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My invention relates to control systems for cir 
cuit breaker's and particularly to a control Sys 
ten for controlling the operation of a network 
circuit breaker in a feeder supplying current to 

... a network, and one object of my invention is to 
provide an in proved arrangement for effecting 
the opening of such a network circuit breaker by 
supplying carrier current to the feeder. More 
particularly, the object of inny invention is to pro 
vide an improved network circuit breaker control 
system of the type disclosed and claimed in the 
copending application of W. J. McLachlan, Serial 
No. 694,589, filed October 21, 1983 and assigned 
to the same aSSignee as this application. 
My invention will be better understood from 

the following description, when taken in-connec 
tion with the accompanying drawing, and its 
scope will be pointed out in the appended claims. 

in the 'accompanying drawing, Fig. 1 is a dia 
20 gram of a control system for a network circuit 

breaker embodying my invention, and Fig. 2 is a 
diagram showing a modification of the control 
arrangement shown in Fig. 1. 

Referring to Fig. 1 of the drawing, 1 is an alter 
25 nating 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. In order to simplify the disclosure, 

89 single-phase circuits are shown, but it is obvious 
that my invention is equally applicable to poly 
phase circuit.S. 
Each feeder 3 includes a step-down power 

transformer 4, the low voltage secondary winding 
8 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 connected 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. 
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 operator and are also preferably arranged 

60 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 

55 is adapted to be opened by releasing a latch. 8 
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either manually or automatically by means of 
ara 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 circuitbreaker 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 innediate Opening of a 
circuit breaker 5. When a fault occurs on its asso 
ciated feeder 3 or transformer 4 and causes a 0. 
large neversal of energy to flow through the cir 
cuit breaker 5, each feeder is provided With a Suit 
able reverse power relay 15. As shown, each re 
lay 15 has a potential coil E6 which is perma 
nently connected across the network 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 relay 15 is arranged to 
close its normally open contactS 2. When the re 
verse power exceeds a predetermined annount. 
The closing of the contacts 21 is arranged to con 
plete an energizing circuit for the trip coil 12 of 
the associated circuit 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, examples of which are well known in the 
art, so that the amount of reversepower required 
to cause a relay to close its contacts 21 Varies 
directly with the network voltage. 

In order that an operator at the main station 
may effect the opening of any of the network 
circuit breakers 5 SO as to disconnect the aSSO 
ciated feeder 3 from the netWork 1, I provide at 
the mainstation a suitable relatively low Voltage 100 
source of carrier current 20 and suitable means, 
such as Switches 22, for individually connecting 
this source 20 to each feeder 3. The frequency 
of this carrier current source 20 is preferably 
higher than the normal frequency of the Supply 105 
circuit 2 and of 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 to be understood that my invention is not lim- 0 
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ited to a carrier current of any particular fre 
Glen Cy. 

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 frequency is low but its impedance to the 
carrier current is relatively high. In Fig. 1, the 
choke 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 portion thereof. In Series rela 
tion with each shunt circuit 29, I provide a Suit 
able current responsive tinning device, Such as 
a thermal relay 30 having its heating element 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. Each therinal relay 30, is provided 
With a normally closed contact 35 and a hormal 
ly open contact 36 respectively connected in the 
closing and tripping circuits of the 3.SSociated 
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 associated circuit 
breaker 5 so that it can be energized only when 
the associated circuit breaker 5 is open. Sin 
ilarly, each tripping circuit also includes au X 
iliary contacts 38 on the associated 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 associated 
With the feeder 3 to be taken out of Service SO 
as to connect the carrier current Source 20 thele 
to. In order to insure that the associated circuit 
breaker 6 is open before the source 20 is con 
nected to a feeder 3, it may be desirable in Some 
cases to connect the auxiliary contactS 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 causes 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 plinary Winding of the choke 
25 in the feeder 3 to which the source 20 is con 
nected and also a 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, aid 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 circuit.S 29 is the Voltage drop 
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across the network 1 less the voltage drop across 
the primary winding 26 of its associated choke 
25, the relay 30 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. Also 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 be 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 sufficiently 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 2) 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 reclosed 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 a single feeder 3 supplies a number of 
transformers -4 in parallel and all of the asso 
ciated circuit breakers 5 de not open simul 
taneously. 

En the modification shown in Fig. 2, I have 
connected the seeondary winding 27 ef each 
choke 25 in series in the associated 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 induced there 
in is added to the voltage drop impressed a CrOSS 
the associated shunt circuit 29, it is evident that 
the vetages induced in the secondary windings 
27 of the other chokes 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 decease 
in the currents supplied to the other relay 30. 
While I have, in accordance with the patent 

statutes, shown and described Eny invention as 
applied to a particular system and as embodying 
various devices diagrammatically indicated, 
changes and modifications will be obvious to those 
skilled in the art, and I therefore aim in the 
appended claims to cover all such changes and 
modifications as fall within the true spirit and 
scope of my invention. 
What I claimi as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, a network, a plurality 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 a 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, in 
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, 
a 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 
feeder including switching means connecting it 

s 
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, in 
pedance means connected in each feeder, each 
impedance means being arranged so that the in 
pedance thereof to currents of said first men 
tioned 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 in shunt, relation to each in 
pedance means and a time relay for each shunt 
circuit controlled by the current therein for con 
trolling the opening of the associated switching 
ea.S. 
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 effecting 
the selective operation of any one of said Switch 
ing means to disconnect the associated feeder 
fron 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, 
impedance means connected in each feeder, each 
impedance means being arranged so that the 
inpedance thereof to currents of said first rhen 
tioned 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 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 network, a plurality 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 feedter from 
said network including a source of alternating 
current having a predetermined frequency, 
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 means being arranged 
so that the impedance thereof to currents nor 
nally 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; and in 
Shunt relation with the associated series inped 
ance means, and current responsive means con 
nected to each shunt circuit for controlling the 
opening of the associated 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, 

30 
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4. 
in each feeder between the associated Switching 
means and said network, each impedance means 
being arianged. So that the in pedance thereof to 
Currents of Said first entioned frequency is low 
relative to the impedance thereof to currents of 
the frequency of Said Souice, a circuit tuned to 
the frequency of Said Source consected acroSS 
each feedel on the network side of each SWitch 
ing ileans and in shunt 1'elation with the aSSo 
ciated Series impedance means, and a time re 
lay coniected to each shunt circuit, and Con 
trolled by the current therein for controlling the 
opening of the associated switching means. 

7. In ccinbination, an alternating current net 
Work, a plurality of feeder's supplying current of 
a pi'edetermined 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 associated feeder from 
Said network including a SCurce of alternating 
current having a different predetermined fre 
quency, means for coinecting said Source to the 
feeder to be disconnected fro: in said network, im 
pedance ineang connected in Series relation in 
each feeder between the associated Switching 
lineans and said network, each in pedance means 
being air&inged. So that the impedance thereof to 
Currents of said first mentioned frequency is low 
irelative to the inpedance thereof to currents of 
the frequency of Said source, a circuit tuned to 
the frequency of Said source connected across 
each feedel' on the network side of each Switching 
leans and in shuit relation with the associated 

Series inpedance means, and a thermal relay for 
each Shuilt circuit having its heating element 
connected thereto and controlling the opening 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 
feeder 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 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 
iing of the transformer associated with the circuit 
breaker to be opened, impedance means con 
nected in secondary winding of each transformer, 
each ilpedance means being arranged so that 
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 SCurce, and means a SSociated with imped 
ance means and controllied by the voltage drop 
across the associated in pedance 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 
nined time after the opening thereof. 
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9. In combination, an alternating current net 

work, a plurality of feeders supplying current of 
a predetermined frequency to 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 associated 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 
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 to the frequency of 
Said Source connected 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 
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 coinibiination, an alternating current net 
WCrk, a plurality of feeders supplying current of 
a predetet'mited frequency to said network, each 
feed3; ingluding a power transformer and a cir 
Cuit breaker for connecting the seconday wild 
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 tranformer associated with the circuit 
breaker to be opened, impedance means connected 
in Series relatioli with each transformei' second 
a'y Winding and said network between the asso 
Ciated circuit breaker and the network, each in 
pedance lineans being arranged so that the in 
pedance theireof to currents of said first inen 
tioned frequency is low relative to the impedance 
thereof to currents of the frequency f said 
Source, a circuit tuned to the frequency of said 
30urce connected across each transfornnel Sec 
Ondary Wiilding on the network circuit of the 
a SSociated circuit bleaker and in shunt relation 
With the aSSociated Series impedance means, and 
a thernaal relay for each shunt circuit having its 
heating element controlled by the current there 
in and having contacts in the tripping and cos 
ing circuits of the associated circuit breaker 
whereby Only one of these circuits can be com 
pleted at any instant, 
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