrush.

This magnetizing~-inrush tripping-suppressor
may take the form either of an extra or auxiliary
restraining winding or other restraint-torque

- means which is incorporated in the differential

protective-relay itself, or the suppressor may take
the form of a separate suppressor-relay having
its operating-coil energized selectively respon-
sively to the alternating-current component of
a relaying current which is derived from the pro-
tected transiormer, and having a restraining coil
which is energized selectively responsively to any
direct-current component which may be present
in the same relaying current. When we refer to
differential protective-relays, in this connection,
we mean to include either straight differential
relays or ratio-differential relays.

An asymmetrical-current-responsive suppres-
sor, of the nature just mentioned, will introduce
a time-delay during which it is impossible to trip
or open the circuit-breakers protecting the pro-
tected transformer, throughout the duration of
the asymmetrical or direct-current component of
the transformer-current. This will introduce a
slight delay in the tripping-time in the event of
bona fide internal fault in the protected trans-
former, in all cases except where such faults are
symmetrical or substantially symmetrical, the
time-delay depending also upon the degree of
asymmetry and the time-constant of the direct-
cwrrent fransient, However, the direct-current
transient of an internal fault will always have a,
very much shorter time-constant than the direct-
current fransient of the inrush-current, in any
bank of power-transformers which are large
enough to justify the use of a differential protec-
tive relay.

A further object of our invention, however, is
directed to auxiliary means which may be uti-
lized for distinguishing between asymmetrical
components which are obtained during magnetiz-
ing-current inrush, and asymmetrical compo-
nents which are obtained as a result of asym-
metrical faults occurring within the protected
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transformer while it is in service. To this end,
we may provide a relatively slowly responsive “re~
membrance”-relay means, which is responsive to
an energized condition of the protected appara-
tus, or any suitable fault-detecting means, for
rendering said suppressor-means inoperative.

In the case of the “remembrance’-relay means,
the slowness of its response is such that the dif-
ferential protective-relay operates without any
suppressor, if an apparent fault-current occurs
when the protected transformer has been operat-
ing under normal voltage-conditions, and so that
the differential protective-relay is under the con-

trol of the suppressor whenever a direct-current

component appears after a period of deenergiza-
tion, or substantial deenergization, of the pro-
tected transformer. This slowly responsive means
may take the form of a fault-responsive fault-
detector, or relay-means, energized responsively to
a voltage of the protected apparatus. This volt-
age may either be the several single-phase volt-
ages of the transformer-bank, either delta-volt-
ages or star-voltages, or it may be a phase-se-
quence component of the jransformer-voltage, or
any combination of phase-sequence components.

In this way, our tripping-suppressor apparatus
becomes effective, only for asymmetrical current-
components which appear either during the ini-
tial magnetizing-current inrush which occurs
when voltage is first applied to a previously un-
energized transformer-bank, or the voltage-re-
sponsive adjustment may be such that the sup-
pressor also operates during the recovery-voltage
period when the transformer-voltage is recover-
ing, or being restored to full value, after the clear-
ing of an external fault somewhere on the elec-
trical systemm to which the protected transformer
is connected.

With the foregoing and other objects in view,
our invention consists in the relays, elements,
combinations, systems, and methods, hereinafter
described and claimed, and illustrated in the ac-
companying drawing, the four figures of which
are diagrammatic views of apparatus and connec-

tions which illustrate our invention in four dif- 4

ferent forms of embodiment.

In the drawings, we have illustrated our inven-
tion in connection with ratio-differential relays
RDA, RDB and RDC, which are utilized to protect

a bank of power-transformers PT in a three-phase :

line, the power-transformer bank being protected
by means of oil circuit-breakers CB which are pro-
vided with trip-coils TC, ‘Three differential re-
lays are provided, one for each phase, as indicated

at RDA, RDB and RDC, and each relay is pro- :

vided with a differential-current operating-wind-
ing 10, and two through-current restraint-wind-
ings 1 and (2, one for each of the terminals or
windings of the protected power-transformer PT,
so that one of the restraint-windings I{ or 12
responds to the input-currents of the protected
transformer, while the other is energized in re-
sponse to the output-currents of the protected
transformer,

We have illustrated our invention in connec-
tion with high-speed or instantaneous ratio-dif-
ferential relays of the balanced-beam type, as
indicated at 13, but we wish it tc be undnerstood
that our invention is also susceptible of applica-
tion to slow-speed differential relays, and we fur-
ther wish it to be understocd that our invention
is also susceptible of application, not only to ratio-
type differential relays, having the through-cur-
rent restraining-means {{—12, but that it is also
applicable to straight differential relays which

10

15

20

25

30

35

40

60

65

70

(6]

4
omit the through-current restraining - means
11—I2.

The differential relays RDA, RDB and RDC are
provided, in a known manner, with tripping-con-
tacts 14 and 15, which are utilized to energize the
trip-coils TC of the two circuit-breakers CB which
are connected to the primary and secondary ter-
minal-leads of the protected transformer PT.

In accordance with our present invention, we
utilize what is known as a transient shunt, for
at least partially segregating the alternating-cur-
rent component and the direct-current compo-
nent of some relaying electrical quantity which is
derived, or obtained in some manner, from the
protected transformer. This {ransient shunt
takes the form of two parallel-connected relay-
ing-circuits 2f and 22, the first circuit having a
low ratio of inductance to resistance, as obtained
by the use of g serially-connected resistor 23,
while the second circuit has a high ratio of in-
ductance to resistance, as is obtained by the use
of a serially-connected coil 24 having such a high
ratio. As a result of this divided-circuit connec-
tion, the direct-current component passes freely
through the coil 24, and is impeded by the re-
sistance 23 in the other circuit, while the alter-
nating-current component divides between the
two circuits in a manner inversely proportional
to the respective impedances of the two circuits.
The second relaying circuit 22 is thus selectively
responsive to the direct-current component, while
the first relaying circuit 21 is selectively responsive
to the alternating-current component of the cur-
rent in the common or undivided portion, 25, of
the relaying circuit.

We utilize a magnetizing~inrush tripping-sup-
pressor, which is suitably responsive to the direct-
current component in the second relaying circuit
22, for suppressing or preventing tripping-npera-
tions produced by the differential relays RDA,
RDB and RDC. This tripping-suppressor may
either take the form of an auxiliary restraint-
means or winding 26, which is placed on, or assg-
ciated with, the differential relay, as shown in
Figs. 1, 2 and 3, or the tripping-suppressor may
take the form of a separate relay TS, as shown
in Fig. 4, having tripping-contacts 27 in series
with the tripping-contacts 14 and 15 of the dif-
ferential relay. This separate tripping-suppres-
sor relay TS has an operating winding 28, which
isincluded in the alternating-current-selective re-
laying-circuit 21, and a restraining winding 29
which is in the direct-current-responsive relay-
ing-circuit 22.

The tripping-suppressor, in either form of em-
bodiment, may be responsive to the direct-cur-
rent component of any function of any alternat-
ing electrical quantity of the protected appara-
tus PT, whether it is an apparatus-current or an
apparatus-voltage, or any combination of these.
For simplicity, however, we have illustrated our
invention in the manner in which we at present
prefer to utilize it, in which the differential cur-
rent, which is utilized for operating the differen-
tial protective relays RDA, RDB and RDC, is
subdivided, by means of the transient-shunt con-
nection, so as to sort out, or partially sort out,
the alternating-current component in the relay-
ing-circuit 21, and the asymmetrical or direct~
current component in the relaying-circuit 22.
The operating coil 10 of the differential relay is
included in the alternating-current branch 24 of
the relaying-circuit 25, while the inrush-suppres-
sor coil 26 of Figs. 1, 2 and 3, or the coil 29 of
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Fig. 4, is connected in the direct~current branch
22 of the common relaying-circuit 25.

In most applications of our invention, we pre-
fer to supplement the suppressor-coil 26 or: 2%
with additional means for making the suppres-
sor-coil operative only when there is no fault on
the system, or for rendering. the suppressor-coil
inoperative, or relatively ineffectual, when nor-
mal voltage-conditions appear on the power=
transformer bank PT, and for a short moment
of time after the removal or discontinuance of
such normal voltage-conditions, while permitting
the suppressor-coil to be fully operative when no
voltage, or a predeterminedly low voltage, appears
on the protected transformer, and for a moment
of time after normal voltage is first applied to the
protected transformer. This suppressor-control-
ling apparatus. can take a number of. different
forms of embodiment, several of which are illus-
trated in Figs. 1, 2, 3 and 4.

In. Fig.: 1, the suppressor-controlling appara-
tus takes the form of three delayed-action sin-
gle-phase under-voltage relays A, B and C, which'
are energized from potential-transformers: 38
which are connected across one of the polyphase
terminals of the power-transformer PT which is
being protected. These voltage-responsive re-
lays A, B-and C have back-contacts 31, 32 and
33, which are connected in:series with the respec=
tive direct-eurrent branches 22 of the several
differential-current relaying-circuits 25. These
voltage-relays A; B and C may be connected to
respond to different: phase-voltages of the poly-
phase line, these phase-voltages being either delta
or star connected. While: we have illustrated
these voltage-relays A, B and C. as having back-
contacts 31, 32 and 33 which are connected in
series. with the several suppressor-windings 25
of Fig. 1, it is obvious that we are not limited

to this particular connection, and that we may

utilize. any form of connection which will make
the suppressor-winding ineffective when the cor-
responding one-of the three voltage-relays A, B
and C is in its actuated or responsive position,

while making all of: the suppressor-windings: 26

effective; to perform their suppressing-function,
whenever all of the voltage-relays A, B and C are
in their deenergized positions. :

In Figs. 2 and 3, a single polyphase-responsiv
voltage-relay 34, or 35, is utilized, in place of the
three single-phase suppressor-controlling. relays
A, Band C of Fig. 1. In Fig. 2, the suppressor-
controlling relay 34 is a time-delayed undervolt-~
age positive-sequence relay which is energized
from the positive phase-sequence component Ei
of the polyphase transformer-voltage, as obtained
from a phase-sequence network 36. This under-
voltage-relay 34 has three hack-contacts 37 which
areincluded in the respective direct-current-seg-
regating branches 22 of the transient shunts.

In Fig. 3, the suppressor~controlling. relay 35

is ‘an . instantaneously operating undervoltage:
negative-phase-sequence relay which is energized

from . the negative-phase-sequence: voltage-com-

ponent. Ez, as: obtained from a phase-sequence-

network 38. Thisundervoltage relay 35 has back-
contacts 38 which are connected. in series with
the. several direct-current-segregating relaying-
circuits 22,

In: Fig. 4, we:have shown quick-acting under:
voltage fault-detector relays-A’, B’ and C’, which
are energized, through potential-transformers
30/, from one of the busses, §!, to which the pro-
tected. power-transformer . PT is. connected
through the circuit-breakers: CB. Since the bus
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6
4} is normally energized, even when the circuit«
breakers CB are: open, the undervoltage relays.
A’, B' and C' are normally energized, so as to
close their respective make-contacts 42, although
the relays are illustrated in their deenergized po-
sitions.. The relay-contacts 42 are connected in
series with the respective direct-current circuits
22 of the transient shunts.

In the forms:of embodiment of our invention
shown in Figs. 1 and 2, the suppressor-controlling
relays A, B, and C and 34 are slower-acting re-
lays.than. the fault-responsive differential-relays
RDA, RDB and RDC, and this greater slowness
of response of the suppressor-controlling relays is
indicated diagrammatically, in the drawing; by
means of dashpots &1, which are associated with
the suppressor-controlling relays A, B and C and
34. This representation of dashpots 51 is intend-
ed o be symbolic of any means, or arrangements;
or types: of apparatus; which will make the sup-
pressor-controlling: relays slower, in either re=
sponding or dropping out, than the fault-respon-
sive or differential relays RDA, RDB and RDC.

In operation, when the protected power-trans-
former PT is in the non-energized condition, the
suppressor-supervisory relays A, B, C, 34 and 35
of Figs. 1, 2 and 3 are in their illustrated deener-
gized. or drop-out positions. When polyphase
voltage is first. applied to- the protected trans-
former PT by the closure of one of its circuit-
breakers CB, voltage will be applied to these volt~
age-responsive suppressor-controlling relays, and
these will begin to pick up, except in the case of
the' negative-sequence relay 35. However, the
pick-up operating-time of the single-phase volt-
age-relays A, B and C, or of the positive-phase-
sequence voltage-relay 34, is Ionger than the time
during which the magnetizing inrush-current of
the power-transformer PT will create an arti~
ficial difference-current. tending to produce a
faulty operation of the protective differential re-
lays RDA, RDB and RDC. During this time, the
direct-current compounent of the magnetizing in-
rush-current -of the power-transformer flows se-
lectively through the: restraint-winding 28 or 28,
and presents a faulty tripping-operation of the
circuit-breakers CB.

In the case of the forms of embodiment
shown in Figs. 1, 2 and 3, the restraint is placed
directly upon the differential or protective re-
lays-RDA, RDB and RDC, whereas; in. the form
of embodiment shown in Fig. 4, the restraint is
applied to a separate tripping-suppressor. relay
TS, which has its make-contacts 27 in the trip-
ping-circuit, in series with the tripping-contacts
14 and: 16 of the differential or fault-responsive
relay. In-this latter case, the restraint-winding
29 is so strong that it prevents a picking up of
the auxiliary tripping-suppressor relay TS, under
the influence of its operating-coil 28, until the
direct-current component of the line-current has
subsided to a predetermined fraction of the alter-
nating-current component of the same current,
during. which time the magnetizing~-current: in-
rush. will have subsided sufficiently so that the
quicker-acting differential relays RDA, RDB and
RDC will have reset themselves to their normal,
non-actuated positions, with their tripping-con-
tacts. 14 and 15 open. In-this manner, we effec-
tually avoid. s faulty fripping-operation as a re-
sult of a differential-relay response during the
magnetizing-current inrush-period;

In the event that a'bong fide fault should occur
within the protected transformer PT. while the
latter is in operation, if the fault is symmetrical,.
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there will not be any direct-current component
of the fault-current, and hence there will not,
in any event, be any effective restraint or inhibi-
tion against an immediate tripping-operation.
Even though the fault should be asymmetrical
(which is the usual case), the duration of its
direct-current transient will be, in any event,
much shorter than the direct-current transient
of the magnetizing inrush-current, and hence the
direct-current component would not long delay
tripping, even though the operation of the trip-
ping-suppressor means were not restrained by
the voltage-responsive supervisory relays A, B, C,
34, 35, A’, B’ or C’. However, as previously
pointed out, we prefer to utilize voltage-respon-
sive relays or fault-responsive relays, for locking
out the tripping-suppressor means, or rendering
it ineffective, in the event of an actual fault within
the protected transformer PT, or in the event
that such fault occurs when the transformer is
in operation, with voltage applied thereto pre-
vious to the development of the fault-condition.

Thus, in Fig. 1, any fault which develops within
the protected transformer PT at a time when
the transformer is already energized will occur
at a time when all three of the voltage-responsive
relays A, B, and C will be energized, so that their
back-contacts 31, 32 and 33 will be opened.
Hence, the direct-current-responsive restraint-
winding 26 of each of the differential relays RDA,
RDB and RDC will be deenergized. If a fault
should occur on the protected transformer PT,
one or more of the voltage-relays A, B and C will
start to drop out, but their drop-out time will be
far longer than the time required for the differen-
tial relay RDA, RDB or RDC to effect a tripping
operation. Hence the tripping operation will be
performed by one or more of the differential re-
lays RDA, RDB or RDC, without any hindrance
whatsoever from the auxiliary restraining-wind-
ing 28 which is energized selectively responsively
to the direct-current component of the differ-
ential transformer-current whenever its relaying-
circuit 22 is energized.

In Fig. 2, the positive-sequence voltage-relay
34 performs a function similar to that of the
three single-phase relays A, B and C in Fig. ‘1.
When the protected transformer PT is first en-
ergized, the phase-sequence voltage-relay 34
starts from its deenergized position, with its con-
tact 87 closed, and it starts to open its contact,
but it requires so long to accomplish this open-
ing-movement that the magnetizing-current in-
rush will have subsided sufficiently so that there
is no danger of an erroneous response of the differ-
ential relays RDA, RDB or RDC, by the time that
the voltage-relay contact 37 finally opens. Mean-
while, the direct-current component of the mag-
netizing inrush-current will have been sufficiently
strong to prevent the faulty operation of any of
the differential relays while the magnetizing-cur-
rent inrush lasted. When a fault occurs in the
protected transformer PT after it has once been
energized, it will likewise be observed that the
voltage-relay 34 will start from its energized posi-
tion, with its back-contact 37 open, so that the
vestraint-winding 26 will be open-circuited, per-
mitting the appropriate differential relay RDA,
RDB or RDC, or any number of them, to respond
to the faulty condition within the protected trans-
former,

In Fig. 3, we have illustrated the general use
of any suitable fault-detector, and specifically a
negative-phase-sequence voltage-response fault-
detector 385, for supervising the operation of the
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restraint-winding 26 which is responsive to the
direct-current component. In this case, the neg-
ative-sequence voltage-relay 3% responds sensi-
tively to any fault except a well-balanced three-
phase fault, and it locks out, or prevents the
effective operation of, the direct-current-respon-
sive restraining-means 26, only when there is an
actual fault on the system, permitting this re-
straint to be effective for blocking the operation
of the differential relays at all other times when-
ever there is a direct-current component in the
alternating-current wave of the protected trans-
former. Since the relay 35 responds only to
faults, there is no necessity for making it slow in
its action, and it will preferably be an instan-
taneously responsive relay, which responds, with-
out any intentional time-delay, to those fault-
conditions to which it is adapted to respond. This
will provide instantaneous tripping for all faults
within the protected transformer, except a very
well-balanced three-phase fault suddenly appear-
ing across all three phases of the protected trans-
former; and if such a balanced fault should occur,
its tripping, by the differential protective relays,
will be delayed by any direct-current component
which may be present in the current-wave of the
transformer.

In Fig. 4, the fault-detectors A’, B’ and C’ re-
place the “remembrance” relays A, B and C of
Fig. 1. These fault-detectors are normally ener-
gized, even bhefore the protected power-trans-
former PT is energized. Hence, our direct-cur-
rent-responsive magnetizing-inrush circuits 22
are in service at the first moment of energization
of the power-transformer PT, thus preventing
faulty tripping of the circuit-breakers CB as a
result of the magnetizing inrush-current. If a
fault should occur within the protected trans-
former PT while the transformer is in service, the
voltage applied to at least one of the undervolt-
age relays A’, B’ or C’ will be reduced sufficiently
to drop out said relay, thus opening the appro-
priate repressor-circuit 22 and permitting quick
tripping by at least one of the differential relays
RDA, RDB or DRC. It is desirable for the speed
of operation of the fault-detectors A’, B’ and C’
to be faster than that of the differential relays
RDA, RDB and RDC, in PFig, 4, so that, when a
fault on the line (not in the transformer PT) is
cleared, the fault-detector which had dropped out
on undervoltage will reclose its contact 42 before
s faulty tripping operation is caused by the dif-
ferential relays in response to the magnetizing
inrush due to the recovery-voltage.

In all of the forms of embodiment of our in-
vention, it is to be understood that the direct-
current-responsive restraining-means 26 and 29
are interchangeable, in any of the figures of the
drawing, in the sense that the restraint 26 or 28
can either be imposed directly on the fault-re-
sponsive relays RDA, RDB or RDC which are
to be supervised, or a separate supervising-relay
may be provided, with said restraint imposed on
the separate supervisory-relay, with relay-circuit
connections which require a response of both the
fault-responsive relay and the supervisory-relay
(such as the relay TS in Fig. 4), in order to ob-
tain a tripping-operation. These and many
other variations of our invention may be incor-
porated by those skilled in the art, without in the
least departing from the essential principles of
our basic invention. We desire, therefore, that
the appended claims shall be accorded the broad-
est construction consistent with their language

We claim as our invention:
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1, Protective relay equipment for an alternat-
ing-current electrical apparatus of a type which
is subject to transient fault-simulating conditions
when the apparatus is unfaulted, said relaying
equipment comprising the combination, with the
protected apparatus, of a relay having an oper-
ating winding and a restraining winding, means
for obtaining a relaying electrical quantity from
the protected apparatus, means for at least par-
tially segregating the alternating-current com-
ponent and the direct-current component of said
relaying electrical quantity, means energized from
said segregating-means for energizing said oper-
ating winding so as to be selectively responsive to
said alternating-current component, and means
energized from said segregating-means for ener-
gizing said restraining winding so as to be selec-
tively responsive to said direct-current compo-
nent.

2. Protective relaying equipment for an alter-
nating-current electrical apparatus of a type
which is subject to transient fault-simulating
conditions when the apparatus is unfaulted, said
relaying equipment comprising the combination,
with the protected apparatus, of a fault-respon-
sive relay having electrical energizing-means for
rendering it responsive to a fault-condition in
the protected apparatus, a transient-responsive
relay having an .operating winding and a re-
straining winding, means for obtaining a relay-
ing electrical quantity from .the protected ap-
paratus, means for at least partially segregating
the alternating-current component and the di-
rect-current component of said relaying electri-
cal quantity, means energized from said segre-
gating~-means for energizing the operating wind-
ing of said transient-responsive relay so as to
be selectively responsive to said alternating-cur-
rent component, means energized from said seg-
regating-means for energizing the restraining
winding of said transient-responsive relay so as
to be selectively responsive to said direct-current
component, and means for obtaining g relaying
response to a joint response of said fault-respon-
sive relay and said transient-responsive relay.

'3. Protective relaying equipment for an alter-
nating-current electrical apparatus of a type
which is subject to transient fault-simulating
conditions when the apparatus is unfaulted, said
relaying equipment comprising the combination,
with the protected apparatus, of a relay having
an operating winding and a restraining winding,
means for obtaining a relaying current which is
responsive to the difference between the input
and output currents of the protected apparatus,
means for at least partially segregating the alter-
nating-current component and the direct-cur-
rent component of said relaying current, means
energized from said segregrating-means for en-
ergizing said operating winding so as to be selec-
tively responsive to-said alternating-current com-
ponent, and means -energized from -said-segregat-
ing-means for -energizing said restraining wind-
ing s0 -as to be selectively responsive to said di-
rect-current component.

4, Protective relaying equipment. for an alter-
nating-current -electrical -apparatus of a +type
which is subject ‘to :transient fault-simulating
conditions ‘when the :apparatus is unfaulted, said
relaying equipment comprising ‘the combination,
with the protected :apparatus, of g differential re-
lay having operating-means which is ‘responsive
to-the difference.between the ‘input :and output
currents of the protected -apparatus, atransient-
responsive :relay having -an..operating winding
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and -a restraining winding, means for obtaining
a relaying eleetrical quantity from the protected
apparatus, means for at least partially segregat-
ing the alternating-current component and the
direct-current component of said relaying elec-
trical guantity, means energized from said segre-
gating-means for energizing the operating wind-
ing of said transient-responsive relay so as to be
seleetively respensive to said alternating-cur-
rent component, means energized from said seg-
regating-means for energizing the restraining
winding of said {ransient-respensive relay so as
to be selectively responsive to said direct-cur-
rent component, and means for obtaining a relay~
ing response {0-a joint response of said differen-
tial relay and said transient-responsive relay.

5. Protective relaying equipment for an alter-
nating-current electrical apparatus of g type
which 15 -subject to transient fault-simulating
conditions when the apparatus is unfaulted, said
relaying ‘equipment comprising the combination,
with the protected apparatus, of a ratio-differen-
tial relay comprising .operating-means and re-
straint-means, means for obtaining a differential
relaying current which is responsive to the differ-
ence between the input and output currents of
the protecied apparatus, means for at least. par-
tially segregating the alternating-current com-
ponent and the direct-current component of said
differential - relaying current, ‘means energized
from said segregating-means for energizing said
operating-means so as to be selectively respon-
sive to said alternating-current component, and
means for energizing said restraint-means so as
to “be responsive to g through-current passing
through the protected apparatus,

6. Protective relaying equipment for an alter-
nating-eurrent electrical -apparatus of a type
which is subject-to iransient fault-simulating
conditions when the apparatus is unfaulted, said
relaying -equipment comprising the comblnatlon
with the protected apparatus, of a ratio-differen-
tial relay .comprising ‘operating ‘means and re-
straint-means, transiently operative suppressor-
means for rendering said ratio-differential relay
relatively ineffective, means for obtaining a dif~
ferential relaying current which is respoensive to
the difference betweenthe input and output cur-
rents of the protected apparatus, means for at
least partially. segregating -the alternating-cur-
rent component and the direct-current compo-
nent of said.differential relaying .current, means
energized Trom said segregating-means for -ener-
gizing said :operating-means 50 -as ‘to be selec-
tively responsive to -said alternating-current
component, means energized-from -said segregat-
ing-means for energizing -said suppressor-means,
and means for .energizing said restraint-means
50 as to be responsive to a through-current pass-
ing through theprotected.apparatus.

7. Protective relaying -equipment for -an alter-
nating-current :electrical ~apparatus of a type
which ‘is “subject 1o transient  fault-simulating
conditions-when the -gpparatus -is unfaulted, said
relaying equipment .comprising the combination,
with the-protected -apparatus,-of a ratio-differen~
tial relay -comprising differential-current operat-
ing -means, through-current restraint-means,
and asymmetrical-compenent - restraint-means,
the operating-means being in-a first relaying cir-
cuit ‘having-a low-ratio -of inductance -to resist-
anee, ‘the -asymmetrical-current restraint-means
being in- 8 second relaying circuit-having -a high
ratio of néuctance to wesistance, and circuit-
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means for energizing said first and second relay-
ing circuits in parallel to each other in response
to the difference between the input and output
currents of the protected apparatus.

8. Protective relaying equipment for an alfer-
nating-current electrical apparatus of a type
which is subject to transient fault-simulating
conditions when the apparatus is unfaulted,
said relaying equipment comprising the combi-
nation, with the protected apparatus, of a fault-
responsive relay having electrical energizing-
megns for rendering it responsive to a fault-
condition in the protected apparatus, transiently
operative suppressor-means for rendering said
fault-responsive relay relatively ineffective, said
suppressor means including means for selectively
responding to any direct-current component ex-
isting in an alternating electrical quantity of the
protected apparatus, and relatively slowly re-
sponsive means, responsive to an energized con-
dition of the protected apparatus, for rendering
said suppressor-means inoperative.

9. Protective relaying equipment for an alter-
nating-current electrical apparatus of a type
which is subject to transient fault-simulating
conditions when the apparatus is unfaulted,
said relaying equipment comprising the combi-
nation, with the protected apparatus, of a fault-
responsive relay having electrical energizing-
means for rendering it responsive to a fault-
condition in the protected apparatus, transiently
operative suppressor-means for rendering said
fault-responsive relay relatively ineffective, said
suppressor means including means for selectively
responding to any direct-current component ex-
isting in an alternating electrical quantity of the
protected apparatus, and fault-detector-means
for rendering said suppressor-means inoperative
in response to a fault-condition on the line to
which the profected apparatus is connected.

10. Protective relaying equipment for an alter-
nating-current electrical apparatus of a type
which is subject to transient fault-simulating
conditions when the apparatus is unfaulted,
said relaying equipment comprising the combi-
nation, with the protected apparatus, of a fault-
responsive relay having electrical energizing-
means for rendering it responsive to a fault-
condition in the protected apparatus, transiently
operative suppressor-means for rendering said
fault-responsive relay relatively ineffective, said
suppressor means including means for selectively
responding to any direct-current component ex-
isting in an alternating electrical quantity of the
protected apparatus, and fault-responsive volt-
age-relay means for rendering said suppressor-
means inoperative in response to a fault-condi-
tion on the line to which the protected apparatus
is conneeted.

11, Protective relaying equipment for an alter-
nating-current electrical apparatus of a type
which is subject to transient fault-simulating
conditions when the apparatus is unfaulted,
said relaying equipment comprising the combi-
nation, with the protected apparatus, of a fault-
responsive relay having electrical energizing-
means for rendering it responsive to a fault-
condition in the protected apparatus, transiently
operative suppressor-means for rendering said
fault-responsive relay relatively ineffective, said
suppressor means including means for selectively
responding to any direct~-current component ex-
isting in an alternating electrical quantity of the
protected apparatus, and a relay-means, ener-
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gized responsively to a voltage of the protected
apparatus, for at times rendering said suppres-
sor-means inoperative. T

12. Protective relaying equipment for an alter-:
nating-current electrical apparatus of a type
which is subject to transient fault-simulating
conditions when the apparatus is unfaulted,
said relaying equipment comprising the combi-
nation, with the protected apparatus, of a fault-
responsive relay having electrical energizing-
means for rendering it responsive to a fault-
condition in the protected apparatus, transiently
operative suppressor-means for rendering said
fault-responsive relay relatively ineffective, said
suppressor means including means for selectively
responding to any direct-current component ex-
isting in an alternating electrical quantity of the
protected apparatus, and g relay-means, ener-
gized responsively to a voltage of the protected
apparatus, for rendering said suppressor-means
inoperative when said protected apparatus is in
normal service,

13. Protective relaying equipment for a poly-
phase electrical apparatus of a type which is sub-
ject to transient fault-simulating conditions
when the apparatus is unfaulted, said relaying
equipment comprising the combination, with the
protected apparatus, of a fault-responsive relay
having electrical energizing-means for rendering
it responsive to a fault-condition in the protected
apparatus, transiently operative suppressor-
means for rendering said fault-responsive relay
relatively ineffective, said suppressor-means in-
cluding means for selectively responding to any
direct-current component existing in an alternat-
ing electrical quantity of the protected apparatus,
and a plurality of relay-means, energized re-
sponsively to a plurality of different phases of
the protected apparatus, for at times rendering
said suppressor-means inoperative, )

14, Protective relaying equipment for a poly-
phase electrical apparatus ot & type which is sub-
jeet to transient fault-simulating conditions
when the apparatus is unfaulted, said relaying
equipment comprising the combination, with the
protected apparatus, of a fault-responsive relay
having electrical energizing-means for rendering
it responsive to a fault-condition in the protected
apparatus, fransiently operative suppressor-
means for rendering said tault-responsive relay
relatively ineffective, said suppressor-means in-
cluding means for selectively responding to any
direct-current component existing in an alternat-
ing electrical quantity of the protected apparatus,
and a plurality of relay-means, energized re-
ponsively to a plurality of different phases of the
protected apparatus, for rendering  said sup-
pressor-means inoperative when normal voltage
appears in all of said plurality of phases.

15. Protective relaying equipment for a poly-
phase electrical apparatus of a type which is sub-
ject to transient fault-simulating conditions
when the apparatus is unfaulted, said relaying
equipment comprising the combination, with the
protected apparatus, of a fault-responsive relay
having electrical energizing-means for rendering
it responsive to a fault~-condition in the protected
apparatus, transiently operative suppressor-
means for rendering said fault-responsive relay
relatively ineffective, said suppressor-means in-
cluding means for selectively responding to any
direct-current component existing in an alternat-
ing electrical quantity of the protected apparatus,
and g relay-means, energized responsively.to a




2,434,500

' 13 14
polyphase voltage of the protected apparatus, for
at times rendering said suppressor-means inop- UNITED STATES PATENTS
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