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(54) VACUUM CIRCUIT BREAKER

(67)  The presentinvention relates to a vacuum circuit
breaker, and provides a vacuum circuit breaker compris-
ing: a mechanism assembly for generating an operation
load by means of a signal; a shaft assembly, which ro-
tates while the operation load generated from the mech-
anism assembly is transferred thereto; a link unit, which

moves in the vertical direction according to the rotation

of the shaft assembly; and an operation detection sensor
unit which is provided at one side of the shaft assembly
and which can detect the rotation angle of the shaft as-
sembly.
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Description
Technical field

[0001] The present disclosure relates to a vacuum cir-
cuit breaker, and more specifically, to a vacuum circuit
breaker that is capable of monitoring in real time operat-
ing characteristics of a vacuum circuit breaker, which
plays a role of controlling power transport in a power sys-
tem and protecting the power system.

Background Art

[0002] In general, a switchboard is a device that is in-
stalled at a power plant, a substation, or a place with an
electrical utility to monitor, control, protect, etc. an elec-
trical system.

[0003] For an operation or control of the power plant
and the substation and an operation of a motor, various
electric devices such as a vacuum circuit breaker, a safe-
ty device, an instrument, a display lamp, a relay, and the
like are disposed within the switchboard, to facilitate
opening/closing of lines or a device control.

[0004] A vacuum circuit breaker is used by being re-
ceived inside a vacuum circuit breaker room of a switch-
board. The vacuum circuit breaker may have a terminal
which is connected to a terminal disposed on a rear sur-
face of the switchboard such that current is supplied to
a load through a main circuit part of the vacuum circuit
breaker.

[0005] At this time, in order for the vacuum circuit
breaker to supply the current to the load through the main
circuit part, a connection operation may be performed
through a contact between a movable contactor and a
fixed contactor. In addition, when a situation such as
overload, short circuit, or ground fault occurs in the proc-
ess of supplying current to the load through the main
circuit part, the vacuum circuit breaker may perform a
trip operation to separate the movable contactor and the
fixed contactor that were in contact with each other.
[0006] In this process, a shaft assembly disposed in-
side the vacuum circuit breaker rotates. However, the
related art vacuum circuit breaker did not have a function
of regularly monitoring the operating characteristics of
the vacuum circuit breaker. In other words, a user could
not perceive changes in operating characteristics due to
a breakdown or deterioration inside the vacuum circuit
breaker. Accordingly, it was impossible for the user to
determine voluntary maintenance.

[0007] If the operating characteristics of the vacuum
circuitbreaker exceed the limitin a normal operating state
range, the vacuum circuit breaker experiences short-
term performance decline, short-circuit performance de-
terioration, and electrical-connection performance dete-
rioration. This may cause an accident of the vacuum cir-
cuit breaker, and in particular, if an opening operation
cannot be normally performed during the opening oper-
ation, it may bring about a serious accident.
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Disclosure of Invention

Technical Problem

[0008] Therefore, the present disclosure has been de-
rived to solve the above problems, and an aspect of the
present disclosure is to provide a vacuum circuit breaker
that is capable of monitoring an operating characteristic
state thereof every time the vacuum circuit breaker is
operated, to enable a user to analyze and determine cur-
rent status and maintenance time of the vacuum circuit
breaker.

Solution to Problem

[0009] Toachieve the aspectofthe presentdisclosure,
there is provided a vacuum circuit breaker that includes
amechanism assembly that generates an operation load
by a signal, a shaft assembly that is rotated by receiving
the operation load generated from the mechanism as-
sembly, a link unit that is moved in a vertical direction in
response to the rotation of the shaft assembly, and an
operation detection sensor unit that is disposed on one
side of the shaft assembly to detect rotation information
related to the shaft assembly.

[0010] The shaft assembly may include a shaft that is
disposed to pass through a plurality of links, a connection
insert insertion part that is disposed in one end of the
shaft and connected to the operation detection sensor
portion, and a plurality of connection links that are dis-
posed to be spaced apart from one another on the shaft.
[0011] The operation detection sensor unit may in-
clude an operation detection sensor body that is connect-
ed tothe connectioninsertinsertion partto detect rotation
information related to the shaft, a bracket that is connect-
ed to the operation detection sensor body and coupled
to an outer surface of the vacuum circuit breaker, and an
Electromagnetic Compatibility (EMC) part that is con-
nected to the bracket and has EMC therein.

[0012] The operation detection sensor body may be
configured to measure an output voltage over time while
the shaft rotates.

[0013] The operation detection sensor unit may further
include a wire that is connected to another end of the
EMC part, and a connection terminal that is disposed on
an end portion of the wire.

[0014] The operation detection sensor unit may further
include a wireless module that is connected to the con-
nection terminal to communicate with an external termi-
nal.

[0015] A concave groove may be formed inside the
operation detection sensor body, and have an inner sur-
face formed of a flat surface and a curved surface, and
the operation detection sensor unit may further include
an insert that has one side coupled to the connection
insert insertion part and another side inserted into the
concave groove.

[0016] The insert may include blades that extend long
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in both directions, and a protrusion that protrudes from
a front surface of the blades to be insertable into the
concave groove, and the protrusion may include a flat
portion corresponding to the flat surface of the concave
groove, and a curved portion corresponding to the curved
surface of the concave groove.

[0017] The connectioninsertinsertion part may include
an insertion groove formed to be concave such that the
blades are insertable, protrusions protrude from both
sides of the insertion groove, and a through hole may be
formed through a center of the insertion groove such that
a coupling member is insertable.

Advantageous Effects of Invention

[0018] As described above, according to one embod-
iment of the present disclosure, an operation detection
sensor unit may monitor an operating state of a vacuum
circuit breaker at any time and at the same time quantify
characteristics that are exhibited when the vacuum circuit
breaker operates, thereby analyzing a current status of
the vacuum circuit breaker and determining whether or
not maintenance is necessary.

[0019] According to one embodiment of the present
disclosure, a protrusion may include a flat portion and a
curved portion, and a concave groove of an operation
detection sensor body may include a flat surface and a
curved surface corresponding to the flat portion and the
curved portion of the protrusion, so that the protrusion
can be inserted into the concave groove without clear-
ance. Accordingly, rotation characteristics of the shaft
can be intactly transmitted to the operation detection sen-
sor body through the concave groove of the operation
detection sensor body.

[0020] In a vacuum circuit breaker according to one
embodiment of the present disclosure, an operation de-
tection sensor unit may include an EMC part to suppress
electromagnetic interference by other devices inside the
vacuum circuit breaker. In addition, the operation detec-
tion sensor unit may suppress electromagnetic interfer-
ence from affecting a voltage detected by the operation
detection sensor body through the EMC even if the elec-
tromagnetic interference is caused by the other devices
inside the vacuum circuit breaker. That is, the operation
detection sensor body may remove other noises that may
affect values such as an output voltage value and the
like, which are detected during the rotation of the shaft.

Brief Description of Drawings

[0021]

FIG. 1isaviewillustrating a side surface of avacuum
circuit breaker, from which an external case is re-
moved, in accordance with one embodiment of the
present disclosure.

FIG. 2is aview illustrating the vacuum circuit breaker
of FIG. 1, viewed from an opposite side.
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FIG. 3 is a perspective view illustrating the vacuum
circuit breaker of FIG. 1.

FIG. 4 is a perspective view illustrating the vacuum
circuit breaker of FIG. 3, viewed in another direction.
FIG. 5 is a front view illustrating the vacuum circuit
breaker, from which a portion of an outer case of
FIG. 1 removed.

FIG. 6 is a perspective view illustrating a mechanism
assembly in accordance with one embodiment of the
present disclosure.

FIG. 7 is a perspective view illustrating a shaft as-
sembly in accordance with one embodiment of the
present disclosure.

FIG. 8 is a perspective view illustrating an operation
detection sensor unit in accordance with one em-
bodiment of the present disclosure.

FIG. 9 is a perspective view illustrating an insert in
accordance with one embodiment of the present dis-
closure.

FIG. 10 is a partially-exploded perspective view for
explaining the shaft assembly and the operation de-
tection sensor unit of FIG. 4.

FIG. 11 is a view for explaining that the shaft assem-
bly, the insert, and an operation detection sensor
body of FIG. 10 are coupled.

FIG. 12 is a time-current graph detected by an op-
eration detection sensor unit when a vacuum circuit
breaker is tripped in accordance with one embodi-
ment of the present disclosure.

Mode for the Invention

[0022] Hereinafter, embodiments of the presentdisclo-
sure will be described in detail with reference to the at-
tached drawings, so as to be easily implemented by those
skilled in the art.

[0023] In the following description, a description of
some components will be omitted to help understanding
of the present disclosure.

[0024] The term "electrical connection" used in the fol-
lowing description refers to that current or an electrical
signal is transmitted between one or more members.
[0025] The term "switchboard or distribution board"
used in the following description refers to a device in
which switches, instruments, relays, etc. are fixedly in-
serted and managed. On a front surface of the switch-
board, may be disposed an operating lever that opens
and closes a vacuum circuit breaker of a high-voltage
main circuit, an air switch (air vacuum circuit breaker) of
a low-voltage main circuit, a voltmeter, an ammeter, a
power meter, an integrated power meter, an eddy current
relay, etc. may be placed.

[0026] The term "vacuum circuit breaker" used in the
following description refers to a vacuum circuit breaker
designed to cut off current of a power supply line in a
hermetic space in a vacuum state. Each configuration
described below is assumed to be applied to a vacuum
circuit breaker.
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[0027] However, each configuration described below
may also be applied to air blast circuit breakers, com-
pressed air circuit breakers, gas circuit breakers, oil cir-
cuit breakers, and the like.

[0028] FIG. 1 is a view illustrating a side surface of a
vacuum circuit breaker, from which an external case is
removed, in accordance with one embodiment of the
present disclosure. FIG. 2 is a view illustrating the vac-
uum circuit breaker of FIG. 1, viewed from an opposite
side. FIG. 3 is a perspective view illustrating the vacuum
circuit breaker of FIG. 1. FIG. 4 is a perspective view
illustrating the vacuum circuit breaker of FIG. 3, viewed
in another direction. FIG. 5 is a front view illustrating the
vacuum circuit breaker, from which a portion of an outer
case of FIG. 1 removed.

[0029] A vacuum circuitbreaker 1000 according to one
embodiment of the present disclosure may include a
mechanism assembly 100, a shaft assembly 200, a link
unit 300, and an operation detection sensor unit 400.
[0030] The vacuum circuit breaker 1000 may be dis-
posed inside a switchboard. The vacuum circuit breaker
1000 includes a connection terminal 20 that can be con-
nected to an external terminal, and may be pushed into
and pulled out of a switchboard case 10. The vacuum
circuit breaker 20 may be pushed into and drawn out of
the switchboard case using a vacuum circuit breaker
moving part 30. The internal components 10 of the vac-
uum circuit breaker 1000, from which a portion of an outer
case of the vacuum circuit breaker 1000 is removed are
as illustrated in FIG. 1.

[0031] The mechanism assembly 100 may generate
an operation load by a signal. Specifically, the mecha-
nism assembly 100 may generate an operation load ac-
cording to a trip signal or an access signal.

[0032] And,the operation load generated by the signal
during operation is transmitted to the shaft assembly 200
through an internal structure.

[0033] The shaft assembly 200 is rotated by receiving
the operation load generated from the mechanism as-
sembly 100.

[0034] Specifically, the operation load generated from
the mechanism assembly 100 is transmitted to the shaft
assembly 200, and a shaft 210 of the shaft assembly 200
rotates. Accordingly, a plurality of connection links fixed
to the shaft 210 may rotate.

[0035] The link unit 300 moves in a vertical direction
as the shaft assembly 200 rotates.

[0036] Specifically, referring to FIG. 1 and the like, the
link unit 300 may include a first link 310 connected to the
shaft assembly 200 and a second link 320 connected to
the first link 310.

[0037] When the shaft assembly 200 rotates in one
direction, the link unit 300 may move upward in the ver-
tical direction. On the other hand, when the shaft assem-
bly 200 rotates in another direction, the link unit 300 may
move downward in the vertical direction.

[0038] Additionally, the vacuum circuit breaker 1000
according to one embodiment of the present disclosure
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may include a vacuum interrupter (V1) 500.

[0039] The vacuum interrupter 500 may include a fixed
contactor 510, a movable contactor 520, a push rod 530,
and a connection rod 540.

[0040] At this time, when the link unit 300 moves up-
ward in the vertical direction in response to the rotation
of the shaft assembly 200 in the one direction, the con-
nection rod 540 may move upward, such that the fixed
contactor 510 and the movable contactor 520 are brought
into contact with each other (are closed). Accordingly,
the fixed contactor 510 and the movable contactor 520
are electrically connected to each other.

[0041] Then, when the link unit 300 moves downward
in the vertical direction in response to the rotation of the
shaft assembly 200 in the another direction, the connec-
tion rod 540 may move downward, such that the fixed
contactor 510 and the movable contactor 520 are sepa-
rated from each other.

[0042] Hereinafter, the operation of the shaft assembly
200 and resulting electrical connection and trip operation
will be described.

[0043] For example, when the shaft assembly 200 is
connected, a second connection link 240 connected to
the shaft assembly 200 moves upward. Accordingly, the
first link 310 connected to the second connection link 240
moves upward. As the first link 310 moves upward, the
second link 320 connected to the first link 310 moves
upward. Responsively, the connection rod 540 connect-
ed to the second link 320 moves upward. As the connec-
tion rod 540 moves upward, the push rod 530 connected
to the connection rod 540 moves upward. As the push
rod 530 moves upward, the fixed contactor 510 and the
movable contactor 520 inside the vacuum interrupter 500
may be brought into contact with each other.

[0044] Meanwhile, when the shaft assembly 200 per-
forms a trip operation, operations may be performed op-
posite to the above-described operations. The second
connection link 240 connected to the shaft assembly 200
moves downward. Then, the first link 310 descends. As
thefirstlink 310 descends, the second link 320 connected
to the first link 310 moves downward. Accordingly, the
connection rod 540 connected to the second link 320
moves downward. As the connection rod 540 moves
downward, the push rod 530 connected to the connection
rod 540 moves downward. As the push rod 530 moves
downward, the fixed contactor 510 and the movable con-
tactor 520 inside the vacuum interrupter 500 may be sep-
arated (tripped) from each other.

<Operation detection sensor unit 400>

[0045] The operation detection sensor unit 400 is dis-
posed on one side of the shaft assembly 200. Addition-
ally, the operation detection sensor unit 400 is capable
of detecting rotation information related to the shaft as-
sembly 200.

[0046] ReferringtoFIG. 2, the operation detection sen-
sor unit400 is disposed on one side of the shaft assembly
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200. And, the operation detection sensor unit 400 is fixed
to an outer surface of the vacuum circuit breaker 1000.
[0047] The operation detection sensor unit400 detects
the rotation of the shaft assembly 200 when the shaft
assembly 200 rotates. At this time, the operating char-
acteristics of the shaft assembly 200 may be determined
by measuring time for which the shaft assembly 200 ro-
tates and an output voltage value associated with the
shaft assembly 200.

[0048] FIG. 6is a perspective view illustrating a mech-
anismassembly 100 in accordance with one embodiment
of the present disclosure. FIG. 7 is a perspective view
illustrating a shaft assembly 200 in accordance with one
embodiment of the present disclosure. FIG. 8 is a per-
spective view illustrating an operation detection sensor
unit 400 in accordance with one embodiment of the
present disclosure. FIG. 9 is a perspective view illustrat-
ing an insert 450 in accordance with one embodiment of
the present disclosure. FIG. 10 is a partially-exploded
perspective view for explaining the shaft assembly 200
and the operation detection sensor unit 400 of FIG. 4.
FIG. 11 is a view for explaining that the shaft assembly
200, the insert 450, and an operation detection sensor
body 410 of FIG. 10 are coupled. FIG. 12is a time-current
graph detected by the operation detection sensor unit
400 when the vacuum circuit breaker 1000 in accordance
with one embodiment of the present disclosure is tripped.
[0049] A mechanism assembly 100 according to one
embodiment of the presentdisclosure mayinclude ahan-
dle 110, a rotating unit 120, a rotating shaft pin 130, and
an inner connection link 140.

[0050] Specifically, referring to FIG. 6, the handle 110
may be configured to operate the mechanism assembly
100 when it moves. Alternatively, the handle 110 may be
moved when the mechanism assembly 100 operates.
[0051] The rotating unit 120 is connected to the handle
110. Therefore, when the handle 110 moves, the rotating
unit 120 rotates. As the rotating unit 120 rotates, the ro-
tating shaft pin 130 inserted inside the rotating unit 120
may rotate. As the rotating shaft pin 130 rotates, the inner
connection link 140 connected to the rotating shaft pin
130 may move.

[0052] When the inner connection link 140 moves, the
first connection link 230, one end of which is connected
to the inner connection link 140 and another end of which
is connected to the shaft 210, may move.

[0053] Therefore, when the mechanism assembly 100
operates through the above-described operation, the in-
ner connection link 140 rotates, and the first connection
link 230 rotates accordingly, thereby rotating the shaft
210.

[0054] The shaft assembly 200 according to one em-
bodiment of the present disclosure may include a shaft
210, a connection insertinsertion part 220, and a plurality
of connection links.

[0055] The shaft 210 is disposed to pass through a
plurality of links.
[0056] Specifically, referring to FIG. 7, the shaft 210 is
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formed to be long, and the plurality of links are fitted
through the shaft 210. Accordingly, when the shaft 210
rotates, the plurality of links rotate simultaneously.
[0057] As described above, when the mechanism as-
sembly 100 operates, a link connecting the mechanism
assembly 100 and the shaft 210 rotates. As the link con-
necting the mechanism assembly 100 and the shaft 210
rotates, the shaft 210 may rotate.

[0058] As the shaft 210 rotates, other links connected
to the shaft 210 also rotate simultaneously. Accordingly,
the movable contactor 520 and the fixed contactor 510
of the vacuum interrupter 500 may be spaced apart
(blocked) from each other or may be in contact (electri-
cally conducted) with each other.

[0059] The plurality of connection links are disposed
to be spaced apart from each other on the shaft 210.
[0060] Specifically, the shaft assembly 200 may in-
clude a first connection link 230, a second connection
link 240, a third connection link 250, and a fourth con-
nection link 260. Additionally, other connection links may
further be included. As the shaft 210 rotates, the first to
fourth connection links 230 to 260 may rotate together.
[0061] The first connection link 230 may connect the
shaft assembly 200 and the mechanism assembly 100
to each other. Accordingly, when the mechanism assem-
bly 100 operates, the first connection link 230 may rotate
so that the shaft 210 rotates.

[0062] The second connection link 240 may connect
the shaft assembly 200 and the link unit 300 to each
other. Accordingly, when the shaft 210 rotates, the sec-
ond connection link 240 may move upward or downward,
and accordingly, the link unit 300 may move upward or
downward in the vertical direction.

[0063] The third connection link 250 and the fourth con-
nection link 260 may be connected to other components
in the vacuum circuit breaker 1000. The third connection
link 250 and the fourth connection link 260 may be con-
nected to other componentsinthe vacuum circuit breaker
1000 to control operations of the other components or to
fix and support the shaft assembly 200 inside the vacuum
circuit breaker 1000.

<Operation detection sensor unit 400>

[0064] The operation detection sensor unit 400 may
include an operation detection sensorbody 410, a brack-
et 420, and an Electromagnetic Compatibility (EMC) part
430.

[0065] ReferringtoFIG. 8, the operation detection sen-
sor body 410 is connected to the connection insert inser-
tion part 220 to detect the rotation of the shaft 210.
[0066] Specifically, referring to FIG. 11, the insert 450
is inserted into the connection insert insertion part 220
disposed in an end portion of the shaft 210. Then, the
insert 450 may rotate with being inserted into a concave
groove 410a formed in the operation detection sensor
body 410.

[0067] The bracket 420 is connected to the operation
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detection sensor body 410 and is coupled to an outer
surface of the vacuum circuit breaker 1000. Specifically,
referring to FIG. 2, the bracket 420 is coupled to an outer
surface 12a of a vacuum circuit breaker case 12. At this
time, the bracket 420 is disposed on the side where the
connection insert insertion part 220 of the shaft 210 is
disposed.

[0068] The EMC part 430 is connected to the bracket
420 and includes EMC (Electromagnetic Compatibility)
therein.

[0069] EMC isaconfigurationthatdoes notcause elec-
tromagnetic interference with other devices and main-
tains original performance even when the other devices
cause electromagnetic interference.

[0070] In the vacuum circuit breaker 1000 according
to one embodiment of the present disclosure, the oper-
ation detection sensor unit 400 may include the EMC part
430 to suppress electromagnetic interference by other
devices inside the vacuum circuit breaker 1000. In addi-
tion, the operation detection sensor unit 400 may sup-
press electromagnetic interference from affecting a volt-
age detected by the operation detection sensor body 410
through the EMC even if the electromagnetic interference
is caused by the other devices inside the vacuum circuit
breaker 1000. That is, the operation detection sensor
body 410 may remove other noises that may affect values
such as an output voltage value and the like, which are
detected during the rotation of the shaft 210.

[0071] In addition, the operation detection sensor unit
400 may further include a wire 440 and a connection
terminal 445.

[0072] The wire 440 may be connected to another end
of the EMC part 430. In addition, the connection terminal
445 may be disposed on an end portion of the wire 440,
and may transmit information related to the characteristic
of the vacuum circuit breaker 1000, which is detected by
the operation detection sensor body 410, to a wireless
module, a memory, or a control unit.

[0073] Meanwhile, the operation detection sensor unit
400 may further include a wireless module. The wireless
module may be connected to the connection terminal 445
described above and may communicate with an external
terminal. Accordingly, the wireless module may transmit
information obtained from the operation detection sensor
unit 400 to an externally constructed server or a user
terminal.

[0074] The operation detection sensor body 410 may
have therein a concave groove 410awhose inner surface
is made of a flat surface 411 and a curved surface 412.
[0075] Specifically, referring to FIG. 11, a concave
groove 410a having an inner surface in which a flat sur-
face 410 and a curved surface 412 are alternately con-
nected may be formed inside the operation detection sen-
sorbody 410. The flat surface 411 and the curved surface
412 of the concave groove 410a may be formed to cor-
respond to a flat portion 453 and a curved portion 455 of
aprotrusion 454 of the Insert 450. Through this, the insert
450 may be easily inserted into the concave groove 410a.
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In addition, while the insert 450 rotates, a distance be-
tween the insert 450 and the inner surface of the concave
groove 410a may decrease, and thus a rotation amount
of the insert 450 may be accurately calculated in the con-
cave groove 410a.

[0076] Meanwhile, a portion defining the concave
groove 410a of the operation detection sensor body 410
may rotate. Accordingly, as the insert 450 rotates, the
concave groove 410a also rotates. The operation detec-
tion sensor body 410 may determine the rotation amount
of the insert 450 through the rotation of the portion de-
fining the concave groove 410a.

<Insert 450>

[0077] In addition, the operation detection sensor unit
400 may further include an insert 450 which has one side
coupled to the connection insert insertion part 220 and
another side inserted into the concave groove 410a.

[0078] The insert 450 may include blades 452 and a
protrusion 454.
[0079] The blades 452 may be formed to extend long

to both sides in any one direction. That s, the blades 452
may extend in both directions from a center of the pro-
trusion 454. The blades 452 are inserted into an insertion
groove 222 formed in one end of the shaft 210. Accord-
ingly, when the shaft 210 rotates, the connection insert
insertion part 220 formed in the end portion of the shaft
210 rotates. As the connection insert insertion part 220
rotates, the portion of the insertion groove 222 of the
connection insert insertion part 220 also rotates. Accord-
ingly, the insert 450 rotates. The rotation of the insert 450
is then transmitted to the concave groove 410a of the
operation detection sensor body 410, and thus the rota-
tion of the shaft 210 may be sensed by the operation
detection sensor.

[0080] The protrusion 454 protrudes toward a front of
the blades 452. The protrusion 454 includes a flat portion
453 corresponding to the flat surface 411 of the concave
groove 41 Oa, and a curved portion 455 corresponding
to the curved surface 412 of the concave groove 410a.
Accordingly, the protrusion 454 may be inserted into the
concave groove 410a of the operation detection sensor
body 410 described above.

[0081] According to one embodiment of the present
disclosure, the protrusion 454 may include the flat portion
453 and the curved portion 455, and the concave groove
410a of the operation detection sensor body may include
the flat surface 411 and the curved surface 412 corre-
sponding to the flat portion 453 and the curved portion
455 of the protrusion 454, so that the protrusion 454 can
be inserted into the concave groove 410a without clear-
ance. Accordingly, the rotation characteristics of the shaft
210 can be intactly transmitted to the operation detection
sensor body 410 through the concave groove 410a of
the operation detection sensor body 410.
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<Connection insert insertion part 220>

[0082] The connection insertinsertion part 220 may be
disposed in one end of the shaft 210 and connected to
the operation detection sensor unit 400. An insertion
groove 222 may be formed concavely in the connection
insert insertion part 220 so that the blades 452 can be
inserted.

[0083] Referring to FIG. 11, the insertion groove 222
is formed to be long in one direction to have a shape
corresponding to the blades 452. At this time, the blades
452 may be fitted into the insertion groove 222 without
protruding to an outer surface of the shaft 210.

[0084] Protrusions 221 for gripping the blades 452 of
the insert 450 may protrude from both sides of the inser-
tion groove 222. Through this, as the shaft 210 rotates,
the protrusions 221 press the blades 452 of the insert
450. Accordingly, the insert 450 may rotate.

[0085] As the insert 450 rotates, the rotating unit 120
surrounding the concave groove 410a of the operation
detection sensor body 410, into which the insert 450 is
inserted, may rotate. Accordingly, information related to
the rotation of the shaft 210 may be determined through
the operation detection sensor unit 400.

[0086] A through hole 223 into which a coupling mem-
ber 460 can be inserted may be formed through the cent-
er of the insertion groove 222. Additionally, a through
hole 454a may be formed through the center of the pro-
trusion 454 of the insert 450.

[0087] The coupling member 460 may include a rota-
tion preventing member 461, a pad 462, a bolt 463, and
a washer 464.

[0088] The pad 462 and the rotation preventing mem-
ber 461 may play a role of fixing the operation detection
sensorbody 410 to the outer surface of the vacuum circuit
breaker 1000, so as to prevent the operation detection
sensor body 410 from rotating when the operation de-
tection sensor body 410 is pressed toward the shaft 210.
Through this, as the shaft 210 rotates, the operation de-
tection sensor body 410 can be prevented from rotating
even if the inside of the concave groove 410a rotates.
[0089] The bolt 463 may be inserted through the
through hole 454a of the insert 450 and is coupled to the
connection insertinsertion part 220 of the shaft 210, such
thatthe insert450 can be firmly coupled to the connection
insert insertion part 220.

<Detection of rotation of shaft 210 through operation de-
tection sensor unit 400>

[0090] The operation detection sensor unit 400 may
measure a voltage over time while the shaft 210 rotates.
[0091] A detailed description thereof will be given as
follows with reference to FIG. 12.

[0092] For example, Section A shows a state before
the fixed contactor 510 and the movable contactor 520
ofthe vacuum interrupter 500 come into contactwith each
other. In other words, Section A shows a state where the
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fixed contactor 510 and the movable contactor 520 are
not electrically connected to each other.

[0093] Atthistime, avoltage refersto anoutputvoltage
value of the operation detection sensor unit 400 that
changes according to the rotation of the shaft 210. That
is, as the shaft 210 rotates, the output voltage value de-
tected by the operation detection sensor unit 400 may
change.

[0094] Section Bis asectionin which the movable con-
tactor 520 moves toward the fixed contactor 510 as the
shaft 210 rotates. At this time, as the shaft 210 rotates,
the output voltage value of the operation detection sensor
unit 400 begins to increase.

[0095] Section C refers to an initial period of rotation
of the shaft 210. At this time, a rising slope of a voltage
increases. In other words, the increase in the output volt-
age value of the operation detection sensor unit400 may
increase faster over time.

[0096] Section D is a middle period of rotation of the
shaft 210. In Section D, the rising slope of the voltage
may increase and then change to gradually decrease. In
other words, Section D may be an inflection point of the
rising slope of the voltage.

[0097] Section E is the last period of rotation of the
shaft 210. The rising slope of the voltage may gradually
decrease in Section E. However, the voltage continuous-
ly increases.

[0098] Section F is an end section of rotation of the
shaft 210. Excessive rotation may occur in Section F.
Specifically, physical resistance may occurin the process
of contact between the fixed contactor 510 and the mov-
able contactor 520. Therefore, in order for the fixed con-
tactor 510 and the movable contactor 520 to be in stable
contact with each other, greater rotational force of the
shaft 210 may be required. Accordingly, the output volt-
age value detected by the operation detection sensor
unit 400 may further increase.

[0099] Section G is a section after the rotation of the
shaft 210 ends. In this case, a voltage value that is stable
and has no change may be output.

[0100] In the process, the operation detection sensor
unit 400 may measure and analyze time taken to reach
Section F from Section B and a difference between the
voltage in Section A and the voltage in Section G.
[0101] In addition, the operation detection sensor unit
400 may measure and analyze differences in time and
voltage before and after a trip operation even when the
trip operation is performed in the vacuum circuit breaker
1000.

[0102] The operation detection sensor unit 400 of the
vacuum circuit breaker 1000 according to one embodi-
ment of the present disclosure may continuously monitor
time for which the shaft assembly 200, that is, the shaft
210 rotates, and a voltage output at this time. Therefore,
according to one embodiment of the present disclosure,
the operation detection sensor unit 400 may monitor the
operating state of the vacuum circuit breaker 1000 at any
time and at the same time quantify characteristics that
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are exhibited when the vacuum circuit breaker 1000 op-
erates, thereby analyzing the current status of the vacu-
um circuit breaker 1000 and determining whether or not
maintenance is necessary.

[0103] Meanwhile, the vacuum circuit breaker 1000 ac-
cording to the present disclosure may further include a
control unit (not shown). Information monitored by the
operation detection sensor unit 400 may be transmitted
to the control unit.

[0104] When the rotation time of the shaft 210 required
for performing a trip operation or a connection operation
becomes longer or shorter, or when the output voltage
value output according to the rotation of the shaft 210
deviates from a normal state, the control unitmay analyze
and notify it.

[0105] The user can check whether it is necessary to
repair the vacuum circuit breaker 1000 based on data
detected by the operation detection sensor unit 400.
[0106] So far, the embodiments of the present disclo-
sure have been described above. However, the scope
of the present disclosure is not limited to the above-de-
scribed embodiments, and various modifications and
variations are made by those skilled in the art using the
basic concept of the present disclosure as defined in the
appended claim, without departing from the scope of the
present disclosure.

[Description of Reference Numerals]
[0107]

1000 Vacuum circuit breaker

10 Internal components of vacuum circuit breaker
12 Outer case of vacuum circuit breaker
12a Outer surface of outer case of vacuum circuit
breaker

20 Connection terminal

30 Moving part of vacuum circuit breaker
100 Mechanism assembly

110 Handle

120 Rotating unit

130 Rotating shaft pin

140 Inner connection link

200 Shaft assembly

210 Shaft

220 Connection insert insertion part

221 Protrusion

222 Insertion groove

223 Through hole

230 First connection link

240 Second connection link

250 Third connection link

260 Fourth connection link

300 Link unit

310 First link

320 Second link

400 Operation detection sensor unit

410 Operation detection sensor body
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410a Concave groove
411 Flat surface

412 Curved surface
420 Bracket

430 EMC part

440 Wire

445 Connection terminal
450 Insert

452 Blade

453 Flat portion

454 Protrusion

454a Through hole

455 Curved portion

460 Coupling member
461 Rotation preventing member
462 Pad

463 Bolt

464 Washer

500 Vacuum interrupter
510 Fixed contactor
520 Movable contactor
530 Push rod

540 Connection rod

Claims
1. A vacuum circuit breaker comprising:

a mechanism assembly that generates an op-
eration load by a signal;

a shaft assembly that is rotated by receiving the
operation load generated from the mechanism
assembly;

a link unit that is moved in a vertical direction in
response to the rotation of the shaft assembily;
and

an operation detection sensor unit that is dis-
posed on one side of the shaft assembly to de-
tect rotation information related to the shaft as-
sembly.

2. The vacuum circuit breaker of claim 1, wherein the
shaft assembly comprises:

a shaft that is disposed to pass through a plu-
rality of links;

a connection insert insertion part that is dis-
posed in one end of the shaft and connected to
the operation detection sensor portion;

a plurality of connection links that are disposed
to be spaced apart from one another on the
shaft.

3. The vacuum circuit breaker of claim 2, wherein the
operation detection sensor unit comprises:

an operation detection sensor body that is con-
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nected to the connection insert insertion part to
detect rotation information related to the shaft;
a bracket that is connected to the operation de-
tection sensor body and coupled to an outer sur-
face of the vacuum circuit breaker; and

an Electromagnetic Compatibility (EMC) part
that is connected to the bracket and has EMC
therein.

The vacuum circuit breaker of claim 3, wherein the
operation detection sensor body is configured to
measure an output voltage over time while the shaft
rotates.

The vacuum circuit breaker of claim 3, wherein the
operation detection sensor unit further comprises:

a wire that is connected to another end of the
EMC part; and

aconnection terminal that is disposed on an end
portion of the wire.

The vacuum circuit breaker of claim 5, wherein the
operation detection sensor unit further comprises a
wireless module that is connected to the connection
terminal to communicate with an external terminal.

The vacuum circuit breaker of claim 3, wherein a
concave groove is formed inside the operation de-
tection sensorbody, and has aninner surface formed
of a flat surface and a curved surface, and

the operation detection sensor unit further comprises
aninsertthat has one side coupled to the connection
insert insertion part and another side inserted into
the concave groove.

The vacuum circuit breaker of claim 7, wherein the
insert comprises:

blades that extend long in both directions; and
a protrusion that protrudes to a front of the
blades to be insertable into the concave groove,
and

the protrusion includes aflat portion correspond-
ing to the flat surface of the concave groove, and
a curved portion corresponding to the curved
surface of the concave groove.

The vacuum circuit breaker of claim 8, wherein the
connection insert insertion part comprises an inser-
tion groove formed to be concave such that the
blades are insertable,

protrusions protrude from both sides of the in-
sertion groove, and

a through hole is formed through a center of the
insertion groove such that a coupling member
is insertable.
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