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(57) ABSTRACT

|[Problem] A new and improved arc suppression device 1s
provided that allows for reduction 1n power consumption in
a semiconductor at a time of power shutofl by reducing
power consumption of a current-limiting circuit that 1s used
for suppression of an arc occurring at the time of power
shutofl. [Solving means| Provided i1s an arc suppression
device including one or more current-limiting circuits pro-
vided 1n parallel with a circuit breaker that switches between
feeding and shutoil of power from a power supply. The
current-limiting circuit shuts off a current from the power
supply when the power from the power supply 1s fed to a
load through a circuit breaker. The current from the power
supply 1s shut ofl when a voltage generated by a potential
difference between contacts of the circuit breaker becomes
a predetermined voltage or higher 1n a case where feeding of
the power from the power supply to the load 1s shut off by
the circuit breaker. The potential difference 1s generated
upon shutoft.
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ARC SUPPRESSION DEVICE, MOBILE
BODY, AND POWER SUPPLY SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates to an arc suppression
device, a mobile body, and a power supply system.

BACKGROUND ART

[0002] In either case of direct-current power feeding or
alternating-current power feeding, arc discharge occurs 1n
the event of power disconnection. In a case of an alternate
current, because there are moments when a voltage becomes
zero every predetermined amount of time (for example,
every ten milliseconds), the arc discharge stops by itself at
least within the above-described predetermined amount of
time (for example, within ten milliseconds). For the direct-
current power feeding, however, because there 1s no moment
of becoming zero voltage, the arc discharge does not stop by
itself.

[0003] Accordingly, technologies are disclosed that intend
to suppress occurrence of the arc discharge in the event of
power disconnection in a case of the direct-current power

feeding (see PTLs 1, 2, etc.)
CITATION LIST

Patent .iterature

[0004] PTL 1: Japanese Unexamined Patent Application
Publication No. 2003-203721

[0005] PTL 2: Japanese Unexamined Patent Application
Publication (Published Japanese Translation of PCT Appli-
cation) No. 2014-522088

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] As power to be shut off becomes greater, it is
unavoidable to make a size larger for a current-limiting
circuit that 1s used for suppression of an arc occurring at the
time of power shutofl. Further, the shutoil consumes longer
time, resulting 1n an 1ncrease 1n the power to be consumed
by the current-limiting circuit during a period from starting
to ending of the shutoil.

[0007] Therefore, the present disclosure proposes new and
improved arc suppression device, mobile body, and power
supply system that allow for reduction 1n power consump-
tion 1n a semiconductor at a time of power shutofl by
reducing power consumption of a current-limiting circuit
that 1s used for suppression of an arc occurring at the time
of power shutofl.

Means for Solving the Problems

[0008] According to the present disclosure, an arc sup-
pression device 1s provided that includes one or more
current-limiting circuits provided in parallel with a circuit
breaker that switches between feeding and shutofl of power
from a power supply. The current-limiting circuit shuts ofl a
current from the power supply when the power from the
power supply 1s fed to a load through a circuit breaker. The
current from the power supply 1s shut ofl when a voltage
generated by a potential difference between contacts of the
circuit breaker becomes a predetermined voltage or higher 1n

Apr. 30, 2020

a case where feeding of the power from the power supply to
the load 1s shut ofl by the circuit breaker. The potential
difference 1s generated upon shutoit.

[0009] Further, according to the present disclosure, an arc
suppression device 1s provided that includes one or more
current-limiting circuits provided 1n parallel with a circuit
breaker that switches between feeding and shutofl of power
from a power supply. The current-limiting circuit includes a
first switching element, a capacitor element, and a second
switching element. The first switching element 1s turned off
when the power from the power supply 1s fed to the load
through a circuit breaker, and 1s turned on by a potential
difference between contacts of the circuit breaker when
teeding of alternate-current power from the power supply to
the load 1s shut off by the circuit breaker, and 1s thereafter
turned off after a current generated by the potential differ-
ence passes. The potential difference 1s generated upon
shutofl. The capacitor element raises a gate voltage of the
first switching element when feeding of the power from the
power supply to the load 1s shut off. The second switching
clement 1s turned on in accordance with the potential dif-
ference to cause short-circuiting between a gate terminal of
the first switching element and a source terminal of the first
switching element.

[0010] Further, according to the present disclosure, a
mobile body 1s provided that includes one or more arc
suppression devices described above.

[0011] Further, according to the present disclosure, a
power supply system 1s provided that includes a battery, a
driving section, and one or more arc suppression devices
according to claim 1. The battery feeds direct-current power.
The dniving section performs drive using the direct-current
power fed from the battery. The one or more arc suppression
devices are provided between the battery and the driving
section.

Eftects of the Invention

[0012] As described above, according to the present dis-
closure, 1t 1s possible to provide new and improved arc
suppression device, mobile body, and power supply system
that allow for reduction 1n power consumption 1n a semi-
conductor at a time of power shutofl by reducing power
consumption of a current-limiting circuit that 1s used for
suppression of an arc occurring at the time of power shutofl.

[0013] It 1s to be noted that the eflects described above are
not necessarily limitative, and any of effects described in the
present disclosure, or any other eflects that are comprehen-
sible from the present specification may be provided along
with the above-described eflects or 1 lieu of the above-
described eflects.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 1s an explanatory diagram illustrating a
configuration example of an arc suppression device accord-
ing to an embodiment of the present disclosure.

[0015] FIG. 2 1s an explanatory diagram illustrating varia-
tion 1n current, variation in voltage, and variation in power
consumption amount.

[0016] FIG. 3 1s an explanatory diagram illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment.
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[0017] FIG. 4 1s an explanatory diagram illustrating varia-
tion 1n current, variation 1n voltage, and variation in power
consumption amount.

[0018] FIG. § 1s an explanatory diagram illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment.

[0019] FIG. 6 1s an explanatory diagram 1illustrating varia-
tion 1n current, variation 1n voltage, and variation in power
consumption amount.

[0020] FIG. 7 1s an explanatory diagram 1illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment.

[0021] FIG. 8 1s an explanatory diagram illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment.

[0022] FIG. 9 1s an explanatory diagram illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment.

[0023] FIG. 10 1s an explanatory diagram illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment.

[0024] FIG. 11 1s an explanatory diagram illustrating a
functional configuration example of a mobile body that
includes an arc suppression device.

MODES FOR CARRYING OUT THE
INVENTION

[0025] Herematfter, preferred embodiments of the present
disclosure will be described in detail with reference to the
attached drawings. It 1s to be noted that, in the present
specification and drawings, component parts having sub-
stantially the same functional configurations are denoted
with the same reference numerals, and the duplicated
descriptions are omitted.

[0026] It 1s to be noted that descriptions are given in the
following order.

[0027] 1. Embodiment of Present Disclosure

[0028] 1.1. First Configuration Example

[0029] 1.2. Second Configuration Example

[0030] 1.3. Third Configuration Example

[0031] 1.4. Fourth Configuration Example

[0032] 1.5. Fifth Configuration Example

[0033] 1.6. Sixth Configuration Example

[0034] 1.7. Seventh Configuration Example

[0035] 2. Application Examples

[0036] 3. Conclusion

1. EMBODIMENT OF PRESENT DISCLOSURE

1.1. First Configuration Example

[0037] Furst, a first configuration example of the embodi-
ment of the present disclosure 1s described with reference to
FIG. 1. FIG. 1 1s an explanatory diagram illustrating a
configuration example of an arc suppression device accord-
ing to the embodiment of the present disclosure. FIG. 1
illustrates a configuration example of an arc suppression
device intended to suppress occurrence of an arc at a time of
power shutoll. The arc suppression device 1llustrated in FIG.
1 1s configured to include a switch S1 that includes, for
example, an SSR (Solid State Relay), and a current-limiting
circuit AFla.

[0038] The switch S1 1s configured to be switched on/off

by power from a direct-current power supply V2. In a case

Apr. 30, 2020

where the switch S1 1s turned on, power from a power
supply V1 that provides direct-current power 1s fed to a
resistor R4. In a case where the switch S1 1s turned off,
feeding of the power from the power supply V1 to the
resistor R4 1s shut off.

[0039] The current-limiting circuit AF1a has an MOSFET
(Metal-Oxide Semiconductor Field-Effect Transistor) M1, a
Zener diode D1, resistors R1 and R2, and a capacitor C1.
The current-limiting circuit AF1a 1s a circuit that suppresses
occurrence of an arc i1n the switch S1 when a current 1s shut
ofl by the switch S1 1n a state where power 1s fed from the
power supply V1.

[0040] A description 1s provided of each of elements that
configure the current-limiting circuit AFla. In the present
embodiment, the MOSFET M1 uses an enhancement-mode
NMOSFET. The MOSFET M1 1s provided on a path through
which a current from the power supply V1 flows. The
capacitor C1 1s provided between a drain terminal and a gate
terminal of the MOSFET M1. Further, the resistor R1 1s
provided between the gate terminal and a source terminal of
the MOSFET MI1. The resistor R1 1s provided to set,
together with the capacitor C1, a time when a voltage 1s
applied to the gate terminal of the MOSFET M1. Further, the
capacitor C1 and the resistor R1 are coupled in series. The
Zener diode D1 1s provided to discharge electric charges
stored 1n the capacitor C1 when contacts of the switch S1 are
coupled to each other. In addition, the Zener diode D1 1is
provided to protect the gate terminal of the MOSFET M.

[0041] Next, a description 1s provided on functions of the
current-limiting circuit AF1a. When the switch S1 1s put 1n
an ON state, the MOSFET M1 1s put in an OFF state.
Therefore, no current flows through the current-limiting
circuit AFla.

[0042] When a current 1s shut off by the switch S1, a
predetermined potential difference 1s generated between
terminals of the switch S1. This potential difference corre-
sponds to a voltage value of the power supply V1 at the time
of shutofl. The potential diflerence that 1s generated between
the terminals of the switch S1 induces a gate voltage of the
MOSFET M1 through the capacitor C1 to turn on the
MOSFET M1. When the MOSFET M1 1s turned on, a
current flows 1n a direction of lowering the potential difler-
ence between the terminals of the switch S1. In other words,
when the MOSFET M1 turns on, the current flows 1n a
direction from a node N1 to a node N2. In other words, when
the terminals of the switch S1 are separated from each other,
voltage integration with use of a voltage applied through the
capacitor C1 and a current fixed by the resistor R1 1s started.

[0043] When the MOSFET M1 1s turned on, the current
flows 1n the direction of lowering the potential diflerence
between the terminals of the switch S1, thereby reducing the
potential difference between the terminals of the switch S1.
Therefore, when a current 1s shut off by the switch S1 1n a
state where power 1s fed from the power supply V1, even 1
arc occurrence conditions are satisfied, this results 1n no
occurrence of an arc in the switch S1.

[0044] A voltage between the drain terminal and the
source terminal of the MOSFET M1 {falls within a voltage
along a transtfer mathematical function based on the gate
voltage of the FET. As charging of the capacitor C1 1s
progressed by the potential difference that i1s generated
between the terminals of the switch S1, the gate voltage of
the MOSFET M1 lowers. With a decrease 1n the gate voltage
of the MOSFET M1, the MOSFET M1 will make a transi-
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tion to the OFF state in due course of time. Transition of the
MOSFET M1 to the OFF state causes no current to flow
through the MOSFET M1. The voltage integration in the
current-limiting circuit AFla ends with a state where the
current stops flowing through the MOSFET M1.

[0045] FIG. 2 1s an explanatory diagram illustrating, 1n a
graphic manner, variation 1n a voltage at the node N2 of the
current-limiting circuit AF1a, variation in a current flowing
through the MOSFET M1, and variation in power consump-
tion 1n the MOSFET M1 during feeding of power from the
power supply V1 and shutoil of the power. The voltage at the
node N2 of the current-limiting circuit AFla 1s indicated
with a solid line 1n a graph on the lower side of FIG. 2,
variation 1n the current flowing through the MOSFET M1 1s
indicated with a dashed line 1in the graph on the lower side
of FIG. 2, and vanation 1n the power consumption in the
MOSFET M1 1s 1llustrated 1n a graph on the upper side of
FIG. 2. Here, the description 1s given assuming that direct-
current power of 200 V 1s fed from the power supply V1. It
1s assumed that the resistor R4 1s 10€2, an inductor L1 1s 0.01
mH, the resistor R1 1n the current-limiting circuit AF1a 1s 20
k€2, the resistor R2 1s 20€2, and the capacitor C1 1s 0.04 uF.
[0046] In an example illustrated in FIG. 2, the switch S1
1s turned on at the time point of 15 mulliseconds, and 1s
turned off at the time point of 95 milliseconds. In this case,
as 1llustrated 1n FIG. 2, when the direct-current power of 200
V from the power supply V1 is shut off by the switch S1, the
voltage at the node N2 and the current flowing through the
MOSFET M1 become zero at the time point of about 140
milliseconds. In other words, the current flows through the
MOSFET M1 for about 45 milliseconds. The variation in the
power consumption in the MOSFET M1 1s indicated in the
graph on the upper side of FIG. 2, and the amount of heat
generation 1n the MOSFET M1 1s obtained by integrating a
range surrounded by an upward-convex curve line and a
time scale within the range of 45 milliseconds from 93
milliseconds to about 140 milliseconds. In other words, 1n
this example, when the direct-current power of 200 V from
the power supply V1 is shut off by the switch S1, the amount
of heat generation of about 40 J 1s generated 1n the MOSFET
M1.

1.2. Second Configuration Example

[0047] As seen from the first configuration example, pro-
viding the current-limiting circuit AF1a 1n parallel with the
switch S1 allows for suppression of occurrence of an arc at
the time of power shutoil by the switch S1. In contrast, when
a voltage of power to be shut ofl rises, a time consumed until
a voltage applied to the MOSFET M1 or a current flowing
through the MOSFET M1 becomes zero also gets longer in
association with an increase 1n the power voltage. As 1llus-
trated i FIG. 2, the voltage applied to the MOSFET M1 or
the current flowing through the MOSFET M1 decreases
proportionately over time. Therefore, the voltage applied to
the MOSFET M1 increases twofold, the time consumed
until the voltage applied to the MOSFET M1 or the current
flowing through the MOSFET M1 becomes zero increases
twotold, and the amount of heat generation 1n the MOSFET
M1 increases fourfold.

[0048] Therefore, a second configuration example
describes a configuration that terminates the voltage inte-
gration 1n a current-limiting circuit when a voltage applied
to the current-limiting circuit drops by a predetermined
amount.
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[0049] FIG. 3 1s an explanatory diagram illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment of the present disclosure. FIG. 3
illustrates a configuration example of the arc suppression
device intended to suppress occurrence of an arc at the time
of power shutofl. The arc suppression device 1llustrated 1n
FIG. 3 1s configured to include a switch S1 that includes, for
example, the SSR, and a current-limiting circuit AF1b.

[0050] The switch S1 1s configured to be switched on/off
by power from the direct-current power supply V2. In a case
where the switch S1 1s turned on, power from the power
supply V1 that provides direct-current power 1s fed to a
resistor R4. In a case where the switch S1 i1s turned off,
feeding of the power from the power supply V1 to the
resistor R4 1s shut off.

[0051] The current-limiting circuit AF15 has MOSFETs
M1 and M2, Zener diodes D1 and D3, resistors R1, R2, R3,
and RS, and a capacitor C1. The current-limiting circuit
AF1b 1s a circuit that suppresses occurrence of an arc in the
switch S1 when a current 1s shut off by the switch S1 1n a
state where power 1s provided from the power supply V1.

[0052] The current-limiting circuit AF15 illustrated 1n
FIG. 3 further adds the MOSFET M2 that 1s the NMOSFET,
the Zener diode D3, and the resistors R3 and RS to the

current-limiting circuit AF1a illustrated 1n FIG. 1.

[0053] When power to be fed from the power supply V1
1s shut off by the switch S1, if the voltage integration by the
current-limiting circuit AF15 1s started, the resistors R3 and
RS divide a voltage that 1s generated between nodes N1 and
N2. The MOSFET M2 1s turned on when a gate-source
voltage becomes a predetermined value. A turn-on state of
the MOSFET M2 means that short-circuiting takes place
between the gate and the source of the MOSFET M1. When
the MOSFET M2 1s turned on, and short-circuiting takes
place between the gate and the source of the MOSFET M1,
the MOSFET M1 1s turned off to terminate the voltage

integration by the current-limiting circuit AF1b. Further, the
Zener diode D3 1s provided to protect the MOSFET M2.

[0054] FIG. 4 1s an explanatory diagram illustrating, in a
graphic manner, variation 1n a voltage at the node N2 of the
current-limiting circuit AF15, variation 1n a current flowing
through the MOSFET M1, and variation in power consump-
tion in the MOSFET M1 upon feeding of power from the
power supply V1 and shutofl of the power. The voltage at the
node N2 of the current-limiting circuit AF156 1s indicated
with a solid line 1n a graph on the lower side of FIG. 4,
variation 1n the current flowing through the MOSFET M1 1s
indicated with a dashed line in the graph on the lower side
of FIG. 4, and variation 1n the power consumption in the
MOSFET M1 1s 1llustrated 1n a graph on the upper side of
FIG. 4. Here, a description 1s given assuming that direct-
current power of 200 V 1s fed from the power supply V1. It
1s assumed that the resistor R4 1s 10€2, an inductor L1 1s 0.01
mH, the resistor R1 1n the current-limiting circuit AF15 1s 20
k€2:; the resistor R2 1s 20Q2; the resistor R3 1s 1 MQ, the
resistor RS 1s 200 k€2, and the capacitor C1 1s 0.04 uF.
Further, 1t 1s assumed that the MOSFET M2 1s turned on
when the gate-source voltage becomes 5 V.

[0055] In an example illustrated in FIG. 4, the switch S1
1s turned on at the time point of 15 milliseconds, and 1s
turned off at the time point of 95 milliseconds. In this case,
as 1llustrated 1n FIG. 4, when the direct-current power of 200
V from the power supply V1 1s shut off by the switch S1, the
voltage integration with use of a voltage applied through the
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capacitor C1 and a current fixed by the resistor R1 starts.
When the voltage integration starts, a voltage that 1s gener-
ated between the nodes N1 and N2 1s divided by the resistors
R3 and RS, and the MOSFET M2 1s turned on when a
voltage at both terminals of the resistor RS reaches 5 V that
1s a voltage at which the MOSFET M2 1s turned on. When
the MOSFET M2 1s turned on, short-circuiting takes place
between the gate and the source of the MOSFET M1 to
terminate the voltage integration.

[0056] Adfter the switch S1 1s shut ofl at the time point of
95 milliseconds, a current flows through the MOSFET M1
during a period of time when the voltage integration by the
current-limiting circuit AF15b 1s performed. The variation 1n
the power consumption in the MOSFET M1 1s indicated in
the graph on the upper side of FIG. 4, and the amount of heat
generation 1n the MOSFET M1 1s obtained by integrating a
range including two peaks that 1s surrounded by an upward-
convex solid line and a time scale within a quite short period
of time from 95 milliseconds onward. In other words, the
power consumption by the MOSFET M1 in the current-
limiting circuit AF1b becomes about 2 J. In such a manner,
by providing the MOSFET M2 and the resistors R3 and RS
that cause the MOSFET M2 to be turned on, it 1s possible to
reduce the power consumption of the MOSFET M1 more
greatly as compared with the current-limiting circuit AFla.
It 1s to be noted that a line from 95 milliseconds onward that
1s indicated with a dashed line 1n the graph on the upper side
of FIG. 4 1s 1llustrated in such a manner that the variation 1n
the power consumption 1n the MOSFET M1 that 1s indicated
in the graph on the upper side of FIG. 2 1s overlapped
thereon for comparison for a case where the MOSFET M2
fails to operate (in other words, for a case of being equiva-
lent to the circuit in FIG. 1). Further, a line from 95
milliseconds onward that 1s indicated with a dashed-dotted
line 1n the graph on the lower side of FIG. 4 1s illustrated 1n
such a manner that the varation in the current tflowing
through the MOSFET M1 that 1s indicated in the graph on
the lower side of FIG. 2 1s overlapped thereon for compari-
son for a case where the MOSFET M2 fails to operate (in
other words, for a case of being equivalent to the circuit 1n
FIG. 1).

[0057] Therefore, the current-limiting circuit AF15b
according to the second configuration example of the
embodiment of the present disclosure makes 1t possible to
greatly reduce the amount of the power consumption of the
MOSFET M1. Further, even 11 a voltage to be provided from
the power supply V1 increases twoiold, the amount of the
power consumption of the MOSFET M1 1s limited to two
times as much as 1ts original value. This allows the current-
limiting circuit AF15 according to the second configuration
example of the embodiment of the present disclosure to

avold an increase in the size of the MOSFET M1.

1.3. Third Configuration Example

[0058] Configuring a current-limiting circuit as in the
second configuration example makes 1t possible to greatly
reduce the amount of the power consumption of the MOS-
FET M1. Next, a description 1s provided of an example of
an arc suppression device that adds a configuration of
suppressing a surge that can take place when a coil compo-
nent 1s 1ncluded 1n a load.

[0059] FIG. § 1s an explanatory diagram illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment of the present disclosure. FIG. §
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illustrates a configuration example of the arc suppression
device intended to suppress occurrence of an arc at the time
of power shutoil. The arc suppression device 1llustrated 1n
FIG. 5 1s configured to include a switch S1 that includes, for
example, the SSR, and a current-limiting circuit AF1c.

[0060] The switch S1 1s configured to be switched on/off
by power from the direct-current power supply V2. In a case
where the switch S1 1s turned on, power from the power
supply V1 that provides direct-current power 1s fed to a
resistor R4. In a case where the switch S1 i1s turned off,
feeding of the power from the power supply V1 to the
resistor R4 1s shut off.

[0061] The current-limiting circuit AFlc has MOSFETs
M1 and M2, Zener diodes D1 and D3, resistors R1, R2, R3,
RS, and R6, and a capacitor C1. The current-limiting circuit
AF1c 1s a circuit that suppresses occurrence of an arc in the
switch S1 when a current 1s shut off by the switch S1 1n a
state where power 1s fed from the power supply V1.

[0062] The current-limiting circuit AF1c¢ has a configura-
tion 1n which the resistor R6 1s additionally provided, as
compared with the current-limiting circuit AF1b5. When
direct-current power from the power supply V1 1s shut off by

the switch S1, if a voltage at both terminals of the resistor
RS reaches a voltage at which the MOSFET M2 is to be

turned on and the MOSFET M2 1s turned on, the resistor R6
1s provided to perform integration at high speed by being
coupled to the resistor R1 1n parallel. In other words, 1n a
configuration of the arc suppression device that 1s illustrated
in FIG. 3, when the MOSFET M2 1s turned on, the con-
figuration 1s made 1n such a manner that there exists only the
capacitor C1 between the power supply V1 and the resistor
R4 serving as a load. However, 1in a configuration of the arc
suppression device that 1s illustrated in FIG. 3, when the
MOSFET M2 1s turned on, the configuration 1s made 1n such
a manner that there exist the capacitor C1 and the resistor R6
between the power supply V1 and the resistor R4 serving as
the load. The configuration 1n which the capacitor C1 and the
resistor R6 are present between the power supply V1 and the
resistor R4 serving as the load allows the current-limiting
circuit AF1c to reduce a leakage current even i1f the MOS-

FET M2 1s turned on.

[0063] FIG. 6 1s an explanatory diagram illustrating, in a
graphic manner, variation 1n a voltage at the node N2 of the
current-limiting circuit AF1¢, variation 1n a current flowing
through the MOSFET M1, and variation 1n power consump-
tion 1n the MOSFET M1 upon feeding of power from the
power supply V1 and shutofil of the power. The voltage at the
node N2 of the current-limiting circuit AF1c 1s indicated
with a solid line 1n a graph on the lower side of FIG. 6,
variation in the current flowing through the MOSFET M1 1s
indicated with a dashed line 1n the graph on the lower side
of FIG. 6, and variation 1n the power consumption in the
MOSFET M1 1s illustrated 1n a graph on the upper side of
FIG. 6. Here, a description 1s given assuming that direct-
current power of 200 V 1s fed from the power supply V1. It
1s assumed that the resistor R4 1s 10€2, an inductor L1 1s 0.01
mH, the resistor R1 1n the current-limiting circuit AF15 1s 20
kQ2, the resistor R2 1s 202, the resistor R3 1s 1 MQ, the
resistor RS 1s 200 k€, the resistor R6 1s 502, and the
capacitor C1 1s 0.04 uF. Further, 1t 1s assumed that the
MOSFET M2 1s turned on when the gate-source voltage
becomes 5 V.

[0064] As seen from FIG. 6, by providing the resistor R6,
the current-limiting circuit AF1c reduces a surge component



US 2020/0135414 Al

(a portion of second peak power 1in FIG. 4) that 1s present 1n
the solid-line graph 1llustrating the variation in the power
consumption in the MOSFET M1 1n FIG. 4.

1.4. Fourth Configuration Example

[0065] Configuring a current-limiting circuit as in the third
configuration example makes it possible to greatly reduce
the amount of the power consumption of the MOSFET M1,
and to suppress a surge component that can take place at the
time of shutofl. Next, a description 1s provided of an
example of an arc suppression device that 1s added with a
configuration allowing power to be shut ofl safely 1n a case
of failure of the MOSFET M1 (in a case of failing to

function as a switch).

[0066] FIG. 7 1s an exemplary diagram illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment of the present disclosure. FIG. 7
illustrates a configuration example of the arc suppression
device mtended to suppress occurrence of an arc at the time
of power shutofl. The arc suppression device 1llustrated 1n
FIG. 7 1s configured to include a switch S1 that includes, for
example, the SSR, a current-limiting circuit AF1d, a tuse F1,
and a protector PF1.

[0067] The switch S1 1s configured to be switched on/off
by power from the direct-current power supply V2. In a case
where the switch S1 1s turned on, power from the power
supply V1 that provides direct-current power 1s fed to a
resistor R4. In a case where the switch S1 1s turned off,
feeding of the power from the power supply V1 to the
resistor R4 1s shut off.

[0068] The current-limiting circuit AF1d has a configura-
tion similar to that of the current-limiting circuit AFlc
illustrated 1n FIG. 5. In other words, the current-limiting
circuit AF1d has MOSFETs M1 and M2, Zener diodes D1
and D3, resistors R1, R2, R3, RS, and R6, and a capacitor
C1. The current-limiting circuit AF1d 1s a circuit that
suppresses occurrence of an arc in the switch S1 when a
current 1s shut off by the switch S1 in a state where power
1s fed from the power supply V1.

[0069] The protector PF1 1s provided to bypass a current
flowing through the current-limiting circuit AF1d from the
power supply V1 1n the event of failure of the MOSFET M1
(that 1s, 1n a case where the MOSFET M1 fails to function
as a switching element, and serves only as a simple resistor),
and includes two fuses and a resistor R7 that 1s provided
between the two fuses. In other words, the protector PF1 has
three terminals. The resistor R7 has a role of forcing the
fuses built 1n the protector PF1 to be fused. The fuse F1 1s
provided between the power supply V1 and the current-
limiting circuit AF1d, as illustrated in FIG. 7.

[0070] Theretfore, the arc suppression device 1llustrated 1n

FIG. 7 allows power to be shut off safely in the case of
tailure of the MOSFET M1 (1in a case of failing to function

as a switch) by providing the fuse F1 and the protector PF1.

1.5. Fitth Configuration Example

[0071] As in the fourth configuration example, 1t 15 pos-
sible to shut off power safely even 1n the case of failure of
the MOSFET M1. Next, a description 1s provided of an
example of an arc suppression device that allows for sup-
pression of an arc at the time of power shutofl while
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preventing an increase 1n the circuit scale also in a case
where power 1s fed 1n both directions instead of a single
direction.

[0072] FIG. 8 1s an explanatory diagram illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment of the present disclosure. FIG. 8
illustrates a configuration example of the arc suppression
device intended to suppress occurrence of an arc at the time
of power shutofl. The arc suppression device 1llustrated 1n
FIG. 8 1s configured to include a switch S1 that includes, for
example, the SSR, current-limiting circuits AFle and AF2e,
a fuse F1, and a protector PF1.

[0073] The switch S1 1s configured to be switched on/off
by power from the direct-current power supply V2. In a case
where the switch S1 1s turned on, power from the power
supply V1 that provides direct-current power 1s fed to a
resistor R4. In a case where the switch S1 i1s turned off,
feeding of the power from the power supply V1 to the
resistor R4 1s shut off.

[0074] The current-limiting circuit AFle has MOSFETSs
M1 and M2, Zener diodes D1 and D3, a diode DS, resistors
R1, R2, R3, RS, and R6, and a capacitor C1. The current-
limiting circuit AFle 1s a circuit that suppresses occurrence
of an arc 1n the switch S1 when a current 1s shut off by the
switch S1 1n a state where power 1s provided from the side
of a node NI.

[0075] The current-limiting circuit AF2e has a configura-
tion 1n which the current-limiting circuit AF1e 1s inverted. In

other words, the current-limiting circuit AF2e has MOS-
FETs M3 and M4, Zener diodes D2 and D4, a diode D6,

resistors R8, R9, R10, R11, and R12, and a capacitor C2.
The current-limiting circuit AF2e 1s a circuit that suppresses
occurrence of an arc 1n the switch S1 when a current 1s shut
ofl by the switch S1 1n a state where power 1s fed from the
side of a node N3.

[0076] If the switch S1 i1s turned off when a current flows
from the node N1 side to the node N3 side, the current-
limiting circuit AFle has a function to gradually lower the
current flowing from the node N1 side to the node N3 side.
Theretore, the current-limiting circuit AF2e 1s provided with
the diode D6 and thereby passes the current from the node
N1 side to the node N3 side.

[0077] In contrast, 1f the switch S1 1s turned off when a
current flows from the node N3 side to the node N1 side, the
current-limiting circuit AF2e has a function to gradually
lower the current flowing from the node N3 side to the node
N1 side. Therefore, the current-limiting circuit AFle 1s
provided with the diode DS and thereby passes the current
from the node N3 side to the node N1 side.

[0078] The arc suppression device illustrated in FIG. 8
allows for suppression of an arc at the time of power shutoil
while preventing an increase in the circuit scale also 1n a
case where power 1s provided in both directions instead of
a single direction. As with the arc suppression device
illustrated 1n FIG. 7, the arc suppression device illustrated 1n
FIG. 8 1s provided with the fuse F1 and the protector PF1;
however, the arc suppression device illustrated in FIG. 8
may not be provided with the fuse F1 or the protector PF1.

1.6. Sixth Configuration Example

[0079] As 1n the fifth configuration example, 1t 1s possible
to suppress an arc at the time of power shutofl while
preventing an increase 1n the circuit scale also in a case
where power 1s fed 1n both directions instead of a single
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direction. In the fifth configuration example, current-limait-
ing circuits are coupled in series; however, the current-
limiting circuits may be coupled 1n parallel.

[0080] FIG. 9 1s an explanatory diagram 1illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment of the present disclosure. FIG. 9
illustrates a configuration example of the arc suppression
device mtended to suppress occurrence of an arc at the time
of power shutoil. The arc suppression device 1illustrated 1n
FIG. 9 1s configured to include a switch S1 that includes, for
example, the SSR, current-limiting circuits AF1/ and AF2f,
a fuse F1, and a protector PF1.

[0081] The switch S1 1s configured to be switched on/off
by power from the direct-current power supply V2. In a case
where the switch S1 1s turned on, power from the power
supply V1 that provides direct-current power 1s fed to a
resistor R4. In a case where the switch S1 1s turned off,
feeding of the power from the power supply V1 to the
resistor R4 1s shut off.

[0082] The current-limiting circuit AF1f has MOSFETs
M1 and M2, Zener diodes D1 and D3, a diode DS, resistors
R1, R2, R3, RS, and R6, and a capacitor C1. The current-
limiting circuit AF1/1s a circuit that suppresses occurrence
of an arc in the switch S1 when a current 1s shut oif by the
switch S1 i1n a state where power 1s fed from the side of the

node N1.

[0083] The current-limiting circuit AF2f has a configura-
tion 1n which the current-limiting circuit AF1e 1s inverted. In
other words, the current-limiting circuit AF2f has MOSFETs
M3 and M4, Zener diodes D2 and D4, a diode D6, resistors
R8, R9, R10, R11, and R12, and a capacitor C2. The
current-limiting circuit AF2e 1s a circuit that suppresses
occurrence of an arc 1n the switch S1 when a current 1s shut

off by the switch S1 1n a state where power 1s fed from the
side of the node N3.

[0084] If the switch S1 1s turned off when a current flows
from the node N1 side to the node N3 side, the current-
limiting circuit AF1f has a function to gradually lower the
current flowing from the node N1 side to the node N3 side.
Theretore, the current-limiting circuit AF1f1s provided with
the diode D5 that passes the current from the node N1 side
to the node N3 side. Further, the current-limiting circuit
AF2f1s provided with the diode D6 and thereby shuts off the

current flowing from the node N1 side to the node N3 side.

[0085] In contrast, if the switch S1 1s turned off when a
current flows from the node N3 side to the node N1 side, the
current-limiting circuit AF2f has a function to gradually
lower the current tflowing from the node N3 side to the node
N1 side. Therefore, the current-limiting circuit AF2f 1s
provided with the diode D6 that passes the current from the
node N3 side to the node N1 side. Further, the current-
limiting circuit AF1/ 1s provided with the diode DS and

thereby shuts off the current flowing from the node N3 to the
node NI1.

[0086] The arc suppression device illustrated in FIG. 9
allows for suppression of an arc at the time of power shutoilf
while preventing an increase in the circuit scale also 1n a
case where power 1s fed 1n both directions instead of a single
direction. As with the arc suppression device illustrated 1n
FIG. 7, the arc suppression device illustrated 1n FIG. 9 1s
provided with the fuse F1 and the protector PF1; however,
the arc suppression device illustrated 1n FIG. 9 may not be
provided with the fuse F1 or the protector PF1.
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1.7. Seventh Configuration Example

[0087] FIG. 10 1s an explanatory diagram 1illustrating a
configuration example of the arc suppression device accord-
ing to the embodiment of the present disclosure. FIG. 10
illustrates a configuration example of the arc suppression
device intended to suppress occurrence of an arc at the time
of power shutoil. The arc suppression device 1llustrated 1n
FIG. 10 1s configured to include switches S1a and S15 each
of which includes, for example, the SSR, and a current-
limiting circuit AF1g. FIG. 10 1illustrates a configuration
example of the arc suppression device in shutting off power
to be fed from the power supply V1 or a power supply V3.
The power supply V1 1s a power supply that feeds direct-
current power, and the power supply V3 1s a power supply
that provides alternating-current power.

[0088] The switch Sla 1s configured to be switched on/off
by power from the direct-current power supply V2. In a case
where the switch Sla 1s turned on, power from the power
supply V1 or the power supply V3 that feeds power 1s fed
to a resistor R4. In a case where the switch Sla 1s turned off,
teeding of the power from the power supply V1 or the power
supply V3 to the resistor R4 1s shut off.

[0089] The switch S15 1s a switch that operates 1n con-
junction with the switch S1a. The switch S15 1s turned off
when the switch S1a 1s turned on, and 1s turned on when the
switch Sla 1s turned off. FIG. 10 1llustrates the switches S1a
and S1b that are separated from each other; however, these
are equivalent to transfer-type contacts having make-break
contacts using the node N2 as a common node.

[0090] The current-limiting circuit AF1g has MOSFETs
M1 and M2, Zener diodes D1 and D3, resistors R1, R3, R4,
and RS, and a capacitor C1. The current-limiting circuit
AF1f1s a circuit that suppresses occurrence of an arc in the
switch S1a when a current 1s shut off by the switch S1 1n a
state where power 1s fed from the side of the node N1.

[0091] When the switch S1a 1s turned off, the resistors R4
and RS divide a voltage that 1s generated between the nodes
N1 and N2. The MOSFET M2 i1s turned on when a gate-
source voltage becomes a predetermined value. A turn-on
state of the MOSFET M2 means that short-circuiting 1s
caused between the gate and the source of the MOSFET M1.
When the MOSFET M2 1s turned on, and short-circuiting 1s
caused between the gate and the source of the MOSFET M1,
the MOSFET M1 1s turned off to terminate the voltage
integration by the current-limiting circuit AF15.

[0092] Here, 1n a case where the switch S154 1s turned off,
short-circuiting 1s not caused between the gate and the
source of the MOSFET M1. However, when the switch S15
1s turned on, a short-circuiting state 1s caused between the
gate and the source of the MOSFET M1. When the short-
circuiting state 1s caused between the gate and the source of
the MOSFET M1, the MOSFET M1 1s turned off to termi-
nate the voltage integration by the current-limiting circuit
AF1g, as described 1n the second configuration example.

[0093] If the switch S15 1s turned on, and a short-circuit-
ing state 1s caused between the gate and the source of the
MOSFET M1 before the MOSFET M2 1s turned on by
voltage dividing with use of the resistors R4 and RS, the
current-limiting circuit AF1g 1s configured to give higher
priority to short-circuiting between the gate and the source
of the MOSFET M1 that 1s caused by the switch S1b.
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2. APPLICATION EXAMPLES

[0094] FIG. 11 1s an explanatory diagram illustrating a
functional configuration example of a mobile body 40 that
includes an arc suppression device. For example, the mobile
body 40 may be a mobile body that uses gasoline as a power
source, such as a gasoline vehicle, or may be a mobile body
that uses a chargeable-dischargeable battery as a main power
source, such as an electric vehicle, a hybrid electric vehicle,
or an electric motorbike. FIG. 11 illustrates an example
where the mobile body 40 includes a battery 210, a driving
section 220 that performs drive using power fed from the
battery, and an arc suppression device 100 that suppresses an
arc at the time of shutofl of power from the battery 210.
Examples of the driving section 220 may include vehicle
equipment such as wipers, powered windows, lights, a car
navigation system, or an air conditioner, or a device that
drives the mobile body 40 such as a motor.

[0095] Further, the mobile body 40 illustrated in FIG. 11
1s provided with the arc suppression device 100 in the
middle of a path through which direct-current power 1s fed
from the battery 210 to the driving section 220. As the arc
suppression device 100, for example, any of the arc sup-
pression devices illustrated 1n FIG. 1, FIG. 3, FIG. §, and
FIGS. 7 to 10 described above 1s applicable. The mobile
body 40 illustrated 1n FIG. 11 includes the arc suppression
device 100 1n the middle of the path through which the
direct-current power 1s fed from the battery 210 to the
driving section 220, which makes it possible to shut off the
direct-current power safely.

[0096] It 1s to be noted that FIG. 11 illustrates an example
of the mobile body 40 that includes only the single arc
suppression device 100; however, the present disclosure 1s
not limited to such an example. In other words, the plurality
of arc suppression devices 100 may be provided in the
middle of the path through which the direct-current power 1s
ted. Further, the arc suppression device 100 may be provided
not only in the middle of the path through which the
direct-current power 1s fed from the battery 210 to the
driving section 220, but also at any other location, for
example, 1n the middle of a path 1n the course of charging the
battery 210 using the direct-current power. The mobile body
40 includes the arc suppression device 100 1n the middle of
the path in the course of charging the battery 210 using the
direct-current power, which makes it possible to safely
charge the battery 210 using the direct-current power.

3. Conclusion

[0097] As described above, according to the embodiment
of the present disclosure, there are provided the arc sup-
pression device that allows for reduction in the power
consumption at the time of power shutofl by reducing size
of mechanical contacts to be used for the power shutofl, the
mobile body provided with the arc suppression device, and
the power supply system provided with the arc suppression
device.

[0098] Thus far, the preferred embodiment of the present
disclosure has been described in detail with reference to the
attached drawings; however, a technical scope of the present
disclosure 1s not limited to such examples. It 1s obvious that
any person having ordinary knowledge in the technical field
of the present disclosure i1s able to arrive at a variety of
alteration examples or modification examples in the cat-
egory of technical 1dea described in the claims, and it 1s

Apr. 30, 2020

comprehended that these also naturally fall within the tech-
nical scope of the present disclosure.

[0099] Further, the effects described 1n the present speci-
fication are merely explanatory or exemplified and non-
limiting. In other words, the technology according to the
present disclosure 1s able to provide other obvious eflects to
those skilled in the art from descriptions of the present
specification along with the above-described eflects or in
lieu of the above-described eflects.

[0100] It1s to be noted that configurations described below
also fall within the technical scope of the present disclosure.
[0101] (1)

[0102] An arc suppression device including one or more

current-limiting circuits provided in parallel with a circuit
breaker that switches between feeding and shutoil of power
from a power supply, in which

[0103] the current-limiting circuit shuts off a current from
the power supply when the power from the power supply 1s
fed to a load through a circuit breaker, and

[0104] the current from the power supply 1s shut off when
a voltage generated by a potential difference between con-
tacts of the circuit breaker becomes a predetermined voltage
or higher in a case where feeding of the power from the
power supply to the load 1s shut off by the circuit breaker, the
potential difference being generated upon shutoff.

[0105] (2)

[0106] The arc suppression device according to (1)
described above, in which the current-limiting circuit
includes

[0107] a first switching element that 1s turned off when the
power from the power supply 1s fed to the load through the
circuit breaker, and 1s turned on by the potential difference
between the contacts of the circuit breaker that 1s generated
upon the shutoil when feeding of the power from the power
supply to the load 1s shut off by the circuit breaker, and 1s
thereafter turned ofl after a current generated by the differ-
ence passes, and

[0108] a second switching element that 1s turned on 1n
accordance with the potential difference to cause short-
circuiting between a gate terminal of the first switching
clement and a source terminal of the first switching element.
[0109] (3)

[0110] The arc suppression device according to (2)
described above, in which the current-limiting circuit
includes a capacitor element that raises a gate voltage of the
first switching element when feeding of the power from the
power supply to the load 1s shut off.

[0111] (4)

[0112] The arc suppression device according to (3)
described above, in which the current-limiting circuit
includes a resistor element that sets, together with the
capacitor element, a time when a voltage 1s applied to the
gate terminal of the first switching element.

[0113] (5)

[0114] The arc suppression device according to (3)
described above, in which the current-limiting circuit
includes a Zener diode between the source terminal of the
first switching element and the gate terminal of the first
switching element.

[0115] (6)

[0116] The arc suppression device according to any one of
(2) to (5) described above, 1n which the current-limiting
circuit further includes a switch that i1s turned on when
feeding of the power from the power supply to the load 1s
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shut off, and thereby causes short-circuiting between the
gate terminal of the first switching element and the source
terminal of the first switching element.

[0117] (7)

[0118] The arc suppression device according to any one of
(1) to (6) described above, 1n which the power to be fed from
the power supply includes direct-current power.

[0119] (8)

[0120] An arc suppression device including one or more
current-limiting circuits provided 1n parallel with a circuit
breaker that switches between feeding and shutoil of power
from a power supply, in which

[0121] the current-limiting circuit includes

[0122] a first switching element that 1s turned off when the
power from the power supply i1s fed to the load through a
circuit breaker, and 1s turned on by a potential diflerence
between contacts of the circuit breaker when feeding of
alternate-current power from the power supply to the load 1s
shut off by the circuit breaker, and 1s thereafter turned off
after a current generated by the potential difference passes,
the potential difference being generated upon shutoil,
[0123] a capacitor element that raises a gate voltage of the
first switching element when feeding of the power from the
power supply to the load 1s shut off, and

[0124] a second switching element that 1s turned on 1n
accordance with the potential difference to cause short-
circuiting between a gate terminal of the first switching
clement and a source terminal of the first switching element.
[0125] (9)

[0126] The arc suppression device according to (8)
described above, in which the current-limiting circuit
includes a resistor element that sets, together with the
capacitor element, a time when a voltage 1s applied to the
gate terminal of the first switching element.

[0127] (10)

[0128] The arc suppression device according to (8) or (9)
described above, in which the current-limiting circuit
includes a Zener diode between the source terminal of the
first switching element and the gate terminal of the first
switching element.

[0129] (11)

[0130] The arc suppression device according to any one of
(8) to (10) described above, in which the current-limiting
circuit further includes a switch that i1s turned on when
feeding of the power from the power supply to the load 1s
shut off, and thereby causes short-circuiting between the
gate terminal of the first switching element and the source
terminal of the first switching element.

[0131] (12)

[0132] The arc suppression device according to (8) to (11)
described above, in which the power to be fed from the
power supply includes direct-current power.

[0133] (13)

[0134] A mobile body including one or more the arc
suppression devices according to any one of (1) to (12)
described above.

[0135] (14)

[0136] A power supply system 1ncluding:
[0137] a battery that feeds direct-current power;
[0138] a driving section that performs drive using the

direct-current power fed from the battery; and

[0139] one or more the arc suppression devices according
to any one of (1) to (12) described above that are provided
between the battery and the driving section.
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REFERENCE NUMERAL LIST

[0140] 40: mobile body

[0141] 100: arc suppression device

[0142] 210: battery

[0143] 220: driving section

[0144] AFla, AF1bH, AFlc, AF1d, AFle, AF1f, AFlg,

AF2e, AF2f: current-limiting circuit

[0145] F1: fuse

[0146] PFEF1: protector

[0147] S1, Sla, S1b: switch

[0148] V1: power supply

[0149] V2: direct-current power supply

1. An arc suppression device comprising one or more
current-limiting circuits provided 1n parallel with a circuit
breaker that switches between feeding and shutoil of power
from a power supply, wherein

the current-limiting circuit shuts off a current from the
power supply when the power from the power supply
1s fed to a load through a circuit breaker, and

the current from the power supply 1s shut ofl when a
voltage generated by a potential difference between
contacts of the circuit breaker becomes a predetermined
voltage or higher 1n a case where feeding of the power
from the power supply to the load 1s shut off by the
circuit breaker, the potential difference being generated
upon shutoil.

2. The arc suppression device according to claim 1,
wherein the current-limiting circuit includes

a first switching element that 1s turned oil when the power
from the power supply 1s fed to the load through the
circuit breaker, and 1s turned on by the potential dii-
ference between the contacts of the circuit breaker that
1s generated upon the shutofl when feeding of the
power from the power supply to the load 1s shut ofl by
the circuit breaker, and i1s thereafter turned off after a
current generated by the difference passes, and

a second switching element that 1s turned on 1n accor-
dance with the potential difference to cause short-
circuiting between a gate terminal of the first switching
clement and a source terminal of the first switching
clement.

3. The arc suppression device according to claim 2,
wherein the current-limiting circuit includes a capacitor
clement that raises a gate voltage of the first switching
clement when feeding of the power from the power supply
to the load 1s shut off.

4. The arc suppression device according to claim 3,
wherein the current-limiting circuit includes a resistor ele-
ment that sets, together with the capacitor element, a time
when a voltage 1s applied to the gate terminal of the first
switching element.

5. The arc suppression device according to claim 3,
wherein the current-limiting circuit includes a Zener diode
between the source terminal of the first switching element
and the gate terminal of the first switching element.

6. The arc suppression device according to claim 2,
wherein the current-limiting circuit further includes a switch
that 1s turned on when feeding of the power from the power
supply to the load 1s shut off, and thereby causes short-
circuiting between the gate terminal of the first switching
clement and the source terminal of the first switching
clement.
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7. The arc suppression device according to claim 1,
wherein the power to be fed from the power supply com-
prises direct-current power.

8. An arc suppression device comprising one or more
current-limiting circuits provided in parallel with a circuit
breaker that switches between feeding and shutofl of power
from a power supply, wherein

the current-limiting circuit includes

a first switching element that 1s turned off when the power

from the power supply 1s fed to the load through a
circuit breaker, and 1s turned on by a potential differ-
ence between contacts of the circuit breaker when
feeding of alternate-current power from the power
supply to the load 1s shut ofl by the circuit breaker, and
1s thereafter turned off after a current generated by the
potential difference passes, the potential difference
being generated upon shutoft,

a capacitor element that raises a gate voltage of the first

switching element when feeding of the power from the
power supply to the load 1s shut off, and

a second switching element that 1s turned on 1n accor-
dance with the potential difference to cause short-
circuiting between a gate terminal of the first switching
clement and a source terminal of the first switching
clement.

9. The arc suppression device according to claim 8,
wherein the current-limiting circuit includes a resistor ele-
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ment that sets, together with the capacitor element, a time
when a voltage 1s applied to the gate terminal of the first
switching element.

10. The arc suppression device according to claim 8,
wherein the current-limiting circuit includes a Zener diode
between the source terminal of the first switching element
and the gate terminal of the first switching element.

11. The arc suppression device according to claim 8,
wherein the current-limiting circuit further includes a switch
that 1s turned on when feeding of the power from the power
supply to the load 1s shut off, and thereby causes short-
circuiting between the gate terminal of the first switching
clement and the source terminal of the first switching
clement.

12. The arc suppression device according to claim 8,
wherein the power to be fed from the power supply com-
prises direct-current power.

13. A mobile body comprising one or more the arc
suppression devices according to claim 1.

14. A power supply system comprising:

a battery that feeds direct-current power;

a driving section that performs drive using the direct-

current power fed from the battery; and

one or more the arc suppression devices according to

claim 1 that are provided between the battery and the
driving section.
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