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(54) CIRCUIT BREAKER, VALVE ASSEMBLY AND OPERATING METHOD THEREOF

(57) A circuit breaker, a valve assembly and an op-
erating method thereof are provided. The circuit breaker
comprises a compression volume surrounding at least a
portion of a space between first and second electric con-
tacts, and a low-pressure volume, filled with insulating
gas, disposed adjacent to the compression volume. The
circuit breaker further comprises a valve assembly inter-
connecting the compression volume and the low-pres-
sure volume, and configured to allow threshold-based
flow of the insulating gas. The valve assembly comprises
a valve body. The valve assembly also comprises a first
valve plate movably mounted in the valve body and a
second valve plate movably seated on the first valve
plate. The valve assembly further comprises a torsion
spring arranged in the valve body and coupled to the first
valve plate, the torsion spring configured to constrain the
movement of the first valve plate in the valve body.
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Description

[0001] The present invention relates generally to arc
chambers for extinguishing arcs, such as in circuit break-
ers, and more particularly relates to a valve assembly for
regulating flow of insulating gas in a circuit breaker.
[0002] In general, a circuit breaker operates to engage
and disengage a selected electrical circuit from an elec-
trical power supply. The circuit breaker ensures current
interruption thereby providing protection to the electrical
circuit from continuous over current conditions and high
current transients due to, for example, electrical short
circuits. Such circuit breakers operate by separating a
pair of internal electrical contacts contained within a
housing (e.g., molded case) of the circuit breaker. Typi-
cally, one electrical contact is stationary while the other
is movable (e.g., typically mounted on a pivotable contact
arm).
[0003] The contact separation may occur manually,
such as when a person throws an operating handle of
the circuit breaker. This may engage an operating mech-
anism, which may be coupled to the contact arm and
moveable electrical contact. Otherwise, the electrical
contacts may be separated automatically when an over
current, short circuit, or fault condition is encountered.
Automatic tripping may be accomplished by an operating
mechanism actuated via a thermal overload element
(e.g., a bimetal element) or by a magnetic element, or
even by an actuator (e.g., a solenoid).
[0004] Upon separation of the electrical contacts by
tripping, an intense electrical arc may be formed in an
arc chamber containing the electrical contacts. This sep-
aration may occur due to heat and/or high current through
the circuit breaker or due to sensing a ground or other
arc fault. It is desirable to extinguish the arc as quickly
as possible to avoid damaging internal components of
the circuit breaker.
[0005] In power distribution networks, a circuit breaker
of type, called a gas-insulated circuit breaker is common-
ly used. Such gas-insulated circuit breaker is designed
in such a way that in the event of a separating of the
contacts, or in the case of a short circuit, the arc is blasted
with gas and consequently quenched as quickly as pos-
sible. The gas which is used most for this purpose is SF6
(Sulphur Hexafluoride).
[0006] In the case of such circuit breaker, a pressure
chamber, in which the arc is created, is connected in a
valve-controlled manner to a compression chamber. The
compression chamber is connected to a low-pressure
chamber via a valve arrangement. The valve arrange-
ment, on the low-pressure chamber side, is pressed by
a spring against a valve holder in the direction of the
compression volume. Gas can therefore flow from the
compression volume into the low-pressure chamber only
when its pressure is higher than the spring force.
[0007] In a high voltage circuit breaker, a valve is typ-
ically implemented to regulate the flow of gas towards
arcing contact. Such a valve allows the free flow of gas

in one direction while gas flow in other direction is de-
pending on the pressure built in compression volume. It
is required that the valve should allow gas flow towards
arcing contacts during gas filling. Further, during opening
of the circuit breaker, the valve has to be closed such
that pressure in the compression volume increases up
to specified limit. Also, it is required that once the pres-
sure in compression volume increases beyond specified
limit, valve should open.
[0008] European Patent Application Number
3419039A1 (’039 application) relates to an electric high-
voltage circuit breaker comprising a primary chamber
and a compression chamber, wherein said circuit breaker
further comprises a valve configured to control a fluid
flow between said primary chamber and said compres-
sion chamber. The electric high-voltage circuit breaker
of the ’039 application discloses that said valve compris-
es a valve body, a first valve plate that is arranged axially
movable with respect to said valve body, and a second
valve plate that is arranged between and movable, pref-
erably at least axially movable, with respect to said valve
body and said first valve plate, wherein said first valve
plate comprises at least one opening enabling a fluid flow
through said first valve plate, wherein a first surface of
said valve body forms a valve seat for said first valve
plate, and wherein a first surface of said first valve plate
forms a valve seat for said second valve plate.
[0009] In the circuit breaker of the ’039 application, one
or more guide pins may be provided for guiding an axial
movement of both said first valve plate and said second
valve plate. Further, a first spring force mechanism is
provided to press said first valve plate to said valve seat
of the valve body, and a second spring force mechanism
is provided to press said second valve plate to said valve
seat of the first valve plate. Each of the spring force mech-
anisms may comprise one or more springs (for example,
helical springs) arranged at said guide pins.
[0010] The type of construction implemented for the
valve in the circuit breaker, as disclosed in the ’039 ap-
plication, is relatively complicated and requires a large
number of components. The use of that many number of
components may result in hindrance to the path of flow
of gas which is undesirable. It may be appreciated that
pressure opening from compression volume is only pos-
sible from one side in such configuration. Further, in such
configuration of the valve arrangement, typically, a pneu-
matic press is required to mount the spring on the valve
which is an added expense. Also, the load value needs
to be set for each of the springs to get desired pressure
release output, which may be time-consuming and cum-
bersome.
[0011] In light of the above, there is a need of a circuit
breaker with a valve assembly to regulate the flow of gas
towards arcing contact, which is simple in construction,
is economical to manufacture and is efficient to operate.
[0012] The object of the present disclosure is achieved
by a circuit breaker comprising first and second electrical
contacts, the electrical contacts configured to generate
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an electrical arc upon being separated during operation
of the circuit breaker. The circuit breaker comprises a
first chamber at least partially surrounding the first and
second electric contacts, and a second chamber filled
with insulating gas. The circuit breaker further comprises
a valve assembly interconnecting the first chamber and
the second chamber. The valve assembly is configured
to allow threshold-based flow of the insulating gas into
and out of the first chamber. The valve assembly com-
prises a valve body. The valve assembly also comprises
a first valve plate movably mounted in the valve body and
a second valve plate arranged in the valve body so as to
move between a first position and a second position,
wherein in the first position, the second valve plate lifts
above the first valve plate and in the second position, the
second valve plate seats upon the first valve plate. The
valve assembly further comprises a torsion spring ar-
ranged in the valve body and coupled to the first valve
plate. The torsion spring is configured to constrain the
movement of the first valve plate in the valve body.
[0013] In an embodiment, the second valve plate as-
sumes first position during filling of the insulating gas into
the second chamber thereby, allowing passage to the
insulated gas into the first chamber which is at a lower
pressure than the second chamber, and wherein the sec-
ond valve plate assumes second position upon comple-
tion of the filling of the insulating gas when the pressure
in the first chamber is higher than in the second chamber.
[0014] In an embodiment, the second valve plate as-
sumes first position upon generation of the electrical arc
by overcoming constrain of the torsion spring due to ad-
ditional pressure built in the first chamber.
[0015] In an embodiment, the torsion spring is ten-
sioned to define the constrain on the movement of the
first valve plate in the valve body based on desired thresh-
old pressure of the insulating gas in the first chamber.
[0016] In an embodiment, the torsion spring is ar-
ranged at an angle of disposition with respect to the first
valve plate in the valve body to define the constrain on
the movement of the first valve plate in the valve body.
[0017] In an embodiment, the torsion spring is ar-
ranged proximal to a central opening in the valve body.
[0018] In an embodiment, the torsion spring is ar-
ranged proximal to an outer wall of the valve body.
[0019] In an embodiment, the valve body has a sub-
stantially cylindrical shape.
[0020] In an embodiment, the first valve plate has one
or more openings formed therein, and wherein the sec-
ond valve plate is seated on the first valve plate in a man-
ner so as to seal the one or more openings thereof.
[0021] The object of the present disclosure is also
achieved by a valve assembly for a circuit breaker having
a first chamber and a second chamber filled with insulat-
ing gas, the valve assembly being of the configuration
as discussed in preceding paragraph.
[0022] The object of the present disclosure is further
achieved by an arc pressure control arrangement, which
may be implemented, for example, in a circuit breaker.

Herein, the arc pressure control arrangement comprises
a first chamber containing first and second electrical con-
tacts, the electrical contacts configured to generate an
electrical arc upon being separated during operation of
the circuit breaker. The arc pressure control arrangement
further comprises a second chamber filled with insulating
gas. The arc pressure control arrangement further com-
prises a valve assembly interconnecting the first chamber
and the second chamber, the valve assembly being of
the configuration as discussed in preceding paragraphs.
[0023] The object of the present disclosure is further
achieved by a method of operating a circuit breaker. The
method comprises separating a first electrical contact
from a second electrical contact in a first chamber of the
circuit breaker to generate an electrical arc. The method
further comprises filling a second chamber, disposed ad-
jacent to the first chamber in the circuit breaker, with in-
sulating gas. The method further comprises providing a
valve assembly with a first valve plate and a second valve
plate movably seated on the first valve plate such that
during filling operation, the second valve plate gets lifted
from the first valve plate due to pressure of the insulating
gas in the second chamber to provide a flow path for the
insulating gas to flow from the second chamber into the
first chamber, and subsequently the second valve plate
gets seated back onto the first valve plate due to the
pressure build-up of the insulating gas in the first cham-
ber. The method further comprises providing a torsion
spring configured to constrain the movement of the first
valve plate such that upon generation of the electrical
arc, the first valve plate is separated from the second
valve plate due to further pressure build-up of the insu-
lating gas in the first chamber overcoming the constrain
of the torsion spring coupled thereto to provide a flow
path for the insulating gas to flow out of the first chamber
to the second chamber.
[0024] Still other aspects, features, and advantages of
the invention are readily apparent from the following de-
tailed description, simply by illustrating a number of par-
ticular embodiments and implementations, including the
best mode contemplated for carrying out the invention.
The invention is also capable of other and different em-
bodiments, and its several details can be modified in var-
ious obvious respects, all without departing from the
scope of the invention. Accordingly, the drawings and
description are to be regarded as illustrative in nature,
and not as restrictive.
[0025] A more complete appreciation of the present
disclosure and many of the attendant aspects thereof will
be readily obtained as the same becomes better under-
stood by reference to the following description when con-
sidered in connection with the accompanying drawings:

FIG 1 is a diagrammatic perspective represen-
tation of an exemplary circuit breaker, in
accordance with an embodiment of the
present invention;
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FIG 2 is a diagrammatic cross-sectional repre-
sentation of a pole column of the circuit
breaker as shown in FIG 1, in accord-
ance with an embodiment of the present
invention;

FIG 3 is a diagrammatic cross-sectional repre-
sentation of an interrupter unit of the cir-
cuit breaker, in accordance with an em-
bodiment of the present invention;

FIGS 4A-4B are partial schematic representations of
an arc pressure control arrangement 155
depicting arc quenching operation there-
in, in accordance with an embodiment of
the present invention;

FIG 5 is a diagrammatic right-side perspective
representation of a valve assembly, in
accordance with an embodiment of the
present invention;

FIG 6 is a diagrammatic left-side perspective
representation of the valve assembly, in
accordance with an embodiment of the
present invention;

FIG 7 is a diagrammatic side representation of
the valve assembly, in accordance with
an embodiment of the present invention;

FIG 8 is a diagrammatic cross-sectional repre-
sentation of the valve assembly, in ac-
cordance with an embodiment of the
present invention;

FIG 9 is a diagrammatic right-side exploded
representation of the valve assembly, in
accordance with an embodiment of the
present invention;

FIG 10 is a diagrammatic left-side exploded rep-
resentation of the valve assembly, in ac-
cordance with an embodiment of the
present invention;

FIG 11 is a schematic representation of the cir-
cuit breaker with the valve assembly in
normal state, in accordance with an em-
bodiment of the present invention;

FIG 12 is a diagrammatic cross-sectional repre-
sentation of the valve assembly in nor-
mal state thereof, in accordance with an
embodiment of the present invention;

FIG 13 is a schematic representation of the cir-
cuit breaker with the valve assembly in

gas upward state, in accordance with an
embodiment of the present invention;

FIG 14 is a diagrammatic cross-sectional repre-
sentation of the valve assembly in gas
upward state thereof, in accordance with
an embodiment of the present invention;

FIG 15 is a schematic representation of the cir-
cuit breaker with the valve assembly in
gas downward state, in accordance with
an embodiment of the present invention;

FIG 16 is a diagrammatic cross-sectional repre-
sentation of the valve assembly in gas
downward state thereof, in accordance
with an embodiment of the present in-
vention;

FIG 17 is a flowchart listing steps involved in a
method of operating a circuit breaker, in
accordance with an embodiment of the
present invention.

[0026] Various embodiments are described with refer-
ence to the drawings, wherein like reference numerals
are used to refer the drawings, wherein like reference
numerals are used to refer to like elements throughout.
In the following description, for the purpose of explana-
tion, numerous specific details are set forth in order to
provide thorough understanding of one or more embod-
iments. It may be evident that such embodiments may
be practiced without these specific details.
[0027] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of the embod-
iments of the invention. It is apparent, however, to one
skilled in the art that the embodiments of the invention
may be practiced without these specific details or with
an equivalent arrangement. In other instances, well-
known structures and devices are shown in block dia-
gram form in order to avoid unnecessarily obscuring the
embodiments of the invention.
[0028] Example embodiments of an arc pressure con-
trol arrangement described herein may be included in a
circuit breaker to prevent a re-ignition failure of the circuit
breaker. In certain example embodiments, upon contact
separation, an arc is formed in a compression volume of
the circuit breaker. The arc, extending between the first
and second electrical contacts (e.g., stationary and
moveable electrical contacts), produces arcing gases
and also heats up and pressurizes the insulating gas with-
in the compression volume. This causes a flow of the
heated insulating gas and arc gasses, due to the pressure
change, into a low-pressure volume disposed adjacent
to the compression volume, but only at certain times dur-
ing the arcing event.
[0029] A valve assembly is provided between the com-
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pression volume and the low-pressure volume to allow
flow into and out of the compression volume only at the
certain times during the arcing event. For example, the
valve assembly may allow gas flow only when an inlet
threshold pressure in the compression volume is exceed-
ed. Further, the valve assembly may allow gas flow only
when a pressure in the compression volume falls below
an outlet threshold pressure. Thus, gas flows into the
low-pressure volume after the gas pressure in the com-
pression volume reaches the inlet threshold pressure, is
held in the low-pressure volume for part of the arc cycle,
and then flows out of the low-pressure volume and back
into the compression volume when the pressure in the
compression volume falls below the outlet threshold
pressure.
[0030] Examples of a circuit breaker, a valve assembly
for a circuit breaker, an arc pressure control arrange-
ment, and a method of operating a circuit breaker are
disclosed and fully described with reference to FIGS 1
through 17 herein.
[0031] FIG 1 is a diagrammatic perspective represen-
tation of an exemplary circuit breaker 100, in accordance
with one or more embodiments of the present disclosure.
In the present illustration, the depicted circuit breaker 100
is a three-pole pillar mounted circuit breaker; however,
for the purposes of the present disclosure, the circuit
breaker 100 may be any type of high-voltage circuit
breaker as known in the art. The circuit breaker 100 in-
cludes a common breaker base 102 to which the various
components are mounted. In the present three-pole cir-
cuit breaker 100, there pole columns 104, 106 and 108
are provided which are mounted on the common breaker
base 102. The pole columns 104, 106 and 108 are con-
nected by tubes to a gas compartment and are filled with
insulating gas, such as, but not limited to, SF6 (Sulphur
Hexafluoride) for arc-quenching and insulating purposes.
The gas density is monitored by a density monitor (not
shown), and the pressure can be displayed by a pressure
gauge or a pressure display on the density monitor.
[0032] The circuit breaker 100 also includes an oper-
ating mechanism unit 110 fastened to the breaker base
102. A mounting plate (not shown) is integrated in the
operating mechanism unit 110, which contains all equip-
ment for control and monitoring of the circuit breaker 100
and also terminal blocks required for electrical connec-
tions. The circuit breaker 100 further includes a spring
drive mechanism (not shown) located in the operating
mechanism unit 110. Typically, the spring drive mecha-
nism includes closing and opening springs, and the en-
ergy required for switching is stored in one closing spring
common to all three poles and one opening spring. In the
circuit breaker 100, the pole column 106 is actuated by
the spring drive mechanism via a corner gear 112 (as
shown in FIG. 2) and is connected with corner gears of
the pole columns 104 and 108 by means of coupling rods.
The circuit breaker 100 further includes a switching po-
sition indicator 114 which indicates the position and sta-
tus of all switch equipment thereof.

[0033] FIG 2 is a diagrammatic cross-sectional repre-
sentation of the pole column 104 of the circuit breaker
100. It may be appreciated that all of the three pole col-
umns 104, 106 and 108 are similar in design and the
present illustration can be construed to be representative
of any of the three pole columns 104, 106 and 108 for
the purposes of the present disclosure. As illustrated, the
pole column 104 includes a post insulator 116 which pro-
vides insulation against earth. Further, the pole column
104 includes an insulated drive rod 118. The pole column
104 includes an interrupter unit 120 mounted on the post
insulator 116. FIG 3 is a diagrammatic cross-sectional
representation of the interrupter unit 120. Referring to
FIGS 2 and 3 in combination, the interrupter unit 120
contains the filter material 122, generally in the form of
filter bag. The filter material 122 is used for the absorption
of decomposition products of the insulating gas (like SF6)
and for keeping the gas dry. The interrupter unit 120 fur-
ther includes a gas-tight jacket 124 which accommodates
the breaker contacts. In the pole column 104, the switch-
ing motion is transferred from the spring drive mechanism
(at earth potential) via a coupling rod 126, a shaft 128,
and thereby from the insulated drive rod 118 to the inter-
rupter unit 120 (at high voltage potential).
[0034] As illustrated, the main circuit for the interrupter
unit 120 includes an upper high-voltage terminal 130, a
lower high-voltage terminal 132, a diffuser socket 134,
ring-placed contact laminations 136 arranged with the
diffuser socket 134, a heat cylinder 138 and an operating
socket 140. Herein, the contact laminations 136 are self-
sprung and centrically pressed inwards, which ensures
the necessary contact pressure on the heat cylinder 138
and the diffuser socket 134.Also, the upper high-voltage
terminal 130 and the lower high-voltage terminal 132 are
mounted using O-rings 141. Further, an arcing circuit is
arranged parallel to the main circuit, which is made up
of a pin 142 (also referred to as first electrical contact
142) situated in the diffuser socket 134 and a moving
tube contact 144 (also referred to as second electrical
contact 144) placed in the heat cylinder 138. Herein, the
pin 142 and the tube contact 144 are made of materials,
which produce only minimal contact erosion. Further, as
illustrated, a piston 146 and a pull rod 148 are arranged
in the interrupter unit 120. Herein, the tube contact 144,
the piston 146 and the heat cylinder 138 are mechanically
interconnected and coupled with the pull rod 148, and
form the moving parts of the interrupter unit 120. In the
circuit breaker 100, a valve assembly 150 is arranged in
cylindrical casting 152, which together with an arc
quenching nozzle 154 makes up the compression unit
for arc quenching purposes.
[0035] FIGS 4A and 4B are partial schematic repre-
sentations of an arc pressure control arrangement 155,
implemented in the circuit breaker 100, or specifically the
interrupter unit 120 of the circuit breaker 100, depicting
stages of arc quenching operation therein. As illustrated,
the arc pressure control arrangement 155 includes the
first electrical contact 142 and the second electrical con-
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tact 144. Herein, the first electrical contact 142 and the
second electrical contact 144 are configured to generate
an electrical arc upon being separated during operation
of the circuit breaker 100. As illustrated, the arc pressure
control arrangement 155 includes a first chamber (gen-
erally represented by numeral 156) at least partially sur-
rounding the first electric contact 142 and the second
electric contact 144. Further, the arc pressure control ar-
rangement 155 includes a second chamber (generally
represented by numeral 158) disposed adjacent to the
first chamber 156. Herein, the second chamber 158 is
filled with insulating gas, such as, for example, SF6. It
may be understood that the first chamber 156 is a com-
pression volume and the second chamber 158 is a low-
pressure volume in the circuit breaker 100, and the said
terms have been interchangeably used in the description
without any limitations. In the arc pressure control ar-
rangement 155, as illustrated, the valve assembly 150
interconnects the first chamber 156 and the second
chamber 158. The valve assembly 150 regulates the flow
of the insulating gas from the second chamber 158 into
the first chamber 156, and vice-versa. In particular, the
valve assembly 150 allows the flow of the insulating gas
based on desired threshold pressure of the insulating
gas in the first chamber 156. Thereby, the valve assembly
150 is configured to allow threshold-based flow of the
insulating gas into and out of the first chamber 156.
[0036] In one or more embodiments, the first chamber
156 includes an internal storage volume that is greater
than about 500 mm3. For example, an internal storage
volume of the first chamber 156may be greater than
about 1,000 mm3 for a 600V/250A circuit breaker, or even
greater than about 1,500 mm3 for a 600V/250A circuit
breaker. In some embodiments, the internal storage vol-
ume of the second chamber 158 may be about 2,000
mm3 or more. In some example embodiments, the sec-
ond chamber 158 may be a rectangular shape and may
include an internal height of about 38 mm, an internal
width of about 6 mm, and an internal thickness of 6 mm.
Other sizes, shapes, and storage volumes for the second
chamber 158 may be used.
[0037] In an opening operation, the main contact that
exists between the contact laminations 136 and the heat
cylinder 138 is opened (FIG 4A). The arcing contact, con-
sisting of the first electrical contact 142 and the second
electrical contact 144 remains closed, with the result that
the current commutates onto the arcing contact. During
the continued course of the opening operation, the arcing
contact opens creating an arc. At the same time, the heat
cylinder 138 moves downward and compresses the
quenching gas between the heat cylinder 138 and plate
supporting the valve assembly 150. This causes the
quenching gas to be forced in the direction opposite to
the movement of the moving contact components, into
the heat cylinder 138 and through the gap between the
second electrical contact 144 and the arc-quenching noz-
zle, thus quenching the arc. With large short-circuit cur-
rents, the quenching gas surrounding the first electrical

contact 142 in the arcing chamber is heated by the arc’s
energy and driven into the heat cylinder 138 at high pres-
sure. When the current passes through zero, the gas
flows back from the heat cylinder 138 into the nozzle and
quenches the arc.
[0038] FIGS 5-10 are different diagrammatic represen-
tations of the valve assembly 150. As illustrated, the valve
assembly 150 includes a valve body 160. Herein, the
valve body 160 has a substantially cylindrical or annular
shape. As shown, the valve body 160 has a radially inner,
central opening 161. The valve body 160 is guided
through the wall of the first chamber 156, with a gas pas-
sage which connects the first chamber 156 and the sec-
ond chamber 158.
[0039] Generally, a radially outer surface of the valve
body 160 may contact a surrounding surface (not shown)
of the circuit breaker 100 in a sealing (substantially gas-
tight) manner. Similarly, a radially inner surface of the
valve body 160 may contact a radially outer surface of
the drive rod 118 (as may be seen from FIG 2) or an
extension of the drive rod 118 protruding through the cen-
tral opening 161 of the valve body 160 in a sealing man-
ner. As an example, at both radially outer surface and
radially inner surface, suitable sealing may be provided
such as sealing rings and the like.
[0040] The valve assembly 150 further includes a first
valve plate 162 movably mounted in the valve body 160.
The valve assembly 150 also includes a second valve
plate 164 movably seated on the first valve plate 162.
Herein, the second valve plate 164 is arranged in the
valve body 162 so as to move between a first position
and a second position, wherein in the first position, the
second valve plate 164 lifts above the first valve plate
162 and in the second position, the second valve plate
164 seats upon the first valve plate 162. In the present
examples, the valve body 160, along with the first valve
plate 162 and the second valve plate 164, may be formed
of any suitable metallic material, such as, but not limited
to, stainless steel or the like. Herein, the valve body 160
has generally larger diameter than the first valve plate
162 and the second valve plate 164, while the first valve
plate 162 and the second valve plate 164 have substan-
tially similar diameter. Generally, the first valve plate 162
and the second valve plate 164 may be pressed to the
valve body 160 in a sealing manner.
[0041] In one or more examples, the first valve plate
162 may include seats defined therein onto which the
second valve plate 164 is seated. As can best be seen
from FIGS 9-10, the first valve plate 162 has one or more
openings 166 formed therein, presently seven openings
166. The openings 166 are radially segregated on planar
exposed surface of the first valve plate 162. Further, the
second valve plate 164 is a substantially solid annular
member seated on the first valve plate 162 in a manner
so as to seal the one or more openings 166 thereof. Fur-
ther, as may be seen, the valve body 160 has one or
more openings 168, presently five openings 168. Similar
to the openings 166, the openings 168 are radially seg-
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regated on planar exposed surface of the valve body 160.
Herein, the openings 168 are generally disposed in-line
with the openings 166 in the first valve plate 162, enabling
a fluid flow through the first valve plate 162, for example
in a basically axial direction of the circuit breaker 100. In
some examples, a stop (not shown) may be integrated
into the valve body 160 and limits the movement of the
first valve plate 162 when the circuit breaker 100 closes.
[0042] The valve assembly 150 further includes a tor-
sion spring 170 arranged in the valve body 160. In the
present configuration, the torsion spring 170 is coupled
to the first valve plate 162. As can best be seen from
FIGS 9-10, the torsion spring 170 is mounted in the valve
body 160 by means of fasteners 172, optionally support-
ed by spacers 174 or the like. Such assembly may be
contemplated by a person skilled in the art in light of the
included drawings and thus has not been explained here-
in for the brevity of the present disclosure.In the present
embodiments, the torsion spring 170 implemented with
the valve body 160 is a double torsion spring, as known
in the art; however, it may be appreciated that single tor-
sion spring or any other type of torsion spring, or still any
other type of spring with similar configuration may be
implemented as the torsion spring 170 without departing
from the scope and the spirit of the present disclosure.
Herein, the torsion spring 170 is configured to constrain
the movement of the first valve plate 162 in the valve
body 160, as will be discussed in more detail in the pro-
ceeding paragraphs.
[0043] FIGS 11-16 are representations depicting var-
ious positions of the valve assembly 150 during arc
quenching operation in the circuit breaker 100. As illus-
trated in FIGS 11-12, during normal state of the valve
assembly 150, the first valve plate 162 is arranged in the
valve body 160 with the second valve plate 164 in the
second position thereof, i.e. seated on the first valve plate
162. Further, as illustrated in FIGS 13-14, during filling
operation, the valve assembly 150 is moved to gas up-
ward state. Herein, the second valve plate 164 assumes
first position during filling of the insulating gas into the
second chamber 158 thereby, allowing passage to the
insulated gas into the first chamber 156 which is at a
lower pressure than the second chamber 158. Further,
the second valve plate 164 assumes second position up-
on completion of the filling of the insulating gas when the
pressure in the first chamber 156 is higher than in the
second chamber 158. In other words, the second valve
plate 164 gets lifted from the first valve plate 162 due to
pressure of the insulating gas in the second chamber 158
to provide a flow path for the insulating gas to flow from
the second chamber 158 into the first chamber 156.
[0044] As discussed, upon contact separation, an arc
is formed in the first chamber 156 of the circuit breaker
100. The arc, extending between the first electrical con-
tact 142 and the second electrical contact 144 (e.g., sta-
tionary and moveable electrical contacts), produces arc-
ing gases and also heats up and pressurizes the insulat-
ing gas within the first chamber 156. This causes a flow

of the heated insulating gas and arc gasses, due to the
pressure change, into the second chamber 158 disposed
adjacent to the first chamber 156, but only at certain times
during the arcing event. As illustrated in FIGS 15-16, up-
on generation of the electrical arc, the valve assembly
150 is moved to gas downward state. Herein, the second
valve plate 164 assumes first position upon generation
of the electrical arc by overcoming constrain of the torsion
spring 170 due to additional pressure built in the first
chamber 156. In other words, the first valve plate 162 is
separated from the second valve plate 164 due to further
pressure build-up of the insulating gas in the first chamber
156 overcoming the constrain of the torsion spring 170
coupled thereto to provide a flow path for the insulating
gas to flow out of the first chamber 156 to the second
chamber 158. Thus, gas flows into the second chamber
158 after the gas pressure in the first chamber 156 reach-
es the inlet threshold pressure, is held in the second
chamber 158 for part of the arc cycle, and then flows out
of the second chamber 158 and back into the first cham-
ber 156 when the pressure in the first chamber 156 falls
below the outlet threshold pressure. This gas flow may
cool down the first chamber 156 and may also increase
dielectric strength thereof. In one or more embodiments,
the gas flow around the arc increases the arc voltage,
thereby providing better current limiting performance.
[0045] In one or more embodiments of the present dis-
closure, the torsion spring 170 is tensioned to define the
constrain on the movement of the first valve plate 162 in
the valve body 160 based on desired threshold pressure
of the insulating gas in the first chamber 156. It may be
appreciated by a person skilled in the art that the con-
strain may be defined based on the voltage rating of the
circuit breaker 100, in order to be able to quench the
generated arc in required time to avoid any damage.
[0046] It may be contemplated by a person skilled in
the art that with the use of a torsion spring, load value
can be set for different pressure release value by using
same spring by changing angles. In one or more embod-
iments of the present disclosure, the torsion spring 170
is arranged at an angle of disposition (A) (as shown in
FIG. 8) with respect to the first valve plate 162 in the valve
body 160. This enables to vary the constrain on the move-
ment of the first valve plate 162 in the valve body 160,
which in turn could be used to regulate the movement of
the first valve plate 162 in the valve body 160 based on
desired threshold pressure of the insulating gas in the
first chamber 156.
[0047] Further, in one or more embodiments, the tor-
sion spring 170 is arranged proximal to a central opening
161 in the valve body 160. In another embodiment, the
torsion spring 170 is arranged proximal to an outer wall
165 of the valve body 160. That is, the torsion spring 170
may be arranged either on a side in the valve body 160
or around the central opening 162 thereof, thus reducing
any possible hindrance to the flow path of insulating gas
into and out of the first chamber 156.
[0048] FIG 17 is a flowchart 1700 listing steps involved
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in a method of operating a circuit breaker, such as the
circuit breaker 100. At step 1702, the method includes
separating a first electrical contact (such as, the first elec-
trical contact 142) from a second electrical contact (such
as, the second electrical contact 144) in a first chamber
(such as, the first chamber 156) of the circuit breaker 100
to generate an electrical arc. At step 1704, the method
includes filling a second chamber (such as, the second
chamber 158), disposed adjacent to the first chamber
156 in the circuit breaker 100, with insulating gas (such
as, SF6). At step 1706, the method includes providing a
valve assembly (such as, the valve assembly 150) with
a first valve plate (such as, the first valve plate 162) and
a second valve plate (such as, the second valve plate
164) movably seated on the first valve plate 162 such
that during filling operation, the second valve plate 164
gets lifted from the first valve plate 162 due to pressure
of the insulating gas in the second chamber 158 to pro-
vide a flow path for the insulating gas to flow from the
second chamber 158 into the first chamber 156, and sub-
sequently the second valve plate 164 gets seated back
onto the first valve plate 162 due to the pressure build-
up of the insulating gas in the first chamber 156. At step
1708, the method includes providing a torsion spring
(such as, the torsion spring 170) configured to constrain
the movement of the first valve plate 162 such that upon
generation of the electrical arc, the first valve plate 162
is separated from the second valve plate 164 due to fur-
ther pressure build-up of the insulating gas in the first
chamber 156 overcoming the constrain of the torsion
spring 170 coupled thereto to provide a flow path for the
insulating gas to flow out of the first chamber 156 to the
second chamber 158.
[0049] In the embodiments of the present disclosure,
the function of multiple linear helical springs as used with
valve arrangements of prior-art is carried out by utilizing
a single torsion spring 170 below the first valve plate 162
(i.e. the pressure plate) . This makes the design of the
valve assembly 150 simple and easy to assemble. Use
of the torsion spring 170 results in compactness of the
valve assembly 150, as only one torsion spring is suffi-
cient for executing the operation of the valve assembly
150. Further unlike valve arrangements of prior-art with
linear helical springs, no guides are required to operate
the torsional spring 170. Further, the valve body 160 itself
act as guide for the first valve plate 162 and the second
valve plate 164. All of these factors results in that the
present valve assembly 150 incorporates less number
of components, and thus provides an economical and
cost-effective proposition to manufacture. This further re-
sults in more opening or space for the flow of the insu-
lating gas, for flow into and out of the first chamber 156,
thus increasing in efficiency and response time for the
circuit breaker 100.
[0050] While the present disclosure has been de-
scribed in detail with reference to certain embodiments,
it should be appreciated that the present disclosure is
not limited to those embodiments. In view of the present

disclosure, many modifications and variations would be
present themselves, to those skilled in the art without
departing from the scope of the various embodiments of
the present disclosure, as described herein. The scope
of the present disclosure is, therefore, indicated by the
following claims rather than by the foregoing description.
All changes, modifications, and variations coming within
the meaning and range of equivalency of the claims are
to be considered within their scope.

Reference Numerals
circuit breaker 100
common breaker base 102
pole column 104
pole column 106
pole column 108
operating mechanism unit 110
corner gear 112
switching position indicator 114
post insulator 116
insulated drive rod 118
interrupter unit 120
filter material 122
gas-tight jacket 124
coupling rod 126
shaft 128
upper high-voltage terminal 130
lower high-voltage terminal 132
diffuser socket 134
ring-placed contact laminations 136
heat cylinder 138
operating socket 140
O-rings 141
first electrical contact 142
second electrical contact 144
piston 146
pull rod 148
valve assembly 150
cylindrical casting 152
arc quenching nozzle 154
arc pressure control arrangement 155
first chamber 156
second chamber 158
valve body 160
central opening 161
first valve plate 162
second valve plate 164
outer wall 165
openings 166
openings 168
torsion spring 170
fasteners 172
spacers 174
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Claims

1. A circuit breaker (100), comprising:

first and second electrical contacts (142, 144),
the electrical contacts (142, 144) configured to
generate an electrical arc upon being separated
during operation of the circuit breaker (100);
a first chamber (156) at least partially surround-
ing the first and second electric contacts (142,
144);
a second chamber (158) filled with insulating
gas; and
a valve assembly (150) interconnecting the first
chamber (156) and the second chamber (158),
the valve assembly (150) configured to allow
threshold-based flow of the insulating gas into
and out of the first chamber (156), the valve as-
sembly (150) comprising:

a valve body (160);
a first valve plate (162) movably mounted
in the valve body (160);
a second valve plate (164) arranged in the
valve body (162) so as to move between a
first position and a second position, wherein
in the first position, the second valve plate
(164) lifts above the first valve plate (162)
and in the second position, the second valve
plate (164) seats upon the first valve plate
(162); and

a torsion spring (170) arranged in the valve body
(160) and coupled to the first valve plate (162),
the torsion spring (170) configured to constrain
the movement of the first valve plate (162) in the
valve body (160).

2. The circuit breaker (100) as claimed in claim 1,
wherein the second valve plate (164) assumes first
position during filling of the insulating gas into the
second chamber (158) thereby, allowing passage to
the insulated gas into the first chamber (156) which
is at a lower pressure than the second chamber
(158), and wherein the second valve plate (164) as-
sumes second position upon completion of the filling
of the insulating gas when the pressure in the first

(continued)

flowchart 1700
step 1702
step 1704
step 1706
step 1708
angle of disposition A

chamber (156) is higher than in the second chamber
(158).

3. The circuit breaker (100) as claimed in claim 1,
wherein the second valve plate (164) assumes first
position upon generation of the electrical arc by over-
coming constrain of the torsion spring (170) due to
additional pressure built in the first chamber (156).

4. The circuit breaker (100) as claimed in claim 1,
wherein the torsion spring (170) is tensioned to de-
fine the constrain on the movement of the first valve
plate (162) in the valve body (160) based on desired
threshold pressure of the insulating gas in the first
chamber (156).

5. The circuit breaker (100) as claimed in claim 1,
wherein the torsion spring (170) is arranged at an
angle of disposition (A) with respect to the first valve
plate (162) in the valve body (160) to define the con-
strain on the movement of the first valve plate (162)
in the valve body (160).

6. The circuit breaker (100) as claimed in claim 1,
wherein the torsion spring (170) is arranged proximal
to a central opening (161) in the valve body (160).

7. The circuit breaker (100) as claimed in claim 1,
wherein the torsion spring (170) is arranged proximal
to an outer wall (165) of the valve body (160).

8. The circuit breaker (100) as claimed in claim 1,
wherein the valve body (160) has a substantially cy-
lindrical shape.

9. The circuit breaker (100) as claimed in claim 1,
wherein the first valve plate (162) has one or more
openings (168) formed therein, and wherein the sec-
ond valve plate (164) is seated on the first valve plate
(162) in a manner so as to seal the one or more
openings (168) thereof.

10. A valve assembly (150) for a circuit breaker (100)
having a first chamber (156) and a second chamber
(158) filled with insulating gas, the valve assembly
(150) comprising:

a valve body (160) interconnecting the first
chamber (156) and the second chamber (158);
a first valve plate movably mounted in the valve
body;
a second valve plate movably seated on the first
valve plate; and
a first valve plate (162) movably mounted in the
valve body (160) ;
a second valve plate (164) arranged in the valve
body (162) so as to move between a first position
and a second position, wherein in the first posi-
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tion, the second valve plate (164) lifts above the
first valve plate (162) and in the second position,
the second valve plate (164) seats upon the first
valve plate (162); and
a torsion spring (170) arranged in the valve body
(160) and coupled to the first valve plate (162),
the torsion spring (170) configured to constrain
the movement of the first valve plate (162) in the
valve body (160).

11. The valve assembly (150) as claimed in claim 10,
wherein the second valve plate (164) assumes first
position during filling of the insulating gas into the
second chamber (158) thereby, allowing passage to
the insulated gas into the first chamber (156) which
is at a lower pressure than the second chamber
(158), and wherein the second valve plate (164) as-
sumes second position upon completion of the filling
of the insulating gas when the pressure in the first
chamber (156) is higher than in the second chamber
(158).

12. The valve assembly (150) as claimed in claim 10,
wherein the second valve plate (164) assumes first
position upon generation of the electrical arc by over-
coming constrain of the torsion spring (170) due to
additional pressure built in the first chamber (156).

13. The valve assembly as claimed in claim 11, wherein
the torsion spring (170) is tensioned to define the
constrain on the movement of the first valve plate
(162) in the valve body (160) based on desired
threshold pressure of the insulating gas in the first
chamber (156).

14. The valve assembly as claimed in claim 11, wherein
the torsion spring (170) is arranged at an angle of
disposition (A) with respect to the first valve plate
(162) in the valve body (160) to define the constrain
on the movement of the first valve plate (162) in the
valve body (160).

15. A method of operating a circuit breaker (100), com-
prising:

separating a first electrical contact (142) from a
second electrical contact (154) in a first chamber
(156) of the circuit breaker (100) to generate an
electrical arc;
filling a second chamber (158), disposed adja-
cent to the first chamber (156) in the circuit
breaker (100), with insulating gas;
providing a valve assembly (150) with a first
valve plate (162) and a second valve plate (164)
movably seated on the first valve plate (162)
such that during filling operation of the insulating
gas, the second valve plate (164) gets lifted from
the first valve plate (162) due to pressure of the

insulating gas in the second chamber (158) to
provide a flow path for the insulating gas to flow
from the second chamber (158) into the first
chamber (156), and subsequently the second
valve plate (164) gets seated back onto the first
valve plate (162) due to the pressure build-up
of the insulating gas in the first chamber (156);
and
providing a torsion spring (170) configured to
constrain the movement of the first valve plate
(162) such that upon generation of the electrical
arc, the first valve plate (162) is separated from
the second valve plate (164) due to further pres-
sure build-up of the insulating gas in the first
chamber (156) overcoming the constrain of the
torsion spring (170) coupled thereto to provide
a flow path for the insulating gas to flow out of
the first chamber (156) to the second chamber
(158).
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