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ABSTRACT: A circuit breaker comprising a load switching 
relay and an automatically resettable overload switch remote 
ly operated through a self protected control line, provides trip 
indication, and is trip free. A silicon controlled rectifier shunts 
current from the gate of a transistor, the collector-emitter cir 
cuit of which is serially connected to the coil of the relay. The 
power source for the load can be either alternating or direct 
current. 

Isolation of the primary power source and load circuit may 
be provided by the employment of either normally open or 
normally closed auxiliary contacts. 

In several of the embodiments the relay is locked out upon 
the occurrence of an overload. 
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REMOTE CONTROL CRCUT BREAKER 
The invention relates to circuit breakers. More particularly, 

it relates to remote control means for setting and resetting the 
contacts of such circuit breakers to desired positions. 
An objective of the present invention is to provide a relia 

ble, low power, remote control means for setting and resetting 
the contact positions of a device having an overload switch 
feature. 
Another objective of the present invention is to provide a 

remote control means having a failsafe feature to protect 
against failure of the remote control means. 

Further objects, features and advantages of the present in 
vention may be best understood by reference to the following 
detailed description read in conjunction with the accompany 
ing drawings in which like reference numerals and letters in 
dicate like parts and in which: 

FIG. 1 illustrates a first embodiment of the present inven 
tion; 

FIG. 2 illustrates a second embodiment of the present in 
vention employing normally open auxiliary contacts; 

FIG. 3 illustrates a third embodiment of the present inven 
tion employing normally closed auxiliary contacts; and 

FIG. 4 illustrates a modification of the FIG. 3 embodiment. 
Referring now to FIG. 1, a first embodiment of the present 

invention is illustrated in which DC power sources P1-P3 
provide power for the system shown. Typical examples would 
be 30 volts for P1 and 28 volts for P2 and P3. Relay RY1, hav 
ing contacts RY1A and current responsive automatically 
resettable overload switch SW2 having contacts K2 comprise 
a remotely operated circuit breaker assembly. The circuit 
breaker assembly thus formed controls the flow of power from 
power source P1 to a load through switch SW2 and contacts 
RY1A of relay RY1 placed in series therewith. Contacts K2 of 
overload switch SW2 are center tapped at point 21 such that 
when contacts K2 are closed, voltage from power source P1 is 
impressed upon point 21. Line L2 connects power source P2 
in series with relay coil RY1 so that the flow of current 
therefrom controls the open-close position of contacts K2. 
The collector of an NPN transistor Q1 is connector to relay 
coil RYi with the emitter connected to ground. Thus, the "on 
off" state of transistor Q1 controls the flow of power through 
relay coil RY1, transistor Q1 functioning as a current control 
means controlling the open-close positions of relay contacts 
RY1A. 
A control circuit comprises electrical line 30 with switch 

SW1 therein which carries current from power source P3 to 
the base of transistor Q1, providing base voltage and current 
thereto. When switch SW1 is in the off (reset) position, no 
base current can flow to transistor O1 which is locked in the 
off state with no power flowing to relay coil RY1, thereby 
locking relay contacts RY1A in the open position. Resistor R1 
is connected in series with switch SW1 and the base of 
transistor Q1, and serves as a biasing resistor and, in combina 
tion with the filament of trip indicator lamp LMP1 also in line 
30, as a voltage dividing resistor. 
A semiconductor control rectifier SCR1 is connected at its 

anode to a point on control line 30 intermediate trip indicator 
lamp LMP1 and biasing resistor R1. The cathode of rectifier 
SCR1 is connected to ground so that in the conductive state 
rectifier SCR 1 shunts current flow away from the base of 
transistor Q1 turning it off. 
Gate circuit 40 provides means for initiating conduction of 

SCR 1. Gate current to rectifier SCR1 and thus its conductive 
nonconductive state is controlled through gate circuit 40 by 
position of overload switch SW2 contacts K2. In gate circuit 
40, diode D6 is serially connected through the center tap 
(point 21) to contacts K2. Resistor R5 and Zener diode Z are 
serially connected between diode D6 and ground. Resistor R4 
is connected at one terminal to a point intermediate resistor 
R5 and Zener diode Z1 and at its other terminal to the base of 
second transistor O2. The emitter of transistor O2 is con 
nate ran Ana Farmirr 1 - - - -a Y - 1 - - - - - - - - - 
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2 
the collector of transistor Q2 through serially connected re 
sistors R2 and R3 while the other terminal of diode D5 is con 
nected to line L1. Diode D5 thus receives voltage and current 
from power source P1 whether contacts K2 are open or 
closed. 
Zener diode Z2 has its cathode connected to a point inter 

mediate resistors R2 and R3 and its anode connected to 
ground. Resistor R6 and capacitor C1 are connected in paral 
lel between the collector of transistor Q2 and ground, forming 
a low pass filter, Diodes D3 and D4 are serially connected 
between the collector of transistor O2 and the gate terminal of 
SCR1. By means of gate circuit, 40, SCR1 is locked in the 
nonconductive state with no gate current flowing thereto 
when switch SW2 contacts K2 are closed, but with contacts 
K2 open gate current flows to SCR1 putting it in the conduc 
tive state. 
When switch SW1 is in the open position, no current flows 

from remote power source P3 to the base of transistor Q1 and 
transistor Q1 is therefore locked in the off state. Power flow to 
relay coil RY1 is blocked by transistor Q1 and contacts RY1A 
are open, blocking power flow to the load. Normally closed 
overload switch SW2 contacts K2 are in the closed position. 
Current flows from power source P1 through the contacts K2 
center tap at point 21 to the base of transistor O2, causing 
transistor O2 to turn on. Current flows from power source P1 
through diode D5, resistors R2 and R3, transistor O2 to 
ground. Thus the voltage at the collector of transistor O2 is 
approximately ground voltage so that no gate current or gate 
voltage is impressed upon the gate terminal of rectifier SCR1 
locking it in the nonconductive state. 
To activate relay coil RY1, switch SW1 is closed. Current 

flows from remote power source P3 through switch SW1, 
lamp LMP1, resistor R1 and diodes D1 and D2 to the base of 
transistor Q1. No current flows through rectifier SCR1 since it 
is still locked in the nonconductive state. Upon receiving base 
current, transistor Q1 turns on and enables power from power 
source P2 to flow through relay coil RY 1 causing contacts 
RY1A to close, permitting power to be transmitted from 
power source P1 to the load. Although there is a current flow 
ing through the filament of trip indicator lamp LMP1, most of 
the voltage drop from remote power source P3 occurs across 
the resistor R1. Insufficient voltage drop occurs across lamp 
LMP1 filament to cause lamp LMP1 to be lighted. It will be 
seen that after relay contacts RY1A close, gate current to 
SCR still does not flow, since the voltages at point 21 and 
diode D5 have not changed. 
When current conditions to the load are such that overload 

switch SW2 contacts K2 are caused to trip open, current flow 
to the base of transistor Q2 through resistors R4 and R5 and 
diode D6 is interrupted, forcing transistor Q2 into the off 
state. The voltage at its collector increases such that a gate 
voltage and gate current are thus impressed upon SCR1, gat 
ing it into the conductive state. Current flow to the base of 
transistor Q1 immediately is shunted through the conductive 
SCR1 to ground and transistor Q1 turns off. Trip indicator 
lamp LMP1 lights up as the voltage drop from power source 
P3 to ground occurs across the lamp LMP1 filament. As 
transistor Qi turns off, power flow to relay coil RY1 is 
blocked and relay contacts RYA are caused to open. 
SCR remains conductive and relay contacts RY 1 remain 

open even though overload switch SW2 contacts K2 recycle 
and close. The reclosing of contacts K2 causes gate current to 
SCR1 to cease, but SCR1 remains conductive so long as volt 
age is impressed across it and anode current flows through it 
from remote power source P3. 
To reclose relay contacts RYA switch SW2 contacts K2 

are allowed to recycle (close upon cooling). Switch SW1 is 
first set to the open or off-reset position and then reset to the 
closed or on position. The open switch SW1 blocks voltage 
and current to SCR1 which, lacking both gate voltage and cur 
rent and anode voltage and current is forced into the noncon 
ductive state. Immediately after switch SW1 has been set to 

- - - AA 
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initial conditions described above with respect to the first clos 
ing of switch SW1. Closing switch SW1 to the closed or on 
position thus causes current to flow to the base of transistor 
O1 and results in the closing of relay contacts RY1A as 
described above. 
To open relay contacts RY1 under normal conditions, 

switch SW1 is opened which blocks current flow to transistor 
Q1 and causes contacts RY1A to open. 
Thus, by means of switch SW1 and the remote control line 

30, relay contacts RY1A can be opened and closed during 
normal operation and can be reset to close after switch SW2 
trips. Also, due to the interactions of the switch SW2 and 
SCR1, relay contacts RYA are caused to trip at the same 
time as contacts K2 trip. Contacts RY1A, however, remain 
open until reset by switch SW1. It is to be noted that relay con 
tacts RY1A cannot be reset until switch SW2 has recycled and 
contacts K2 are closed. 
The function of diodes D5, D6 and Zener diodes Z1 and Z2 

is to allow the embodiment of FIG. 1 to be used with both AC 
and DC power sources P1 of various outputs. A power source 
of 110 volts AC for instance, could be employed for P1. 
Diodes D5 and D6 block the negative half cycle of such an AC 
power source from transistor Q2 and the gate terminal of 
SCR1. Zener diodes Z1 and Z2 regulate the maximum voltage 
appearing at the collector and emitter of transistor Q2. The 
filter comprised of resistor R6 and capacitor C1 filters out 
power source harmonics which might result in gate voltage to 
SCR1 sufficient to cause it to become conductive at an im 
proper time. 
For a strictly DC power source P1 diodes D5 and D6, re 

sistor R6 and capacitor C1 can be deleted from the embodi 
ment. For power sources of proper voltage output, Zener 
diodes Z1 and Z2 may also be deleted, or replaced with 
properly scaled voltage dividing resistors. 
Diodes D1, D2, D3 and D4 are safety devices to protect the 

system should the control line 30 become shorted. The control 
line 30 itself is self-protected in case of shorting. Diodes D1 
and D2 are serially connected to the base of transistor Q1 
between the base and resistor R1. Diodes D1, D4 protect 
transistor Q1 and SCR1 from back biasing. 

If control line 30 shorts, transistor Q1 turns off and relay 
contacts RY1A are caused to open. Note that trip indicator 
lamp LMP1 lights up if control line 30 becomes shorted. 

Referring now to FIG. 2, a second embodiment of the 
present invention is illustrated. The illustrated embodiment 
employs switch SW2 as in the FIG. 1 embodiment but pro 
vided with an auxiliary pair of normally open contacts K3 to 
obtain isolation of the remote control line 30 and associated 
components from the power source P1-load circuit. The 
position of the auxiliary contacts K3 is determined by the posi 
tion of switch SW2 contacts K2 and controls the flow of power 
from power source P2 to SCR1. Relay contacts RY1A, switch 
SW2 contacts K2, AC or DC power source P1 and the load are 
connected in series as they were in the embodiment of FIG. 1. 
Also as in the embodiment of FIG. 1, switch SW1, trip indica 
tor lamp LMP1, resistor R1, diodes D1 and D2 are connected 
in series between remote power source P3 and the base of 
transistor Q1. Power source P2, relay coil RY 1 and the collec 
tor of transistor Q1 are connected in series, with the emitter of 
transistor Q1 connected to ground. SCR1 is connected to 
ground in parallel to resistor R1 and in series with power 
source P3. These features also are the same as in the embodi 
ment of FIG. 1. 

In the embodiment illustrated in FIG. 2, however, the aux 
iliary pair of normally open contacts K3 are connected in 
parallel to relay coil RY1 and in series with power source P2. 
Voltage dividing resistors R7 and R8 are connected in series 
between contacts K3 and ground. The gate terminal of SCR1 
is connected intermediate resistors R7 and R8. 
When switch SW1 is in the open or off-reset position, switch 

SW2 contacts K2 are closed and the normally open auxiliary 
contacts K3 are open. With no current flowing to the base of 
transistor Q1, transistor Q1 is off and no current flows through 
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4. 
relay coil RY1 from power source P2 and relay contacts 
RY1A are thus open. SCR1 is nonconductive with no gate 
current flowing thereto. To close relay contacts RY1A, switch 
SW1 is put in the closed position. Current flows from remote 
power source P3 to the base of transistor Qi, turning it on and 
power from power source P2 then flows through relay coil 
RY1, causing relay contacts RYA to close. SCR1 is noncon 
ductive and remains nonconductive as long as auxiliary con 
tacts K3 are open. The voltage drop across the filament of trip 
indicator lamp 31 is insufficient to cause the lamp to be 
lighted. ... 

If switch SW2 contacts K2 are caused to open, auxiliary 
contacts K3 respond by closing. Thus if switch SW2 contacts 
K2 open while switch SW is in the closed position, contacts 
K3 close and gate current is conducted from power source P2 
to SCR1 initiating conduction and shorting current away from 
the base of transistor Q1. Transistor Q1 turns off, blocking 
power flow to relay coil RY 1 and relay contacts RY1A are 
forced to open. Trip indicator lamp LMP1 lights up due to the 
voltage drop which now occurs across it. 
As switch SW2 contacts K2 recycle and close, auxiliary con 

tacts K3 return to their normally open position, blocking gate 
current to SCR1. SCR1 remains conductive, however, due to 
the anode current and voltage provided to it by power source 
P3. Thus relay contacts RY1A are locked open while contacts 
K2 and K3 cycle to their normal positions. 
To reclose relay contacts RY1A, switch SW1 is opened and 

then reset to the closed position. In the open position, switch 
SW causes SCR1 to become nonconductive even when 
switch SW1 is reset to the closed position. Once nonconduc 
tive SCR will remain nonconductive, when contacts K3 are 
cycled and open, and gate current flows to transistor Q1, turn 
ing it on. Relay coil RY 1 received power from power source 
P2 and relay contacts RY1A close. To open contacts RY1A 
during normal operation, switch SW1 is set to the open posi 
tion blocking current flow to the base of transistor Q1. 

It is to be noted that, as in the embodiment of FIG. 1, opera 
tion of switch SW1 to recycle contacts K1 is not effective until 
switch SW2 contacts K2 have recycled. 
By employing normally closed auxiliary contacts K4, the 

FIG. 2 circuit may be modified. This is shown in FIG. 3, 
wherein auxiliary contacts K4 are connected through resistor 
R9 to control line 30 in parallel with SCR1. The gate terminal 
of SCR1 is connected to a point intermediate resistor R9 and 
contacts K4. 
Normally closed contacts K4 therefore, directly control the 

gate voltage, and hence the gate current of SCR1. When 
switch SW2 contacts K2 are closed, auxiliary contacts K4 are 
closed and the gate terminal of SCR1 is shorted to ground. 
When switch SW2 contacts K2 are open, auxiliary contacts K4 
are open and the gate terminal of SCR1 receives gate voltage 
and current from power source P3 through resistor R9. SCR1 
is thus gated on when switch SW2 contacts K2 trip open as in 
the embodiments previously described. SCR1 in the conduc 
tive state causes transistor Q1 to turn off and relay contacts 
RY1A to open. SCR1 remains conductive and contacts RY1A 
remain open until switch SW1 is opened and then reset to the 
closed position. 
FIG.3 may be modified as illustrated in FIG. 4 in which the 

gating impulse to SCR is amplified. One terminal of normally 
closed auxiliary contacts K4 is connected through resistor R9 
to control line 30. The other terminal of contacts K4 is con 
nected to ground. The base terminal transistor Q3 is con 
nected intermediate contacts K4 and resistor R9. The emitter 
of transistor Q3 is connected to the gate terminal of SCR1 
while the collector is connected to line 30 through resistor 
R10. Normally closed auxiliary contacts K4 thus control the 
base voltage and base current to transistor Q3. When switch 
SW2 contacts K2 are closed, auxiliary contacts K4 are closed 
and the base of transistor Q3 is shorted to ground. Transistor 
Q3 is locked "off" and no gate current flows from the emitter 
of transistor Q3 to SCR, keeping SCR1 nonconductive. 
When switch SW2 contacts K2 trip open, auxiliary contacts 
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K4 open and transistor Q3 receives base current and base volt 
age from power source P3 through resistor R9. Transistor Q3 
is caused to turn on, conducting gate current to SCR1 and 
forcing it conductive. As previously described when SCR1 
conducts, transistor Q1 turns off and relay contacts RYA 
open. SCR remains conductive, transistor Q1 remains off, 
and relay contacts RYA remain open until switch SW1 is 
opened and then reset to the closed position. 
Thus a circuit breaker made in accordance with this inven 

tion is extremely flexible in use since the control switch SW1 
can be located in a central control location remote from the 
actual load line interrupting switch SW2 and relay. A light 
control line connects the two locations and carries a signal 
from SW1 to the relay to switch the load on or off or to reset 
the device and further carries trip information back to the 
lamp which preferably is located near switch SW1. As ex 
plained supra, the control line is itself protected. Another ad 
vantageous feature is that the circuit breaker is so-called "trip 
free, ' that is, the circuit breaker cannot be held on when a 
fault exists thereby protecting the load from deleterious over 
load effects. If a fault does occur, either in the load line or in 
the control line, lamp LMP1 is energized and the load discon 
nected from the power source. Should there be a power failure 
or in the event of shut down, the circuit breaker returns to the 
"on" condition (or "off" if so set manually). Thus, the present 
invention provides a circuit breaker having reliable, low 
power, control means. The remote switch SW1 provides 
complete remote control of the position of the circuit breaker 
contacts K2 while carrying minimal current. The circuit 
breaker contacts K2 are automatically caused to open when 
an overload occurs and are locked open by the SCR latching 
operation. Should the remote power supply fail, or some other 
failure in the control system occur, the circuit breaker con 
tacts are automatically caused to open and remain open until 
the failure is corrected. 

It is to be understood that the embodiments described 
herein have been for illustrative purposes only and that per 
sons skilled in the art may devise other embodiments without 
departing from the scope of the invention as defined by the ap 
pended claims. 

claim: 
1. Circuit interrupting apparatus comprising: 
a. current control means including a gated semiconductor, a 

relay coil connected to the current control means, and 
means connected to the gate of the semiconductor for in 
itiating conduction of the semiconductor to control cur 
rent flow in the relay coil; 

b. a control circuit including means to normally bias the 
current control means to allow current to flow through 
the relay and to supply voltage to the anode-cathode of 
the semiconductor and an on-off switch; and 

c, a load circuit including an overload switch and a first set 
of contacts responsive to current flow in the relay coil, 
and means causing the first set of contacts to open when 
the on-off switch is off and when the overload switch is 
open. 

2. Apparatus according to claim 1 in which an indicating 
lamp is included in the control circuit and is visibly incan 
descent when the overload switch trips open and when a short 
circuit occurs between the lamp in the control circuit and ground. 

3. Apparatus according to claim 1 in which the current con 
trol means includes a transistor, the collector-emitter circuit 
of which is serially connected to the relay coil, and the base of 
the transistor is connected through a resistor to the anode 
cathode circuit of the gated semiconductor device and the 
control circuit, whereby conduction of the gated semiconduc 
tive device shunts the base current of the transistor, turning it 
off. 

4. Apparatus according to claim 3 in which the gate of the 
gated semiconductive device is connected to a second 
transistor and the load circuit, the base of the second 
transistor being connected to the load circuit intermediate a 
load and the overload switch. 
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6 
5. Apparatus according to claim 3 further including as a 

part of the means for initiating conduction, a second set of 
contacts connected to the gate of the semiconductor and 
adapted to open and close dependent upon the position of the 
overload switch. 

6. Apparatus according to claim 5 in which the second set of 
contacts is open when the overload switch is closed. 

7. Apparatus according to claim 5 in which the second set of 
contacts is closed when the overload switch is closed. 

8. Apparatus according to claim 6 further including a power 
source for the current control means and the relay coil and a 
pair of serially connected resistors, one side of the second set 
of contacts is connected intermediate the power source and 
the coil, and the other side is connected to the pair of resistors, 
the gate of the gated semiconductor is connected intermediate 
the pair of resistors, whereby upon closing of the second set of 
contacts, the gated semiconductor conducts shunting current 
from the base of the transistor turning it off and locking the 
first set of contacts open until the on-off switch is turned off 
and then on. 

9. Apparatus according to claim 7 further including a power 
source for the current control means and the relay coil and a 
first resistor, one side of the second set of contacts is con 
nected to ground, the other side is connected to the first re 
sistor which is connected to the control circuit, the gate of the 
gated semiconductor is connected intermediate the second set 
of contacts and the first resistor; wherein upon opening of the 
second set of contacts the gated semiconductor conducts 
shunting current from the base of the transistor turning it off 
and locking the first set of contacts open until the on-off 
switch is turned off and then on. 

10. Apparatus according to claim 9 further including a 
transistor, the emitter thereof connected to the gate of the 
gated semiconductor, the collector connected to the control 
circuit through a second resistor and the base connected inter 
mediate the second set of contacts and the first resistor to ann 
plify the gate current of the gated semiconductor. 

11. Circuit interrupting apparatus comprising: 
a. a control circuit including an on-off switch; 
b. current control means including a gated semiconductor, a 

relay coil connected to the current control means, and 
means connected to the gate of the semiconductor for in 
itiating conduction of the semiconductor to control cur 
rent flow in the relay coil; and 

c. a load circuit including an overload switch and a first set 
of contacts responsive to the current flow in the relay 
coil; and means causing the first set of contacts to open 
when the on-off switch is off or when the overload switch 
is open. 

12. In a circuit breaker system comprising a relay coil and a 
first set of contacts controlled by the relay coil and an over 
load switch, a remote control system comprising; 
a remote power source, a control line connected serially to 
the remote power source, a switch in the control line, the 
position of the switch controlling current flow through 
the control line; a transistor, the control line connected to 
the transistor so current from the remote power source 
flows to the base of the transistor and controls the off-on 
state thereof, the transistor being connected to the relay 
coil and controlling current flow through the relay coil, a 
gated semiconductor connected at its anode terminal to 
the control line between the switch and the transistor and 
shorting base current away from the transistor when in 
the conductive state, and gating means for controlling the 
gate current to the semiconductor in accordance with the 
position of the overload switch whereby: 

the position of the first set of contacts is determined by the 
position of the switch and the position of the overload 
switch through the effect of the positions upon the con 
ductive nonconductive state of the gated semiconductor 
device. 

13. In a circuit breaker system comprising a relay coil, a first 
set of contacts controlled by the relay coil and an overload 
switch, a remote control system comprising: 
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a remote power source, a control line connected serially to 
the remote power source, a switch in the control line, the 
position of the switch controlling current flow through 
the control line; a transistor, the control line connected to 
the transistor so current from the remote power source 
flows to the base of the transistor and controls the off-on 
state thereof, the transistor being connected to the relay 
coil and controlling current flow through the relay coil, a 
gated semiconductor connected at its anode terminal to 
the control line between the switch and the transistor and 
shorting base current away from the transistor when in 
the conductive state, and gating means including a second 
set of contacts, the position of which is dependent upon 
the overload switch for controlling the gate current to the 
semiconductor in accordance with the position of the 
overload switch and hence the second set of contacts, 
whereby upon tripping of the overload switch, the second 
set of contacts close, gating the semiconductor which will 
remain conductive shunting base current from the 
transistor and keeping the first set of contacts open until 
the remote power source is interrupted by the switch in 
the control line. 

14. In a circuit breaker system comprising a relay coil, a first 
set of contacts controlled by the relay coil and an overload 
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8 
switch, a remote control system comprising: 

a remote power source, a control line connected serially to 
the remote power source, a switch in the control line, the 
position of the switch controlling current flow through 
the control line; a transistor, the control line connected to 
the transistor so current from the remote power source 
flows to the base of the transistor and controls the off-on 
state thereof, the transistor being connected to the relay 
coil and controlling current flow through the relay coil, a 
gated semiconductor connected at its anode terminal to 
the control line between the switch and the transistor and 
shorting base current away from the transistor when in 
the conductive state, and gating means including a second 
set of contacts, the position of which is dependent upon 
the overload switch for controlling the gate current to the 
semiconductor in accordance with the position of the 
overload switch and hence the second set of contacts, 
whereby upon tripping of the overload switch, the second 
set of contacts opens, gating the semiconductor which 
will remain conductive shunting base current from the 
transistor and keeping the first set of contacts open until 
the remote power source is interrupted by the switch in 
the control line. 


