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(54)  CIRCUIT BREAKER

(67)  According to the present invention, a direct-cur-
rent circuit breaker for a high voltage is obtained, which
can reliably interrupt current ranging from a low current
thatis lower than or equal to 1 kA to a ground-fault current
exceeding 1 KA.

A circuit breaker includes: a first switching contact
(1a, 1b) that opens and closes a direct-current electrical
path (200); a second switching contact (2a, 2b) that is
connected in series with the first switching contact (1a,
1b) and opens and closes the direct-current electrical
path (200); and a semiconductor switch (4a, 4b) that is
connected to both ends of the second switching contact
(2a, 2b) such that the semiconductor switch (4a, 4b) is
in parallel with the second switching contact (2a, 2b) and
that opens and closes the direct-current electrical path
(200). When a closing operation is performed, the sem-
iconductor switch (4a, 4b) is closed after the first switch-
ing contact (1a, 1b) and the second switching contact
(2a, 2b) are closed, and when an interrupting operation
is performed, the semiconductor switch (4a, 4b) is
opened after the first switching contact (1a, 1b) and the
second switching contact (2a, 2b) are opened.
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Description
Field
[0001] The presentinventionrelatestoacircuitbreaker

that interrupts a high-voltage direct-current circuit.
Background

[0002] A typical method to achieve a higher-voltage
circuit breaker used for a direct-current circuit is to in-
crease the arc voltage, generated when the switching
contacts of the circuit breaker are separated, by increas-
ing the opening distance between the switching contacts
in accordance with the circuit voltage. However, increas-
ing the opening distance between the switching contacts
increases the size of a circuit breaker and this runs coun-
ter to the current need for downsizing.

[0003] To counter this, a technology has been pro-
posed as a method for interrupting a direct-current circuit
without increasing the opening distance between switch-
ing contacts. In this technology, a semiconductor switch
is connected between the switching contacts such that
the semiconductor switch is in parallel with the switching
contacts, and, during an opening and closing operation
of the switching contacts, current is diverted to the sem-
iconductor switch so that the arc generated between the
switching contacts is immediately extinguished and
thereafter the semiconductor switch is turned off to inter-
rupt the current (for example, see Patent Literatures 1
and 2).

Citation List
Patent Literature
[0004]

Patent Literature 1: Japanese Patent Application
Laid-open No. 2012-248445

Patent Literature 2: Japanese Patent Application
Laid-open No. 2014-38775

Summary
Technical Problem

[0005] Withthe conventional circuit breaker configured
as above, in a case where a semiconductor switch is
selected in accordance with the rated current, interrupt-
ing a high interrupting current, e.g., current exceeding 1
kA, may cause the semiconductor switch to break. More-
over, in a case where a semiconductor switch is selected
for a high current, a problem arises in that the size of the
semiconductor switch increases relative to the circuit
breaker.

[0006] An object of the present invention is to provide
a direct-current circuit breaker for a high voltage that can
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reliably interrupt current ranging from a low current that
is lower than orequalto 100 A to a fault current exceeding
1 KA.

Solution to Problem

[0007] A circuit breaker according to an aspect of the
present invention includes: a first switching contact that
opens and closes an electrical path; a second switching
contact that is connected in series with the first switching
contact and opens and closes the electrical path; and a
semiconductor switch that is connected to both ends of
the second switching contact such that the semiconduc-
tor switch is in parallel with the second switching contact
and that opens and closes the electrical path. When a
closing operation is performed, the semiconductor switch
is closed after the first switching contact and the second
switching contact are closed, and when an interrupting
operation is performed, the semiconductor switch is
opened after the first switching contact and the second
switching contact are opened.

Advantageous Effects of Invention

[0008] According to the present invention, the circuit
breaker includes: a first switching contact that opens and
closes a direct-current electrical path; a semiconductor
switch that is connected in series with the first switching
contact; and a second switching contact thatis connected
to both ends of the semiconductor switch such that the
second switching contact is in parallel with the semicon-
ductor switch. When a closing operation is performed,
the semiconductor switch is closed after the first switch-
ing contact and the second switching contact are closed,
and when an interrupting operation is performed, the
semiconductor switch is opened after the first switching
contact and the second switching contact are opened.
Therefore, it is possible to reliably interrupt direct current
ranging from a low current to a fault current.

Brief Description of Drawings
[0009]

FIG. 1 is a circuit diagram illustrating the configura-
tion of a circuit breaker according to a first embodi-
ment of the present invention.

FIG. 2 is a circuit diagram illustrating the configura-
tion of a circuit breaker according to a second em-
bodiment of the present invention.

FIG. 3 is a configuration diagram schematically illus-
trating the configuration of the circuit breaker accord-
ing to the second embodiment of the present inven-
tion.

FIG. 4 is a circuit diagram illustrating the configura-
tion of a circuit breaker according to a third embod-
iment of the present invention.

FIG. 5 is a front view illustrating the circuit breaker
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according to the third embodiment of the present in-
vention.

FIG. 6 is a cross-sectional view taken along line x-x
in FIG. 4.

FIG. 7 is a cross-sectional view taken along line y-y
in FIG. 4.

FIG. 8 is an explanatory diagram for explaining op-
erations of first switching contacts, second switching
contacts, a crossbar, and actuators in FIG. 7, where
(a) indicates an OFF state, (b) indicates a state dur-
ing transition from an OFF state to an ON state, and
(c) indicates an ON state.

Description of Embodiments

[0010] FIG. 1 is a circuit diagram illustrating the con-
figuration of a circuit breaker according to a first embod-
iment of the present invention.

[0011] In FIG. 1, a circuit breaker 100 includes first
switching contacts 1a and 1b, which are connected to a
direct-current electrical path 200 and open and close the
direct-current electrical path 200; second switching con-
tacts 2a and 2b, which are connected in series with the
first switching contacts 1a and 1b, respectively, and open
and close the direct-current electrical path 200; a switch-
ing mechanism 3, which opens and closes the first switch-
ing contacts 1aand 1b and the second switching contacts
2a and 2b; semiconductor switches 4a and 4b, which
open and close the direct-current electrical path 200 and
which are connected to both ends of the second switching
contacts 2a and 2b, respectively, such that the semicon-
ductor switches 4a and 4b are in parallel with the second
switching contacts 2a and 2b, respectively; trippers 5a
and 5b, which, when the current flowing in the direct-
current electrical path 200 exceeds a predetermined val-
ue, drive the switching mechanism 3 for a time period
corresponding to the value of the current, thereby inter-
rupting the first switching contacts 1a and 1b; and a gate
drive circuit 6, which is connected to the load side of the
tripper 5a and the load side of the tripper 5b and drives
the semiconductor switches 4a and 4b.

[0012] The second switching contacts 2a and 2b are
opened and closed in conjunction with the opening and
closing operation ofthe first switching contacts 1aand 1b.
[0013] Inthe semiconductor switch 4a, a semiconduc-
tor device 4a1 connected in anti-parallel with a diode 4a3
and a semiconductor device 4a2 connected in anti-par-
allel with a diode 4a4 are connected in series but with
reversed polarities.

[0014] Inthe semiconductor switch 4b, a semiconduc-
tor device 4b1 connected in anti-parallel with a diode 4b3
and a semiconductor device 4b2 connected in anti-par-
allel with a diode 4b4 are connected in series but with
reversed polarities.

[0015] Operations of the circuit breaker 100 will be de-
scribed next. First, the closing operation of the circuit
breaker 100 will be described.

[0016] When the switching mechanism 3 is operated
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to close the first switching contacts 1a and 1b and the
second switching contacts 2a and 2b, the closing oper-
ation of the second switching contacts 2a and 2b is com-
pleted first, and then the closing operation of the first
switching contacts 1a and 1b is completed. Consequent-
ly, the current in the direct-current electrical path 200
starts flowing in the circuit breaker 100.

[0017] Then, power is supplied to the gate drive circuit
6, which drives the semiconductor switches 4a and 4b,
and thus the semiconductor switches 4a and 4b are driv-
en by the gate drive circuit 6 and turned on. Consequent-
ly, the closing operation of the first switching contacts 1a
and 1b, the second switching contacts 2a and 2b, and
the semiconductor switches 4a and 4b is completed. At
this point in time, because the on-resistance of the sem-
iconductor switches 4a and 4b is larger than the on-re-
sistance of the second switching contacts 2a and 2b, the
current substantially flows in the second switching con-
tacts 2a and 2b.

[0018] The interrupting operation of the circuit breaker
100 will be described next.

[0019] The switching mechanism 3 is driven by an op-
eration switch (not illustrated) or by the trippers 5a and
5b and the opening operation of the first switching con-
tacts 1a and 1b is started first. When the first switching
contacts 1a and 1b are opened, an arc is generated be-
tween the contacts of each of the first switching contacts
1aand 1b and the current that flows between the contacts
of each of the first switching contacts 1a and 1b is limited.
[0020] When the opening operation of the first switch-
ing contacts 1a and 1b further proceeds, the opening
operation of the second switching contacts 2a and 2b is
also started. When the second switching contacts 2a and
2b are opened, an arc is also generated between the
contacts of each of the second switching contacts 2a and
2b and thus the voltage across the contacts of each of
the second switching contacts 2a and 2b increases. Ac-
cordingly, the current that flows between the contacts of
each of the first switching contacts 1a and 1b and be-
tween the contacts of each of the second switching con-
tacts 2a and 2b is further limited, and the currents flowing
in the second switching contacts 2a and 2b are diverted
to the semiconductor switches 4a and 4b, respectively.
Then, when a predetermined period of time (for example,
15 msec) has elapsed since the first switching contacts
1a and 1b and the second switching contacts 2a and 2b
were opened and the flowing current is sufficiently limit-
ed, the gate drive circuit 6 stops the driving of the gates
of the semiconductor switches 4a and 4b so as to turn
off the semiconductor switches 4a and 4b, and thereby
interruption of the direct-current electrical path 200 is
completed.

[0021] It is possible to achieve, in accordance with a
signal from the switching mechanism 3, adelay operation
to stop the driving of the gates of the semiconductor
switches 4a and 4b by the gate drive circuit 6 after the
second switching contacts 2a and 2b are opened. Be-
cause the generation of an arc between the contacts of
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each of the first switching contacts 1a and 1b and the
generation of an arc between the contacts of each of the
second switching contacts 2a and 2b cause the voltage
across the contacts to increase and thus cause the volt-
age applied to the gate drive circuit 6 to drop, as an al-
ternative, it is possible to configure a circuit for the delay
operation on the basis of this voltage drop.

[0022] In the circuit diagram illustrated in FIG. 1, the
first switching contacts 1a and 1b are placed on the side
where the direct-current electrical path 200is located and
the second switching contacts 2a and 2b are placed on
the side where a load 300 is located; however, the first
switching contacts 1a and 1b may be placed on the side
where the load 300 is located and the second switching
contacts 2a and 2b may be placed on the side where the
direct-current electrical path 200 is located. Itis desirable
that the gate drive circuit 6 be placed closer to the load
300 than the first switching contacts 1a and 1b and the
second switching contacts 2a and 2b. Moreover, if a re-
verse connection of the power supply and the load is
taken into consideration, it is desirable to have a config-
uration in which the gate drive circuit 6 is placed between
the first switching contacts 1a and 1b and the second
switching contacts 2a and 2b so as to enable the inter-
ruption of power supply to the gate drive circuit 6 in any
of a normal connection and a reverse connection.
[0023] According to the present embodiment, the fol-
lowing are provided: the first switching contacts 1a and
1b, which open and close the direct-current electrical
path 200; the semiconductor switches 4a and 4b, which
are connected in series with the first switching contacts
1a and 1b, respectively; and the second switching con-
tacts 2a and 2b, which are connected to both ends of the
semiconductor switches 4a and 4b, respectively, such
that the second switching contacts 2a and 2b are in par-
allel with the semiconductor switches 4a and 4b, respec-
tively. When the closing operation is performed, the sem-
iconductor switches 4a and 4b are closed after the first
switching contacts 1a and 1b and the second switching
contacts 2a and 2b are closed. When the interrupting
operation is performed, the semiconductor switches 4a
and 4b are opened after the first switching contacts 1a
and 1b and the second switching contacts 2a and 2b are
opened. Therefore, direct current ranging from a low cur-
rent to a ground-fault current can be reliably interrupted.
[0024] Moreover, the switching mechanism 3 is pro-
vided, which closes the second switching contacts 2a
and 2b before closing the first switching contacts 1a and
1b and opens the second switching contacts 2a and 2b
after opening thefirst switching contacts 1a and 1b; there-
fore, an interrupting current flowing during the interrupt-
ing operation is diverted from the second switching con-
tacts 2a and 2b to the semiconductor switches 4a and
4b after it is sufficiently limited due to the opening of the
first switching contacts 1a and 1b. This eliminates the
concern that the semiconductor switches 4a and 4b may
be damaged.
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Second embodiment.

[0025] FIG. 2 is a circuit diagram illustrating the con-
figuration of a circuit breaker according to a second em-
bodiment of the present invention. FIG. 3 is a configura-
tion diagram schematically illustrating the configuration
of the circuit breaker according to the second embodi-
ment of the present invention.

[0026] FIGS. 2 and 3 illustrate a circuit breaker 101,
which is a four-pole circuit breaker that includes a pole
11, which is connected at one end to the positive pole of
the direct-current electrical path 200 and includes a first
switching contact 11a; a pole 12, which is connected at
one end to the negative pole of the direct-current electri-
cal path 200 and includes a first switching contact 12a;
apole 13, which is connected at one end to the otherend
of the pole 11 and includes a second switching contact
13a; a pole 14, which is connected at one end to the other
end of the pole 12 and includes a second switching con-
tact 14a; a semiconductor switch 15a, which is connected
between the other ends of the pole 11 and the pole 13;
asemiconductor switch 15b, which is connected between
the other ends of the pole 12 and the pole 14; a switching
mechanism 3a, which opens and closes the first switch-
ing contacts 11a and 12a and the second switching con-
tacts 13a and 14a; and a gate drive circuit 6a, which is
connected between the other ends of the pole 11 and
the pole 12 and drives the gates of the semiconductor
switches 15a and 15b. The load 300 is connected to the
other ends of the poles 13 and 14.

[0027] Atripper 11bis placed between the first switch-
ing contact 11a and the other end of the pole 11; a tripper
12b is placed between the first switching contact 12a and
the other end of the pole 12; a tripper 13b is placed be-
tween the second switching contact 13a and the other
end of the pole 13; and a tripper 14b is placed between
the second switching contact 14a and the other end of
the pole 14. The semiconductor switches 15a and 15b
have the same configuration as that of the semiconductor
switches 4a and 4b described in the first embodiment
and thus any description thereof will be omitted.

[0028] The opening distance of the first switching con-
tacts 11a and 12a is set to be larger than the opening
distance of the second switching contacts 13a and 14a.
Due to the difference in the opening distance, the second
switching contacts 13a and 14a are closed before the
first switching contacts 11a and 12a are closed in the
closing operation, and the second switching contacts 13a
and 14a are opened after the first switching contacts 11a
and 12a are opened in an interrupting operation.
[0029] Operations of the circuit breaker 101 will be de-
scribed next. First, the closing operation of the circuit
breaker 101 will be described.

[0030] When the switching mechanism 3a is operated
to close the first switching contacts 11a and 12a and the
second switching contacts 13a and 14a, because the
opening distance of the second switching contacts 13a
and 14a is smaller than the opening distance of the first
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switching contacts 11a and 12a, the closing operation of
the second switching contacts 13a and 14a is completed
first, and then the closing operation of the first switching
contacts 11a and 12a is completed. Consequently, the
currentin the direct-current electrical path 200 starts flow-
ing in the circuit breaker 101.

[0031] Then, power is supplied to the gate drive circuit
6a, which drives the semiconductor switches 15a and
15b, and thus the semiconductor switches 15a and 15b
are driven by the gate drive circuit 6a and turned on.
Consequently, the closing operation of the first switching
contacts 11a and 12a, the second switching contacts 13a
and 14a, and the semiconductor switches 15a and 15b
is completed. At this pointin time, because the on-resist-
ance of the semiconductor switches 15a and 15b is larger
than the on-resistance of the second switching contacts
13aand 14a, the current substantially flows in the second
switching contacts 13a and 14a.

[0032] The interrupting operation of the circuit breaker
101 will be described next.

[0033] The switching mechanism 3a is driven by an
operation switch (not illustrated) or by the trippers 11b,
12b, 13b, and 14b and the opening operation of the first
switching contacts 11a and 12a is started first. When the
first switching contacts 11a and 12a are opened, an arc
is generated between the contacts of each of the first
switching contacts 11aand 12a and the currentthat flows
between the contacts of each of the first switching con-
tacts 11a and 12a is limited.

[0034] When the opening operation of the first switch-
ing contacts 11a and 12a further proceeds, the opening
operation of the second switching contacts 13a and 14a
is also started and an arc is generated between the con-
tacts of each of the second switching contacts 13a and
14a; therefore, the voltage across the contacts of each
of the second switching contacts 13a and 14a increases.
Due to the increase of the voltage across the contacts of
each switching contact, the currents flowing in the second
switching contacts 13a and 14a are diverted to the sem-
iconductor switches 15a and 15b, respectively. Then,
when a predetermined period of time (for example, 15
msec) or longer has elapsed since the first switching con-
tacts 11aand 12a and the second switching contacts 13a
and 14a were opened and the flowing current is suffi-
ciently limited, the gate drive circuit 6a stops the driving
of the gates of the semiconductor switches 15a and 15b
so as to turn off the semiconductor switches 15a and
15b, and thereby interruption of the direct-current elec-
trical path 200 is completed.

[0035] In the present embodiment, the switching con-
tacts 11a and 12ain the poles 11 and 12 connected at
their ends on one side to the direct-current electrical path
200 are referred to as a first switching contact in the
claims and the switching contacts 13a and 14a in the
poles 13 and 14 connected at their ends on the other
side to the load 300 are referred to as a second switching
contact in the claims; however, the switching contacts
11a and 12a may be referred to as a second switching
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contact and the switching contacts 13a and 14a may be
referred to as a first switching contact. In such a case,
the opening distance of the switching contacts 11a and
12a is set to be smaller than the opening distance of the
switching contacts 13a and 14a.

[0036] According to the present embodiment, the fol-
lowing are provided: the first switching contacts 11a and
12a, which open and close the direct-current electrical
path 200; the semiconductor switches 15a and 14b,
which are connected in series with the first switching con-
tacts 11a and 12a, respectively; and the second switch-
ing contacts 13a and 14a, which are connected to both
ends of the semiconductor switches 15a and 14b, re-
spectively, such that the second switching contacts 13a
and 14a are in parallel with the semiconductor switches
15a and 14b, respectively. When the closing operation
is performed, the semiconductor switches 15a and 14b
are closed after the first switching contacts 11a and 12a
and the second switching contacts 13a and 14a are
closed. When the interrupting operation is performed, the
semiconductor switches 15a and 14b are opened after
the first switching contacts 11a and 12a and the second
switching contacts 13a and 14a are opened. Therefore,
direct current ranging from a low current to a ground-fault
current can be reliably interrupted.

[0037] Moreover, the switching mechanism 3a is pro-
vided, which closes the second switching contacts 13a
and 14a before closing the first switching contacts 11a
and 12a and opens the second switching contacts 13a
and 14a after opening the first switching contacts 11a
and 12a; therefore, an interrupting current flowing during
the interrupting operation is diverted from the second
switching contacts 13a and 14a to the semiconductor
switches 15a and 15b after it is sufficiently limited due to
the opening of the first switching contacts 11a and 12a.
This eliminates the concern that the semiconductor
switches 15a and 15b may be damaged.

[0038] The opening distance of the first switching con-
tacts 11a and 12a is larger than the opening distance of
the second switching contacts 13a and 14a; therefore,
the second switching contacts 13a and 14a are closed
before the first switching contacts 11a and 12a are closed
and the second switching contacts 13a and 14a are
opened after the first switching contacts 11a and 12a are
opened. Thus, the existing switching mechanism 3a can
be used.

Third embodiment.

[0039] FIG. 4 is a circuit diagram illustrating the con-
figuration of the circuit breaker according to the second
embodiment of the present invention; FIG. 5 is a front
view illustrating a circuit breaker according to a third em-
bodiment of the present invention; FIG. 6 is a cross-sec-
tional view taken along line x-x in FIG. 4; FIG. 7 is a cross-
sectional view taken along line y-y in FIG. 4; and FIG. 8
is an explanatory diagram for explaining operations of
first switching contacts, second switching contacts, a
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crossbar, and actuators in FIG. 7, where (a) indicates an
OFF state, (b) indicates a state during transition from an
OFF state to an ON state, and (c) indicates an ON state.
[0040] FIG. 4 illustrates a circuit breaker 102, which is
a four-pole circuit breaker that includes a pole 41, which
is connected at one end to the positive pole of the direct-
current electrical path 200 and includes a first switching
contact 41a; a pole 42, which is connected at one end to
the negative pole of the direct-current electrical path 200
and includes a first switching contact 42a; a pole 43,
which is connected at one end to the positive pole of the
load 300 and includes a first switching contact 43a; a
pole 44, which is connected at one end to the negative
pole of the load 300 and includes a first switching contact
44a; a semiconductor switch 45a, which is connected
between the other ends of the pole 41 and the pole 43;
asemiconductor switch 45b, which is connected between
the other ends of the pole 42 and the pole 44; and a
switching mechanism 30, which opens and closes the
first switching contacts 41a, 42a, 43a, and 44a.

[0041] A tripper41bis placed between the first switch-
ing contact41a and the other end of the pole 41; a tripper
42bis placed between the first switching contact 42a and
the other end of the pole 42; a tripper 43b is placed be-
tween the first switching contact 43a and the other end
of the pole 43; and a tripper 44b is placed between the
first switching contact 44a and the other end of the pole
44,

[0042] A second switching contact 46a is connected in
parallel with the semiconductor switch 45a and between
the other ends of the pole 41 and the pole 43, and a
second switching contact 46b is connected in parallel
with the semiconductor switch 45b and between the other
ends of the pole 42 and the pole 44. The semiconductor
switches 45a and 45b have the same configuration as
that of the semiconductor switches 4a and 4b described
in the first embodiment and thus any description thereof
will be omitted.

[0043] The structure of the circuit breaker 102 will be
described next. Asillustrated in FIGS. 5 and 6, the circuit
breaker 102 is configured with a casing 20, which in-
cludes abase 20a and a cover 20b made of an insulating
material. The poles 41 to 44 are connected in parallel
with each other and are placed on the base 20a. The
switching mechanism 30, which includes a well-known
toggle link mechanism, is placed above the poles 41 to
44. The cover 20b covers the poles on the base 20a and
the switching mechanism 30, and an operating handle
31 of the switching mechanism 30 projects from a window
20b1 of the cover 20b.

[0044] The poles are all identically configured, and a
crossbar 32is placed onthe base 20a such that the cross-
bar 32 is orthogonal to the poles 41 to 44.

[0045] Each of the poles includes a power-supply-side
terminal 24 provided on the base 20a; a fixed contact 21
provided on a fixed contact part 27, which extends from
the power-supply-side terminal 24; a movable contact
22, which comes into and out of contact with the fixed
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contact 21; a movable contact part 23, which is provided
at one end with the movable contact 22 and is rotatably
supported by the crossbar 32; the one of the trippers 41b,
42b, 43b, and 44b, to which the pole corresponds and
which is connected to the movable contact part 23 by a
movable contact part holder 26; and a load-side terminal
25, which is integral with the one of the trippers 41b, 42b,
43b, and 44b, to which the pole corresponds.

[0046] The fixed contact 21 and the movable contact
22 of each of the poles constitute the one of the first
switching contacts 41a, 42a, 43a, and 44a, to which the
pole corresponds and which is the contact to open or
close the electrical path first when a high current is inter-
rupted.

[0047] When the crossbar 32 rotates around its axial
center, the movable contact parts 23 of the poles 41 to
44 rotate simultaneously. The rotation of the movable
contact parts 23 causes the movable contacts 22 tocome
into and out of contact with the fixed contacts 21.
[0048] The switching mechanism 30 includes a well-
known toggle link mechanism and a well-known trip bar
33 driven by the trippers 41b, 42b, 43b, and 44b.
[0049] Furthermore, as illustrated in FIG. 7, the circuit
breaker 102 includes actuators 28a and 28b, which are
provided on both sides of the switching mechanism 30
and are driven by the rotation of the crossbar 32; and
second switching contacts 46a and 46b, which are pro-
vided on both sides of the switching mechanism 30 and
are driven by the actuators 28a and 28b such that their
contacts are opened and closed.

[0050] When abutton 461 of the second switching con-
tacts 46a and 46b is pressed by the actuators 28a and
28b, the switching contacts of each of the second switch-
ing contacts 46a and 46b come into contact with each
other.

[0051] Operations of the circuit breaker 102 will be de-
scribed next.
[0052] First, the closing operation will be described.

[0053] AsillustratedinFIG. 8, when the operating han-
dle 31 is operated and the toggle link of the switching
mechanism 30 exceeds the dead point, the crossbar 32
starts rotating counterclockwise on the paper surface of
FIG. 8 to transition from the state in FIG. 8(a) to the state
in FIG. 8(b). The rotation of the crossbar 32 causes the
actuators 28a and 28b to rotate counterclockwise on the
paper surface of FIG. 8 and thus the button 461 is pressed
by the actuators 28a and 28b as illustrated in FIG. 8(b).
Due to the pressing of the button 461, the second switch-
ing contacts 46a and 46b enter the contact state.

[0054] When the crossbar 32 further rotates, as illus-
trated in FIG. 8(c), the movable contacts 22 come into
contact with the fixed contacts 21, with the movable con-
tacts 22 and the fixed contacts 21 constituting the first
switching contacts 41a, 42a, 43a, and 44a. Consequent-
ly, the voltage of the direct-current electrical path 200 is
applied to the gate drive circuit 6 and the semiconductor
switches 45a and 45b are turned on after a predeter-
mined delay time. Although the semiconductor switches
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45a and 45b are kept in an on state, because the contact
resistance of the second switching contacts 46a and 46b
is lower than the on-resistance of the semiconductor
switches 45a and 45b, the current mainly flows in the
second switching contacts 46a and 46b. Thus, heat gen-
eration by the semiconductor switches 45a and 45b is
suppressed.

[0055] The interrupting operation will be described
next.

[0056] When a short-circuit current or an overcurrent
flows, the trippers 41b, 42b, 43b, and 44b press the trip
bar 33 and thus the switching mechanism 30 is driven.
Consequently, the crossbar 32 starts rotating. The rota-
tion of the crossbar 32 causes the movable contacts 22
to be separated from the fixed contacts 21. Thus, the first
switching contacts 41a, 42a, 43a, and 44a are opened
first. When the movable contacts 22 are separated, an
arc current attempts to maintain the shortest distance
between the fixed contacts 21 and the movable contacts
22 because the direct-current voltage is sufficiently high
with respect to the opening distance. Because the volt-
age is in some cases too high to be interrupted only by
using an arc-extinguishing device 50, the purpose of the
first switching contacts in the embodiments is to limit the
interrupting current when a high currentis to be interrupt-
ed. The arc-extinguishing device 50 is configured such
that the first switching contacts are opened simultane-
ously with the start of the rotation of the crossbar 32 and
the current is reduced to a current lower than or equal to
the rated current of the semiconductor switches 45a and
45b by the time immediately before the opening distance
becomes maximum.

[0057] Thereafter, the second switching contacts 46a
and 46b are opened immediately before the opening dis-
tance of the crossbar 32 becomes maximum and the cur-
rent thus limited is diverted to the semiconductor switch-
es 45a and 45b. At this pointin time, the current is limited
also between the contacts of each of the first switching
contacts 41a, 42a, 43a, and 44a and the voltage drop is
also large; therefore, the supply voltage to the gate drive
circuit 6, which drives the semiconductor switches 45a
and 45b, drops. The supply voltage drop causes power
feeding to the gate drive circuit 6 to be stopped; however,
due to a delay circuit of the gate drive circuit 6, the gate
voltage of the semiconductor switches 45a and 45b is
maintained for a predetermined period of time (for exam-
ple, 15 msec). Then, after the elapse of the predeter-
mined period of time, when the flowing current falls below
or equal to the rated current, the gates of the semicon-
ductor switches 45a and 45b are turned off so as to com-
plete the interrupting operation.

[0058] According to the present embodiment, the fol-
lowing are provided: the first switching contacts 41a, 42a,
43a, and 44a, which open and close the direct-current
electrical path 200; the semiconductor switches 45a and
45b, which are connected in series with the first switching
contacts 41a, 42a, 43a, and 44a; and the second switch-
ing contacts 46a and 46b, which are connected to both
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ends of the semiconductor switches 45a and 45b, re-
spectively, such that the second switching contacts 46a
and 46b are in parallel with the semiconductor switches
45a and 45b, respectively. When the closing operation
is performed, the semiconductor switches 45a and 45b
are closed after the first switching contacts 41a,42a, 43a,
and 44a and the second switching contacts 46a and 46b
are closed. When the interrupting operation is performed,
the semiconductor switches 45a and 45b are opened af-
ter the first switching contacts 41a, 42a, 43a, and 44a
and the second switching contacts 46a and 46b are
opened. Therefore, direct current ranging from a low cur-
rent to a ground-fault current can be reliably interrupted.
[0059] Thefixed contacts 21 and the movable contacts
22, which come into and out of contact with the fixed
contacts 21, are provided for four poles, i.e., four sys-
tems, with the fixed contact 21 and the movable contact
22 constituting the first switching contact; therefore, it is
possible to interrupt a direct-current circuit that is for a
higher voltage than the case where the first switching
contacts are provided for two systems.

Reference Signs List

[0060] 1afirst switching contact; 1b first switching con-
tact; 2a second switching contact; 2b second switching
contact; 3 switching mechanism; 4a semiconductor
switch; 4b semiconductor switch; 5a tripper; 5b tripper;
100 circuit breaker.

Claims
1. A circuit breaker comprising:

a first switching contact that opens and closes
an electrical path;

a second switching contact that is connected in
series with the first switching contact and opens
and closes the electrical path; and

a semiconductor switch thatis connected to both
ends of the second switching contact such that
the semiconductor switch is in parallel with the
second switching contact and that opens and
closes the electrical path, wherein

when a closing operation is performed, the sem-
iconductor switch is closed after the first switch-
ing contact and the second switching contact
are closed, and

when an interrupting operation is performed, the
semiconductor switch is opened after the first
switching contact and the second switching con-
tact are opened.

2. Thecircuitbreakeraccordingto claim 1, further com-
prising a switching mechanism that closes the sec-
ond switching contact before closing the first switch-
ing contact and opens the second switching contact
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after opening the first switching contact.

The circuit breaker according to claim 1 or 2, wherein
the circuit breaker is a four-pole circuit breaker,
two poles are provided with the first switching con-
tact, with each of the two poles being connected at
one end to any of the electrical path and a load, and
another two poles are provided with the second
switching contact, with each of the another two poles
being connected at one end to another end of a cor-
responding one of the two poles and one end of the
semiconductor switch and being connected at an-
other end to another end of the semiconductor
switch.

The circuit breaker according to claim 3, wherein an
opening distance of the first switching contact is larg-
er than an opening distance of the second switching
contact.

The circuit breaker according to claim 2, wherein
the circuit breaker is a four-pole circuit breaker,
two poles are provided with the first switching con-
tact, with the two poles being connected at ends on
one side to a positive pole and a negative pole of the
electrical path, respectively,

another two poles are provided with the first switch-
ing contact, with the another two poles being con-
nected at ends on one side to a positive pole and a
negative pole of a load, respectively,

the semiconductor switch is connected between
ends on another side of the two poles and between
ends on another side of the another two poles, and
the second switching contact is provided on both
sides of the switching mechanism in a direction in
which the poles of the switching mechanism are ar-
ranged, and is connected between both ends of the
semiconductor switch such that the second switch-
ing contact is in parallel with the semiconductor
switch.

The circuit breaker according to claim 5, further com-
prising an actuator that is driven by the switching
mechanism and opens and closes the second
switching contact.
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FIG.1

f DC ELECTRICAL PATH 200 100

FIG.2

+ DC ELECTRICAL PATH -

200

101
— TN T - p— -
. '-\O 13 o 1a AN
11\’/,?\{{}2 : *;/J : WLJ !(}i 1(,“_,/
i i : ; i .
; i E1Sa§ !331432 ?123& Pl
M M . ! ! . . .
PR ] e
i 1 ¥ iR‘S.WITCHIN(:B“ H x 10
- S B0 T b :
113//-\?4{/ < i/ MECHANISM /; [ ! :
AN Pl o
i P i J. L
11D~ R s b A | —12b
..;...._H_..i |
i ! !
A t i
GATE
DRIVE
............. CIRCUIT e

6a 1




—
—

11

EP 3 352 193 A1

FIG.3

DC ELECTRICAL PATH

s 12

u— )

13

Y
o
- Fd . ol ™5 I ™y
P TR ) e o
Nt I N L R EY £
LN w \,__.rj WA “x,_,-/ kN n 4 '\____,f
l 300 l
SEMI- ) SEMI-
15a——" CONDUCTOR| | . L0AD + | |CONDUGTOR
SWITCH SWITCH

10

e 15D




EP 3 352 193 A1

FIG.4

o

10
a4
42
42b
42a

200

NP DRt N ¥ B SURDN VPO AR
0
wn
< M 7
i X%
iiiiiiiiiiiiiiiiiii 0
I S A VI s sty ettt 8
— o
:v 2
.fllt o ﬁ-’ iiiiiiiiiii \
¥ 1
— s ¢ L...i...wlf.!.u,wc.v,z”
| y Q=
© = ey 20
wws T v e Iz fa
TNC CA A
3zE| 1 I3 3 g
ol | [l 4
EEEEEEE hs-
| I
P G
3 |
~

(]
<

41
41b
41a

DC ELECTRICAL PATH

1"



EP 3 352 193 A1

FIG.5
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