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A power source system includes a first battery string, a
second battery string, and a third battery string. Each of the
battery strings includes a plurality of batteries capable of
outputting direct-current power. The battery strings are
Y-connected so as to output three-phase alternating-current
power to three-phase output terminals (alternating-current
output terminals) as well as connected to a neutral line. On
the neutral line, a neutral line capacitor for blocking a direct
current, a neutral line switch disposed in series to the neutral
line capacitor, and an electric resistance element disposed in
parallel to the neutral line switch are provided.
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FIG. 4
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POWER SOURCE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2023-017555 filed on Feb. 8, 2023, incor-
porated herein by reference in its entirety.

BACKGROUND

1. Technical Field

[0002] This disclosure relates to a power source system.
2. Description of Related Art
[0003] Japanese Unexamined Patent Application Publica-

tion No. 2022-120255 (JP 2022-120255 A) discloses a
three-phase alternating-current power source that uses first
to third battery strings.

SUMMARY

[0004] A three-phase alternating-current power source can
be realized by Y-connecting first to third battery strings as
described in JP 2022-120255 A. However, in a three-phase
alternating-current power source having first to third battery
strings in a three-phase three-wire circuit configuration, due
to the restriction of the sum of the three phases being zero,
the instantaneous current is determined haphazardly, which
degrades the power factor (the phase difference between
voltage and current). One conceivable solution is to connect
the first to third battery strings to a neutral line so as to
establish a three-phase four-wire circuit configuration. In a
three-phase four-wire alternating-current power source, as a
zero phase current can be passed (i.e., the sum of the three
phases need not be zero), all the three phases can be placed
under phase control to thereby mitigate degradation in
power factor.

[0005] In a circuit configuration in which first to third
battery strings are connected to a neutral line, a short-circuit
current can occur. One conceivable measure to reduce the
short-circuit current is to provide a capacitor (neutral line
capacitor) for blocking a direct current on the neutral line.
However, in a circuit configuration having a capacitor
provided on a neutral line, an inrush current can occur.
Specifically, starting power supply from the first to third
battery strings to the three-phase output terminals in a state
where the neutral line capacitor has not been charged causes
an inrush current to flow to the neutral line capacitor.
[0006] This disclosure has been devised to solve the
above-described problem, and an object thereof is to reduce
the short-circuit current and the inrush current in a three-
phase four-wire alternating-current power source using first
to third battery strings.

[0007] In accordance with one form according to this
disclosure, a power source system having the configuration
shown below is provided. This power source system
includes a first battery string, a second battery string, and a
third battery string. Each of the first to third battery strings
includes a plurality of batteries capable of outputting direct-
current power. The first to third battery strings are Y-con-
nected so as to output three-phase alternating-current power
to three-phase output terminals as well as connected to a
neutral line. On the neutral line, a neutral line capacitor for
blocking a direct current, a neutral line switch disposed in
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series to the neutral line capacitor, and an electric resistance
element disposed in parallel to the neutral line switch are
provided.

[0008] According to this configuration, the neutral line
switch is put in an interrupted state before actual power
supply is started, which makes it possible to execute pre-
charging of the neutral line capacitor while reducing the
inrush current by the electric resistance element. The short-
circuit current is reduced by the charged neutral line capaci-
tor. Thus, the short-circuit current and the inrush current can
be reduced in a three-phase four-wire alternating-current
power source using first to third battery strings.

[0009] Each of the first to third battery strings may be a
single series battery string (a battery assembly in which a
plurality of batteries capable of separately switching
between application and non-application of a voltage is
connected in series). Or each of the first to third battery
strings may be a battery module including a plurality of
series battery strings that is connected in parallel.

[0010] According to this disclosure, it is possible to reduce
the short-circuit current and the inrush current in a three-
phase four-wire alternating-current power source using first
to third battery strings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Features, advantages, and technical and industrial
significance of exemplary embodiments of the disclosure
will be described below with reference to the accompanying
drawings, in which like signs denote like elements, and
wherein:

[0012] FIG. 1 is a diagram showing a schematic configu-
ration of a power source system according to an embodiment
of this disclosure;

[0013] FIG. 2 is a flowchart showing processing relating
to preparation for power supply by the power source system
according to the embodiment of this disclosure;

[0014] FIG. 3 is a time chart showing an example of
operation waveforms in a first example in which the power
source system according to the embodiment of this disclo-
sure performs the preparation for power supply;

[0015] FIG. 4 is a time chart showing an example of
operation waveforms of the three-phase four-wire alternat-
ing-current power source shown in FIG. 1;

[0016] FIG. 5 is a time chart showing a first example of
operation waveforms (Vca, Vcb, Vee, u, Iv, Iw) in a second
example in which the power source system according to the
embodiment of this disclosure performs the preparation for
power supply; and

[0017] FIG. 6 is a time chart showing a second example of
operation waveforms (Ven, In) in a second example in
which the power source system according to the embodi-
ment of this disclosure performs the preparation for power

supply.
DETAILED DESCRIPTION OF EMBODIMENTS

[0018] An embodiment of this disclosure will be described
in detail below with reference to the drawings. The same or
corresponding parts in the drawings will be denoted by the
same reference sign and description thereof will not be
repeated.

[0019] FIG. 1 is a diagram showing a schematic configu-
ration of a power source system according to this embodi-
ment. Referring to FIG. 1, the power source system accord-
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ing to this embodiment includes a battery string St1 (first
battery string), a battery string St2 (second battery string), a
battery string St3 (third battery string), power lines PL1,
PL2, PL3, a filter circuit 30, relays 41, 42, 43, a neutral line
NL, alternating-current output terminals Tu, Tv, Tw, a trans-
former 50, system terminals GT1, GT2, GT3, and a control
device 100. Hereinafter, the three relays 41, 42, 43 may be
collectively referred to as “three-phase relays 41 to 43.” The
three alternating-current output terminals Tu, Tv, Tw may be
collectively referred to as “three-phase output terminals
Tuvw.”

[0020] Each of the battery strings St1 to St3 is configured
to be able to output direct-current power. The battery strings
St1 to St3 are Y-connected so as to output three-phase
alternating-current power to the three-phase output termi-
nals Tuvw as well as connected to the neutral line NL. The
battery strings Stl, St2, St3 correspond to a U-phase battery
string, a V-phase battery string, and a W-phase battery string,
respectively. The alternating-current output terminals Tu,
Tv, Tw are electrically connected to the system terminals
GT1, GT2, GT3 through the transformer 50. The system
terminals GT1, GT2, GT3 are electrically connected to a
power system (commercial power source; not shown). The
power system is an electric power grid that supplies electric
power to each consumer who has made a contract with, for
example, an electric power company.

[0021] The battery strings Stl to St3 are configured to
exchange electric power with the power system. While this
is not shown, the alternating-current output terminals Tu, Tv,
Tw are respectively provided with current sensors that detect
Ia, Ib, Ic that are currents flowing through these output
terminals and voltage sensors that detect Va, Vb, V¢ that are
voltages applied to these output terminals. Detection results
(Ia, Ib, Ic, Va, Vb, Vc) of these sensors are output to the
control device 100.

[0022] A negative electrode terminal of each of the battery
strings Stl to St3 is connected to a neutral point N1. The
power lines PL1, PL2, PL3 connect positive electrode
terminals of the battery strings Stl, St2, St3, respectively, on
one side and the alternating-current output terminals Tu, Tv,
Tw, respectively, on the other side to each other. On the
power lines PL1, PL2, PL3, the relays 41, 42, 43 that switch
between conduction and interruption of the power lines PL1,
PL2, PL3, respectively, are provided. Each of the relays 41,
42, 43 may be an electromagnetic mechanical relay. Each of
the relays 41, 42, 43 is controlled by the control device 100.
In this embodiment, each of the relays 41, 42, 43 is a
normally-off relay. Therefore, each of the relays 41, 42, 43
is kept in an interrupted state (OFF state) when no instruc-
tions are being received from the control device 100. The
relays 41, 42, 43 correspond to examples of “first phase
relay,” “second phase relay,” and “third phase relay,” respec-
tively, according to this disclosure.

[0023] On the power lines PL1, PL.2, PL3, the filter circuit
30 connected to a neutral point N2 is further provided. The
filter circuit 30 includes a first LCL filter (first filter circuit)
formed by a capacitor 34 and inductors 31,37, a second LCL
filter (second filter circuit) formed by a capacitor 35 and
inductors 32, 38, and a third LCL filter (third filter circuit)
formed by a capacitor 36 and inductors 33, 39. The first LCL.
filter, the second LCL filter, and the third LCL filter are
disposed between the battery strings St1, St2, St3, respec-
tively, on one side and the relays 41, 42, 43, respectively, on
the other side. Current sensors that detect Iu, Iv, Iw that are
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currents flowing through the power lines PL1, PL2, PL3,
respectively, are provided between the first LCL filter, the
second LCL filter, and the third LCL filter on one side and
the battery strings St1, St2, St3 on the other side. Detection
results (Iu, Iv, Iw) of the current sensors are output to the
control device 100. The filter circuit 30 reduces a cross-
current when a plurality of Y-connection systems or other
power sources is used in parallel, or attenuates a current
ripple component in each of the power lines PL1, PL.2, PL3.
[0024] The filter circuit 30 functions as one example of
“detection circuit” according to this disclosure. That is, the
filter circuit 30 is configured to separately detect string
voltages respectively output from the battery strings Stl to
St3. Specifically, Vca, Vcb, Vee that are voltages between
terminals of the capacitors 34, 35, 36 included in the first to
third LCL filters respectively correspond to the string volt-
ages of the battery strings St1, St2, St3. While this is not
shown, voltage sensors that detect the voltages between the
terminals are respectively provided in the capacitors 34, 35,
36, and detection results (Vca, Vcb, Vec) of these voltage
sensors are output to the control device 100. This configu-
ration makes it possible to detect the string voltages using
the filter circuit.

[0025] The transformer 50 is a Y-Y-connected three-phase
transformer. The transformer 50 includes Y-connected bat-
tery string-side coils 51, 52, 53 and Y-connected power
system-side coils 54, 55, 56. Positive electrode terminals of
the coils 51, 52, 53 are connected to the alternating-current
output terminals Tu, Tv, Tw, respectively, while negative
electrode terminals of these coils are commonly connected
to the neutral line NL (ground line). Positive electrode
terminals of the coils 54, 55, 56 are connected to the system
terminals GT1, GT2, GT3, respectively, while negative
electrode terminals of these coils are commonly connected
to a neutral point N3.

[0026] The neutral line NI connects the neutral point N1
and the negative electrode terminals of the transformer 50 to
each other. On the neutral line NL, a capacitor 21 (neutral
line capacitor) for blocking a direct current, a relay 22
(neutral line switch) disposed in series to the capacitor 21,
and an electric resistance element 23 (limiting resistor)
disposed in parallel to the relay 22 are provided. The relay
22 may be an electromagnetic mechanical relay. The relay
22 is controlled by the control device 100. In this embodi-
ment, the relay 22 is a normally-off relay. Therefore, the
relay 22 is kept in an interrupted state (OFF state) when no
instructions are being received from the control device 100.
[0027] Inthis embodiment, the inductance of the inductors
31 to 33 (battery string-side filter coils) is higher than the
inductance of the inductors 37 to 39 (three-phase output
terminal-side filter coils). Setting the inductance of the
inductors 31 to 33 high can restrict a change in current in the
event of a sudden change in voltage, such as momentary
power failure, making it easier to prevent shutdown of
devices due to an overcurrent abnormality.

[0028] In this embodiment, the capacitance of each of the
capacitors 34 to 36 is lower than the capacitance of the
capacitor 21. Setting the capacitance of the capacitors 34 to
36 (filter capacitors) low can reduce the inrush current upon
turning the three-phase relays 41 to 43 on (see S11 of FIG.
2 to be described later).

[0029] Each of the battery strings Stl to St3 includes a
plurality of battery circuits 10. Each of the plurality of
battery circuits 10 includes direct-current output terminals
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OT1, OT2, a battery 11 capable of outputting direct-current
power, a battery management system (BMS) 12, a switch
circuit SW, a choke coil 17, and a capacitor 18. The battery
11 is a secondary battery capable of charging and discharg-
ing. The battery 11 may be a single secondary battery, or
may be a battery pack formed by a plurality of secondary
batteries. The BMS 12 includes various sensors that detect
states (e.g., voltage, current, and temperature) of the battery
11 and outputs detection results to the control device 100.
The control device 100 can acquire states (e.g., temperature,
current, voltage, and state-of-charge (SOC)) of the battery
11 based on output signals of the BMS 12 (BMS signals).
The BMS 12 may be configured to separately detect the state
of each secondary battery. The SOC indicates a remaining
amount of stored electricity and is, for example, a ratio,
expressed as 0 to 100%, of the current amount of stored
electricity to the amount of stored electricity in a fully
charged state.

[0030] The switch circuit SW is configured to switch
between connection and disconnection between the battery
11 and the direct-current output terminals OT1, OT2. In
particular, the switch circuit SW includes a first switch 13
(hereinafter written as “SW 13”), a second switch 14 (here-
inafter written as “SW 14”), a parallel diode 15 of the SW
13, and a parallel diode 16 of the SW 14. The SW 13 is
located between the direct-current output terminals OT1,
OT2 and switches between conduction and interruption of
an electric path that directly connects the direct-current
output terminal OT1 and the direct-current output terminal
OT2 to each other. The SW 14 and the choke coil 17 are
located on an electric line BL1 that connects the direct-
current output terminal OT1 and a positive electrode of the
battery 11 to each other. The direct-current output terminal
OT2 is electrically connected to a negative electrode of the
battery 11 through an electric line BL.2. The capacitor 18 is
connected to each of the electric line BL1 and the electric
line BL.2. Each of the SW 13 and the SW 14 is, for example,
a semiconductor switch such as a field-effect transistor
(FET).

[0031] In each battery string, adjacent battery circuits 10
are connected to each other by an electric line (string line).
As the direct-current output terminal OT2 of one battery
circuit 10 is connected to the direct-current output terminal
OT1 of another battery circuit 10 adjacent to that battery
circuit 10, these battery circuits 10 are electrically connected
to each other. The number of battery circuits 10 included in
one battery string is arbitrary, and may be five to 50 or may
be 100 or more. The number of battery circuits 10 included
in each of the battery strings Stl to St3 may be the same or
may be different. The configuration of the battery circuit 10
shown in FIG. 1 is merely one example and can be changed
as appropriate. For example, the choke coil 17 may be
removed from the circuit. A wiring inductance may be
adjusted according to the circuit configuration.

[0032] During a period in which the battery 11 is con-
nected to the direct-current output terminals OT1, OT2
(connection period), the voltage of the battery 11 is applied
between the direct-current output terminals OT1, OT2.
During the connection period, the SW 14 connected in series
to the battery 11 is controlled to be in an ON state (con-
ducting state), while the SW 13 connected in parallel to the
battery 11 is controlled to be in an OFF state (interrupted
state). During a period in which the battery 11 is discon-
nected from the direct-current output terminals OT1, OT2
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(disconnection period), the voltage of the battery 11 is not
output to between the direct-current output terminals OT1,
OT2. During the disconnection period, the SW 14 is con-
trolled to be in an OFF state (interrupted state). During the
disconnection period, the SW 13 is controlled to be in an ON
state (conducting state) except for a transition period.
[0033] The control device 100 may control the string
voltage by controlling the switch circuit SW according to a
duty ratio that indicates the ratio between the connection
period and the disconnection period. The duty ratio can be
represented as, for example, the ratio (connection duty) of
the length of the connection period to the total length of the
connection period and the disconnection period. As the
connection duty becomes higher, the ratio of the connection
period to the disconnection period becomes higher. The
control device 100 is configured to output three-phase
alternating-current power from the battery strings St1 to St3
to the three-phase output terminals Tuvw by controlling the
switch circuit SW (particularly the SW 13 and the SW 14)
included in each of the battery strings St1 to St3 based on the
string voltages (Vca, Vcb, Vee) of the respective battery
strings St to St3 detected by the filter circuit 30 (detection
circuit).

[0034] In each of the battery strings St1 to St3 having the
above-described configuration, the plurality of batteries 11
included in one string is configured to be able to separately
switch between application and non-application of a voltage.
This configuration makes it easy to generate three-phase
alternating-current power by the battery strings St1 to St3. In
particular, three-phase alternating-current power can be gen-
erated by a line voltage (a difference in potential among the
strings).

[0035] The control device 100 is a computer including, for
example, a processor, a random-access memory (RAM), and
a storage device. As the processor executes programs stored
in the storage device, various processes (e.g., the control
shown in FIG. 2 to be described later) are executed. How-
ever, these various processes are not limited to being
executed by software, and can also be executed by dedicated
hardware (electronic circuit). The control device 100 may
further include a field-programmable gate array (FPGA)
equipped with a function for executing sweep control.
[0036] FIG. 2 is a flowchart showing processing relating
to preparation for power supply by the power source system
(including the battery strings St1 to St3) according to this
embodiment. Symbol “S” in the flowchart means a step. The
processing shown in this flowchart is executed by the control
device 100, for example, when the control device 100 starts
up. When the control device 100 is in a shutdown state, each
of the three-phase relays 41 to 43 and the relay 22 (neutral
line switch) is in the OFF state (interrupted state). At the start
of the processing (start), therefore, each of the three-phase
relays 41 to 43 and the relay 22 is in the OFF state. The
condition for starting the processing can be changed as
appropriate. For example, the control device 100 may start
the series of processes shown in FIG. 2 to execute power
supply according to an energy management request relating
to the power system upon receiving that request from a
server that manages the power system.

[0037] Referring to FIG. 2 along with FIG. 1, in S11, the
control device 100 puts the three-phase relays 41 to 43 in the
ON state. Thus, each of the relays 41, 42, 43 assumes a
conducting state and the filter capacitors (capacitors 34 to
36) are charged. Subsequently, in S12, the control device
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100 controls the battery strings St1 to St3 (specifically, the
SW 13 and the SW 14 in each switch circuit SW) such that
the battery strings Stl to St3 output three-phase alternating-
current power to the three-phase output terminals Tuvw. As
a result of the process of S12, the battery strings St1 to St3
are enabled (“enable ON”), and switching operation is
started in each battery string. As the three-phase alternating-
current power is output to the three-phase output terminals
Tuvw, pre-charging of the capacitor 21 (neutral line capaci-
tor) is executed. Meanwhile, the control device 100 controls
the battery strings St1 to St3 so as to bring the current values
(Ia, Ib, Ic) of the respective alternating-current output ter-
minals Tu, Tv Tw close to 0 (zero) A (zero-current control).
When Ia, Ib, Ic become zero, the current is no longer
exchanged between the battery strings St1 to St3 and the
power system.

[0038] Waveforms D11, D12, D13 in FIG. 2 represent
examples of the voltages of the battery strings Stl, St2, St3,
respectively. As these waveforms represent, the voltages of
the respective battery strings Stl to St3 have voltage wave-
forms of 0 V or higher (waveforms with the same direction
of the voltage) with an offset. These string voltages are
output to the three-phase output terminals Tuvw via the filter
circuit 30. Thus, a line voltage Vuv is applied between the
alternating-current output terminals Tu, Tv; a line voltage
Vwu is applied between the alternating-current output ter-
minals Tw, Tu; and a line voltage Vvw is applied between
the alternating-current output terminals Tv, Tw. Each line
voltage has an alternating-current voltage waveform of
which the polarity (positive and negative) changes periodi-
cally (waveforms of which the direction of the voltage
changes). Waveforms D21, D22, D23 in FIG. 2 represent
examples of the line voltages Vuv, Vwu, Vvw, respectively.

[0039] In the subsequent S13, the control device 100
determines whether pre-charging of the capacitor 21 has
been completed. The control device 100 may determine that
the pre-charging has not been completed while a predeter-
mined time has not elapsed since the start of the pre-
charging, and may determine that the pre-charging has been
completed when the predetermined time has elapsed since
the start of the pre-charging. However, without being limited
thereto, the method for determining whether the pre-charg-
ing has been completed is arbitrary. The control device 100
may determine that the pre-charging has not been completed
while Ven (the voltage between the terminals of the capaci-
tor 21) is lower than a predetermined value, and may
determine that the pre-charging has been completed when
Ven becomes equal to or higher than the predetermined
value.

[0040] When it is determined that the pre-charging of the
capacitor 21 has not been completed (NO in S13), the
processing returns to S12. Then, the pre-charging of the
capacitor 21 is executed by the process of S12. When the
pre-charging of the capacitor 21 is completed by the process
of S12 (YES in S13), the processing moves to S14. In S14,
the control device 100 puts the relay 22 in the ON state
(conducting state). Thus, preparation for executing power
supply from the power source system (including the battery
strings St1 to St3) to the power system (system start-up) has
been completed, and the series of processes shown in FIG.
2 ends. In the state where the preparation for power supply
has been completed, each of the three-phase relays 41 to 43
and the relay 22 is in the ON state. The control device 100
that has received a power supply demand from an external

Aug. 8,2024

server (not shown) in such a state may control the battery
strings St1 to St3 (specifically, the SW 13 and the SW 14 in
each switch circuit SW) based on Vca, Vcb, and Vec
detected by the filter circuit 30 such that the demanded
three-phase alternating-current power is output to the three-
phase output terminals Tuvw. For example, when the power
system falls into a power failure state, an emergency man-
agement system (EMS), on behalf of the power system, may
request the control device 100 to supply power (e.g., supply
power to electric power loads). In the case where no demand
for power supply is made to the control device 100 after
completion of the pre-charging of the capacitor 21, the
control device 100 may control the battery strings St1 to St3
so as to bring the current values of the three-phase output
terminals Tuvw close to zero also after the completion of the
pre-charging (i.e., after the series of processes shown in FI1G.
2 has ended). Such zero-current control may be continued
while no demand for power supply is made to the control
device 100.

[0041] FIG. 3 is a time chart showing an example of
waveforms of Va, Vb, V¢, Vca, Vcb, Ve, Ia, Ib, Ic, Iu, Iv,
Iw in a first operation example in which the power source
system according to this embodiment performs the prepa-
ration for power supply (FIG. 2). Symbol “t” in the time
chart means a timing. Each of Va, Vb, Vc (system phase
voltages) and Vca, Vcb, Vece (string phase voltages) shown
in FIG. 3 is a voltage waveform of an alternating-current
voltage of 50 V and a frequency of 60 Hz. Timings t1, t2, t3
correspond to the timings of “three-phase relays ON” (S11),
“enable ON” (S12), and “neutral line switch ON” (S14).

[0042] Referring to FIG. 3, at tl, the battery strings St1 to
St3 and the power system are electrically connected to each
other, and the filter capacitors (capacitors 34 to 36) are
charged. During the period from t2 to t3, as a result of the
above-described zero-current control (S12 of FIG. 2), each
of Ia, Ib, Ic (system phase currents) and Iu, Iv, Iw (string
phase currents) approaches 0 A.

[0043] FIG. 4 is a time chart showing an example of
waveforms of active power, reactive power, a power factor,
and a distortion factor when power supply was performed by
the three-phase four-wire alternating-current power source
shown in FIG. 1 under the conditions of an electric power
command (load) of 1800 W, an alternating-current voltage
of 200 V, and a frequency of 60 Hz. As shown in FIG. 4,
pulsation of each of the active power and the reactive power
is small, the power factor is close to one, and total harmonic
distortion (THD) is smaller than 0.8%. Thus, the power
source system according to this embodiment can achieve a
high power factor.

[0044] FIG. 5 is a time chart showing an example of
waveforms of Vca, Vb, Vee, Iu, Iv, Iw in a second operation
example in which the power source system according to this
embodiment performs the preparation for power supply
(FIG. 2). FIG. 6 is a time chart showing an example of
waveforms of Ven and In in the second operation example
in which the power source system according to this embodi-
ment performs the preparation for power supply (FIG. 2).
Ven and In are respectively the voltage between the termi-
nals of the capacitor 21 and the current flowing through the
neutral line NL. These drawings show a result of conducting
an experiment on a power source system having the con-
figuration shown in FIG. 1. In each of the drawings, t1 (1.15
s), 12 (2.15 s), and t3 (3.17 s) correspond to the timings of
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“three-phase relays ON” (S11), “enable ON” (S12), and
“neutral line switch ON” (S14), respectively.

[0045] In this example of implementation, a power system
with a voltage (line voltage) of 200 V, a frequency of 60 Hz,
and an output of 0 kW was connected to the system
terminals GT1, GT2, GT3. The control device 100 per-
formed the zero-current control by feedback control (more
particularly, PI control).

[0046] Referring to FIG. 5 and FIG. 6, Iu, Iv, Iw did not
converge to 0 Aby t3 due to the influence of a control system
(e.g., the control period is slow). However, as a result of the
control device 100 continuing the zero-current control also
after 3, a few seconds later, the current values (Iu, Iv, Iw)
were corrected by an I-term (integral term) and settled to
zero. At t1, the string phase current was about “~15 A.” The
inrush current in the neutral line NL was about “~16 A” as
a peak value. During the pre-charging period (12 to t3), the
inrush current was reduced by the limiting resistor (electric
resistance element 23). No inrush current was recognized at
3.

[0047] As has been described above, according to the
power source system having the configuration shown in
FIG. 1, the relay 22 is put in the interrupted state before
actual power supply is started, which makes it possible to
execute the pre-charging of the capacitor 21 while reducing
the inrush current by the electric resistance element 23. The
short-circuit current is reduced by the charged capacitor 21.
Thus, the short-circuit current and the inrush current can be
reduced in the three-phase four-wire alternating-current
power source using the battery strings St1 to St3.

[0048] The control device 100 executes the processes
shown in FIG. 2. The control device 100 executes the
pre-charging of the capacitor 21 (neutral line capacitor)
(S12) by outputting three-phase alternating-current power
from the battery strings Stl to St3 (first to third battery
strings) to the three-phase output terminals Tuvw when each
of'the relay 41 (first phase relay), the relay 42 (second phase
relay), and the relay 43 (third phase relay) is in the con-
ducting state and the relay 22 (neutral line switch) is in the
interrupted state. After the pre-charging of the capacitor 21
is completed, the control device 100 puts the relay 22 in the
conducting state (S14). This configuration makes it easy to
appropriately perform the pre-charging of the capacitor 21.
Moreover, during the execution of the pre-charging of the
capacitor 21, the control device 100 controls the battery
strings Stl to St3 so as to bring the current values of the
three-phase output terminals Tuvw close to zero (S12). This
configuration makes it easy to appropriately perform the
preparation for power supply while reducing the inrush
current during the execution of the pre-charging.

[0049] The embodiment disclosed this time should be
construed as being in every respect illustrative and not
restrictive. The scope of the present disclosure is indicated
not by the description of the embodiment given above but by
the claims, and is intended to include all changes within the
meaning and the scope of equivalents of the claims.

What is claimed is:

1. A power source system comprising a first battery string,
a second battery string, and a third battery string, wherein:

each of the first to third battery strings includes a plurality
of batteries capable of outputting direct-current power;
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the first to third battery strings are Y-connected so as to
output three-phase alternating-current power to three-
phase output terminals as well as connected to a neutral
line; and

on the neutral line, a neutral line capacitor for blocking a
direct current, a neutral line switch disposed in series to
the neutral line capacitor, and an electric resistance
element disposed in parallel to the neutral line switch
are provided.

2. The power source system according to claim 1,

wherein:
a first phase relay, a second phase relay, and a third phase
relay are provided between the first battery string, the
second battery string, and the third battery string,
respectively, on one side and the three-phase output
terminals on the other side;
the power source system further comprises a control
device that controls the neutral line switch, the first
phase relay, the second phase relay, and the third phase
relay; and
the control device is configured to execute the following:
executing pre-charging of the neutral line capacitor by
outputting three-phase alternating-current power
from the first to third battery strings to the three-
phase output terminals when each of the first phase
relay, the second phase relay, and the third phase
relay is in a conducting state while the neutral line
switch is in an interrupted state; and

putting the neutral line switch in a conducting state
after the pre-charging of the neutral line capacitor is
completed.

3. The power source system according to claim 2, wherein
the control device controls the first to third battery strings so
as to bring current values of the three-phase output terminals
close to zero during the execution of the pre-charging of the
neutral line capacitor.

4. The power source system according to claim 2,
wherein:

the power source system further comprises a detection
circuit that separately detects string voltages respec-
tively output from the first to third battery strings;

each of'the first to third battery strings includes a plurality
of battery circuits;

each of the plurality of battery circuits includes the
battery, a direct-current output terminal, and a switch
circuit that switches between connection and discon-
nection between the battery and the direct-current out-
put terminal; and

the control device is configured to output three-phase
alternating-current power from the first to third battery
strings to the three-phase output terminals by control-
ling the switch circuits respectively included in the first
to third battery strings based on the string voltages of
the respective first to third battery strings detected by
the detection circuit.

5. The power source system according to claim 4,

wherein:

the detection circuit includes a first filter circuit, a second
filter circuit, and a third filter circuit;

each of the first filter circuit, the second filter circuit, and
the third filter circuit includes a capacitor and an
inductor; and

the first filter circuit, the second filter circuit, and the third
filter circuit are disposed between the first battery
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string, the second battery string, and the third battery
string, respectively, on one side and the first phase
relay, the second phase relay, and the third phase relay,
respectively, on the other side.
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