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United States Patent Office 3,309,570 
Patented Mar. 14, 1967 

3,309,570 
ARCESS INTERRUPTER 

Leon J. Goldberg, Schenectady, N.Y., assignor to Gen 
eral Electric Company, a corporation of New York 

Continuation of application Ser. No. 299,913, Aug. 5, 
1963. This application May 16, 1966, Ser. No. 559,670 

21 Claims. (C. 317-11) 
This invention relates to an arcless interrupter and is a 

continuation of my application Ser. No. 299,913, filed 
August 5, 1963, now abandoned. 
More specifically, the invention relates to an arcless 

interrupter for interrupting either direct current or alter 
nating current supplied to an electrical load by means of 
a set of separable contacts without producing a substantial 
electric arc between the contacts during the interruption 
process. 

In many electric circuits used today, it is often neces 
sary to switch large currents in the order of hundreds 
and even thousands of amperes or greater. To do this, 
circuit interrupters are employed which comprise a set 
of physically separable contacts which upon separation, 
interrupt the electric current flow through the device. 
While interrupting large currents of this order of magni 
tude, an electric arc discharge normally is established be 
tween the two separable contacts as they separate. This 
arc lasts for a finite period, and requires special structures 
to be extinguished. Many different structures have 
been employed for both elongating the arc, and driv 
ing it into an arc chute which absorbs energy from the 
arc. Some of the more commonly used devices of this 
nature employ a magnetic field transverse to the arc or 
air blasts either axially aligned with or transverse to the 
arc, as well as oil baths. In the case of the magnetic 
blowout interrupter, a magnetic field is formed by a series 
coil and core transverse to the arc, and accomplishes arc 
extinction by driving the arc into an associated arc chute 
structure. These structures are large for large current 
ratings, and difficult to manufacture. Additionally, they 
allow the arc to continue for predetermined periods there 
by introducing undesired switching transients into the 
power system, and further require replaceable contacts 
whose operating life is greatly shortened the longer an arc 
is allowed to continue. To overcome these problems, and 
to obviate the need for such devices and structures, the 
present invention was devised. 

It is therefore a primary object of the invention to 
provide a new and improved arcless interrupter for inter 
rupting either direct current or alternating current sup 
plied to an electric load by means of a set of separable 
contacts without producing any substantial electric arc 
between the contacts during the interruption operation. 

In practicing the invention, an arcless circuit interrupter 
is provided which comprises a set of physically separable 
contacts connected in circuit relationship with a load for 
interrupting current to the load. A commutating ca 
pacitor, and a fast acting gate controlled conducting de 
vice (preferably a silicon controlled rectifier) are con 
nected in a closed series circuit loop with the separable 
contacts so that the gate controlled conducting device 
serves to connect the capacitor across the contacts upon 
being rendered conductive. Electronic sensing and con 
trol means are operatively coupled to the contacts and 
to the control gate of the fast acting gate controlled con 
ducting device for sensing the increase in potential across 
the contacts as they start to open, and thereby turn on the 
fast acting gate controlled device in response to the open 
ing of the contacts. The circuit is completed by means 
for charging the commutating capacitor to an energy 
level and polarity such as to prevent the formation of any 
substantial arc or gaseous discharge across the contacts 
upon the discharge of the capacitor when the contacts 
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start to open. In operation, the arcless interrupter serves 
to divert the current from the physically separable con 
tacts immediately after they separate, and to impose across 
the contacts at the same time a reverse voltage that aids 
in quickly de-ionizing the space between the contacts. 
This is achieved by means of the commutating capacitor 
which is precharged to the proper voltage and polarity, 
and suitably switched in to the circuit by the fast acting 
gate controlled conducting device. 

Other objects, features and many of the attendant ad 
vantages of this invention will be appreciated more readily 
as the same becomes better understood by reference to 
the following detailed description, when considered in 
connection with the accompanying drawings, wherein like 
parts in each of the several figures are identified by the 
same reference character, and wherein: 
FIGURE 1 is a functional block diagram of an arcless 

circuit interrupter constructed in accordance with the 
invention; 
FIGURE 2 is a series of schematic representations of a 

number of gate controlled conducting devices suitable for 
use in the arcless circuit interrupter illustrated in func 
tional block diagram form in FIGURE 1; 
FIGURE 3 is a schematic circuit diagram of one specific 

form of a satisfactory circuit interrupter constructed in 
accordance with the invention; 
FIGURE 4 is a schematic circuit diagram of still another 

form of circuit interrupter constructed in accordance with 
the invention which makes possible substantially instan 
taneous arcless interruption immediately after closing of 
the circuit on a load; 
FIGURE 5 is a schematic circuit diagram of an arcless 

interrupter constructed in accordance with the invention 
which provides over-current protection; 
FIGURE 6 is a schematic circuit diagram of still 

another specific form of arcless circuit interrupter suit 
able for use with high voltage circuits wherein the high 
Voltage current carrying switching circuit components 
are separated from the low voltage sensing circuit com 
ponents; 
FIGURE 7 is a schematic circuit diagram of an alter 

nating current archess circuit interrupter constructed in 
accordance with the invention; 
FIGURE 8 is a functional block diagram of a form 

of arcless circuit interrupter which employs the distributed 
capacitance of a supply cable as a part thereof; 
FIGURE 9 is a schematic circuit diagram of a com 

plete arcless interrupter employing the distributed capaci 
tance of a supply cable as a part of the interrupter; and 
FIGURE 10 is a schematic circuit diagram of a com 

plete high voltage direct current circuit interrupter em 
ploying the principles of the present invention. 
The arcless circuit interrupter shown in FIGURE 1 of 

the drawings comprises a set of physically separable con 
tacts indicated at 11 which are connected in series circuit 
relationship with a load 12 across a source of direct cur 
Tent indicated by the terminals marked plus (-) and 
minus (-). The set of physically separable contacts 11 
comprises a part of a solenoid actuated switch having a 
control winding indicated at 13 which may be connected 
in series circuit relationship with an on-off knife switch 
14 across the direct current supply. A commutating ca 
pacitor 15 is provided which has one of its plates or elec 
trodes operatively connected to the junction of the load 
2 and one of the contacts of the set of movable contacts 

11. It should be noted that while in the illustration and 
following description a single capacitor having a single 
set of plates is disclosed, the capacitor is intended to de 
pict any sort of capacitance which may be comprised by 
a capacitance bank made up from a plurality of condens 
ers, for example, or from some other similar arrange 
ment such as those which will be described in connection 
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with FIGURES 8 and 9 later. Also, it should be noted, 
that while the set of physically separable contacts 11 is 
illustrated as a switch having a single set of contacts, the 
principles of the invention will operate equally well with 
switches having multiple contacts, or with multiple sets 
of switches; but for the sake of simplicity only a single 
set of contactors is illustrated. A fact acting gate con 
trolled conducting means 16 is operatively connected be 
tween the remaining plate of the commutating capacitor 
15 and the remaining contact of the set of physically sep 
arable contacts 11, and upon being rendered conductive 
serves to couple the capacitor 15 across the set of sepa 
rable contacts 11. The fast acting gate controlled con 
ducting means 16 may comprise any fast responding elec 
tronic device such as those illustrated schematically in 
FIGURES 2(a) through 2(d). However, in preferred 
arrangements of the interrupter, the gate controlled con 
ducting means 16 comprises a silicon controlled rectifier 
because of its high sensitivity and speed of response. For 
higher voltage ratings, it may be desirable to employ a 
series arrangement of silicon controlled rectifier and a 
two-electrode gap such as shown in FIGURE 2Cd). For 
other applications, thyratron, ignitron or similar gas dis 
charge devices such as shown in FIGURE 2(b) may be 
used, or a three-electrode gap such as shown in FIGURE 
2(c) may be preferred. 
The fast acting gate controlled conducting means 16 

has its control gate operatively connected to a non-me 
chanical, electronic sensing and control circuit means 17 
which in turn is operatively connected to one of the sep 
arable contacts 11. By this arrangement the circuit means 
17 will sense the increase in potential occurring across 
the set of contacts 1 as they start to separate. The arc 
less circuit interrupter is completed by a charging circuit 
means 8 which serves to charge the commutating capaci 
tor 15 to a polarity and sufficient voltage level so that 
upon its discharge when the fast acting gate controlled 
conducting means 16 is rendered conductive, the capaci 
tor discharge current circulated in the closed series loop 
comprised by the separable contacts, the commutating 
capacitor and the gate controlled conducting means, is 
sufficient to reduce the load current flow through the con 
tacts to Zero or perhaps even to cause a reverse current 
to flow through the contacts with respect to the initial 
load current to thereby prevent the formation of any Sub 
stantial arc across the contacts. By connecting the charg 
ing circuit 18 and the commutating capacitor 15 in the 
above-described manner, it is assured that the polarity 
of the potentials across the capacitor 15 will be such as 
to divert the current through the circuit away from con 
tacts 11 as they start to separate, and to cause the polar 
ity of the potential across the contacts to be reversed so 
as to prevent the formation of any substantial arc across 
the contacts as they start to open, and to de-ionize the 
Space between the contacts. 

In operation, it is assumed that the contacts 11 are 
closed so that current is being supplied to load 12. If it 
is desired to interrupt the current at the load 12, the 
switch 14 is opened thereby de-energizing the control 
winding 13 which releases the contacts 11 and allows them 
to start to open. As the contacts 11 start to open, the 
increase in potential across the contacts will cause the 
sensing and control circuit 17 to fire the gate controlled 
conducting means 6 which preferably comprises a sili 
con controlled rectifier. For example, as the contacts 
commence to open, the voltage across the contacts rises 
from the voltage drop across the contacts which is in the 
neighborhood of a few millivolts rises toward the full 
line voltage. When this increase in potential reaches a 
magnitude in the order of a few volts, which occurs 
almost instantaneously, the gate controlled means is ren 
dered conductive. Typically, the increase in potential 
across the contacts may rise from a few milivolts to the 
neighborhood of 8 volts in one microsecond. Upon the 
gate controlled conducting means 6 being rendered con 
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4. 
ductive, the charge on the commutating capacitor 15 is 
immediately coupled across the contacts 11. The ca 
pacitor 15 has been charged by the charging circuit 18 
to a potential approximately equal to the potential of 
the D.C. supply source, and having the polarity indicated. 
It should be noted that the commutating capacitor may 
be charged to other values depending upon the value of 
the commutating capacitor 15, the value of a discharge 
current limiting resistor if one is used, and the load cur 
rent to be commutated off, and may be any desired value 
with respect to the supply voltage provided it is adequate 
to accomplish the above effect. Upon the gate controlled 
conducting means 16 being rendered conductive, the path 
through the commutating capacitor 15 serves to divert 
the current from the contacts 11 as they start to separate. 
In addition, the potential across the commutating capaci 
tor 15 adds to the potential of the D.C. supply source to 
approximately double the potential across the load E2 (in 
the example cited). This results in dropping the poten 
tial at the point 9 to a value less than the negative po 
tential of the D.C. supply source thereby reversing the 
potential across the contacts 1. Reversal of the poten 
tial across the contacts 11 results in the prevention of the 
formation of any substantial arc across these contacts 
as they continue to separate, and deionization of the space 
between the contacts, and may even result in a small re 
verse current flow across the contacts. In this manner, 
archess interruption of the current flow to the load 12 is 
achieved. 
FIGURE 3 of the drawings is a schematic circuit dia 

gram of one specific form of arcless circuit interrupter 
constructed in accordance with the invention. The arc 
less circuit interrupter in FIGURE 3 comprises a set of 
physically separable contacts 11 connected in series cir 
cuit relationship with a load resistor 21 across a source 
of direct current supply. The set of separable contacts 

is actuated by a control winding or pick-up and hold 
ing coil 13 which in turn is energized through an on-off 
switch 14 connected in series circuit relationship with 
the control winding 13 across the direct current power 
supply. A commutating capacitor 15 has one of its plates 
connected to the junction of the load resistor 21 and the 
contacts 11, and its remaining plate connected to a sili 
con controlled rectifier 22 through a current limiting re 
sistor 23. The control gate of the silicon controlled rec 
tifier 22 is connected to an electronic sensing and control 
circuit comprised by a current limiting resistor 24, block 
ing diode 25 and a fuse 26 connected in series circuit 
relationship between one of the contacts 11 and the con 
trol gate of the controlled rectifier 22. The circuit is 
completed by a resistor 27 connected between the pos 
itive terminal of the direct current power supply and com 
mutating capacitor 15. By this arrangement, when the 
circuit is supplying load current to the load 21, the upper 
plate of the capacitor 15 will be at the potential of the 
negative bus, and the bottom plate of the capacitor 15 is 
charged to almost the positive bus voltage. 

In operation, upon the on-off switch 4 being opened, 
the control winding 13 releases the contacts 11 to allow 
them to open and interrupt current flow through the load 
resistor 21. As a consequence, the voltage across the 
contacts will rise from nearly zero value to about 15 or 
20 volts before any arc will appear across the contacts. 
This initial rise in voltage across the contacts to some 
value less than an arc producing voltage (about 8 volts) 
is utilized to excite the gate of the silicon controlled rec 
tifier 22 through the sensing and control circuit comprised 
by resistor 24, blocking diode 25 and the fuse 26. Upon 
the silicon controlled rectifier 22 being rendered conduc 
tive, since the commutating capacitor 15 is charged with 
its upper plate at its negative bus voltage, almost double 
the system voltage will force current from the positive 
bus terminal through the load resistor 21, the capacitor 15, 
limiting resistor 23 and the silicon controlled rectifier 22 
to the negative bus terminal. This produces a voltage: 
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drop across the load resistor 21 which is greater than the 
line voltage, and consequently the potential of the upper 
plate of the commutating capacitor 15 will drop below 
the potential of the negative bus terminal. This results 
in reversing the polarity of the voltage across the contacts 
11 which now will be in opposition to the flow of normal 
load current through the contactor, and the space between 
the contacts will be de-ionized so that the formation of 
any substantial arc discharge across the separated contacts 
is prevented. The value of the discharge current from 
capacitor 15 is determined primarily by the value of the 
potential to which it is charged, and the value of the cur 
rent limiting resistor 23. This value is adjusted so that 
the load current through the contacts is reduced to Zero, 
or nearly to zero, or may be even reversed with respect 
to the direction of the initial load current. Accordingly, 
it can be appreciated that by varying the value of the dis 
charge current limiting resistor 23, the magnitude of the 
commutating capacitor discharge current can be con 
trolled to provide a desired form of archess interruption. 

After the capacitor 15 is discharged, the full line volt 
age appears across the open contacts 11. Therefore the 
silicon controlled rectifier which temporarily remains in 
the conducting state must be protected. For this reason, 
the value of the charging resistor 27 is adjusted so that 
the current through the silicon controlled rectifier 22 after 
contacts 1 are open is maintained below the holding 
current of the SCR, and the silicon controlled rectifier 
will turn off upon the contacts 1 again being closed to 
remove the positive potential from the gate. 

In the particular circuit shown in FIGURE 3, agen 
eral purpose contactor General Electric Company type 
IC 2800-1617 was used having a rating of 600 volts at 50 
amps. A 250 volt direct current power supply was used 
with the load resistor 21 having a value of 5 ohms, the 
capacitor 15 having a value of 10 microfarads, limiting 
resistor 23 a value of 1.6 ohms, resistor 27 a value of 
220 kilo-ohms, and the limiting resistor 24 having a value 
of 3.5 kilo-ohms. 
FIGURE 4 is a schematic circuit diagram of still a dif 

ferent form of circuit interrupter, constructed in accord 
ance with the invention. The circuit of FIGURE 4 is 
quite similar to the circuit shown in FIGURE 3 of the 
drawings with the exception that an additional means is 
provided for adding a precharge to the commutating 
capacitor 15 in advance of closing the contacts 11 and 
supplying load current to the load device 2. By this 
means, in the event that a fault exists at the time of clos 
ing on the load, the commutating capacitor 15 will be 
precharged so that arcless interruption can occur immedi 
ately upon closing the circuit. This means for providing 
a precharge to the commutating capacitor 15 comprises a 
high resistance resistor 28 having one terminal connected 
to the upper plate of the commutating capacitor 15 and 
the remaining terminal connected to the negative terminal 
of the direct current power supply. In addition, a second 
silicon controlled rectifier 29 is connected between the 
junction of the load 12 and one of the contacts of the 
separable contacts EE for preventing premature discharge 
of commutating capacitor 15. This second silicon con 
trolled rectifier 29 has its control gate element operatively 
connected through a current limiting resistor 24' and a 
blocking diode 25' to the secondary winding 30 of a pulse 
transformer. Similarly, the control gate of SCR 22 is 
connected through a current limiting resistor 24 and block 
ing diode 25 to a second secondary winding 31 of the pulse 
transformer. The secondary, windings 30 and 31 are in 
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ductively coupled to the primary winding 32 of the pulse 
transformer which in turn is connected in series circuit 
relationship with a pulse capacitor 32a across contacts 11, 
and in parallel circuit relationship with a shunting diode 
32b. 
As a consequence of the above arrangement, it can be 

appreciated that prior to placing the circuit in operation 
and supplying current to the load 12 through the contacts 
11, that the commutating capacitor 15 will be precharged 

70 

75 
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to a value determined by the value of the direct current 
power supply voltage and the values of the two voltage 
dividing resistors 27 and 28. During the precharge of the 
capacitor 15, and during subsequent operation while the 
circuit is supplying load current to the load, the second 
silicon controlled rectifier 29 serves to block the potential 
across the capacitor 15, and prevents it from being applied 
to the junction of the load 12 and contacts 11. There 
after, if it is desired to interrupt current flow to the load, 
the on-off switch 14 is opened to de-energize control wind 
ing 13, and cause the mechanical contacts 11 to start to 
Separate. As in the previous embodiment of the inven 
tion, upon the mechanical contacts 11 starting to separate, 
an increase in potential across the contacts occurs. This 
results in charging pulse capacitor 32a, and produces a 
current pulse in the primary winding 32 of the pulse trans 
former which is coupled through the secondary windings 
30 and 31 to the control gates of the SCR's 29 and 22, re 
spectively. During startup of the circuit when the con 
tacts 11 are initially closed, the shunting diode 32b causes 
the charging current to pulse capacitor 32a to bypass pri 
mary winding 32. 
As a consequence of the above operation, both silicon 

controlled rectifiers 22 and 29 will be rendered conductive 
simultaneously. Conduction of the silicon controlled rec 
tifier 29 serves to couple the upper plate of the commutat 
ing capacitor 5 effectively to one of the contacts 11, 
while conduction of the silicon controlled rectifier 22 ef 
fectively couples the remaining plate of the capacitor 15 to 
the opposite separable contact. This results in operatively 
coupling the commutating capacitor 15 across the sep 
arable contacts 11 thereby preventing the formation of 
any substantial arc discharge in the previously described 
manner. It is assumed that after the initial discharge of 
the capacitor 15 through the controlled rectifiers 22 and 
29, the remaining current supplied through the circuit 
branch including resistor 27 and SCR 22 is not sufficient 
to maintain the holding current through the silicon con 
trolled rectifier 22, and it will cease conducting. Resistor 
27 is designed to have a sufficiently high value to assure 
this condition. From the preceding description, however, 
it can be appreciated that the circuit makes available an 
arcless interrupter circuit capable of effecting arcless in 
terruption, while at the same time providing a precharge 
to the commutating capacitor 15 so that arcless interrup 
tion is possible immediately after closure of the circuit on 
a load. While one specific form of a precharge circuit 
has been disclosed, it would also be possible to provide a 
precharge to the commutating capacitor 15 with a differ 
ent form of precharge circuit such as the transformer and 
rectifier arrangement disclosed in U.S. Patent No. 
3,042,838, Direct Current Static Electric Switch, B. D. 
Bedford and L. J. Goldberg, inventors, issued July 3, 
1962. 
A form of arcless interrupter is illustrated in FIGURE 

5 of the drawings which provides along with archess in 
terruption, an additional feature of overcurrent protec 
tion. For this purpose, the circuit of FIGURE 5 includes 
an overcurrent sensing resistor 33 connected in series 
circuit relationship with the separable contacts 11 and 
the load 12. While the resistor 33 is disclosed as the over 
current sensing element, any form of overcurrent sensing 
device. could be used equally well in its place. The over 
current sensing resistor 33 is effectively connected through 
limiting resistor 24, blocking diode 25 and fuse 26 to the 
control gate element of a second silicon controlled recti 
fier 35. The second silicon controlled rectifier 35 in turn 
is connected in series circuit relationship with a trip coil 
34 for the physically separable contacts 11. The trip coil 
34 acts on the contacts 11 to cause them to open in 
parallel with pickup and holding coil 13 which similarly 
can cause the contacts to be opened when it is de-ener 
gized. The series circuit formed by trip coil. 34 and 
SCR 35 is connected across the direct current power 
supply so that upon the silicon controlled rectifier 35 
being rendered conductive, current is supplied through the 
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trip coil 34 and results in opening the physically separable 
contacts 11. In other respects, the circuit of FIGURE 5 
is identical with the circuit of FIGURE 3. 

In operation, if it is assumed that the arcless interrupter 
circuit of FIGURE 5 is in a current carrying condition 
with the contacts 1 closed and supplying current to the 
load 12, then in the event of an overcurrent being drawn, 
the potential across the overcurrent sensing resistor 33 
will increase. This increase in potential will cause the 
second silicon controlled rectifier 35 to be fired thereby 
drawing current through the trip coil 34 which opens the 
physically separable contacts 11. As the physically sepa 
rable contacts 11 start to open, an increase in potential 
will occur across these contacts. This increase in poten 
tial is sensed by the first silicon controlled rectifier 22 
which is rendered conductive. As in previous circuits, 
upon the first silicon controlled rectifier 22 being rendered 
conductive, the capacitor 5 is effectively connected back 
across the contacts 11 so as to divert the load current 
therefrom, and to effect a reversal in potential across these 
contacts thereby avoiding the development of any sub 
stantial arc discharge across these contacts. In the selec 
tion of the value of the overcurrent sensing resistor 33, 
it is necessary that this resistor not be so large as to sub 
stantially increase the circuit losses during normal load 
carrying conditions, and it should be properly related to 
the value of the potential to which the commutating ca 
pacitor 15 is charged so as not to substantially decrease 
the value of the reverse discharge current applied back 
across the contacts 1 by the commutating capacitor 5 
upon the SCR 22 being rendered conductive. 

Still another form of direct current arciess interrupter 
constructed in accordance with the invention, is shown in 
FIGURE 6 of the drawings. The arcless interrupter 
shown in FIGURE 6 of the drawings is designed to ef 
fectively separate the large voltage-large current inter 
rupter elements from the lower voltage-low current sens 
ing circuit branches. For this reason, the arcless inter 
rupter of FIGURE 6 is comprised by a set of physically 
Separable contacts 11 which are connected in series circuit 
relationship with a load 12 across a direct current power 
Supply. The physically separable contacts 1 are ac 
tuated by a control winding 13 which in turn is energized 
through an on-off switch 4. A commutating capacitor 
15 is provided which has its upper plate connected to the 
junction of the load 12 and one of the physically separable 
contacts 1, and has its remaining plate operatively cou 
pled through a gate controlled conducting device shown 
at 41 to the remaining terminal of the set of physically 
separabie contacts 11. The gate control conducting de 
vice 4 in this embodiment of the invention comprises 
a three-electrode gap which upon the application of a 
gating pulsed potential to a control electrode 42, causes 
the space in the gap to be ionized, allowing conduction 
across the gap. The gating or trigger pulse may be ap 
plied to the control electrode 42 from the midpoint of a 
voltage dividing or balancing network comprised by a 
pair of resistors 43 and 45 connected in parallel circuit 
relationship with a pair of capacitors 45 and 47 respec 
tively. If desired, the balancing network 43-47 may be 
omitted entirely, depending upon the three-electrode gap 
being used. Three-electrode gaps are well known in the 
art, and are commercially available through such organi 
zations as the Power Tube Department of the General 
Electric Company (see Electronic Design, January 4, 1961 
issue), and the Red Bank Electron Tube Division of 
Bendix Manufacturing Company (see Engineering Data 
Release, Issue No. 24, File No. G-10, November 1960, 
entitled "Triggered Spark Gaps”). For a detailed descrip 
tion of other suitable three-electrode gaps, reference is 
also made to a Geophysics Research Directorate, Report 
No. AFCRC-TR55–227, entitled “Lovotron - A Low 
Voltage Triggered Gap Switch, dated September 1955 
prepared for the Air Force Cambridge Research Center, 
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Bedford, Mass.; and also U.S. Patents 
3,093,766 and 3,093,767. 

Connected in series circuit relationship with the three 
electrode gap 41 is a current limiting resistor 48 which 
serves to limit the discharge current of commutating ca 
pacitor 5 through the circuit branch including the three 
electrode gap 4: upon conduction thereof. The current 
limiting resistor 48 is connected to the lower plate of the 
commutating capacitor 15 and is also connected to a 
charging resistor 27 which serves to charge the capacitor 
5 to nearly the full potential of the direct current power 

Supply upon the contacts 1 being closed. The control 
electrode 42 of the three-electrode gap is connected to 
a sensing and control circuit which includes essentially the 
secondary winding 58 of a pulse transformer whose pri 
mary 5 is connected in series circuit relationship with a 
pulse capacitor 52 and a second gate controlled conduct 
ing device 53 that comprises preferably a silicon controlled 
rectifier. The junction of the silicon controlled rectifier 
53 and the capacitor 52 is connected to a voltage dividing 
network comprised by a pair of resistors 54 and 55 which 
function to limit the potential applied to the control gate 
of the silicon controlled rectifier 53. It should be noted 
that a voltage divider is disclosed as the means employed 
to separate the low voltage-low current sensing circuit 
means from the high voltage-large current interruption 
circuit components, other alternative arrangements could 
be used equally well. The control gate of the silicon con 
trolled rectifier 53 is coupled across the contacts 1 
through an electronic sensing and control network com 
prised by a blocking diode 56, a current limiting resistor 
57, and a signal coupling network comprised by a parallel 
connected resistor 58 and coupling capacitor 59. In this 
manner, the sensing and control network is effectively 
coupled across the physically separable contacts 11 so as 
to Sense the increase of potential across the same as they 
commence to open. 
As an alternative to the above described arrangement, 

it is possible to substitute a different gate controlled con 
ducting device for the three-electrode gap 41. For ex 
ample, an ignitron, a thyratron or some similar device 
could be substituted in the place of the three-electrode 
gap, and a circuit arrangement employing such a device 
Will be described with relation to FIGURE 10. 
Upon the contacts 11 being closed, and current supplied 

to load 12, then the commutating capacitor 15 will be 
charged to a value approximately equal to the value of the 
direct current power supply potential. Thereafter upon 
opening on-off switch 14 so as to de-energize the control 
winding 13, the separable contacts 11 will be caused to 
Open. As the contacts if start to open, the increase in 
potential across the contacts will be sensed by the con 
trol gate of silicon controlled rectifier 53 so that this device 
is caused to conduct. Conduction of the silicon con 
trolled rectifier 53 causes a discharge of the capacitor 52 
through the primary winding 51 of the pulse transformer 
whose Secondary winding 56 is connected to the control 
electrode of the three-electrode gap 41. Application of 
a voltage/current pulse to the control gate of gap 41. 
causes the device to conduct. Conduction through the 
gap 4 is limited by the resistor 48 but not by a sufficient 
amount to prevent the diversion of the load current away 
from the Separable contacts 11, and the application of a 
reverse potential across the contacts 11 in the previously 
described manner so as to prevent the development of 
any Substantial arc discharge between the contacts. In 

3,087,092; 

the event Some small arc discharge forms prior to dis 
charge of the capacitor 15, it will be extinguished prompt 
ly upon the discharge of the commutating capacitor 15, 
and the space between the contacts will be deionized. It 
should be noted that in the embodiment of the invention 
shown in FIGURE 6, the heavy currents to be interrupted, 
for example 20 amperes at 600 volts D.C., are carried by 
the three-electrode gap 24. These larger current carry 
ing devices are triggered from the pulse transformer 50, 
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5 which in turn is actuated by the silicon controlled 
rectifier 53 whose low voltage-low current sensitive con 
trol gate element senses the increase in potential across 
the separable contacts 11. In this embodiment of the 
invention then the silicon controlled rectifier 53 serves 
more as a sensing and control element to gate-on the 
larger current carrying and higher voltage device 41, and 
need not be designed to withstand such larger rated volt 
ages. In this manner, arcless circuit interruption can be 
extended into circuits having extremely large current and 
voltage ratings and still achieve arcless interruption, even 
though the ratings of the circuits themselves are much 
larger than the rating of the silicon controlled rectifier to 
be empolyed in the circuit for sensing opening of the con 
tacts i. 
A different form of direct current arcless interrupter 

which is designed for effectively separating the high volt 
age-large interruption currents from the low voltage-low 
current sensing circuit elements, is illustrated in FIGURE 
10 of the drawings. In the circuit arrangement of FIG 
URE 10, a large number of electric batteries 201 are con 
nected in series circuit relationship to provide a high 
voltage in the order of 1000-1300 volts. Current from 
this high voltage source is supplied to a suitable load 
device 202 through a current interrupter 11 connected in 
series circuit relationship with the load across the high 
voltage source 201. The load device 202 is inductive in 
character so that in order to optimize its decay character 
istics, a thyrite resistor 203 is connected across it. The 
thyrite resistor 203 is connected in series circuit relation 
ship with a pair of voltage dividing resistors 204 and 295 
and parallel connected diodes 206 which serve to decou 
ple the voltage dividing resistors 204 and 265 from the 
arrangement during current decay through the load 262. 
During normal operation of the load 202, however, the 
high value resistances 204 and 205 are connected in Series 
with the thyrite resistor 203 across the load so as to 
represent essentially an infinite impedance thereby effec 
tively decoupling the thyrite resistor 203 from the circuit. 

Arcless interruption is provided through the set of 
physically separable contacts 11 by means of a commu 
tating capacitor 15 which has its upper plate connected 
to the junction of the load 282 and one of the contacts 11, 
and the lower plate connected through an adjustable dis 
charge current limiting resistor 207 and gate controlled 
conducting device 208 to the remaining contact 11. The 
commutating capacitor 15 also has its lower plate con 
nected through a charging resistor 211 and through a set 
of normally open contacts 212 to the positive terminal of 
the direct current power supply. During normal con- i. 
duction intervals of the circuit, the contacts 212 will be 
closed so that the capacitor 15 can be charged essentially 
to the potential of the direct current power supply 201. 
In order to assure discharge of the capacitor 15 when the 
circuit is not in operation, a discharge resistor 213 is 
connected in series circuit relationship with a normally 
closed contact 214 across the commutating capacitor 15. 
The fast acting gate controlled conducting device 208 

comprises an ignitron whose control gate is connected to 
the secondary winding 215 of a pulse transformer that 
comprises part of an electronic sensing and control circuit 
means. The pulse transformer has its primary winding 
216 connected in series circuit relationship with a pulse 
capacitor 217 across a second fast acting gate controlled 
discharge device 218 that preferably comprises a silicon 
controlled rectifier. For pulse shaping purposes, a pair of 
series connected diodes 210 are connected in parallel 
across the primary winding 216 of the pulse transformer. 
In order to provide protection for the silicon controlled 
rectifier 218, a balancing network comprised by a pair of 
series connected resistors 219 and 220 is connected in 
parallel with the SCR 218 and a blocking diode 221 which 
is connected in series circuit relationship with the SCR. 
The mid tap point of the two balancing resistors 219 and 
220 is connected directly to the junction of the blocking 
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1. 
diode 221 and SCR 218 in order to clamp the potential at 
this junction to the normal potential of the midtap point 
of the voltage dividing resistors 219 and 220. To further 
protect the silicon controlled rectifier 218, a small satura 
ble reactor 222 is connected between the pulse capacitor 
217 and SCR 218 in order to hold off the major portion 
of the discharge of the capacitor 247 for a predetermined 
period after the SCR 218 is turned on to allow time for 
charges to be spread throughout the semiconducting layer 
of the SCR. This hold-off period may amount to sev 
eral microseconds, but is not sufficient to detrimentally 
affect the fast-acting nature of the circuit. 
The control gate of the SCR 218 is connected through 

a current limiting fuse 223 and two series connected block 
ing diodes 224 to a voltage dividing network comprised 
by a Zener diode 225 and a series connected resistor 226 
and capacitor 227. The Zener diode 225 serves to clamp 
the maximum value of the potential applied to the control 
gate of the SCR 218 to a predetermined potential value 
above the potential of the negative terminal of the direct 
current power supply. In order to protect the Zener 
diode 225 it is directly connected to the intermediate point 
of a voltage divider comprised by a resistor 228 connected 
in series circuit relationship with a second resistor 229 
across the contacts 11. By this arrangement, any rise in 
potential appearing across the set of movable contacts 11 
will be transmitted through the coupling capacitor 227, 
resistor 226 and blocking diodes 224 to the control gate 
of the silicon controlled rectifier 218, and results in turn 
ing on the SCR. Upon this occurrence, a current pulse 
will be discharged from the pulse capacitor 217 (after a 
substantial portion of the current has been held off for 
the predetermined period by the small Saturable reactor 
222) through the primary winding 216 of the pulse 
transformer. This results in the production of a sharp 
gating pulse in the secondary winding 215 which turns on 
ignitron 208. 

In order to properly protect the interrupter circuit 
while placing it in operation and in taking it out of opera 
tion, a number of protective switches and overload trips 
are included in the circuit of FIGURE 10. These 
switches include an overload trip coil 231 connected in 
series circuit with a normally open contact 232 and as 
sociated blow out coil 233 to the negative terminal of 
the direct current power supply 201. The juncture of 
the small saturable reactor 222 and the blocking diode 
221 is connected through a current limiting resistor 234, 
two series blocking diodes 235, and two normally open 
switch contacts 236 and 237 to an intermediate point on 
the direct current power supply 201. This intermedi 
ate point may be in a value of approximately 4 to % of 
the total value of the potential of the direct current pow 
er supply such as 250-300 volts, and serves to energize 
the sensing and control circuit means which includes the 
second silicon controlled rectifier 218, the pulse capacitor 
217, and the pulse transformer 215 and 216 for Supply 
ing pulsed gating signals to the ignitron 208. 
To complete the protective circuitry, a master "on-off" 

switch 238 is connected in series circuit relationship with 
a pickup and holding coil 239 across a second portion of 
the direct current power supply that may be in order 
that from 100-140 volts applied across the pickup and 
holding coil 239 for operating the arcless interrupter. 
Connected in parallel with the pickup and holding coil 
239 is a series circuit arrangement comprised by a 
push button normally closed “off” switch 241 connected 
in series circuit relationship with a push button normally 
open “on” switch 242 paralleled by a set of holding con 
tacts 243. This arrangement is then connected in series 
with a second pickup and holding coil 244 through a set 
of normally closed overload trip contacts 245. 
Upon placing the circuit arrangement of FIGURE 10 

in operation, the normally open, push button “on” switch 
242 is closed so that the holding coil 244 is energized. 
Energization of the holding coil 244 results in closing 
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the holding contacts 243 and the normally open switch 
contacts 237 and 232 (with its associated blow out coil), 
and to open the normally closed switch contacts 214 
to thereby condition the arcless interrupter for opera 
tion. Thereafter, the master “on-off' switch 238 is 
closed so that the holding coil 239 is energized, and re 
Sults in closing the main load current carrying interrupter 
contacts 1, and the contacts 236 and 212. This results 
in applying potential to the electronic sensing and con 
trol circuit means so that the charging capacitor 217 is 
charged essentially to the potential appearing between the 
tow contacts 232 and 237, namely about 250-300 volts 
in the circuit arrangement in question. Concurrently, 
the commutating capacitor 15 will be charged through 
the now closed contacts 212 and charging resistor 211 to 
approximately the full potential cf the direct current pow 
er Supply 20. 

During operation of the arcless interrupter, the over 
load current coil 23i will protect the circuit from over 
load current. In the event of an overload current, coil 
23i will cause the normally closed contact 245 to open. 
Opening of the normally closed contact 245 results in 
de-energizing the holding coil 244, thereby opening con 
tacts 232 and 237. It should be noted that the holding 
coil 244 could also be de-energized by manual operation 
of the normally closed push button “off” switch 241. 
Irrespective of the manner in which the holding coil 244 
is de-energized, it can be appreciated that upon this oc 
Currence, the load main protective contacts 232 will open. 

During normal operation of the arcless interrupter, the 
master "on-off" switch 238 will be opened to interrupt 
current flow to the load. Opening of the switch 238 re 
Sults in de-energizing coil 239 which then allows the main 
load current carrying contacts 11, and the contacts 212 
and 236 to open. 
increase in potential will occur across these contacts 
which is sensed by the electronic sensing and control cir 
cuit means and the silicon controlled rectifier 213 is 
rendered conductive. Thereafter the current from the 
pulse capacitor 217, after being substantially held off 
for a short interval (7 microseconds) by the small satu 
rable reactor 222, is discharged through the primary 
winding 216 of the pulse transformer. This results in 
producing a current gating pulse in the secondary wind 
ing 215 of the pulse transformer which turns on ignitron 
208. Upon ignitron 208 being rendered conductive, 
commutating capacitor A5 is allowed to discharge cur 
rent back across the contacts 1 so as to effectively re 
duce the load current through the contacts toward zero, 
or, depending upon the setting of the discharge current 
limiting resistor 207, may even provide a reverse current 
flow across the contacts so as to effectively de-ionize the 
Space between the contacts, thereby resulting in arcless 
interruption of the load current. It should be noted 
that as the load current decays across the inductive load 
202, the blocking diodes 286 will be rendered conduc 
tive so as to effectively connect thyrite resistor 203 across 
the load to assist in dissipating the reactive energy stored 
in the load. From a consideration of the circuit arrange 
ment in FIGURE 10, it can be appreciated also that the 
circuit does effectively isolate the low voltage-low cur 
rent electronic Sensing and control circuit means from 
the larger interruption currents and high voltages re 
quired in interrupting load current flow to the load 202. 
This isolation is made possible by the use of the pulse 
transformer 215, 216 which provides coupling between 
the low voltage sensing and control circuitry and the 
high voltage-large current interruption circuit elements, 
and also allows for effective isolation of the two circuit 
branches. 
An arcless interrupter circuit suitable for use in inter 

rupting alternating currents is illustrated in FIGURE 7 
of the drawings. In the circuit of FIGURE 7, a set 
of physically separable contacts 1 is connected in series 
circuit relationship with a load resistor 12 across the 

As the contacts 11 start to open, an 
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terminals 65 of an alternating current supply. In the 
specific embodiment of the invention being considered, a 
600 volt, 20 amp., 60 cycle per second alternating cur 
rent source was used. A first commutating capacitor 66 
has one of its plates connected to the junction of the load 
resistor 12 and one of the separable contacts 11, and 
the remaining plate connected through a discharge cur 
rent limiting resistor 67 to a gate controlled conducting 
device. The gate controlled conducting device com 
prises a three-electrode gap 68 having one outer electrode 
connected to the resistor 67, and the remaining outer 
electrode connected to the one of the separable contacts 
11 connected directly to one terminal of the alternating 
current source 65 so that upon conduction through the 
three-electrode gap 68, the commutating capacitor 66 is 
effectively coupled across the set of separable contacts 

1. The control electrode of the three-electrode gap 63 
is connected to the secondary winding 7 of a pulse trans 
former whose primary winding 72 is connected in series 
circuit relationship with a second gate controlled con 
ducting device 73 which comprises a silicon controlled 
rectifier. The silicon controlled rectifier 73 in turn is 
coupled directly across a first pulse capacitor 75 which, 
upon conduction through the silicon controlled rectifier 
73, discharges through the primary winding 72 of the 
pulse transformer. The pulse capacitor 75 is charged to 
the full voltage of an 125 volt direct current power sup 
ply by means of a charging resistor 76 connected in 
series circuit relationship with the capacitor 75 across 
the 125 volt direct current power supply. The voltage 
appearing across the gate of the silicon controlled recti 
fier 73 is limited by means of a voltage divider com 
prised by a resistor 77 and a Zener diode 81 connected 
in series circuit relationship across contacts 11. The 
junction of the resistor 77 and the Zener diode 8 is 
connected through a coupling network comprised by a 
parallel resistor 78 and capacitor 79 to the emitter elec 
trode of the SCR 73, and through a blocking diode 81 
to the negative terminal of the direct current power 
supply. All of this circuitry effectively serves to sense 
the increase in potential occurring across the set of sep 
arable contacts 1 when the alternating current supplied 
across the terminals 65 has one polarity, and to supply 
a trigger signal to the control gate of SCR 73. This re 
Sults in turning on SCR 73 and producing a gating pulse 
that is supplied through the secondary winding 7 to the 
control electrode of the three-electrode gap 58 to cause 
it to conduct. Conduction across the three-electrode 
gap 68 operates to connect the commutating capacitor 
66 across the separable contacts 12 so as to effectively 
prevent the formation of a large arc discharge across 
the contacts as they separate. Here again, it should 
be noted that the large interruption currents passing 
through contacts iä are effectively isolated from the 
low voltage sensing and control network. 

In order that the circuit operate irrespective of polarity 
of the alternating current potential applied across the 
terminals 65, a second commutating capacitor 86 is pro 
vided which is connected through a current limiting re 
sistor 87 and third gate controlled conducting device 
88 across the set of separable contacts 11. Again the 
gate controlled conducting device comprises a three 
electrode gap having one outer electrode connected to 
the resistor 87 and the remaining outer electrode oper 
atively connected to the one of the separable contacts 
11 connected directly to one terminal of the alternating 
current Source 65. The control electrode of the three 
electrode gap 38 is connected to the secondary winding 
91 of a second pulse transformer whose primary wind 
ing 92 is connected in series circuit relationship with a 
fourth gate controlled conducting device comprised by 
a silicon controlled rectifier 93. The silicon controlled 
rectifier 93 and primary winding 92 of the pulse trans 
former are effectively connected in series circuit rela 
tionship across a second pulse capacitor 95 which, upon 



3,309,570 
13 

conduction of the silicon controlled rectifier 93, dis 
charges through the primary winding 92 to develop a 
gating pulse in the secondary winding 91. The gating 
pulse developed in the secondary winding 91 then causes 
the three-electrode gap 88 to conduct so as to effectively 
couple the second commutating capacitor 86 across the 
set of separable contacts 11. 
To accomplish the above, the second pulse capacitor 

95 is charged to the potential of the 125 volt direct cur 
rent power supply through a charging resistor 96. In 
order that the silicon controlled rectifier 93 conduct at 
the proper point in the alternating current cycle, its con 
trol gate element is connected through a blocking diode 
102 and a coupling network comprised by a parallel 
connected resistor 98, and capacitor 99, to an intermedi 
ate point of a voltage dividing network comprised by a 
resistor 103 and two series connected Zener diodes 104 
and 105. By this arrangement, the resistor 103 limits 
the potential applied to the control gate of the silicon 
controlled rectifier 93, and the Zener diodes 104 and 105 
serve to clamp the cathode to a limited maximum poten 
tial above the negative terminal potential of the direct 
current supply in the event of an overvoltage such as 
would occur in the event of an open circuit A.C. voltage 
across the contacts 11. It should be noted that while 
a pair of Zener diodes 104 and 105 are shown, two were 
used merely for convenience and could be replaced by 
a single Zener diode having their combined rating. Also, 
it should be noted that the control gate of SCR 93 is 
effectively coupled to the one of the set of separable 
contacts 11 opposite to that one to which the gate of 
the second silicon controlled rectifier 73 is effectively 
coupled. It can be appreciated therefore, that in the 
event that the circuit is to be interrupted when the po 
tential applied across the terminals 65 is positive at the 
point 106, the control rectifier 73 will be turned on to 
actually interrupt the circuit. During the alternate half 
cycles when the point 107 is positive with respect to the 
point 106, the silicon controlled rectifier 93 will be 
rendered conductive to initiate operation of the arcless 
interruption. 

In order to ensure that the commutating capacitors 
66 and 86 are charged to the correct potential, separate 
charging means are provided which comprise an input 
transformer 111 whose primary winding is connected 
to a suitable source of alternating current and whose 
secondary winding is connected to the junction of the 
two commutating capacitors 66 and 86, and to the junc 
tion of two rectifier and resistor charging circuits 112 
and 113, and 114 and 115, respectively. By this ar 
rangement, the rectifier 112 and resistor 113 will serve 
to charge the commutating capacitor 66 to the proper 
voltage level and polarity indicated, and the rectifier 114 
and resistor 115 will operate separately to charge the 
commutating capacitor 86 to the reverse polarity of the 
capacitor 66 as indicated by the (--) and minus (-) 
signs, and to the proper voltage level. With the com 
mutating capacitors 66, 86 thus charged, upon conduc 
tion of its associated gate controlled conducting device 
68 or 88, the capacitor will be coupled effectively across 
the separable contacts 11 to cause the load current 
through the contacts to be reduced to zero, or to be 
reversed with respect to the initial load current flow there 
by to prevent the formation of any substantial arc dis 
charge thereacross in the previously described manner. 
It should be noted that in the alternating current inter 
rupter circuit version illustrated in FIGURE 7, again the 
heavy commutating currents and high voltages are car 
ried by the three-electrode gaps 68 and 88. If desired, 
and such devices having larger current and voltage rat 
ings are available, then silicon controlled rectifiers such 
as 68’ and 88 may be substituted for the three-electrode 
gaps, in which event the control gate elements of these 
devices 68, 88 will be connected respectively to the 
secondary windings indicated at 71' and 91 in the man 
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14 
ner shown. Regardless of the nature of the gate con 
trolled conducting device used, however, it can be appre 
ciated that these devices serve to effectively couple the 
commutating capacitors 66 and 85, respectively, across 
the physically separable contacts 11 to prevent any sub 
stantial arc formation. Again, it should be noted that 
lower rated gate controlled conducting devices such as 
the silicon controlled rectifiers 73 and 93 can be used 
to sense the opening of the separable contacts 11, and 
to cause conduction of the proper ones of the larger 
rated gate controlled conducting devices 68 or 88, re 
spectively, as determined by the polarity of the applied 
alternating current to be interrupted. 

In FIGURE 8 a low cost circuit interrupter employing 
the principles of the present invention is illustrated, and 
comprises a direct current power source connected to 
the terminals 13, and coupled through a cable 132 to 
a load device 133. A set of physically separable con 
tacts 11 is connected between the power source at 131 
and the load for interrupting current flow to the load. 
The distributed capacitance and inductance of the cable 
132 is indicated by a bank of capacitors 135 and inter 
connected inductances 136, and is used as the commutat 
ing capacitor in the arcless interrupter arrangement of 
FIGURE 8. This parallel bank of capacitors 135 is 
connected in circuit relationship with a gate controlled 
conducting device 15 connected through a current limiting 
resistor 137 to one of the set of separable contacts 11. 
The remaining one of the separable contacts 11 is con 
nected through an electronic sensing and control circuit 
means 17 to the control gate element of the gate con 
trolled conducting means 16. 
Upon the circuit of FIGURE 8 being placed in oper 

ation, the distributed capacitance represented by capaci 
tors 135 will be charged essentially to the potential above 
ground of the power supply 131. Thereafter, upon open 
ing of the contacts 11, the increase in potential that occurs 
across these contacts as they start to open will cause 
the gate controlled conducting means 16 to be rendered 
conductive. This results in effectively coupling the dis 
tributed capacitance 135 across the set of contacts 11 
to thereby prevent the formation of any substantial arc 
discharge thereacross by imposing a reverse current flow 
through the contacts 11. 
FIGURE 9 of the drawings is a schematic illustration 

of a complete low cost circuit interrupter employing the 
principles shown schematically in FIGURE 8. In the 
circuit arrangement of FIGURE 9, a three-phase alternat 
ing current supply is coupled to a diode rectifier bank in 
dicated at 140 whose rectified output is supplied across a 
pair of cables 141 and 142 to a load device 143. Con 
nected in the cable 141 is a set of separable contacts 1 
which can be physically separated to interrupt the current 
flow through the load device 143. The supply cables 141 
and 142 will each have a distributed capacitance to ground. 
which is illustrated as the lumped capacitors 145 and 146. 
The circuit embodiment shown in FIGURE 9 takes ad 
Vantage of this distributed capacitance by employing it as 
the commutating capacitor in an arcless circuit interrupter 
arrangement. This arrangement further includes a gate 
controlled silicon controlled rectifier 147 connected in se 
ries circuit relationship with a discharge current limiting 
resistor 148 in a closed series loop further comprised by 
the set of separable contacts 11 and the distributed ca 
pacitance 145. This can be achieved in practice by ef 
fectively connecting the silicon controlled rectifier 147 to 
the grounded sheath of the supply cable 141. 
The control gate element of SCR 147 is connected 

to a Sensing and control circuit means that includes the 
Secondary winding 15i of a pulse transformer connected 
between the control gate of SCR 147 and ground. The 
Secondary winding 151 is inductively coupled to the sec 
ondary winding 52 of the pulse transformer, which is 
connected in series circuit relationship with a second sili 
con controlled rectifier 53 across a pulse capacitor 154. 
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The pulse capacitor 154 is adapted to be charged to a 
predetermined voltage level and polarity, and is dis 
charged through the primary winding 152 of the pulse 
transformer upon the SCR 153 being rendered conductive 
by its gate. The gate of SCR 153 is connected through a 
blocking diode 157, a current limiting resistor 158, and 
coupling network comprised by a parallel connected re 
sistor 59 and capacitor 16 to an intermediate point of 
a voltage divider network. The voltage divider network 
is comprised by a zener diode 63 connected in Series 
circuit with a resistor 64 across the contacts i. By 
this arrangement, any increase in potential across the con 
tacts a1 will be supplied to the gate of SCR 53, while 
the Zener diode 63 assures that this potential will not 
exceed a predetermined safe level. 

In operation, the circuit of FIGURE 9 functions in a 
manner similar to that described in relation to FIGURE 1 
of the drawings, and hence need not again be described 
in detail. It should be noted however, that the distributed 
capacitance 145 of the supply cable 141 in effect operates 
as the commutating capacitor thereby making it possible 
to reduce the cost of the arcless interrupter circuit con 
siderably. 
From the foregoing description, it can be appreciated 

that the invention makes available several new and im 
proved arcless interrupter circuits for interrupting either 
direct current or alternating current supplied to an elec 
tric load by means of a set of physically separable coil 
tacts without producing any substantial electric arc be 
tween the contacts. 

Having described several embodiments of an arcless cir 
cuit interrupter constructed in accordance with the inven 
tion, it is believed obvious that other modifications and 
variations of the present invention are possible in light 
of the above teachings. It is therefore to be understood 
that changes may be made in the particular embodiments 
of the invention described which are within the full in 
tended scope of the invention as defined by the appended 
claims. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
i. An arcless circuit interrupter including in combina 

tion a set of physically separable contacts connected in 
series circuit relationship with a load for interrupting cur 
rent to the load, a commutating capacitor and a fast act 
ing gate controlled conducting device operatively con 
nected in series circuit relationship across the separable 
contacts, electronic sensing and control means comprised 
by the control gate-cathode of a gate controlled solid 
state semiconductor device directly connected across said 
contacts and to the control gate of said gate controlled 
conducting means for sensing a potential drop across the 
contacts as they start to open and for rendering said fast 
acting gate controlled conducting means conductive in re 
sponse to the opening of the contacts, and means for 
charging the commutating capacitor to a voltage level and 
polarity such that upon discharge of the commutating 
capacitor when the gate controlled conducting means is 
rendered conductive, the capacitor discharge current cir 
culated in the closed series loop comprised by the con 
tacts, the commutating capacitor and the gate controlled 
conducting means is sufficient to reduce the load current 
flow through the contacts to zero or to reverse the direc 
tion of current flow through the contacts with respect to 
the initial load current flow to thereby prevent formation 
of any substantial arc across the contacts upon the open 
ing thereof. 

2. The combination set forth in claim further char 
acterized by a current limiting resistor connected in the 
Series circuit loop comprised by the commutating capac 
itor, the fast acting gate controlled conducting means, and 
the physically separable contacts. 

3. The combination set forth in claim 1 wherein the 
fast acting gate controlled conducting means comprises 
a silicon controlled rectifier and said sensing and control 
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circuit is operatively coupled to the gating electrode of 
the silicon controlled rectifier. 

4. The combination set forth in claim 1 wherein the 
means for charging the commutating capacitor includes 
means for applying a precharge to the capacitor prior to 
the closing of the contacts to establish current flow 
through the load. 

5. The combination set forth in claim wherein the 
commutating capacitor comprises the distributed capac 
itance of a cable. 

6. The combination set forth in claim 1 wherein said 
electronic sensing and control means is a low voltage-low 
current means which is electrically isolated from the 
higher voltage-higher current circuit interrupter compo 
nentS. 

7. An arcless circuit interrupter including in combina 
tion a set of physically separable contacts connected in 
circuit relationship with a load for interrupting current 
to the load and a control winding for controlling actua 
tion of the contacts for causing them to open, a com 
mutating capacitor, first fast acting gate controlled con 
ducting means connected in series circuit relationship 
with the commutating capacitor and the contacts for 
coupling the capacitor across the contacts, electronic Sens 
ing and control means operatively coupled to the physical 
ly separable contacts and to the control gate of said first 
fast acting gate controlled conducting means for ren 
dering said first gate controlled conducting means con 
ductive in response to the opening of the contacts, over 
load sensing means connected in circuit relationship with 
said load, a second gate controlled conducting means 
and a control winding for the physically separable con 
tacts connected in series circuit relationship across a 
source of electric potential, the control gate of said sec 
ond gate controlled conducting device being operatively 
coupled to said overload sensing means, and means for 
charging the commutating capacitor to a voltage level and 
polarity such that upon discharge of the commutating ca 
pacitor when the first gate controlled conducting means 
is rendered conductive, is sufficient to reduce the load 
current flow through the contacts to zero or to reverse 
the direction of current flow through the contacts with 
respect to the initial load current flow to thereby prevent 
the formation of any substantial arc across the contacts 
upon the opening thereof. 

8. An arcless circuit interrupter including in combina 
tion a set of physically separable contacts connected in 
circuit relationship with a load for interrupting current to 
the load, a commutating capacitor having one of its plates 
operatively coupled to one of the physically separable 
contacts, a first fast acting gate controlled conducting 
device operatively connected between the remaining plate 
of the commutating capacitor and the remaining one of 
the physically separable contacts for coupling the ca 
pacitor across the contacts, electronic sensing and con 
trol means comprising a second fast acting gate con 
trolled conducting device, a pulse capacitor and the pri 
mary winding of a pulse transformer connected in circuit 
relationship across a source of electric potential, the con 
trol gate of the second fast acting gate controlled conduct 
ing device being operatively coupled across the physical 
ly separable contacts for sensing the opening thereof and 
the secondary winding of the pulse transformer being op 
eratively coupled to the control gate element of the first 
gate controlled conducting device conductive in response 
to the opening of the separable contacts, and means for 
charging the commutating capacitor to a sufficient voltage 
level and polarity such that upon the discharge of the 
commutating capacitor when the first gate controlled 
conductive device is rendered conductive, the capacitor 
discharge current circulated in the closed series loop com 
prised by the contacts, the commutating capacitor, and 
the gate controlled conducting device is sufficient to re 
duce the load current flow through the contacts to zero 
or to reverse the direction of current flow through the 
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contacts with respect to the initial load current flow to 
thereby prevent formation of any substantial arc across 
the contacts upon the opening thereof. 

9. The combination set forth in claim 8 further char 
acterized by a current limiting resistor connected in the 
series circuit loop comprised by the commutating capaci 
tor, the fast acting gate controlled conductive device, 
and the physically separable contacts. 

10. The combination set forth in claim 8 wherein the 
first gate controlled conducting device is a three-electrode 
gap having its control electrode operatively coupled to 
the Secondary winding of the pulse transformer and the 
Second gate controlled conducting device is a silicon con 
trolled rectifier having its control gate operatively cou 
pled across the physically separable contacts. 

11. The combination set forth in claim 8 wherein the 
first gate controlled conducting device is a gate controlled 
ignitron having its control gate operatively coupled to the 
Secondary winding of the pulse transformer, and the sec 
ond gate controlled conducting device is a silicon con 
trolled rectifier having its control gate operatively cou 
pled across the separable contact. . 

12. The combination set forth in claim 8 wherein the 
first and Second gate controlled conducting devices com 
prise silicon controlled rectifiers and wherein the sens 
ing and control means are operatively coupled to the con 
trol gates thereof. 

13. The combination set forth in claim 8 wherein the 
commutating capacitor comprises the distributed capaci 
tance of a cable. 

14. An arcless circuit interrupter for alternating cur 
rent including in combination a set of physically separable 
contacts connected in series circuit relationship with a 
load for interrupting current to the load, a first commutat 
ing capacitor having one plate operatively connected to 
one of the contacts, first fast acting gate controlled con 
ducting means operatively connected to the remaining 
contact for coupling the first commutating capacitor 
across the contacts, first electronic sensing and control 
means operatively coupled to one of said contacts and 
to the control gate of said gate controlled conducting 
means for rendering said conducting means conductive 
in response to the opening of the contacts on a given 
polarity of the applied alternating current, a second com 
mutating capacitor having one plate operatively con 
nected to one of the separable contacts, second fast act 
ing gate controlled conducting means operatively con 
nected between the remaining plate of the capacitor and 
the remaining contact for coupling the second commutat 
ing capacitor across the physically separable contacts, 
Second electronic sensing and control means operative 
ly coupled to the remaining one of the contacts not con 
nected to the first electronic sensing and control means, 
and to the control gate of the second fast acting gate con 
trolled conducting means for rendering the second gate 
controlled conducting means conductive in response to 
the opening of the contacts on the opposite polarity of 
the applied alternating current, and means for charging 
the commutating capacitors to opposite polarities and to 
Sufficient voltage levels so that upon the fast acting gate 
controlled conducting device connected thereto being 
rendered conductive, the capacitor discharge current back 
across the contacts is sufficient to reduce the load current 
flow through the contacts to zero or reverse the direction 
of current flow through the contacts with respect to the 
initial load current flow to thereby prevent any substan 
tial arc from forming across the separable contacts as 
they open. 

15. An arcless circuit interrupter for alternating cur 
rent including in combination a set of physically separ 
able contacts connected in series circuit relationship with 
a load for interrupting current to the load, a first com 
mutating capacitor having one plate operatively con 
nected to one of the contacts, a first fast acting gate 
controlled conducting device operatively connected be 
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13 
tween the remaining plate of the capacitor and the re 
maining contact for coupling the first capacitor across 
the contacts, first electronic sensing and control means 
comprising a second fast acting gate controlled conduct 
ing device, a first pulse capacitor and the primary wind 
ing of a first pulse transformer connected in circuit rela 
tionship across a source of electric potential, the control 
gate of the second gate controlled conducting device being 
operatively connected to one of the separable contacts 
for rendering said second conducting means conductive 
in response to the opening of the contacts, and the sec 
ondary winding of the pulse transformer being opera 
tively coupled to the control gate element of the first gate 
controlled conducting device for rendering the first gate 
controlled device conductive in response to the opening 
of the separable contacts, a second commutating capaci 
tor having one plate operatively connected to one of the 
separable contacts, a third fast acting gate controlled con 
ducting device operatively connected between the re 
maining plate of the second commutating capacitor and 
the remaining separable contact for coupling the second 
commutating capacitor across the separable contacts, 
Second electronic sensing and control means comprising 
a fourth fast acting gate controlled conducting device, a 
second pulse capacitor and the primary winding of a 
second pulse transformer connected in circuit relationship 
across a source of electric potential, the control gate of 
the fourth gate controlled conducting device being op 
eratively connected to the one of the separable contacts 
not connected to the second gate controlled device for 
rendering the fourth gate controlled device conductive in 
response to the opening of the contacts with a given po 
larity of the applied alternating current, and the sec 
ondary winding of the second pulse transformer being 
operatively coupled to the control gate element of the 
third fast acting gate controlled conducting device for 
rendering the third gate controlled device conductive in 
response to the opening of the separable contacts on a 
given polarity of the applied alternating current, and 
means for charging the commutating capacitors to op 
posite polarities and to sufficient voltage levels so that 
upon the fast acting gate controlled conducting device 
connected thereto being rendered conductive, the capaci 
tor discharge current back across the contacts is suf 
ficient to reduce the load current flow through the con 
tacts to zero or reverse the direction of current flow 
through the contacts with respect to the initial load cur 
rent flow to thereby prevent any substantial arc from 
forming across the separable contacts as they open. 

16. The combination set forth in claim 14 wherein the 
first and third gate controlled conducting devices com 
prise three-electrode gaps having the control electrodes 
thereof operatively coupled to the secondary windings 
of the pulse transformers, and wherein the second and 
fourth gate controlled devices comprises silicon controlled 
rectifiers having their control gates operatively coupled 
to the separable contacts. 

17. An arcless circuit interrupter including in combina 
tion a set of physically separable contacts connected in 
Series circuit relationship with a load for interrupting cur 
rent to the load, a commutating capacitor, fast acting 
gate controlled conducting means operatively connected 
in series circuit relationship with the commutating capaci 
tor and the physically separable contacts for coupling the 
commutating capacitor across the contacts, electronic 
Sensing and control means including the control gate 
cathode circuit of a silicon controlled rectifier directly 
connected across the contacts for sensing the increase in 
potential as the contacts start to separate and for render 
ing said conducting means conductive in response to the 
opening of the contacts, and means for charging the ca 
pacitor to a sufficient voltage level and polarity so that 
upon its discharge when the gate controlled conducting 
device is rendered conductive, the capacitor discharge cur 
rent circulated in the closed series loop comprised by the 
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physically separable contacts, the commutating capacitor 
and the fast acting gate controlled conducting means, is 
sufficient to reduce the load current flow through the con 
tacts to zero or to reverse the direction of current flow 
through the contacts with respect to the initial load cur 
rent flow to thereby prevent the formation of any sub 
stantial arc across the contacts as they open. 

18. The combination set forth in claim 17 wherein 
the commutating capacitor comprises the distributed ca 
pacitance of a cable. 

9. The combination set forth in claim 17 further 
characterized by a current limiting resistor connected in 
the closed series circuit loop comprised by the commutat 
ing capacitor, the fast acting gate controlled conducting 
means, and the physically separable contacts. 

20. An arcless circuit interrupter for alternating cur 
rent including in combination a set of physically separable 
contacts connected in series circuit relationship with a 
load for interrupting current to the load, a first com 
mutating capacitor, first fast acting gate controlled con 
ducting means operatively connected in series circuit re 
lationship with the capacitor and the separable contacts 
for coupling the first capacitor across the contacts, first 
electronic sensing and control means including the con 
trol gate of a silicon controlled rectifier operatively cou 
pled to the contacts for sensing the increase in potential 
as the contacts start to separate and for rendering said 
fast acting gate controlled conducting means conductive 
in response to the opening of the contacts on a given 
polarity of the applied alternating current, a second 
commutating capacitor, second fast acting gate controlled 
conducting means operatively connected in series cir 
cuit relationship with the second capacitor and the sep 
arable contacts, second electronic sensing and control 
means including the control gate of a silicon controlled 
rectifier operatively coupled to the contacts for sensing 
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the increase in potential across the contacts as they start 
to open, and for rendering the second gate controlled con 
ducting means conductive in response to the opening of 
the contacts on the opposite polarity of the applied al 
ternating current, and means for charging the commutat 
ing capacitors to opposite polarities and to a sufficient en 
ergy level so that upon the gate controlled conducting 
device connected thereto being rendered conductive, the 
capacitor discharge current back across the contacts is 
sufficient to reduce the load current flow through the con 
tacts to Zero or reverse the direction of current flow 
through the contacts with respect to the initial load cur 
rent flow to thereby prevent any substantial arc from 
forming across the separable contacts as they open. 

21. The combination set forth in claim 8 further char 
acterized by voltage limiting means operatively coupled to 
the control gate of the second fast acting gate controlled 
device for preventing substantially the full circuit voltage 
from being applied to said control gate. 
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