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(567)  Adirect-current circuit breaker according to an
embodiment of the present invention has a mechanical
switching part, a semiconductor switching part and a
commutation device. The mechanical switching part has
at least one mechanical switching unit and an insulating
column which supports the at least one mechanical
switching unit. The mechanical switching unit has at least
one unitary switching part. The unitary switching part has
a mechanical contact part, a sealed container, an oper-
ation rod and an operation mechanism. The mechanical
contact part has a fixed contact and a movable contact.
The mechanical contact part is electrically insulated from
the ground. The sealed container encloses the mechan-
ical contact part and an insulating gas. The sealed con-
tainer is electrically insulated from the ground. The op-
eration rod is connected to the movable contact. The op-
eration rod extends from the inside of the sealed contain-
ertowards the outside thereof. The operation mechanism
is connected to the operation rod. The operation mech-
anism causes the movable contact and the fixed contact
to be brought into contact with and separated from each
other. The operation mechanism is provided at the same
electric potential as that of the movable contact.

FIG. 1
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Description
[Technical Field]

[0001] The presentinvention relates to a direct-current
circuit breaker, a mechanical switching device for a di-
rect-current circuit breaker, and a semiconductor switch-
ing device for a direct-current circuit breaker.

[Background Art]

[0002] Direct-current power transmission has higher
power transmission efficiency than alternating-current
power transmission. On the other hand, the introduction
costs of equipment for direct-current power transmission
is higher than that for alternating-current transmission.
However, in long-distance power transmission, under-
water power transmission, or the like, since the power
transmission efficiency of direct-current power transmis-
sion is overwhelmingly high, direct-current power trans-
mission generally has lower costs when this is evaluated
by adding operating costs to the equipment costs. There-
fore, direct-current power transmission is used, for ex-
ample, for power transmission between two bases across
the sea. In recent years, a method in which large-scale
power generation is performed at a location far from an
urban area thatis a major power consumer using offshore
wind power generation or solar power generation in a
desert area or the like and then long-distance power
transmission is performed has been studied to enhance
a proportion of power generated using renewable energy
in all generated power and to supply a larger amount of
power using renewable energy. Accordingly, construc-
tion of direct-current power transmission networks which
connect a plurality of power supply points with a plurality
of demand points is planned.

[0003] When a power transmission network in which
three or more bases are connected with each other is
constructed, a device capable of rapidly isolating a point
atwhich an accident has occurred from a healthy system
is required when an accident occurs in the power trans-
mission network. In general, a mechanical contact type
circuit breaker is used in an alternating current system.
A mechanical contact type circuit breaker opens contacts
ata currentzero pointgenerated by an alternating current
and interrupts a fault current by blowing an insulating
medium with an arc current between the contacts. On
the other hand, in a direct-current transmission system,
since a current zero pointdoes not occurin a fault current,
it is thought that it would be difficult to quickly interrupt a
fault current in a conventional mechanical contact type
circuit breaker.

[0004] Therefore, a semiconductor circuit breaker us-
ing a plurality of semiconductor elements having a self-
extinguishing capability, such as insulated gate bipolar
transistors (IGBTs), has been proposed as a semicon-
ductor breaker capable of interrupting a direct current
alone. However, since all of the power to be transmitted
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always passes through the plurality of semiconductor el-
ements, a large conduction loss occurs, and thus a de-
crease in the power transmission efficiency is caused
during a normal operation.

[0005] To solve this problem, a hybrid circuit breaker
in which another semiconductor circuit breaker is con-
nected in parallel to a circuit in which a mechanical con-
tact type disconnector and an auxiliary semiconductor
circuit breaker are connected in series has been pro-
posed. In the hybrid circuit breaker, when power is trans-
mitted normally, the mechanical contact type disconnec-
tor and the auxiliary semiconductor circuit breaker are in
a conductive state, and the other semiconductor circuit
breaker is in an interrupted state. Thus, a transmission
current flows through the mechanical contact type dis-
connector and the auxiliary semiconductor circuit break-
er.

[0006] Also, in the event of an accident, an opening
command is given to the mechanical contact type dis-
connector at the same time as the auxiliary semiconduc-
tor circuit breaker is put into an interrupted state. In this
way, since the auxiliary semiconductor circuit breaker is
in an interrupted state, a fault current flowing in a path
between the mechanical contact type disconnector and
the auxiliary semiconductor circuit breaker is commutat-
ed to the above-described other semiconductor circuit
breaker. Additionally, after the opening operation of the
mechanical contact type disconnector is completed, and
withstand voltage performance of a steady current con-
duction path is secured, the interruption of a fault current
is completed by shutting off the other semiconductor cir-
cuit breaker.

[0007] In such a hybrid circuit breaker, since the con-
duction loss at the time of steady energization is only the
conduction loss in the auxiliary semiconductor circuit
breaker, the conduction loss can be reduced as com-
pared with a constitution in which the steady current con-
duction path is only in the semiconductor circuit breaker
which can interrupt a direct current alone as described
above. However, since the conduction loss in the auxil-
iary semiconductor circuit breaker still occurs, the hybrid
circuit breaker has a large conduction loss as compared
with a conventional mechanical contact type circuit
breaker in which the steady current conduction path in-
cludes only the mechanical contacts.

[0008] Therefore, a direct-current circuit breaker in
which a mechanical contact type circuit breaker is con-
nected in parallel to a circuit in which a semiconductor
circuit breaker and a commutation circuit constituted by
a half bridge circuit are connected in series has been
proposed. In this direct-current circuit breaker, when
power is transmitted normally, the mechanical contact
type disconnector is in a conductive state, and the sem-
iconductor circuit breaker and the commutation circuit
are in an interrupted state. Therefore, when power is
transmitted normally, the transmission current flows only
through the mechanical contact type disconnector.
[0009] In the event of an accident, an opening com-
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mand is given to the mechanical contact type circuit
breaker, the semiconductor circuit breaker is broughtinto
aconductive state, and acommutation command is given
to the commutation circuit. Then, the commutation circuit
generates a zero point in the current of the mechanical
contact type circuit breaker by causing a current to flow
in a direction opposite to a fault current flowing to the
mechanical contact type circuit breaker, and the fault cur-
rent is commutated from the mechanical contact type cir-
cuit breaker to the semiconductor circuit breaker and the
commutation circuit by the mechanical contact type cir-
cuit breaker opening. After the commutation of the fault
current, interruption of the fault current is completed by
shutting off the semiconductor circuit breaker.

[0010] In such a direct-current circuit breaker, since
the steady current conduction path is formed only by the
mechanical contact type circuit breaker, it is possible to
significantly reduce the conduction loss.

[0011] A general mechanical contact type circuit
breaker includes a fixed contact and a mobile contact
which are provided to be broughtinto contact with or sep-
arated from each other, a metal tank which encloses the
fixed contact and the mobile contact therein, and an op-
eration mechanism which is driven so that the mobile
contact is brought into contact with or separated from the
fixed contact. The inside of the metal tank is filled with
an insulating medium. The metal tank is grounded and
electrically insulated from the fixed contact and the mo-
bile contact. The operation mechanism is grounded and
located outside of the metal tank and is connected to the
mobile contact in the metal tank via a seal rod which
passes through the metal tank and an insulating opera-
tion rod which is connected to the seal rod in the metal
tank.

[0012] However, it is necessary to improve the with-
stand voltage performance in the respective parts of the
mechanical contact type circuit breaker as a voltage of
the direct-current transmission system increases. That
is, inthe above-described mechanical contact type circuit
breaker, it is necessary to increase a distance between
the fixed contact and the mobile contact in the high volt-
age part and the grounded metal tank to electrically in-
sulate them from each other, as the voltage is increased.
Further, when desired interrupting performance cannot
be obtained with one mechanical contact type circuit
breaker as the voltage is increased, a plurality of me-
chanical contact type circuit breakers may be connected
in series to improve the interrupting performance. Also
in this case, in all the mechanical contact type circuit
breakers connected in series, it is necessary to increase
the distance between the fixed contact and the mobile
contact of the high voltage part and the grounded metal
tank to electrically insulate them from each other. As a
result, a size of the mechanical contact type circuit break-
er increases. The direct-current circuit breaker is as-
sumed to be operated on a platform built on the sea, and
the cost of building the platform may increase due to the
increase in the size of the mechanical contact type circuit
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breaker. Further, as the voltage is increased, an insulat-
ing rod which connects the mobile contact of the high
voltage part with the grounded operation mechanism is
also elongated. As a result, since a mass of a movable
part of the operation mechanism increases, an opening
speed of the fixed contact and the mobile contact may
be reduced, and responsiveness of the interrupting op-
eration may be reduced.

[Citation List]
[Patent Literature]
[0013]

[Patent Document 1]

Japanese Unexamined Patent Application, First
Publication No. 2016-187275

[Patent Document 2]

PCT International Publication No. WO 2011/057675
[Patent Document 3]

PCT International Publication No. WO 2013/131582

[Summary of Invention]
[Technical Problem]

[0014] An object of the present invention is to provide
a direct-current circuit breaker capable of easily increas-
ing a voltage, curbing an increase in a size thereof, and
ensuring responsiveness of an interrupting operation, a
mechanical switching device for a direct-current circuit
breaker, and a semiconductor switching device for a di-
rect-current circuit breaker.

[Solution to Problem]

[0015] A direct-current circuit breaker of an embodi-
ment includes a mechanical switching part, a semicon-
ductor switching part, and a commutation device. The
mechanical switching partincludes at least one mechan-
ical switching unit, and an insulating column which sup-
ports the atleast one mechanical switching unit. The me-
chanical switching unit has at least one unitary switching
part. The unitary switching part includes a mechanical
contact part, a sealed container, an operation rod, and
an operation mechanism. The mechanical contact part
has a fixed contact and a movable contact. The mechan-
ical contact part is electrically insulated from the ground.
The sealed container encloses the mechanical contact
part and an insulating gas. The sealed container is elec-
trically insulated from the ground. The operation rod is
connected to the movable contact. The operation rod ex-
tends from an inside of the sealed container to outside
thereof. The operation mechanism is connected to the
operation rod. The operation mechanism causes the
movable contact to be brought into contact with or sep-
arated from the fixed contact. The operation mechanism
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is provided at the same potential as that of the movable
contact. The semiconductor switching part includes a
semiconductor module and a surge absorber. The sem-
iconductor module includes a semiconductor stack in
which a plurality of semiconductor elements are connect-
ed in series. The surge absorber is connected in parallel
to the semiconductor module. The commutation device
includes a commutation circuit and a commutation reac-
tor. The commutation circuit is constituted by connecting
in parallel a pair of legs formed by connecting one pair
of semiconductor elements in series with a capacitor. The
commutation reactor is connected in series to the com-
mutation circuit. The mechanical switching part includes
a currentinterrupting contact, and a high voltage contact.
The high voltage contact has a withstand voltage per-
formance higher than or equivalent to that of the current
interrupting contact. The at least one mechanical switch-
ing unit further includes a mechanical switching part sup-
port plate. The at least one unitary switching part is dis-
posed on the mechanical switching part support plate.
The mechanical switching part support plate is supported
by the insulating column. The mechanical switching part
support plate is provided at the same potential as that of
the operation mechanism. The at least one unitary
switching part includes a first unitary switching part and
a second unitary switching part. The first unitary switch-
ing part constitutes one of the currentinterrupting contact
and the high voltage contact. The second unitary switch-
ing part constitutes one of the currentinterrupting contact
and the high voltage contact. The first unitary switching
part and the second unitary switching part are disposed
so that the respective operation rods are operated on the
same straight line by the operation mechanism. The first
unitary switching part and the second unitary switching
part are disposed so that operating directions of the op-
eration rods using the operation mechanism are opposite
to each other. The first unitary switching part and the
second unitary switching part are disposed so that the
respective operation mechanisms face each other. At
least a part of the sealed container of the first unitary
switching part is disposed outside of the mechanical
switching part support plate in a horizontal direction. At
least a part of the sealed container of the second unitary
switching part is disposed outside of the mechanical
switching part support plate in a horizontal direction. The
current interrupting contact and the high voltage contact
are connected in series to form a mechanical contact
module. Both ends of the mechanical contact module are
connected to a direct-current transmission system. The
commutation circuit and the commutation reactor are
connected in parallel to the current interrupting contact.
The commutation circuit is connected to the high voltage
contact side from the commutation reactor. The semi-
conductor module is connected in parallel to the high
voltage contact and the commutation circuit.
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[Brief Description of Drawings]
[0016]

FIG. 1 is a perspective view showing a direct-current
circuit breaker according to a first embodiment.
FIG. 2 is a perspective view schematically showing
the direct-current circuit breaker of the first embod-
iment.

FIG. 3 is a perspective view showing a mechanical
switching part according to the first embodiment.
FIG. 4 is a cross-sectional view showing a high volt-
age contact.

FIG. 5 is a cross-sectional view showing a current
interrupting contact.

FIG. 6 is a perspective view schematically showing
the mechanical switching part according to the first
embodiment.

FIG. 7 is a perspective view showing a semiconduc-
tor switching part according to the first embodiment.
FIG. 8 is a perspective view schematically showing
the semiconductor switching part according to the
first embodiment.

FIG. 9 is a perspective view showing a commutation
device according to the first embodiment.

FIG. 10is a circuitdiagram showing the commutation
circuit.

FIG. 11 is a perspective view schematically showing
the commutation device of the first embodiment.
FIG. 12 is a circuit diagram schematically showing
the direct-current circuit breaker of the first embod-
iment.

FIG. 13 is a cross-sectional view showing a modified
example of the high voltage contact.

FIG. 14 is a front view schematically showing a me-
chanical switching part according to a second em-
bodiment.

FIG. 15 is a front view schematically showing a me-
chanical switching part according to a third embod-
iment.

FIG. 16 is a front view schematically showing a me-
chanical switching part according to a fourth embod-
iment.

FIG. 17 is a front view schematically showing a me-
chanical switching part according to a fifth embodi-
ment.

[Description of Embodiments]

[0017] Hereinafter, a direct-current circuit breaker, a
mechanical switching device for a direct-current circuit
breaker, and a semiconductor switching device for a di-
rect-current circuit breaker according to an embodiment
will be described with reference to the drawings. In the
following description, components having the same or
similar functions are designated by the same reference
numerals. Additionally, duplicate explanation of the com-
ponents may be omitted.
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(First embodiment)

[0018] FIG. 1 is a perspective view showing a direct-
current circuit breaker according to the first embodiment.
FIG. 2 is a perspective view schematically showing the
direct-current circuit breaker according to the first em-
bodiment.

[0019] As shown in FIGS. 1 and 2, the direct-current
circuit breaker 1 includes a mechanical switching part 2
(a mechanical switching device), a semiconductor
switching part 3 (a semiconductor switching device), and
a commutation device 4.

[0020] FIG. 3 is a perspective view showing the me-
chanical switching partaccording to the firstembodiment.
[0021] As shown in FIGS. 1 and 3, the mechanical
switching part 2 includes a plurality of (four in the illus-
trated example) mechanical switching units 10 and a plu-
rality of (four in the illustrated example) insulating col-
umns 12 which support the mechanical switching units
10. The plurality of mechanical switching units 10 are
stacked in multiple stages in the vertical direction with
respect to the insulating columns 12.

[0022] Each of the mechanical switching units 10 in-
cludes a pair of unitary switching parts 14, a power supply
part 30, a control part 31, and a mechanical switching
part support plate 33 onto which the pair of unitary switch-
ing parts 14 (a first unitary switching part and a second
unitary switching part), the power supply part 30 and the
control part 31 are fixedly disposed. Each of the unitary
switching parts 14 constitutes a high voltage contact 14A
or a current interrupting contact 14B. In the embodiment,
the mechanical switching unit 10 includes only the high
voltage contact 14A or only the current interrupting con-
tact 14B. Specifically, the uppermost mechanical switch-
ing unit 10 has a pair of current interrupting contacts 14B.
Further, each of the other mechanical switching units 10
has a pair of high voltage contacts 14A. The high voltage
contact 14A is preferably a disconnector having a with-
stand voltage performance higher than or equivalent to
that of the current interrupting contact 14B. The current
interrupting contact 14B is preferably a circuit breaker
having high current interrupting performance as com-
pared to the high voltage contact 14A. The disconnector
having high voltage withstand performance is, for exam-
ple, a gas disconnector having a gas contact. The circuit
breaker having high current interrupting performance is,
for example, a vacuum circuit breaker having a vacuum
interrupter.

[0023] FIG. 4 is a cross-sectional view showing the
high voltage contact.

[0024] As shown in FIG. 4, a mechanical contact part
16 of the unitary switching part 14 constituting the high
voltage contact 14A is a gas contact. The unitary switch-
ing part 14 constituting the high voltage contact 14A in-
cludes the mechanical contact part 16 having a fixed con-
tact 17 and a movable contact 18, a sealed container 20
in which the mechanical contact part 16 and an insulating
gas are enclosed, a fixed rod 25 connected to the fixed
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contact 17, an operation rod 26 connected to the movable
contact 18, an operation mechanism 27 connected to the
operation rod 26, and a capacitor 29 (refer to FIGS. 1
and 3) connected in parallel to the mechanical contact
part 16.

[0025] The mechanical contactpart16isacontacthav-
ing high withstand voltage performance. The fixed con-
tact 17 and the movable contact 18 are provided to be
brought into contact with or separated from each other.
The mechanical contact part 16 is opened by separating
the fixed contact 17 and the movable contact 18 from
each other. A current conduction path which passes
through the mechanical contact part 16 is opened by sep-
arating the fixed contact 17 and the movable contact 18
from each other. In the following description regarding
the high voltage contact 14A, a direction in which the
fixed contact 17 and the movable contact 18 are brought
into contact with or separated from each other is referred
to as afirst direction. Inthe embodiment, the first direction
is one horizontal direction.

[0026] The sealed container 20 encloses, for example,
sulfur hexafluoride (SFg) gas or the like as an insulating
gas. The sealed container 20 includes a cylindrical insu-
lated cylinder 21, and afirstflange 22 and a second flange
23 which close openings at both ends of the insulated
cylinder 21. The insulated cylinder 21 extends in the first
direction. The insulated cylinder 21 is, for example, a
bushing formed of an insulating material. Each of the first
flange 22 and the second flange 23 is formed of a metal
material.

[0027] The fixing rod 25 is formed of a metal material.
The fixing rod 25 extends in the first direction. The fixed
rod 25 connects the first flange 22 with the fixed contact
17 in the sealed container 20. The fixed rod 25 may be
integrally formed with the fixed contact 17. The fixed rod
25 electrically connects the fixed contact 17 to the first
flange 22.

[0028] For example, the entire operation rod 26 is
formed of a metal material. The operation rod 26 extends
in the first direction. The operation rod 26 is connected
to the movable contact 18 in the sealed container 20 and
extends outside of the sealed container 20 through a
through hole 23a provided in the second flange 23. The
operation rod 26 may be integrally formed with the mov-
able contact 18. The operation rod 26 is provided to be
slidable with respect to the second flange 23 while keep-
ing the inside of the sealed container 20 airtight. The
operation rod 26 electrically connects the movable con-
tact 18 with the second flange 23.

[0029] The operation mechanism 27 is a highly respon-
sive electromagnetic actuator energized by a power
source. The electromagnetic actuator may be, for exam-
ple, an electromagnetic repulsion operation mechanism.
The electromagnetic repulsion operation mechanism has
a metal plate of a good conductor connected to the op-
eration rod 26, and a coil installed to face the metal plate.
When the electromagnetic repulsion operation mecha-
nism is driven, a current is applied to the coil to generate
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an induced current for the metal plate in a reverse direc-
tion, and a repulsive force in the reverse direction to the
coil is applied to the metal plate to operate the operation
rod 26. The operation mechanism 27 is disposed outside
of the sealed container 20 to be parallel to the second
flange 23 in the first direction. The operation mechanism
27 is fixed to the second flange 23 via a support portion
28. For example, the entire support portion 28 is formed
of a metal material. The operation mechanism 27 recip-
rocates the operation rod 26 in the first direction. Thus,
the operation mechanism 27 displaces the movable con-
tact 18 connected to the operation rod 26 and causes
the movable contact 18 to be brought into contact with
or separated from the fixed contact 17.

[0030] As shown in FIGS. 1 and 3, the capacitor 29 is
disposed outside of the sealed container 20. The capac-
itor 29 is connected to the first flange 22 and the second
flange 23. The capacitor 29 is formed by encapsulating
a dielectric in a high-resistance cylinder, and has elec-
trodes at both ends thereof, and has capacitance and
resistance. The capacitor 29 adjusts a voltage applied to
the mechanical contact part 16 (refer to FIG. 4) at the
time of current interruption and in an open state.

[0031] FIG.5is across-sectional view showingthe cur-
rent interrupting contact.

[0032] As shown in FIG. 5, a mechanical contact part
36 of the unitary switching part 14 constituting the current
interrupting contact 14B is a vacuum interrupter. The uni-
tary switching part 14 constituting the currentinterrupting
contact 14B includes the mechanical contact part 36
which is a vacuum interrupter 44 having a fixed contact
37 and amovable contact 38, a sealed container 40 which
encloses the mechanical contact part 36, a fixed rod 45
connected to the fixed contact 37, an operation rod 46
connected tothe movable contact 38, an operation mech-
anism 47 connected to the operation rod 46, and a ca-
pacitor 49 (refer to FIGS. 1 and 3) connected in parallel
to the mechanical contact part 36.

[0033] The mechanical contact part 36 is a contact ca-
pable of mechanically interrupting the current at a current
zero point. The fixed contact 37 and the movable contact
38 are provided to be brought into contact with and sep-
arated from each other. The mechanical contact part 36
is opened by separating the fixed contact 37 and the mov-
able contact 38 from each other. A current conduction
path which passes through the mechanical contact part
36 is opened by separating the fixed contact 37 and the
movable contact 38. In the following description regard-
ing the current interrupting contact 14B, a direction in
which the fixed contact 37 and the movable contact 38
are brought into contact with and separated from each
other is referred to as a second direction. In the embod-
iment, the second direction is one horizontal direction.
[0034] The vacuum interrupter 44 maintains an inside
vacuum. The vacuum interrupter 44 includes the fixed
contact 37, the movable contact 38, a cylindrical insulat-
ed cylinder 44a, a first flange 44b and a second flange
44c which close openings at both ends of the insulated
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cylinder 44a, and a bellows 44d provided at the inside of
the insulated cylinder 44a. The insulated cylinder 44a
extends in the second direction. The insulated cylinder
44a is, for example, a bushing formed of an insulating
material. Each of the first flange 44b and the second
flange 44c is formed of a metal material.

[0035] The fixed contact 37 is connected to the first
flange 44binthe vacuum interrupter 44. The fixed contact
37 is electrically connected with the first flange 44b. The
movable contact 38 extends to the outside of the vacuum
interrupter 44 through a through hole 44e provided in the
second flange 44c. The movable contact 38 is provided
to be slidable with respect to the second flange 44c. The
movable contact 38 is electrically connected to the sec-
ond flange 44c.

[0036] The bellows 44d is disposed in the inside of the
insulated cylinder 44a to surround the movable contact
38. One end portion of the bellows 44d is fixed to the
second flange 44c. The other end portion of the bellows
44d is fixed to a peripheral surface of the movable contact
38. The bellows 44d isolates the vacuum in the vacuum
interrupter 44 from the outside while causingthe movable
contact 38 to be displaceable with respect to the insulated
cylinder 44a in the second direction.

[0037] The sealed container 40 encloses, forexample,
sulfur hexafluoride (SFg) gas or the like as an insulating
gas. The sealed container 40 includes a cylindrical insu-
lated cylinder 41, and afirstflange 42 and a second flange
43 which close openings at both ends of the insulated
cylinder 41. The insulated cylinder 41 extends in the sec-
ond direction. The insulated cylinder 41 is, for example,
a bushing formed of an insulating material. Each of the
first flange 42 and the second flange 43 is formed of a
metal material.

[0038] The fixing rod 45 is formed of a metal material.
The fixing rod 45 extends in the second direction. The
fixed rod 45 connects the first flange 42 to the first flange
44b in the sealed container 40. The fixed rod 45 may be
integrally formed with the first flange 44b. The fixed rod
45 electrically connects the fixed contact 37 to the first
flange 44b and the first flange 42.

[0039] For example, the entire operation rod 46 is
formed of a metal material. The operation rod 46 extends
in the second direction. The operation rod 46 is connect-
ed to the movable contact 38 in the sealed container 40
and extends to the outside of the sealed container 40
through a through hole 43a provided in the second flange
43. The operation rod 46 may be integrally formed with
the movable contact 38. The operation rod 46 is provided
to be slidable with respect to the second flange 43. The
operation rod 46 electrically connects the movable con-
tact 38 with the second flange 43.

[0040] The operation mechanism47 is a highly respon-
sive electromagnetic actuator energized by a power
source. The electromagnetic actuator is, for example, an
electromagnetic repulsion operation mechanism. The
electromagnetic repulsion operation mechanism has a
metal plate of a good conductor connected to the oper-
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ation rod 46, and a coil installed to face the metal plate.
When the electromagnetic repulsion operation mecha-
nism is driven, a current is applied to the coil to generate
an induced current to the metal plate in a reverse direc-
tion, and a repulsive force in the reverse direction to the
coil is applied to the metal plate to operate the operation
rod 46. The operation mechanism 47 is disposed outside
of the sealed container 40 to be parallel to the second
flange 43 in the second direction. The operation mech-
anism 47 is fixed to the second flange 43 via a support
portion 48. For example, the entire support portion 48 is
formed of a metal material. The operation mechanism 47
reciprocates the operation rod 46 in the second direction.
Thus, the operation mechanism 47 displaces the mova-
ble contact 38 connected to the operation rod 46 and
causes the movable contact 38 to be brought into contact
with or separated from the fixed contact 37.

[0041] As shown in FIGS. 1 and 3, the capacitor 49 is
disposed outside of the sealed container 40. The capac-
itor 49 is connected to the first flange 42 and the second
flange 43. The capacitor 49 is formed by encapsulating
a dielectric in a high-resistance cylinder, and has elec-
trodes at both ends thereof, and has capacitance and
resistance. The capacitor 49 adjusts a voltage applied to
the mechanical contact part 36 (refer to FIG. 5) at the
time of current interruption and in an open state.

[0042] Asshownin FIGS. 1, 3,4 and 5, in each of the
mechanical switching units 10, the pair of unitary switch-
ing parts 14 disposed on the mechanical switching part
support plate 33 are disposed so that the respective op-
eration rods 26, 46 are operated on the same straight
line when the mechanical contact parts 16, 36 are opened
by the operation mechanisms 27, 47. Specifically, ineach
of the mechanical switching units 10, the operation rods
26, 46 of the respective unitary switching parts 14 extend
on the same straight line. Furthermore, in each of the
mechanical switching units 10, the pair of unitary switch-
ing parts 14 disposed on the mechanical switching part
support plate 33 are disposed so that operating directions
of the operation rods 26, 46 at the time of the opening
operation of the mechanical contact parts 16, 36 by the
operation mechanisms 27, 47 are opposite to each other.
Specifically, the pair of unitary switching parts 14 dis-
posed on the mechanical switching part support plate 33
are disposed so that the respective operation mecha-
nisms 27, 47 face each other and come into contact with
each other. Further, the unitary switching part 14 of one
mechanical switching unit 10 and the unitary switching
part 14 of the other mechanical switching unit 10 are dis-
posed to operate on the same straight line when seen in
the vertical direction.

[0043] Further, in each of the mechanical switching
units 10, the sealed containers 20, 40 of the pair of unitary
switching parts 14 disposed on the mechanical switching
part support plate 33 are disposed outside of the me-
chanical switching part support plate 33 in the horizontal
direction. In the illustrated example, although the whole
of the sealed containers 20, 40 is disposed outside of the
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mechanical switching part support plate 33 in the hori-
zontal direction, only a part of the sealed containers 20,
40 may be disposed outside of the mechanical switching
part support plate 33 in the horizontal direction. Specifi-
cally, portions (for example, the first flanges 22, 42) of
the sealed containers 20, 40 having the same potential
as that of the fixed contacts 17, 37 may be disposed
outside of the mechanical switching part support plate
33 in the horizontal direction.

[0044] Here,the arrangementon the outside of the me-
chanical switching part support plate 33 in the horizontal
direction will be described in another expression with ref-
erence to FIG. 1.

[0045] For example, assuming that the above-de-
scribed first direction is a projection line, it is possible to
define two vertical projection planes including two sides,
which are in a twisted positional relationship with a pro-
jection line, among four sides constituting the mechanical
switching part support plate 33. At least a part of the
sealed containers 20, 40 may be disposed to protrude
from a space (a space on the side on which the operation
mechanisms 27, 47 are present) divided by the two ver-
tical projection planes.

[0046] In each of the unitary switching parts 14, the
mechanical contact parts 16, 36 are electrically insulated
from the ground. Further, in each of the unitary switching
parts 14, the operation mechanisms 27, 47 are provided
at the same potential as that of the movable contacts 18,
38 of the mechanical contact parts 16, 36 and the me-
chanical switching part support plate 33. Specifically, the
operation mechanisms 27, 47 are provided such that a
reference potential is the same potential as that of the
movable contacts 18, 38 of the mechanical contact parts
16, 36 and the mechanical switching part support plate
33.

[0047] In each of the unitary switching parts 14, the
sealed containers 20, 40 are electrically insulated from
the ground. Further, the sealed containers 20, 40 elec-
trically insulate the fixed contacts 17, 37 from the movable
contacts 18, 38 when the mechanical contact parts 16,
36 are opened.

[0048] As shown in FIGS. 1 and 3, the power supply
part 30 supplies power to the operation mechanisms 27,
47 of the pair of unitary switching parts 14 disposed on
the mechanical switching part support plate 33 common
to the power supply part 30. The power supply part 30 is
provided so that a reference potential is the same as that
of the operation mechanisms 27, 47. The power supply
part 30 includes, for example, a capacitor which supplies
power to the operation mechanisms 27, 47 at an opening
operation of the mechanical contact parts 16, 36 (refer
to FIGS. 4 and 5), a capacitor which supplies power to
the operation mechanisms 27, 47 at the time of a closing
operation of the mechanical contact parts 16, 36, a charg-
ing device for the respective capacitors, and a switching
element which holds each of the capacitors in a charged
state and discharges power when the power is supplied
(all of which are not shown). For example, a power feed-
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ing device capable of supplying power while electrically
insulating the power supply part 30 from the ground, such
as an insulation transformer, a laser power feeding de-
vice, and an electromagnetic induction type wireless
power feeding device (all of which are not shown), may
be used for power supply from the ground to the charging
device.

[0049] The control part 31 monitors a state of the power
supply part 30 and the operation mechanisms 27, 47 dis-
posed on the same mechanical switching part support
plate 33. Further, the control part 31 controls the power
supply from the power supply part 30 disposed on the
same mechanical switching part support plate 33 to the
operation mechanisms 27, 47.

[0050] As shown in FIGS. 1 and 3, for example, the
mechanical switching part support plate 33 is formed of
a metal material such as an aluminum alloy. The me-
chanical switching part support plate 33 is formed in a
rectangular shape in a plan view. The mechanical switch-
ing part support plates 33 are stacked in multiple stages
in the vertical direction with respect to the insulating col-
umn 12. The mechanical switching part support plates
33 areinstalled in parallelin a direction (the firstdirection)
in which the unitary switching parts 14 perform the inter-
rupting operation.

[0051] The insulating column 12 is formed of, for ex-
ample, an insulator, a polymer, fiber reinforced plastic,
or the like. The insulating column 12 stands on the foun-
dation 5. The insulating column 12 extends in the vertical
direction. The respective insulating columns 12 supports
corner portions of the respective mechanical switching
part support plates 33 stacked in multiple stages. The
insulating column 12 electrically insulates the plurality of
mechanical switching units 10 from each other and me-
chanically connects each of the mechanical switching
units 10 to the foundation 5 while electrically insulating
the mechanical switching units 10 from the foundation 5.
[0052] The length of the insulating column 12 is set to
insulate mechanical switching units 10 adjacent to each
other in the vertical direction when the power is interrupt-
ed, and to electrically insulate all of the mechanical
switching units 10 from the ground when power is applied.
That is, the length of a portion of the insulating column
12 provided between a pair of mechanical switching units
10 adjacent to each other in the vertical direction is set
so that the mechanical switching units 10 can be electri-
cally insulated from each other when the power is inter-
rupted. Further, the length of a portion of the insulating
column 12 provided between the lowermost mechanical
switching unit 10 and the foundation 5 is set so that all
of the plurality of mechanical switching units 10 can be
electrically insulated from the ground when power is ap-
plied.

[0053] In the embodiment, the length of the portion of
the insulating column 12 provided between the lower-
most mechanical switching unit 10 and the foundation 5
is longer than the length of the portion thereof provided
between a pair of mechanical switching units 10 adjacent
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to each other in the vertical direction. Further, the length
of the portion of the insulating column 12 provided be-
tween the lowermost mechanical switching unit 10 and
the foundation 5 is shorter than the sum of the lengths
of the portions provided between a pair of mechanical
switching units 10 adjacent to each other in the vertical
direction. The respective insulating columns 12 may ex-
tend continuously from a lower end to an upper end, or
may be divided into a plurality of pieces to sandwich each
of the mechanical switching part support plates 33.
[0054] FIG. 6 is a perspective view schematically
showing the mechanical switching part according to the
first embodiment. In FIG. 6, the pair of unitary switching
parts 14 disposed on the mechanical switching part sup-
port plate 33 are illustrated as one unitary switching part
14. Moreover, in FIG. 6, illustration of the power supply
part 30 and the control part 31 of each of the mechanical
switching units 10 is omitted.

[0055] AsshowninFIGS. 1, 3 and 6, the pair of unitary
switching parts 14 in each of the mechanical switching
units 10 are connected in series by an intra-unit bus bar
51 which connects the second flanges 23, 43 to each
other. In any pair of mechanical switching units 10 adja-
cent to each other in the vertical direction, the first flanges
22, 42 of the first unitary switching part 14 of the first
mechanical switching unit 10 and the first flanges 22, 42
of the second unitary switching part 14 of the second
mechanical switching unit 10 are connected in series by
the inter-unit bus bar 52. That is, when the pair of unitary
switching parts 14 in each of the mechanical switching
units 10 are regarded as one unitary switching part 14,
the unitary switching parts 14 are connected in series by
the inter-unit bus bars 52 which connects the first flanges
22 to each other and the first flanges 22, 42 to the unitary
switching parts 14 of the mechanical switching units 10
adjacent to each other in the vertical direction. Therefore,
the plurality of high voltage contacts 14A and the plurality
of current interrupting contacts 14B are connected in se-
ries by the intra-unit bus bar 51 and the inter-unit bus bar
52 and thus form a mechanical contact module 34. In this
constitution, all the high voltage contacts 14A are con-
nected in series with each other. Further, all the current
interrupting contacts 14B are connected in series with
each other.

[0056] As showninFIG. 6, a first connection point A1,
a second connection point A2, and a third connection
point A3 are formed in the mechanical contact module
34. The first connection point A1 is formed at one of both
end portions of the mechanical contact module 34 in
which the current interrupting contact 14B is provided.
The second connection point A2 is formed at one of both
end portions of the mechanical contact module 34 on the
side opposite to the first connection point A1. The third
connection point A3 is an electrical connection point be-
tween the high voltage contact 14A and the current in-
terrupting contact 14B. The first connection point A1 and
the second connection point A2 are connected to a direct-
current transmission system.
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[0057] FIG. 7 is a perspective view showing the sem-
iconductor switching part of the first embodiment.
[0058] As shownin FIGS. 1 and 7, the semiconductor
switching part 3 is provided on the foundation 5 to be
parallel to the mechanical switching part 2. The semicon-
ductor switching part 3 includes a plurality of (three in the
illustrated example) semiconductor switching units 60
and a plurality of (four in the illustrated example) insulat-
ing columns 62 which support the semiconductor switch-
ing units 60. The plurality of semiconductor switching
units 60 are stacked in multiple stages in the vertical di-
rection with respect to the insulating column 62.

[0059] Each of the semiconductor switching units 60
includes a pair of semiconductor modules 64, a surge
absorber 68, and a semiconductor switching part support
plate 70 on which the pair of semiconductor modules 64
and the surge absorber 68 are fixedly disposed.

[0060] The semiconductor module 64 includes a sem-
iconductor stack 65 in which a plurality of semiconductor
elements 65a are connected in series, a diode 66 con-
nected in parallel to the semiconductor stack 65, and an
attached circuit 67 connected to the semiconductor stack
65. The semiconductor element 65a is, for example, an
insulated gate bipolar transistor (IGBT), an injection en-
hanced gate transistor (IEGT), or the like. The semicon-
ductor stack 65 and the diode 66 are connected in parallel
so that forward directions in which the power is applied
are opposite to each other. The attached circuit 67 in-
cludes a snubber circuit which equalizes voltage distri-
bution of the plurality of semiconductor elements 65a of
the semiconductor stack 65, and a gate unit which out-
puts a switching command to the semiconductor element
65a. In each of the semiconductor switching units 60, the
pair of semiconductor modules 64 are connected in se-
ries so that the forward directions of the respective sem-
iconductor stacks 65 are opposite to each other.

[0061] FIG. 8 is a perspective view schematically
showing the semiconductor switching part of the firstem-
bodiment.

[0062] AsshowninFIGS. 1,7 and 8, the surge absorb-
ers 68 are connected in parallel to a pair of semiconductor
modules 64 disposed on the same semiconductor switch-
ing part support plate 70. A current temporarily flows to
the surge absorber 68 in a state in which the pair of sem-
iconductor modules 64 are interrupted. The surge ab-
sorber 68 converts the current into thermal energy.
[0063] As shown in FIGS. 1 and 7, for example, the
semiconductor switching part support plate 70 is formed
of an insulating material such as fiber reinforced plastic
or a metal material such as an aluminum alloy. The sem-
iconductor switching part support plate 70 is formed so
that both ends of the semiconductor module 64 are in-
sulated, both ends of the surge absorber 68 are insulated
and the semiconductor module 64 and the surge absorb-
er 68 can be supported by the insulating column 62. The
semiconductor switching part support plate 70 is stacked
in multiple stages in the vertical direction with respect to
the insulating column 62.
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[0064] The insulating column 62 is formed of, for ex-
ample, an insulator, a polymer, fiber reinforced plastic,
or the like. The insulating column 62 stands on the foun-
dation 5. The insulating column 62 extends in the vertical
direction. The respective insulating columns 62 supports
corner portions of the respective semiconductor switch-
ing part support plates 70 stacked in multiple stages. The
insulating column 62 electrically insulates the plurality of
semiconductor switching units 60 from each other and
mechanically connects each of the semiconductor
switching units 60 to the foundation 5 while electrically
insulating the semiconductor switching units 60 from the
foundation 5.

[0065] The length of the insulating column 62 is set to
insulate the semiconductor switching units 60 adjacent
to each other in the vertical direction when the power is
interrupted, and to electrically insulate the whole of the
semiconductor switching units 60 from the ground when
the power is applied. That is, the length of a portion of
the insulating column 62 provided between the pair of
semiconductor switching units 60 adjacent to each other
in the vertical direction is set so that the semiconductor
switching units 60 can be electrically insulated from each
other when the power is interrupted. Further, the length
of a portion of the insulating column 62 provided between
the lowermost semiconductor switching units 60 and the
foundation 5 is set so that the whole of the plurality of
semiconductor switching units 60 can be electrically in-
sulated from the ground when the power is applied.
[0066] In the embodiment, the length of the portion of
the insulating column 62 provided between the lower-
most semiconductor switching units 60 and the founda-
tion 5 is longer than the length of the portion thereof pro-
vided between the pair of semiconductor switching units
60 adjacentto each otherin the vertical direction. Further,
the length of the portion of the insulating column 62 pro-
vided between the lowermost semiconductor switching
units 60 and the foundation 5 is shorter than the sum of
the lengths of the portions provided between the pair of
semiconductor switching units 60 adjacent to each other
in the vertical direction. The respective insulating col-
umns 62 may extend continuously from a lower end to
an upper end, or may be divided into a plurality of pieces
to sandwich each of the semiconductor switching part
support plates 70.

[0067] As shownin FIGS. 1, 7 and 8, when the pair of
semiconductor modules 64 in each of the semiconductor
switching units 60 are regarded as one semiconductor
module 64, the plurality of semiconductor modules 64
are connected in series by a plurality of bus bar 72. Spe-
cifically, the semiconductor modules 64 are connected
in series by the bus bars 72 to the semiconductor mod-
ules 64 of the semiconductor switching units 60 adjacent
to each other in the vertical direction. Here, all the sem-
iconductor modules 64 connected in series are referred
to as a semiconductor module group. As shown in FIG.
8, the first connection point B1 and the second connection
point B2 are formed in a semiconductor switching unit
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module group. The first connection point B1 is formed at
one end of the semiconductor switching part module
group. The second connection point B2 is formed at the
other end of the semiconductor switching module part
group.

[0068] FIG. 9 is a perspective view showing the com-
mutation device of the first embodiment.

[0069] As shown in FIGS. 1 and 9, the commutation
device 4 includes a commutation circuit 80, a commuta-
tion reactor 86, a commutation device support plate 88
onwhich the commutation circuit 80 and the commutation
reactor 86 are fixedly disposed, and an insulating column
90 which supports the commutation device support plate
88.

[0070] FIG. 10 is a circuit diagram showing the com-
mutation circuit.

[0071] AsshowninFIGS.1,9and 10, the commutation
circuit 80 is a half bridge circuit constituted by connecting
a pair of legs 82 formed by connecting a pair of semicon-
ductor elements 82a in series, with a capacitor 84 in par-
allel. The semiconductor element 82a is, for example, an
IGBT, an IEGT, or the like. A diodes 82b is connected in
parallel to each of the semiconductor elements 82a so
that forward directions in which the power is applied are
opposite to each other. An attached circuit (not shown)
including a snubber circuit which equalizes voltage dis-
tribution of the semiconductor elements 82a and a gate
unit which outputs a switching command to the semicon-
ductor element 82a is connected to the pair of legs 82.
One commutation circuit 80 may be provided, or a plu-
rality of commutation circuits may be connected in series.
In the example shown in FIG. 1, one commutation circuit
80 is provided.

[0072] FIG. 11 is a perspective view schematically
showing the commutation device of the first embodiment.
[0073] AsshowninFIGS.1,9and 11, the commutation
reactor 86 is connected in series to the commutation cir-
cuit 80 via a bus bar 92. The commutation reactor 86
adjusts a discharge time of the capacitor 84 of the com-
mutation circuit 80.

[0074] As shown in FIG. 11, a first connection point
C1, asecond connection point C2, and a third connection
point C3 are formed in a series of circuits formed by the
commutation circuit 80 and the commutation reactor 86.
The first connection point C1 is an electrical connection
point between the commutation circuit 80 and the com-
mutation reactor 86. The second connection point C2 is
formed at one of both end portions of the commutation
reactor 86 on the side opposite to the first connection
point C1. The third connection point C3 is formed at one
of both end portions of the commutation circuit 80 on the
side opposite to the first connection point C1.

[0075] As shown in FIGS. 1 and 9, for example, the
commutation device support plate 88 is formed of an in-
sulating material such as fiber reinforced plastic or a met-
al material such as an aluminum alloy. The commutation
device support plate 88 is formed so that both ends of
the commutation circuit 80 are insulated, the commuta-
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tion circuit 80 is insulated from the commutation reactor
86 by the other than the bus bar 92, and the commutation
circuit 80 and the commutation reactor 86 can be sup-
ported by the insulating column 90.

[0076] The insulating column 90 is formed of, for ex-
ample, an insulator, a polymer, or fiber reinforced plastic.
The insulating column 90 stands on the foundation 5.
The insulating column 90 extends in the vertical direction.
The respective insulating columns 90 support corner por-
tions of the commutation device support plate 88. The
insulating column 90 mechanically connects the commu-
tation device support plate 88 to the foundation 5 while
electrically insulating the commutation device support
plate 88 from the foundation 5. The length of the insulat-
ing column 90 is set so that the commutation circuit 80
and the commutation reactor 86 can be electrically insu-
lated from the ground when the power is applied.
[0077] The commutation device supportplate 88 is dis-
posed above the semiconductor switching part 3. Also,
the insulating column 90 of the commutation device 4 is
shared with the insulating column 62 of the semiconduc-
tor switching part 3. As a result, the commutation device
4 is stacked on an upper portion of the semiconductor
switching part 3. In this case, the insulating column 90
electrically insulates the commutation circuit 80 and the
commutation reactor 86 from the semiconductor switch-
ing unit60. The length of a portion of the insulating column
90 provided between the commutation device support
plate 88 and the semiconductor switching unit 60 dis-
posed immediately below the commutation device sup-
port plate 88 is set so that the commutation circuit 80 and
the commutation reactor 86 can be electrically insulated
from the semiconductor switching unit 60 when the power
is interrupted.

[0078] FIG. 12is a circuit diagram schematically show-
ing the direct-current circuit breaker of the first embodi-
ment. In FIG. 12, a plurality of high voltage contacts 14A
connected in series with each other are illustrated as one
high voltage contact 14A. Further, in FIG. 12, the pair of
currentinterrupting contacts 14B connected in series with
each other are illustrated as one current interrupting con-
tact 14B. Also, FIG. 12 shows only a pair of semiconduc-
tor modules 64 connected in series among the plurality
of semiconductor modules 64 connected in series.
[0079] AsshowninFIGS. 2 and 12, a series of circuits
formed by the commutation circuit 80 and the commuta-
tion reactor 86 are connected in parallel to the current
interrupting contact 14B. The commutation circuit 80 is
connected to the high voltage contact 14A side from the
commutation reactor 86. Specifically, the second con-
nection point C2 of the commutation device 4 and the
first connection point A1 of the mechanical contact mod-
ule 34 are electrically connected by a bus bar 94. Further,
the third connection point C3 of the commutation device
4 and the third connection point A3 of the mechanical
contact module 34 are electrically connected by a bus
bar 95.

[0080] The semiconductor module 64 is connected in
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parallel to a series of circuits formed by the high voltage
contact 14A and the commutation circuit 80. Specifically,
the first connection point B1 of the semiconductor switch-
ing part 3 and the second connection point A2 of the
mechanical contact module 34 are electrically connected
by a bus bar 96. In addition, the second connection point
B2 of the semiconductor switching part 3 and the first
connection point C1 of the commutation device 4 are
electrically connected by a bus bar 97.

[0081] Subsequently, anoperation ofthe direct-current
circuit breaker 1 will be described with reference to FIGS.
1to 12.

[0082] When the power is normally transmitted in the
direct-current transmission system, a transmission cur-
rent flows to the mechanical contact module 34. In this
state, no current flows to the semiconductor module 64,
the commutation circuit 80, and the commutation reactor
86. Further, the capacitor 84 of the commutation circuit
80 is charged in advance by a power feeding device (not
shown) capable of supplying power while electrically in-
sulating the ground and the commutation circuit 80 from
each other.

[0083] When afault current is generated in the direct-
current transmission system, the fault current is detected
by the control device (not shown), an accident interrup-
tioncommand is givento the direct-current circuit breaker
1, and the mechanical contact parts 16, 36 in the high
voltage contact 14A and the current interrupting contact
14B of the mechanical contact module 34 are opened.
Specifically, an opening operation command is given to
the control part 31 by the control device (not shown), the
power is supplied from the power supply part 30, and the
operation mechanisms 27, 47 of the unitary switching
parts 14 are driven, and thus each of the unitary switching
parts 14 are opened. At this time, in each of the mechan-
ical switching units 10, since the pair of operation rods
26,46 operate in opposite directions on the same straight
line, an impact force and a reaction which occur in the
operation mechanisms 27, 47 are offset.

[0084] In addition, when the unitary switching parts 14
are opened, the semiconductor element 82a of the com-
mutation circuit 80 is turned on (a power applied state),
and an electric charge of the capacitor 84 is discharged.
When the electric charge of the capacitor 84 is dis-
charged, a current of the current interrupting contact 14B
connected in parallel to the commutation circuit 80 de-
creases, and a current zero point is generated at the cur-
rent interrupting contact 14B. Therefore, an arc is extin-
guished at the current interrupting contact 14B, and the
commutation is completed. In this state, the fault current
flows through the high voltage contact 14A, the commu-
tation circuit 80 and the commutation reactor 86.
[0085] Next, the semiconductor element 65a of the
semiconductor module 64 is turned on, and the semicon-
ductor element 82a of the commutation circuit 80 is
switched off. Thus, the fault current is commutated to the
semiconductor module 64 connected in parallel to the
commutation circuit 80. In this state, the fault current
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flows through the semiconductor module 64 and the com-
mutation reactor 86.

[0086] Next, after insulation recovery of the high volt-
age contact 14A is awaited, the semiconductor element
65a of the semiconductor module 64 is switched off.
When the semiconductor element 65a of the semicon-
ductor module 64 is switched off, the fault currentis com-
mutated to the surge absorber 68 connected in parallel
to the semiconductor element 65a. Thus, the fault current
is absorbed in the surge absorber 68, and the interruption
of the fault current in the direct-current transmission sys-
tem is completed.

[0087] In the embodiment, a constitution in which the
mechanical switching part 2 has the unitary switching
part 14 including the mechanical contact parts 16, 36
which have the fixed contacts 17, 37 and the movable
contacts 18, 38 and are electrically insulated from the
ground, the sealed containers 20, 40 which enclose the
mechanical contact parts 16, 36 and an insulating gas
and are electrically insulated from the ground, the oper-
ation rods 26, 46 connected to the movable contacts 18,
38, and the operation mechanisms 27, 47 connected to
the operation rods 26, 46 and provided at the same po-
tential as the movable contacts 18, 38 of the mechanical
contact parts 16, 36 is adopted.

[0088] With such a constitution, since the sealed con-
tainers 20, 40 are not grounded to the ground, the insu-
lation between the sealed containers 20, 40 and the me-
chanical contact parts 16, 36 can be omitted. Therefore,
the sealed containers 20, 40 can be downsized, and an
increase in size of the unitary switching part 14 can be
curbed as compared with a case in which the sealed con-
tainer is electrically insulated from the mechanical con-
tact part by being grounded to the ground, or the like.
Further, even when the plurality of unitary switching parts
14 are connected in series to improve the interrupting
performance as the voltage is increased, the increase in
size of all the unitary switching parts 14 connected in
series can be curbed. Accordingly, itis possible to provide
the direct-current circuit breaker 1 which is easy to in-
crease the voltage and can curb the increase in size.
[0089] Further, with such a constitution, since the
sealed containers 20, 40 and the operation mechanisms
27, 47 are not grounded to the ground, the insulation of
the operation rods 26, 46 interposed between the me-
chanical contact parts 16, 36 and the operation mecha-
nisms 27, 47 can be omitted, and an increase in length
of the operation rods 26, 46 can be curbed as compared
with a case in which the operation mechanism is electri-
cally insulated from the mechanical contact part by being
grounded to the ground, or the like. Thus, an increase in
mass of the mobile parts of the operation mechanisms
27, 47 is curbed, and a decrease in the opening speed
of the mechanical contact parts 16, 36 can be curbed.
Therefore, it is possible to provide the direct-current cir-
cuit breaker 1 capable of securing responsiveness of the
interrupting operation.

[0090] Further, the pair of unitary switching parts 14 in
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each of the mechanical switching units 10 are disposed
so that the respective operation rods 26, 46 operate on
the same straight line by the operation mechanisms 27,
47, and the operating directions of the operation rods 26,
46 by the operation mechanisms 27, 47 are opposite to
each other.

[0091] With such a constitution, when the operation
rods 26, 46 are operated on the mechanical switching
part support plate 33 of each of the mechanical switching
units 10, the impact force and the reaction generated on
the operation mechanisms 27, 47 can be offset. Thus, it
is possible to curb occurrence of a bending moment in
the insulating columns 12 which support the mechanical
switching units 10 when the operation mechanisms 27,
47 are operated. Therefore, vibration of the mechanical
switching part 2 can be curbed, and the excessive in-
crease in size of the insulating column 12, the increase
in the number of supporting structures, and the increase
in weight thereof can be curbed.

[0092] Further, the pair of unitary switching parts 14
disposed on the mechanical switching part support plate
33 are disposed so that the respective operation mech-
anisms 27, 47 face each other and come into contact
with each other.

[0093] As compared with the constitution in which the
respective sealed containers 20 face each other and
come into contact with each other, according to the above
a constitution, in a situation in which the impact force and
the reaction which occur in the operation mechanisms
27, 47 when the operation rods 26, 46 are operated are
offset, the impact force and the reaction are not offset
via the sealed container 20 that has a relatively low
strength and is formed of the bushing but can be offset
directly between the operation mechanisms 27, 47 that
have a relatively high strength and are formed of a metal
material. Thus, application of a large force to the sealed
container 20 can be prevented. Accordingly, damage to
the unitary switching parts 14 can be curbed, and relia-
bility of the mechanical switching unit 10 can be im-
proved.

[0094] Further, at least a part of the sealed containers
20, 40 of the pair of unitary switching parts 14 disposed
on the mechanical switching part support plate 33 is dis-
posed outside of the mechanical switching part support
plate 33 in the horizontal direction. The mechanical
switching part support plate 33 is formed of a metal ma-
terial. The movable contacts 18, 38 of the mechanical
contact parts 16, 36, the operation mechanisms 27, 47,
and the mechanical switching part support plate 33 are
provided at the same potential.

[0095] With such a constitution, While the operation
mechanisms 27, 47 are brought close to the mechanical
switching part support plate 33, portions (the first flanges
22, 42) of the sealed containers 20, 40 at the same po-
tential as that of the fixed contacts 17, 37 can be moved
away from the mechanical switching part support plate
33. Therefore, as compared with a case in which the
whole of the sealed containers 20, 40 is disposed at the
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position in which the sealed containers 20, 40 overlap
the mechanical switching part support plate 33 in the hor-
izontal direction, the unitary switching parts 14 and the
mechanical switching part support plate 33 can be
brought close to each other in the vertical direction while
the mechanical switching part support plate 33 and the
portion of the sealed containers 20, 40 having the same
potential as that of the fixed contacts 17, 37 are insulated.
Therefore, an increase in the size of the mechanical
switching part 2 in the vertical direction can be curbed,
and the bending moment generated in the insulating col-
umn 12 which supports the mechanical switching unit 10
can be curbed.

[0096] Further, since the plurality of mechanical
switching units 10 are stacked in multiple stages with
respect to the insulating column 12, an installation area
of the direct-current circuit breaker 1 can be reduced as
compared with the case in which the mechanical switch-
ing units are disposed side by side. The same operation
and effect can be obtained also in that the plurality of
semiconductor switching units 60 are stacked in multiple
stages with respect to the insulating column 62. Further,
the same operation and effect can be obtained also in
that the commutation device 4 is stacked on the upper
portion of the semiconductor switching part 3.

[0097] Further, in each of the plurality of mechanical
switching units 10, atleast a part of the sealed containers
20, 40 of each of the pair of unitary switching parts 14
are disposed outside of the mechanical switching part
support plate 33 in the horizontal direction.

[0098] With such a constitution, in the mechanical
switching part 2, since all the unitary switching parts 14
are connected in series with each other simply by stack-
ing the mechanical switching units 10 in multiple stages
in the vertical direction and connecting the first flanges
22, 42 of the sealed containers 20, 40 adjacent to each
other in the vertical direction with the inter-unit bus bar
52, the voltage can be easily increased.

[0099] Further, according to the constitution of the em-
bodiment, the bus bar 52 may also be installed with a
sufficient insulation distance from the mechanical switch-
ing part support plate 33.

[0100] Further, the operation mechanisms 27, 47 of
the pair of unitary switching parts 14 disposed on the
mechanical switching part support plate 33 are disposed
to be opposed to and in contact with each other. There-
fore, when the operation rods 26, 46 are operated, the
impact force and the reaction generated in the operation
mechanisms 27, 47 can be offset more effectively.
[0101] Further, both of the pair of unitary switching
parts 14 disposed on the mechanical switching part sup-
port plate 33 constitute only one of the high voltage con-
tact 14A and the current interrupting contact 14B. There-
fore, when the operation rods 26, 46 in the pair of unitary
switching parts 14 are operated, the impact force and the
reaction generated in the operation mechanisms 27, 47
can be made equal to each other. Thus, the impact force
and the reaction can be offset more effectively.
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[0102] Further, the operation mechanisms 27, 47 are
disposed outside of the sealed containers 20, 40. There-
fore, maintainability of the operation mechanisms 27, 47
can be improved as compared with a case in which the
operation mechanism is disposed in the inside of the
sealed container.

[0103] Further, in the above-described first embodi-
ment, although the mechanical contact part 16 of the uni-
tary switching part 14 constituting the high voltage con-
tact 14A is a gas contact, the present invention is not
limited thereto. For example, as shown in FIG. 13, the
mechanical contact part 36 of the unitary switching part
14 constituting the high voltage contact 14A may be a
vacuum interrupter having a withstand voltage perform-
ance equivalent to that of the mechanical contact part 16
in the first embodiment.

[0104] Further, in the above-described first embodi-
ment, although the pair of current interrupting contacts
14B are provided in the mechanical switching part 2, the
presentinvention is not limited thereto. At least one cur-
rent interrupting contact 14B may be provided in the me-
chanical switching part 2. As an example of the consti-
tution in which one current interrupting contact 14B is
provided in the mechanical switching part, the uppermost
mechanical switching unit 10 may include both the high
voltage contact 14A and the current interrupting contact
14B. Also, in this case, the pair of unitary switching parts
14 are preferably disposed so that the respective oper-
ation rods 26, 46 operate on the same straight line by
the operation mechanisms 27, 47 and the operating di-
rections of the operation rods 26, 46 by the operation
mechanisms 27, 47 are opposite to each other. Thus, as
described above, the vibration of the mechanical switch-
ing part can be curbed, and the excessive increase in
size of the insulating column 12, the increase of the
number of supporting structures, and the increase in
weight thereof can be curbed.

[0105] Further, in the above-described first embodi-
ment, although six high voltage contacts 14A are provid-
ed in the mechanical switching part 2, the invention is
not limited thereto. At least one high voltage contact 14A
may be provided in the mechanical switching part 2.

(Second embodiment)

[0106] FIG. 14 is a front view schematically showing a
mechanical switching part according to a second embod-
iment. In FIG. 14, illustration of the power supply part 30
and the control part 31 (refer to FIGS. 1 and 3) of each
of the mechanical switching unit 10 is omitted.

[0107] The second embodiment shown in FIG. 14 is
different from the first embodiment in that the current in-
terrupting contact 14B is disposed so that the operating
direction of the operation rod 46 by the operation mech-
anism 47 follows an extending direction (that is, the ver-
tical direction) of the insulating column 12.

[0108] AsshowninFIG. 14,the uppermost mechanical
switching unit 10 includes one current interrupting con-
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tact 14B, the power supply part and the control part which
are notshown, and the mechanical switching part support
plate 33 on which the current interrupting contact 14B
(the unitary switching part 14), the power supply partand
control part are fixedly disposed. The current interrupting
contact 14B is placed longitudinally. That is, the current
interrupting contact 14B is disposed so that the above-
described second direction follows the vertical direction.
The operation rod 46 is disposed to extend in the vertical
direction. The operation mechanism 47 is located be-
tween the sealed container 40 and the mechanical
switching part support plate 33 and is fixed to the me-
chanical switching part support plate 33.

[0109] With such a constitution, since the operating di-
rection of the operation rod 46 follows the extending di-
rection of the insulating column 12, it is possible to curb
the occurrence of the bending moment in the insulating
column 12 due to the impact force and the reaction gen-
erated in the operation mechanism 47 at the time of the
opening operation of the currentinterrupting contact 14B.
Therefore, the vibration of the mechanical switching part
2 can be curbed, and the excessive increase in size of
the insulating column 12, the increase in the number of
supporting structures, and the increase in weight thereof
can be curbed.

[0110] In the second embodiment shown in FIG. 14,
although the mechanical switching units 10 are stacked
in two stages, the presentinvention is not limited thereto,
and the mechanical switching units 10 may be stacked
in three or more stages.

[0111] Further, in the second embodiment, although
the constitution in which the current interrupting contact
14B is longitudinally disposed has been described, the
present invention is not limited thereto, and the high volt-
age contact 14A may be disposed longitudinally.

(Third embodiment)

[0112] FIG. 15is a front view schematically showing a
mechanical switching part according to a third embodi-
ment. In FIG. 15, illustration of the power supply part 30
and the control part 31 (refer to FIGS. 1 and 3) of a me-
chanical switching unit 110 is omitted.

[0113] The third embodiment as shown in FIG. 15 is
different from the above-described embodiments in that
the pair of unitary switching parts 14 are directly support-
ed by the insulating column 12.

[0114] As shown in FIG. 15, the mechanical switching
unit 110 includes the pair of unitary switching parts 14,
the power supply part and the control unit which are not
shown, and a connection member 53 which connects the
high voltage contact 14A with the current interrupting
contact 14B. The first unitary switching part 14 consti-
tutes the high voltage contact 14A. The second unitary
switching part 14 constitutes the current interrupting con-
tact 14B. The high voltage contact 14A and the current
interrupting contact 14B are longitudinally disposed on
the insulating column 12. The high voltage contact 14A
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is fixedly disposed on the insulating column 12 so that
the above-described first direction follows the vertical di-
rection. The operation rod 26 is disposed to extend in the
vertical direction. The operation mechanism 27 is located
between the sealed container 20 and an upper end por-
tion of the insulating column 12 and is fixed to the insu-
lating column 12. Further, the currentinterrupting contact
14B is fixedly disposed on the insulating column 12 so
that the above-described second direction follows the
vertical direction. The operation rod 46 is disposed to
extendin the vertical direction. The operation mechanism
47 is located between the sealed container 40 and the
upper end portion of the insulating column 12 and is fixed
to the insulating column 12.

[0115] The connection member 53 is formed of a con-
ductive metal material or the like. The connection mem-
ber 53 is disposed between the high voltage contact 14A
and the current interrupting contact 14B. The connection
member 53 mechanically and electrically connects the
second flange 23 of the unitary switching part 14 consti-
tuting the high voltage contact 14A with the second flange
43 of the unitary switching part 14 constituting the current
interrupting contact 14B. Thus, the pair of unitary switch-
ing parts 14 are electrically connected in series to each
other and mechanically fixed to each other.

[0116] With such a constitution, since the unitary
switching part 14 is directly supported by the insulating
column 12, the constitution of the mechanical switching
part having the mechanical switching unit 110 can be
simplified.

[0117] Further, in the unitary switching part 14, since
the operating direction of the operation rod 46 follows the
extending direction of the insulating column 12, it is pos-
sible to curb the occurrence of the bending moment in
the insulating column 12 due to the impact force and the
reaction generated in the operation mechanisms 27, 47
at the time of the opening operation of the unitary switch-
ing part 14, as in the above-described second embodi-
ment. Thus, the vibration of the mechanical switching
part having the mechanical switching unit 110 can be
curbed, and the excessive increase in size of the insu-
lating column 12, the increase of the number of support-
ing structures, and the increase in weight thereof can be
curbed.

[0118] Furthermore, since the pair of unitary switching
parts 14 are mechanically fixed to each other by the con-
nection member 53, the vibration of the mechanical
switching part having the mechanical switching unit 110
can be curbed more reliably.

[0119] Also, in the above-described third embodiment,
although the case in which the high voltage contact 14A
and the current interrupting contact 14B are constituted
by the pair of unitary switching parts 14 directly supported
by the insulating column 12 has been described as an
example, the presentinventionis notlimited thereto. Both
of the pair of unitary switching parts 14 directly supported
by the insulating column 12 may constitute the high volt-
age contact 14A, and both of the pair of unitary switching
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parts 14 may constitute the current interrupting contact
14B.

(Fourth embodiment)

[0120] FIG. 16 is a front view schematically showing a
mechanical switching part according to a fourth embod-
iment. In FIG. 16, illustration of the power supply part 30
and the control part 31 (refer to FIGS. 1 and 3) of the
mechanical switching unit 10 is omitted.

[0121] The fourth embodiment as shown in FIG. 16 is
different from the above-described embodiments in that
the insulating column 12 has a damping member 54
which absorbs vibration.

[0122] As shown in FIG. 16, the damping member 54
is disposed at the insulating column 12 between the me-
chanical switching part support plates 33 of the mechan-
ical switching units 10 adjacent to each other in the ver-
tical direction and at the insulating column 12 between
the mechanical switching part support plate 33 of the
lowermost mechanical switching unit 10 and the founda-
tion 5. Specifically, the damping members 54 are respec-
tively disposed at a connecting portion between the foun-
dation 5 and the insulating column 12 and a connecting
portion between an upper surface of each of the mechan-
ical switching part support plates 33 and the insulating
column 12. The damping member 54 absorbs the vibra-
tion transmitted through the insulating column 12. The
damping member 54 is, for example, an air damper (an
air spring) in which a bellows-shaped rubber member
containing air is sandwiched between metal plates, an
anti-vibration rubber, or the like.

[0123] With such a constitution, the vibration generat-
ed by the mechanical switching unit 10 is absorbed by
the damping member 54. Thus, itis possible to curb trans-
mission of the vibration generated in the mechanical
switching unit 10 to the other mechanical switching unit
10 along the insulating column 12. Further, since a force
in a bending direction of the insulating column 12 can be
absorbed by the damping member 54, the generation of
the bending moment in the insulating column 12 can be
curbed. Therefore, the vibration of the mechanical
switching part 2 can be curbed, and the excessive in-
crease in size of the insulating column 12, the increase
in the number of supporting structures, and the increase
in weight thereof can be curbed.

[0124] In the example shown in FIG. 16, although the
damping members 54 are respectively disposed at the
connecting portion between the foundation 5 and the in-
sulating column 12 and the connecting portion between
the upper surface of each of the mechanical switching
part support plates 33 and the insulating column 12, the
present invention is limited thereto. For example, the
damping members may be disposed at a connection por-
tion between a lower surface of each of the mechanical
switching part support plates 33 and the insulating col-
umn 12.
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(Fifth embodiment)

[0125] FIG. 17 is a front view schematically showing a
mechanical switching part according to a fifth embodi-
ment. In FIG. 17, illustration of the power supply part 30
and the control part 31 (refer to FIGS. 1 and 3) of the
mechanical switching unit 10 is omitted.

[0126] The fifth embodiment as shown in FIG. 17 is
different from the above-described embodiments in that
the insulating column 12 is hung on the ceiling of a build-
ing 6.

[0127] As shown in FIG. 17, the direct-current circuit
breaker 1 is installed in the building 6 in consideration of
the maintainability, an influence of contamination, or the
like. The respective wall portions which constitutes the
building 6 is provided at a position which maintains an
insulation distance with respect to a high voltage part of
the direct-current circuit breaker 1.

[0128] The insulating column 12 is hung on the ceiling
of the building 6. The insulating column 12 has a joint 56
and supports the mechanical switching unit 10 in a rock-
able manner with respect to the building 6. The joint 56
is provided in a connecting portion between the insulating
column 12 and the ceiling of the building 6 and a con-
necting portion between the insulating column 12 and
the upper and lower surfaces of the mechanical switching
part support plate 33.

[0129] The length of the insulating column 12 is set to
be able to electrically insulate the mechanical switching
units 10 adjacent to each other in the vertical direction
when the power is interrupted and also to electrically in-
sulate the whole of the mechanical switching unit 10 from
the ground and the building 6 when the power is applied.
That is, the length of a portion of the insulating column
12 provided between the mechanical switching unit 10
located uppermost and the ceiling of the building 6 is set
to electrically insulate the whole of the mechanical
switching unit 10 from the building 6 when the power is
applied. Further, the entire length of the insulating column
12 is set to electrically insulate the entire mechanical
switching unit 10 from the foundation 5 when the power
is applied.

[0130] With such a constitution, since the insulating
column 12 supports each of the mechanical switching
units 10 from the upper side, even when a force in the
bending direction of the mechanical switching unit 10 acts
on the insulating column 12 from the mechanical switch-
ing unit 10, the force in the bending direction can be offset
by the gravity of the mechanical switching unit 10. There-
fore, as compared to the constitution in which each of
the insulating column 12is supported from the lower side,
the occurrence of the bending moment in the insulating
column 12 can be curbed more reliably. Thus, the vibra-
tion of the mechanical switching part 2 can be curbed,
and the excessive increase in size of the insulating col-
umn 12, the increase in the number of supporting struc-
tures, and the increase in weight thereof can be curbed.
[0131] Moreover, since the insulating column 12 sup-
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ports the mechanical switching units 10 in a rockable
manner with respect to the building 6, even when the
building 6 is vibrated due to an earthquake or the like,
the transmission of the vibration of the building 6 to the
mechanical switching units 10 can be reduced by rocking
the mechanical switching units 10 with respect to the
building 6. Accordingly, the vibration of the mechanical
switching part 2 can be curbed, and the excessive in-
crease in size of the insulating column 12, the increase
in the number of supporting structures, and the increase
in weight thereof can be curbed.

[0132] In the fifth embodiment, although the constitu-
tion in which the insulating column 12 of the mechanical
switching part 2 is hung on the ceiling of the building 6
has been described, the insulating column 62 of the sem-
iconductor switching part 3 and the insulating column 90
of the commutation device 4 may also be hung on the
ceiling of the building 6. Accordingly, the same operation
and effect as those in the case in which the insulating
column 12 of the mechanical switching part 2 is hung on
the ceiling of the building 6 can be achieved.

[0133] In each of the above-described embodiments,
although all of the mechanical switching units 10 are
stacked in the vertical direction, the present invention is
not limited thereto. For example, the plurality of mechan-
ical switching units 10 may be disposed in parallel in the
horizontal direction while being supported by the insulat-
ing columns 12.

[0134] Also, in each of the above-described embodi-
ments, although the mechanical switching part support
plate 33, the semiconductor switching part support plate
70, and the commutation device support plate 88 are
formed separately from each other, the presentinvention
is not limited thereto and may be constituted to share
each other. That is, the mechanical switching part sup-
port plate 33 may be integrated with at least one of the
semiconductor switching part support plate 70 and the
commutation device support plate 88. In this case, since
the vibration of the mechanical switching part 2 is curbed
as described above, the vibration of the semiconductor
switching part 3 and the commutation device 4 due to
the opening operation of the mechanical switching part
2 is curbed.

[0135] Also, in each of the above-described embodi-
ments, although the mechanical switching part 2 is dis-
posed in parallel to the semiconductor switching part 3
and the commutation device 4, the present invention is
not limited thereto. For example, the mechanical switch-
ing unit 10 may be stacked on the semiconductor switch-
ing unit 60 by sharing the insulating column 12 of the
mechanical switching part 2 and the insulating column
62 of the semiconductor switching part 3. Thus, a ground
area of the direct-current circuit breaker can be reduced.
In this case, as described above, since the vibration of
the mechanical switching part 2 is curbed, the vibration
of the semiconductor switching part 3 and the commuta-
tion device 4 due to the opening operation of the me-
chanical switching part 2 is curbed.
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[0136] Also, in each of the above-described embodi-
ments, although the operation rods 26, 46 and the sup-
port portions 28, 48 are entirely formed of a metal mate-
rial, the invention is not limited thereto.

[0137] For example, to reduce the power application
from the movable contacts 18, 38 to the operation mech-
anisms 27, 47 through the operation rods and the support
portions, some of the operation rods and the support por-
tions may be formed of an insulating material or a high
resistance material. Also, in this case, since a potential
difference between the movable contacts 18, 38 and the
operation mechanisms 27, 47 is small, the insulating por-
tion can be made small, and the increase in length of the
operation rod can be curbed as compared with a case in
which the operation mechanism is electrically insulated
from the mechanical contact part by being grounded on
the ground, or the like.

[0138] Furthermore, an insulating material may be in-
terposed between the operation mechanisms 27, 47 dis-
posed on the same mechanical switching part support
plate 33 and between the operation mechanisms 27, 47
and other members to electrically insulate them from
each other. In this case, since the current conduction
paths from the operation mechanisms 27, 47 to other
members other than the movable contacts 18, 38 are
eliminated, the power application from the movable con-
tacts 18, 38 to the operation mechanisms 27, 47 can be
curbed.

[0139] Furthermore, a shield which alleviates concen-
tration of an electric field may be appropriately installed
in the mechanical switching part 2, the semiconductor
switching part 3 and the commutation device 4 in each
of the above-described embodiments. For example, the
shield may be installed at an end portion of the unitary
switching part 14 or end portions of the mechanical
switching part support plate 33, the semiconductor
switching part support plate 70, and the commutation de-
vice support plate 88 which are likely to cause the con-
centration of the electric field. Thus, a distance required
to electrically insulate the respective portions of the me-
chanical switching part 2, the semiconductor switching
part 3, and the commutation device 4 can be shortened,
and the increase in size of the direct-current circuit break-
er 1 can be curbed. Accordingly, it is possible to provide
a direct-current circuit breaker capable of increasing the
voltage and curbing the increase in size.

[0140] Also, in each of the above-described embodi-
ments, although the mechanical switching part support
plate 33 is formed of a metal material, the presentinven-
tion is not limited thereto. The mechanical switching part
support plate may be formed of an insulating material
such as fiber reinforced plastic.

[0141] According to at least one of the above-de-
scribed embodiments, a mechanical switching part in-
cludes a mechanical switching unit having one pair of
unitary switching parts including a mechanical contact
part having a fixed contact and a movable contact and
electrically insulated from the ground, a sealed container
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which encloses the mechanical contact part and an in-
sulating gas and is electrically insulated from the ground,
an operation rod connected to the movable contact, and
an operation mechanism connected to the operation rod
and provided at the same potential as that of the movable
contact of the mechanical contact part; and an insulating
column which supports the mechanical switching unit.
The mechanical switching unit further includes a me-
chanical switching part support plate on which the pair
of unitary switching parts are disposed and which is sup-
ported by the insulating column. The pair of unitary
switching parts are disposed so that each of the operation
rods is operated on the same straightline by the operation
mechanism, operating directions of the operation rods
by the operation mechanism are opposite to each other,
and each of the operation mechanisms is disposed to
face each other. With such a constitution, it is possible
to provide a direct-current circuit breaker capable of eas-
ily increasing a voltage, curbing an increase in size and
ensuring responsiveness of an interrupting operation.

[0142] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form ofthe embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Claims

1. A direct-current circuit breaker comprising a me-
chanical switching part, a semiconductor switching
part, and a commutation device,
wherein the mechanical switching part includes:

at least one mechanical switching unit having at
least one unitary switching part including

a mechanical contact part which has a fixed
contact and a movable contact and is elec-
trically insulated from the ground,

a sealed container which encloses the me-
chanical contact part and an insulating gas
andis electrically insulated from the ground,
an operation rod which is connected to the
movable contact and extends from aninside
of the sealed container to outside thereof,
and

an operation mechanism which is connect-
ed to the operation rod, causes the movable
contact to be brought into contact with or
separated from the fixed contact and is pro-
vided at the same potential as that of the
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movable contact, and

an insulating column which supports the atleast
one mechanical switching unit,

the semiconductor switching part includes a semi-
conductor module including a semiconductor stack
in which a plurality of semiconductor elements are
connected in series, and a surge absorber connect-
ed in parallel to the semiconductor module,

the commutation device includes a commutation cir-
cuit constituted by connecting in parallel a pair of
legs formed by connecting one pair of semiconductor
elements in series with a capacitor, and a commu-
tation reactor connected in series to the commutation
circuit, the mechanical switching partincludes a cur-
rent interrupting contact, and a high voltage contact
having a withstand voltage performance higher than
or equivalent to that of the current interrupting con-
tact,

the at least one mechanical switching unit further
includes a mechanical switching part support plate
on which the at least one unitary switching part is
disposed and which is supported by the insulating
column,

the at least one unitary switching partincludes a first
unitary switching partand a second unitary switching
part,

the first unitary switching part constitutes one of the
currentinterrupting contact and the high voltage con-
tact,

the second unitary switching part constitutes one of
the current interrupting contact and the high voltage
contact,

the first unitary switching part and the second unitary
switching part are disposed so that the respective
operation rods are operated on the same straight
line by the operation mechanism, operating direc-
tions of the operation rods using the operation mech-
anism are opposite to each other, and the respective
operation mechanisms face each other,

at least a part of the sealed container of the first uni-
tary switching part is disposed outside of the me-
chanical switching part support plate in a horizontal
direction,

at least a part of the sealed container of the second
unitary switching part is disposed outside of the me-
chanical switching part support plate in a horizontal
direction,

the current interrupting contact and the high voltage
contact are connected in series to form a mechanical
contact module,

both ends of the mechanical contact module are con-
nected to a direct-current transmission system,

the commutation circuit and the commutation reactor
are connected in parallel to the current interrupting
contact,

the commutation circuit is connected to the high volt-
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age contact side from the commutation reactor, and
the semiconductor module is connected in parallel
to the high voltage contact and the commutation cir-
cuit.

The direct-current circuit breaker according to claim
1, wherein:

the at least one mechanical switching unit in-
cludes a plurality of mechanical switching units
stacked in multiple stages in a vertical direction
with respect to the insulating column,

the sealed container of the first unitary switching
part and the sealed container of the second uni-
tary switching part in each of the plurality of me-
chanical switching units are connected in series
to each other by an intra-unit bus bar,

the plurality of mechanical switching units in-
cludes a first mechanical switching unit and a
second mechanical switching unit adjacent to
each other in the vertical direction, and

a portion of the sealed container of the first uni-
tary switching part of the first mechanical switch-
ing unit which is disposed outside of the me-
chanical switching unit support plate in a hori-
zontal direction and a portion of the sealed con-
tainer of the second unitary switching part of the
second mechanical switching unit which is dis-
posed outside of the mechanical switching unit
support plate in the horizontal direction are con-
nected in series to each other by an inter-unit
bus bar.

The direct-current circuit breaker according to claim
1 or 2, wherein the mechanical switching part support
plate provided in the at least one mechanical switch-
ing unit is formed of a metal material and is provided
at the same potential as that of the operation mech-
anism.

The direct-current circuit breaker according to any
one of claims 1 to 3, wherein the operation mecha-
nism of the first unitary switching part and the oper-
ation mechanism of the second unitary switching part
are in contact with each other.

The direct-current circuit breaker according to any
one of claims 1 to 4, wherein both the first unitary
switching part and the second unitary switching part
constitute one of the high voltage contact and the
current interrupting contact.

The direct-current circuit breaker according to claim
1, wherein the unitary switching part is disposed so
that an operating direction of the operation rod using
the operation mechanism follows an extending di-
rection of the insulating column.
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7. The direct-current circuit breaker according to any
one of claims 1 to 6, wherein the insulating column
includes a damping member which absorbs vibra-
tion.

8. The direct-current circuit breaker according to any
one of claims 1 to 7, wherein:

the mechanical switching part is installed in a
building, and

the insulating column is hung on a ceiling of the
building.

9. The direct-current circuit breaker according to any
one of claims 1 to 8, wherein:

the semiconductor switching part includes a
semiconductor switching part support plate on
which at least one of the semiconductor module
and the surge absorber is disposed,

the commutation device includes a commutation
device support plate on which at least one of the
commutation circuit and the commutation reac-
tor is disposed, and

the mechanical switching part support plate is
integrated with at least one of the semiconductor
switching part support plate and the commuta-
tion device support plate.

10. A mechanical switching device for a direct-current
circuit breaker, comprising:

at least one mechanical switching unit having at
least one unitary switching part including

a mechanical contact part which has a fixed
contact and a movable contact and is elec-
trically insulated from the ground,

a sealed container which encloses the me-
chanical contact part and an insulating gas
and is electrically insulated from the ground,
an operation rod which is connected to the
movable contactand extendsfrom aninside
of the sealed container to outside thereof,
and

an operation mechanism which is connect-
ed to the operation rod, causes the movable
contact to be brought into contact with or
separated from the fixed contact and is pro-
vided at the same potential as that of the
movable contact;

an insulating column which supports the atleast
one mechanical switching unit; and
acurrentinterrupting contact, and a high voltage
contact having a withstand voltage performance
higher than or equivalent to that of the current
interrupting contact,
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wherein the at least one mechanical switching
unit further includes a mechanical switching part
support plate on which the at least one unitary
switching part is disposed and which is support-
ed by the insulating column,

the at least one unitary switching part includes
afirstunitary switching partand a second unitary
switching part,

the first unitary switching part constitutes one of
the current interrupting contact and the high volt-
age contact,

the second unitary switching part constitutes
one of the current interrupting contact and the
high voltage contact,

the first unitary switching part and the second
unitary switching part are disposed so that the
respective operation rods are operated on the
same straight line by the operation mechanism,
operating directions of the operation rods using
the operation mechanism are opposite to each
other, and the respective operation mechanisms
face each other,

at least a part of the sealed container of the first
unitary switching part is disposed outside of the
mechanical switching part support plate in a hor-
izontal direction,

at least a part of the sealed container of the sec-
ond unitary switching part is disposed outside
of the mechanical switching part support plate
in a horizontal direction,

the currentinterrupting contact and the high volt-
age contact are connected in series to form a
mechanical contact module, and

both ends of the mechanical contact module are
connected to a direct-current transmission sys-
tem.

11. A semiconductor switching device for a direct-cur-
rent circuit breaker, comprising:

a plurality of semiconductor switching units hav-
ing

a semiconductor module including a semi-
conductor stack in which a plurality of sem-
iconductor elements are connected in se-
ries;

a surge absorber connected in parallel to
the semiconductor module, and

a semiconductor switching part support
plate on which the semiconductor module
and the surge absorber are disposed; and
an insulating column which support the plu-
rality of semiconductor switching units,

wherein the plurality of semiconductor switching
units are stacked in multiple stages with respect
to the insulating column.
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Amended claims under Art. 19.1 PCT

1.

A direct-current circuit breaker comprising a me-
chanical switching part, a semiconductor switching
part, and a commutation device,

wherein the mechanical switching part includes:

at least one mechanical switching unit having at
least one unitary switching part including

a mechanical contact part which has a fixed
contact and a movable contact and is elec-
trically insulated from the ground,

a sealed container which encloses the me-
chanical contact part and an insulating gas
and is electrically insulated from the ground,
an operation rod which is connected to the
movable contactand extendsfrom aninside
of the sealed container to outside thereof,
and

an operation mechanism which is connect-
ed to the operation rod, causes the movable
contact to be brought into contact with or
separated from the fixed contact and is pro-
vided at the same potential as that of the
movable contact, and

an insulating column which supports the atleast
one mechanical switching unit,

the semiconductor switching part includes a semi-
conductor module including a semiconductor stack
in which a plurality of semiconductor elements are
connected in series, and a surge absorber connect-
ed in parallel to the semiconductor module,

the commutation device includes a commutation cir-
cuit constituted by connecting in parallel a pair of
legs formed by connecting one pair of semiconductor
elements in series with a capacitor, and a commu-
tation reactor connected in series to the commutation
circuit,

the mechanical switching part includes a current in-
terrupting contact, and a high voltage contact having
a withstand voltage performance higher than or
equivalent to that of the current interrupting contact,
the at least one mechanical switching unit further
includes a mechanical switching part support plate
on which the at least one unitary switching part is
disposed and which is supported by the insulating
column,

the at least one unitary switching partincludes a first
unitary switching partand a second unitary switching
part,

the first unitary switching part constitutes one of the
currentinterrupting contact and the high voltage con-
tact,

the second unitary switching part constitutes one of
the current interrupting contact and the high voltage
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contact,

the first unitary switching part and the second unitary
switching part are disposed so that the respective
operation rods are operated on the same straight
line by the operation mechanism, operating direc-
tions of the operation rods using the operation mech-
anism are opposite to each other, and the respective
operation mechanisms face each other,

at least a part of the sealed container of the first uni-
tary switching part is disposed outside of the me-
chanical switching part support plate in a horizontal
direction,

at least a part of the sealed container of the second
unitary switching part is disposed outside of the me-
chanical switching part support plate in a horizontal
direction,

the current interrupting contact and the high voltage
contact are connected in series to form a mechanical
contact module,

both ends of the mechanical contact module are con-
nected to a direct-current transmission system,

the commutation circuitand the commutation reactor
are connected in parallel to the current interrupting
contact,

the commutation circuit is connected to the high volt-
age contact side from the commutation reactor, and
the semiconductor module is connected in parallel
to the high voltage contact and the commutation cir-
cuit.

The direct-current circuit breaker according to claim
1, wherein:

the at least one mechanical switching unit in-
cludes a plurality of mechanical switching units
stacked in multiple stages in a vertical direction
with respect to the insulating column,

the sealed container of the first unitary switching
part and the sealed container of the second uni-
tary switching part in each of the plurality of me-
chanical switching units are connected in series
to each other by an intra-unit bus bar,

the plurality of mechanical switching units in-
cludes a first mechanical switching unit and a
second mechanical switching unit adjacent to
each other in the vertical direction, and

a portion of the sealed container of the first uni-
tary switching part of the first mechanical switch-
ing unit which is disposed outside of the me-
chanical switching unit support plate in a hori-
zontal direction and a portion of the sealed con-
tainer of the second unitary switching part of the
second mechanical switching unit which is dis-
posed outside of the mechanical switching unit
support plate in the horizontal direction are con-
nected in series to each other by an inter-unit
bus bar.
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The direct-current circuit breaker according to claim
1or 2, whereinthe mechanical switching part support
plate provided in the at least one mechanical switch-
ing unit is formed of a metal material and is provided
at the same potential as that of the operation mech-
anism.

The direct-current circuit breaker according to any
one of claims 1 to 3, wherein the operation mecha-
nism of the first unitary switching part and the oper-
ation mechanism of the second unitary switching part
are in contact with each other.

The direct-current circuit breaker according to any
one of claims 1 to 4, wherein both the first unitary
switching part and the second unitary switching part
constitute one of the high voltage contact and the
current interrupting contact.

The direct-current circuit breaker according to claim
1, wherein the unitary switching part is disposed so
that an operating direction of the operation rod using
the operation mechanism follows an extending di-
rection of the insulating column.

The direct-current circuit breaker according to any
one of claims 1 to 6, wherein the insulating column
includes a damping member which absorbs vibra-
tion.

The direct-current circuit breaker according to any
one of claims 1 to 7, wherein:

the mechanical switching part is installed in a
building, and

the insulating column is hung on a ceiling of the
building.

The direct-current circuit breaker according to any
one of claims 1 to 8, wherein:

the semiconductor switching part includes a
semiconductor switching part support plate on
which at least one of the semiconductor module
and the surge absorber is disposed,

the commutation device includes a commutation
device support plate on which at least one of the
commutation circuit and the commutation reac-
tor is disposed, and

the mechanical switching part support plate is
integrated with at least one of the semiconductor
switching part support plate and the commuta-
tion device support plate.

10. A mechanical switching device for a direct-current

circuit breaker, comprising:

at least one mechanical switching unit having at
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least one unitary switching part including

a mechanical contact part which has a fixed
contact and a movable contact and is elec-
trically insulated from the ground,

a sealed container which encloses the me-
chanical contact part and an insulating gas
andis electrically insulated from the ground,
an operation rod which is connected to the
movable contact and extends from aninside
of the sealed container to outside thereof,
and

an operation mechanism which is connect-
ed to the operation rod, causes the movable
contact to be brought into contact with or
separated from the fixed contact and is pro-
vided at the same potential as that of the
movable contact;

an insulating column which supports the at least
one mechanical switching unit; and

acurrent interrupting contact, and a high voltage
contact having a withstand voltage performance
higher than or equivalent to that of the current
interrupting contact,

wherein the at least one mechanical switching
unit further includes a mechanical switching part
support plate on which the at least one unitary
switching part is disposed and which is support-
ed by the insulating column,

the at least one unitary switching part includes
afirstunitary switching partand a second unitary
switching part,

the first unitary switching part constitutes one of
the currentinterrupting contact and the high volt-
age contact,

the second unitary switching part constitutes
one of the current interrupting contact and the
high voltage contact,

the first unitary switching part and the second
unitary switching part are disposed so that the
respective operation rods are operated on the
same straight line by the operation mechanism,
operating directions of the operation rods using
the operation mechanism are opposite to each
other, and the respective operation mechanisms
face each other,

at least a part of the sealed container of the first
unitary switching part is disposed outside of the
mechanical switching part support plate in a hor-
izontal direction,

at least a part of the sealed container of the sec-
ond unitary switching part is disposed outside
of the mechanical switching part support plate
in a horizontal direction,

the currentinterrupting contact and the high volt-
age contact are connected in series to form a
mechanical contact module, and
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both ends of the mechanical contact module are
connected to a direct-current transmission sys-
tem.

11. Deleted 5
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