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UNITED STATES PAT 

2,462,724 

ENT OFFICE 
2,462,724 

CIRCUIT INTERRUPTER 

Sailes M. Cunning, Turtle Creek, RPa, assignor 
to Westingh,0:se Electric Corporation, East 
itiscuirgh, Pa., a corporation of Pennsylvania 

Aggiication February 1, 1945, Serial No. 55,589 
(C. 208-50) 4. Cairns, 

1. 
This invention relates to circuit interrupters is 

general, and nore particularly to circuit inter 
rupters of the liquid break type. 

In a divisional pateni, application filed Decem 
ber 22, 1945, Serial No. 636,941 by Leon R. Ludwig, 
Winthrop Mi, feeds and Benjamin P. Baker and. 
assigned to the assignee of the instant applica 
tion, there is disclosed and claimed the concept 
of utilizing a differential piston in a circuit, inter 
rupter spring-biased toward the open circuit posi 
tion. The parent application of this divisional 
appiication is entitled “Circuit interrupter' and 
was filed November 11, 1942, Serial No. 465,244, 
now U. S. Patent No. 2,406,469, issued August 27, 
1946 to ileon R. udwig, Winthrop Wi. i.eeds and 
Benjamin F. Baker, and assigned to the assignee 
of the instant application. ... My invention is coin 
cerned with various improvements relating to 
this type of structure. 
A more Specific object is to provide an improved 

circuit interrupter in which piston means aire 
utilized for facilitating the extinction of an arc, 
and biasing imeans are provided to bias the piston 
means toward the open circuit position. Pref 
erably, I provide a 
Serially related arc, to assist the biasing means 
to move the piston means to the opeil circuit posi 
tion. 
Another object is to provide an improved circuit 

interrupter of the liquid break type in which 
noveli piston means are ser) pioyed to effect, the 
extinction of one or more arcs drawin therein. 
In United States Patent 2,253,009, which issued 

August 19, 1941, to Benjaniil S. Baker, and which 
was assigned to the assignee of the instant appli 
cation, tiere is disclosed a novel circuit inter 
rupter in which a piston menoer having surface 
irregularities and carrying the movable contact 
separates from a stationary contact to establish 
an arc. The structure is such that the arc is 
positioned adjacent the Surface irregularities dis 
posed on the pisten meanoei' carrying the novable 
contact, and the piston member moves into the 
piston chamber which also has a plurality of sur 
face irregularities. The consequence of this in 
terrupting structure is that the arc is drawin 
adjacent the Surface irregularities on both the 
piston member and on the inner wall of the 
piston chamber, and the fluid-flow provided by 
the piston action is effective to travel longitu 
dinally of the established arc to effect the extinc 
tion thereof. 
The surface irregularities provided on the pis 

second arc, which may be a 
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ton member and on the inner walls of the piston 
chamber serve to retain a plentiful supply of fluid 55 

2 
afjacent the arc to be acted upon to facilitate. 
the latter's extinction and also the irregularities 
increase. &he electrical creepage, distance between . . . 
electrodes. 
prove 
tively low .25ad medium. values of current with 
Very OW arc energy. ... It is an object of my inven 
tioi teiingrove and adapt...this structure for the 
interruption of higher currents without the neces 
sity of employing heavier accelerating. Springs. to . 
gi'Gvide a high enough speed for the piston mem 
icer, against the back pressure from the arc, to 
erasure ain & dequate flow of oil to effect extinction. 
of the arc. 

Further objects and advantages will readily 
become a parent upon a 1'eading of the following 
Specification taken in conjunction with the draw 
irg, in Which: 

Figure i is a circuit interrupter, partly in Sec 
tioi eribodying my invention and shown in the 
ciosed circuit position, 

Fig. 2 is an enlarged vertical sectional view. 
through the right-hand arc extinguishing unit 
of Sig. 1, the parts being showin.at, an interne- . 
diate point in the opening operation, 

Fig. 3 is a modified type of arc extinguishing 
unit, which 
in Fig. 2, the parts being shown in an internediate . 
position during the opening operation, and 

Fig. 4 is a sectional view taken along the line 
V-IV of Fig. 2. 
Refei:"ing to the diaWing, and more particulariy 

This type of circuit interrupter has... 

to Fig. 1 thei'ecif, the reference numeral desig- . 
nates a tank fillied to the level 2 with a suitable 
arc exting:ishing liquid 3, in this instance circuit 
breakei oil. Depending from the cover of the 
tank are two ii islating busiliigs 3, of ideinical 
configuration, through which extend terminal 
Stids a... threaded to the lower ends of the 
teiniinal Stuitig at a...as suitabiy clamped thereto . 
are two are extir:guishing units, generally desig-.. 
lated by the reference nunnel'ai 6. 
The two units 3 are electrically interconnected 

in the closed circuit position, as shown in Fig. 1, 
by a conducting cross-bar which is reciprocally 
Operated in a vertica: direction by an insulating 
operating rod S operated by a suitabie actuating 
8ch3:lism, not shown. . 
Referring to Fig. 2, which shows. inore clearly 

the construction of the arc extinguishing unit 6, 
it Will be observed that integrally formed with 
the contact foot, 9 is a cover member i. 
cover rilenber 3 is Suitably secured by means, not 
shown, to a conducting plate member , having 
a portion f2 threadedly secured at i3 to an insu 

to be Veity effective in interrupting rela ..., 

gay be used in place of the unit shown . . . 

The . 
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lating casing member 4. The casing member 4 
supports a relatively stationary contact 5, the 
latter being electically connected by a conductor 
6 to the cover member 5. 
The casing member 3 aiso supports a relatively 

stationary contact connected by a conductor 
8 to a pair of disconnect fingers 9, which may 
be engaged by the conducting cross-bar or bridg 
ing member . A cover piate 2 is threadedly 
Secured at 2 to the lower end of the casing mem 
ber ti, and assists in guiding a piston member, 
generally designated by the reference numeral 22. 
The piston member 22, shown in the middle of 
its stroke, is composed of insulating material and 
carries a conducting strap 23 having a cointacting 
portion 24 which engages the stationary contact 
7 and a contacting portion 25 which engages 

the stationary contact i5 when in the closed 
circuit position of the interrupter as shown by 
the full lines in Fig. 1. 
The piston member 22 has an enlarged portion 

26 Which slidably moves in an enlarged portion 2 
formed in the casing member 4. Immediately 
below the stationary contact 5 and formed in tie 
casing member are a plurality of surface ir 
regularities 28. Also formed on the enlarged 
portion 26 of the piston member 22 above the 
contacting portion 25 are a plurality of Surface 
irregularities 29. 

During the Opening Operation, an interrupting 
arc 3 is established betWeein the contacts 5, 25 
and a pressure-generating arc 3 is established 
between the contacts and 24. The pressure 
formed at the pressure-generating arc 3 acts 
through a port 32 and into a region 33 formed by 
removing a cylindrical portion 34 from the piston 
member 22. The upper portion 35 of the piston 
member 22 is cylindrical in shape and slidably era. 
gages a doWinWardly depending cylindrical por 
tion 36 integrally formed with the plate member 

. An accelerating compression spring 3 is 
disposed between the plate member and the 
piston member 22. A valve 38 is provided in the 
plate member f. Also apertures 39 are provided 
in the plate member which, together with one 
Or more apertures 3, permit the region is above 
the piston member 22 to be at substantially at 
mospheric pressure. 
A valve 62 controls the passage of oil through 

a plurality of apertures 43 provided at the lower 
end gé of the piston member 22. The valve A3 
has a stem 45 Which is actuated during the clos 
ing stroke by a portion g3 of the cross-bar or 
bridging member . 
The operation of the arc extinguishing unit 3 

will now be explained. In the closed circuit posi. 
tion, the electrical circuit extending therethrough 
Comprises terminal Stud id, contact foot, S, coya's 
member 9, conductor 6, stationary contact 3, 
contact 25, conducting strap 23, contact 26, sta 
tionary contact , conductor 8, disconnect fin 
gers 9 through the conducting bridging member 
7 and through the left-hand arc extinguishing 
unit 6 in an identical manner to the other ter. 
nina Stud 5d. Of the interrupter. 

During the opening operation the bridging 
member 7 moves downwardly to permit the ac 
celerating compression Spring 37 to force the pis. 
ton member 22 downwardly to cause a simultane. 
ous separation between the contacts 5, 25 and 
7, 24. This separation of the several contacts 

draws a preSSure-generating arc 3 of constant, 
length and an interrupting arc 3 of increasing 
length. 
The pressure formed at the pressure-generat 
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4. 
ing arc 3 acts through the port 32 and into the 
region 33 to assist the accelerating compression 
spring 37 to drive the piston member 22 down 
Wardly. It Will be observed that a croSS-Sectional 
area A of the piston member 22 is moved out of 
the unit 6; consequently, the piston member 22 
functions as a differential piston during the open 
ing Operation. 

in other Words, considering Fig. 2 pressure from 
the pressure-generating arc 3 acts doWinWardly 
on the area. A of the piston 22 moving out of the 
unit 6 and also down Wardly on the relatively Small 
annular area. É8. Also, the pressure from the 
pressure-generating arc 3 acts upwardly on the 
piston 22 in the region 5. Further, an upward 
force is exerted by the interrupting arc. 36 on the 
piston 22 in the region 47. Consequently, the 
downward force on the small area 38 is approxi 
mately balanced by the upWard force exerted in 
the space 5, and the area A of the piston is made 
larger than the annular area of the piston pro 
jected in the Space A. Thus the arcing preSSure, 
considering both arcs 30, 3, acts to drive the 
piston 22 out of the unit 6 and so assist the ac 
celerating compression spring 37. 
During the opening operation, the interrupting 

arc. 33 is drawn adjacent to the Surface irregulari 
ties 28, 29 and is subjected to a longitudinal flow 
of oil, caused by the piston action of the enlarged 
portion 26, moving from the region 47 below the 
enlarged portion 26 upWardly adjacent the inter 
rupting arc 3 and into the freely vented region 3 
which is substantially at atmospheric pressure. 

It, Will be noted that the initial downWard move 
ment of the cross-bar permits the valve 42 to 
close the apertures 33 as a result of pressure 
Within the region 33, the cross-bar 7, neverthe 
less, maintaining sliding electrical contact With 
the disconnect fingers 9. 
The foregoing interruption process quickly ef 

fects the extinction of the interrupting arc 3) to 
interrupt the electrical circuit passing through 
the interrupter. Continued down Ward movement 
of the piston member 22 causes a flushing flow of 
fluid to pass from the region 4 upwardly ad 
jacent the region between the contacts 5, 25 to 
flush contaminated fluid into the freely vented 
region 3. Also the upper end 48 of the portion 
35 separates from the lower end 49 of the cylin 
drical portion 36 to permit a communication be 
tween the region 4 and the region 33. 
The pressure within the region 33, consequently, 

is released and the valve 38 opens to permit fresh 
oil to enter the region 33 from the freely vented 
egion 5. Also the continued downward motion 
of the piston member 22 forces a flushing Stream 
of oil from the region 5 upwardly adjacent, the 
region between the separated contacts A, 25 to 
flush contaminated oil which had been adjacent 
the pressure-generating arc 3 through the port 
S2 and into the now vented region 33. 
When the piston member 22 strikes the cover 

plate 28 following circuit interruption, the con 
ducting bridging member separates from the 
disconnect fingers 9 to introduce an isolating 
gap into the circuit. In the open circuit posi 
tion the piston member 22 engages the cover plate 
2 in abutting relation and the valve 38 is open 
which, together with the apertures 39, permits 
fresh oil to enter the regions 33, 4, 

During the closing operation, the upward 
movement of the bridging member opens the 
valve 32 and picks up the piston member 22 to 
effect a reengagement of the contacts 5, 25 and 

, 24 to effect a cloSure of the electrical circuit 
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through the interrupter. The accelerating com 
pression spring 37 is charged and the unit 6 is 
in a state ready for the next opening operation to 
OCCU. 
From the foregoing description it Will be ap 

parent that I have provided a differential pistoia 
member 22 Spring-biased to the open circuit po 
sition and have utilized a serially related pres 
Sure-generating arc 3 to assist the opening 
movement. The interrupting process effecting 
the extinction of the interrupting arc 30 is as de 
Scribed and claimed in United States Patent 
2,253,009, which issued August 19, 1941, to Benja 
nin P. Baker, and Which is a SSigned to the aS. 
signee of the instant application. 
By a utilization of a serially related pressure 

generating arc, the opening operation of the unit 
6 is accelerated, especially during the interrup 
tion of high amperage cirrents without the in 
troduction of additional accelerating compression 
Springs. Consequently, the difficulty, which WaS 
previously encountered in adapting this type of 
interrupter to the higher powers, has been Sur 
mounted by the construction herein disclosed of 
utilizing a serially related pressure-generating 
arc to Speed up the opening motion. 

It will be observed that the pressure-generat 
ing arc drawn between the contacts 8, 25 ruins 
down the side 52 of the stationary contact ' to 
thereby provide a controlled arc which generates 
power. This controlled arc makes the opening 
stroke mechanically automatic under all current 
ratings after the arc is drawn. The controlled 
arc merely means that a constant pressure is 
available thereat at all current ratings to Supply 
the additional opening power during interrup 
tion. This method of boosting the opening force 
by utilizing the gas pressure formed at a pres 
sure-generating arc during interruption cuts 
down the load previously required to move this 
interrupter by Spring force. !his enables tile 
breaker to Work with less noise and minimur). 
speed, although the initial stored Spring energy 
is smaller than previously used. 

Fig. 3 shows a modified type of arc extinguish 
ing unit generally designated by the reference 
numeral 53. This unit is similar to the unit, C 
previously described and, consequently, Sirhila, 
reference numerals have, where possible, been 
employed. However, a second piston means, gen 
erally designated by the reference numeral is is 
provided which comprises an annular piston 
member 55 slidably guided by the casing nem 
ber 4 and spring-biased to its upWard closed cir 
cuit position by compression springs 55. Wents 
5 are provided in the casing member 4, which 
are closed by the piston member 55 during the 
initial downward travel thereof. Also ports 33 
are provided in the cylindrical portion 35, the 
purpose for which will appear more clearly here 
in after. 

the operation of the modified type of arc ex 
tinguishing unit 53 will now be explained. The 
downward in ovement of the bridging member 
permits the accelerating compression spring 3. 
to move the first piston means 22 down Wairdly, 
establishing both an interrupting arc 3 between 
the contacts 5, 25 and a pressure-generating arc 
3 between the contacts , 25. The pressure 
formed at the pressure-generating arc 3:, as pre 
viously described, passes through the port 32 and 
into the region 33 to assist the accelerating com 
pression spring 37 in driving the piston member 
22 downwardly, the piston member 22 during this 
portion of the opening operation serving as a 
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6 
differential piston member. Also the pressure 
Within the region 33 acts upwardly to close: the 
valve 38 and passes through the ports 58 to act 
on the upper Surface of the annular piston mem 
ber 55, forcing said piston member downwardly 
to inaintain Superposed oil pressure adjacent the 
interrupting arc 39. By maintaining this super 
p0Sed preSSure in the region 59, the dielectric 
Strength of the medium surrounding the inter 
rupting arc 39 is considerably increased, and in 
terruption of Said arc is thereby accomplished 
Shore rapidly. 
Considering the forces acting in Fig. 3. during 

the Opening operation when the piston 55 covers 
the vents 57, it will be observed that pressure 
from the pressure-generating arc 3d tends to 
drive the entire tube 44 of area B out of the unit 
53. Also this pressure from the arc 3: acts up 
Waldly on the piston 22 in the region 5. Fur 
ther the interrupting arc 30 acts upwardly on 
the piston 22 in the region 47. Preferably the 
area B is greater than the sum of the two areas 
of piston 22 exposed to the regions 4, 5 so that 
independently of action of the second piston 55, 
the piston 22 functions as a differential piston. 
AS Such, the arcing pressure of the two arcs 30, 
3 assists the accelerating spring 37 as was the 
case in Fig. 2. 
By the provision of the second piston 55 pres 

Su'e froin the arc 3 acts down on the piston 55 
and through the oil in the region 59 to tend to 
force pistOn 22 eXposed to the region 59 doWn 
Wardly. Thus the net force exerted by both arcs 
3, 8: is downwardly tending to assist the accel 
erating compleSSion Spring 3... Wents 5 remain 
Covered by the piston 55 until interruption of the 
aircS is completed. 

It Will be observed that in the previous embodi 
inent of my invention, as shown in Fig. 2, the oil 
paSSed upWardly adjacent the arc 33, out of the 
region 4 and into the freely vented region 4f. 
The oil displaced from the region 47 was only. 
Sufficient in volume to fill the region 4 which 
enlarged as the piston member 22 in Fig.2 moved 
downwardly. Consequentiy, in Fig. 2, the oil was 
not maintained under Superposed pressure adja 
cent the interrupting arc. 3). However, in Fig. 3 
I have provided the second piston means 54 uti 
lizing pressure established by the pressure-gener 
atting arc 3 to maintain oil under pressure in the 
region 53. Thus, the interrupting;arc.39 is not 
Only affected by oil passing upwardly fron regioin 
if by the piston action of the piston member 22, 
but also the entire body of oil within the region 
53 is maintained under superposed pressure by 
virtue of the downward travel of the second pis 
ton means 53 following the downward travel of 
the first piston means 22. 

Interruption quickly enStres and the accelerat 
ing compression spring 3 continues to drive the 
first piston means 22 downwardly to provide a 
flushing flow of fluid adjacent the regions which 
were in contact with the pressure-generating arc 
3 and the interrupting arc 30. The subsidence 
of preSSure following the interruption of the arcs 
39, 3 permits the springs 56 to retrieve the second 
piston means 54 to its upper closed circuit posi 
tion, thereby opening the vents 57 to permit a 
release of pressure from the region 59 out of the 
unit 53 through the vents 57. The upper end 48 
of the portion 35 Separates from the lower end 
49 of the cylindrical portion 36 to permit a com 
munication of pressure between the regions 33, 
59 and hence, through the vents 57 to the region 
exterior of the unit 53. The valve 38 then opens 
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to permit residual gas to escape and fresh oil to 
enter the regions 33, 59 from the region 5 which 
is freely vented through one or more apertures É 
to the region exterior of the unit 53. 
During the closing Operation, the bridging men 

ber 7 moves upwardly to open the waive 32 and o 
pick up the first piston means 22 to thereoy es 
tablish the circuit through the Simultaneous en- . 
gagement of the contactS 5, E5 and E, 25, thus 
charging the accelerating compression spring 38. 
In this position, the unit is in readineSS for the 
next Opening Operation. 
From the foregoing description of the modified 

type Of unit ShoWin in Fig. 3, it will be observed 
that the effectiveness of the unit shown in Fig. 2 
is considerably improved by using the theory of 
arc interruption under oil with Superposed pres 
SUe. 
From the foregoing description it will be ap 

parent that I have provided ain improved circuit 
interrupter in which a differential piston is emi 
ployed being Spring-biased to the open circuit 
pOSition and in which a Serially related preSSuire 
generating arc is employed to assist in the open 
ing movement of the differential piston. Suring 
low current interruption, the differential piston 
may be moved by the Spring preSSure alone; diur 
ing high current interruption the pressure from 
the Serially related arc Willi be availabie to there 
by facilitate opening movement of the differential 
piston. It will also be apparent, that I have em 
ployed novel piston means to brig about Super 
posed preSSure adjacent the interrupting arc to 
facilitate the extinction thereof. During the 
Opening operation there is obtained a flushing : 
flow offiuid following circuit interruption to Wash 
contaminated fluid away from the contacts to 
thereby minimize the possibility of restriking of 
the extinguished arc. 
Although I have showin and described specific 

Structures, it is to be clearly understood that, the 
Same Were merely for the purpose of iliustration, 
and that changes and modifications may readily 
be made therein by those skillied in the art without 
departing from the Spirit, and scope of tine ap 
pended claims. 

I claim as my invention: 
1. In a circuit interrupter, an arc extinguish 

ing unit, a relatively Stationary contact, a piston 
member carrying a movable contact, opening no 
tion. Of the piston member causing a separation of 
the nowable contact from the stationary contact 
to establish an interrupting arc and a forcing of 
fluid against the same, the piston member having 
a Surface Which is dra Win adjacent the arc dur 
ing the Opening Operation, means for estaiolishing 
a Serially related preSSure-generating arc, the 
preSSure-generating arc facilitating the opening 
unnotion of the piston member, and Second piston 
means Operated by the pressure created at the 
preSSure-generating arc to increase the pressure 
maintained at the interrupting arc. 

2. In a circuit interrupter, an arc extinguish 
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3 
ing unit, a relatively stationary contact, a piston 
member carrying a movable contact, opening no 
tion of the piston member causing a separation of 
the movable contact from the stationary contact 
to establish an interrupting arc and a forcing of 
fluid against the Same, the piston member having 
a Surface which is drawn adjacent, the arc dur 
ing the Opening Operation, means for establishing 
a Serially related preSSure-generating arc, the 
preSSure-generating arc facilitating the opening 
notion of the piston member, second piston 
IneanS Operated by the pressure created at the 
preSSure-generating arc to increase the pres 
Sure maintained at the interrupting arc, and 
Venting means Operated near the end of the open 
ing motion of the Second piston means. 

3. In a circuit interrupter, an arc extinguish 
ing unit, a relatively Stationary contact, a piston 
member carrying a movable contact, opening no 
tion of the piston member causing a separation 
of the movable contact from the stationary con 
tact to establish an interrupting arc and a forcing 
of fluid against the Sane, the piston member hav 
ing a Surface which is drawn adjacent, the airc 
during the opening operation, means for estab 
lishing a Serially related pressure-generating arc, 
the preSSure-generating arc facilitating the open 
ing notion of the piston member, Second piston 
means Operated by the pressure created by tine 
preSSure-generating arc to increase the pressure 
maintained at the interrupting arc, and biasing 
means for retrieving the second piston means fol 
OWing the completion of the opening operation. 
4. In a circuit interrupter, a casing member 

haWing an enlarged chaimber and also a Smaller 
chamber, a pair of relatively stationary contacts 
Supported by the casing member, a differential 
piston member having an enlarged portion and a 
relatively Smaller portion, tile differential piston 
being movable within the casing member, the pis 
tOn carrying a conductor which bridges the pair 
of relatively stationary contacts in the closed cir 
Cuit position of the interrupter, the differential 
piston member also carrying a pair of disconnect, 
fingerS, and an isolating member which makes 
electrical contact with the disconnect fingers and 
Serves to move the differential piston member up. 
Wardly during the closing stroke. 

JAMES M. CUMMING. 
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