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GAs BLAST ELECTRIC CIRCUIT BREAKER 
Robert M. Bennett, than, Pa., assignor to Gen 
era Electric Company, a corporation of New 
York 

Application August 5, 1941, Serial No. 405,468 
(C. 200-48) 13 Cains. 

My invention relates to gas blast electric cir 
cuit breakers, more particularly to those of the 
'cross-blast' type wherein the arc to be inter 
rupted is formed in an elongated or slot-like 
insulating arc chamber at the entrance portion 
of an arc chute and is subjected to a high ve 
locity blast of interrupting gas that is directed 
through said chamber Substantially at right an 
gles to the arc length, and has for its principal 
object the provision of an improved circuit break 
er of the aforesaid cross-blast type that is more 
effective to interrupt power circuits at compara 
tively high voltage. 
The interruption of large power currents at 

moderate voltages, such as 15 kV., has been ef 
ficiently accomplished by an air-blast circuit 
breaker of the type above referred to. In this 
breaker. the insulating side walls of the slot 
like arc chamber in which a blade contact is 
movable are fairly closely spaced to insure an 
intensive application of the air blast. When, 
however, this breaker is used in circuits of corf 
siderably higher voltage, such as 50 kv., serious 
interrupting difficulties appear and reliable in 
terruption is not obtained. The arc, although 
it may be interrupted by the gas blast at the 
first current Zero, is often re-ignited by the re 
COVery Voltage due to dielectric breakdown at the 
arc gap. 

have found that the interrupting perform 
ance of the cross-blast air circuit breaker can 
be appreciably improved at higher voltages by 
designing the arc gap space between the sepa 
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rating contacts so that the maximum electro 
Static stress incident to appearance of the re 
covery voltage across the arc gap is greatly de 
ceased. With this design, the gas blast is better 
£ble to Emaintain sufficient dielectric between the 
Separated contacts to prevent voltage breakdown 
at the interrupting gap and resulting re-ignition 
of Searc. 

40 

Aiy invention will be more fully set, forth in 
tie following description referring to the accom 
panying drawings, and the features of novelty 
wfiich characterize my invention will be pointed 
Cit. With particularity in the claims annexed to 
aid forning a part of this specification. 

Referring to the drawings, Fig. is an eleva 
to a view in Section of an air circuit oreaker 
of the cross-last type embodiying the present 
is ventio, Fig. 2 is a pain View of tie circuit, 
breaker shows in Fig. , with a portio22 in sec 
tio, taken along the line 2-2 of Fig. , fig. 3 
is a graphical illustratic of the electrostatic 
field between spaced electrodes in air across which 
a high voltage is impressed, Fig. 4 is a graphical 
illustration of the electrostatic stress setween 
the aforesaid electrodes when the intervening 
gag is a narrow slot defined by ai insulating 
Solid, and Fig. 5 is a sinilar graphica, iilastra 
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, a straight line. 

tion showing the electrostatic stress between the 
electrodes when the gap space is appreciably en 
larged in all directions transversely of the gap 
length. 

in Fig. 1, there is shown by way of example 
an air circuit breaker of the cross-blast type 
in the closed circuit position thereof having rela 
tively movable contacts comprising fixed contact 
structure and a reciprocally guided rod or 
blade-like contact 2. The fixed contact is elec 
trically connected as indicated to one line ter 
minal of the breaker at 3 and the blade-like 
novable contact is also connected as indicated 
to the other line terminal at 4. The blade con 
tact 2 is movable by suitable actuating means 
(not shown) along a generally rectilinear path 
to make and break the circuit with respect to 
the fixed contact although it will be apparent 
that the blade may, if desired, be arcuate in form 
and move longitudinally along an arc instead of 

Also, the cross-sectional shape 
of the contact 2 may be circular instead of rec 
tanguiar if desired. 
For the purpose of extinguishing the arc 

formed between the contacts when the power 
circuit is opened by the breaker, an insulating 
arc chute 5 is arranged with respect to the con 
tacts so that the arc is drawn at the entrance 
portion of the chute directly opposite a gas blast 
supply conduit 6. The conduit 6 is suitably con 
nected through a blast control valve (not shown) 
to a source of compressed gas, such as air, con 
prising for example a storage tank and con 
pressor equipment. 
The arc chute 5 defines a narrow, diverging 

Space into which the arc is driven and extin 
guished by the interrupting blast and is formed 
by diverging end walls and 8 and compara 
tively closely spaced parallel side walls 9 and 
O together with a botton wall through which 

the blast passage extends (Fig. ). The walls 
of the chute are composed of a mechanically 
strong insulating material, such as a molded 
aminated structure. The exhaust end of the 
chute is closed except for a laterally extending 
conduit 2 which directs the heated blast gases 
away froii the circuit breaker proper. 
The chute also includes a plurality of insu 

lating arc barriers 3 that are disposed edgewise 
to the arc path with the barrier width trans 
versely of the arc path so as to form diverging 
gas passages leading to the exhaust conduit. 
Spaced cooling plates 4 are located in the path 
of the hot, gases fowing through the chute. The 
barriers extend fairly close to the arc path as 
indicated and are composed of a vaporizable in 
Suating material such as hard fibre that does 
not lose its insulating characteristics in the pres 
ence of the arc as disclosed and claimed in an 
application, Serial No. 303,126 (Docket 64,679), 

  



2 
fled November 6, 1939, by D. C. Prince et al. 
for "Circuit breaking apparatus and method of 
operating the same,' and assigned to the same 
assignee as the present invention. 
The arc chamber or space in which the arc 

is drawn is formed at the entrance of the chute 
between the blast supply conduit 6 and the arc 
barriers 3 and constitutes an elongated cham 
ber 5 having at one end an opening 6 in reg 
istry with the movable contact 2 which can move 
exteriorly of the chute to a safe isolating dis 
tance. The barrier 3' extends entirely acroSS 
the arc chamber for confining the arc flame to 
the chute interior and has a slot 3' aiso in reg 
istry with the contact 2. The arc formed be 
tween the separated contacts may extend longi 
tudinally of the chamber as is evident from Fig. 
so as to be in the direct path of the gas blast as 
it is directed into the chute. 

In the cross-blast breakers heretofore used, 
the chamber 5 was formed as a comparatively 
narrow slot for receiving the novable contact 
blade. That is, the design was preferably such 
that the conducting portions of the blade con 
tact were closely confined by the insulating 
chamber walls. The gas blast was therefore 
confined to high velocity flow at the arc path 

sashese 
principle. The spaced electrodes A and B in this 
case also define a gap enclosed by solid insulat 
ing walls I of the character indicated in Fig. 4. 
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which was considered essential for interrupting . 
large power currents. This design in fact, is 
very successful in interrupting power circuits at 
about 15 kV. However, where appreciably higher 
voltages are involved, reliable interruption is not 
obtained notwithstanding the use of high blast 
pressures. Unexpected breakdown of the gap 
dielectric between the separated contacts occurs 
and failure of the breaker results. 
What I believe to be the correct analysis of 

the breaker failure is as follows: When a high 
voltage is impressed across two separated elec 
trodes immersed in a substantially unconfined 
fluid dielectric such as air, the electrostatic stress 
can be diagrammatically illustrated as shown by 
Fig. 3. Here the spaced electrodes A and B define 
a gap in air dielectric across which is impressed 
a high voltage such as 50 kV. The distribution 
of electrostatic stress is indicated by the equi 
potential stress lines S. It will be noted that in 
this case there is no high degree of concentra 
tion of the electrostatic field, particularly in the 
space between the contacts. 
Now let it be assumed that the gap between 

the electrodes A and B is confined by closely 
spaced solid insulating walls. I as illustrated by 
Fig. 4. The insulating walls are shown as quite 
closely spaced with respect to the electrodes A 
and B to form a narrow slot-like space for the 
gap. - 

The insulating walls may be of a mechanically 
strong material such as horn fibre for example. 
In this case, the difference between the dielectric 
constants of the air and the solid insulating 
material is so great that the electrostatic stress 
in the gap is greatly increased at the surfaces 
of the electrodes as indicated at S2. For exam 
ple, the dielectric constant of horn fibre as com 
pared with air is from 2.5 to 5.0. In other words, 
with a given voltage impressed across the elec 
trodes A and B, the gap dielectric shown by Fig. 4 
is much more liable to voltage breakdown than 
that shown by Fig. 3. 

In accordance with my invention, I. provide 
an arc gap in air of such size and shape that 
the high degree of concentration of electrostatic 
stress indicated by Fig. 4 is avoided. In Fig. 5 
there is shown an arrangement embodying this 
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centrated as indicated at S3. 
having a dielectric constant much less than the 

However, the gap is not closely confined and the 
electrostatic stress at the electrodes is less con 

The air, although 

Solid insulating material nevertheless is less sub 
ject to voltage breakdown when the air gap space 
is appreciably enlarged, particularly with respect 
to the transverse dimensions of the arc path 
space, as illustrated by Fig. 5. 

in the practical embodiment of my invention, 
the gap space, i. e., the arc chamber, is shaped 
as shown by Fig. 2. The side walls of the arc 
chamber are formed by a pair of insulating 
rinerabers composed of horn fibre or the like 
and shaped so as to for a more restricted blast 
passage at 8 beyond the upper edge of the blade. 
contact. The restricted passage at 8 is designed 
so that an effective gas blast is obtained together 
with economical use of the interrupting gas. 
The conducting sides of the blade contact are, 
however, approximately equally spaced from the 
side and end Walls of the comparatively spacious 
arc chamber. That is, the spacing or clearance 
c between the conducting blade and the horn 
fibre walls preferably is approximately the same 
at opposite sides and at the upper and lower 
edges of the blade. 

I have found that the clearance c can be ex 
pressed in inches as approximately 

1.4 KV 
Y - - 

where EV is the single-phase circuit voltage in 
kilovolts and P is the gas supply pressure in 

... pounds per Square inch. It shall be understood, 
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of course, that we are dealing here with high 
voltage power breakers, and for this reason the 
above formula is not intended to apply in the 
case of three-phase voltages of less than 22 kv., 
or to gas supply pressures of less than 50 pounds 
per square inch. Also it is assumed that the 
blade contact, which is the arcing contact, has 
sufficient copper cross section to carry without 
Overheating the main line current. Blade con 
tacts of the usual design, approximately A inch 
in width, have been found suitable for this pur 
pose in power breakers of the type under con 
sideration. The spacing or clearance c obtained by the 
above formula is an approximate optimum for 
the single-phase circuit voltage used, and for 
best results the solid insulating walls should not 
be appreciably closer at any point to the blade 
conducting portions in the region of the arc gap. 

For example, if the single-phase voltage is 44 
kv. and an air supply pressure of 100 pounds per 
square inch is used, the preferred clearance in 
inches is indicated as follows: 

1.14KY 1.14X44 
P 100 -5016' 

or approximately 2 inch; this being the same in 
the case where the voltage is 88 kV, and the air 
supply pressure 200 pounds per square, inch, 
since at a higher gas pressure (the voltage being 
the same) the maximum contact separation is 

fis 

less at interruption. 
Arough approximation for the minimum clear 

ance is simply , 
KY 
P 

and it is within the scope of my invention to 
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use this value as a bare minimum. It will be 
apparent, however, in the case of larger clear 
ances, that the economics of circuit breaker de 
sign will be controlling. In other words, there 
is no particular reason for greatly exceeding the 
minimum clearance required since the breaker 
would then be larger and moré expensive. How 
ever, a fairly practicable and efficient range for 
values of c is from 

KV t 1.5KV 
P to - P - 

it being understood, of course, that the preferred 
value is approximately 

1.14KV 
P 

as set forth. 
In order to increase the "creepage distance' 

along the side walls of the arc chamber, a plu 
rality of transversely extending grooves 9 can 
be provided in the wall surfaces as indicated by 
Figs. 1 and 2. By increasing the creepage dis 
tance between the separated electrodes at the 
time of interruption, the likelihood of flashover 
along the interconnecting insulating surfaces is 
correspondingly diminished. 

It should be understood that my invention is 
not limited to specific details of construction 
and arrangement thereof herein illustrated, and 
that changes and modifications may occur to 
one skilled in the art without departing from 
the spirit of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. An electric circuit breaker of the gas blast 

type for high voltage power circuits comprising 
relatively movable contacts, insulating structure 
defining an arc chamber in which said contacts 
separate to form an arc gap, the walls of said 
arc chamber along the path of contact movement 
being appreciably spaced at both lateral sides 
and at both the upper and lower sides an ap 
preciable and approximately equal distance from 
the separable contact structure, and means for 
directing a blast of interrupting gas transversely 
through said chamber and the arc gap formed 
therein. 

2. An electric circuit breaker of the gas blast 
type for high voltage power circuits comprising 
a relatively fixed contact and a movable rod 
contact, insulating structure defining an arc 
chamber in which said rod contact is longitudi 
saily movalie to form an arc gap, the walls of 
said arc chamber along the path of movement 
of said rod contact being appreciably spaced at 
both laterai sides and at both the upper and 
lower sidies an appreciable and approximately 
equal distance from the conducting contact ma 
teria of said rod contact so that the electro 
static stress at said arc gap is less likely to cause 
voltage breakdown of the gap dielectric after 
current interruption, and means for directing a 
last of interrupting gas transversely through 

said chamber and said arc gap. 
3. A. electric circuit breaker of the gas blast 

type fog sigh voltage power circuits comprising 
a relatively fixed contact and a movable contact, 
instieting arc cute structure defining an elon 
gated, arc chanber in which said contacts sep 
arate to form. An arc gap, a gas blast supply con 
dit connected to one side of said chamber and 
arc extinguishing structure disposed at the Op 
posite side thereof, the insulating walls of said 
arc chamber along the path of movement of said 
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movable contact being appreciably spaced at 
both lateral sides and at both the upper and 
lower sides an appreciable and approximately 
equal distance from the conducting material of 
said movable contact so that a high degree of 
electrostatic stress tending to cause voltage 
breakdown at said arc gap is substantially pre 
cluded when the power current is interrupted 
at a current zero by a blast of gas traversing 
said arc gap. 

4. An electric circuit breaker of the gas blast. 
type for high voltage power circuits comprising 
relatively movable contacts, insulating structure 
defining an arc chamber in which said contacts 
separate to form an arc gap, the cross sectional 
area of said chamber being generally rectangular 
in shape and large as compared with the Cross 
sectional area of the movable contact structure, 
the insulating walls of said arc chamber being 
appreciably spaced at both lateral sides and at 
both the upper and lower sides an appreciable 
and approximately equal distance from said mov 
able contact structure, said chamber at one side 
being connected to a gas blast supply conduit 
and at the opposite side having a restricted gas 
passage leading to arc extinguishing structure, 
the aforesaid geometrical relationship of said 
arc chamber to said movable contact structure 
providing a comparatively even distribution of 
electrostatic stress whereby voltage breakdown 
of the gap dielectric after current interruption 
at a current zero is minimized. 

5. An electric circuit breaker of the gas blast 
type for high voltage power circuits comprising 
relatively movable contacts, an arc chamber hav 
ing insulating side walls extending along the 
path of contact movement, said contacts separa 
ble in Said chamber to form an arc gap longi 
tudinally thereof, the walls of said arc chamber 
Substantially along the path of contact move 
ment being spaced at both lateral sides and at 
both the upper and lower sides an approximately 
equal distance from the Separable contact struc 
ture, said distance corresponding in inches to 
approximately 

KV 
- 1.14 

where KW is the single-phase circuit voltage in 
kilovolts and P is the gas supply pressure in 
pounds per square inch, and means for direct 
ing a blast of interrupting gas transversely 
through Said chamber and the arc gap formed 
therein. 

6. An electric circuit breaker of the air blast 
type for high voltage power circuits comprising 
relatively movable contacts, an arc chamber hav 
ing insulating side walls substantially surround 
ing the arc gap formed by contact novement, 
said contacts separable in said chamber to form 
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the arc gap longitudinally thereof, the walls of 
Said arc chamber along the path of contact 
movement being spaced at both lateral sides and 
at both the upper and lower sides an approxi 
mately equal distance from the conducting por 
tions of the separable contact structure, said dis 
tance corresponding in inches at east to 

KY 
P 

where KV is the single-phase circuit voltage 
in kilovolts and P is the gas supply pressure in 
pounds per Square inch, and means for directing 
a blast of interrupting gas transversely through 
said chamber and the arc gap formed therein. 

7. An electric circuit breaker of the air blast 
  



4. 
type for high voltage power circuits, comprising 
relatively fixed and movable contacts, the mov 
able contact being of blade-like form having a 
substantially rectangular cross-sectional area, an 
elongated arc chamber having insulating side 
walls, said contacts separable in said chamber 
to form an arc gap longitudinally thereof, the 
walls of said arc chamber along the path of 
movement of the blade-like contact being Spaced . 
at both lateral sides and at both the upper and 
lower sides an approximately equal distance 
from the conducting portions of the blade-like 
contact so that said arc gap is spaced an ap 
preciable distance from the solid insulating: 
chamber walls, said distance corresponding in 
inches to approxislately 

KV 
1.14 - 

where 2J is the single-phase circuit voltage in 
kilovoi is and is the gas Siggy pressure in 
pounds per square inch, anti-taeans for direct 
ing a fast, os interrupting gas transversely 
through said chamber and the arc gap formed 
therei . 

8. An electric circuit breaker of the gas blast 
type for high voltage power circuits comprising 
relatively newable contacts separable to form 
an arc gap, an arc chamber having insulating 
side was substantially surroyding the arc gap 
so formed, the walls of said Birc chamber along 
the path of contact movement being spaced at 
both lateral sides and at both the upper and 
lower sides an approximately equal clearance 
from the separable contact structure, said clear 
ance in inches being within the limits of from 

-- to - 
where KW is the single-phase circuit voltage in 
kilovolts and P is the gas supply pressure in 
pounds per square inch, and means for directing 
a blast of interrupting gas transversely through 
said chamber and the arc gap formed therein. 

9. An electric circuit breaker of the air blast 
type for high voltage power circuits comprising 
relatively fixed and movable contacts, the mov 
able contact being of blade-like form having a 
substantially rectangular cross-sectional area, 
an elongated arc chamber having insulating side 
walls, said contacts separable in said chamber 
to form an arc gap longitudinally thereof, the 
walls of said arc chamber along the path of 
movement of the blade-like contact being spaced 
at both iaiteral sides an approximately equal dis 
tance from the conducting portions of the blade 
like contact so that said arc gap is spaced an ap 
preciable distance from the solid insulating 
chamber side walls, said distance corresponding 
in inches to approximately 

KV - 
1.14 

where KV. is the single-phase circuit voltage in 
kilovolts and P is the gas supply pressure in 
pounds per square inch, and means for directing 
a blast of interrupting gas transversely through 
said chamber and the are gap formed therein, 

10. An electric circuit breaker of the gas blast 
type for high voltage power circuits comprising 
relatively movable contacts separable to form an 
arc gap, an arc chamber having insulating side 
was substantially surrounding the arc gap 80 
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formed, the walls of said arc chamber along the 
path of contact movement being Spaced at both 
lateral sides an approximately equal clearance 
from the separable contact structure, said clear 
ance in inches being within the limits of from 

KY 1.5KY P to - B 
where KV is the single-phase circuit voltage in 
kilovolts and P is the gas supply pressure in 
pounds per square inch, and means for directing 
a blast of interrupting gas transversely through 
said chamber and the arc gap formed therein. 
1. An electric circuit breaker of the air blast 

type for high voltage power circuits comprising 
relatively movable contacts, an arc chamber have 
ing insulating side walls substantially surround 
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ing the arc gap formed by contact movement, 
Said contacts separable in said chamber to form 
the arc gap longitudinally thereof, the walls of 
said arc chamber along the path of contact 
movement being spaced at both lateral sides an 
approximately equal distance from the conduct 
ing portions of the separable contact structure, 
said distance corresponding in inches at least to 

KV 
P 

where KW is the single-phase circuit voltage 
in kilovolts and P is the gas supply pressure in 
pounds per square inch, and means for direct 
ing a blast of interrupting gas transversely 
through said chamber and the arc gap formed 
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therein. 
12. An electric circuit breaker of the gas blast 

type for high voltage power circuits comprising 
a relatively fixed contact and a movable rod 
contact, insulating structure defining an arc 
chamber in which said, rod contact is longitu 
dinally movable to form an arc gap, the side 
walls of said arc chamber along the path of 
movement of said rod contact being appreciably 
spaced at both lateral sides an appreciable and 
approximately equal distance from the conduct 
ing contact material of Said rod contact so that 
the electrostatic stress at said arc gap is less 
likely to cause voltage breakdown of the gap 
dielectric after current interruption, and means 
for directing a blast of interrupting gas trans 
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versely through said chamber and said arc gap. 
13. An electric circuit breaker of the gas blast 

type for high voltage power circuits comprising 
a relatively fixed contact and a movable contact, 
insulating arc chute structure defining an arc 
chamber in which said contacts separate to form 
an arc gap, a gas blast supply conduit connected 
to one side of said chamber and arc extinguish 
ing structure disposed at the opposite side there 
of, the insulating side walls of said arc chamber 
along the path of movement of said movable 
contact being appreciably spaced at both lateral 
sides an appreciable and approximately equal 
distance from the conducting material of said 
movable contact and the insulating Wall struce 
ture at both the upper and lower sides of said 
chamber also being spaced an appreciable dis 
tance from said contact material so that a high 
degree of electrostatic stress tending to cause 
voltage. breakdown at said arc gap is substann 
tially precluded when the power current is inter 
rupted at a current zero by a blast of gas 
traversing said arc gap. 

ROBERT M. BENNETT, 

  


