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12 Claims.

My invention relates to circuit interrupters and
particularly to interrupters for high voltage cir-
cuits.

One object of my invention is to provide a
circuit interrupter with a chamber wherein a
liquid is vaporized in the presence of an arc, ini-
tially confined until a predetermined pressure
has been effected, and subsequently rapidly ex-
panded in the region of the arc path to prevent
arc reinitiation.

Another object of my invention is to provide a
circuit interrupter of the above mentioned type
with a vapor-confining and a vapor-expanding
chamber wherein the vapor expansion occurs at
the time the arc is extinguished.

A further object of my invention is to pro-
vide a circuit-interrupting structure of the above
mentioned type with a condenser chamber that
shaill convert the expanded vapor into its origi-
nal liquid form and return it to the region where-
in the arc was initially established.

A still further object of my invention is to em-
ploy a liquid in a circuit interrupting structure of
the above described type that shall be vaporized
without effecting a decomposition thereof, in or-
der that the liquid may be changed from one
state to another without having its physical or
chemical structure permanently affected.

Heretofore liquids have been employed sur-
rounding the contact members of circuit inter-
rupters in order to quench the arc by its physical
presence hetween the separated terminals. The
liquid was chosen for its dielectric properties and
for its resistance tc change in state to thereby
minimize the evolution of gases and the resulting
pressure. While oil was universally accepted as
the proper liquid to meet the requirements of an
arc quenching fluid, an objectionable feature in-
herent in cils is the liberation of free carbon in
the presence of an arc which materially reduced
the dielectric strength of the oil. This reduc-
tion in dielectric strength, and the accompany-
ing hazards from fire, which result from the lib-
eration of combustible gases, rendered the em-
ployment of oil as an arc quenching medium
quite unsatisfactory for certain applications.

In practicing my invention, I procure rapid
arc-extinguishment and prevent arc reinitiation
by employing a suitable structure containing a
liguid that freely vaporizes in the presence of an
arc without decomposing. The vaporized gases
extinguish the arc and render the arc path non-
conducting, after which operation they are re-
turned to their original state without, in any
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way, having undergone a permanent physical or
chemical transformation.

My invention will best be understood by re-
ferring to the following specification taken in
conjunction with the accompanying drawings
wherein:

Figure 1 is a view, partly in section and part-
Iy in elevation, of a circuit interrupter embody-
ing my invention.

Fig. 2 is' a view similar to Fig. 1 showing a
modified embodiment of my invention.

Fig. 3 is a sectional view in elevation show-
ing a further modified form of a gas enclosing
chamber embodying my invention.

Fig. 4 is a sectional view, in elevation, of an-
other modified form of my invention.

Fig. 5 is a sectional view, in elevation, of a com-
plete circuit interrupter embodying another form
of my invention, and,

Pig. 6 is .a view, partly in section, and partly
in elevation, of a circuit interrupting and con-
densing structure embodying my invention.

My invention comprises in general a chamber
1 having a cover 2 thereon that supports the in-
sulated conducting members or bushings 3. A
lift rod 4 is suspended by suitable operating
means (not shown) between the bushings 3 and
is provided with a conducting bridging bar 5 that
carries conducting confact rods 6 on its outer
ends. A pot or chamber 7 is supported on each
of the inner ends of the bushings 3 and enclose
the-stationary contact members 8 that are pro-
vided on the ends of the bushings. »

Within the chamber 1 and surrounding the pots
7, there is provided a gquantity of an arc extin-
guishing liquid 9 which may bhe semi-conducting
and which is readily vaporized in the presence
of an are, without any substantial decomposition.
Among such liquids that effectively accomplish
arc extinguishment may be mentioned water and
bromene. The vapors from such liquids are non-
inflammable and the liquids are not decomposed
when vaporized.

Referring to Fig. 1, it will be observed that the
pots 7 are inverted and entirely enclosed except
for a single small opening 11 through which the
conducting rods 6 pass when moved to open-cir-
cuit or to close-circuit position. The conducting
rods 6 fit snugly within the opening 11 and pre-
vent the passage of the vapor therefrom during
the initial movement of contact separation, caus-
ing the vapor to build up a considerable pressure
within the pots 7. After the contact rod 6 passes
out of the openings 11, the vapor passes through
the opening and rapidly expands across the arc
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path. The opening is made small to prevent in-
stantaneous expansion and the expansion en-
dures over a period of one-half cycle of alternat-
ing current or more for a reason fully explained
hereinafter.

A similar circuit interrupter is disclosed in Fig.
2 wherein the bottom portion of the pots 7, con-
taining the orifice 11, is removed and a piston 12,
that snugly fils within the pot 7, is mounted on
each of the contact rods 6 by bolts 13. In this
arrangement, the gas is liberated ahead of the
arc, permitting a rapid expansion of the gas in
the vieinity of the arc without disturbing the arc
path by the turbulent passage of the gas.

Fig. 3 discloses a pot 7 having side ports 14 for
the escape of the confined gases, which ports are
closed by the wall of a chamber 15 that is in slid-
able engagement with the pot 7 and is mounted
on and moved with the contact rod 6. The ex-
pansion of the vapor and the extinguishment of
the arc is effected in this structure in a manner
similar to that effected by the structures disclosed
in Figs. 1 and 2.

When an arc is established between the contact
rod 6 and the stationary contact member 8, the
liquid, surrounding the are, is vaporized, and, due
to the complete confinement of the vapors, which
are constantly being evolved by the action of the
arc upon the enclosed liquid, a considerable pres-
sure is developed within the pot 7. Also during
this fime, the vapor is turbulently passing through
the arc, causing the arc stream to be cooled and
deionized and the arc core to shrink, thereby in-
creasing the current density of the arc and rais-
ing the arc voltage. As the current decreases in
magnitude and approaches the zero point in the
course of its alternating cycle, the arc core de-
creases in cross-sectional area a proportional
amount because of the deionizing effect produced
by the turbulent vapor and at current zero the
arc will become enfirely extinguished.

As pointed out hereinabove, the expansion of
the vapor takes place over a period of time at
least equal to one-half of an alternating cycle,
and the resulting change in state of the fluid
within the expansion chamber is thus caused to
persist during the time the current passes
through at least one zero value of the arc cur-
rent. The rapid expansion of the vapors effects
a considerable reduction of temperature which
causes them to condense. ‘This condensation
takes place upon the electrons present in the arc
path, which act as nuclei about which the excess
moisture condenses, and which, heretofore, main-
tained the arc path in a conductive condition
because of the ionization effected by the col-
lision of the highly mobile electrons. The load-
ing of the electrons and ions with the condensed
vapor particles increases their mass (as much as
thirty thousand times for some fluids) and ren-
ders them relafively immobile and incapable of
producing ions by collision. Thus the arc path
is rendered non-conductive, and the reinitiation
of the arc is prevented.

To reduce the dimensions of circuit interrupt-
ing structures embodying my invention, I elim-
inate the enclosing chamber and the large body
of liquid illustrated in Figs. 1 and 2 by employ-
ing the pot 7 about each of the contact members
that are surrounded by air. In Fig. 4, the pot 7
is enclosed by a chamber 16 in which the gas lib~
erated from the opening 11, after the passage
of the rod 6 therefrom, is expanded. After the
expansion takes place and the arc is extinguished,
the vapor in the chamber 16 and also that in the

1,048,761

chambher 7 is condensed and collected at the bot-
tom of the chambers.

A check valve 17 is provided in the lower por-
tion of the wall of the pot 7 (Fig. 4). This valve
permits the passage of the liquid 9 from the
chamber 16 into the pot 7 but prevents the pas-
sage of the liquid therefrom, and thereby assures
that sufficient liquid is always present in the
pot 7 to effectively obtain arc extinguishment
and to prevent arc reinitiation.

A second valve 18 is mounted on the wall of
the chamber 7 which is provided with a spring
19 that effectively retains the valve 18 in its
closed or sealed position. The tension of the
spring 1§ is such that the valve 18 will open be-
fore the pressure in the pot 7 accumulates suf-
ficient force to rupture the pot. In this con-
struction, none of the liquid 9 or ifs vapor es-
capes from the chamber 16 and, as the liquid
is not deccmposed by the arc, it may be repeated-
ly changed from one state to another without
reducing its volume or impairing its arc extin-
guishing qualities.

In Pig. 5, I disclose a complete circuit inter-
rupter wherein the current normally flows
through the terminal 21, the main stationary
conbtact member 22, a flexible bridging member
23, a stationary contact member 24, and a ter-
minal member 25. Paralleling the bridging
member 23, a secondary or arcing circuit is
provided that includes the bridging bar 5,
the conducting rods 6 and the stationary con-
tact members 8. The contact member 8 is en-
closed within the chamber 7 and is immersed
in the liguid 9 therein. The contact member ¢ 110
extends into the chamber 7 and engages the con-
tact member 8. Upon the separation of the con-
tact members 6 and 8, an arc is established and
is extinguished in the manner heretofore de-
scribed.

The conducting rod 6 extends through a cham-
ber 26 into which the vapor expands since it
communicates with the chamber 7 after the
conducting rod 6 has passed from the opening
11. Suitable packing 27 is provided on the top 120
of the chamber 26 to prevent the vapor from es-
caping through the opening for the conducting
rod 6.

Condensers 28 are provided adjacent to the
chambers and directly communicate therewith 123
through the conduits 29 and 31. Check valves
17 are provided adjacent to the conduit 31 in
the wall of the chambers 7 to permit the ingress
of the liquid 9 thereto and to prevent its escape
therefrom.

In this construction, when the circuit inter-
rupter is in closed position, all of the current
passes through the main current carrying brush
23 and practically no current flows in the sec-
ondary circuit, that is to say, through the con-
tact rods 6 and the bridging bar 5. When the
circuit interrupter is moved to open position the
brush 23 is first separated from the contacts 22
and 24, while the contact rods 6 and the bridging
bar 5 remain in series relation with the terminal -4
members 21 and 25. Further movement of the
circuit interrupting structfure to the open posi-
tion effects the separation of the conducting rods
6 from the contacts 8§ whereupon two serially
connected arcs are established. 'The arcs are "=
extinguished by the turbulent passage of the
vapor therethrough and prevented from reignit-
ing by the expansion of the vapor as described
hereinabove. The expanded vapors are con-
densed within the chambers 28 and are returned 150
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as liquid to the chambers 7 through the conduits said cooling and the resulting change of

31 and the valves 17.

In Fig. 6, I have disclosed a circuit interrupting
structure wherein the chamber 16 has oppositely
disposed conduits 22 that are connected to op-
posite sides of the chamber in order to equalize
the forces effected during the expansion of the
vapors. The conduits 32 are in communication
with the condenser 26 and are provided with
regulating means 33 that effect a prolonged ex-
pansion of the vapor. When the regulating
means 33 are properly adjusted, the expansion
wiil endure for at least a half cycle and continue
at the time the arc is extinguished. The liquid
9 trapped within the condensing chamber 26
may be returned {oc the chamber 7 by the con-
duit 34 and valve 35.

It will thus be seen that I have provided an
improved - circuit interrupter which utilizes an
arc- quenching liquid that is vaporized in the
presence of an arc. The vapor effects arc-ex-
tinguishment by its turbulent motion, while con-
fined, and prevents arc-reinitiation by its rapid
expansion after arc-extinguishment which de-
ionizes the arc path. The vapor and the liquid
are entirely enclosed and are changed from the
liquid state to the vapor state without decom-
position and without reducing the dielectric
quality of the liquid.  The expansion of the lig-
uid is so arranged that a current zero and arc-
extinguishimment occurs during the time of ex-
pansion.

While I have described several modifications
of my invention, it will be apparent to those
skilled in the art, that many changes, omissions,
additions, and substitutions may be made there-
in without departing from the spirit and scope of
my invention as set forth in the accompanying
claims,

1 claim as my invention:—

1. In an alternating current circuit interrupter,
means defining a chamber that is substantially
closed when said interrup:er is in the closed cir-
cuit position, means for drawing an arc in said
chamber, said chamber containing a quantity of
a liguid, a portion of which is adapted to be gas-
ified by the arc, said gasified pertion being at
least partially condensable when cooled, and
means operable during each circuit interrupting
operation to cool the entrapped gaseous fluid ad-
jacent the arc thereby effecting a change of state
from the superheated to the saturated vapor con-

iticn, said means and said chamber being so
proportioned that said cooling and the resulting
change of state in the fluid surrounding the arc
is made to persist for a sufficient period of time
to include ot least one zero point in the arc cur-
rent.

2. In an alternating current circuit interrupter,
means defining an expansion chamber that is
substantially closed when said interrupter is in
the closed circuit position, means for drawing an
arc in said chamber, said chamber containing a
quantity of liquid, a portion of which is adapted
to be gasified by the are to produce a gas sub-
stantially all of which is inorganic in nature,
said gasified portion keing at least partially con-
densable when cocled, and means operable dur-
ing each circuit interrupting operation for effect-
ing a substantially adiabatic expansion of said
gasified portion in order tc cool the entrapped
gaseous fluid adjacent the are, said cooling caus~
ing sa2id gas to change from the superheated to
the saturated vapor condition, said chamber and
said expansion means being so proportioned that

3

in
the fluid surrounding the arc is made {o persist
in the saturated vapor condivion for a pericd of
time at least equal to one alternation of the arc
current. )

3. In an alternating current circuit interrupter,
means defining a chamber that is substantially
closed when said interrupter is in the closed cir~
cuit position, means for drawing an arc in said
chamber, said chamber containing & quantity of
liquid, & portion of which is adapted tc be gasi-
fied by the arc, said gasified portion being as
least partially condensable when cooled, and
means operable during each circuit interrupking
operation to vent said chaimber and to thershy
cool the entrapped gasecus fuid adjacent the are
to effect a change of state in said fuid from the
superheated to the saturated vapor condition,
gaid venting means and said chamber being so
proportioned that said cooling and the change
of state produced thereby is caused to persist for
a sufficient period of time to include at least cne
zero point in the arc current.

4. In an alternating current circuit interrunter,
means defining a chamber that is substantially
closed when sa2id interrupter is in the closed cir-
cuit position, means including a siafionary con-
tact member and a movable contact member for
drawing an arc in said chamber, said chamber
containing a quantity of a liquid, a portion of
which is adapted to be gasified by the arc to
produce a gas that is readily condensable when
cooled, and means operable in response to the
movement of said movable contact member to
vent said chamber and to thereby cool the en-
trapped gaseous fluid within said chamber 5o as
to cause the fluid surrounding the arc streai to
change from the superheated to the saturated
vapor conditien, said venting means and said
chamber being so proportioned that the venting
operation and the resulting cooling is prolonged
for a sufficient period of time o insure that the
arc stream shall be surrounded with saturated
vapor during at least one zerc voint in the aic
current.

5. In an alternating current circuit interrupter,
a pair of separable contact members, an expan-
sion chamber surrounding the junction of said
contact members, a liquid in said chamber which
gasifies when exposed to an electric are to pro-
duce a readily condensable gas, and ah opehing
in said chamber through which cne of said con-
tact members moves to establish an arc and to
vent said chamber, said chamber, said opening,
and the speed of movement of caid contact mem-
ber being so proportioned that the ventling of
said chamber causes the entrapped gasified fluid
therein to change from the superheated (o the
saturated vapor condition and to persist in the
saturated vapor condition for a period of time
at least equal to one alternation of the are cur-
rent.

6. In an alternating current cireuit interrupt-
er, a stationary and a moving contact for opening
and closing the circuit, a chamber for surround-
ing the junction of said contacts, a quantity of
liquid within said chamber which gasifies when
exposed to the arc formed incident to the inter-
ruption of the controlled circuit to produce a
readily condensable gas, and means for venting
said chamber into a second chamber wherein said
gas is condensed, said first chamber and said
venting means being so proportioned that the
venting of said first chamber causes the entrapped
gasified fluid therein to change from the super-
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heated to the saturated vapor condition and to
persist in the saturated vapor condition for a
period of time at least equal to one alternation of
the arc current.

7. In combination in an alternating current
circuit interrupter, separable contact members,
an enclosing chamber therefor, a substance with-
in said chamber which liberates a condensable gas
when brought in proximity to an electric are,
means for confining the gas formed incident to
the drawing of an arc in said chamber by said
separable contact members during a predeter-
mined portion of the contact separating move-
ment, and for thereafter effecting a rapid expan-
sion of the gas enfrapped within said chamber,
and means externally associated with said cham-
ber for condensing said entrapped gas subsequent
to the operation of said expansion means, said
chamber and said expansion means being so pro-
portioned that the entrapped gas is caused to
change from the superheated to the saturated
vapor condition and to persist in the saturated
vapor condition for a period of time at least equal
to one alternation of the arc current.

8. In an alternating current circuit interrupter,
a pair of separable contact members, an expan-
sion chamber surroungding the junction of said
contact members, a liquid in said chamber which
gasifies when exposed to an electric arc to pro-
duce a readily condensable gas, an opening in
said expansion chamber through which one of
the contact members is movable, said opening in
the expansion chamber heing above the level of
the liquid therein, a condensation chamber lead-
ing from said expansion chamber, means for vent-
ing said chamber, and means for returning the
condensed liquid from said condensation chamber
to said expansion chamber, said chamber and
said venting means heing so proportioned that
the venting of said chamber and the resulting ex-
pansion of the gas entrapped therein causes said
entrapped gas to change from the superheated
to the saturated vavor condition and to persist in
the saturated vapor condition for a period of time

“at least equal to one alternation of the arc cur-

rent.

5. In an alternating current circuit interrupter,
2 pair of separable contact members, an outer
chamber enclosing the junction of said contact

- members, said outer chamber including a base

having side walls secured thereto and having an
opening in the top thereof, an inner chamber,
the base of which is formed by the base of said
outer chamber, the side walls of said inner cham-
ber being secured to said base, an opening in the
top of said inner chamber aligned with the open-
ing in the top of said outer chamber, one of said
contact members being movable through both
of said openings, said inner charber containing
e quantity of a liquid, a portion of which is
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adapted to be gasified by the arc to produce a gas
that is readily condensable when cooled, and
means operable in response to the movement of
said movahle contact member for venting said
inner chamber into said outer chamber and to 80
thereby cool the entrapped gaseous fluid within
said inner chamber so as to cause the fluid sur-
rounding the arc stream to change from the
superheated to the saturated vapor condition, said
venting means and said chamber being so pro-
portioned that the venting operation and the re-
sulting cooling is prolonged for a sufficient period
of time to insure that the arc stream shall be
surrounded with saturated vapor during at least
one zero point in the arc current.

10. The method of extinguishing an alternating
current arc which includes the steps of drawing
an are, gasifying a quantity of a substance which
liberates a condensable gas by the heat of the arc,
confining the gas and the arc to effect a super-
heating of the gas, and then cooling the super-
heated gas in such a manner that a sufficient
removal of heat is secured to cause the gas con-
fined adjacent the arc to change from the super-
heated to the saturated vapor condition and to 100
persist in the saturated vapor condition for a
period of time at least equal to one alternation of
the arc current.

11. The method of extinguishing an alternat-
ing current arc which includes the steps of draw- 108
ing an arc, gasifying a quantity of a substance
which liberates a condensable gas by the heat of
the are, confining the gas and the arc to effect
a superheating of the gas, and then substan-
tially adiabatically expanding a portion of the 39
superheated gas in such a manner that the rate
of heat removal shall cause the gas confined
adjacent the arc to change from the superheated
to the saturated vapor condition and to persist
in the saturated vapor condition for a period of 118
time at least equal to one alternation of the arc
current,

12. In combination in an alternating current
circuit interrupter, means for establishing an are,

2 guantity of arc quenching liguid from which 199
condensable gas is liberated in the presence of an
arc, means including a chamber wherein said
liquid is contained and wherein said arc is estab-
lished for confining said gas, for a period of time,
in proximity to the arc being extinguished in
order to superheat said gas and to increase its
pressure, and venting means for causing said
superheatad gas to expand adiabatically, said
confining means and said venting means being
so proportioned that the venting operation causes
the confined gas to change from the superheated
to the saturated vapor condition and to persist in
the saturated vapor condition for & period of time
at least equal to one alternaticn of the arc current.
FRITZ KESSELRING.
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