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Description
Field
[0001] The present disclosure relates to a direct-cur-

rent circuit breaker including a lightning arrester.
Background

[0002] A direct-current circuit breaker forms a current
zero point by superimposing an oscillating current on a
direct current, and interrupts the direct current at the cur-
rent zero point. As the direct-current circuit breaker, a
direct-current circuit breaker of a forced-extinction type
is known which includes a resonance circuit including a
capacitor and a reactor and performs extinction by su-
perimposing a resonance current generated by dis-
charge of the capacitor on a direct current.

[0003] Patent Literature 1 discloses a direct-current
circuit breaker including a lightning arrester for suppress-
ing an overvoltage of a capacitor when interrupting a di-
rect current.

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-open No. S59-163722

Summary
Technical Problem

[0005] In a direct-current circuit breaker provided in a
power system for high voltage direct current (HVDC)
power transmission, energy processed by a lightning ar-
rester may reach MJ order. Therefore, alightning arrester
including a plurality of columns connected in parallel to
each other is used in the direct-current circuit breaker.
Each of the plurality of columns is a stack of a plurality
of nonlinear resistive elements. In the lightning arrester,
when an anomaly occurs in at least one or some of the
columns, an elevated temperature of the columnin which
the anomaly has occurred may lead to a failure, which is
a state where it is difficult to perform a normal energy
process. The conventional direct-current circuit breaker
disclosed in Patent Literature 1 cannot obviate a failure
of the lightning arrester, which is a problem.

[0006] The present disclosure has been made in view
of the above, and an object thereof is to obtain a direct-
current circuit breaker capable of obviating a failure of a
lightning arrester.

Solution to Problem

[0007] To solve the above problems and achieve the
object a direct-current circuit breaker according to the
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present disclosure includes a circuit breaker adapted to
interrupt a direct current flowing through a direct-current
line, the direct-current circuit breaker comprising: a res-
onant circuit including a capacitor, a reactor, and a switch
connected in series to each other; a lightning arrester
including a plurality of columns each including a stack of
a plurality of nonlinear resistive elements, the lightning
arrester being connected in parallel to the capacitor; an
operation processor adapted to control an opening op-
eration and a closing operation by each of the circuit
breaker and the switch; a monitor adapted to monitor
presence or absence of an anomaly in each of the plu-
rality of columns; and a lock processor adapted to lock
operations of the circuit breaker and the switch controlled
by the operation processor in a case where there is an
anomaly in at least one or some columns out of the plu-
rality of columns.

Advantageous Effects of Invention

[0008] The direct-current circuit breaker according to
the present disclosure achieves an effect that it is possi-
ble to obviate a failure of a lightning arrester.

Brief Description of Drawings
[0009]

FIG. 1 is a diagram illustrating a configuration of a
direct-current circuit breaker according to a first em-
bodiment.

FIG. 2 is a side view of a lightning arrester included
in the direct-current circuit breaker according to the
first embodiment.

FIG. 3 is a top view of the lightning arrester included
in the direct-current circuit breaker according to the
first embodiment.

FIG. 4 is a view illustrating a schematic configuration
of a column constituting the lightning arrester illus-
trated in FIGS. 2 and 3.

FIG.5is adiagramfor explaining a process of energy
performed by the lightning arrester illustrated in
FIGS. 2 and 3.

FIG. 6 is a block diagram illustrating a control circuit
included in the direct-current circuit breaker accord-
ing to the first embodiment.

FIG. 7 is a view for explaining an operation of the
direct-current circuit breaker in a case where an
anomaly has occurred in one or some of a plurality
of columns constituting the lightning arrester illus-
trated in FIGS. 2 and 3.

FIG. 8 is a flowchart illustrating an operation proce-
dure of the direct-current circuit breaker according
to the first embodiment.

FIG. 9 is a view for explaining an operation by the
direct-current circuit breaker according to a second
embodiment.

FIG. 10 is a flowchart illustrating an operation pro-
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cedure of the direct-current circuit breaker according
to the second embodiment.

FIG. 11 is a first diagram illustrating an example of
a hardware configuration of the control circuit includ-
ed in the direct-current circuit breaker according to
the first or second embodiment.

FIG. 12 is a second diagram illustrating an example
of the hardware configuration of the control circuit
included in the direct-current circuit breaker accord-
ing to the first or second embodiment.

Description of Embodiments

[0010] Hereinafter, a direct-current circuit breaker ac-
cording to each embodiment will be described in detail
with reference to the drawings. The present disclosure
is not limited to the embodiments.

First Embodiment.

[0011] FIG. 1 is a diagram illustrating a configuration
of a direct-current circuit breaker according to a first em-
bodiment. A direct-current circuit breaker 1 according to
the firstembodimentis a mechanical direct-current circuit
breaker (DCCB) including mechanical components. The
direct-current circuit breaker 1 is provided on a direct-
current line 2 of a power system. In the first embodiment,
the power system is a power system that performs HVDC
power transmission. The direct-current circuit breaker 1
interrupts a direct current upon occurrence of an accident
such as short-circuit or earth fault in the direct-current
line 2, thereby protecting the power system. The direct-
current circuit breaker 1 interrupts the direct current at a
currentzero pointformed by superimposing an oscillating
current on a direct current flowing through the direct-cur-
rent line 2.

[0012] The direct-current circuit breaker 1 includes: a
circuit breaker 3 provided on the direct-current line 2; a
capacitor 4, a reactor 5 and a high-speed switch 6 that
constitute a resonance circuit; a lightning arrester 7 for
suppressing an overvoltage to a voltage level based on
a withstand voltage specification of a DCCB; and a con-
trol circuit 8 that controls the entirety of the direct-current
circuit breaker 1. The capacitor 4, the reactor 5, and the
high-speed switch 6 are connected in series to each oth-
er. The capacitor 4, the reactor 5, and the high-speed
switch 6 are connected in parallel to the circuit breaker
3. The lightning arrester 7 is connected in parallel with
the capacitor 4 and the high-speed switch 6.

[0013] At the above-described current zero point
formed by the oscillating current and the direct current
canceling each other, the circuit breaker 3 interrupts the
direct current. That is, the circuit breaker 3 interrupts the
direct current by forced extinction. The circuit breaker 3
is a circuit breaker capable of performing high-speed cur-
rent interruption, and is, for example, a vacuum circuit
breaker (VCB). The capacitor 4 and the reactor 5 gener-
ate an oscillating current by discharging of the capacitor
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4. The high-speed switch 6 is a switch that performs clos-
ing for forming a current zero point.

[0014] The direct-current line 2 includes a current
transformer 9 that detects an accident current which is a
direct-current flowing when an accident occurs. The cur-
rent transformer 9 outputs a detection result of the acci-
dent current to the control circuit 8. A device other than
the current transformer 9 may be used as the device that
detects the accident current. The control circuit 8 outputs
a command for an opening operation and a command
for a closing operation to each of the circuit breaker 3
and the high-speed switch 6. The control circuit 8 sends
a signal indicating conditions of the direct-current circuit
breaker 1 to a control panel which is a device outside the
direct-current circuit breaker 1. The control panel is not
illustrated. The destination of the signal transmitted from
the control circuit 8 may be a device other than the control
panel.

[0015] When in a steady state, i.e., when the power
system is in a steady state, the circuit breaker 3 is closed
and the high-speed switch 6 is open. The capacitor 4 is
charged by a direct-current voltage in the steady state,
an external power supply, or the like. When an accident
occurs, the circuit breaker 3 performs the opening oper-
ation and the high-speed switch 6 performs the closing
operation. When the high-speed switch 6 is closed, elec-
tric charges from the capacitor 4 are discharged to a loop
including the high-speed switch 6, the capacitor 4, the
reactor 5, and the circuit breaker 3. When the electric
charges are discharged from the capacitor 4, an oscillat-
ing current that passes through the reactor 5, the circuit
breaker 3, and the high-speed switch 6 flows from the
capacitor 4. As a result, the direct-current circuit breaker
1 superimposes, on an accident current at the circuit
breaker 3, the oscillating current in a direction opposite
to the direction of the direct current, which is the accident
current. When the current zero point is formed by super-
imposing the oscillating current on the accident current,
the extinction of arc is completed in the circuit breaker 3
during the opening operation. The lightning arrester 7
suppresses an overvoltage generated after the extinction
of arc by the circuit breaker 3.

[0016] Next, a configuration of the lightning arrester 7
will be described. FIG. 2 is a side view of the lightning
arrester included in the direct-current circuit breaker ac-
cording to the first embodiment. FIG. 3 is a top view of
the lightning arrester included in the direct-current circuit
breaker according to the first embodiment. The lightning
arrester 7 includes a plurality of columns 20 arranged in
an array in a horizontal direction. In the example illustrat-
ed in FIG. 3, the lightning arrester 7 includes 12 columns
20. As the number of columns 20 constituting the lightning
arrester 7, any number thereof may be employed. The
plurality of columns 20 are connected in parallel to each
other.

[0017] An upper end of each of the plurality of columns
20 is attached to an upper plate 21. A lower end of each
of the plurality of columns 20 is attached to a lower plate
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22. The plurality of columns 20 in a state of being attached
tothe upper plate 21 and the lower plate 22 are supported
by supports 23. Below the plurality of columns 20 sup-
ported by the supports 23, a space is provided which is
capable of accommodating the column 20 separated
from the upper plate 21 and the lower plate 22.

[0018] FIG. 4 is a view illustrating a schematic config-
uration of the column constituting the lightning arrester
illustrated in FIGS. 2 and 3. The column 20 includes: a
stack of a plurality of nonlinear resistive elements 24; a
container 25 in which the stack is accommodated; an
electrode 26 on a power supply side connected to an
upper end of the stack; and an electrode 27 on a ground
side connected to a lower end of the stack. The nonlinear
resistive elements 24 are each a sintered body containing
zinc oxide as a main component. The plurality of nonlin-
ear resistive elements 24 constituting the stack are con-
nected in series to each other. The container 25 is a con-
tainer made of an insulating material, and is a porcelain
hollow insulator or a polymer hollow insulator. FIG. 4 il-
lustrates a cross section through each of the plurality of
nonlinear resistive elements 24 of the column 20.
[0019] FIG. 5 is a diagram for explaining a process of
energy performed by the lightning arrester illustrated in
FIGS. 2 and 3. Current I is a current flowing through
the circuit breaker 3. Voltage Vg is a voltage applied to
the circuit breaker 3. Energy E is energy processed by
the lightning arrester 7. In FIG. 5, respective changes in
current I-g, voltage Vg, and energy E after the occur-
rence of an accident are indicated by graphs. In the graph
of current g, a broken line indicates a current waveform
in a case where the circuit breaker 3 is assumed to be in
a closed state. Such a current waveform is a current
waveform obtained by combining a direct current and a
resonance current.

[0020] After the occurrence of the accident at time t4,
an accident current larger than a current in the steady
state flows through the direct-current line 2, and thereby
current Icg increases. The circuit breaker 3 performs the
opening operation at any time between time t; and time
t,. Attimet,, the high-speed switch 6 performs the closing
operation. The direct-current circuit breaker 1 forms a
current zero point by superimposing, on the accident cur-
rent, an oscillating current generated in the resonance
circuit by the high-speed switch 6 being closed. As a re-
sult, the direct-current circuit breaker 1 forcibly interrupts
the accident current.

[0021] By forcibly interrupting the accident current,
electromagnetic energy remains in the system, the elec-
tromagnetic energy being expressed as 1/2xLI2 where
L denotes inductance and | denotes current. The lightning
arrester 7 starts processing energy from time t; when
voltage Vg has risen to a certain voltage value. The
lightning arrester 7 processes energy from time t5 to time
t4, and thereby the lightning arrester 7 suppresses an
increase in voltage Vp.

[0022] The lightning arrester 7 is designed such that a
current uniformly flows to each column 20 in a period in
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which energy is processed. However, currents flowing
through the columns 20 may vary due to a difference in
characteristics such as impedance unique to each col-
umn 20. As the number of columns 20 constituting the
lightning arrester 7 increases, there is a higher possibility
that the column 20 in which a magnitude of a current
flowing therethrough is different from magnitudes of cur-
rents flowing through other columns 20 is included in the
plurality of columns 20. Therefore, as the number of col-
umns 20 increases, there is a higher probability that the
variation in the currents flowing through the columns 20
increases.

[0023] When the currents flowing through the plurality
of columns 20 become nonuniform, a temperature in the
column 20 through which a large current flows rises to
be higher than temperatures in other columns 20. If a
current is continued to be concentrated on one or some
of the columns 20, an anomaly that temperatures of the
columns 20 exceed an allowable temperature may lead
to a failure of the lightning arrester 7. Here, the allowable
temperature is a maximum value of a temperature at
which the column 20 can maintain a state in which energy
is normally processed.

[0024] Inthefirstembodiment, the direct-current circuit
breaker 1 monitors an anomaly in each of the plurality of
columns 20 by measuring a temperature in each of the
plurality of columns 20. When an anomaly occurs in one
or some columns 20 out of the plurality of columns 20,
the direct-current circuit breaker 1 locks the operations
of the circuit breaker 3 and the high-speed switch 6, and
thereby the direct-current circuit breaker 1 is stopped op-
erating. In addition, the direct-current circuit breaker 1
physically separates the column 20 in which the anomaly
has occurred from other columns 20. As a result, the
direct-current circuit breaker 1 obviates a failure of the
lightning arrester 7 in a case where an anomaly has oc-
curred in one or some columns 20 out of the plurality of
columns 20.

[0025] FIG. 6is a block diagram illustrating the control
circuit included in the direct-current circuit breaker ac-
cording to the first embodiment. FIG. 6 illustrates com-
ponents of the control circuit 8 and components connect-
ed to the control circuit 8. The direct-current circuit break-
er 1 includes: a detector 10 that detects a temperature
of each column 20 provided in the lightning arrester 7;
and a separator 15. The separator 15 is a mechanism
for separating one or some columns 20 in which an anom-
aly has occurred from other columns 20. In FIG. 1, illus-
trations of the detector 10 and the separator 15 are omit-
ted.

[0026] The detector 10includes, forexample, acontact
type temperature sensor attached to each of the plurality
of columns 20. The temperature sensor is attached to
the container 25. The detector 10 may be a non-contact
type temperature sensor such as a radiation thermome-
ter or an infrared thermography device.

[0027] The control circuit8includes: an operation proc-
essor 11 that controls an opening operation and a closing
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operation by each of the circuit breaker 3 and the high-
speed switch 6; a monitor 12 that monitors the presence
or absence of an anomaly in each of the plurality of col-
umns 20; and a lock processor 13 that locks the opera-
tions of the circuit breaker 3 and the high-speed switch
6 controlled by the operation processor 11 in a case
where an anomaly has occurred in at least one or some
columns 20 out of the plurality of columns 20. In the first
embodiment, the monitor 12 determines thatan anomaly
has occurred in one or some columns 20 having a tem-
perature rise exceeding the allowable temperature out
of the plurality of columns 20. The control circuit 8 further
includes a communicator 14 that communicates with a
device outside the direct-current circuit breaker 1.
[0028] The detection result of the accident current ob-
tained by the current transformer 9 is input to the oper-
ation processor 11. When a current exceeding a thresh-
old which is a criterion for determination of accident cur-
rentis detectedinthe currenttransformer 9, the operation
processor 11 outputs a command for an opening opera-
tion to the circuit breaker 3 and outputs a command for
a closing operation to the high-speed switch 6. The op-
eration processor 11 instructs the communicator 14 to
notify that the operation for interruption has been per-
formed. The communicator 14 transmits, to the control
panel, a signal indicating that the direct-current circuit
breaker 1 has performed the operation for interruption.
[0029] Detection results of temperatures obtained by
the detector 10 are input to the monitor 12. The monitor
12 determines whether there is the column 20 of which
temperature has exceeded a preset allowable tempera-
ture in the plurality of columns 20 on the basis of the
detection result of the temperature of each column 20.
In a case where there is the column 20 of which temper-
ature has exceeded the allowable temperature, the mon-
itor 12 determines that an anomaly has occurred in the
column 20. When it is determined that there is the column
20 in which an anomaly has occurred, the monitor 12
outputs, to the lock processor 13, information indicating
the column 20 in which the anomaly has occurred togeth-
er with a determination result indicating that the anomaly
has occurred.

[0030] When the determination result indicating that
the anomaly has occurred is input from the monitor 12,
the lock processor 13 outputs a command for locking the
operations of the circuit breaker 3 and the high-speed
switch 6 to the operation processor 11. The operation
processor 11 stops the control of the circuit breaker 3
and the high-speed switch 6 in accordance with the com-
mand from the lock processor 13. The direct-current cir-
cuitbreaker 1 locks the operation for interruption by main-
taining the circuit breaker 3 in the closed state and main-
taining the high-speed switch 6 in the open state until the
lock by the lock processor 13 is unlocked. The lock proc-
essor 13 instructs the communicator 14 to notify that the
direct-current circuit breaker 1 has locked the operation
for interruption. The communicator 14 transmits, to the
control panel, a signal indicating that the direct-current
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circuit breaker 1 has locked the operation for interruption.
While the direct-current circuit breaker 1 locks the oper-
ation for interruption, the power system is protected by
a protection means other than the direct-current circuit
breaker 1.

[0031] The lock processor 13 outputs information indi-
cating the column 20 in which the anomaly has occurred
to the separator 15. The separator 15 separates the col-
umn 20 in which the anomaly has occurred from other
columns 20 on the basis of the information from the lock
processor 13.

[0032] FIG. 7 is a view for explaining an operation of
the direct-current circuit breaker in a case where an
anomaly has occurred in one or some of the plurality of
columns constituting the lightning arrester illustrated in
FIGS. 2 and 3. In the example illustrated in FIG. 7, it is
assumed that an anomaly has occurred in a column 20a
which is one of the plurality of columns 20.

[0033] With respect to the column 20a in which the
anomaly has occurred, the separator 15 detaches an up-
per end of the column 20a from the upper plate 21 and
detaches a lower end of the column 20a from the lower
plate 22. When the column 20a is detached from the up-
per plate 21 and the lower plate 22, the column 20a drops
downward by gravity. The column 20a in which the anom-
aly has occurred drops downward, thereby being physi-
cally separated from other columns 20. The column 20a
is electrically insulated from other columns 20 by being
physically separated from other columns 20. The method
of separating the column 20a from other columns 20 by
the separator 15 is not limited to the method described
in the first embodiment. The separator 15 may separate
the column 20a from other columns 20 by a method other
than the method in which the column 20a is dropped.
[0034] The monitor 12 continues to acquire the detec-
tion result of the temperature of each column 20 other
than the column 20a thus separated. The monitor 12 de-
termines whether the temperature of each column 20 oth-
er than the column 20a out of the plurality of columns 20
has decreased to a reference temperature. The refer-
ence temperature is a temperature set in advance as a
reference for restart of the operation by the direct-current
circuit breaker 1. The lock processor 13 unlocks the op-
erations of the circuitbreaker 3 and the high-speed switch
6 in a case where the temperature of each column 20
has decreased to the reference temperature.

[0035] After the column 20a is separated from other
columns 20, the column 20a is collected by an operator.
The lightning arrester 7 is replenished with a new column
20, which is a substitute for the column 20a in which the
anomaly has occurred, by the operator. The direct-cur-
rent circuit breaker 1 may include a mechanism for mak-
ing replenishment of the new column 20. In that case,
the replenishment of the new column 20 is automatically
performed by the mechanism regardless of the operator.
The lock processor 13 may unlock the lock after itis con-
firmed that the temperature of each column 20 has de-
creased to the reference temperature and after the re-
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plenishment of the column 20 has been performed. The
lock processor 13 may unlock the lock when it is con-
firmed that the temperature of each column 20 has de-
creased to the reference temperature regardless wheth-
er the replenishment of the column 20 has been per-
formed or not.

[0036] FIG. 8 is a flowchart illustrating an operation
procedure of the direct-current circuit breaker according
to the firstembodiment. In step S1, the detector 10 meas-
ures the temperature of each column 20 constituting the
lightning arrester 7. In step S2, the monitor 12 determines
whether there is the column 20 of which temperature has
exceeded the allowable temperature. If there is no col-
umn 20 of which temperature has exceeded the allowa-
ble temperature (step S2, No), the direct-current circuit
breaker 1 returns the procedure to step S1.

[0037] If there is the column 20 of which temperature
has exceeded the allowable temperature (step S2, Yes),
in step S3, the lock processor 13 locks the operations of
the circuit breaker 3 and the high-speed switch 6 control-
led by the operation processor 11. That is, the lock proc-
essor 13 locks the operation for interruption by the direct-
current circuit breaker 1. In step S4, the separator 15
separates the column 20 in which the anomaly has oc-
curred.

[0038] In step S5, the monitor 12 determines whether
the temperature of each column 20 other than the column
20 in which the anomaly has occurred is equal to or lower
than the reference temperature. If the temperature of
each column 20 is notequal to or lower than the reference
temperature (step S5, No), the direct-current circuit
breaker 1 returns the procedure to step S5. If the tem-
perature of each column 20 is equal to or lower than the
reference temperature (step S5, Yes), in step S6, the
lock processor 13 unlocks the operation for interruption
by the direct-current circuit breaker 1. As a result, the
direct-current circuit breaker 1 terminates the operation
in accordance with the procedure illustrated in FIG. 8.
[0039] Note that the monitor 12 is not limited to those
monitoring the presence or absence of an anomaly on
the basis of a temperature detected by the detector 10.
The monitor 12 may monitor the presence or absence of
an anomaly on the basis of a detection result of a current
flowing through each of the plurality of columns 20. In
that case, as the detector 10, an ammeter that detects a
current flowing through each of the plurality of columns
20is used. Foreach column 20, the monitor 12 calculates
a difference between a current flowing through the col-
umn 20 and a current flowing through another column
20. The monitor 12 determines that an anomaly that a
current is concentrated has occurred in the column 20 in
which the calculated difference is larger than a threshold
set in advance.

[0040] The direct-current circuit breaker 1 according
to the first embodiment is not limited to a mechanical
direct-current circuit breaker. The direct-current circuit
breaker 1 may be a hybrid direct-current circuit breaker
constituted by combining a mechanical component and
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a semiconductor component.

[0041] According to the first embodiment, the direct-
current circuit breaker 1 includes: the monitor 12 that
monitors the presence or absence of an anomaly in each
of the plurality of columns 20; and the lock processor 13
that locks the operations of the circuit breaker 3 and the
high-speed switch 6 controlled by the operation proces-
sor 11. The monitor 12 determines that an anomaly has
occurred in one or some columns 20 having a tempera-
ture rise exceeding the allowable temperature out of the
plurality of columns 20. In a case where there is a tem-
perature rise exceeding the allowable temperature due
to current concentration in one or some columns 20, the
direct-current circuit breaker 1 obviates a failure of the
lightning arrester 7 by locking the operation for interrup-
tion. As a result, the direct-current circuit breaker 1
achieves an effect that it is possible to obviate a failure
of the lightning arrester 7.

Second Embodiment.

[0042] FIG. 9 is a view for explaining an operation by
the direct-current circuit breaker according to a second
embodiment. The direct-current circuit breaker 1 accord-
ing to the second embodiment has a configuration similar
to that of the direct-current circuit breaker 1 according to
the first embodiment. The direct-current circuit breaker
1 according to the second embodiment locks the opera-
tion for interruption in a case where there is an anomaly
that an overall temperature of the plurality of columns 20
constituting the lightning arrester 7 rises. In the second
embodiment, the same components as those in the first
embodiment are denoted by the same reference numer-
als, and configurations different from those in the first
embodiment will mainly be described.

[0043] In the direct-current circuit breaker 1, when a
current uniformly flows through each of the plurality of
columns 20, an overall temperature of the plurality of col-
umns 20 may uniformly rise. As the number of columns
20 connected in parallel to each other in the lightning
arrester 7 is increased with respect to energy assumed
to be processed in the lightning arrester 7, the number
of columns 20 through which a current flows increases,
and thereby itis possible to reduce therising of the overall
temperature of the plurality of columns 20. However,
while it is possible to reduce the rising of the overall tem-
perature of the plurality of columns 20 by increasing the
number of columns 20 to be larger than the number there-
of required with respect to the energy assumed to be
processed, the increase in the number of columns 20
provided in the lightning arrester 7 leads to an increase
in size of the lightning arrester 7. In the second embod-
iment, when the overall temperature of the plurality of
columns 20 rises, the direct-current circuit breaker 1
locks the operations of the circuit breaker 3 and the high-
speed switch 6, and thereby the direct-current circuit
breaker 1 is stopped operating. As a result, the direct-
current circuit breaker 1 obviates a failure of the lightning
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arrester 7 due to the rising of the overall temperature of
the plurality of columns 20. In addition, the direct-current
circuit breaker 1 may notincrease the number of columns
20 to be larger than the number thereof required with
respect to the energy assumed to be processed.

[0044] The monitor 12 determines whether the overall
temperature of the plurality of columns 20 has risen to a
first reference temperature on the basis of the detection
result of the temperature of each column 20. The first
reference temperature is a temperature set in advance
as a reference for interruption of the operation of the di-
rect-current circuit breaker 1, and is a temperature lower
than the allowable temperature. When the overall tem-
perature of the plurality of columns 20 exceeds the first
reference temperature, the monitor 12 determines that
an anomaly that the overall temperature of the plurality
of columns 20 rises has occurred. That is, the monitor
12 determines that there is an anomaly in the entirety of
the plurality of columns 20. The monitor 12 outputs the
determination result to the lock processor 13.

[0045] When the determination result indicating that
the anomaly has occurred in the entirety of the plurality
of columns 20 is input from the monitor 12, the lock proc-
essor 13 outputs a command for locking the operations
of the circuit breaker 3 and the high-speed switch 6 to
the operation processor 11. The operation processor 11
stops the control of the circuit breaker 3 and the high-
speed switch 6 in accordance with the command from
the lock processor 13. The direct-current circuit breaker
1 locks the operation for interruption by maintaining the
circuit breaker 3 in the closed state and maintaining the
high-speed switch 6 in the open state until the lock by
the lock processor 13 is unlocked. The lock processor
13 instructs the communicator 14 to notify that the direct-
current circuit breaker 1 has locked the operation for in-
terruption. The communicator 14 transmits, to the control
panel, a signal indicating that the direct-current circuit
breaker 1 has locked the operation for interruption. While
the direct-current circuit breaker 1 locks the operation for
interruption, the power system is protected by a protec-
tion means other than the direct-current circuit breaker 1.
[0046] In the second embodiment, the direct-current
circuit breaker 1 does not separate the column 20 and
waits until the temperature of the plurality of columns 20
as a whole decreases. The monitor 12 continues to ac-
quire the detection result of the temperature of each of
the plurality of columns 20. The monitor 12 determines
whether the temperature of each of the plurality of col-
umns 20 has decreased to a second reference temper-
ature. The second reference temperature is a tempera-
ture set in advance as a reference for restart of the op-
eration by the direct-current circuit breaker 1. The second
reference temperature is the same as the reference tem-
perature in the first embodiment. The lock processor 13
unlocks the operations of the circuit breaker 3 and the
high-speed switch 6 in a case where the temperature of
each column 20 has decreased to the second reference
temperature.
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[0047] FIG. 10 is a flowchart illustrating an operation
procedure of the direct-current circuit breaker according
to the second embodiment. In step S11, the detector 10
measures the temperature of each column 20 constitut-
ing the lightning arrester 7. In step S12, the monitor 12
determines whether the overall temperature of the plu-
rality of columns 20 has exceeded the first reference tem-
perature. If the overall temperature of the plurality of col-
umns 20 does not exceed the first reference temperature
(step S12, No), the direct-current circuit breaker 1 returns
the procedure to step S11.

[0048] If the overall temperature of the plurality of col-
umns 20 has exceeded the first reference temperature
(step S12, Yes), in step S13, the lock processor 13 locks
the operations of the circuit breaker 3 and the high-speed
switch 6 controlled by the operation processor 11. That
is, the lock processor 13 locks the operation for interrup-
tion by the direct-current circuit breaker 1.

[0049] Instep S14, the monitor 12 determines whether
the temperature of each of the plurality of columns 20 is
equal to or lower than the second reference temperature.
If the temperature of each of the plurality of columns 20
is not equal to or lower than the second reference tem-
perature (step S14, No), the direct-current circuit breaker
1 returns the procedure to step S14. If the temperature
of each of the plurality of columns 20 is equal to or lower
than the second reference temperature (step S14, Yes),
in step S15, the lock processor 13 unlocks the operation
for interruption by the direct-current circuit breaker 1. As
a result, the direct-current circuit breaker 1 terminates
the operationin accordance with the procedure illustrated
in FIG. 10.

[0050] The direct-current circuit breaker 1 according
to the second embodiment may also perform an opera-
tion similar to thatin the first embodiment in a case where
there is an anomaly in one or some of the plurality of
columns 20. In the direct-current circuit breaker 1 accord-
ing to the second embodiment, the separator 15 may be
omitted in a case where an operation similar to that in
the first embodiment is not performed. The direct-current
circuit breaker 1 according to the second embodiment
may be either a mechanical direct-current circuit breaker
or a hybrid direct-current circuit breaker.

[0051] According to the second embodiment, the di-
rect-current circuit breaker 1 determines that there is an
anomaly in the entirety of the plurality of columns 20 in
a case where the overall temperature of the plurality of
columns 20 has risen to the first reference temperature.
When the direct-current circuit breaker 1 continually per-
forms the interruption operation and thereby the overall
temperature of the plurality of columns 20 rises above
the first reference temperature, the direct-current circuit
breaker 1 can lock the operation for interruption. As a
result, the direct-current circuit breaker 1 can obviate a
failure of the lightning arrester 7 due to the rising of the
overall temperature of the plurality of columns 20. Fur-
thermore, in the direct-current circuit breaker 1, there is
no need to increase the number of columns 20 with re-
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spect to the energy assumed to be processed, and there-
fore it is possible to suppress an increase in size of the
lightning arrester 7.

[0052] Next, a hardware configuration of the control
circuit 8 included in the direct-current circuit breaker 1
according to the first and second embodiments will be
described. A function of the control circuit 8 is realized
using a processing circuitry. The processing circuitry is
aprocessor that executes a program stored in a memory.
The processing circuitry may be dedicated hardware
mounted on the direct-current circuit breaker 1.

[0053] FIG. 11isafirstdiagram illustrating an example
of a hardware configuration of the control circuit included
in the direct-current circuit breaker according to the first
or second embodiment. FIG. 11 illustrates a hardware
configuration in a case where the function of the control
circuit 8 is realized by using hardware that executes a
program. A processor 31, amemory 32, and an interface
33 are connected to each other via a bus.

[0054] The processor 31 is a central processing unit
(CPU), a processing device, an arithmetic device, a mi-
croprocessor, a microcomputer, or a digital signal proc-
essor (DSP). Functions of the operation processor 11,
the monitor 12, and the lock processor 13 are realized
by the processor 31, and software, firmware, or a com-
bination of software and firmware. The software or the
firmware is written as a program and stored in the mem-
ory 32 as a built-in memory. The memory 32 is a nonvol-
atile or volatile semiconductor memory, and is a random
access memory (RAM), a read only memory (ROM), a
flash memory, an erasable programmable read only
memory (EPROM), or an electrically erasable program-
mable read only memory (EEPROM (registered trade-
mark)).

[0055] The interface 33 is responsible for signal input
and signal output. The communicator 14 is realized by
using the interface 33. The interface 33 outputs a com-
mand to each of the circuit breaker 3 and the high-speed
switch 6. A signal indicating a detection result of a direct
current obtained by the current transformer 9 is input to
the interface 33.

[0056] FIG. 12 is a second diagram illustrating an ex-
ample of the hardware configuration of the control circuit
included in the direct-current circuit breaker according to
the first or second embodiment. FIG. 12illustrates a hard-
ware configuration in a case where the function of the
control circuit 8 is realized by using dedicated hardware.
The control circuit 8 includes a processing circuitry 34
that executes various processes and the interface 33
similar to thatin FIG. 11. The processing circuitry 34 and
the interface 33 are connected to each other via a bus.
[0057] The processing circuitry 34 as dedicated hard-
ware is a single circuit, acomposite circuit, a programmed
processor, a parallel programmed processor, an appli-
cation specific integrated circuit (ASIC), a field-program-
mable gate array (FPGA), or a combination thereof. The
function of the control circuit 8 is realized by using the
processing circuitry 34.
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[0058] The configurations described in the embodi-
ments above are merely examples of the content of the
present disclosure. The configurations of the respective
embodiments can be combined with other known tech-
nology. The configurations of the respective embodi-
ments may be appropriately combined. Part of the con-
figurations of the respective embodiments can be omitted
or modified without departing from the gist of the present
disclosure.

Reference Signs List

[0059] 1 direct-current circuit breaker; 2 direct-current
line; 3 circuit breaker; 4 capacitor; 5 reactor; 6 high-speed
switch; 7 lightning arrester; 8 control circuit; 9 current
transformer; 10 detector; 11 operation processor; 12
monitor; 13 lock processor; 14 communicator; 15 sepa-
rator; 20, 20a column; 21 upper plate; 22 lower plate; 23
support; 24 nonlinear resistive element; 25 container; 26,
27 electrode; 31 processor; 32 memory; 33 interface; 34
processing circuitry.

Claims

1. A direct-current circuit breaker including a circuit
breaker adapted to interrupt a direct current flowing
through a direct-currentline, the direct-current circuit
breaker comprising:

a resonant circuit including a capacitor, a reac-
tor, and a switch connected in series to each
other;

a lightning arrester including a plurality of col-
umns each including a stack of a plurality of non-
linear resistive elements, the lightning arrester
being connected in parallel to the capacitor;

an operation processor adapted to control an
opening operation and a closing operation by
each of the circuit breaker and the switch;

a monitor adapted to monitor presence or ab-
sence of an anomaly in each of the plurality of
columns; and

a lock processor adapted to lock operations of
the circuit breaker and the switch controlled by
the operation processor in a case where there
is an anomaly in at least one or some columns
out of the plurality of columns.

2. The direct-current circuit breaker according to claim
1, wherein the monitor is adapted to monitor the pres-
ence or absence of an anomaly in each of the plu-
rality of columns on a basis of a result of detecting
a temperature of each of the plurality of columns.

3. The direct-current circuit breaker according to claim
2, wherein the monitor is adapted to determine that
an anomaly has occurred in one or some columns
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having a temperature rise exceeding an allowable
temperature out of the plurality of columns.

The direct-current circuit breaker according to claim
3, comprising a separator to separate the one or
some columns in which the anomaly has occurred
from columns other than the one or some columns
out of the plurality of columns.

The direct-current circuit breaker according to claim
4, wherein the lock processor is adapted to unlock
operations of the circuit breaker and the switch in a
case where atemperature of each column other than
the separated one or some columns out of the plu-
rality of columns has decreased to a reference tem-
perature set in advance as a reference for restart of
an operation.

The direct-current circuit breaker according to claim
2, wherein the monitor is adapted to determine that
there is an anomaly in entirety of the plurality of col-
umns in a case where an overall temperature of the
plurality of columns has risen to afirst reference tem-
perature set in advance as a reference for interrup-
tion of an operation.

The direct-current circuit breaker according to claim
6, wherein the lock processor is adapted to unlock
operations of the circuit breaker and the switch in a
case where a temperature of each of the plurality of
columns has decreased to a second reference tem-
perature set in advance as a reference for restart of
an operation.
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FIG.8
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FIG.10
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