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UNITED STATES

15 Claims,

Our invention relates to devices for extinguish-
ing the arcs which are formed incident to the
opening of alternating-current electrical circuits
by switches, fuses or other circuit-interrupting
devices, and is particularly applicable tc the
structures of this type which utilize a liquid as
the arc extinguishing means.

Circuit interrupting devices utilizing liquid or
gaseous substances for effecting arc extinction
have been known in the art for some time. In
most of these structures, however, the jet of
lquid or gas which effects the extinguishment
of the arc is not controlled to the hest possible
advantage, and even if the jet is produced by
such refined structures as the well known blow-
out nozzle of the heavy-duty compressed air
switch, an appreciable amount of the arc extin-
guishing fluid is not utilized at all effectively.

In some of the known fluid type arc extin-
20 guishing devices, the arc is drawn within a
narrow, oil-filled channel or chamber, which
is provided with a vent opening at one end there-
of, through which opening one of the cooperating
contacts is adapted to move. Upon the separa-
tion of the contacts, an arc is established within
the arc chamber, and a considerable quantity of
the fluid contained therein is volatilized. This
volatile fluid, in venting, flows outwardly through
the open end of the arc passage with an expulsive
or blast action and thereby extinguishes the are.

To improve the operation of these devices, it
has been proposed to provide further fluid mov-
ing means for assuring an adequate blast of arc
extinguishing fluid through the arc at ail times,
the pressure for forcing this additional quantity
of liquid through the arc being preferably pro-
duced by the arc itself. More specifically, a por-
tion of the arc, which portion is drawn within
the main arc extinguishing chamber or within
a separate pressure chamber connecting with the
main arc chamber, is utilized. This separate
pressure chamber, if this means is used, com-
municates with the -outer atmosphere only
through the arc passage itself, and while during
the normal operation of such devices, a greater
amount of fluid is caused to flow through the
arc passage, a large proportion of this fluid is in
the heated gaseous state, with the result that the
arc extinguishing operation takes place much
less efficiently than would be the case were liquid
alone forced through the arc. Furthermore, the
considerable quantity of liquid which is disposed
intermediate the pressure producing arc and the
arc extinguishing passage proper prevents the

(513

10

15

40

ot
<

58

Re. 20,962

PATENT OFFICE

20,962
CIRCUIT INTERRUPTER

Floris Koppelmann and Werner Kaufmann, Ber-
lin-Siemensstadt, and Fritz Kesselring, Berlin-
Frohnau, Germany, assignors to Westinghouse
Electric & Manunfacturing Company, East Pitts-
burgh, Pa., a corporation of Pennsylvania

Original Ne¢. 2,061,945, dated November 24, 1936,
Serial No. 707,928, January 23, 1934. Appli-
cation for reissue February 11, 1938, Serial No.
190,058. In Germany January 23, 1933

(Cl. 200—150)

rapid expansion of the gas formed therein and
delays the arc extinguishing operation.

Substantially the same conditions are present
in all known switches and-fuses, wherein a por-
tion of the arc, which is drawn through the arc
passage, exXists in a separate closed chamber
filled with liquid, the separate chamber commu-
nicating with the atmosphere only through the
arc passage.

According to the present invention, the arc is
drawn within a narrow arc passage, which is
filled with a flowing stream of arc extinguishing
liquid, under pressure, for effecting the extinc-
tion of the arc during the operation of the de-
vice. The novel feature of the present invention
lies in the fact that the supply of arc extinguish-
ing liquid is effected during the circuit opening
operation by an external pressure force of a
given magnitude, this force being entirely inde-
pendent of the arc, and in the fact that the arc
passage opens at either end into suitable ex-
pansion chambers, which are at atmospheric
pressure or less.

By this arrangement, it is possible to replace
continuocusly the gases in the immediate neigh-
borhood of the arc stream by cool arc extinguish-
ing liquid, which substance has a very high heat-
ing capacity per unit volume.. And since the
pressure of the arc extinguishing liquid is inde-
pendent of the arc magnitude, the liquid sur-
rounding the arc is capable of counteracting the
internal pressure of the arc stream at all times.

The expansion chambers, into which the ends
of the arc passage open, permit the free expan-

sion of the gases expelled from the arc passage, ¢

and are so proportioned that they do not cause
any substantial increase in the pressure, which
is required to force the arc extinguishing fluid
through that passage. The expansion chambers
must, consequently, be of considerable size and
normally free of liquid. Preferably, the means
which defines the walls of the arc passage is
arranged in a chamber free of liquid, except
during the circuit opening operation, the pres~
sure of the fluid moving means being thereby
minimized.

The maghnitude of the pressure force which
moves the arc extinguishing fluid through the
arc passage is such that the liquid surrounding
the arc is caused to follow the decreasing cross-
section of the arc along the entire length of the
arc passage, without delay, when the alternating-
current wave approaches its zero value. The
pressure must also, of course, be sufficiently large
t0 assure that the arc extinguishing passage shall
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be filled with liquid within a very short interval
of time following the establishment of an arc
therein. We have found that pressures of 2 to 20
atmospheres are necessary for effecting a most
efficient operation of our invention, the magni-
tude of the pressures depending upon the design
of the arc passage, the size of the supply conduit
for the arc extinguishing liquid, and the current
magnitude of the arc.

Low pressures are satisfactory under the more
favorable expansion conditions, since then the
pressure supplied to the arc extinguishing fluid
need only be sufficiently large to overcome the
normal pressure existing within the arc stream.
Similarly, low pressures are satisfactory when
small quantities of liquid have to be moved into
and accelerated along the arc passage. We have
found that the best arrangement comprises an
arc extinguishing passage of small cross-sectional
area in combination with a low loss conduit and
a particular liquid container especially designed
for cooperating therewith, the liquid being forced
into the arc passage by compressed air or similar
means.

The effectiveness of the arc extinguishing ac-
tion of our invention depends upon the length
of the portion of arc which comes into intimate
contact with the surrounding stream of liquid.
It is, therefore, essential for the successful ac-
complishment of our invention that the arc pas-
sage shall be filled with liquid under pressure
during the entire circuit opening operation, and
that the passage shall have a predetermined min-
imum length, depending upon the operating volt-
age and the possible magnitude of the current
to be interrupted, the length being calculable
on the basis of experimentally obtained values of
arc extinguishing capacity per unit length of the
device. The channel must not be too short, since
the arc extinguishing liquid vents freely at the
open ends of the arc passage, and sufficient pres-
sure for effecting the contraction of the fluid arc
stream is available only adjacent the central por-
tion. Likewise, the channel must not be too long,
since the thickness of the gas column flowing
in an axial direction through the arc passage
during the circuit opening operation increases
from the center towards the end of the channet,
and after a predetermined length has been ex-
cited, the temperature of the flowing gas stream
so nearly approaches the temperature of the arc
that no substantial cooling action is effected.

The arc extinguishing device of our invention
may be operated with practically any insulating
liguid, and may be satisfactorily operated with
semi-conducting liquids, such as water, since the
arc extinguishing effect is not, primarily, a result
of the insulating properties, but rather of the
heat absorbing capacity of the arc extinguishing
liguid. :

Arc extinguishing devices, according to the
present invention, are capable of interrupting
high-voltage circuits with much smaller are
chambers and with a much less gas evolution
than has heretofore been thought possible. These
advantages arise from the fact that the extin-
guishing device possesses a very high arc inter-
ruption capacity per unit length, and is capable
of effecting the opening of the controlled circuit
within the first cycle of operation. Another ada-
vantage of our invention resides in the fact that
in comparison to the well known circuit inter-
rupting devices very small quantities of arc ex-
tinguishing medium need be supplied during its
operation. In addition, the work expended in
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effecting the delivery of the arc extinguishing
medium is likewise small, which fact may be
attributed to the high efficiency with which the
heat capacity of the liquid is utilized. PFurther-
more, it is nof necessary to utilize insulating lig-
uids which possess the undesirable property of
inflammability with the devices of our invention.
And lastly, our invention makes possible a struc-
ture which is very simple in construction, which
may be operated with comparatively low-pressure
supplies of gas, and which, being open to the
atmosphere during its operation, is substantially
explosion-proof.

The improved operation of our invention re-
sults from the fact that devices embodying cur
invention produce a particularly high-tempera-
ture gradient between the arc and the external
surrounding fluid, and that the minimum arc
diameter for any particular value of arc current
is assured. This small arc diameter and high-
temperature gradient is brought about by means
which causes the heated vapor and gas, produced
in the immediate neighborhood of the arc stream,
to be constantly carried away and replaced with
fresh cool liquid. Specifically, this means com-
prises, as mentioned above, a surrounding sleeve
or jacket of flowing liquid, under pressure, which
intimately contacts and surrounds the arc for
a given length, and which flows along the arc
stream throughout its entire axial length, the
flowing stream of arc extinguishing fluid venting
through openings disposed at the ends of the arc
passage. 'This surrounding jacket of liquid con-
sists of an outer sleeve of liquid, an inner sleeve

formed by the arc gases, and a thin vapor jacket

intermediate the outer and inner sleeves. By
continuously replacing the highly heated gases in
the immediate neighborhood of the arc stream
by a cooling means of high heat absorbing capac-

ity per unit volume, the physical dimensions of 4

the arc stream will be minimized in cross-section,
and when the current passes the zero value, the
arc will become incapable of reigniting itself, and
will thereby be extinguished. Since all of the

gases and the vapor produced by the heat of the 4

arc are continuously removed from the arc pas-
sage by the flowing stream of liquid, excessive
pressures within that passage are prevented and
satisfactory operation of the device may be ac-
complished with fluid pressures of a few atmos-
pheres.

For high voltage circuits of large current capac-
ity, a plurality of arc extinguishing devices, ac-
cording to our invention, may be connected in
series, each of the devices being provided with
an. arc passage of limited length, this arrange-
ment effecting the extinction of high voltage arcs
with a maximum efficiency. As another means
of improving the operation of the devices, the arc
passage may be provided with radial vent open-
ings intermediate the ends thereof, and the liquid
may be supplied to the channel at various points
between the vent openings.

The arc extinguishing passage may have a ree-
tangular or elliptical cross-section. In the case
of a circular cross-section, it is preferable, for
most applications, to make the diameter less
than 15 millimeters.

In order that the arc extinguishing liquid shall
reach the immediate neighborhood of the arc for
the maximum possible length during the passage
of the arc current through zero value, we have
provided means in the neighborhood of the arc
which will act as buffers or energy accumulators,
the frequency of these energy accumulating
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means being preferably approximately two or
three times the natural frequency of the arc.
Through this means, the flowing stream of liquid
is caused to more closely surround the arc and to
follow the oscillations of the arc with a minimum
time Ilag, the energy accumulating means having
a higher natural frequency of vibration than the
arc. An energy accumulating effect may be ac-
complished by suitable design of the arc passage
itself or through the provision of separate means;
as will be described in detail later.

Through the provision of an energy storing
means, the operation of the extinguishing device
may be effected with a much lower pressure than
is possible without such an arrangement. In
effect, the energy accumulator absorbs the shocks
imparted to the liquid flowing through the arc
stream due to the variation in cross-sectional area
of the arc with the normal alternations of th

- current wave.

One suitable arrangement resides in the provi-
sion of air dashpots or air containing pressure
vessels connected to the supply conduit for the
pressure liquid, intermediate the arc passage and
the main body of arc extinguishing fluid. This
means prevents the oscillations in the liquid flow-
ing through the arc passage from being trans-
ferred to the main body of the arc extinguishing
liquid, and limits thens to a relatively small quan-
tity of liquid in the immediate neighborhood of
the arc. As an alternative arrangement, the
body enclosing the extinguishing chamber may
be made of elastic material. Likewise, it is pos-
sible to provide suitable gas-filled elastic sleeves
or bodies disposed within the arc passage in the
neighborhood of the extinguishing chamber. To
prevent the arc extinguishing liguid from flowing
continuously through the arc extinguishing de-
vice, the supply means for the liguid is preferably
placed under pressure only during the operation
of the switeh. The pressure may be produced
by the gear or other means which actuates the
moving contact or suitable valve means may be
provided.

It is also possible to supply pressure which
varies periodically with alternating-current wave,
this' pressure being produced approximately
1-1/1000 of a second before the alternating-cur-
rent wave reaches the zero value.

The minimum pressure under which the liquid
must be placed in the immediate neighborhood of
the arc is a function of the dimensions of the arc
passage. As pointed out above, too high pres-
sures are undesirable, since they are unnecessary
and even dangerous, because the forcing of liquid
into the arc extinguishing chamber in sich man-
ner that the arc may be extinguished during a
maximum value of the current will produce ex-
tremely undesirable transient conditions.

In the accompanying drawings, certain em-
bodiments of our invention are shown in dia-
grammatic form:

Figs. 1, 2, and 3 are views illustrating three
successive conditions during the extinction of
an arc in a device constructed according to our
invention;

Fig. 4 is a curve illustrating the conditions pre-
vailing in the arc extinguishing chamber during
the one alternation of the arc current;

Figs. 5 through 10, inclusive, show varicus
modified forms of the arc extinguishing device
of our invention;

Fig. 11 is a curve showing the variation of pres-
sure within a device utilizing an energy accumu-
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lating device and in a device wherein such a de-
vice is not utilized;

Fig. 12 is a diagrammatic view showing a cir-
cuit interrupter embodying the features of our
invention;

Fig. 13 is a sectional view on the line XIIT—
XIIX of Pig. 5; .

Pig. 14 is a sectional view on
X1V of PFig. 6; and

Fig. 15 is a sectional view on the line XV—XV
of Fig. 8.

A circuit interrupter embodying the features
of our invention is illustrated diagrammatically
inFig. 12. As shown in that figure, the insulating
means {, which defines the walls of the arc pas-
sage 2, is disposed within an outer casing 3, which
is of sufficient size that the outflowing gases may
freely expand therein during the operaticn of
the device. To further assure that nc cbjection-
able back pressures shall be built up within the
casing, a plurality of openings 5, leading to the
atmosphere are provided. A stationary contact
3 is supported at one end of the casing and is
adapted to cooperate with =2 movable contact
{4 which is supported by suitable guide and actu-
ating means 6. The main body of arc extinguish-~
ing liquid 7 is contained within a suitable reser-
volr 8 and the pressure for moving this liguid
is supplied thereto from a gas containing pres-
sure cylinder 9. The flow of the arc extinguish-
ing fluid through the passage is controlled by an
electrically cperated valve 40 which is operable
in response to an overload relay 4f which con-
trols the operation of the movable contact mem-
ber or to other means, as may be desired. A
pump means 42 may be provided for returning
the arc extinguishing fluid to the main reservoir
iollowing each operation of the interrupter.

During the circuit opening operation of this
device, the coil 43 forming a part of the actu-
ating means 6 for the movable contact is ener-
gized and causes the movable contact rod id
to be moved through the arc passags 2 formed
within the arc extinguishing chamber. At the
same time the arc extinguishing fluid begins to
flow through the arc passage to effect the extin-
guishment of the arc when drawn therein. The
particular form of the circuit interrupter is not
an important part of this invention, which is
more particularly concerned with improving the
cperation of the arc extinguishing device utilized
therewith, and any suitable structure may be
employed.

In Figs. 1 to 3, the circuit interrupter is shown
as Including tubular means I for defining the
walls of an arc passage wherein the arc is drawn
in an axial direction, both ends of the passage
cpening into a suitable expansion space. The
conduit Z is provided for supplying the arc ex-
tinguishing liquid to the interior of the passage
defining means L at the central portion thereof.
Three successive steps in the arc extinguishing
operation are shown. The difference of time
hetween the step shown in Figs. 1 and 2 and be-
tween that shown in Figs. 2 and 3 amounting to
about .0005 second. The difference in time be-
tween Figs. 1 and 3 totals, therefore, .001 second.
Tig. 3 represents the arc at the time when the
alternating current passes through a zero value
and the other figures show the arc shortly before
the current reaches the zero value. - The current
magnitude of the arc might be 3000 amperes in
Fig. 1, 1500 amperes in Fig. 2, and 0 in Fig. 3,
assuming an alternating current of 50 cycles.

Shortly before the arc is drawn through the
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arc passage, which is defined by the member L,
a quantity of arc extinguishing liquid is forced
into that passage through the supply conduit Z.
The arc is, therefore, surrounded by a cylindrical
jacket M of arc extinguishing liquid which is
under a suitable pressure immediately upon its
formation. The arc evaporates the layer of liquid
immediately adjacent thereto, and as a result
forms a vapor jacket around itself, which par-
tially insulates the liquid from the arc. The en-
tire fluid column, however, together with the
vapor jacket is caused to flow rapidly in the
axial direction of the arc passage because of the
great difference in pressure prevailing between
the central portion of the arc passage and the
open ends thereof. The flowing liquid, thus re-

places the escaping gases so that with the de-

creasing gas generation accompanying the nor-
mal decrease in current magnitude of the arc,
the liquid channel M surrounding the arc in-
creases in cross-section. The arc extinguishing
liquid is under such a pressure and is admitted
to the arc passage under such a large conduit
that the complete filling of the arc extinguishing
passage is assured at all times.

To assure absolute freedom of movement of
the arc extinguishing fluid through the arc pas-
sage, it is essential that the open ends shall be
free of ahy restriction and an adequate supply
of arc extinguishing fluid under a suitable pres-
sure shall be available throughout the entire cir-
cuit opening operation. ’

In Fig. 2, the arc passage is substantiaily filled
with liquid, and in Fig. 3, the arc has shrunk to a
small liquid channel. At this time, the portion
of the arc stream in the arc passage has a very
high temperature gradient, and since a large
quantity of liquid with a very high heat absorb-
ing capacity is being moved through the arc pas-
sage, the temperature of that remaining portion
of the arc stream drops very considerably with-
in the short interval of time (which amounts to
about .0001 to .00001 second), when the cur-
rent passes through the zero value and before
the restored voltage reaches a sufficient magni-
tude to cause the restriking of the arc. The arc,
therefore, does not reignite itself in the arc pas~
sage, provided, of course, that the fluid column
therein is sufficiently insulating to withstand the
circuit voltage. .

The conditions prevailing in the arc extin-
guishing chamber during one alternation of the
supply current are illustrated in Fig. 4. The
curve T denotes a half wave of the alternating
current; the curve V the velocity of flow of arc
extinguishing liquid through the arc passage; the
curve K and the force which must be available
for accelerating the fluid supply in order that the
arc passage may be entirely filled with liquid dur-
ing the arc extinguishing operation. 'The pres-
sure force to be applied to the liquid is, of course,
a function of this accelerating force,

During tests of our invention, an arc of 8,000
amperes at an operating voltage of 15,000 volts
was extinguished within an arc passage having
a length of 49 millimeters at the first zero value
in current wave, the arc passage being vented to
the atmosphere at either end and water, at a
pressure of 10 atmospheres, being utilized as the
arc extinguishing fluid. The insulation of the arc
passage was found to be capable of withstanding
3,000 volts per centimeter of length immediate-
ly following the first zero point in  the wave,
which value is much higher than can be obtained
in the devices heretofore known in the art.

20,962

Figs. 5 to 7 show various modified forms of an
arc extinguishing chamber and of the supply
means for introducing a liquid into that chamber
during the operation of the switch. In the device
shown in Figs. 5 and 13, the arc passage |1 com-
prises a cylindrical opening formed within a suit-
able wall member 10 of insulating material A
supply channel {2 disposed perpendicularly to
the axis of the arc passage is provided for ad-
mitting the arc extinguishing fluid. A fixed con-
tact 13 is arranged at one side of the device and
a moving contact 14, which is drawn through the
arc passage during the operation of the device,
is provided for cooperating therewith. The arc
passage |l is filled with arc extinguishing fluid
which flows through the channel {2, immediately
upon the initiation of a circuit opening move-
ment, and the extinetion proceeds exactly as de-
scribed above. Fig. 5 illustrates the manner in
which the gas evolved by the heat of the arc
causes the arc stream to increase from the cen-
ter toward the outer ends thereof.

The arc chamber shown in Figs., 6 and 14 is
substantially similar to that shown in Fig. 5, ex~
cept that an annular passage |7 surrounds the
arc passage I8, which is formed within the wall
defining insulating body {5. 'Through this ar-
rangement, & more even in-flow of the arc extin~
guishing fluid is accomplished.

A further modification is illustrated in Pig. 7
wherein a cylindrical arc passage 18 is formed
within an insulating body {8 and is provided with
a radial relief opening 20 and a pair of supply
channels 2{ and 22. In this embodiment, the
usual decreased efficiency of a relatively long arc
extinguishing passage is obviated, since the pas-
sage is divided by the relief opening into two
shorter passages, each of which is in effect
opened at both ends. By this means, two re-
stricted portions of the arc stream are made pos-
sible.

In Figs. 8 to 10, we have shown certain devices
which are provided with energy storing means for
assuring a continuous flow of arc extinguishing
liquid into the arc passage during the circuit
opening operation. As pointed out above, this
arrangement makes possible the use of lesser
pressures in the supply means for the arc ex-
tinguishing fluid and increases the reliability of
operation of the device. The structure shown in
Figs, 8 and 14 comprises an air vessel 24, which
is connected to the arc passage by a suitable con-
duit. 'This vessel acts similarly to any of the
other well known energy storing arrangements.

Fig. 11 shows the effect of the energy storing :
means time plotted on the horizontal axis. The
curve T; represents the arc current, the curve Vi
the velocity of the flow of the liquid in the arc
passage without the energy storing buffer device,
and the curve Va the velocity of flow of the liquid
with the buffer device. The accelerating force to
be ‘applied tc the liquid is proportional to the
tangent of the angle B. As will be apparent, the
pressure producing force may be reduced by the
provision of a properly designed energy storing
buffer means. '

Pig. 9 illustrates another embodiment. The
variations of pressure in the neighborhood of the
arc passage are absorbed by gas-filled elastic
bodies 26 and 27 arranged in the supply conduit
for the arc-extinguishing medium, and the pres-
sure in the liguid is produced by forcing down-
wardly a piston 29 which entraps a quantity of
gas in the space 30 between the surface of the
liquid and the piston. Instead of compressing
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the gas by forcing downwardly by moving a pis-
ton, the chamber may be connected with a pres-
sure source, such as illustrated in Fig. 12, the
valve 40 controlling the force of pressure being
opened upon the interruption of the switch. The
gas-filled clastic bodies 26 and 27 are compressed
when the current magnitude of the arc is high
and expand as the current magnitude decreases
to the zero value.

The arc extinguishing device shown in Fig. 10
is provided with a particularly large cross-sec-
tional area supply means. The arc passage is
formed within an insulating body 2i which is
connected with the liquid chamber 8§ through
various supply openings 32, 83 and 34, which are
so arranged that, at one side only the walls 35,
36, 371 and 38 remain, and the channel is divided
into a plurality of single sections. An elastic
cushion means 56, which serves ss the energy
storing buffer, and which may take the form of
a rubber balloon or similar device, is disposed
within the pressure chamber 55. The liguid
enters the pressure chamber 55 and through it
and the arc passage from an external supply
source, the direction of flow heing indicated by
the arrow 51. The large cross-sectional area of
the supply source aids in minimizing the pressure
which must be supplied to the liquid by reducing
the fluid friction.

The arc extinguishing devices as shown in
Figs. b through 10 may be arranged in a liquid
container as in such manner that the surface of
the liguid contained therein lies somewhat above
the upper edge of the arc passage. For exaraple,
the container 3 of Fig. 12 may be filled with
liquid to the level indicated at §8. The arc ex-
tinguishing passage is then completely filled with
liquid at all times and during the circuit open-
ing operation it is necessary merely to provide
a pressure for moving the liquid through the
passage. It is also possible to accomplish our
invention wherein the arc passage is opened at
only one end.

We claim as our invention:

1. In a circuit interrupter for use with alter-
nating current circuits, means for defining the
walls of a tubular arc passage having a length
at least several times its greatest cross sectional
dimension, means for establishing the arc inci-
dent to the opening of said interrupter longi-
tudinally within said arc passage, a body of arc
extinguishing liquid, and means operable during
each circuit opening operation of said interrupter
to move a quantity of said liquid which has not
been subjected to the arc inteo said arc passage,
said liquid being introduced into said passaze
under sufficient pressure, with respect to the di-
mensions of said passage, to cause at least a por-
tion of said arc to be surrounded by a flowing
stream of fresh, unionized, arc extinguishing lig-
uid which intimately contacts said arc at all
times during the entire circuit opsning opera-
tion, despite the variations in cross sectionsal srea
of the arc which accompany the normal fluctua-
tions in the arc current.

2. In a circuit interrupter for use with alter-
nating current circuits, means for defining the
walls of a tubular arc passage having s length
at least several times its greatest cross sectional
dimension, means for establishing the are inci-
dent to the opening of said inferrupter longi-
tudinally of said passage, a body of arc extin-
guishing liguid, and means, including a conduit
which connects with said passage intermediate

S

its ends, operable during and only during each
circuit opening operation of said interrupter to
move a quantity of liquid which has not been
subjected to the arc into said passage, said arc
bassage being open at either end and except for
said conduit means being otherwise completely
enclosed, said quantity of liquid being moved into
said arc passage under sufficient pressure to cause
said arc to be surrounded by a flowing stream of

fresh, unionized, arc extinguishing liquid which

is in intimate contact therewith throughout each
circuit opening operation, the dimensions of said
passage and the pressure at which said lquid is
introduced therein being so correlated that said
flowing stream of liquid follows the normal vari-
ations in the dimensions of said arc resulting
from the normal fluctuations in the magnitude
of the arc current.

3. In a circuit interrupter for use with alter-
nating current circuits; solid means for defining
the walls of a substantially eylindrical arc pas-
sage having a length at least several times its
cross-sectional diameter; means for establishing
the arc incident to the opening of said inter-
rupter within said arc passage, the cross sectional
area of said arc passage being not more than
slightly greater than the maximum cross sec-
tional area of the largest current magnitude arc
which may be drawn therein during the opera-

tion of said interrupter; a body of arc extin-

guishing liquid; means, including a conduit which
connects with said passage intermediate its ends,
operable during each circuit opening operation
of said interrupter to cause a quantity of said
liquid to be moved into said arc passage without
substantial heating or ionization thereof: said
quantity of liquid being under sufficient pressure
to cause at least a portion of said are to be sur-
rounded by a flowing stream of fresh, unionized,
arc extinguishing liguid; said arc passage being
open at either end and except for said conduit

means being otherwise completely enclosed; and-

energy storage means sufficiently low inherent
inertia to prevent the normal fluctuations in the
physical dimensions of the are, due to normal
variations in the current wave, from causing ex-
cessive fluctuations in the pressure within said
arc passage, in order that said flowing stream
shall intimately contact said arc at all times
during the operation of said interrupter.

4. In a circuit interrupter, means for defining
the walls of a tubular arc passage having a length
at least several times its greatest cross-sectional
dimensions, means for establishing the are inci-
dent to the opening of said interrupter within,
said arc passage, a body of arc extinguishing
liquid, means, including a conduit which connects
with said arc passage intermediate its snds, op-
erable during each circuit opening operation of
said interrupter to move a quantity of said liquid
into and through said arc passage to extinguish
said are, said quantity of liquid being moved into
said arc passage under sufficient pressure to cause
at least a portion of said arc to be surrounded
by a flowing stream of said liquid which is at all
times in intimate contact therewith, and energy
storage means, comprising a substantially closed
chamber wherein a predetermined quantity of gas
is permanently entrapped and means for con-
necting said chamber into pressure responsive
relationship with said arc passage, for preventing
the normal fluctuations in the magnitude of the
arc current from causing sufficient fluctuation in
the pressure in said passage to permit said inti-

16

25

30

40

80

65

-60

66

70

7o




10

15

20

25

:30

40

45

150

55

60

.65

70

75

6

mate contact between said arc and said liquid to
be broken, said arc passage being open at at least
one of the ends thereof and except for said con-
duit means and said means for connecting said
gas containing pressure chamber into pressure re-
sponsive relationship therewith being otherwise
substantially completely enclosed, the physical
dimensions of said arc passage, the pressure at
which said liquid is introduced thereinto, and thie
characteristics of said energy storage means
being so correlated that the natural frequency
of oscillation of said energy storage means is at
all times not substantially less than twice the
period of the alternating current circuit with
which the interrupter is used.

5. A circuit interrupter comprising means de-
fining an arc chamber, a pair of separable con-
tacts at least one of which is movable through
said chamber for establishing an arc therein, an
arc extinguishing liquid within said chamber,
said chamber having passages leading therefrom
arranged so that arc extinguishing liquid is
caused to flow through said passages longitudi-
nally of the arc path, and means for supplying
to said chamber upon opening of the circuit ad-
ditional arc extinguishing liquid under a pres-
surg sufficient for maintaining a quantity of
liquid which has not been subjected to the arc
in intimate contact with the arc but without de-
stroying the continuity of the arc during the
interruption of the circuit irrespective of varia-
tion in the cross sectional area of the arc result-
ing from fluctuations in the arc current.

6. A liquid immersed circuit interrupter com-
prising a pair of separable contacts, means de-
fining an arc chamber and within which arc
pressure is generated upon opening of the cir-
cuit, passages leading from said chamber, and
means for directing into the arc chamber through
at least one of said passages additional liquid
under pressure from a source independent of said
arc pressure in accordance with the circuit open-
ing operation, at least one of the remaining pas-
sages serving to discharge gas and liquid from
gaid arc chamber, said pressure from said inde-
pendent source being sufficient in magnitude to
counteract the internsl pressure of the arc and
maintain a flow of additional liquid longitudi-
nally of the are through said passages and in
intimate contact with the arc at all times despite
variations in the cross sectional area of the arc
and without breaking the continuity of the are.

7. In a circuit interrupter, means defining an
arc chamber, arc extinguishing liguid within said
arc chamber, means for establishing an arc
within said are chamber, means for injecting
additional arc extinguishing liquid into said
chamber in accordance with the circuit opening
operaticn, and means for venting said chamber
to cause arc extinguishing liquid and the prod-
ucts of decomposition of the arc to flow longi-
tudinally of the arc in escaping from said cham-
ber, said injecting means maintaining said liquid
within said chamber at a pressure sufficient to
cause an intimate engagement of the liquid with
the arc at all times irrespective of variations in
the cross-sectional area of the arc without caus-
ing a substantial penetration of the liquid into
the arc.

8. In a circuit interrupter, means defining an
elongated arc chamber, arc extinguishing liquid
within said chamber, a contact structure for
drawing a relatively long arc within said arc
chamber, means for injecting additional arc ex-
tinguishing liquid into said chamber at a plu-
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rality of points longitudinally of the arc path
and passages leading from said arc chamber for
the escape of arc extinguishing liquids and the
products of decomposition of the are, said inject-
ing means cooperating with said pasasges to sub-
ject a plurality of separate sections of the arc
to a separate longitudinal flow of arc extinguish-
ing liguid and to maintain said liquid in intimate
confact with the respective arc sections despite
variations in the cross-sectional ares of said sec-
tions but without injecting said liquid into said
arc during the circuit interrupting operation.

9. In a circuit interrupter, means defining an
elongated arc chamber, a contact structure for
establishing a relatively long arc within said arc
chamber, vent passages leading from said arc
chamber and means for injecting arc extinguish-
ing liquid into said chamber at a plurality of
points longitudinally of the arc path in accord-
ance with movement of said contact structure to
open circuit position and at a pressure to main-
tain the arc chamber filled at all times during the
circuit opening operation, said injecting means
cooperating with said passages to subject a plu-
rality of longitudinally spaced sections of said
arc to a separate longitudinal flow of arc extin-
guishing liquid and to maintain said arc extin-
guishing liquid in intimate engagement with said
arc sections irrespective of variations in the
cross-sectional areas of said arc sections with-
out causing substantial penetration of said arc
extinguishing liquid into the arc sections.

10. The method of interrupting an electrical
circuit which comprises establishing an arc
within a quantity of liquid, moving an additional
quantity of liquid. longitudinally of the arc fo
remove the products of decomposition of the arc
and maintaining the moving liquid under suffi-
cient pressure to cause said liquid to intimately
engage said arc without substantial penetration
thereinto during variations in the cross-sectional
area thereof due to normal fluctuations of the
arc current.

11. The method of interrupting an electric cir-
cuit which comprises establishing an arc, sub-
jecting said arc to the longitudinal flow of said
liquid and maintaining the flowing liquid under
sufficient pressure to cause said liquid to inti-
mately contact the arc at all times but without
breaking the continuity of the arc during cir-
cuit interruption irrespective of the variations
in the cross-sectional area of the arc resulting
from the normal fluctuations in arc current.

12. The method of interrupting an electrical
circuit which comprises  establishing an arc
within a liguid, subjecting said arc to a longi-
tudinal flow of said liquid which has not been
subjected to the arc and maintaining the fiow-
ing liguid under sufficient pressure to expel the
products of decomposition of the arc longitu-
dinally of the arc and cause the flowing liquid to
intimately engage the arc without substantial
penetration thereinto despite the variations in
the cross-sectional ares of the arc accompany-
ing the normal fluctuations in arc current.

13. The method of interrupting an electrical
circuit which comprises establishing a relatively
Iong are, subjecting a plurality of longitudinally
spaced sections of the arc to a separate longi-
tudinal flow of liquid and maintaining the
liquid flowing longitudinally of each section
under sufficient pressure to cause said liquid to
intimately contact the respective sections of the
arc without substantial penetration into the sec-
tions irrespective of the variations in cross-sec-
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tional area of the arc sections resulting from the
normal fluctuations in arc current.

14, In a circuit interrupter, means defining an
arc passage, arc extinguishing liquid within said
arc passage, means for establishing an arc
within said arc passage, means for moving arc
extinguishing liquid through said arc passage in
accordance with the circuit opening operation,
and means for venting said arc passage to cause
arc extinguishing liquid and the products of de-
composition of the arc to flow longitudinally of
the arc in escaping from said arc passage, said
liguid moving means maintaining liquid within
said arc passage at a pressure sufficient to cause
an intimate engagement of the liquid with the
arc at all times irrespective of variations in the
cross-sectional area of the arc without destroy-
ing the continuity of the arc.

15. In a circuit interrupter, means of insulat-

7

ing material defining an elongated arc passage
open at least at one end, arc extinguishing liquid
within said arc passage, means for establishing
an arc longitudinally of said arc passage, and
means for moving arc extinguishing liguid longi-
tudinauy of the arc in accordance with the cir-
cuit opening operation, said liquid moving means
subjecting substantially the entire length of said
arc to an enveloping stream of arc extinguishing

liguid and maintaining said enveloping liquid at ;

a pressure sufficient to squeeze out substantially
all arc gases through the open end of said arc
passage but without injecting a sufficient quan-
tity of arc extinguishing liquid into the arc to
break the continuity of the arc during the nor-
ma] cyclic variations thereof.
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