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Description

[0001] The present disclosure relates to switching de-
vices such as circuit breakers. More particularly, the
present disclosure relates to a contact structure of a cir-
cuit breaker having a ventilating connector unit and at
least one contact arm attached to the ventilating connec-
tor unit.

[0002] Typically, circuit breakers are switches used to
protect electrical circuitry connected thereto from dam-
age due to overload and short circuit faults, by their au-
tomatic operation leading to an interruption of the current
flowing therethrough. Conventionally, a circuit breaker
mainly includes a switching module formed from one or
more function-oriented units including a base module
unit, a pole module unitand a drive module unit. The pole
module unitincludes aninterrupter unitsuch as avacuum
interrupter comprising a stationary member and a mov-
able member for making and breaking of the contacts,
and a pair of contact arms extending out of pole heads
of the pole module unit and in connection with the inter-
rupter unit so as to establish contact with busbars.
[0003] FIG 1 illustrates a side view of one such circuit
breaker unit 100 according to the state of the art. The
circuit breaker unit 100is an air insulated medium voltage
circuit breaker typically used in applications including
overhead lines, cables, transformers, generators, mo-
tors, etc. The circuit breaker unit 100 comprises a breaker
101 mounted on a truck 102 also known as a trolley for
facilitating movement of the breaker. The breaker 101
comprises contact arms 101A having a plastic based en-
capsulation 101B for protection of the contact arms 101A
from flashovers at high voltages. The contactarms 101A
are connected toaninterrupter unit 101C having an upper
and a lower interrupter support 101D each of which are
connected to post insulators 101E. The breaker 101 is
at least partially enclosed within an insulation barrier in
apole 103. D1 denotes a pole center distance in a single
pole 103, that is a distance between contact arms 101A.
D1, for example, is 550mm. D2 denotes an overhang of
each of the contact arms 101A, that is cantilever length
of the contact arms. D2, for example, is 469 mm. D3
denotes distance across flats, that is, across the post
insulators 101E and/or the upper and lower interrupter
supports 101D. D3, for example, is 430mm. Although,
the circuit breaker unit 100 disclosed herein is well suited
for most industrial applications, it lacks compactness.
Moreover, the pole 103 does not have an encapsulation
or an insulated coating thereby, inviting pollutants to set-
tle thereon resulting in early corrosion and surface deg-
radation of the equipmentwheninstalled in environments
prone to have ambient pollution. Furthermore, the die-
lectric clearance required to be maintained for the poles
103 in a three-phase circuit breaker unit is larger, for ex-
ample, depth-wise indicated by distance D4 which is, for
example, 538 mm. Such a distance is required to ensure
no flashovers happen during operation of the circuit
breaker unit. This renders the circuit breaker unit 100 to
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be inefficient and bulkier in size leading to installation
difficulties.

[0004] To address aforementioned problems, ad-
vanced circuit breaker units with air insulated embedded
poles are developed and are in use. These advanced
circuit breaker units pose several advantages, for exam-
ple, longer life due to longer operating cycles prior to
every maintenance required, capacity to be retrofit there-
by, making them an attractive choice in industry and quite
compact in size. However, integrating such advanced
circuit breaker units in the switchgears designed to ac-
commodate the conventional circuit breaker units 100
becomes a challenge. For example, the distance D3 is
lesser in the advanced circuit breaker units as a result of
embedded poles resulting in space and assembly con-
straints for interrupter units which cannot be re-designed
to suit the advanced circuit breakers as it would become
an overhead. Also, the resulting overhang distance D2
of the contact arms is smaller in the advanced circuit
breaker unit thereby, making the short-time withstand
fault current test critical and the breaker rack in-out op-
eration risky. Moreover, routing of contact arms 101A
having offset bends from pole heads is a challenge due
to possible interference with pole shell encapsulation.
Furthermore, the current carrying elements in the circuit
breaker unit 100, for example the contact arms 101A and
the lower and upper interrupter supports 101D are typi-
cally exposed to ambient air thereby, resulting in an ef-
fective heat dissipation. However, pole heads of embed-
ded poles in the advanced circuit breaker unit restrict
heat dissipation due to enclosure/embedding of the cur-
rent carrying elements in plastic or epoxy shells thereby,
causing losses at high current ratings.

[0005] Accordingly, itis an object of the present inven-
tion, to provide a circuit breaker arrangement having em-
bedded poles, that addresses the aforementioned prob-
lems, without changes required to be made in the switch-
gear modules and/or the interrupter unit while ensuring
ease of assembly, adherence to stipulated dielectric
clearances, desired heat convection, reduced losses due
to skin effect at higher current ratings, reduced criticality
in the short time withstand fault current tests and rack in-
out operations, etc.

[0006] The switchingdevice disclosed herein achieves
the aforementioned object by providing a ventilating con-
nector unit physically disposable between an embedded
pole unit and a contact arm structure.

[0007] Disclosed herein is a switching device. The
switching device is a circuit breaker such as a single-pole
or a multi-pole circuit breaker, and a low, a medium or a
high voltage, and/or a vacuum, an air or a gas circuit
breaker. The switching device comprises a contact arm
structure and a pole unit detachably connected to the
contact arm structure. The switching device may also
include an interrupter unit, such as a vacuum interrupter,
a base unit such as a mounting truck or a trolley, and a
drive unit including kinematics required to provide drive,
that is, movement of the contacts of the interrupter unit.
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The pole unit refers to an insulated, epoxy coated struc-
ture housing there-within the interrupter unit. The pole
unit may also be referred to as an embedded pole of the
aforementioned advanced circuit breaker units. The con-
tact arm structure refers to a hollow part-insulated or full-
insulated structure that houses there-within contact arms
for connection to the interrupter unit positioned inside the
pole unit. The contact arm structure has an encapsulation
member configured of one or more insulating materials
including, but not limited to, epoxy, ceramic, porcelain,
silicone rubber and elastomers chosen for maximum in-
sulation efficiency and durability. The contact arm struc-
ture further includes contact arms configured of current
conducting materials such as copper and/or aluminium.
The contact arm is at least partially housed inside the
encapsulation member.

[0008] The switching device disclosed herein includes
a ventilating connector unit physically disposable be-
tween the pole unit and the contact arm structure. As
used herein, the ventilating connector unit refers to a unit
detachably connected to the pole unit and the contact
arms structure. The ventilating connector unit has two
distal ends, one of which is detachably connected to a
pole head of the pole unit via one or more fastening
means including, but not limited to screws, nuts, bolts,
adhesives, etc. The other distal end is detachably con-
nected to the contact arm of the contact arm structure
via one or more of the fastening means.

[0009] Accordingto an embodiment of the present dis-
closure, one or more distal ends of the ventilating con-
nector unit are fixedly attached to the pole head and the
contact arm via one or more welding, brazing, sintering,
etc.

[0010] According to one embodiment of the present
disclosure, the ventilating connector unit is configured as
a hollow structure. According to this embodiment, the
ventilating connector unit is configured as a thorough hol-
low member, forexample, a pipe like structure, or a partial
hollow member.

[0011] According to another embodiment of the
present disclosure, the ventilating connector unit is con-
figured as an integral structure that is cast or forged as
a single piece.

[0012] According to yet another embodiment of the
present disclosure, the ventilating connector unit is con-
figured as a modular structure that has one or two distal
members connected by a body extending there-between.
Advantageously, the distal members such as discs can
be modularly attached and detached from the pole head
and/or the contact arm for maintenance and inspection
purposes. According to an embodiment, the body is con-
figured of at least one member, for example, a slat ex-
tending between the distal members. Advantageously, a
quantity of these slats can be defined based on a desired
strength of the ventilating connector unit given load of
the contactarm. A person skilled in the art may appreciate
multiple permutations and combination possible with
configuration of each of the components of the modular
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ventilating connector unit based on design preferences
and operational constraints.

[0013] According to yet another embodiment of the
present disclosure, the ventilating connector unit is con-
figured with one or more heat dissipation structures in-
cluding, but not limited to, protrusions, indentations,
and/or orifices provided, for example, in forms of ribs,
grooves, holes, corrugations, and/or a combination
thereof, along an outer surface of the ventilating connec-
tor unit so as to allow efficient and effective cooling via
heat dissipation in the pole unit.

[0014] According to yet another embodiment of the
presentdisclosure, the ventilating connector unitis agen-
erally cylindrical shaped structure. The cylindrical shape
enables ease of assembly and connections to the pole
head and the contact arm. The shape of the ventilating
connector unit may be changed based on a shape of a
surface of the pole head and the contact arm such that
maximal contact is established with the ventilating con-
nector unit.

[0015] The physical dimensions of the ventilating con-
nector unit are defined based on physical dimensions of
the pole head, physical dimensions of the contact arm
including an offset bend of the contact arm, and/or an
operational rating of the switching device. The physical
dimensions include, for example, a shape, a size, a
weight, a material, etc. For example, a length of the ven-
tilating connector unit is dependent on the operational
kV/KA rating of the circuit breaker such that higher the
rating, longer is the length to ensure desired dielectric
properties. In another example, an outer diameter and a
material of the ventilating connector unit is dependent on
normal current carrying capacity of the switching device.
In this example, up to 1250 Amperes, the material se-
lected is an aluminium alloy and greater than 2000 Am-
peres, is a copper alloy. Similarly, the outer diameter is
about 80 mm for a current carrying capacity of up to 2000
Amperes. Advantageously, a profile of the ventilating
connector unit is designed to ensure equal distribution
of heat and current there-along thereby, reducing skin
effect.

[0016] Advantageously, the ventilating connector unit
disclosed above enables connection of more than one
contactarms thereby providing product suitability to high-
er rated switching devices. Moreover, the ventilating con-
nector unit allows reduction in the overhang distance of
the contact arm thereby, increasing stiffness of the con-
tact arm and ensuring compliance to the short time with-
stand fault current tests and reliable rack in-out tests.
Furthermore, the ventilating connector unit provides flex-
ibility and ease of connection of the contact arm and the
pole head by providing an increased surface area for
creating ajointthere-between. Furthermore, the heat dis-
sipation structures of the ventilating connector unit lev-
erage natural convection and create natural drafts for air
circulation thereby, overcoming challenges associated
with epoxy coated embedded pole units.

[0017] The above mentioned and other features of the
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invention will now be addressed with reference to the
accompanying drawings of the present invention. The
illustrated embodiments are intended to illustrated, but
not limit the invention.

[0018] The presentinvention is further described here-
inafter with reference to illustrated embodiments shown
in the accompanying drawings, in which:

FIG 1 illustrates a side view of a circuit breaker
unit according to the state of the art.
FIG 2A illustrates a perspective view of a circuit
breaker, according to an embodiment of
the present disclosure.

FIGS 2B-2C llustrate perspective enlarged views of
portions marked 'A’ and 'B’ of the circuit
breaker shown in FIG 2A.

FIG 2D illustrates a top perspective view of the
ventilating connector unit, according to
an embodiment of the present disclo-
sure.

FIG 3 illustrates an exploded view of one of the
contact arm structures of a circuit break-
erhaving a ventilating connector unit, ac-
cording to an embodiment of the present
disclosure.

[0019] Various embodiments are described with refer-
ence to the drawings, wherein like reference numerals
are used to refer like elements throughout. In the follow-
ing description, for the purpose of explanation, numerous
specific details are set forth in order to provide thorough
understanding of one or more embodiments. It may be
evident that such embodiments may be practiced without
these specific details.

[0020] FIG 2A illustrates a perspective view of a circuit
breaker 200, according to an embodiment of the present
disclosure. The circuit breaker 200 is mounted on a truck
102 and has three phases, each including an embedded
pole 201. A ventilating connector unit 203 is fastened to
the embedded pole 201. Contact arms 202 are affixed
and extend out from the ventilating connector unit 203.
[0021] FIGS 2B-2C illustrate perspective enlarged
views of portions marked 'A’ and 'B’ respectively of the
circuit breaker 200 shown in FIG 2A. FIG 2B illustrates
a lower pole head 201C having a protrusion 201B. The
ventilating connector unit 203 is affixed to the lower pole
head 201C such thatthe protrusion 201B atleast partially
accommodates the ventilating connector unit 203 there-
within. The contact arm 202 is affixed to the ventilating
connector unit 203 via fasteners (not shown) inserted
through holes 202A punched through the contact arm
202 as well as the ventilating connector unit 203. FIG 2C
illustrates an upper pole head 201A having a protrusion
201B. The ventilating connector unit 203 is affixed to the
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upper pole head 201A such that the protrusion 201B at
least partially accommodates the ventilating connector
unit 203 there-within. The contact arm 202 is affixed to
the ventilating connector unit 203 via fasteners (not
shown) inserted through holes 202A punched through
the contact arm 202 as well as the ventilating connector
unit 203. Thus, the ventilating connector unit 203 is af-
fixed at each of the pole heads 201A and 201C of each
of the embedded poles 201 in each phase of the circuit
breaker 200.

[0022] FIG 2D illustrates a top perspective view of the
ventilating connector unit 203, according to an embodi-
ment of the present disclosure. The ventilating connector
unit 203 includes a pair of distal members 203A and 203E
conjoined via a body 203B extending there-between. The
distal members 203A and 203E are generally elliptical
discs. One of the distal members 203E is disposed
against a pole head 201A or 201B shown in FIGS 2B-
2C. The other distal end 203A is in a rigid connection
with a contact arm 202 shown in FIGS 2A-2C. The body
203B of the ventilating connector unit 203 is a generally
semi-elliptical hollow member, for example, U-shaped or
C-shaped member, having multiple grooves 203D ex-
truded therefrom. The body 203B and each of the distal
members 203A and 203E have corrugations 203C on
their outer surfaces. The grooves 203D and the corruga-
tions 203C provide heat dissipation means thereby, en-
abling ventilation from the embedded pole 201.

[0023] FIG 3 illustrates an exploded view of one of the
contactarm structures 301 of a circuit breaker 300 having
a ventilating connector unit 203, according to an embod-
iment of the present disclosure. The circuit breaker 300
has three phases having contact arm structures 301, 302,
and 303 each connected to embedded poles 304A, 304B,
and 304C respectively, thereby forming three phases of
the circuit breaker 300. The circuit breaker 300 is mount-
ed on atruck 102. The contact arm structure 301 is rep-
licated across an upper half that has an upper pole head
and a lower half that has a lower pole head. The upper
contact arm structure 301 includes a contact arm 301C
cantilevered by fastening one the ends or the contact
arm 301C to the ventilating connector unit 203 via mul-
tiple fasteners 301D. The cantilevered end of the contact
arm 301C is terminated with a tulip contact 301B for con-
nection to incoming and outgoing feeders, that is, elec-
trical lines. An epoxy coating 301A at least partially en-
closes the contact arm 301C and the tulip contact 301B
there-within. The ventilating connector member 203 is
completely enclosed by the pole head 301E of the em-
bedded pole 304A. The pole head 301E has an epoxy
coating extending therefrom for accommodating the ven-
tilating connector member 203.

[0024] While the presentinvention has been described
in detail with reference to certain embodiments, it should
be appreciated that the present invention 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
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from the scope of the various embodiments of the present
invention, as described herein. The scope of the present
invention 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 consid-
ered within their scope.

List of reference numerals:

Prior art

[0025]

100 circuit breaker unit

101 circuit breaker

101A  contact arm

101B  encapsulation

101C interrupter unit/vacuum interrupter
101D  upper and lower interrupter supports
101E  post insulators

102 truck/trolley
103 pole unit/pole

Present Disclosure

[0026]

200 circuit breaker

201 embedded pole

201A upper pole head

201B epoxy protrusion from the upper and lower pole
heads

201C lower pole head

202 contact arms

202A holes for fasteners

203 ventilating connector unit

203A, 203E distal members/distal ends

203B body

203C corrugations

203D grooves

300 circuit breaker

301, 302, 303 contact arm structure

301A epoxy coating/encapsulation for contact arm
structure

301B tulip contact

301C contact arm

301D fasteners

301E pole head (upper) having epoxy coated pro-
trusion therefrom

304A, 304B, 304C poles/pole units/embedded poles

Claims
1. A switching device (200, 300) comprising at least:

- a contact arm structure (301, 302, or 303); and
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-apole unit(201,304A, 304B, or 304C) operably
connected to the contact arm structure (301,
302, or 303) ;

characterized by:

-aventilating connector unit(203) physically dis-
posable between the pole unit(201, 304A, 304B,
or 304C) and the contact arm structure (301,
302, or 303).

The switching device (200, 300) according to claim
1, wherein a distal end (203E) of the ventilating con-
nector unit (203) is detachably connected to a pole
head (201A, 201C, or 301E) of the pole unit (201,
304A, 304B or 304C) via one or more fastening
means (301D).

The switching device (200, 300) according to any
one ofthe claims 1and 2, wherein a distal end (203A)
of the ventilating connector unit (203) is detachably
connected to a contact arm (202 or 301C) of the con-
tact arm structure (301, 302, or 303) via one or more
fastening means (301D).

The switching device (200, 300) according to any
one of the previous claims, wherein the ventilating
connector unit (203) is configured as a hollow struc-
ture.

The switching device (200, 300) according to any
one of the previous claims, wherein the ventilating
connector unit (203) is configured as one of an inte-
gral structure and a modular structure.

The switching device (200, 300) according to claim
5, wherein the modular structure of the ventilating
connector unit (203) comprises distal members
(203A and 203E) connected by a body (203B) ex-
tending there-between.

The switching device (200, 300) according to any
one of the previous claims, wherein the ventilating
connector unit (203) is configured with one or more
heat dissipation structures (203C, 203D).

The switching device (200, 300) according to any
one of the previous claims, wherein the ventilating
connector unit (203) is a generally cylindrical shaped
structure.

The switching device (200, 300) according to claim
1, wherein physical dimensions of the ventilating
connector unit (203) are defined based on one or
more of physical dimensions of a pole head (201A,
201C, or 301E) of the pole unit (201, 304A, 304B or
304C), physical dimensions of a contact arm (202 or
301C) of the contactarm structure (301, 302, or 303),



10.

1.

9 EP 3 836 184 A1

and an operational rating of the switching device
(200, 300).

The switching device (200, 300) according to claim
1 is a circuit breaker.

A ventilating connector unit (203) for a switching de-
vice (200, 300), physically disposable between a
pole unit (201, 304A, 304B, or 304C) of the switching
device (200, 300) and a contact arm structure (301,
302, or 303) of the switching device (200, 300), ac-
cording to claims 1-10.
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