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(67)  The present disclosure provides a vacuum in-
terrupter pole for a circuit breaker and its associated elec-
trical device. The vacuum interrupter pole comprises: a
vacuum interrupter; an insulation supporting shell for ac-
commodating and supporting the vacuum interrupter and
having atop wall and side walls defining a U shape, where
the vacuum interrupter is adapted to be placed within an
interior space limited by the side walls via an opening
side of the U shape; and a conductive connector with a

first end and a second end, wherein the first end is fas-

tened between the top wall and the vacuum interrupter
and electrically connected to the vacuum interrupter, and
the second end is adapted to act as a supporting point

for a moving knife component of an isolation switch that

is electrically connected with the circuit breakers.
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Description
FIELD
[0001] The present disclosure relates to the electrical

field, and more specifically to a vacuum interrupter pole
for a circuit breaker and its associated electrical device.

BACKGROUND

[0002] Circuit breaker (known as CB) is an electrical
safety device for protecting the circuit from damage
caused by overcurrent or short circuit. In addition to clos-
ing, bearing and cutting off current under normal loop
conditions, the circuit breaker also can close, bear and
cut off current under abnormal loop conditions within
specified time.

[0003] A classic example of the circuit breaker is vac-
uum circuit breaker, which is known for its arc-extinguish-
ing medium and insulation medium in the gap between
contacts after an arc extinguishing operation being both
high vacuum. The vacuum circuit breaker is small and
light weight and further adapted for frequent operations.
Meanwhile, maintenance is not required for arc extin-
guishing. On account of the above advantages, the vac-
uum circuit breaker is extensively applied in the power
distribution networks.

SUMMARY

[0004] One of the objects of the present disclosure is
to provide an improved vacuum interrupter pole and its
associated electrical device, to at least solve the techni-
cal problems of the structure of existing circuit breakers
including poor heat dissipation performance, environ-
mental unfriendliness and/or low integration level.

[0005] According to a first aspect of the present disclo-
sure, there is provided a vacuum interrupter pole for a
circuit breaker. The vacuum interrupter pole comprises:
a vacuum interrupter; an insulation supporting shell for
accommodating and supporting the vacuum interrupter
and having a top wall and side walls defining a U shape,
wherein the vacuum interrupter is adapted to be placed
within an interior space limited by the side walls via an
opening side of the U shape; and a conductive connector
with a first end and a second end, wherein the first end
is fastened between the top wall and the vacuum inter-
rupter and electrically connected to the vacuum interrupt-
er, and the second end is adapted to act as a supporting
point for a moving knife component of an isolation switch
that is electrically connected with the circuit breakers. It
is easily understood that with the aid of the vacuum in-
terrupter pole of the present disclosure, it may be con-
veniently integrated with the moving knife component of
the isolation switch. Meanwhile, the vacuum interrupter
pole according to the present disclosure is no longer cov-
ered with traditional thermosetting material (e.g., epoxy
resin) and thus overcomes the disadvantages including
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large size, heavy weight, poor heat dissipation perform-
ance and environmental unfriendliness.

[0006] In some embodiments, the top wall has a hon-
eycomb structure. It is to be easily appreciated that the
honeycomb structure has a relatively high impact resist-
ance strength which can withstand the impact generated
during the breaking or closing of the vacuum interrupter.
[0007] Insome embodiments, most of the honeycomb
structure is formed by structural units with a pentagonal
or hexagonal shape. In this way, the honeycomb struc-
ture may have a more satisfactory impact resistance
strength.

[0008] In some embodiments, the insulation support-
ing shell further comprises a mounting base disposed
opposing to the top wall, and the side walls include a first
side wall and a second side wall opposing to each other
for defining the opening of the U shape, wherein a dis-
tance between the first side wall and the second side wall
at a side proximate to the mounting base is smaller than
a corresponding distance at a side proximate to the top
wall . In this way, the insulation supporting shell defines
a necking-in structure proximate to the mounting base
side, which is helpful to provide a sufficient mounting
space and more easily meet the insulation requirement
for the mounting bases of vacuum interrupter poles in a
potential scenario that three vacuum interrupter poles for
three phases are disposed in parallel.

[0009] Insome embodiments, the top wall has a thick-
ness ranging from 20mm to 50mm and the side walls
have a thickness smaller than 10mm. With the above
design of thickness, the requirement for impact resist-
ance strength by the insulation supporting shell can be
sufficiently met.

[0010] Insome embodiments, the conductive connec-
tor includes a first plane and a second plane perpendic-
ular to each other; the first plane is formed by the first
end and the second plane is formed by the second end.
With such a design of the conductive connector, the re-
quirement for fastening the insulation supporting shell
with the vacuum interrupter may be satisfied at one end,
while the other end is adapted to serve as a supporting
point for the moving knife component of the isolation
switch.

[0011] In some embodiments, the conductive connec-
tor further includes a bending engagement surface serv-
ing as a transition between the first plane and the second
plane. With such a design, the requirement for the density
of the current flowing from the vacuum interrupter to the
moving knife component of the isolation switch can be
more easily fulfilled.

[0012] In some embodiments, the conductive connec-
tor is integrally formed.

[0013] In some embodiments, the vacuum interrupter
and the conductive connector are fastened together via
a first bolt, which is arranged to be mounted by passing
through a first mounting hole disposed at the middle of
the first plane. In some other embodiments, the conduc-
tive connector and the insulation supporting shell are fas-
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tened together via at least one second bolt, which is ar-
ranged to be mounted by passing through a top wall
mounting hole of the top wall and a second mounting
hole on the first plane in sequence, the second bolt being
different from the first bolt. Thatis, in these embodiments,
the vacuum interrupter, the conductive connector and
the insulation supporting shell are not fastened together
by a common bolt. In such a case, the stable electrical
connection between the vacuum interrupter and the con-
ductive connector can be secured even in the case of
thermoplastic deformation of the insulation supporting
shell.

[0014] In some embodiments, the second mounting
hole is formed by a circular platform protruding from the
first plane, the circular platform having a height ranging
from 1mm to 3mm with respect to the first plane, wherein
in a state where the conductive connector and the insu-
lation supporting shell are fastened together, a top sur-
face of the circular platform abuts against a surrounding
plane of the top wall on which the top wall mounting hole
isformed. Inthese embodiments, the above arrangement
avoids forming a wedge-shaped gap at the top wall
mounting hole and which wedge-shaped gap may unfa-
vorably cause gap discharge.

[0015] In some embodiments, the at least one second
bolt includes two second bolts, which are symmetrically
arranged at both sides of the first bolt. In this way, the
conductive connector and the insulation supporting shell
are fastened in a much stronger manner.

[0016] In some embodiments, the vacuum interrupter
pole further comprises: an insulation plug with barbs,
wherein the insulation plug is adapted to be inserted into
the top wall mounting hole from outside of the insulation
supporting shell to prevent discharge from the second
bolt to components outside of the insulation supporting
shell via the top wall mounting hole.

[0017] In some embodiments, the side walls include
an intermediate side wall for defining an intermediate
segment of the U shape, the intermediate side wall being
provided thereon with a plurality of holes; and an edge
of the top wall adjacent to the opening side of the U shape
is configured with a chamfer; during operation of the vac-
uum interrupter pole, ambient gas is adapted to enter the
insulation supporting shell from the holes, then pass
through a gap between the vacuum interrupter and the
intermediate side wall and a gap between the vacuum
interrupter and the top wall, and finally exit the insulation
supporting shell from the position of the chamfer, thereby
creating convection effect within the vacuum interrupter
pole.

[0018] In some embodiments, the vacuum interrupter
pole further comprises: an insulation push-rod compo-
nent coupled to an end of a moving conductive rod of the
vacuum interrupter, wherein the insulation push-rod
componentis also adapted to be placed within the interior
space via the opening side of the U shape.

[0019] In some embodiments, the vacuum interrupter
pole further comprises: a flexible connector with one end
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electrically connected to an end of a moving conductive
rod of the vacuum interrupter and the other end passing
through an intermediate side wall defining an intermedi-
ate segment of the U shape.

[0020] According to a second aspect of the present
disclosure, there is provided a circuit breaker comprising
the vacuum interrupter pole according to the first aspect.
[0021] According to a third aspect of the present dis-
closure, there is provided a switch device comprising the
vacuum interrupter pole according to the first aspect.
[0022] According to a fourth aspect of the present dis-
closure, there is provided an electrical cabinet, compris-
ing: a cabinet body and the vacuum interrupter pole ac-
cording to the first aspect.

[0023] In some embodiments, the vacuum interrupter
pole is arranged within the cabinet body in a tilted manner
with respect to the cabinet body.

[0024] In some embodiments, the electrical cabinet
further comprises: an auxiliary supporting beam that ex-
tends along a direction perpendicular to extension direc-
tion of the vacuum interrupter pole and supports the tilted
vacuum interrupter pole.

[0025] In some embodiments, the auxiliary supporting
beam is made of insulated material. In this way, the pos-
sible discharge from the vacuum interrupter to the aux-
iliary supporting beam via the above holes is avoided.
[0026] In some embodiments, the electrical cabinet is
a gas-insulated ring main unit.

[0027] It is to be understood that contents described
in the Summary are not intended to restrict key or impor-
tant features of the embodiments of the present disclo-
sure, or limit the scope of the present disclosure. Other
features of the embodiments of the present disclosure
will be easily understood through the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Through the following detailed description with
reference to the accompanying drawings, the above and
other features, advantages and aspects of various em-
bodiments of the present disclosure will become more
apparent. Throughout the drawings, same or similar ref-
erence signs may represent same or similar elements,
wherein:

Fig. 1illustrates a schematic view of the overall struc-
ture of the vacuum interrupter pole for a circuit break-
er according to exemplary embodiments of the
present disclosure;

Fig. 2 illustrates a schematic structural view of the
flexible connector according to exemplary embodi-
ments of the present disclosure;

Fig. 3 illustrates a schematic structural view of the
insulation push-rod component according to exem-
plary embodiments of the present disclosure;
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Figs. 4ato 4crespectively illustrate a back, front and
top side perspective view of the insulation supporting
shell according to exemplary embodiments of the
present disclosure;

Figs. 5ato 5d respectively illustrate different angular
and perspective views of the conductive connector
according to exemplary embodiments of the present
disclosure;

Figs. 6a to 6b respectively illustrate partial and sec-
tional views for the connection of the conductive con-
nector with both of the vacuum interrupter and the
insulation supporting shell according to exemplary
embodiments of the present disclosure;

Fig. 7 illustrates a schematic structural view of the
connection between the conductive connector and
the moving knife of the isolation switch according to
exemplary embodiments of the present disclosure;

Figs. 8ato 8d respectively illustrate different angular
views of an insulation plug according to exemplary
embodiments of the present disclosure;

Fig. 9 illustrates a schematic view of the convection
current inside the vacuum interrupter pole according
to exemplary embodiments of the present disclo-
sure;

Figs. 10a to 10b illustrate experiment diagrams for
the temperature rise and thermodynamic simulation
of the vacuum interrupter pole according to exem-
plary embodiments of the present disclosure; and

Figs. 11a to 11d respectively illustrate a schematic
structural view of the electrical cabinet including a
three-phase circuit breaker.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] Embodiments of the present disclosure will be
described in more details below with reference to the
drawings. Although the drawings illustrate some embod-
iments of the present disclosure, it should be appreciated
that the present disclosure can be implemented in vari-
ous manners and should not be limited to the embodi-
ments explained herein. On the contrary, the embodi-
ments are provided to understand the present disclosure
more thoroughly and completely. It is to be understood
that the drawings and the embodiments of the present
disclosure are provided only as examples, rather than
limiting the protection scope of the present disclosure.

[0030] As stated above, vacuum circuit breakers are
extensively used in power distribution networks. Howev-
er, inventors have noticed that the vacuum interrupter
pole for an existing circuit breaker is often fabricated by
covering the vacuum interrupter with thermosetting ma-
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terial (such as epoxy resin). In such case, the circuit
breaker is normally large, heavy and not environmental
friendly and also underperform in heat dissipation. Be-
sides, the vacuum interrupter pole of the existing circuit
breaker could not be effectively integrated with a three-
position switch at the bus side. As a result, the overall
height of the electrical cabinet, such as the ring main unit,
is relatively high.

[0031] The idea of the present disclosure is to provide
an improved vacuum interrupter pole for a circuit breaker.
The vacuum interrupter pole includes a vacuum inter-
rupter; an insulation supporting shell for accommodating
and supporting the vacuum interrupter and having a top
wall and side walls defining a U shape, wherein the vac-
uum interrupter is adapted to be placed within an interior
space limited by the side walls via an opening side of the
U shape; and a conductive connector with a first end and
a second end, wherein the first end is fastened between
the top wall and the vacuum interrupter and electrically
connected to the vacuum interrupter, and the second end
is adapted to act as a supporting point for a moving knife
component of an isolation switch that is electrically con-
nected with the circuit breakers. It is easily understood
that the above improved vacuum interrupter pole can be
effectively integrated with the three-position switch at the
bus side. Besides, the heat dissipation performance of
the vacuum interrupter pole may be improved by means
of the above insulation supporting shell. Moreover, since
the insulation supporting shell may be made of environ-
mental-friendly material, the disadvantage of the envi-
ronmental unfriendliness can be avoided.

[0032] To better understand the idea of the present
disclosure, embodiments of the vacuum interrupter poles
according to the present disclosure are to be described
in more detail below mainly with reference to Figs. 1-10.
[0033] Fig. 1illustrates a schematic view of the overall
structure of the vacuum interrupter pole for a circuit
breaker according to exemplary embodiments of the
present disclosure.

[0034] Asshownin Fig. 1, the vacuum interrupter pole
1 mainly includes a vacuum interrupter 2, an insulation
supporting shell 3, a conductive connector 4, a flexible
connector 5 and an insulation push-rod component 6.
[0035] The vacuum interrupter 2 includes moving and
static contacts (or moving and static electrodes) and is
provided to rapidly extinguish arcs and suppress current
by virtue of excellent vacuum insulation within its tube
when the moving and static contacts are separated. Usu-
ally, the movement of the moving conductive rod 21 of
the vacuum interrupter 2 coupled to the end of the moving
contact is controlled by the operating mechanism of the
circuit breaker, such that the moving and static contacts
can be separated or engaged, thereby realizing the
breaking or closing of the circuit breaker.

[0036] The conductive connector 4 is connected to the
end of the vacuum interrupter 2 provided with the static
contact, while the flexible connector 5 is connected to
the moving conductive rod 21 of the vacuum interrupter
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2 extending from the moving contact. In such a manner,
the upper and lower ends of the vacuum interrupter pole
1 may be electrically connected.

[0037] For the insulation push-rod component 6, one
of its ends is also connected to the moving conductive
rod 21 and the other end is connected to a transmission
chain mechanism of the above operating mechanism. It
can be easily understood that the acting force by the clos-
ing and opening operations of the operating mechanism
may be transmitted to the insulation push-rod component
6 via the transmission chain mechanism. Further, by
means of pulling up or down the insulation push-rod com-
ponent 6, the moving and static contacts can be sepa-
rated or engaged.

[0038] Figs.2and 3 respectivelyillustrate the structural
views of the flexible connector 5 and the insulation push-
rod component 6. It is to be noted that structures of the
vacuum interrupter 2, the flexible connector 5 and the
insulation push-rod component 6 are known in the art
and will not be detailed herein. The description below will
be focused on the structure and operating principle of
the insulation supporting shell 3 and the conductive con-
nector 4.

[0039] Figs.4ato4crespectivelyillustrate a back, front
and top side perspective view of the insulation supporting
shell according to exemplary embodiments of the present
disclosure.

[0040] As shown in Figs. 4a to 4c, the insulation sup-
porting shell 3 has a roughly cylindrical hollow shell struc-
ture. In particular, the insulation supporting shell 3 may
have side walls 30 and a top wall 34, wherein the side
walls 30 may be constructed in a U shape and the top
wall 34 may be positioned at one end of the side walls
30 and is basically vertical to the side walls 30. As a
simple constructional example, the side walls 30, for ex-
ample, may include a first side wall 31 and a second side
wall 33 opposing to each other, and an intermediate side
wall 32 connecting the first side wall 31 with the second
side wall 33, for defining an opening of the U shape. Itis
easily understood that with such a U-shaped opening,
the vacuum interrupter 2 may be conveniently arranged
within the interior space defined by the side walls 30
through the opening side of the U shape and then sup-
ported by the insulation supporting shell 3.

[0041] In some embodiments, the insulation support-
ing shell 3 may further have a mounting base 37 at a side
opposite to the top wall 34. Accordingly, the insulation
supporting shell 3 may be secured, via the mounting base
37, to a beam 120 (shown in the subsequent Figs. 11a
to 11d) within a cabinet body of a gas-insulated ring main
unit, for example. As an example, the mounting base 37
may be designed to have four mounting holes.

[0042] Further, in general, three vacuum interrupter
poles 1 for three phases may be mounted in parallel in-
side the cabinet body 110. To ensure sufficient mounting
space for the mounting bases 37 and the insulation re-
quirements for the three adjacent vacuum interrupter
poles 1, one side of the above U shape proximate to the
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mounting base 37 may be designed as a narrow necking-
in structure (as shown in Fig. 4b). That is, between the
first side wall 31 and the second side wall 33, a distance
at a side proximate to the mounting base 37 is smaller
than a distance at a side proximate to the top wall 34.
[0043] As a component for accommodating and sup-
porting the vacuum interrupter 2, it is required that the
insulation supporting shell 3 has certain impact resist-
ance strength to withstand the impact force generated
during the breaking and closing of the vacuum interrupter
2. For this purpose, in some embodiments, the top wall
34 and the side wall 30 may be provided with reinforcing
ribs. Further, it is easily understood that the top wall 34
withstands most of the impact as it is arranged in the
axial direction of the vacuum interrupter 2. As such, in
some embodiments, the top wall 34 may be further de-
signed to have a honeycomb structure. Particularly, most
of the honeycomb structure may be formed by structural
units with regular (e.g., pentagon, hexagon or other pol-
ygons with more sides) or irregular shapes. It is to be
easily understood that this honeycomb structure can
more effectively enhance the impact resistance strength
of the top wall 34. In some other embodiments, the top
wall 34 may be designed to have a thickness greater than
the thickness of the side wall 30. For example, the thick-
ness of the top wall may be in a range from 20mm to
50mm, while the side wall may have a thickness smaller
than 10mm, such as around 5mm.

[0044] As an example for implementing the insulation
supporting shell 3, the insulation supporting shell 3 for
example may be made of thermoplastic material. It is
easily understood that the thermoplastic material is en-
vironmentally friendly, has excellent mechanical strength
and can be easily shaped. In such a case, the insulation
supporting shell 3 can be easily fabricated and may be
recycled and reused.

[0045] Besides, tofacilitate heat dissipation of the vac-
uum interrupter 2, a plurality of holes may be further dis-
posed in a direction of the intermediate side wall 32 of
the insulation supporting shell 3 away from the top wall
34.Meanwhile, achamfer 35 may be arranged atan edge
of the top wall 34 adjacent to the opening side of the U
shape. As further explained below, by means of the ar-
rangement of the above holes 36 and the chamfer 35, a
convection path may be easily created around the vac-
uum interrupter 2 within the insulation supporting shell
3. With such a gas convection manner, the heat of the
vacuum interrupter 2 may be effectively dissipated.
[0046] Moreover, with reference to Fig. 1, the interme-
diate side wall 34 of the insulation supporting shell 3 is
further provided with a hole through which the flexible
connector 4 is allowed to pass. With this arrangement,
one end of the flexible connector 4 may be electrically
connected to the moving conductive rod 21 of the vacuum
interrupter, and the other end may pass through the hole
disposed on the intermediate side wall 34. Besides, in
some embodiments, the other end of the flexible connec-
tor 4 may be further fixed on a protrusion 39 provided on
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the intermediate side wall 34. In this way, a stable elec-
trical connection may be established between the flexible
connector 4 and the moving conductive rod 21 of the
vacuum interrupter.

[0047] Itis to be further explained herein that in order
to ensure the insulation requirements for adjacent vacu-
um interrupter poles 1 of different phases, no holes are
provided on the first side wall 31 and the second side
wall 33 of the insulation supporting shell 3.

[0048] Figs.5ato5drespectively illustrate differentan-
gular and perspective views of the conductive connector
according to exemplary embodiments of the present dis-
closure; Figs. 6a to 6b respectively illustrate partial and
sectional views for the connection of the conductive con-
nector with both of the vacuum interrupter and the insu-
lation supporting shell according to exemplary embodi-
ments of the present disclosure; Fig. 7 illustrates a sche-
matic structural view of the connection between the con-
ductive connector and the moving knife of the isolation
switch according to exemplary embodiments of the
present disclosure; and Figs. 8a to 8d respectively illus-
trate different angular views of an insulation plug accord-
ing to exemplary embodiments of the present disclosure.
[0049] As shown in Figs. 5a to 7, the conductive con-
nector 4 is constructed in an abnormal shape and has a
first end 41 and a second end 42, wherein the first end
41 is fastened between the top wall 34 and the vacuum
interrupter 2 and is electrically connected to the end of
the vacuum interrupter 2 with the static contact, while the
second end 42 is constructed to be adapted to act as a
supporting point for the moving knife component 9 of the
isolation switch (see Fig. 7). As an example, the isolation
switch for example may be a three-position isolation
grounding switch located upstream of the circuit breaker.
The moving knife component 9 may move to the three
different positions to fulfillgrounding, closing and opening
operations of the isolation switch.

[0050] To implement the above functions of the con-
ductive connector 4, just as an example, the conductive
connector 4 in the abnormal shape may be further con-
structed to include a first plane 43 and a second plane
44 perpendicular to each other as shown in Figs. 5a to
5d, wherein the first end 41 is formed by the first plane
43 and the second end 42 is formed by the second plane
44. In some embodiments, the conductive connector 4
in the abnormal shape is integrally formed, e.g., by cop-
per-forging process.

[0051] In some embodiments, in order to ensure the
requirement for the density of the current flowing from
the vacuum interrupter 2 to the moving knife component
9 ofthe isolation switch, an engagement surface between
the first plane 43 and the second plane 44 may be de-
signed as required. As an example, a bending surface
49 acting as a transition between the first plane 43 and
the second plane 44 may be used as the above engage-
ment surface. Moreover, in some embodiments, the edge
of the second end 42 may be designed as a rounded
corner to lower the intensity of the surrounding electrical
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field and further meet the requirement for insulation per-
formance.

[0052] Further, afirstmounting hole 46 may be formed
at the first end 41 of the conductive connector 14. In par-
ticular, the first mounting hole 46 may be located in an
intermediate region of the first end. As shown in Fig. 6a,
the conductive connector 4 may be fastened, via a first
bolt 61, to the end of the vacuum interrupter 2 with the
static contact, wherein the first bolt 61 is mounted by
passing through the above first mounting hole 46. It is
easily understood that the conductive connector 4 may
be fastened with the vacuum interrupter 2 by the above
manner, so as to provide stable electrical connection with
the end of the vacuum interrupter 2 with the static contact.
[0053] The conductive connector 4 may also be pro-
vided with at least one second mounting hole 47 at the
first end 41. Particularly, the at least one second mount-
ing hole 47 may include two second mounting holes 47,
which may be symmetrically arranged at both sides of
the first mounting hole 46 on the first plane 43. As illus-
trated in Fig. 6a, the conductive connector 4 may be fas-
tened to the top wall 34 via a second bolt 62, wherein the
top wall 34 is correspondingly configured with a top wall
mounting hole 341, and at least one second bolt 62 is
arranged such that it is mounted by passing through the
top wall mounting hole 341 on the top wall 34 and the
second mounting hole 47 on the first plane in sequence.
The number of the above at least one second bolt 62
corresponds to the number of the top wall mounting hole
341, and also corresponds to the number of the at least
one second mounting hole 47. In an embodiment where
two second mounting holes 47 are symmetrically ar-
ranged at both sides of the first mounting hole 46, two
corresponding second bolts 67 are symmetrically config-
ured at both sides of the first bolt 61.

[0054] In some embodiments, as shown in Figs. 5a to
6b, the above second mounting hole 47 may be formed
within a circular platform 48 protruding from the first plane
43 and the second mounting hole 47 may be positioned
at the middle of the circular platform 58. As an example,
the relative height of the circular platform 48 with respect
to the first plane 43 may range from 1mm to 3mm. When
the conductive connector 4 and the insulation supporting
shell 3 are fastened with each other, a top face of the
above circular platform 48 would abut againsta surround-
ing plane of the top wall 34 on which the top wall mounting
hole 341 is formed. The number of the above circular
platform 48 may correspond to the number of the second
mounting hole 47, e.g., two. It is easily appreciated that
the above manner may avoid forming a wedge-shaped
gap between a conductive face of the conductive con-
nector 4 and the abutting plane of the above insulation
supporting shell 3, and which wedge-shaped gap may
unfavorably cause gap discharge.

[0055] It is observed from the above description that
the vacuum interrupter 2, the conductive connector 4 and
the insulation supporting shell 3 are not fastened together
by common bolts. In fact, the vacuum interrupter 2 is



11 EP 4 300 526 A1 12

connected with the conductive connector 4 via the first
bolt 61 and the conductive connector 4 is connected with
the insulation supporting shell 3 via the second bolt 62
different from the first bolt 61. It is easily understood that
the above manner secures a stable electrical connection
between the vacuum interrupter 2 and the conductive
connector 4 even in case of thermoplastic deformation
of the insulation supporting shell 3.

[0056] According to Fig. 6a, in an embodiment where
the top wall mounting hole 341 is provided, the head of
the first bolt 62 would expose from the top wall mounting
hole 341. To avoid discharge from the first bolt 62 to
components external to the insulation supporting shell 3
(e.g., cabinet body of the electrical cabinet to be de-
scribed below), the vacuum interrupter pole 1, in some
embodiments, may further include an insulation plug 8
as shown in Fig. 8a, which for example is made of silicone
and adapted to be inserted into the top wall mounting
hole 341 from the outside of the insulation supporting
shell.

[0057] As an example, the insulation plug 8 may con-
sist of a plug cap 81 and a plug column 82 as shown in
Figs. 8b to 8d, wherein the plug column 82 is adapted to
be inserted into the top wall mounting hole 341 while the
plug cap 81 is configured to engage with the edge of the
top wall mounting hole 341, to avoid excessive insertion
of the insulation plug 8. Moreover, to facilitate the mount-
ing of the insulation plug, the edge of the plug cap 81 is
foldable as shown in Figs. 8c and 8d. Further, to ensure
tight insertion of the insulation plug, the plug column 82
may have a barbed or inverted triangle structure, which
may facilitate the insertion of the insulation plug 8 and
also prevent back-off under impact.

[0058] As stated above, the insulation supporting shell
3 ofthe presentdisclosure may be provided with the holes
36 and the chamfer 35, which may facilitate a good heat
dissipation for the vacuum interrupter pole 1. Fig. 9 illus-
trates a schematic view of the convection current inside
the vacuum interrupter pole 1 according to exemplary
embodiments of the present disclosure, and Figs. 10a to
10b illustrate experiment diagrams for the temperature
rise and thermodynamic simulation of the vacuum inter-
rupter pole according to exemplary embodiments of the
present disclosure.

[0059] According to Fig. 9, during the operation of the
vacuum interrupter, the ambient gas is adapted to enter
the insulation supporting shell 3 from the holes 36, then
pass through the gap between the vacuum interrupter 2
and the intermediate side wall 32 and the gap between
the vacuum interrupter 2 and the top wall 34, and finally
exit the insulation supporting shell 3 from the position of
the chamfer 35, thereby creating a similar convection
path in the vacuum interrupter pole as well as a convec-
tion effect analogous to a chimney effect. It is also con-
firmed in the experiment diagrams shown in Figs. 10a to
10b that the design of the insulation supporting shell 3
of the present disclosure achieves a good convection
and associated heat dissipation effect.

10

15

20

25

30

35

40

45

50

55

[0060] Structures and implementations of various
components of the vacuum interrupter pole 1 have been
described above in detail. It is easily understood that the
circuitbreaker may be correspondingly provided with one
or more of the above vacuum interrupter poles, so as to
take advantage of the vacuum interrupter pole 1 accord-
ing to the present disclosure. As an example, the circuit
breaker may be configured as a single-phase circuit
breaker or a multi-phase circuit breaker. Additionally, in
some embodiments, the vacuum interrupter pole 1 may
also be a part of a switching device or an electrical cabinet
including the circuit breaker.

[0061] Just as an example, Figs. 11a to 11d respec-
tively illustrate a schematic structural view of the electri-
cal cabinet including a three-phase circuit breaker,
wherein the electrical cabinet, for example, may be gas-
insulated ring main unit.

[0062] AsshowninFigs. 11ato 11d, the electrical cab-
inet 100 may include a cabinet body 110. In the embod-
iment where the electrical cabinetis e.g., a gas-insulated
cabinet, the cabinet 110 may, for example, be filled with
insulated gas such as sulfur hexafluoride, dry air or ni-
trogen.

[0063] In some embodiments, three vacuum interrupt-
er poles 1 for three phases may be disposed in parallel
inside the cabinet body 110. Particularly, in some prac-
tical application scenarios, the height of the cabinet body
110 may be restricted. Therefore, the vacuum interrupter
poles 1 may be mounted inside the cabinet body 110 in
a tilted manner as shown in the drawings. In this way,
the overall height of the cabinet body 110 may be effec-
tively controlled. During the specific mounting process,
the lower end of the vacuum interrupter poles 1 for three
phases, for example, may be secured to a beam 120
(e.g., a U-shaped beam) of the cabinet body 110 via the
bottom of the insulation supporting shells 3, while the
transmission chain mechanism (not shown) of the circuit
breaker may be disposed below the beam 120. One end
of the transmission chain mechanism may be connected
to the operating mechanism of the circuit breaker, while
the other end may be connected to the moving conductive
rods 21 of the vacuum interrupter poles 1 for three phas-
es, thereby realizing the closing and opening operations
of the circuit breaker.

[0064] In the above embodiment where the vacuum
interrupter pole 1 is arranged in tilted manner, the insu-
lation supporting shell 3 may further include a protrusion
38 extending outward from the intermediate side wall 34.
The cabinet body 110 may further consist of an auxiliary
supporting beam 130 (e.g., an L-shaped beam) that ex-
tends along a direction perpendicular to the extension
direction of the vacuum interrupter pole 1. The above
protrusion 38 may be such arranged to allow the auxiliary
supporting beam 130 to abut below the protrusion 38, to
provide auxiliary support for the vacuum interrupter pole
1. Moreover, the auxiliary supporting beam 130 may be
fastened together by means of a bolt and the protrusion
38. As an example, the auxiliary supporting beam 130
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may be made of insulation material, to prevent discharge
from the vacuum interrupter pole 1 to the auxiliary sup-
porting beam 130 via the above holes 36.

[0065] Various embodiments ofthe vacuum interrupter
pole 1 and relevant electrical device according to the
present disclosure have been described in detail. It is
easily appreciated that the vacuum interrupter pole of the
present disclosure has a simple structure and a small
size. In addition, the vacuum interrupter pole is stable
and environmentally friendly, and has an enhanced me-
chanical strength and a good heat dissipation perform-
ance. Moreover, the unique conductive connector ac-
cording to the present disclosure may effectively form an
electrical connection loop and also support the moving
knife component of the upstream three-position isolation
grounding switch. Thus, the vacuum interrupter pole 1 of
the present disclosure can more easily meet the require-
mentforarranging a three-position switch at the bus side,
thereby improving the integration level of the entire elec-
trical cabinet, such as a main ring unit.

[0066] Whilethe presentinvention has beenillustrated
and described in detail in the accompanying drawings
and the foregoing description, such illustration and de-
scription are to be considered illustrative or exemplary
and not restrictive; the present invention is not limited to
the disclosed embodiments. Other variations to the dis-
closed embodiments may be understood and practiced
by those skilled in the art by studying the drawings, dis-
closure and the appended claims upon practicing the
claimed invention.

[0067] In the claims, the word "comprise" does not ex-
clude other elements, and indefinite articles "a" and "an"
do not exclude a plurality. A single element or other unit
may fulfill the functions of several items recited in the
claims. The mere fact that certain features are recited in
mutually different dependent claims or described in dif-
ferent embodiments does not indicate that a combination
of these features cannot be used to advantage. The pro-
tection scope of the present application covers any pos-
sible combination of various features recited in the em-
bodiments or dependent claims without departing from
the spirit and scope of the present application.

[0068] In addition, any reference signs in the claims
should not be construed as limiting the scope of the in-
vention.

Claims

1. A vacuum interrupter pole (1) for a circuit breaker,
comprising:

a vacuum interrupter (2);

an insulation supporting shell (3) for accommo-
dating and supporting the vacuum interrupter (2)
and having a top wall (34) and side walls (30)
defining a U shape, wherein the vacuum inter-
rupter (2) is adapted to be placed within an in-
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terior space limited by the side walls (30) via an
opening side of the U shape; and

a conductive connector (4) with a first end (41)
and asecond end (42), wherein the firstend (41)
is fastened between the top wall (34) and the
vacuum interrupter (2) and electrically connect-
ed to the vacuum interrupter (2), and the second
end (42) is adapted to act as a supporting point
for a moving knife component (9) of an isolation
switch that is electrically connected with the cir-
cuit breaker.

The vacuum interrupter pole (1) according to claim
1, wherein the top wall (34) has a honeycomb struc-
ture wherein particularly most of the honeycomb
structure is formed by structural units with a pentag-
onal or hexagonal shape.

The vacuum interrupter pole (1) according to any of
claims 1 or 2, wherein the insulation supporting shell
(3) further comprises a mounting base (37) disposed
opposing to the top wall (34), the side walls (30) in-
clude a first side wall (31) and a second side wall
(33) opposing to each other for defining an opening
of the U shape, wherein a distance between the first
side wall (31) and the second side wall (33) at a side
proximate to the mounting base (37) is smaller than
a corresponding distance at a side proximate to the
top wall (34); or

wherein the top wall (34) has a thickness in the range
from 20mm to 50mm and the side walls (30) have a
thickness smaller than 10mm.

The vacuum interrupter pole (1) according to claim
1, wherein the conductive connector (4) include a
first plane (43) and a second plane (44) perpendic-
ular to each other; the first plane (43) being formed
by the first end (41) and the second plane (44) being
formed by the second end (42).

The vacuum interrupter pole (1) according to claim
4, wherein the conductive connector (4) further com-
prises a bending engagement surface (49) serving
as a transition between the first plane (43) and the
second plane (44); or wherein the conductive con-
nector (4) is integrally formed.

The vacuum interrupter pole (1) according to claim
4, wherein the vacuum interrupter (2) and the con-
ductive connector (4) are fastened together via a first
bolt (61), whichis arranged to be mounted by passing
through a first mounting hole (46) disposed at the
middle of the first plane (43).

The vacuum interrupter pole (1) according to claim
6, wherein the conductive connector (4) and the in-
sulation supporting shell (3) are fastened together
via at least one second bolt (62), which is arranged
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to be mounted by passing through a top wall mount-
ing hole (341) of the top wall (34) and a second
mounting hole (47) on the first plane (43) in se-
quence, the second bolt (62) being different from the
first bolt (61).

The vacuum interrupter pole (1) according to claim
7, wherein the second mounting hole (47) is formed
by a circular platform (48) protruding from the first
plane (43), the circular platform (48) having a height
ranging from 1mm to 3mm with respect to the first
plane (43), wherein in a state where the conductive
connector (4) and the insulation supporting shell (3)
are fastened together, a top surface of the circular
platform (4) abuts against a surrounding plane of the
top wall (34) on which the top wall mounting hole
(341) is formed; or

wherein the at least one second bolt (62) in-
cludes two second bolts (62) which are symmet-
rically arranged atboth sides of the first bolt (61);
or

further comprising: an insulation plug (8) with
barbs, wherein the insulation plug is adapted to
be inserted into the top wall mounting hole (341)
from outside of the insulation supporting shell
(3) to prevent discharge from the second bolt
(62) to components outside of the insulation sup-
porting shell (3) via the top wall mounting hole
(341).

The vacuum interrupter pole (1) according to any of
claims 1, 2 and 4-8, wherein the side walls (30) in-
clude an intermediate side wall (32) for defining an
intermediate segment of the U shape, the interme-
diate side wall (32) being provided thereon with a
plurality of holes (36); and an edge of the top wall
(34) adjacent to the opening side of the U shape is
configured with a chamfer (35);

during operation of the vacuum interrupter pole (1),
ambient gas is adapted to enter the insulation sup-
porting shell (3) from the holes (36), then pass
through a gap between the vacuum interrupter (2)
and the intermediate side wall (32) and a gap be-
tween the vacuum interrupter (2) and the top wall
(34), and finally exit the insulation supporting shell
(3) from the position of the chamfer (35), thereby
creating convection effect within the vacuum inter-
rupter pole (1).

The vacuum interrupter pole (1) according to any of
claims 1, 2 and 4-8, further comprising: an insulation
push-rod component (6) coupled to an end of a mov-
ing conductive rod (21) of the vacuum interrupter (2),
wherein the insulation push-rod component (6) is al-
so adapted to be placed within the interior space via
the opening side of the U shape; or further compris-

ing:
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1.

12.

13.

14.

15.

a flexible connector (5) with one end electrically con-
nected to an end of a moving conductive rod (21) of
the vacuum interrupter (2) and the other end passing
through an intermediate side wall (32) defining an
intermediate segment of the U shape.

A circuit breaker comprising the vacuum interrupter
pole (1) according to any of claims 1-10.

A switching device comprising the vacuum interrupt-
er pole (1) according to any of claims 1-10.

An electrical cabinet (100), comprising:

a cabinet body (100);
the vacuum interrupter pole (1) according to any
of claims 1-10.

The electrical cabinet (100) according to claim 13,
wherein the vacuum interrupter pole (1) is arranged
within the cabinet body in a tilted manner with respect
to the cabinet body (110), particularly

further comprising: an auxiliary supporting beam
(130) that extends along a direction perpendic-
ular to extension direction of the vacuum inter-
rupter pole (1) and supports the tilted vacuum
interrupter pole (1), more particularly

wherein the auxiliary supporting beam (130) is
made of insulation material.

The electrical cabinet (100) according to claims 13
or 14, wherein the electrical cabinet (100) is a gas-
insulated ring main unit.
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