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(54) DIRECT-CURRENT CIRCUIT BREAKER

(57) This direct-current circuit breaker has a me-
chanical circuit breaker, a surge arrester, and a commu-
tation circuit. The mechanical circuit breaker is connected
to a first direct-current transmission line at a first end
thereof and to a second direct-current transmission line
at a second end thereof. The commutation circuit has a
first switch, a second switch, a reactor, a capacitor, and
a resistor. The commutation circuit, the surge arrester,
and the mechanical circuit breaker are parallelly connect-
ed between the first direct-current transmission line and
the second direct-current transmission line. The first
switch, the capacitor, and the reactor are serially con-
nected between the first direct-current transmission line
and the second direct-current transmission line. The sec-
ond switch and the resistor are serially connected and
disposed in parallel with the first switch.
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Description

[Technical Field]

[0001] The present invention relates to a DC circuit
breaker.

[Background Art]

[0002] In recent years, power has been transmitted by
a DC transmission network in which a plurality of DC
transmission lines are configured in a grid shape. In the
DC transmission network, when an accident occurs, only
a specific transmission line may be cut off and the re-
maining transmission lines may continue to transmit pow-
er. In this regard, technologies for DC cutoff devices that
cut off a current flowing through a DC transmission line
are known.
[0003] Incidentally, a DC circuit breaker has a semi-
conductor cutoff method using a semiconductor circuit
breaker, a mechanical cutoff method using a mechanical
circuit breaker, and a hybrid cutoff method using both a
semiconductor circuit breaker and a mechanical circuit
breaker. A DC circuit breaker for the mechanical cutoff
method closes a commutation circuit including a commu-
tation switch, a commutation capacitor, and a commuta-
tion reactor, and creates a zero point by generating a
resonant current in a current flowing through the DC
transmission line, thereby cutting off the mechanical cir-
cuit breaker and cutting off the current flowing through
the DC transmission line.
[0004] In addition, the commutation switch may have
a mechanical method in which one or both of the elec-
trodes are mechanically moved to create a conduction
state between the electrodes electrically and mechani-
cally, a semiconductor method in which semiconductor
elements such as thyristors and insulated gate bipolar
transistors (IGBT) are used to create the conduction
state, and a discharge method in which insulation per-
formance is lowered by adding an external factor be-
tween the fixed electrodes to create the conduction state
electrically. Furthermore, the commutation switch of the
mechanical method may have a contact method in which
a pair of electrodes are provided, at least one of the elec-
trodes is moved to make a distance between the elec-
trodes shorter, and dielectric breakdown is caused by
lowering the insulation performance between the elec-
trodes to below that in an open state to create a closed
state, a non-contact method in which a pair of fixed elec-
trodes are provided, dielectric breakdown is caused by
lowering the insulation performance between the elec-
trodes to below that in an open state to create a closed
state.
[0005] Here, the commutation switch of the mechani-
cal method is brought into an electrical conduction state
by generating an arc due to the dielectric breakdown be-
tween electrodes in the closed state. Therefore, the com-
mutation switch of the mechanical method has a problem

that peripheral circuit elements and other peripheral de-
vices may malfunction or fail due to the occurrence of a
surge due to dielectric breakdown.
[0006] In addition, the DC circuit breaker may be re-
quired to be responsible for reclosing. In the DC circuit
breakers of the hybrid cutoff method and the semicon-
ductor cutoff method, since the commutation capacitor
is charged by a recovery voltage when an accident cur-
rent is cut off, it is possible to cause a mechanical circuit
breaker to be cut off and to cut off the current flowing
through the DC transmission line even after the reclosing
is performed.
[0007] On the other hand, in the DC circuit breaker
using the commutation switch of the mechanical method,
since a current flowing between the electrodes is cut off
by recovering the insulation performance between the
electrodes of the commutation switch or an arc is extin-
guished at the zero point of the current, the DC circuit
breaker may terminate the electrical conduction state
with a charging state of the commutation capacitor being
inappropriate. In this case, there is a problem that the
commutation capacitor may not be sufficiently charged
or be overcharged by a predetermined voltage and may
not be able to perform reclosing properly.

[Citation List]

[Patent Literature]

[Patent Literature 1]

[0008] PCT International Publication No. WO
2015/166600

[Summary of Invention]

[Technical Problem]

[0009] An object of the present invention is to provide
a DC circuit breaker capable of appropriately performing
reclosing while a surge is suppressed.

[Solution to Problem]

[0010] The DC circuit breaker of an embodiment has
a mechanical circuit breaker, a lightning arrester, and a
commutation circuit. The mechanical circuit breaker has
a first end connected to a first DC transmission line and
a second end connected to a second DC transmission
line. The commutation circuit has a first switch, a second
switch, a reactor, a capacitor, and a resistor. The com-
mutation circuit, the lightning arrester, and the mechan-
ical circuit breaker are connected in parallel between the
first DC transmission line and the second DC transmis-
sion line. The first switch, the capacitor, and the reactor
are connected in series between the first DC transmis-
sion line and the second DC transmission line. The sec-
ond switch and the resistor connected in series are pro-
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vided in parallel with the first switch.

[Brief Description of Drawings]

[0011]

Fig. 1 is a diagram which shows an example of a
configuration of a DC circuit breaker 1 according to
an embodiment.
Fig. 2 is a diagram which schematically shows an
abnormality occurring in a DC system.
Fig. 3 is a diagram which shows a state of the DC
circuit breaker 1 in which a mechanical circuit break-
er 10 is mechanically controlled to be in an open
state.
Fig. 4 is a diagram which shows the state of the DC
circuit breaker 1 in which a surge switch 80 is con-
trolled to be in a closed state.
Fig. 5 is a diagram which shows the state of the DC
circuit breaker 1 in which a commutation switch 50
is controlled to be in a closed state.
Fig. 6 is a diagram which shows the state of the DC
circuit breaker 1 in which the mechanical circuit
breaker 10 is electrically controlled to be in an open
state.
Fig. 7 is a diagram which shows the state of the DC
circuit breaker 1 in which a lightning arrester 15 has
operated.
Fig. 8 is a diagram which shows the state of the DC
circuit breaker 1 controlled to be a state of charging
a commutation capacitor 60.
Fig. 9 is a diagram which shows the state of the DC
circuit breaker 1 in which a commutation switch 50
is controlled to be in an open state.
Fig. 10 is a diagram which shows the state of the DC
circuit breaker 1 in which a surge switch 80 is con-
trolled to be in an open state.
Fig. 11 is a diagram which shows the state of the DC
circuit breaker 1 in which a first disconnector 20 and
a second disconnector 30 are controlled to be in an
open state.
Fig. 12 is a graph which shows an example of a
change over time according to the DC circuit breaker
1.
Fig. 13 is a flowchart which shows an example of an
operation of the DC circuit breaker 1.

[Description of Embodiments]

[0012] Hereinafter, a DC circuit breaker of an embod-
iment will be described with reference to the drawings.

(Embodiment)

[Configuration of DC circuit breaker 1]

[0013] Fig. 1 is a diagram which shows an example of
a configuration of a DC circuit breaker 1 of the embodi-

ment. The DC circuit breaker 1 is a device that causes a
first DC transmission line LN1 and a second DC trans-
mission line LN2 among DC transmission lines constitut-
ing a DC system to be electrically conducted or cut off.
In the following description, a DC voltage in the first DC
transmission line LN1 will be described as a first voltage
VDC1, and a DC voltage in the second DC transmission
line LN2 will be described as a second voltage VDC2.
The first voltage VDC1 and the second voltage VDC2
are, for example, voltages of about several tens to several
hundreds of [kV]. For example, a power transmission fa-
cility is present on the first DC transmission line LN1 side,
and a consumer is present on the second DC transmis-
sion line LN2 side. In this case, the first voltage VDC1 is
usually larger than the second voltage VDC2. Therefore,
a current of the DC system normally flows in a direction
from the first DC transmission line LN1 to the second DC
transmission line LN2.
[0014] The DC circuit breaker 1 includes, for example,
one or more mechanical circuit breakers 10, one or more
disconnectors, a lightning arrester 15, a commutation cir-
cuit 40, and a control unit 100. In the present embodi-
ment, a case where the DC circuit breaker 1 includes two
disconnectors of a first disconnector 20 and a second
disconnector 30 will be described. In the following de-
scription, when the first disconnector 20 and the second
disconnector 30 are not distinguished, they are simply
described as "disconnectors." The commutation circuit
40 includes, for example, a commutation switch 50, a
commutation capacitor 60, a commutation reactor 70, a
surge switch 80, and a surge resistor 90.
[0015] The control unit 100 receives, for example, a
signal (hereinafter, a cut-off instruction signal) indicating
that the first DC transmission line LN1 and the second
DC transmission line LN2 are electrically cut off from a
detection device (not shown) that detects an abnormality
of the DC system. When the control unit 100 receives
the cut-off instruction signal, it performs control with re-
spect to an open or closed state of the mechanical circuit
breaker 10, the first disconnector 20, the second discon-
nector 30, the commutation switch 50, and the surge
switch 80 so as to electrically cut off the first DC trans-
mission line LN1 and the second DC transmission line
LN2. The abnormality of the DC system is, for example,
an abnormality caused by an accident such as a ground
fault or a short circuit occurring in a DC transmission line.
[0016] The mechanical circuit breaker 10 includes a
first terminal 10a and a second terminal 10b. The first
disconnector 20 includes a first terminal 20a and a sec-
ond terminal 20b. The second disconnector 30 includes
a first terminal 30a and a second terminal 30b. The com-
mutation circuit 40 includes a first terminal 40a and a
second terminal 40b. The commutation switch 50 in-
cludes a first terminal 50a and a second terminal 50b.
The surge switch 80 includes a first terminal 80a and a
second terminal 80b.
[0017] The first disconnector 20, the mechanical circuit
breaker 10, and the second disconnector 30 are connect-
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ed in series between the first DC transmission line LN1
and the second DC transmission line LN2 in the order of
description. Specifically, the first terminal 10a of the first
disconnector 20 is connected to the first DC transmission
line LN1, the second terminal 20b of the first disconnector
20 and the first terminal 10a of the mechanical circuit
breaker 10 are connected to each other, and the second
terminal 10b of the mechanical circuit breaker 10 and the
first terminal 30a of the second disconnector 30 are con-
nected to each other, and the second terminal 30b of the
second disconnector 30 is connected to the second DC
transmission line LN2.
[0018] The lightning arrester 15 and the commutation
circuit 40 are connected to the mechanical circuit breaker
10 in parallel with each other. Specifically, the first termi-
nal 10a of the mechanical circuit breaker 10, one end of
the lightning arrester 15, and the first terminal 40a of the
commutation circuit 40 are connected to each other, and
the second terminal 10b of the mechanical circuit breaker
10, the other end of the lightning arrester 15, and the
second terminal 40b of the commutation circuit 40 are
connected to each other.
[0019] In the commutation circuit 40, the commutation
switch 50, the commutation capacitor 60, and the com-
mutation reactor 70 are connected in series between the
first terminal 40a and the second terminal 40b in the order
of description. Specifically, the first terminal 40a and the
first terminal 50a of the commutation switch 50 are con-
nected, and the second terminal 50b of the commutation
switch 50 and one end (a positive electrode terminal in
Fig. 1) of the commutation capacitor 60 are connected,
the other end (a negative electrode terminal in Fig. 1) of
the commutation capacitor 60 and one end of the com-
mutation reactor 70 are connected, and the other end of
the commutation reactor 70 and the second terminal 40b
are connected. In addition, in the commutation circuit 40,
the surge switch 80 and the surge resistor 90 are con-
nected in series in the order of description, and connected
in parallel to the commutation switch 50. Specifically, the
first terminal 80a of the surge switch 80 is connected to
the first terminal 50a of the commutation switch 50, the
second terminal 80b of the surge switch 80 is connected
to one end of the surge resistor 90, and the other end of
the surge resistor 90 is connected to the second terminal
50b of the commutation switch 50.
[0020] In the description above, a case where the com-
mutation circuit 40 includes the first terminal 40a and the
second terminal 40b has been described, but the present
invention is not limited thereto, and the commutation cir-
cuit 40 may include the first terminal 40a and the second
terminal 40b. In this case, in the configuration described
above, respective parts connected via the first terminal
40a and the second terminal 40b are directly connected.
In the following description, for convenience of descrip-
tion, it is described that the commutation circuit 40 in-
cludes the first terminal 40a and the second terminal 40b.
[0021] The lightning arrester 15 absorbs a surge volt-
age generated when the mechanical circuit breaker 10

is controlled to be in the closed state. A limited voltage
of the lightning arrester 15 is a magnitude of about 1.5
[p.u] when the first voltage VDC1 and the second voltage
VDC2 are used as a reference in a state in which the DC
system does not have an abnormality such as an acci-
dent.
[0022] The commutation switch 50 is, for example, a
mechanical switch. Specifically, the commutation switch
50 is a contact method switch that has a pair of elec-
trodes, moves at least one of electrodes to make a dis-
tance between the electrodes shorter on the basis of con-
trol of the control unit 100, and lowers the insulation per-
formance between the electrodes to below that in an open
state to cause dielectric breakdown, thereby making a
closed state. The commutation switch 50 is an example
of the "first switch."
[0023] The commutation switch 50 may be a non-con-
tact method switch. In this case, the commutation switch
50 has a pair of fixed electrodes, lowers the insulation
performance between the electrodes to below that in the
open state on the basis of the control of the control unit
100 to cause dielectric breakdown, thereby making the
closed state.
[0024] The commutation capacitor 60 is charged such
that, for example, a voltage (hereinafter referred to as a
capacitor voltage) generated between a positive elec-
trode terminal and a negative electrode terminal by a
charging device (not shown) in an initial state match or
substantially match the first voltage VDC1 and the sec-
ond voltage VDC2 in a state in which an abnormality such
as an accident in the DC system does not occur. The
initial state is, for example, a time when the DC circuit
breaker 1 is installed or a time when an operation of the
DC circuit breaker 1 is started. The charging device may
charge the commutation capacitor 60 by, for example,
applying a system voltage of the DC system thereto, or
may charge the commutation capacitor 60 by an external
power source other than the system voltage of the DC
system. The commutation capacitor 60 is, for example,
a capacitor having a charging capacity of several to sev-
eral tens [mF].
[0025] The commutation capacitor 60 and the commu-
tation reactor 70 configure an LC resonant circuit as the
commutation switch 50 is controlled to be in the closed
state, and resonate the current of the DC system depend-
ing on a resonance frequency according to a capacitor
component of the commutation capacitor 60 and a res-
onator component of the commutation reactor 70 to gen-
erate a timing at which the current of the DC system be-
comes 0 [A]. In the following description, the generation
of a timing at which the current of the DC system becomes
0 [A] is also described as "creating a zero point." The
commutation reactor 70 has a value set according to a
capacity of the commutation capacitor 60 so that a re-
closing time from a time tg to a time th, which will be
described below, does not exceed a maximum value of
a reclosing time set in advance while ensuring a prede-
termined reclosing time.
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[0026] The surge switch 80 is, for example, a mechan-
ical switch. The surge switch 80 is an example of the
"second switch."
[0027] The surge resistor 90 reduces a surge that oc-
curs as the commutation switch 50 is controlled to be in
the closed state by dielectric breakdown in a state where
the surge switch 80 is controlled to be in the closed state.
The surge resistor 90 is, for example, a resistor having
a resistor value of about several hundred to several k [Ω].
[0028] In the following description, each state of the
DC circuit breaker 1 will be described with reference to
Figs. 2 to 11. In addition, with reference to Fig. 12, a
change over time in the open or closed state of each part
of the DC circuit breaker 1 or an electrical change over
time of each part will be described. Fig. 12 is a graph
which shows an example of a change over time according
to the DC circuit breaker 1. In Fig. 12, the horizontal axis
represents a time. A waveform W10 indicates the open
or closed state of the mechanical circuit breaker 10, a
waveform W12 indicates the open or closed state of the
surge switch 80, a waveform W14 indicates the open or
closed state of the commutation switch 50, and a wave-
form W16 indicates the open or closed state of a discon-
nector. In the waveforms W10 to W16, "C" represents a
closed state (Close), and "O" represents an open state
(Open).
[0029] In addition, waveforms W20 to W26 are wave-
forms that show changes over time in current related to
the DC circuit breaker 1, and a vertical axis of the wave-
forms W20 to W26 shows a magnitude of a current. In
the waveforms W20 to W26, a value of the current of the
DC system flowing in a direction from the first DC trans-
mission line LN1 to the second DC transmission line LN2
is indicated by a positive value, and a value of the current
of the DC system flowing in a direction from the second
DC transmission line LN2 to the first DC transmission
line LN1 is indicated by a negative value.
[0030] A waveform W20 is a waveform which shows a
change in DC current over time. A waveform W22 is a
waveform which shows a change over time in current
flowing through the mechanical circuit breaker 10. A
waveform W24 is a waveform which shows a change
over time in current flowing through the commutation ca-
pacitor 60. A waveform W26 is a waveform which shows
a change over time in current flowing through the lightning
arrester 15.
[0031] Waveforms W30 and W32 are waveforms
which show changes over time in voltage related to the
DC circuit breaker 1, and the vertical axis of the wave-
forms W30 and W32 shows the magnitude of a voltage.
A waveform W30 is a waveform which shows a change
over time in voltage applied between electrodes of the
mechanical circuit breaker 10. A waveform W34 is a
waveform which shows a change over time in voltage of
the capacitor.

[From conduction state to occurrence of abnormality]

[0032] As shown in Fig. 1, in a state in which the first
DC transmission line LN1 and the second DC transmis-
sion line LN2 are electrically conducted by the DC circuit
breaker 1 (hereinafter referred to as a conduction state),
the control unit 100 controls each part to be a state as
follows. In Fig. 12, the conduction state is between times
t0 and ta.

• Mechanical circuit breaker 10: closed state

• Lightning arrester 15: stop state

• First disconnector 20: closed state

• Second disconnector 30: closed state

• Commutation switch 50: open state

• Surge switch 80: open state

• Commutation capacitor 60: charged state

[0033] Fig. 2 is a diagram which schematically shows
an abnormality generated in the DC system. In Fig. 2, a
ground fault accident has occurred in the second DC
transmission line LN2, and the second voltage VDC2 has
a ground potential. As shown in Fig. 12, the ground fault
accident occurs at a time ta. For this reason, as shown
by the waveforms W20 to W22, the current of the DC
system, and the current flowing through the mechanical
circuit breaker 10 hold predetermined values between
the time t0 and the time ta, and increase between the
time ta and a time at which the commutation circuit 40
operates (to a time td described below).

[After occurrence of abnormality]

[0034] Fig. 3 is a diagram which shows the state of the
DC circuit breaker 1 in which the mechanical circuit
breaker 10 is mechanically controlled to be in the open
state. The detector transmits a cut-off instruction signal
to the DC circuit breaker 1 as an abnormality occurs in
the DC system. The control unit 100 receives the cut-off
instruction signal from the detection device at a time tb,
and controls the mechanical circuit breaker 10 to be in
the open state. The states of respective parts of the DC
circuit breaker 1 at this time are as follows.

• Mechanical circuit breaker 10: mechanically open
state

• Lightning arrester 15: stop state
• First disconnector 20: closed state
• Second disconnector 30: closed state
• Commutation switch 50: open state
• Surge switch 80: open state
• Commutation capacitor 60: charged state
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[0035] As shown by the waveform W10 in Fig. 12, the
mechanical circuit breaker 10 is controlled to be in the
closed state at the time tb, and the electrodes are phys-
ically separated from each other. However, even if the
electrodes are physically separated from each other, the
mechanical circuit breaker 10 is not electrically cut off
(that is, it becomes a mechanically open state) because
an arc is generated between the electrodes. Therefore,
as shown by the waveforms W20 to W22, the current of
the DC system and the current flowing through the me-
chanical circuit breaker 10 also increase between the
time tb and a time tc.

[Surge suppression]

[0036] Fig. 4 is a diagram which shows the state of the
DC circuit breaker 1 in which the surge switch 80 is con-
trolled to be in the closed state. The control unit 100 con-
trols the surge switch 80 to be in the closed state at the
time tc to reduce a surge due to the commutation switch
50 being set to the closed state (refer to Fig. 12). The
states of respective parts of the DC circuit breaker 1 at
this time are as follows.

• Mechanical circuit breaker 10: mechanically open
state

• Lightning arrester 15: stop state
• First disconnector 20: closed state
• Second disconnector 30: closed state
• Commutation switch 50: open state
• Surge switch 80: closed state
• Commutation capacitor 60: state in which discharg-

ing is slightly started

[0037] In Fig. 4, the surge switch 80 is electrically in
the conduction state by an arc being generated by caus-
ing a dielectric breakdown between electrodes before
the surge switch 80 is mechanically controlled to be in
the closed state by the control unit 100 and the electrodes
are brought into contact with each other. Therefore, a
surge is generated by controlling the surge switch 80 to
be in the closed state, but this surge is suppressed by
the surge resistor 90. In addition, as the surge switch 80
is controlled to be in the closed state, a capacitor voltage
of the commutation capacitor 60 charged in advance, the
surge resistor 90, and the commutation reactor 70 act on
loops of the mechanical circuit breaker 10, the commu-
tation reactor 70, the commutation capacitor 60, the
surge resistor 90, and the surge switch 80 in the DC circuit
breaker 1, and a minute commutation current L3 starts
to flow.
[0038] Since the commutation capacitor 60 is dis-
charged by a flow of this minute commutation current L3,
as shown by the waveform W24 in Fig. 12, the current
flowing through the commutation capacitor 60 increases
slightly between the time tc and the time at which the
commutation circuit 40 operates. Moreover, along with
this, as shown by a waveform W32, the capacitor voltage

of the commutation capacitor 60 slightly decreases be-
tween the time tc and the time at which the commutation
circuit 40 operates.

[Commutation circuit operation]

[0039] Fig. 5 is a diagram which shows the state of the
DC circuit breaker 1 in which the commutation switch 50
is controlled to be in the closed state. The control unit
100 sets the commutation switch 50 to the closed state
at a time td and operates the commutation circuit 40 (refer
to Fig. 12). As mentioned above, since the surge resistor
90 has already suppressed a surge, even if the commu-
tation switch 50 is controlled to be in the closed state,
the surge is not generated, or the surge is sufficiently
suppressed to the extent that peripheral circuit elements
and other peripheral devices do not malfunction or break
down. The states of respective parts at this time are as
follows.

• Mechanical circuit breaker 10: mechanically open
state

• Lightning arrester 15: stop state
• First disconnector 20: closed state
• Second disconnector 30: closed state
• Commutation switch 50: closed state
• Surge switch 80: closed state
• Commutation capacitor 60: discharge state

[0040] As the commutation switch 50 is controlled to
be in the closed state, in the DC circuit breaker 1, the
capacitor voltage of the commutation capacitor 60
charged in advance and the commutation reactor 70 act
on the loops of the mechanical circuit breaker 10, the
commutation reactor 70, the commutation capacitor 60,
and the commutation switch 50, and a larger commuta-
tion current L3 than the minute commutation current L3
flowing in the situation of Fig. 4 described above starts
to flow. A direction of the commutation current L3 differs
depending on a connection direction between the posi-
tive electrode terminal and the negative electrode termi-
nal of the commutation capacitor 60, a location of an ac-
cident that has occurred in the DC system, and the like.
When the direction of the commutation current L3 is the
same as a direction in which the current of the DC system
flows (that is, the same polarity), a zero point is generated
in the commutation current L3 between the time td and
a 1/2 to 3/4 cycle of the resonance frequency. In addition,
when the direction of the commutation current L3 is dif-
ferent from the direction in which the current of the DC
system flows (that is, an opposite polarity), a zero point
is generated in the commutation current L3 between the
time td and a 1/4 cycle of the resonance frequency. In
the present embodiment, a case where the commutation
current L3 is a current having the same polarity as the
current of the DC system will be described.
[0041] The commutation current L3 that has resonated
by a resonance frequency according to a capacitor com-
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ponent of the commutation capacitor 60 and a reactor
component of the commutation reactor 70 flows through
the mechanical circuit breaker 10 after the time td. Spe-
cifically, as shown by the waveform W22 and waveform
W24 in Fig. 12, the commutation current L3 less than a
3/4 wave of the resonance frequency flows through the
mechanical circuit breaker 10 and the commutation ca-
pacitor 60 between the time td and a time te at which the
3/4 cycle of the resonance frequency elapses, and a zero
point is generated at a time te. Moreover, as shown by
the waveform W32, since the commutation capacitor 60
acts and the commutation current L3 flows, the capacitor
voltage decreases between the time td and the time te.

[Electrical cutoff of mechanical circuit breaker 10]

[0042] Fig. 6 is a diagram which shows the state of the
DC circuit breaker 1 in which the mechanical circuit
breaker 10 is electrically controlled to be in the open state.
The control unit 100 electrically controls the mechanical
circuit breaker 10 to be in the open state as a zero point
is generated in the commutation current L3 flowing
through the mechanical circuit breaker 10 at the time te.
The control unit 100 electrically controls the mechanical
circuit breaker 10 to be in the open state by extinguishing
an arc by, for example, gas cutoff or vacuum cutoff as
the zero point is generated. In addition, as shown in Fig.
6, as the mechanical circuit breaker 10 is electrically con-
trolled to be in the open state, the current of the DC sys-
tem flows into the second DC transmission line LN2 from
the first DC transmission line LN1 via a route of the first
disconnector 20, the commutation switch 50, the com-
mutation capacitor 60, the commutation reactor 70, and
the second disconnector 30. The states of respective
parts at this time are as follows.

• Mechanical circuit breaker 10: mechanically and
electrically open state

• Lightning arrester 15: stop state
• First disconnector 20: closed state
• Second disconnector 30: closed state
• Commutation switch 50: closed state
• Surge switch 80: closed state
• Commutation capacitor 60: discharge state

[0043] As shown by the waveform W10 in Fig. 12, the
arc is extinguished at the time te, and the mechanical
circuit breaker 10 is mechanically and electrically con-
trolled to be in the open state after the time te. In addition,
as shown by the waveform W30, a transient recovery
voltage is generated between the electrodes of the me-
chanical circuit breaker 10 that is mechanically and elec-
trically controlled to be in the open state, so that a voltage
between the electrodes of the mechanical circuit breaker
10 increases between the time te and the time at which
the lightning arrester 15 operates (to a time tf described
below). Moreover, as shown by the waveform W24, the
current of the DC system flows through the commutation

capacitor 60 in a charging direction between the time te
and the time at which the lightning arrester 15 operates.
For this reason, as shown by the waveform W32, the
capacitor voltage increases between the time te and the
time at which the lightning arrester 15 operates.

[Operation of lightning arrester 15]

[0044] Fig. 7 is a diagram which shows the state of the
DC circuit breaker 1 in which the lightning arrester 15
has operated. As described above, since the transient
recovery voltage is generated between the electrodes of
the mechanical circuit breaker 10 after the time te, the
voltage applied between the electrodes of the mechani-
cal circuit breaker 10 (that is, a voltage applied to both
ends of the lightning arrester 15). Then, the voltage be-
tween the electrodes of the mechanical circuit breaker
10 reaches an operation voltage of the lightning arrester
15, and the lightning arrester 15 operates. As the lightning
arrester 15 operates, the current of the DC system flows
from the first DC transmission line LN1 to the second DC
transmission line LN2 via a route of the first disconnector
20, the lightning arrester 15, and the second disconnector
30. The states of respective parts at this time are as fol-
lows.

• Mechanical circuit breaker 10: mechanically and
electrically open state

• Lightning arrester 15: operation state
• First disconnector 20: closed state
• Second disconnector 30: closed state
• Commutation switch 50: closed state
• Surge switch 80: closed state
• Commutation capacitor 60: state in which charging

or discharging is not substantially performed

[0045] As shown by the waveform W30 in Fig. 12, the
voltage between the electrodes of the mechanical circuit
breaker 10 reaches the operation voltage of the lightning
arrester 15 at the time tf. Then, as shown by the waveform
W26, the lightning arrester 15 starts to operate at the
time tf and absorbs a recovery voltage. For this reason,
as shown by the waveform W26, a current flowing
through the lightning arrester 15 that has rapidly in-
creased at the time tf gradually decreases from the time
tf to a time tg, and becomes 0 [A] at the time tg. Along
with this, as shown by the waveform W20, the current of
the DC system gradually decreases between the time tf
and the time tg.
[0046] At this time, almost no current of the DC system
flows in a direction from the first DC transmission line
LN1 to the commutation circuit 40. For this reason, the
voltage between the electrodes of the mechanical circuit
breaker 10 indicated by the waveform W30 and the ca-
pacitor voltage indicated by the waveform W32 hold val-
ues at a timing of the time tf between the time tf and the
time tg. As shown by the waveform W16, the arc gener-
ated between the electrodes of the commutation switch
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50 is extinguished between the time tf and the time tg.

[Charging of commutation capacitor 60]

[0047] Fig. 8 is a diagram which shows the state of the
DC circuit breaker 1 controlled to be a state of charging
the commutation capacitor 60. When the lightning arrest-
er 15 finishes suppressing a recovery voltage, the current
of the DC system flows from the first DC transmission
line LN1 to the second DC transmission line LN2 via a
route of the first disconnector 20, the commutation switch
50, the commutation capacitor 60, the commutation re-
actor 70, and the second disconnector 30. The states of
respective parts at this time are as follows.

• Mechanical circuit breaker 10: mechanically and
electrically open state

• Lightning arrester 15: stop state
• First disconnector 20: closed state
• Second disconnector 30: closed state
• Commutation switch 50: closed state
• Surge switch 80: closed state
• Commutation capacitor 60: charged state

[0048] As shown by the waveform W20 in Fig. 12, the
current of the DC system oscillates between the time tg
and the time th at which the commutation capacitor 60
finishes a transient oscillation. The oscillation of the cur-
rent of the DC system is attenuated as the transient os-
cillation subsides. For this reason, the current of the DC
system gradually converges from the time tg to the time
th. In addition, as shown by the waveform W24, electricity
of the DC system that oscillates due to transient oscilla-
tion flows through the commutation capacitor 60. For this
reason, as shown by the waveform W32, the capacitor
voltage gradually converges to a predetermined voltage
while oscillating due to transient oscillation between the
time tg and the time th. The predetermined voltage is a
voltage that matches with or substantially matches with
the first voltage VDC1.
[0049] A period from the time tg to the time th is an
example of the reclosing time. The reclosing time is a
time from when the first DC transmission line LN1 and
the second DC transmission line LN2 are electrically cut
off by the DC circuit breaker 1 to when they are electrically
conducted again. As described above, a capacity of the
commutation capacitor 60 and a value of the commuta-
tion reactor 70 are set such that the transient oscillation
converges within a range not exceeding a maximum val-
ue of the reclosing time set in advance while a predeter-
mined reclosing time is ensured.
[0050] Here, before the capacitor voltage converges
to the predetermined voltage, the insulation performance
between the electrodes of the commutation switch 50 is
recovered, the arc of the commutation switch 50 is cut
or the arc is extinguished by a zero point of a current,
and thereby the commutation switch 50 may be in the
open state. In this case, the commutation capacitor 60

is charged up to a predetermined voltage by the current
of the DC system flowing from the first DC transmission
line LN1 to the second DC transmission line LN2 via a
route of the surge switch 80 and the surge resistor 90.

[Open state of commutation switch 50]

[0051] Fig. 9 is a diagram which shows the state of the
DC circuit breaker 1 in which the commutation switch 50
is controlled to be in the open state. The control unit 100
determines whether the capacitor voltage of the commu-
tation capacitor 60 is a predetermined voltage after the
time tg. For example, when the transient oscillation of
the current of the DC system is converging, the control
unit 100 determines that the commutation capacitor 60
has been charged up to a predetermined voltage. When
the control unit 100 determines that the commutation ca-
pacitor 60 has been charged up to the predetermined
voltage, the control unit 100 controls the commutation
switch 50 to be in the open state. The states of respective
parts at this time are as follows.

• Mechanical circuit breaker 10: mechanically and
electrically open state

• Lightning arrester 15: stop state
• First disconnector 20: closed state
• Second disconnector 30: closed state
• Commutation switch 50: open state
• Surge switch 80: closed state
• Commutation capacitor 60: charged state

[0052] As shown by the waveform W20 in Fig. 12, the
control unit 100 determines that the commutation capac-
itor 60 has been charged up to the predetermined voltage
at the time th, and controls the commutation switch 50
to be in the open state.

[DC system cutoff]

[0053] Fig. 10 is a diagram which shows the state of
the DC circuit breaker 1 in which the first disconnector
20 and the second disconnector 30 are controlled to be
in the open state. Fig. 11 is a diagram which shows the
state of the DC circuit breaker 1 in which the surge switch
80 is controlled to be in the open state. The control unit
100 controls the first disconnector 20 and the second
disconnector 30 to be in the open state after controlling
the commutation switch 50 to be in the open state. Then,
the control unit 100 controls the surge switch 80 to be in
the open state after controlling the first disconnector 20
and the second disconnector 30 to be in the open state.
The states of respective parts in a situation of Fig. 11 are
as follows.

• Mechanical circuit breaker 10: mechanically and
electrically open state

• Lightning arrester 15: stop state
• First disconnector 20: open state
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• Second disconnector 30: open state
• Commutation switch 50: open state
• Surge switch 80: open state
• Commutation capacitor 60: charged state

[0054] As shown by the waveform W12 in Fig. 12, the
control unit 100 controls the first disconnector 20 and the
second disconnector 30 to be in the open state at a time
ti. In addition, as shown by the waveform W12, the control
unit 100 controls the surge switch 80 to be in the open
state at a time tj.
[0055] The control unit 100 may control the first dis-
connector 20 and the second disconnector 30 to be in
the open state after controlling the surge switch 80 to be
in the open state, and may control the first disconnector
20 and the second disconnector 30 to be in the open
state in order.

[Operation flow]

[0056] Fig. 13 is a flowchart which shows an example
of operations of the DC circuit breaker 1. First, the control
unit 100 determines whether a cut-off instruction signal
indicating that the first DC transmission line LN1 and the
second DC transmission line LN2 are electrically cut off
is received from the detection device (step S100). The
control unit 100 waits until it receives the cut-off instruc-
tion signal from the detection device. When the control
unit 100 receives the cut-off instruction signal, it controls
the mechanical circuit breaker 10 to be in the open state
(step S102). Next, the control unit 100 controls the surge
switch 80 to be in the closed state (step S104). At this
time, a surge generated by controlling the surge switch
80 to be in the closed state is suppressed by the surge
resistor 90.
[0057] Next, the control unit 100 controls the commu-
tation switch 50 to be in the closed state (step S106). At
this time, since the surge is sufficiently suppressed by
the surge resistor 90, even if the commutation switch 50
is in the closed state, the surge is sufficiently suppressed
to the extent that a surge is not generated or peripheral
circuit elements and other peripheral devices do not mal-
function or break down. In addition, as the commutation
switch 50 is controlled to be in the closed state, in the
DC circuit breaker 1, the capacitor voltage of the com-
mutation capacitor 60 charged in advance and the com-
mutation reactor 70 act on the loops of the mechanical
circuit breaker 10, the commutation reactor 70, the com-
mutation capacitor 60, and the commutation switch 50,
and the commutation current L3 resonated by a reso-
nance frequency according to the capacitor component
of the commutation capacitor 60 and the reactor compo-
nent of the commutation reactor 70 flows.
[0058] The control unit 100 electrically controls the me-
chanical circuit breaker 10 to be in the open state as a
zero point is generated in the resonant commutation cur-
rent L3 flowing through the mechanical circuit breaker 10
(step S108). Since a transient recovery voltage is gen-

erated between the electrodes of the mechanical circuit
breaker 10 by electrically controlling the mechanical cir-
cuit breaker 10 to be in the open state, a voltage applied
between the electrodes of the mechanical circuit breaker
10 (that is, a voltage applied to both ends of the lightning
arrester 15) increases. Then, a voltage between the elec-
trodes of the mechanical circuit breaker 10 reaches the
operation voltage of the lightning arrester 15, and the
lightning arrester 15 operates (step S110).
[0059] As the lightning arrester 15 operates, the cur-
rent of the DC system flows from the first DC transmission
line LN1 to the second DC transmission line LN2 via the
route of the first disconnector 20, the lightning arrester
15, and the second disconnector 30. The current of the
DC system oscillates until the commutation capacitor 60
finishes the transient oscillation. The current of the DC
system attenuates as the transient oscillation subsides.
In addition, since the current of the DC system flows
through the commutation capacitor 60 in the charging
direction, the capacitor voltage gradually converges to a
predetermined voltage while oscillating due to the tran-
sient oscillation. The predetermined voltage is a voltage
that matches or substantially matches a DC voltage sup-
plied by the DC system such as the first DC transmission
line LN1 and the second DC transmission line LN2.
[0060] The control unit 100 determines whether the ca-
pacitor voltage of the commutation capacitor 60 is a pre-
determined voltage (step S112). For example, when the
transient oscillation of the current of the DC system is
converging, the control unit 100 determines that the com-
mutation capacitor 60 is charged up to a predetermined
voltage. The control unit 100 waits until the commutation
capacitor 60 is charged to a predetermined voltage.
When the control unit 100 determines that the commu-
tation capacitor 60 is charged up to a predetermined volt-
age, the control unit 100 controls the commutation switch
50 to be in the open state (step S114). Next, the control
unit 100 controls the disconnector to be in the open state
(step S 116). Next, the control unit 100 controls the surge
switch 80 to be in the open state (step S 118). As a result,
the DC circuit breaker 1 can electrically cut off the first
DC transmission line LN1 and the second DC transmis-
sion line LN2.

[Summary of embodiment]

[0061] As described above, the DC circuit breaker 1 of
the embodiment has the mechanical circuit breaker 10,
the lightning arrester 15, and the commutation circuit 40.
The mechanical circuit breaker 10 has the first terminal
10a connected to the first DC transmission line LN1 via
the first disconnector 20, and the second terminal 10b
connected to the second DC transmission line LN2 via
the second disconnector 30. The commutation circuit 40
has the commutation switch 50, the commutation capac-
itor 60, the commutation reactor 70, the surge switch 80,
and the surge resistor 90. The commutation circuit 40,
the lightning arrester 15, and the mechanical circuit
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breaker 10 are connected in parallel between the first DC
transmission line LN1 and the second DC transmission
line LN2. The commutation switch 50, the commutation
capacitor 60, and the commutation reactor 70 are con-
nected in series between the first DC transmission line
LN1 and the second DC transmission line LN2. A surge
switch 80 and a surge switch 80 connected in series are
provided in parallel with the commutation switch 50.
[0062] Here, when a series circuit of the surge switch
80 and the surge resistor 90 is not provided in parallel
with the commutation switch 50, before the capacitor volt-
age converges to a predetermined voltage, the insulation
performance between the electrodes of the commutation
switch 50 may be recovered, and the commutation switch
50 may be in the open state. Next, when the commutation
switch 50 is in the open state before the capacitor voltage
converges to the predetermined voltage, the commuta-
tion capacitor 60 may not be charged with power for caus-
ing a sufficient commutation current L3 to flow when the
first DC transmission line LN1 and the second DC trans-
mission line LN2 are cut off, or the commutation capacitor
60 may be overcharged with power for causing an ex-
cessive commutation current L3 to flow.
[0063] When the capacitor voltage is larger than a volt-
age of the DC system (that is, the commutation capacitor
60 is overcharged), a resonant commutation current L3
becomes large and there is a possibility that a current
change rate (di/dt) at a zero point of a current flowing
through the mechanical circuit breaker 10 during a period
from the time td to the time te will increase. Depending
on the performance of the mechanical circuit breaker 10,
for the commutation current L3, which has a large current
change rate (di/dt), the mechanical circuit breaker 10
cannot be electrically set to the open state, and there is
a possibility that a cutoff of the first DC transmission line
LN1 and the second DC transmission line LN2 will fail.
[0064] On the other hand, when the capacitor voltage
is smaller than the voltage of the DC system (that is, the
commutation capacitor 60 is insufficiently charged), a
resonant commutation current L3 at a time of reclosing
becomes smaller, a zero point by the commutation cur-
rent L3 flowing through the mechanical circuit breaker 10
cannot be generated, and there is a possibility that the
cutoff of the first DC transmission line LN1 and the second
DC transmission line LN2 will fail.
[0065] According to the DC circuit breaker 1 of the em-
bodiment, by providing the series circuit of the surge
switch 80 and the surge resistor 90 in parallel with the
commutation switch 50, even if a current between the
electrodes of the commutation switch 50 is cut off or an
arc is extinguished at the zero point of the current, the
current of the DC system continues to flow through the
surge switch 80 and the surge resistor 90 in the commu-
tation capacitor 60, so that the commutation capacitor 60
can be reliably charged up to a predetermined voltage.
Therefore, the DC circuit breaker 1 of the present em-
bodiment can appropriately perform reclosing while sup-
pressing a surge.

[0066] Although the embodiment of the present inven-
tion has been described, the embodiment is presented
as an example and is not intended to limit the scope of
the invention. The embodiment can be implemented in
various other embodiments, and various omissions, re-
placements, and changes can be made within a range
not departing from the gist of the invention. The embod-
iment and variations thereof are included in the scope of
the invention described in the claims and the equivalent
scope thereof, as are included in the scope and gist of
the invention.

[Reference Signs List]

[0067]

1 DC circuit breaker
10 Mechanical circuit breaker
10a, 20a, 30a, 40a, 50a, 80a First terminal
10b, 20b, 30b, 40b, 50b, 80b Second terminal
15 Lightning arrester
20 First disconnector
30 Second disconnector
40 Commutation circuit
50 Commutation switch
60 Commutation capacitor
70 Commutation reactor
80 Surge switch
90 Surge resistor
100 Control unit
L3 Commutation current
LN1 First DC transmission line
LN2 Second DC transmission line

Claims

1. A DC circuit breaker comprising:

a mechanical circuit breaker that has a first end
connected to a first DC transmission line and a
second end connected to a second DC trans-
mission line;
a lightning arrester; and
a commutation circuit that has a first switch, a
second switch, a reactor, a capacitor, and a re-
sistor,
wherein the commutation circuit, the lightning
arrester, and the mechanical circuit breaker are
connected to each other in parallel between the
first DC transmission line and the second DC
transmission line,
the first switch, the capacitor, and the reactor
are connected to each other in series between
the first DC transmission line and the second
DC transmission line, and
the second switch and the resistor connected in
series are provided in parallel with the first

17 18 



EP 4 068 326 A1

11

5

10

15

20

25

30

35

40

45

50

55

switch.

2. The DC circuit breaker according to claim 1, further
comprising:

a control unit configured to control an open or
closed state of the first switch,
wherein the first switch is a non-contact method
switch that has a pair of fixed electrodes, and
the control unit controls the non-contact method
switch to be in a closed state by lowering insu-
lation performance between the electrodes to
below that in an open state and causing dielec-
tric breakdown.

3. The DC circuit breaker according to claim 1, further
comprising:

a control unit configured to control an open or
closed state of the first switch,
wherein the first switch is a contact method
switch that has a pair of electrodes, and
the control unit controls the contact method
switch to be in a closed state by moving at least
one of the electrodes to make a distance be-
tween the electrodes shorter, and lowering in-
sulation performance between the electrodes to
below that in an open state to cause dielectric
breakdown.

4. The DC circuit breaker according to claim 3,
wherein, when at least one of the electrodes is
moved, the control unit does not bring the electrodes
into contact with each other but moves the at least
one electrode to a position separated from the elec-
trodes by a predetermined distance.

5. The DC circuit breaker according to any one of claims
1 to 4,
wherein the capacitor is charged by applying a sys-
tem voltage of a DC system supplied to the first DC
transmission line or the second DC transmission line.

6. The DC circuit breaker according to any one of claims
1 to 4,
wherein the capacitor is charged by applying a volt-
age, which is a voltage supplied from another device,
and is equivalent to the system voltage of the DC
system supplied to the first DC transmission line or
the second DC transmission line.

7. The DC circuit breaker according to any one of claims
1 to 6, further comprising:

a control unit configured to control an open or
closed state of the first switch,
wherein the reactor and the capacitor resonate
a system current of a DC system supplied to the

first DC transmission line or the second DC
transmission line according to a resonance fre-
quency to generate a zero point in the system
current as the control unit controls the first switch
to be in a closed state.

8. The DC circuit breaker according to any one of claims
1 to 7, further comprising:

a control unit configured to control an open or
closed state of the mechanical circuit breaker,
the first switch, and the second switch,
wherein the control unit performs
starting control for setting the mechanical circuit
breaker to an open state to electrically cut off
the first end and the second end,
controlling the second switch to be in a closed
state after control for setting the mechanical cir-
cuit breaker to an open state is started,
controlling the first switch to be in a closed state
after the second switch is controlled to be in a
closed state,
cutting off electrically the first end and the sec-
ond end of the mechanical circuit breaker at a
zero point generated by the reactor and the ca-
pacitor resonating a system current of a DC sys-
tem supplied to the first DC transmission line or
the second DC transmission line according to a
resonance frequency after the first switch is con-
trolled to be in a closed state,
controlling the second switch to be in an open
state when a voltage of the capacitor is a voltage
equivalent to the system voltage of the DC sys-
tem,
controlling the first switch to be in an open state
after the second switch is controlled to be in an
open state, and
limiting, by the lightning arrester, a voltage gen-
erated between the first end and the second end
as the mechanical circuit breaker is electrically
cut off.
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