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My invention relates:ito caontrol systems for cir-
cuit- breakers -and particularly to a control sys-
tem: for :controlling :the ‘operation of a network
circuit breaker in a faeder supplying current to

<8 g matwork, and one cbject of ‘my invention is to.

provide :an improved arrangement for effecting
the ‘opening .of :such & network circuit ‘breaker by
supplying osrrier current to the feeder. More
patticularly, the.object of my invention is to pro-

¥ vide an improved network circuit breaker conttol
system of the type disolosed and -claimed in the
copending - apphcatwn of 'W. .J. McLachlan, Serial
No. 604589, filed ‘Ocbober 21, 1933 and assigned
to the same assignee as this application.

15 My invention 'will ‘be ‘better understood from
the following description, when taken in-connec-
tion with the accompanying drawing, and its
scope ‘will ‘be peinted -out in the appended claims.
" 'In the accompanying drawing, Fig. 1 is a dia-

20 gram of a control system for a metwork circuit
breaker embodying my invention, and Fig. 2 is a
diagram showing a modlﬁcation of the control
a1ra.ngement shown ‘in Fig. 1.

“Referring to Flg 1 of the drawing, 1 is an alter-

25 ngting -current network which is arranged to be
supplied with electric -energy from a suitable al-
ternating current supply circuit 2 by means of a
plurality of feeders 3, two of which are shown in
the drawing. Tn order to simplify the disclosure,

30 gingle-phase circuits are shown, but it is obvious
that my invention is equally applicable to poly=
phase circuits.

Each feeder 3 “includes a step-down power
_ transformer 4, the low voltage secondary winding

35 of which is arranged to ‘be connected to the net-
work 1 by means of suitable switching means 5
and the high voltage primary winding of which
is arranged to be caonnected to the supply circuit 2
by suitable switching means 6. "The transform-

-40 ers 4 and the secondary switching means 5 are
usually located near the network 1, whereas the
primary switching means 6 are usually in the
main station or :substation containing the supply
circuit 2.

45  The switching means 6, which may be .of any
suitable type, examples of which are well known
in the art, are usually arranged in any suitable
manner so that they may be opened and closed
by .an eperator and are also preferably arranged

50 so that they are automatically opened in response
to overload conditions on the respective feeders.
As shown, each switching means 6 is.an overload
circuit breaker of the well known latched-in type
which is adapted to be closed manually and which

53 js adapted to be opened by releasing a latch 8

(Cl. 171—9Y)

either manually .or -automatically by means of
an -overload coil 9 .connected in series relation
with the respective feeder 3 by means of ‘a cur-
rent transformer 10. )

‘The switching means 5 may be -of any suitable
type, .examples of ‘which .are ‘well known in the
art. As shown in the drawing, each switching
means 5 is a latched-in circuit breaker and in-
cludes 'a closing coil 11 which, when energized,
closes the circuit breaker .and a trip coil 12 which,
when energized, releases .a latch 13 that holds
the:circuit breaker in its-closed position.

In order to effect -the immediate opening of a
circuit breaker:5 when a fault occurs on its-asso-
ciated feeder 3 -or transformer 4 and causes a
large reversal of -energy to flow through the cir-
cuit breaker'd, each feeder is provided with a suit-
able reverse power relay 15. - As.shown, each re-
lay 15 has -a :potential -coil 16 which is perma-
nently connected across the network 1 and a.cur-
rent coil 17 which is connected in series relation
with the secondary winding of the associated
transformer 4 by means of :a:.current transformer
18. Each reverse power relgy 15 is arranged to
close its normally open contacis 21 when the re-
verse power ‘exceeds .a predetermined amount.
Theclosing:of the contacts 21 is arranged to-com-~
plete an energizing circuit for the trip.coil 12 of
the associated clrcmt breaker 5 so-as to effect the
opening thereof.

Preferably, the reverse power relays 15 are set
so ‘that they close their respective contacts 21
and open their respective contacts 41 in response
to relatively large reversals of energy in their re-
spective ‘feeders only. Also the reverse power
relays .are preferably designed in any suitable
manner, examplés-of which are well known in the
art, so that the amount of reverse power required
to -cause a relay to.close its contacts 21 varies
directly with the netwark voeltage.

In order that an operator :at the main station
may effect the opening of any of the network
oircuit :breakers :5 50 :25 to disconnect the asso-
ciated feeder .8 . from the network 1, I provide at
the main station a suitable relatively low veltage
source of -carnter current 20 and suitable means,
such as switches 22, for individually connecting
this source 20 to.each feeder 3.
of this .carrier current source 20 is preferably
higher than the normal frequency of the supply
circuit 2 and.ef such a value that it can be readily
transmitted through the power transformer 4.
I find that a frequency of about 720 cycles gives
very satisfactory results for this purpose but it
is te be understood that my invention is not lim-
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ited to a carrier current of any particular fre-
guency. )

In series relation with each feeder 3, I provide
a suitable choke 25 which is designed in any suit-
able manner, examples of which are well known
in the art, so that its impedance to current of
normal fregquency is low but its impedance to the
carrier current is relatively High. In Fig. 1, the
cheke 25 is shown as a transformer with separate
primary and secondary cores separated by an
air gap. The primary winding 26 of the choke
25 is connected in series with the associated feed-
er and the secondary winding 27 is connected to
a suitable condenser 28. In shunt relation with
the primary winding 26 of each choke 25, I con-
nect a separate shunt circuit 29 resonant to the
frequency of the carrier current. As shown in
Fig. 1, each shunt circuit 29 is also connected
in shunt with the network 1 but if desired each
of these circuits may be connected only in shunt
with the primary winding 26 of the associated
choke 25 or a wportion thereof. In series rela-
tion with each shunt circuit 29, I provide a suit-
able current responsive timing device, such as
a thermal relay 30 having its heating eleinent 31
connected to the secondary winding 32 of a suit-
able transformer 33, the primary winding 34
of which is connected in series with the shunt
circuit 29. FEach thermal relay 30 is provided
with a normally closed contact 35 and a normal-
1y open contact 36 respectively connected in the
closing and tripping circuits of the associated
network circuit breaker 5 so as to control the
connection of these circuits across the secondary
winding of the associated distribution trans-
former 4. Each closing circut also includes
auxiliary contacts 37 on the asscciated circuit
breaker 5 so that it can be energized only when
the associated circuit breaker 5 is open. Sim-
ilarly, each tripping circuit alsc includes aux-
iliary contacts 38 on the aszociated circuit break-
er 5 so that it can be energized only when the
associated circuit breaker is closed.

The operation of the arrangement shown in

- Fig. 1 is as follows: When the operator desires

to take any particular feeder.3 out of service,
he first opens the associated circuit breaker 6
so as to disconnect the feeder from the supply
circuit 2. The feeder 3, however, is still ener-

- gized from the energized network 1 because the

associated circuit breaker 5 is still closed. The
operator then closes the switch 22 assoclated
with the feeder 3 to he taken out of service so
as to connect the carrier current source 20 there-
to. In order to insure that the associated circuit
breaker 6 is open hefore the source 20 is con-
nected to a fesder 3, it may be desirable in some
cases to connect the auxiliary contacls 39 on
the associated circuit breaker 6 in series with
the contacts of each switch 22,

The connection of the carrier current source
20 to a feeder 3 catses carrier current to be sup-
plied by the associated transformer 4 to the net-
work. This carrier current will produce a volt-

. age drop across the primary winding of the choke

25 in the feeder 3 to which the source 20 is con-
nected and also & voltage drop across the net-
work 1. Since the voltage drops across the
choke 25 in the feeder 3, to which the source 20
is connected, and across the network 1 are in
series and the sum of these two voltage drops is
impressed across the shunt circuit 29 associated
with the feeder 3 to which the source 20 is con-
nected, whereas the voltage drop across each of
the other shunt circuits 29 is the volfage drop
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across the network 1 less the voltage drop acrdss
the primary winding 26 of its associated choke
25, the relay 39 in the shunt circuit 29 associated
with the feeder 3 to be disconnected receives
more current than any of the other relays 30.
Consequently, this particular relay 30 is the
first to open its contacts 35 and close its contact
36 thereby connecting the tripping coil 12 of
associated circuit breaker 5 across the secondary
winding of the associated distribution trans-
former 4 which is still energized from the net-
work 1, so that the circuit breaker 5 in the feeder
to be taken out of service is opened. As soon
as this circuit breaker 5 opens, the carrier cur-
rent source 20 is disconnected from the network
1 so that all of the other carrier current relays
30 are prevented from effecting the opening of
their associated circuit breakers 5.

In order that a carrier current relay 30 may
be restored to its normal position after its asso-
ciated circuit breaker 5 has been opened, without
waiting for the carrier current source 20 to be
disconnected from the associated feeder, I con-
nect the primary winding 26 of each choke 25

.between the associated circuit breaker 5 and the

network 1 and connect the associated shunt cir-
cuit 29 to the feeder at a point intermediate
the associated circuit breaker 5 and primary
winding 26. Therefore, when any carrier cur-
rent relay 30 has effected the opening of its as-
sociated circuit breaker 5, it immediately starts
to return to its normal position and after a pre-
determined time interval opens its contacts 36
and closes its contact 35.

Since the time of operation of a thermal relay
varies inversely with the magnitude of the cur-
rent supplied thereto, it will be seen that it is
particularly adapted to give the selective opera-
tion desired. Alsc the time delay resetting fea-
ture is important in cases where each feeder 3
supplies a plurality of parallel connected trans-
formers as it insures that all of the parallel
connected network circuit breakers have time to
open before the closing circuit of any of them
can bhe completed again. This arrangement,
therefore, prevents pumping.

After a feeder 3 has been taken out of service,
it may be put back again by the operator closing
the associated circuit breaker 6 so as to connect
the feeder to the supply circuit 2. As soon as
the feeder is energized, the closing coil 11 of the
associated circuit breaker 5 is energized to effect
the closing thereof to reconnect the. feeder to
the network.

In case of a fault in any feeder 3 or its asso-
ciated transformer 4, the excessive current in the
feeder causes the trip coil 9 connected thereto
to be energized sufiiciently to effect the opening
of the associated circuit breaker 6. Energy also
is fed to the fault from the network 1 and this
reverse flow of energy causes the associated re-
verse power relay 15 to close its contacts 21
thereby completing an energizing circuit for the
trip coil 12 of the associated circuit breaker 5
to effect the opening thereof. Each reverse power
relay 15 is preferably provided with a holding
winding 40 which is energized by the closing of
its contacts 21 and which maintains the relay
contact 21 closed as long as the associated dis-
tribution transformer 4 is energized. Also the
normally closed contacts 41 of the relay 15 may
be connected in the circuit of the closing coil 11
of the associated circuit breaker 5 so that it can-
not be reclesed as long as the relay 15 is in its
tripping position. In this manner pumping of
a circuit breaker 5 may be prevented in systems
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in-which g single feeder ‘8 supplies ‘a number -of
transformers -4 ‘in -paraliel :and ‘all of the asso-
cigted circuit ‘breakers 5-do meot open simul-
taneously.

n ‘the modrﬁcatnon shown ‘in Fig. 2, 1 have
connected the secondary winding 27 -ef -each
choke 25 ‘in -series in the asseciated -shunt ‘cir-
cuit'29. By connecting the secondary ‘winding 27
in the feeder to which the ‘carrier -current source
20 is-connected so that the voltage indueed there-
in ‘is ‘added to the voltage drop impressed across
the associated shunt circuit 29, it is-evident that
the velteges induced ‘in ‘the secondary ‘windings
27 -of ‘the -other ¢hokes- 25 oppose the voltage drop
impressed across them.  Consequently, this:modi-
fication results in -an‘increase ‘in ‘the.current sup-
plied to the carrier current relay ‘30 associated
with 'the feeder to be -disconnected and a decrease
in the -currents supplied -to ‘the -other relay 30.

“While T have, in accordance with the patent
statutes, shown and described my :invention .as
applied to ‘a particular system and as embodying
various devices @iamgrammatically indicated,
changes and modifications will be obvious to'those
skilled in the -art, and I therefore aim .in the
appended .claims o -cover all such changes and
medifications -as fall within ‘the true spirit and
scope ‘of ‘my invention,

‘What T claim -as new and .desire to secure by
Letters Patent of the United States .is:

1. In combination, a network, a piurality -of
feeders supplying current to said network, each
feeder including switching means connecting it
to said network, and means for effecting the se-
lective operation .of any one of said switching
means to disconnect the .associated feeder from
said network. including a source of alternating
current having g predetermined frequency, means
for connecting said .source to the feeder to be
disconnected “from said network, impedance
means connected in each feeder, each impedance
means being arranged so ‘that the impedance
thereof to currents normally flowing therein is
low relative to the impedance thereof to currents
of the frequency of said source, and a voltage
controlled means associated with each of said
series impedance means and controlled by the
voltage drop across the associated impedance
means for controlling the opening of said switch-
ing means.

2. In combination, an alternating current net-
work, a plurality of feeders supplying current of
a predetermined frequency to said network, each
feeder including switching means connecting it
to said network, and means for effecting the se-
lective operation of any one of said switching
means to disconnect the associated feeder from
said network including a source of alternating
current having a -different predetermined fre-
quency, means for connecting said source to the
feeder to be disconnected from said network, im-
pedance means connected in each feeder, each
impedance means being :arranged so that the
impedance thereof to currents of said first men-
tioned frequency is low relative to the impedance
thereof to currents of the frequency of said source,
g circuit tuned to the frequency of said source
connected in shunt relation to each impedance
means and current responsive means connected

" to each shunt circuit for controlling the open-

ing of the associated switching means.

3. In combination, an alternating current net-
work, a plurality of feeders supplying current of
a predetermined frequency to said network, each

7 feeder including switching means connecting it

3

to said network, and medus for-effecting the se-
lective operation of -any one -of sdid switching
means to disconnect the associated Ieeder from
said network including a seurce of alternating
current having a different predetermined fre-
quency, means for connecting said source to the
feeder to be disconnected from szid network, im-
pedance means connected in -each feeder, each
impedance means being arranged so thatthe im-
pedance thereof to -currents -of -said first men-
tioned frequency is low relative to the impedance
thereof to ‘currents -of the frequency -of =aid
source, -a circuit ‘tuned to the frequency of said
source -connected ‘in -shunt relation to each im-
pedance ‘means and -a time relay for each shunt
circuit controiled by the current therein for con-
trelling the opening of the associated switching
means. '

4, In combination, an alternating current net-
work, -a- plurality of feeders -supplying -current
of a predetermined frequency ‘to said network,
each feeder ‘including switching means connect-
ing it to 'said network, and means for effeciing
the selective operation of any -one of said switch-
ing ‘means to disconnect the associated Teeder
from said network including a source of alter-
nating current ‘having a different predetermined
frequency, means for ccnnhecting said source to
the feeder 'to he disconnected from said network,
impedance means connected in-each feeder, each
impedance means ‘being arranged so that the
impedance thereof ‘to currents of said first men-
tioned frequency islow relative to the impedance
thereof to currents of the frequency -of said
sotrce, & circuit tuned to the frequency of said
source comnnected ‘in shunt relation to each im-
pedance ‘means -and a thermal relay for each
shunt circuit having  ‘its heating -element con-
nected thereto and controlling the opening of
the -associated switching means.

5. In combination, a mnetwerk, -a plurality -of
feeders supplying current to said network, each
feeder including switching means connecting ‘it
to gaid network, -and means for effecting the se-
lective operation of -any one of said switching
means to ‘disconnect the associated feeder from
satd network including a zource of alternating
current ‘having a -predetermined freguency,
means for -connecting said source to the feeder
to ‘be -disconnected from said network, impedance
means connected in-series relation in each feeder
between the associated switching means-and said
network, -each impedance raeans being arranged
so that the impedance thereof to currents nor-
mally flowing therein is low relative to the im-
pedance thereof to currents of the frequency of
said source, a circuit tuned to the frequency of
said source connected across each feeder on the
network side of each switching means zand in
shunt relation with the associated series imped-
ance means, and current responsive means con-
nected to each -shunt c¢ircuit for controlling ‘the
opening of the -associgted ‘switching means.

6. In combination, an alternating current net-
work, a plurality of feeders supplying current
of a predetermined frequency to said network,
each feeder including switching means connect-
ing it to said network, and means for effecting
the selective operation of any one of said switch-
ing means to disconnect the associated feeder
from said network including a source of alter-
nating current having a different predetermined
frequency, means for connecting said source to
the feeder to be disconnected from said network,

80

impedance means connected in series relation 300
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4
in each feeder between the associated switching
means and said network, each impedance means
being arranged so that the impedance thereof to
currents of said. first mendioned frequency is low
relative to the impedance thereof to currveants of
the frequency of said source, a circuit tuned to
the frequency of seid source connecied across
cach feeder on the network side of each switch~
ing means and in shunt relation with the asso-
ciated series impedance means, and 2 time re-
lay connected to each shuni circuit and con-
trolled by the current therein for controlling the
opening of the associated switching means,

7. In combination, an alternating current net-
work, a pluralify of feeders supplying current of
a predetermined frequency to said network, each
feeder including switching means connecting it
to said network, and means for effecting the
selective operation of any one of said switching
means to disconnect the asscciated feeder from
said network including a scurce of alternating
current having a different predetermined fre-
quency, means for connecting said source to the
feeder to be disconnected from said network, im-
pedance means connected in szeries relation in
each feeder bketween the associated switching
means and said network, each impedance means
being arranged so that the impsdance thereof to
currents of said first mentioned frequency is low
relative to the impedance thereof to currents of
the frequency of said source, a circuit tuned to
the frequency of said source connected across

ach feeder on the nstwork side of cach switching
means and in shunt relation with the associated

. series impedance means, and a thermal relay for

cach shunt circuit having its heating element
connected thereto and controlling the opening of
the associated switching means.

8. In combination, an alternating current net-

- work, a plurality of feeders supplying current of

o predetermined frequency to said network, each
feader including a power transformer and a cir-
cuit breaker for connecting the secondary wind-
ing to the network, each circuit breaker including
a closing circuit and a tripping circuit, means
for eifecting the selective opening of any one of
seid circuit breakers including a source of alter-
nating current of a different frequency, means
for connecting said source to the primary wind-
ing of the transformer associated with the circuit
kreaker to be opened, impedance means con-
nected in secondary winding of each transformer,
each Impedance means being arranged so that
the impedance thereof to currents of said first
mentioned irequency is low relative to the im-
pedance thereof to currents of the frequency of
said scurce, and means associated with imped-
ance means and controlied by the voltage drop
across the associated impedance means for com-
pleting the tripping circuit of the associated cir-
cuit breaker and for preventing the closing cir-
cuit thereof from being completed for a predeter-
mined time after the opening thereof.

1,066,229

9. In combination, an alternating current net-
work, a plurality of feeders supplying current of
a predetermined frequency t¢ said network, each
feeder including a power transformer and a cir-
cuit breaker for connecting the secondary wind~
ing to the network, each circuit breaker includ-
ing a closing circuit and a tripping circuit, means
for effecting the selective opening of any one of
said circuit breakers including a source of alter-
nating current of a different frequency, means
for connecting said source to the primary wind-
ing of the transformer asscciated with the cir-
cuit breaker to be opened, impedance means con-
nected in secondary winding of each transformer,
each impedance means being arranged so that 92
the impedance thereof to currents of said first
mentioned frequency is low relative to the im-
pedance thereof to currents of the frequency of
said source, a circuit tuned fo the frequency of
said source connecied in shunt relation to each
impedance means, a time relay for each shunt
circuit controiled by the current therein for ef-
fecting the completion of the tripping circuit of
the associated circuit breaker and for maintain-
ing the opening circuit thereof open for a pre- 7.
determined time after the circuit breaker opens,
and means controlled by the opening of a circuit
breaker for connecting the associated closing cir-
cuit to the secondary winding of the associated
transformer,

10. In combination, an alternating current net-
work, a plurality of feeders supplying current of
& predetermined frequency to said network, each
feedsr including a power transformer and a cir-
cuit breaker for connecting the secondary wind- 11p
ing to the nebwork, each circuit breaker includ-
ing a closing circuit and a tripping circuit, means
for effecting the selective opening of any one of
said circuit breakers including a source of a'ter-
nating current of a different frequency, means 115
for connecting said source to the primary wind-
ing of the tranformer associated with the circuit
breaker to be opened, impedance means connected
in series relation with each transformer zecond-
ary winding and said network between the asso- 120
ciated circuit breaker and the network, each im-
pedance meahs being arranged so that the im-
pedance thereof to currents of said frst inen-
tioned freguency is low relative to the impadance
thereof to currents of the frequency of said :19¢
source, a circult tuned to the frequency of said
source connected across each transformer sec-
ondary winding on the network circuit of the
associated circuit breaker and in shunt relation
with the associated series impedance means, and 5
a thermal relay for each shunt circuit having its
heating element controlled by the cuirent there-
in and having contacts in the tripping and clos-
ing circuits of the associated circuit hreaker
whereby only one of these circuits can bhe com- 135
pleted at any instant.

80

85

105

JOHN L. WOODWORTH.

146

145

150



