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(54) DC CURRENT BREAKER DEVICE

(57) A direct current circuit breaker is provided at a
coupling point where three or more direct current power
transmission lines (11 to 13) are electrically coupled in a
direct current power transmission line network. The direct
current circuit breaker includes three or more series cir-
cuits (2), each of the series circuit being connected to
ends of two different direct current power transmission
lines, and including a serial connection of two or more
current disconnectors (21), and three or more wire con-
nection circuits (3), one end of each of the wire connec-
tion circuits being connected to a middle point of the se-
ries circuit, and another end being connected to one point
where other ends of the wire connection circuits are con-
nected to, each of the wire connection circuits including
a commutation circuit (31) in which a current is commu-
tated.
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Description

Technical Field

[0001] Embodiments of the present invention relate to
a direct current (DC) circuit breaker suitable for a DC
power transmission line network.

Background Art

[0002] In recent years, the spread of renewable ener-
gy, such as wind power generation, photovoltaic power
generation, and solar heat power generation, has been
encouraged. Off-shore wind power generation, photo-
voltaic and solar heat power generation in desert areas
have been considered to supply a larger amount of power
from renewable energy.
[0003] With off-shore wind power generation, it is nec-
essary to transmit large amounts of generated power
through submarine cables to cities where electricity is
largely consumed; with photovoltaic and solar heat power
generation, it is necessary to transmit power effectively
over a long distance, from the desert areas in Africa or
up-country in China to Europe and coastal metropolises.
[0004] The demand for such long-distance power
transmission leads to consideration of construction of a
DC power transmission line network because DC power
transmission is more efficient than conventional three-
phase AC power transmission, and providing such a net-
work can realize cost-savings.
[0005] DC power transmission requires power convert-
ing devices, such as converters for converting generated
AC power to DC for DC power transmission and inverters
for converting transmitted DC into AC for intra-city use.
To avoid a higher harmonic wave due to switching in
converters and inverters from flowing in an AC system,
development and commercialization of a modular multi-
level converter circuit capable of outputting a voltage
waveform similar to a sine wave has been underway.
[0006] Compared to a conventional AC power trans-
mission system, a DC power transmission system can
be installed with a low cost if the system is applied to
long-distance and greater-scale power transmission, and
it is possible to construct such a system with high effi-
ciency and less loss in power transmission; on the other
hand, it is difficult to interrupt a current in a site where a
system fault occurs due to lightening strike, etc.
[0007] In an AC system, a current can be interrupted
at high speed by a mechanical-contact breaker at the
point where an AC current crosses a zero current for
every half cycle of the AC frequency of 50 Hz or 60 Hz,
whereas in a DC system, a current cannot be easily in-
terrupted by a mechanical contact breaker because a DC
current does not cross a zero current. There is a way of
interrupting a current using a semiconductor element;
however, since a large current always flows in transmis-
sion lines, a large amount of conduction loss is steadily
observed in such a semiconductor element.

[0008] To establish a power transmission line network,
it is requested to continue an operation only with fault-
free power transmission line networks by cutting off a
fault-occurring point from the power transmission line
network shortly after a fault occurs; thus, a DC circuit
breaker like the one shown in FIG. 6 has been proposed.
[0009] The circuit diagram (A) in FIG. 6 shows a circuit
configuration of the DC circuit breaker 4, and the circuit
diagram (B) in FIG. 6 specifically shows a circuit element
configuration of the commutation circuit 31 (H) shown in
the diagram (A) of FIG. 6.
[0010] In FIG. 6, only positive electrode lines of the DC
power transmission lines are shown, and negative elec-
trode lines are omitted. Hereinafter, only the positive
electrode lines are shown and the negative electrode
lines are omitted in the drawings.
[0011] The DC circuit breaker 4 has a circuit configu-
ration in which two series circuits 2 each consisting of
two mechanical contact type current disconnectors 21
are connected in parallel and the middle points thereof
are connected by a wire connection circuit 3 consisting
of a commutation circuit 31.
[0012] The commutation circuit 31 has a single-phase
full bridge configuration, having a capacitor as a DC volt-
age source. The DC circuit breakers 4 are inserted in
series at a required point in the power transmission lines
11 of the DC power transmission line network.
[0013] According to this DC current circuit breaker 4,
during a steady operation, all the mechanical contact type
current disconnectors 21 are turned on, contrary to the
state shown in (A) of FIG. 6. In this steady operation, a
regular DC flows through the mechanical contact type
current disconnectors 21.
[0014] When a system fault occurs, two mechanical
contact type current disconnectors 21 that are arranged
on a diagonal line are turned off, and the other two me-
chanical contact type current disconnectors 21 which
stay in an ON state are used so that a current flows in
the mechanical contact type current disconnector 21, the
commutation circuit 31, and mechanical contact type cur-
rent disconnector 21. Subsequently, a current flowing in
the commutation circuit 31 is controlled to decrease to
zero, and at the instant when a current flowing in the
mechanical contact type current disconnectors 21 be-
comes zero, the remaining two mechanical contact type
current disconnectors 21 are turned off. A fault current
can be thereby interrupted.
[0015] However, in the DC circuit breaker 4 shown in
FIG. 6, it is necessary to place one above-described DC
current circuit breaker 4 in each of the DC power trans-
mission lines 11, 12, and 13 as shown in FIG. 7, so that
only a system where a fault occurs can be cut off at a
coupling point k where two or more, for example, three
DC power transmission lines 11, 12, and 13 are coupled.
[0016] As a result, the number of components required
for such a system is increased overall, and the increase
of the components leads to an increase of cost and size.
[0017] For this reason, it is desired to reduce the
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number of components and to provide a compact DC
circuit breaker with a low cost, while being able to inter-
rupt a fault current at high speed at a coupling point of
multiple DC power transmission lines.

Disclosure of Invention

[0018] According to one embodiment, there is provided
a direct current circuit breaker that is provided at a cou-
pling point where three or more direct current power
transmission lines are electrically coupled in a direct cur-
rent power transmission line network, the breaker com-
prising: three or more series circuits, each of the series
circuit being connected to ends of two different direct
current power transmission lines, and including a serial
connection of two or more current disconnectors; and
three or more wire connection circuits, one end of each
of the wire connection circuits being connected to a mid-
dle point of the series circuit, and another end being con-
nected to one point where other ends of the wire connec-
tion circuits are connected to, each of the wire connection
circuits including a commutation circuit in which a current
is commutated.
[0019] According to another embodiment, there is pro-
vided a direct current circuit breaker that is provided at
a coupling point where three or more direct current power
transmission lines are electrically coupled in a direct cur-
rent power transmission line network, the breaker com-
prising: three or more series circuits, each of the series
circuits being connected to ends of two different direct
current power transmission lines, and including a serial
connection of two or more elements which includes a
commutation means; and three or more wire connection
circuits, each of the wire connection circuits including a
current disconnector, one end of the current disconnector
being connected to a middle point of the series circuit,
and another end being connected to one point where
other ends of the current disconnectors are connected to.

Brief Description of Drawings

[0020]

FIG. 1 is a diagram showing a configuration of a DC
circuit breaker according to a first embodiment.
FIG. 2 is a step-by-step diagram showing procedures
for controlling on/off of mechanical-contact current
disconnectors in the event of a fault according to the
embodiment.
FIG. 3 is a diagram showing a configuration of a DC
circuit breaker according to a second embodiment.
FIG. 4 is a diagram showing a configuration of a DC
circuit breaker according to a third embodiment.
FIG. 5 is a diagram showing a configuration of a DC
circuit breaker according to a fourth embodiment.
FIG. 6 is a diagram showing a circuit configuration
of a common DC circuit breaker.
FIG. 7 is a diagram showing a configuration example

in which DC circuit breakers of FIG. 6 are arranged
around a coupling point of three DC transmission
lines.

[0021] Mode for Carrying Out the Invention Embodi-
ments of the present invention will now be described in
detail with reference to the accompanying drawings.

(First Embodiment)

[0022] FIG. 1 is a diagram of a configuration of a DC
circuit breaker according to the first embodiment of the
present invention.
[0023] As shown in (A) of FIG. 1, DC circuit breakers
are provided at a coupling point where three DC power
transmission lines 11, 12, and 13 are electrically coupled.
The DC power transmission lines 11, 12, and 13 are con-
nected to each other by series circuits 2 each consisting
of two mechanical contact type current disconnectors 21.
The series circuits 2 at the coupling points of the three
DC power transmission lines 11, 12, and 13 form a delta
connection for points a, b, and c on the line paths.
[0024] One end of the wire connection circuit 3 includ-
ing a commutation circuit 31 (H) is connected to the mid-
dle point of two mechanical contact type current discon-
nectors 21 in each series circuit 2, and the other end is
connected to a contact point j where all the other ends
of the wire connection circuits 3 are connected. These
wire connection circuits 3 serve as a star wire connection.
[0025] As shown in (B) of FIG. 1, the commutation cir-
cuit 31 has a single-phase full bridge configuration, hav-
ing a capacitor as a voltage source.
[0026] A not-illustrated control circuit controls an
ON/OFF operation of all the mechanical contact type cur-
rent disconnectors 21 of the series circuits 2 in accord-
ance with a time when a steady operation is carried out
or when a fault occurs in any of the power transmission
lines.
[0027] The control circuit also controls an output volt-
age of the commutation circuit 31 in the wire connection
circuit 3.
[0028] Next, the operation at the time of interrupting a
current in the DC circuit breaker according to the present
embodiment will be described. During a steady opera-
tion, the control circuit turns on the mechanical contact
type current disconnectors 21 in all the series circuits 2,
so that a current is transmitted through the mechanical
contact type current disconnectors 21.
[0029] As shown in (A) of FIG. 2, when a fault occurs
in one DC power transmission line, for example, the DC
power transmission line 13, a fault current (if) flows to-
ward the DC power transmission line 13. When the fault
is detected, the control circuit turns off the mechanical-
contact current disconnectors 2a, which constitutes a pair
with respect to the contact point j, as shown in (B) in FIG.
2, so that a fault current (if) flows through the mechanical-
contact current disconnectors 21, the commutation cir-
cuit 31, and the mechanical-contact current disconnector
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2b.
[0030] Herein, the control circuit controls an output
voltage and an amount of current, so that the fault current
(if) in the commutation circuit 31 decreases to zero. Then,
at the time when a current decreases to zero, as shown
in (C) of FIG. 2, the mechanical-contact current discon-
nector 2b where the fault current (if) is flowing is turned
off, so that the DC power transmission line 13 where the
fault has occurred is cut off.
[0031] In a case where a fault occurs in the DC power
transmission line 11, 12, or 13 of other systems other
than the DC power transmission line 13, it is possible to
cut off the DC power transmission line where the fault
has occurred by performing similar processing.
[0032] According to the above-described embodiment,
compared to a case where conventional DC current cir-
cuit breakers shown in FIG. 6 are respectively connected
to the DC power transmission lines 11, 12, and 13, it is
possible to reduce the size of the series circuit 2 by half,
and to reduce the overall number of components, thereby
realizing a DC current breaker with a low cost and a com-
pact size.
[0033] The matters common in the present embodi-
ment and the second embodiment will be described be-
low.
[0034] A similar operation can be carried out with sem-
iconductor breakers, instead of the mechanical contact
type current disconnectors 21.
[0035] As shown in FIG. 1, one mechanical contact
type current disconnector 21 is provided in each series
circuit 2 across a middle point from another mechanical
contact type current disconnector 21; however, the series
circuits 2 may be configured to be connected to two or
more mechanical contact type current disconnectors 21
in series across the middle point from two or more other
mechanical contact type current disconnectors 21.
[0036] Two or more commutation circuits 31 may be
connected in series to constitute a wire connection circuit
3. If a direction of controlling a current in the commutation
circuit 31 is limited, the commutation circuit 31 may be
configured as a half-bridge circuit.
[0037] For example, a reactor may be provided in se-
ries on the line paths connecting the points a, b, and c.
This reactor can suppress a peak of an alternating current
flowing in the event of a fault, and makes it easy to inter-
rupt a current in the mechanical contact type current dis-
connectors 21a by decreasing a frequency of the alter-
nating current and lowering a gradient of the alternating
current.

(Second Embodiment)

[0038] FIG. 3 is a diagram showing a configuration of
a DC circuit breaker according to the second embodi-
ment. Since a basic concept is the same as the config-
uration illustrated in FIG. 1, the constituent elements the
same as or corresponding to those of the DC circuit
breaker illustrated in FIG. 1 will be referred to by the same

reference symbols as those used in FIG. 1.
[0039] The present embodiment discloses a configu-
ration example of the DC circuit breakers at the coupling
point of four DC power transmission lines 11-14. At the
coupling point, two neighboring lines of the DC power
transmission lines 11-14 are connected by series circuits
2 each consisting of two mechanical contact type current
disconnectors 21.
[0040] One end of the wire connection circuit 3 includ-
ing a commutation circuit 31 (H) is connected to the mid-
dle point of two mechanical contact type current discon-
nectors 21 in each series circuit 2, and the other end is
connected to a contact point j where all the other ends
of the wire connection circuits 3 are connected.
[0041] As shown in (B) of FIG. 1, the commutation cir-
cuit 31 has a single-phase full bridge configuration, hav-
ing a capacitor as a voltage source.
[0042] A not-illustrated control circuit controls an
ON/OFF operation of all the mechanical contact type cur-
rent disconnectors 21 of the series circuits 2 in accord-
ance with a time when a steady operation is carried out
or when a fault occurs in any of the power transmission
lines.
[0043] The control circuit also controls an output volt-
age of the commutation circuit 31 in the wire connection
circuit 3.
[0044] The current interruption operation in the present
DC circuit breaker is similar to that in the first embodi-
ment, and even when a fault occurs in any of the DC
power transmission lines 11-14, the DC power transmis-
sion line where the fault has occurred can be cut off in a
short time.
[0045] According to the present embodiment, com-
pared to a case where conventional DC current circuit
breakers shown in FIG. 6 are respectively connected to
the DC power transmission lines 11-14, it is possible to
reduce the overall number of components in the series
circuits 2, thereby realizing a DC current breaker with a
low cost and a compact size.
[0046] To connect a conventional DC circuit breaker
shown in FIG. 6, if there are n lines of DC power trans-
mission lines, 2n series circuits 2 consisting of mechan-
ical contact type current disconnectors 21 are required.
In contrast, only a half of the number, that is, n series
circuits 2 are required in the present embodiment.
[0047] Furthermore, even in a case of contact points
of five or more DC power transmission lines, a configu-
ration similar to the present embodiment can reduce the
number of components by half.
[0048] In FIG. 3, the DC power transmission line 11 is
connected to the DC power transmission lines 13 and 14
by the series circuits 2, for example; however, since all
the DC power transmission lines 11-14 are equivalent,
the DC power transmission lines 12 and 13, or the DC
power transmission lines 12 and 14 may be connected
to the DC power transmission line 11 by the series circuits
2. The same applies to the other DC power transmission
lines.

5 6 



EP 3 306 635 A1

5

5

10

15

20

25

30

35

40

45

50

55

(Third Embodiment)

[0049] FIG. 4 is a diagram showing a configuration of
a DC circuit breaker according to the third embodiment.
Since a basic concept is the same as the configuration
illustrated in FIG. 1, the constituent elements the same
as or corresponding to those of the DC circuit breaker
illustrated in FIG. 1 will be referred to by the same refer-
ence symbols as those used in FIG. 1.
[0050] As shown in (A) of FIG. 4, the DC circuit break-
ers according to the present embodiment connect the
DC power transmission lines 11, 12, and 13 by the series
circuits 2 each consisting of the reactor 22 and the sem-
iconductor circuit breaker 23 at the coupling point where
three DC power transmission lines 11, 12, and 13 are
electrically connected.
[0051] As shown in (B) of FIG. 4, each semiconductor
circuit breaker 23 is connected in series in such a manner
that two semiconductor switching elements 231 are di-
rected in opposite directions, and an arrestor 232 is con-
nected the semiconductor switching elements 231 in par-
allel.
[0052] The series circuits 2 at the coupling point of the
three DC power transmission lines 11, 12, and 13 form
a delta connection for points a, b, and c on the line paths.
One end of the wire connection circuit 3 including a com-
mutation circuit 32 is connected to the middle point of the
reactor 22 and the semiconductor circuit breaker 23 in
each series circuit 2, and the other end is connected to
a contact point j where all the other ends of the wire con-
nection circuits 3 are connected. These wire connection
circuits 3 serve as a star wire connection.
[0053] A not-illustrated control circuit controls an
ON/OFF operation of all the semiconductor circuit break-
ers 23 of the series circuits 2 in accordance with a time
when a steady operation is carried out or when a fault
occurs in any of the power transmission lines.
[0054] The control circuit also controls an ON/OFF op-
eration of the mechanical-contact current disconnector
32 in the wire connection circuit 3.
[0055] Next, the operation at the time of interrupting a
current in the DC circuit breaker according to the present
embodiment will be described.
[0056] During a steady operation, the control circuit
turns on all the mechanical contact type current discon-
nectors 32 but turns off all the semiconductor circuit
breakers 23, so that a current is transmitted through the
mechanical-contact current disconnectors 32 and the re-
actors 22.
[0057] When a fault occurs in a DC power transmission
line, a fault current (if) flows toward the DC power trans-
mission line where the fault occurs. When the control
circuit detects the fault, the control circuit turns on the
semiconductor circuit breaker 23 connected to a DC pow-
er transmission line where the fault occurs. Then, the
fault current (if) flowing in the reactor 22 and the mechan-
ical-contact current disconnector 32 that are connected
to the DC power transmission line where the fault has

occurred flows in the semiconductor circuit breaker 23
that is turned on. At this time, at this instance when a
zero current flows in the mechanical-contact current dis-
connector 32, the control circuit turns off the mechanical-
contact current disconnector 32. Next, the semiconduc-
tor circuit breaker 23 to which the flow of the fault current
has been shifted is turned off. The DC power transmis-
sion line where the fault has occurred can be thereby cut
off.
[0058] In a case where a fault occurs in other systems,
by performing similar processing, it is possible to cut off
the DC power transmission line where the fault occurs
even when the fault occurs in any of the DC power trans-
mission lines.
[0059] According to the above-described embodiment,
compared to a case where conventional DC current cir-
cuit breakers shown in FIG. 6 are respectively connected
to the DC power transmission lines 11, 12, and 13, it is
possible to reduce the size of the series circuit 2 by half,
and to reduce the overall number of components, thereby
realizing a DC current breaker with a low cost and a com-
pact size.
[0060] In the semiconductor circuit breaker 23, four or
more semiconductor switching elements 231 may be
connected in series. If a direction of controlling a current
is limited, the elements may be configured to be directed
in one direction only.
[0061] The arrestor 232 may be connected in parallel
to each of the semiconductor switching elements 231 or
to a plurality of the semiconductor switching elements
231, or two or more semiconductor circuit breaker 23
may be connected in series.
[0062] Although not explained with reference to FIG.
4 in the above, a similar configuration may be applied to
the DC circuit breakers at the coupling point of four or
more DC power transmission lines.

(Fourth Embodiment)

[0063] FIG. 5 is a diagram showing a configuration of
a DC circuit breaker according to the fourth embodiment.
Since a basic concept is the same as the configuration
illustrated in FIG. 1, the constituent elements the same
as or corresponding to those of the DC circuit breaker
illustrated in FIG. 1 will be referred to by the same refer-
ence symbols as those used in FIG. 1.
[0064] The DC circuit breaker is configured in such a
manner that two reactors 22 and two semiconductor cir-
cuit breakers 23 are alternately connected in each series
circuit 2. One end of each of the mechanical-contact cur-
rent disconnectors 32 is connected to each of the middle
points e, f, and g of the series circuits 2, and all the other
ends of the mechanical-contact current disconnectors 32
are connected to each other at the contact point j.
[0065] One end of each of the mechanical-contact cur-
rent disconnector 33 is connected to the joint point of the
semiconductor circuit breaker 23 and the reactor 22 not
connected to one the middle points e, f, g of the series
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circuits 2, and the other end is connected to the coupling
point of the reactor 22 and the semiconductor circuit
breaker 23 of an adjacent series circuit 2. At this time,
the mechanical-contact current disconnector 33 con-
nects the joint points of the reactors 22 and the semicon-
ductor circuit breakers 23 belonging to the series circuits
2 bifurcated from the same DC power transmission line.
[0066] A not-illustrated control circuit controls an
ON/OFF operation of all the semiconductor circuit break-
ers 23 of the series circuits 2 in accordance with a time
when a steady operation is carried out or when a fault
occurs in any of the power transmission lines.
[0067] The control circuit also controls an ON/OFF op-
eration of the mechanical-contact current disconnectors
32 and 33 in the wire connection circuit 3.
[0068] The current interruption operation in the present
DC circuit breaker is similar to that in the third embodi-
ment, and even when a fault occurs in any of the DC
power transmission lines, the DC power transmission line
where the fault has occurred can be cut off.
[0069] According to the present embodiment, com-
pared to the configuration in the third embodiment, re-
quired insulation resistance is decreased as a voltage
applied to the mechanical-contact current disconnectors
32 and 33 is low. For this reason, it is possible to use
mechanical-contact current disconnectors 32 that are in-
expensive and slow in opening/closing by shortening an
insulation distance, thereby constructing a DC circuit
breaker with a lower cost.
[0070] A bridge circuit consisting of a series circuit 2
and a wire connection circuit 3 may be configured as a
multiple-stage circuit. The current interruption operation
in the present DC circuit breaker is similar to that in the
fourth embodiment, and even when a fault occurs in any
of the DC power transmission lines, the DC power trans-
mission line where the fault has occurred can be cut off.
[0071] A multiple-stage bridge circuit further lowers a
voltage applied to the mechanical contact type current
disconnector, and thus, it becomes possible to construct
a DC circuit breaker with a further lower cost by using a
mechanical contact type current disconnector that is
cheap and slow in in opening/closing.
[0072] The series circuits 2 and the wire connection
circuits 3 may be replaced with the constituent elements
of the first embodiment to configure a DC circuit breaker
in a similar manner.
[0073] For example, it is possible to replace the series
circuits 2 and the wire connection circuits 3 shown in FIG.
5 with the series circuits 2 and the wire connection circuits
3 shown in FIG. 1. In this case, for example, four or more
mechanical contact type current disconnectors 21 may
be directly connected in the series circuit 2.
[0074] As described in detail in the above, according
to at least one embodiment, it is possible to realize a low-
cost and compact DC circuit breaker having a lower
number of components and provided at a coupling point
of a plurality of DC power transmission lines, while being
able to interrupt a fault current at high speed.

[0075] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope. Indeed, the embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions, and changes in the form
of the embodiments described herein may be made with-
out departing from the spirit of the invention. The accom-
panying claims and their equivalents are intended to cov-
er such forms or modifications as would fall within the
scope and spirit of the invention.

Claims

1. A direct current circuit breaker that is provided at a
coupling point where three or more direct current
power transmission lines are electrically coupled in
a direct current power transmission line network, the
breaker characterized by comprising:

three or more series circuits, each of the series
circuit being connected to ends of two different
direct current power transmission lines, and in-
cluding a serial connection of two or more cur-
rent disconnectors; and
three or more wire connection circuits, one end
of each of the wire connection circuits being con-
nected to a middle point of the series circuit, and
another end being connected to one point where
other ends of the wire connection circuits are
connected to, each of the wire connection cir-
cuits including a commutation circuit in which a
current is commutated.

2. The direct current circuit breaker according to claim
1, characterized in that
during a steady operation, each of the current dis-
connectors is operated in an on state, and
when a system fault occurs in the direct current pow-
er transmission line network, some of the current dis-
connectors are turned off, so that a current flowing
between a direct current power transmission line
where the fault occurs and other direct current power
transmission lines flows in the current disconnector,
the wire connection circuit, and the current discon-
nector in this order,
the commutation circuit included in the wire connec-
tion circuit is controlled so that a current flowing in
the direct current power transmission line where the
fault occurs is decreased to zero, and the current
disconnector connected to the direct current power
transmission line where the fault occurs is turned off
in a zero current state.

3. The direct current circuit breaker according to claim
1 or 2, characterized in that
each of the series circuits includes a serial connec-
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tion of a plurality of current disconnectors between
the middle point and the ends of the two different
direct current power transmission lines, and
the direct current circuit breaker further comprising
three or more wire connection circuits, each of the
wire connection circuits including a commutation cir-
cuit that connects coupling points of the plurality of
current disconnectors in each series circuit that is
bifurcated from an end of the direct current power
transmission line.

4. A direct current circuit breaker that is provided at a
coupling point where three or more direct current
power transmission lines are electrically coupled in
a direct current power transmission line network, the
breaker characterized by comprising:

three or more series circuits, each of the series
circuits being connected to ends of two different
direct current power transmission lines, and in-
cluding a serial connection of two or more ele-
ments which includes a commutation means;
and
three or more wire connection circuits, each of
the wire connection circuits including a current
disconnector, one end of the current disconnec-
tor being connected to a middle point of the se-
ries circuit, and another end being connected to
one point where other ends of the current dis-
connectors are connected to.

5. The direct current circuit breaker according to claim
4, characterized in that
during a steady operation, each of the current dis-
connectors is operated in an on state,
when a system fault occurs, the commutating means
is operated in such a manner that a current of the
current disconnector of the wire connection circuit is
decreased to zero, wherein a current flowing in the
direct current power transmission line where the fault
occurs flows in the commutating means, and
the current disconnector is turned off in a zero current
status, wherein a current flowing in the direct current
power transmission line where the fault occurs flows
in the current disconnector.

6. The direct current circuit breaker according to claim
4 or 5, characterized in that
each of the series circuits includes a serial connec-
tion of a plurality of elements which includes the com-
mutating means between the middle point and the
ends of the two different direct current power trans-
mission lines, and
the direct current circuit breaker further comprising
three or more wire connection circuits, each of the
wire connection circuits including a current discon-
nector that connects coupling points of the plurality
of elements which includes the commutating means

in each series circuit that is bifurcated from an end
of the direct current power transmission line.

7. The direct current circuit breaker according to claim
4 or 5, characterized in that the series circuit in-
cludes a reactor and a semiconductor circuit breaker.
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