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(57)  Anopening and closing device for opening/clos- between magnets (5a, 5b) provided inside each elec-

ing between a first terminal (1a) and a second terminal
(1b) arranged so as to face each other includes a first
electrode (2a) which is provided at the first terminal and a
second electrode (3b) which is provided at the second
terminal and driven so as to be separable from the first
electrode. The first electrode and the second electrode
are brought into contact with each other and kept in a
conduction state therebetween, by the attraction force
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trode. The conduction between the electrodes is retained
by the attraction force between the magnets and a mag-
netic field is formed around the electrodes, and thus the
magnetic field necessary for extinction of an arc (10)
generated at the time of opening between the electrodes
can be stably provided, so that interruption performance
can be improved.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an opening
and closing device which is opened/closed for current.

BACKGROUND ART

[0002] In general, a gas-insulated switchgear includes
switches such as a circuit breaker, a disconnector, and a
grounding switch in a container filled with an insulation
gas (SF6 gas, dry air, or the like). Each device is required
to have a structure with electrodes facing each other and
have performance to interrupt an arc that occurs when
the electrodes are separated. In addition, it has been
known that, when the insulation gas inside the gas-in-
sulated switchgear is SF6 gas having high interruption
performance, interruption can be performed by plain
break which provides no quick-acting function, but, when
the insulation gas is dry air having about 1/100 the inter-
ruption performance of SF6 gas, interruption is difficult to
be performed. Here, in the plain break, an arc generated
when electrodes are separated is elongated by a driving
device, to interrupt current.

[0003] Astechnology forimproving currentinterruption
performance, quick break and magnetic driving have
been known. The quick break is such a feature that, with
a quick-acting mechanism provided at one of electrodes,
an opening speed is increased and an arc is elongated to
a length needed for arc extinction within a time not
causing contact damage, thus obtaining interruption per-
formance. Specifically, in Patent Document 1, a male-
side engaging unit and a female-side engaging unit are
mechanically connected/disconnected by using a spring
such that a quick-acting mechanism can be provided
regardless of the tolerance of an installation space,
whereby a structure that allows the quick-acting mechan-
ism to be provided on a fixed-side electrode side is
achieved. In the magnetic driving, as described in Patent
Document 1, a magnet is provided in an opening and
closing device, and an arc generated when current is
interrupted is magnetically driven and interrupted.

CITATION LIST
PATENT DOCUMENT

[0004] Patent Document 1: Japanese Laid-Open Pa-
tent Publication No. 2010-027479

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0005] However, in Patent Document 1, since a me-

chanical engagement mechanism using engaging units
is employed, the structure is complicated and the proces-
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sing cost and the number of assembly steps are in-
creased, and, furthermore, sliding abrasion due to an
increased number of operations causes an engaging
failure.

[0006] Inaddition,inPatentDocument 1, the male-side
engaging unit and the female-side engaging unit are
mechanically connected around the end of a fixed-side
terminal, and the fixed-side electrode starts to be moved
following a movable-side electrode toward a movable-
side terminal disposed so as to face the fixed-side term-
inal. When the restoring force of the spring and the
frictional force between the engaging units are balanced
during movement of the electrodes, connection is re-
leased. The magnet is inserted inside the fixed-side
terminal disposed outside the fixed-side electrode, and
a position where the electrodes are separated (initial arc
ignition position) is away from the fixed-side terminal and
the magnet. The larger a distance from the magnet s, the
smaller the intensity of the magnetic field generated by
the magnet s, and thus the intensity of the magnetic field
sufficient to magnetically drive an arc cannot be obtained
during a period from when electrodes have just been
separated to when the fixed-side electrode reaches a
certain distance.

[0007] The presentdisclosure has been made to solve
the above-described problem. An object of the present
disclosure is to obtain an opening and closing device
having high interruption performance and having a mag-
netic field intensity sufficient for arc extinction by a mag-
net when an arc has been generated, with a simple
structure.

MEANS TO SOLVE THE PROBLEM

[0008] The presentdisclosureis directed toanopening
and closing device for opening/closing between a first
terminal and a second terminal arranged so as to face
each other, the opening and closing device including a
first electrode which is provided at the first terminal and a
second electrode which is provided at the second term-
inal and driven so as to be separable from the first
electrode, wherein the first electrode and the second
electrode are brought into contact with each other and
kept in a conduction state therebetween, by an attraction
force between magnets provided inside the electrodes.

EFFECT OF THE INVENTION

[0009] Accordingtothe presentdisclosure, conduction
between the first electrode and the second electrode is
retained by the attraction force between the magnets
inside the first electrode and the second electrode, and
a magnetic field is formed around each electrode. Thus,
the magnetic field necessary for arc extinction can be
stably provided at the same time as when the arc is
formed (the moment the electrodes are separated), so
that interruption performance can be improved. In addi-
tion, a complicated engagement mechanism is not used,
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and thus the structure can be simplified, and the proces-
sing cost and the number of assembly steps can be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

[FIG. 1]FIG. 1is a sectional view showing an opened
state of an opening and closing device according to
embodiment 1.

[FIG. 2] FIG. 2 is a sectional view showing a closed
state of the opening and closing device according to
embodiment 1.

[FIG. 3] FIG. 3 is a sectional view showing an open-
ing operation of the opening and closing device
according to embodiment 1.

[FIG. 4] FIG. 4 is a sectional view showing an arc-
generated state when the opening and closing de-
vice according to embodiment 1 is opened.
[FIG.5]FIG. 5is a sectional view showing an opened
state of an opening and closing device according to
embodiment 2.

[FIG. 6] FIG. 6 is a sectional view showing an open-
ing operation of the opening and closing device
according to embodiment 2.

[FIG. 7]FIG. 7 is a sectional view showing an opened
state of an opening and closing device according to
embodiment 3.

[FIG. 8] FIG. 8 is a sectional view showing an open-
ing operation of the opening and closing device
according to embodiment 3.

[FIG.9]FIG. 9is a sectional view showing an opened
state of an opening and closing device according to
embodiment 4.

[FIG. 10] FIG. 10 is a sectional view showing an
opening operation of the opening and closing device
according to embodiment 4.

[FIG. 11] FIG. 11 is a sectional view showing an
opened state of an opening and closing device ac-
cording to embodiment 5.

[FIG. 12] FIG. 12 is a sectional view showing an arc-
generated state when the opening and closing de-
vice according to embodiment 5 is opened.

[FIG. 13] FIG. 13 is a sectional view showing an
opened state of an opening and closing device ac-
cording to embodiment 6.

[FIG. 14] FIG. 14 is a sectional view showing an
opening operation of the opening and closing device
according to embodiment 6.

DESCRIPTION OF EMBODIMENTS
Embodiment 1
[0011] The configuration of embodiment 1 according to

the present disclosure will be described with reference to
FIG. 1.FIG. 1is asectional view showing an opened state
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of an opening and closing device according to embodi-
ment 1. Basic performance for opening a current path is
configured by a first electrode 2a and a second electrode
3b facing each other. The first electrode 2a and the
second electrode 3b are retained by guide members
(not shown) or the like so as to move coaxially with a
firstterminal 1aand a second terminal 1b, respectively. In
addition, the second electrode 3b is connected to a
driving device (not shown), and can be driven and moved
in the right-left direction of the sheet. The first electrode
2a and the second electrode 3b are coaxially-provided
cylindrical columns, the outer circumferential edges of
which are angled so as to be lowered backward. The first
terminal 1a and the second terminal 1b are provided
outside the first electrode 2a and the second electrode
3b, and are electrically connected through contacts 6a,
6b thereto, respectively. The first terminal 1a and the
second terminal 1b are connected to other devices (not
shown), and, when the first electrode 2a and the second
electrode 3b come into contact with each other, a current
conduction path is formed and power is transmitted.
Further, an effect of relaxing an electric field and protect-
ing the electrodes from damage due to an arc is also
provided.

[0012] In addition, magnets 5a, 5b are provided in
hollows at center portions of the first electrode 2a and
the second electrode 3b, and are retained by covers 4a,
4b mounted to magnet surfaces facing each other, re-
spectively. Here, a combination of magnetic-pole direc-
tions of the magnets 5a, 5b causes an attraction force to
act between the electrodes when the first electrode 2a
and the second electrode 3b come into contact with each
other. The material of the covers 4a, 4b is a non-magnetic
metal material such as tungsten copper, or a resin ma-
terial such as PTFE (polytetrafluoroethylene).

[0013] Further, afixed stopper 7ais mounted to the first
terminal 1a, and a moving stopper 8a and a spring 9 are
mounted to the first electrode 2a. The spring 9 is provided
between the fixed stopper 7a and the moving stopper 8a,
and, when the first electrode 2a is moved in the right-left
direction of the sheet, the moving stopper 8a is also
moved in the right-left direction of the sheet, whereby
the spring 9 is expanded and contracted. At this time, the
fixed stopper 7ais not moved, that s, the position thereof
is notchanged. As described above, the first electrode 2a
is fastened to the first terminal 1a by the spring 9.
[0014] Next, operation in embodiment 1 will be de-
scribed with reference to FIG. 1 to FIG. 4. FIG. 1 shows
an opened state of the opening and closing device ac-
cording to embodiment 1. The second electrode 3b is
connected to the driving device (not shown), and is driven
in the right-left direction of the sheet of FIG. 1 to open/-
close the path between the electrodes.

[0015] FIG. 2 shows a closed state of the opening and
closing device according to embodiment 1, and is a
sectional view when the second electrode 3b is closed.
When the second electrode 3b comes into contact with
the first electrode 2a, a current path is formed. At this
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time, power flowing into the first terminal 1a connected to
another device (not shown) is transmitted to the first
electrode 2a through the contact 6a, and, through the
second electrode 3b in contact with the first electrode 2a,
flows into the contact 6b and the second terminal 1b, so
that the power can be transmitted to another device.
[0016] Inaddition, the firstelectrode 2a and the second
electrode 3b are engaged and connected by the mag-
netic attraction force between the magnets 5a, 5b pro-
vided in the hollows at the center portions thereof, and
contact between the electrodes is maintained and con-
duction therebetween is retained even if the second
electrode 3b is moved in the right direction of the sheet
by the driving device (not shown) .

[0017] FIG. 3 shows an opening operation of the open-
ing and closing device according to embodiment 1, and is
a sectional view in which, after being engaged and con-
nected by the magnetic attraction force, the second
electrode 3b is moved to an opened position thereof.
When the second electrode 3b is driven in the right
direction of the sheet by the driving device (not shown)
in a state in which engagement by the magnetic attraction
force is maintained and the contact between the first
electrode 2a and the second electrode 3b is retained,
the first electrode 2a is moved in the right direction of the
sheet together with the second electrode 3b. At this time,
the moving stopper 8a mounted to the first electrode 2ais
also moved in the right direction of the sheet, whereby the
spring 9 stores force. The fixed stopper 7a is mounted to
the first terminal 1a and thus is not moved, that is, the
position thereof is not changed. The more the second
electrode 3b is driven in the right direction of the sheet,
the more the restoring force of the spring 9 is increased.
When the restoring force of the spring 9 and the attraction
force between the magnets 5a, 5b are balanced, engage-
ment by magnetism is released, and the first electrode 2a
and the second electrode 3b are separated by the re-
storing force of the spring 9.

[0018] As described above, in order to open the open-
ing and closing device, the attraction force between the
magnet 5a of the first electrode 2a and the magnet 5b of
the second electrode 3b driven to an opening-path direc-
tion while conduction therebetween is retained, and the
restoring force of the spring 9 fastened to the first elec-
trode 2a are used.

[0019] FIG. 4 is a sectional view in which an arc gen-
erated between the electrodes after release of engage-
ment by magnetism is being interrupted, when the open-
ing and closing device according to embodiment 1 is
opened. When the restoring force of the spring 9 and
the attraction force between the magnets 5a, 5b are
balanced, engagement by magnetism is released and
the first electrode 2a and the second electrode 3b are
separated by the restoring force of the spring 9. There-
after, an arc 10 is generated between the first electrode
2aandthe second electrode 3bif currentis being applied.
The generated arc 10 is rotated in the circumferential
direction of the electrodes by the magnetic field gener-
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ated by the magnets 5a, 5b. As the rotation is continued,
an arcing point (end portion of arc 10) at the surface of
each electrode gradually moves toward an outer circum-
ference of the electrode. The second electrode 3b is
returned to the opened position thereof by the driving
device (not shown), and the first electrode 2a is returned
to an opened position thereof by the restoring force of the
spring 9 after repeating minute vibration in the right-left
direction of the sheet.

[0020] In the present disclosure, the first electrode 2a
and the second electrode 3b are magnetically engaged
and connected by the attraction force between the mag-
nets 5a, 5b provided in the hollows at the center portions
thereof. Thus, the structure is simple and an engaging
unit having a complicated structure is unnecessary, so
that processing cost and the number of assembly steps
are reduced, sliding abrasion due to an increased num-
ber of operations does not occur, and an engagement
mechanism can stably operate. Further, with the use of
the magnets 5a, 5b as the engagement mechanism, the
magnetic field necessary for extinction of the arc 10 can
be stably provided at the same time as when the arc is
formed (the moment the electrodes are separated), so
that interruption performance is improved and electrode
wear can be reduced.

[0021] In addition, the magnetic field generated by the
magnets 5a, 5b causes the arc 10 to rotate in the cir-
cumferential direction of the electrodes to cool the arc 10,
so that current interruption performance can be im-
proved. When the arc 10 has been generated, current
mainly has a component in a direction perpendicular to
the surface of each electrode (axis direction). Arc current
in the axis direction and the magnetic field in the radial
direction generated by the magnets 5a, 5b cause Lorentz
force to act in the circumferential direction, and thus the
arc 10 rotates on the outer circumferences of the first
electrode 2a and the second electrode 3b.

[0022] In the present disclosure, the magnets 5a, 5b
are provided in the hollows at the center portions of the
first electrode 2a and the second electrode 3b, and thus
the magnets 5a, 5b are always located near an arcing
point of the arc 10 (end portion of arc 10). Thus, the
magnetic field necessary for extinction of the arc 10 can
be stably provided at the same time as when the electro-
des are separated. In addition, a magnetic member such
as iron may be combined, whereby a force for retaining
engagement by the magnetism of magnets can be ad-
justed.

[0023] Astechnology forimproving currentinterruption
performance, quick break is provided. The quick break is
such a feature that, with a quick-acting mechanism pro-
vided atone of electrodes, an opening speed isincreased
to elongate an arc to a length needed for arc extinction
within a time not causing contact damage, thus improving
interruption performance. In the present disclosure, the
magnetic field between the magnets 5a, 5b causes the
arc 10 to rotate at the same time as when the electrodes
are separated, and current interruption performance is
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improved, so that opening at high speed is unnecessary
and the necessary opening speed can be reduced.
Therefore, a special quick-acting mechanism is unne-
cessary, and the load of the spring 9 can also be reduced,
leading to reduction in size and weight as the entire
device.

[0024] Inaddition, in a case where a magnetic material
such asiron is used as a material for the covers 4a, 4b for
retaining the magnets 5a, 5b, a magnetic field is strong at
surfaces of the covers 4a, 4b, so that a foreign material
which is a magnetic material generated by the arc 10 is
easily attached, and engagement might become un-
stable. Therefore, if a non-magnetic metal material such
as tungsten copper, or a resin material such as PTFE is
used, a foreign material is inhibited from being attached
and stable engagement can be provided. Further, when
the resin material such as PTFE is used, the resin ma-
terial comes into direct contact with the arc 10 and comes
into contact with radiation light of the arc 10, whereby
ablation gas generated from the resin material cools the
arc 10 (ablation cooling), thereby improving current inter-
ruption performance. Further, the resin material such as
PTFE has alow thermal conductivity, and thus an effect of
transmitting heat of the arc 10 to the magnets 5a, 5b and
inhibiting thermal demagnetization is also provided. In
addition, the covers 4a, 4b may have a shape so as to
cover not only end surfaces as shown in the drawing, but
also the periphery thereof.

[0025] Further, the arc 10 is formed at the surfaces of
the first electrode 2a and the second electrode 3b. If a
mark (burn mark) of the arc 10 is left, or a foreign metal or
the like is thereby attached, a force for retaining engage-
ment by magnetism may vary. It has been known that an
arcing point (end portion of arc 10) at the surface of each
of the first electrode 2a and the second electrode 3b
gradually moves toward an outer circumference of each
electrode as the arc 10 is continuously rotated by the
magnetic field of the magnets 5a, 5b. Thus, the outer
circumferential edge of the first electrode 2a and the outer
circumferential edge of the second electrode 3b are
angled so as to be separated from each other toward
the outer circumference of each electrode, and, even if a
mark (burn mark) of the arc 10, a foreign metal, or the like
is attached, the force for retaining engagement by mag-
netism does not vary.

Embodiment 2

[0026] FIG. 5 is a sectional view showing an opened
state of an opening and closing device according to
embodiment 2. Basic performance for opening a current
path is configured by a first electrode 2c and a second
electrode 3d facing each other. The first electrode 2c and
the second electrode 3d are retained by guide members
(not shown) or the like so as to move coaxially with the
firstterminal 1a and the second terminal 1b, respectively.
In addition, the second electrode 3d is connected to a
driving device (not shown), and can be moved in the right-
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left direction of the sheet. The second electrode 3d is a
coaxially-provided cylindrical column, the outer circum-
ferential edge of which may be angled so as to be lowered
backward. The first electrode 2c is also a coaxially-pro-
vided cylindrical column, and has a recessed hollow
portion ata center of an end portion such that a protruding
end portion of the second electrode 3d is fitted into the
hollow portion. The hollow portion has a taper structure
with an inner diameter decreasing toward the bottom on
the deep side. The first terminal 1a and the second
terminal 1b are provided outside the first electrode 2c
and the second electrode 3d, and are electrically con-
nected through the contacts 6¢, 6d thereto, respectively.
The first terminal 1a and the second terminal 1b are
connected to other devices (not shown), and, when the
first electrode 2e and the second electrode 3d come into
contact with each other, a current conduction path is
formed and power is transmitted. Further, an effect of
relaxing an electric field and protecting the electrodes
from damage due to the arc 10 is also provided.

[0027] In addition, a magnet 5d is provided in a hollow
at a center portion of the second electrode 3d, and is
retained by mounting a cover 4d thereto. In addition, a
magnet 5c¢ is provided inside a thickness part of the first
electrode 2e where the hollow portion is present, and is
retained by mounting a cover 4c thereto. Here, a combi-
nation of magnetic-pole directions of the magnets 5c¢, 5d
causes an attraction force to act between the electrodes
when the first electrode 2c and the second electrode 3d
come into contact with each other. The material of the
covers 4c, 4d is a non-magnetic metal material such as
tungsten copper, or a resin material such as PTFE.
[0028] Further, afixed stopper 7cis mounted to the first
terminal 1a, and a moving stopper 8a and a spring 9 are
mounted to the first electrode 2c. The spring 9 is provided
between the fixed stopper 7c and the moving stopper 8a,
and, when the first electrode 2c is moved in the right-left
direction of the sheet, the moving stopper 8a is also
moved in the right-left direction of the sheet, whereby
the spring 9 is expanded and contracted. At this time, the
fixed stopper 7cis not moved, that is, the position thereof
is notchanged. As described above, the first electrode 2¢
is fastened to the first terminal 1a by the spring 9.
[0029] Although operationin embodiment2 is basically
the same as thatin embodiment 1, a contact part between
the first electrode 2c and the second electrode 3d, and
operation of engagement by magnetism will be described
in detail with reference to FIG. 6. FIG. 6 shows an opening
operation of the opening and closing device according to
embodiment 2, and is a sectional view in which, after
being engaged and connected by the magnetic attraction
force, the second electrode is moved to an opened
position thereof. The second electrode 3d is connected
tothe driving device (not shown), andis driven in the right-
left direction of the sheet of FIG. 6 to open/close the path
between the electrodes. When the second electrode 3d
comes into contact with the first electrode 2c, a current
path is formed. At this time, the end of the second
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electrode 3d is in contact with a deepest portion of the
hollow portion of the first electrode 2c. In addition, en-
gagement by magnetism is maintained by the attraction
force between the magnets 5c, 5d, and contact between
the electrodes is retained even if the second electrode 3d
is moved by the driving device (not shown).

[0030] In addition to the effects of embodiment 1, the
following effects are provided. A combination of direc-
tions of the magnets 5c, 5d causes an attraction force to
act between the electrodes when the first electrode 2c
and the second electrode 3d come into contact with each
other, but, when the electrodes are slightly separated
from each other afterengagementisreleased, aforceina
repulsion direction occurs. Thus, the first electrode 2c is
accelerated in the left direction of the sheet immediately
after the electrodes are separated, and the opening
speed can be increased. In addition, the outer diameter
of the second electrode 3d may be smaller and thus the
mass thereof decreases, and the structure of the driving
device for driving the second electrode 3d can be down-
sized.

Embodiment 3

[0031] FIG. 7 is a sectional view showing an opened
state of an opening and closing device according to
embodiment 3. Basic performance for opening a current
path is configured by a first electrode 2e and a second
electrode 3f facing each other. The first electrode 2e and
the second electrode 3f are retained by guide members
(not shown) or the like so as to move coaxially with the
firstterminal 1a and the second terminal 1b, respectively.
In addition, the second electrode 3f is connected to a
driving device (not shown), and can be moved in the right-
left direction of the sheet. The first electrode 2e is a
coaxially-provided cylindrical column, the outer circum-
ferential edge of which may be angled so as to be lowered
backward. The second electrode 3f is also a coaxially-
provided cylindrical column, and has a recessed hollow
portion ata center of an end portion such that a protruding
end portion of the first electrode 2e is fitted into the hollow
portion. The hollow portion has a taper structure with an
inner diameter decreasing toward the bottom on the deep
side. The first terminal 1a and the second terminal 1b are
provided outside the first electrode 2e and the second
electrode 3f, and are electrically connected through con-
tacts 6e, 6f thereto. The first terminal 1a and the second
terminal 1b are connected to other devices (not shown),
and, when the first electrode 2e and the second electrode
3f come into contact with each other, a current conduction
path is formed and power is transmitted. Further, an effect
of relaxing an electric field and protecting the electrodes
from damage due to the arc 10 is also provided.

[0032] In addition, a magnet 5e is provided in a hollow
atacenter portion of the first electrode 2e, and is retained
by mounting a cover 4e thereto. In addition, a magnet 5fis
provided inside a thickness part of the second electrode
3f where the hollow portion is present, and is retained by
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mounting a cover 4f thereto. Here, a combination of
magnetic-pole directions of the magnet 5e, 5f causes
an attraction force to act between the electrodes when
the first electrode 2e and the second electrode 3f come
into contact with each other. The material of the covers
4e, 4fis a non-magnetic metal material such as tungsten
copper, or a resin material such as PTFE.

[0033] Further, afixed stopper 7e is mounted to the first
terminal 1a, and a moving stopper 8a and a spring 9 are
mounted to the first electrode 2e. The spring 9 is provided
between the fixed stopper 7a and the moving stopper 8a,
and, when the first electrode 2e is moved in the right-left
direction of the sheet, the moving stopper 8a is also
moved in the right-left direction of the sheet, whereby
the spring 9 is expanded and contracted. At this time, the
fixed stopper 7e is not moved, that is, the position thereof
is not changed. As described above, the first electrode 2e
is fastened to the first terminal 1a by the spring 9.
[0034] Although operationin embodiment 3 is basically
the same as thatin embodiment 1, a contact part between
the first electrode 2e and the second electrode 3f, and
operation of engagement by magnetism will be described
in detail with reference to FIG. 8. FIG. 8 shows an opening
operation of the opening and closing device according to
embodiment 3, and is a sectional view in which, after
being engaged and connected by the magnetic attraction
force, the second electrode is moved to an opened
position thereof. The second electrode 3f is connected
tothe driving device (notshown), andis driven in the right-
left direction of the sheet of FIG. 8 to open/close the path
between the electrodes. When the second electrode 3f
comes into contact with the first electrode 2e, a current
path is formed. At this time, the end of the first electrode
2e is in contact with a deepest portion of the hollow
portion of the second electrode 3f. In addition, engage-
ment by magnetism is maintained by the attraction force
between the magnet 5e, 5f, and contact between the
electrodes is retained even if the second electrode 3f is
moved by the driving device (not shown).

[0035] In addition to effects of embodiments 1 and 2,
the outer diameter of the first electrode 2e may be smaller
and thus the mass thereof decreases, and the spring 9 for
fastening the first electrode 2e can be downsized.

Embodiment 4

[0036] FIG. 9 is a sectional view showing an opened
state of an opening and closing device according to
embodiment 4. Basic performance for opening a current
path is configured by a first electrode 2g and a second
electrode 3h facing each other. The first electrode 2g and
the second electrode 3h are retained by guide members
(not shown) or the like so as to move coaxially with the
firstterminal 1a and the second terminal 1b, respectively.
In addition, the second electrode 3h is connected to a
driving device (not shown), and can be moved in the right-
left direction of the sheet. The second electrode 3h is a
coaxially-provided cylindrical column, the end portion of
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which is formed in a hemispherical shape. The first
electrode 2g is also a coaxially-provided cylindrical col-
umn, and has a recessed hemispherical concave at a
center of an end portion such that the second electrode
3hhaving a protruding shape s fitted into the concave. An
outer circumferential edge of the first electrode 2g is
rounded such that an electric field is not concentrated.
The recessed shape of the first electrode 2g and the
protruding shape of the second electrode 3h may be
reversed. The first terminal 1a and the second terminal
1b are provided outside the first electrode 2g and the
second electrode 3h, and are electrically connected
through the contacts 6a, 6b thereto, respectively. The
first terminal 1a and the second terminal 1b are con-
nected to other devices (not shown), and, when the first
electrode 2g and the second electrode 3h come into
contact with each other, a current conduction path is
formed and power is transmitted. Further, an effect of
relaxing an electric field and protecting the electrodes
from damage due to the arc 10 is also provided.

[0037] In addition, the magnets 5a, 5b are provided in
hollows at center portions of the first electrode 2g and the
second electrode 3h, respectively. Here, a combination
of magnetic-pole directions of the magnets 5a, 5b causes
an attraction force to act between the electrodes when
the first electrode 2g and the second electrode 3h come
into contact with each other.

[0038] Further, afixed stopper 7ais mounted to the first
terminal 1a, and a moving stopper 8a and a spring 9 are
mounted to the first electrode 2a. The spring 9 is provided
between the fixed stopper 7a and the moving stopper 8a,
and, when the first electrode 2a is moved in the right-left
direction of the sheet, the moving stopper 8a is also
moved in the right-left direction of the sheet, whereby
the spring 9 is expanded and contracted. At this time, the
fixed stopper 7ais not moved, that is, the position thereof
is notchanged. As described above, the first electrode 2a
is fastened to the first terminal 1a by the spring 9.
[0039] Although operationin embodiment4 is basically
the same as thatin embodiment 1, a contact part between
the first electrode 2g and the second electrode 3h, and
engagement by magnetism will be described in detail
with reference to FIG. 10. FIG. 10 shows an opening
operation of the opening and closing device according to
embodiment 4, and is a sectional view in which, after
being engaged and connected by the magnetic attraction
force, the second electrode is moved to an opened
position thereof. The second electrode 3h is connected
tothedriving device (notshown), and is driven in the right-
left direction of the sheet of FIG. 10 to open/close the path
between the electrodes. When the second electrode 3h
comes into contact with the first electrode 2g, a current
path is formed. At this time, a hemispherical convex
surface of the second electrode 3h is in contact with a
hemispherical concave surface of the first electrode 2g.
In addition, engagement by magnetism is maintained by
the attraction force between the magnets 5a, 5b, and
contact between the electrodes is retained even if the
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second electrode 3h is moved by the driving device (not
shown).

[0040] An engagement mechanism using magnetism
can provide strong engagement force as long as contact
surfaces of the electrodes are properly fitted with each
other. However, it is considered that, in a case where the
electrode is deviated from the axis or is inclined, the
distance between the magnets becomes larger and the
attraction force (engagement force) decreases. In em-
bodiment 4, in addition to effects of embodiment 1, the
concave end of the first electrode 2g and the convex end
of the second electrode 3h are each formed in a hemi-
spherical shape and are engaged with each other, and
thus, even if the first electrode 2g or the second electrode
3h is deviated from the axis or is inclined at the time of
closing, the distance between the magnets 5a, 5b does
not become larger and engagement can be stably re-
tained.

Embodiment 5

[0041] FIG. 11 is a sectional view showing an opened
state of an opening and closing device according to
embodiment 5. Basic performance to open a current path
is configured by a first electrode 2a and a second elec-
trode 3b facing each other. The first electrode 2a and the
second electrode 3b are retained by guide members (not
shown) or the like so as to move coaxially with the first
terminal 1a and the second terminal 1b, respectively. In
addition, the second electrode 3b is connected to the
driving device (not shown), and can be moved in the right-
left direction of the sheet. The first electrode 2a and the
second electrode 3b are coaxially-provided cylindrical
columns, the outer circumferential edges of which may
be angled so as to be lowered backward. The first term-
inal 1a and the second terminal 1b are provided outside
the first electrode 2a and the second electrode 3b, and
are electrically connected through the contacts 6a, 6b
thereto. The first terminal 1a and the second terminal 1b
are connected to other devices (not shown), and, when
the first electrode 2a and the second electrode 3b come
into contact with each other, a current conduction path is
formed and power is transmitted. Further, an effect of
relaxing an electric field and protecting the electrodes
from damage due to the arc 10 is also provided.

[0042] In addition, the magnets 5a, 5b are provided in
hollows at center portions of the first electrode 2a and the
second electrode 3b, and are retained by mounting the
covers 4a, 4b thereto, respectively. Here, a combination
of magnetic-pole directions of the magnets 5a, 5b causes
an attraction force to act between the electrodes when
the first electrode 2a and the second electrode 3b come
into contact with each other. The material of the covers
4a, 4b is a non-magnetic metal material such as tungsten
copper, or a resin material such as PTFE.

[0043] Further, magnets 11a, 11b are respectively pro-
vided inside the first terminal 1a and the second terminal
1b, and increase the intensity of the magnetic field in the
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radial direction between the electrodes. Here, the mag-
nets 11a, 11b may be combined with magnetic members.
[0044] A fixed stopper 7a is mounted to the first term-
inal 1a, and a moving stopper 8a and a spring 9 are
mounted to the first electrode 2a. The spring 9 is provided
between the fixed stopper 7a and the moving stopper 8a,
and, when the first electrode 2a is moved in the right-left
direction of the sheet, the moving stopper 8a is also
moved in the right-left direction of the sheet, whereby
the spring 9 is expanded and contracted. At this time, the
fixed stopper 7ais not moved, that is, the position thereof
is not changed. As described above, the first electrode 2a
is fastened to the first terminal 1a by the spring 9.
Although the same structure as that in embodiment 1
is described in FIG. 11, the magnets 11a, 11b may be
provided inside the first terminal 1a and the second
terminal 1b in each structure in embodiments 2 to 4.
[0045] Although operationin embodiment5is basically
the same as that in embodiment 1, operation of engage-
ment by magnetism, and operation when an arc is ex-
tinguished will be described in detail with reference to
FIG. 12. FIG. 12 shows an arc-generated state when the
opening and closing device according to embodiment 5 is
opened, and is a sectional view in which an arc generated
between the electrodes after release of engagement by
the magnetic attraction force is being interrupted.
[0046] As a stage prior to a state in FIG. 12, in an
opening operation, engagement by magnetism is main-
tained by the attraction force between the magnets 5a, 5b
provided in the hollows at the center portions of the first
electrode 2a and the second electrode 3b, and contact
between the electrodes is retained even if the second
electrode 3b is moved by the driving device (not shown).
The magnets 11a, 11b generate a magnetic field in a
direction in which the attraction force is increased, and
thus, when the second electrode 3b is driven in the right
direction of the sheet by the driving device (not shown)in
a state in which the contact between the first electrode 2a
and the second electrode 3b is retained, the first elec-
trode 2a is moved in the right direction of the sheet
together with the second electrode 3b.

[0047] Thereafter, when the restoring force of the
spring 9 and the attraction force between the magnets
5a, 5b are balanced, engagement by magnetism is re-
leased and the first electrode 2a and the second elec-
trode 3b are separated by the restoring force of the spring
9. Then, the arc 10 is generated between the first elec-
trode 2a and the second electrode 3b if current is being
applied. The generated arc 10 is rotated in the circumfer-
ential direction of the electrodes by the magnetic fields
generated by the magnets 5a, 5b and the magnets 11a,
11b. As the rotation is continued, an arcing point (end
portion of arc 10) at the surface of each electrode gra-
dually moves toward an outer circumference of the elec-
trode.

[0048] In the present embodiment 5, in addition to
effects of embodiment 1, the arc 10 is rotated in the
circumferential direction of the electrodes by the mag-
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netic field generated by the magnets 5a, 5b and the
magnetic field generated by the magnets 11a, 11b, to
cool the arc 10, whereby current interruption perfor-
mance can be further improved. When an arc has been
generated, current mainly has a componentin a direction
perpendicular to each electrode surface (axis direction).
Due to the arc current in the axis direction and the
magnetic fields in the radial direction generated by the
magnets 5a, 5b and the magnets 11a, 11b, Lorentz force
acts in the circumferential direction, and thus the arc 10 is
rotated on the first electrode 2a and the second electrode
3b. In particular, the inserted magnets 11a, 11b increase
the magnetic field in the radial direction generated be-
tween the electrodes, thereby further improving interrup-
tion performance. In addition, the magnets 11a, 11b may
be combined with magnetic members.

[0049] In particular, as the distance between the elec-
trodes becomes larger, a middle-side part of the arc 10
becomes farther from the magnets 5a, 5b, and thus, at
the middle-side part, the intensity of the magnetic field is
weak and the middle-side part is less subjected to rota-
tional driving by magnetism. Thus, the inserted magnets
11a, 11b increase the intensity of the magnetic field, and
thus, even if the distance between the electrodes be-
comes larger, the arc 10 can be rotated not only at the end
portions of the arc 10 but also the middle-side part,
thereby further improving current interruption perfor-
mance.

Embodiment 6

[0050] FIG. 13 is a sectional view showing an opened
state of an opening and closing device according to
embodiment 6. Basic performance for opening a current
path is configured by a first electrode 2a and a second
electrode 3b facing each other. The first electrode 2a and
the second electrode 3b are retained by guide members
(not shown) or the like so as to move coaxially with the
first terminal 1a and the second terminal 1b, respectively.
In addition, the second electrode 3b is connected to a
driving device (not shown), and can be moved in the right-
left direction of the sheet. The first electrode 2a and the
second electrode 3b are coaxially-provided cylindrical
columns, the outer circumferential edges of which are
angled so as to be lowered backward. The first terminal
1a and the second terminal 1b are provided outside the
first electrode 2a and the second electrode 3b, and are
electrically connected through the contacts 6a, 6b there-
to, respectively. The first terminal 1a and the second
terminal 1b are connected to other devices (not shown),
and, when the first electrode 2a and the second electrode
3b come into contact with each other, a current conduc-
tion path is formed and power is transmitted. Further, an
effect of relaxing an electric field and protecting the
electrodes from damage due to the arc 10 is also pro-
vided.

[0051] In addition, the magnets 5a, 5b are provided in
hollows at center portions of the first electrode 2a and the
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second electrode 3b, and are retained by mounting the
covers 4a, 4b thereto, respectively. Here, a combination
of magnetic-pole directions of the magnets 5a, 5b causes
an attraction force to act between the electrodes when
the first electrode 2a and the second electrode 3b come
into contact with each other. The material of the covers
4a, 4b is anon-magnetic metal material such as tungsten
copper, or a resin material such as PTFE.

[0052] Further, afixed stopper 7a and a limiting stopper
12 are mounted to the first terminal 1a, and a moving
stopper 8c and a spring 9 are mounted to the first elec-
trode 2a. The spring 9 is provided between the fixed
stopper 7a and the moving stopper 8c, and, when the
first electrode 2a is moved in the right-left direction of the
sheet, the moving stopper 8c is also moved in the right-
left direction of the sheet, whereby the spring 9 is ex-
panded and contracted. At this time, the fixed stopper 7a
and the limiting stopper 12 are fixed to the first terminal
1a, that is, the positions thereof are not changed. As
described above, the first electrode 2a is fastened to
the first terminal 1a by the spring 9. Although the same
structure as that in embodiment 1 is described in FIG. 13,
the limiting stopper 12 may be provided at the first term-
inal 1a in each structure in embodiments 2 to 5.

[0053] Although operationin embodiment6is basically
the same as that in embodiment 1, operation of engage-
ment by magnetism between the first electrode 2a and
the second electrode 3b will be described in detail with
reference to FIG. 14. FIG. 14 shows an opening operation
of the opening and closing device according to embodi-
ment 6, and is a sectional view in which, after being
engaged and connected by the magnetic attraction force,
the moving stopper 8c is in contact with the limiting
stopper 12. Engagement by magnetism is maintained
by the attraction force between the magnets 5a, 5b
provided in the hollows at the center portions of the first
electrode 2a and the second electrode 3b, and contact
between the electrodes is retained even if the second
electrode 3b is moved by the driving device (not shown).
The spring is inserted between the moving stopper 8c
mounted to the first electrode 2a and the fixed stopper 7a
mounted to the first terminal 1a, and, when the moving
stopper 8c is moved in the right direction of the sheet
together with the first electrode 2a, the spring 9 stores a
force.

[0054] In due course, the moving stopper 8c comes
into contact with the limiting stopper 12 which is a stop
portion, and the force storing by the spring 9 is forcibly
limited at a position in the left direction of the sheet with
respect to a position where the restoring force of the
spring 9 and the attraction force between the magnets
5a, 5b are balanced in embodiment 1. At this time, a
displacement amount of the spring 9 for storing a force is
constant, and the restoring force is smaller than the
attraction force between the magnets 5a, 5b. The moving
stopper 8c provided at the first electrode 2a comes into
contact with the limiting stopper 12 which is the stop
portion provided at the first terminal 1a, whereby move-
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ment of the first electrode 2a is stopped. On the other
hand, the second electrode 3b is continuously moved in
the right direction of the sheet by the driving device (not
shown). The driving device (not shown) causes a force to
act in a repulsion direction, in addition to the restoring
force of the spring 9, between the first electrode 2a and
the second electrode 3b, and engagement by magnetism
is released when such forces and the attraction force
between the magnets 5a, 5b are balanced.

[0055] After engagement is released, the first elec-
trode 2a starts to be moved in the left direction of the
sheet by the restoring force of the spring 9. In addition,
after the first electrode 2a and the second electrode 3b
are separated, the arc 10 is generated between the first
electrode 2a and the second electrode 3b if current is
being applied.

[0056] In addition to effects of embodiment 1, the fol-
lowing effects are provided. In embodiment 1, when the
restoring force of the spring and the attraction force
between the magnets 5a, 5b are balanced, engagement
by magnetism is released. Meanwhile, in embodiment 6,
the moving stopper 8c comes into contact with the limiting
stopper 12 which is the stop portion, whereby the driving
device (not shown) causes a force to act in a repulsion
direction, in addition to the restoring force of the spring 9,
and engagement by magnetism is released when such
forces and the attraction force between the magnets 5a,
5b are balanced. Therefore, the displacement amount of
the spring for storing a force can be reduced by providing
the limiting stopper 12, so that the deterioration of the
spring 9 is reduced and the life of the spring 9 can be
extended. In addition, even if the restoring force is slightly
changed due to an increased number of operations,
deterioration of the spring 9, and the like, variations in
the opening speed can be suppressed. Further, even in
such a case where there are individual differences in the
magnets 5a, 5b and the spring 9, or where the first
electrode 2a or the second electrode 3b is deviated from
the axis or is inclined at the time of closing, variationsin a
position where engagement between the first electrode
2a and the second electrode 3b is released can be
suppressed.

[0057] Although the disclosure is described above in
terms of various exemplary embodiments and implemen-
tations, it should be understood that the various features,
aspects, and functionality described in one or more of the
individual embodiments are not limited in their applicabil-
ity to the particular embodiment with which they are
described, butinstead can be applied, alone or in various
combinations to one or more of the embodiments of the
disclosure. It is therefore understood that numerous
modifications which have not been exemplified can be
devised without departing from the scope of the present
disclosure. For example, at least one of the constituent
components may be modified, added, or eliminated. At
least one of the constituent components mentioned in at
least one of the preferred embodiments may be selected
and combined with the constituent components men-
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tioned in another preferred embodiment.
DESCRIPTION OF THE REFERENCE CHARACTERS

[0058]

1a first terminal

1b second terminal

2a, 2c, 2e, 2g first electrode
3b, 3d, 3f, 3h second electrode
4a, 4b, 4c, 4d, 4e, 4f cover
5a, 5b, 5c, 5d, 5e, 5f magnet
6a, 6b, 6¢, 6d, 6e, 6f contact
7a, 7c, Te fixed stopper

8a, 8c moving stopper

9 spring

10 arc

11a, 11b magnet

12 limiting stopper

Claims

An opening and closing device for opening/closing
between a first terminal and a second terminal ar-
ranged so as to face each other, the opening and
closing device comprising:

a first electrode which is provided at the first
terminal; and

a second electrode which is provided at the
second terminal and driven so as to be separ-
able from the first electrode, wherein

the first electrode and the second electrode are
broughtinto contact with each otherand keptina
conduction state therebetween, by an attraction
force between magnets provided inside the
electrodes.

2. Theopeningand closing device accordingtoclaim1,

wherein

closing between the first terminal and the sec-
ond terminal is performed by bringing the first
electrode and the second electrode into contact
with each other, and

opening between the first terminal and the sec-
ond terminal is performed by separating the first
electrode and the second electrode from each
other.

The opening and closing device according to claim 2,
wherein
the first electrode is fastened to the first terminal by a

spring.

The opening and closing device according to claim 3,
wherein
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10

10.

1.

12,

the opening is performed by using an attraction force
of the magnets between the first electrode and the
second electrode which is driven in an opening-path
direction while the conduction state is retained, and a
restoring force of the spring by which the first elec-
trode is fastened.

The opening and closing device according to claim 4,
wherein

the opening is performed when the restoring force of
the spring becomes larger than the attraction force of
the magnets through the driving.

The opening and closing device according to claim 4,
wherein

the opening is performed when the first electrode is
brought into contact with a stop portion provided
between the first terminal and the first electrode
through the driving.

The opening and closing device according to any
one of claims 1 to 6, wherein

the magnets have magnetic poles arranged so as to
rotate an arc generated between the first electrode
and the second electrode.

The opening and closing device according to any
one of claims 1 to 7, wherein

end portions of the first electrode and the second
electrode are formed so as to be separated toward
an outer circumference of each electrode.

The opening and closing device according to any
one of claims 1 to 8, wherein

the end portions of the first electrode and the second
electrode are formed in a recessed shape and a
protruding shape so as to be engaged with each
other.

The opening and closing device according to claim 9,
wherein

of the electrodes having the recessed shape and the
protruding shape, one electrode having the re-
cessed shape is formed so as to have an inner
diameter decreasing toward a bottom thereof, and
comes into contact, at the bottom, with another elec-
trode having the protruding shape, to establish con-
duction therewith.

The opening and closing device according to any
one of claims 1 to 10, wherein

a magnet is provided to at least one of the first
terminal and the second terminal.

The opening and closing device according to any
one of claims 1 to 11, wherein
at least one of the magnets is provided in combina-
tion with a magnetic member.
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13. The opening and closing device according to any
one of claims 1 to 12, wherein

covers are provided at surfaces, of the magnets,
facing each other, and

amaterial of the covers is a non-magnetic metal
material or a resin material.

14. The opening and closing device according to claim
13, wherein

the material of the covers is the resin material,
and

ablation gas is generated by an arc generated
between the first electrode and the second elec-
trode.
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