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charge current value in accordance with the charge state of each of the battery units.
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ABSTRACT OF THE DISCLOSURE

There is provided a power storage system including at least two battery
units mutually connected in parallel, the battery units each including at least one cell
and at least one monitor device configured to monitor a charge state, at least one
battery charger configured to supply charge current to each of the battery units, and
at least one power storage control device configured to control a charge current value
that is supplied to each of the battery units. The power storage control device is
configured to decrease the charge current value in accordance with the charge state

of each of the battery units.



POWER STORAGE SYSTEM, POWER STORAGE CONTROL DEVICE, AND
POWER STORAGE CONTROL METHOD

CROSS REFERENCE TO RELATED APPLICATIONS

S This application claims the benefit of Japanese Priority Patent Application

JP 2013-181112 filed September 2, 2013.

BACKGROUND

10 The present disclosure relates to a power storage system, a power storage
control device, and a power storage control method. More particularly, the present
disclosure relates to a power storage system, power storage control device, and power
storage control method that causes a cell to be charged.

In the related art, there has been proposed a technique related to a power

15  source device in which a plurality of secondary batteries are connected in parallel.
For example, JP 2006-345660A, published on December 21, 2006, proposés a
technique of providing, in a power source device in which a plurality of series
connection battery blocks are connected in parallel, the plurality of series connection
battery blocks including a plurality of chargeable and dischargeable secondary

20  batteries connected in series, a constant current control circuit for each of the series
connection battery blocks. According to the power source device disclosed
in JP 2006-345660A, when the series connection battery blocks are connected in
parallel, a series connection battery block having a small difference in potential can

be prevented from being damaged by inrush current.

25
SUMMARY
In a case in which a plurality of secondary batteries are connected in parallel
and each of the secondary batteries are actually charged, overcurrent of charge current
may occur.
30 The present disclosure provides a power storage system, power storage

control device, and power storage control method that can prevent overcurrent of

CA 2858805 2019-07-17
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charge current.

A power storage system according to an embodiment of the present
disclosure includes at least two battery units mutually connected in parallel, the
battery units each including at least one cell and at least one monitor device
configured to monitor a charge state, at least one battery charger configured to supply
charge current to each of the battery units, and at least one power storage control
device configured to -control a charge current value that is supplied to each of the
battery units. The power storage control device is configured to decrease the charge
current value in accordance with the charge state of each of the battery units, Here,
“charge state” means the state of progress of charge (the same shall apply hereafter).

Each of the battery units may include an interruption device configured to
interrupt connection with the battery charger in a case in which a voltage reaches an
upper limit voltage value, and the power storage control device may decrease the
charge current value in a case in which a voltage of any one of the battery units
becomes a specific voltage value that is smaller than the upper limit voltage value.

In this case, until it is detected that the voltage of one of the battery units
becomes the specific voltage value first, the power storage control device may keep
causing the battery charger to supply a constant current, and after it is detected that
the voltage of one of the battery units becomes the specific voltage value first, the
power storage control device may adjust a current value that is supplied by the
battery charger in a manner that the charge current value that is supplied to each of
the battery units is set to be lower than or equal to the constant current value.

Further, the power storage system may include at least two power storage
control devices, and the at least two power storage control devices may share charge
information. In this case, the power storage system may further include a
communication line that mutually connects the at least two power storage control
devices, and the at least two power storage control devices may each be configured
to mutually transmit and receive the charge information via the communication line.
Further, a first power storage control device out of the at least two power storage
control devices may be configured to acquire the charge information from the

monitor device corresponding to the first power storage control device and transmit
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the charge information to a second power storage control device out of the at least
two power storage control devices. Here, “charge information” means information
indicating the charge state (the same shail apply hereafter).

Further, the power storage control device may perform adjustment of the
charge current value in accordance witﬁ a number of the battery units having
voltages that are higher than or equal to the specific voltage value. In this case, the
power storage control device may perform the adjustment including decreasing the
charge current value as the number of the battery units having voltages that are
higher than or equal to the specific voltage value is larger. Here, “the adjustment
including decreasing the charge current value” means any adjustment depending on
conditions as long as the adjustment includes, as an example, decreasing the charge
current value as the number of the battery units having voltages that are higher than
or equal to the specific voltage value is larger (the same shall apply hereafter).

The power storage control device may perform the adjustment including
decreasing the charge current value gradually as the number of the battery units
having voltages that are higher than or equal to the specific voltage value increases.
Here, “the adjustment including decreasing the charge current value gradually”
means any adjustment depending on conditions as long as the adjustment includes, as
an example, decreasing the charge current value gradually as the number of the
battery units having voltages that are higher than or equal to the specific voltage
value increases (the same shall apply hereafter).

A power storage control device according to another embodiment of the
present disclosure includes a configuration configured to decrease a charge current
value that is supplied to at least two battery units in accordance with a charge state of
each of the battery units, the battery units being mutually connected in parallel and
each including at least one cell.

A power storage control method according to another embodiment of the
present disclosure includes decreasing a charge current value that is supplied to at
least two battery units in accordance with a charge state of each of the battery units,
the battery units being mutually connected in parallel and each including at least one

cell.
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According to one or more of embodiments of the present disclosure, it

becomes possible to prevent overcurrent of charge current.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 schematically shows a configuration example of a power storage
system according to a first embodiment of the present disclosure;

FIG 2 is a flowchart showing an operation example of a power storage
system according to the first embodiment of the present disclosure;

FIG 3 schematically shows a configuration of a power storage system
according to a modification example of the first embodiment of the present
disclosure; '

FIG 4 schematically shows a configuration example of a power storage
system according to the second embodiment of the present disclosure;

FIG. 5 is a flowchart showing an operation example of a power storage
system according to the second embodiment of the present disclosure;

FIG. 6 schematically shows a configuration of a power storage system
according to a modification example of the second embodiment of the present
disclosure;

FIGS. 7A and 7B are each a time chart showing an operation example of a
power storage system according to a third embodiment of the present disclosure, FIG.
7A being a time chart corresponding to a first battery unit, FIG. 7B being a time chart
corresponding to a second battery unit;

FIG. 8 schematically shows a configuration example of a power storage
control unit in a power storage system according to a fourth embodiment of the
present disclosure;

FIG. 9 is a flowchart showing an operation example of a power storage
system according to the fourth embodiment of the present disclosure;

FIG 10 is a flowchart showing a specific example of a part of a process of
the flowchart shown in FIG. 9;

FIG 11 schematically shows a configuration of a power storage system

according to a first modification example of the fourth embodiment of the present
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disclosure;

FIG 12 schematically shows a configuration of a power storage system
according to a second modification example of the fourth embodiment of the present
disclosure;

FIG 13 schematically shows a configuration of a power storage system
according to a third modification example of the fourth embodiment of the present
disclosure;

FIGS. 14A to 14C are each a time chart showing an operation example of a
power storage system according to a fifth embodiment of the present disclosure, FIG
14A being a time chart corresponding to a first battery unit, FIG 14B being a time
chart corresponding to a second battery unit, FIG 14C being a time chart
corresponding to a third battery unit;

FIG 15 is a flowchart showing an operation example of a power storage
system according to the fifth embodiment of the present disclosure;

FIGS. 16A to 16C are each a time chart showing operation of a power
storage system according to a modification example of the fifth embodiment of the
present disclosure, FIG. 16A being a time chart corresponding to a first battery unit,
FIG. 16B being a time chart corresponding to a second battery unit, FIG. 16C being a
time chart corresponding to a third battery unit; and

FIGS. 17A to 17C are each a time chart showing operation of a power
storage system according to a comparative example of the fifth embodiment of the
present disclosure, FIG. 17A being a time chart corresponding to a first battery unit,
FIG. 17B being a time chart corresponding to a second battery unit, FIG. 17C being a

time chart corresponding to a third battery unit.

DETAILED DESCRIPTION OF THE EMBODIMENT(S)

Hereinafter, preferred embodiments of the present disclosure will be
described with reference to the appended drawings. Note that, the embodiments
described below will show examples of typical embodiments of the present
disclosure, and the scope of the present disclosure shall not be interpreted narrowly.

Further, in this specification and the appended drawings, structural elements that
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have substantially the same function and structure are denoted with the same
reference numerals, and repeated explanation of these structural elements is omitted.
The description will be made in the following order.

1. First embodiment

(Example of a power storage system that decreases a charge current value in
accordance with a charge state of each battery unit)

2. Modification example of first embodiment

(Example of a power storage system including a plurality of battery chargers and a
plurality of power control units as an example of power storage control devices, in
which a battery unit includes a plurality of cells)

3. Second embodiment

(Example of a power storage system including a switch control unit as an example of
an interruption device)

4. Modification example of second embodiment

(Example of a power storage system including a plurality of battery chargers and a
plurality of power storage control units)

5. Third embodiment

(Example of a power storage system using a constant current charge)

6. Fourth embodiment

(Example of a power storage system sharing charge information)

7. First modification example of fourth embodiment

(Example of a power storage system including a communication line)

8. Second modification example of fourth embodiment

(Example of a power storage system in which a battery unit includes a plurality of
cells)

9. Third modification example of fourth embodiment

(Example of a power storage system including a plurality of power storage units)

10. Fifth embodiment

(Example of a power storage system adjusting a charge current value in accordance
with the number of battery units having voltages that are higher than or equal to a

specific voltage value)
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11. Modification example of fifth embodiment

(Example of a power storage system coping with simultaneous termination of
charge)

<1. First embodiment>

[Configuration example of system]

FIG 1 schematically shows a whole configuration example of a power
storage system 100 according to this embodiment. As shown in FIG 1, the power
storage system 100 includes a plurality of battery units 110, a battery charger 102,
and a power storage control unit 120 as an example of a power storage control device
according to an embodiment of the present disclosure.

[Battery charger 102]

The battery charger 102 is connected to the battery units 110 via a power
line 104. The battery charger 102 is also connected to a power source that is not
shown. The battery charger 102 charges the battery units 110 using power supplied
from the power source.

The battery charger 102 may charge the battery units 110 by supplying
charge current having a set charge current value to the battery units 110. The
battery charger 102 can be configured in various manners without limitation, and a
variety of battery chargers that can adjust the charge current value can be used. For
example, the battery charger 102 may be formed with an electronic device that
adjusts the current value of the charge current flowing from the power supply side to
the battery units 110 side, or the like. The electronic device may include an
electronic circuit or the like. The electronic circuit may include a semiconductor
element or the like. The semiconductor element may be a transistor or the like.
The charge current value may be set by the application of a signal to the electronic
device, such as the application of base current to a bipolar transistor or the
application of a gate voltage to a unipolar transistor, or the like. The power supply
may be a solar battery, an aerogenerator, a power plant, or the like. ~Alternatively,
the battery charger 102 itself may have a power generating function.

[Battery units 110]

The battery units 110 are mutually connected in parallel via the power line
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104. The number of the battery units 110 is not limited to two as shown in FIG 1,
and may be selected as appropriate in accordance with an output to be generated.

As shown in FIG 1, each of the battery units 110 includes a cell 111 which
can charge and discharge electricity and a monitor unit 112 as an example of a
monitor device.

[Cell 111]

The cell 111 is connected to the battery charger 102 via the power line 104.
The cell 111 is disposed such that an upstream of the direction of charge current flow
to the cell 111 is a positive electrode and a downstream thereof is a negative
electrode. When charging electricity, the cell 111 stores the charge current supplied
from the battery charger 102 as charge. When discharging electricity, the cell 111
can supply the stored charge to a load as discharge current. The type of the cell 111
is not limited to a particular type, and a lithium ion secondary battery or the like can
be preferably employed, for example. The use of a lithium ion secondary battery
can increase the energy density and output of the cell 111, can suppress the self-
discharge of the cell 111, or can increase the lifetime of the cell 111,

[Monitor unit 112]

The monitor unit 112 is connected to the cell 111. The monitor unit 112
monitors the charge state of the battery units 110. The monitoring of the charge
state may be realized by detecting the physical amount indicating the charge state
electrically from the battery units 110, arithmetic of parameters indicating the charge
state on the basis of detection results of the physical amount, and the like. For
example, the monitor unit 112 may monitor the charge state by continuously
detecting the sum of voltages of the battery units 110, i.e., voltages (hereinafter
referred to as cell voltages) of the cells 111 included in the battery units 110. FIG 1
schematically shows the state where the cell voltages are detected by the monitor unit
112, and the detection results of the cell voltage are reflected on the detection results
of voltages of the battery units 110. The scope of the present disclosure includes
not only voltages of the battery units 110 but other parameters that monitor the state
of progress of charge of the battery units 110, i.c., values corresponding to the degree

of the progress. For example, the monitor unit 112 may monitor the charge state by
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continuous arithmetic of the ratio of a remaining capacity to a full charge capacity of
the battery units 110.

The monitor unit 112 may monitor the degradation state, i.e., the degree of
degradation of the battery units 110, in addition to the charge state. The monitoring
of the degradation state may be realized by electrically detecting the physical amount
indicating the degradation state from the battery units 110, arithmetic of parameters
indicating the degradation state on the basis of the detection results of the physical
amount, and the like. =~ For example, the monitor unit 112 may monitor the
degradation state by detecting the discharge voltage of the battery units 110,
arithmetic of the ratio of full charge capacity after degradation to the initial full
charge capacity of the battery units 110.

The monitor unit 112 outputs the monitor results to the power storage
control unit 120. The monitor unit 112 may be formed with an electronic device or
the like. The electronic device may include an electronic circuit or the like. The
electronic circuit may include an integrated circuit or the like.

[Power storage control unit 120}

The power storage control unit 120 controls the operation of the battery
charger 102 so as to control the charge current value that is supplied from the battery
charger 102 to each of the battery units 110. The power storage control unit 120
sets the charge current value with respect to the battery charger 102-so as to cause
charge current having the set charge current value to be supplied.

In some cases where the battery units 110 which are connected in parallel
are actually charged, the charge current flowing to the battery units 110 may become
overcurrent depending on variations in the charge state of the battery units 110. In
order to prevent such overcurrent, for example, the charge current value is controlled
as described below in this embodiment.

The power storage control unit 120 decreases the charge current value that is
supplied to the battery units 110 in accordance with the charge state of each of the
battery units 110. The power storage control unit 120 may decrease the charge
current value that is supplied to the battery units 110 by decreasing the charge current
value that is set for the battery charger 102. The power storage control unit 120
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may acquire the charge state from the monitor unit 112.

The power storage control unit 120 may be formed with an electronic device
or the like. The electronic device may include an arithmetic processing device such
as a central processing unit (CPU) or a micro-processing unit (MPU), a memory
device such as random access memory (RAM) or read only memory (ROM), and the
like. The ROM may store a program for realizing the function of the power storage
control unit 120, i.e., software or data. The arithmetic processing device may
realize the function of the power storage control unit 120 by executing a program
stored in the ROM. The RAM may be used as a working area of the arithmetic
processing device or the like. However, there is no limitation to such a
configuration.

[Operation example of system]

FIG 2 is a flowchart showing an operation example of the power storage
system 100 according to this embodiment. The operation example shown in FIG, 2
includes an embodiment of a power storage control method according to an
embodiment of the present disclosure. However, the power storage control method
according to an embodiment of the present disclosure may be realized by using a
different configuration from the power storage system 100.

For convenience of explanation, at an initial state in FIG. 2, it is assumed
that the charge current value is set for the battery charger 102 by the power storage
control unit 120.

From the initial state, first, in step 11 (S11) in FIG. 2, the battery charger 102
supplies charge current of the set charge current value to the battery units 110, and
thereby the charge of the battery units 110 starts.

Next, in step 12 (S12), the monitor unit 112 monitors the charge state.

Next, in step 13 (S13), the power storage control unit 120 determines
whether or not the current charge state is a charge state in which the charge current
value of the battery charger 102 is to be decreased. Then, in a case in which the
determination result is affirmative in the step 13 (S13), the process goes to step 14
(S14); in a case in which the determination result is negative, the process goes to step

15 (S15).
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Here, in a case in which the process goes to the step 14 (S14), the power
storage control unit 120 decreases the charge current value of the battery charger 102.
After that, the process is terminated or returned to the step 12 (S12) as necessary.
The termination of the process may include the termination of the operation of the
battery charger 102.

On the other hand, in a case in which the process goes to the step 15 (S15),
the charge current value is maintained and the process goes back to the step 12 (S12).

As described above in detail, according to the power storage system 100 of
this embodiment, the power storage control unit 120 decreases the charge current
value that is supplied from the battery charger 102 to each of the battery units 110 in
accordance with the charge state of each of the battery units 110. Thus, overcurrent
of charge current can be effectively prevented.
<2. Modification example of first embodiment>

FIG. 3 schematically shows a whole configuration of the power storage
system 100 according to a modification example of this embodiment. The power
storage system 100 according to this modification example is different from the
power storage system 100 shown in FIG. 1 in dispositions of the cell 111, the battery
charger 102, and the power storage control unit 120.

Specifically, as shown in FIG. 3, in the storage system 100 according to this
modification example, each of the battery units 110 includes a plurality of the cells
111. The number of cells in each of the battery units 110 may be the same or
different from each other. |

Further, as shown in FIG. 3, the power storage system 100 according to this
modification example includes a plurality of the battery chargers 10 and a plurality of
the power storage control units 120 for the respective battery units 110. In this
modification example, each of the battery chargers 102 charges the corresponding
battery unit 110. Further, in this modification example, each of the power storage
control units 120 decreases the charge current value which is to be set for the
corresponding battery charger 102 in accordance with the charge state of the
corresponding battery unit 110 and the charge state of the other battery unit 110.

The other configuration and operation are fundamentally the same as those of the
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power storage system 100 shown in FIG. 1.

According to this modification example, it is possible to produce the same
effects as those of the power storage system 100 shown in FIG 1, and to perform
control of the charge current value quickly for each of the battery units 110. Further,
because the plurality of cells 111 are provided for each of the battery units 110, even
when variations in the charge state are likely to be generated in the battery units 110,
overcurrent can be effectively prevented.
<3. Second embodiment>
[Configuration example of system]

FIG. 4 schematically shows a whole configuration example of the power
storage system 100 according to this embodiment. As shown in FIG 4, the power
storage system 100 according to this embodiment is different from the power storage
system 100 shown in FIG. 1 in that each of the battery units 110 includes a switch
control unit 113 and a switch 114 as an example of an interruption device. Further,
the power storage system 100 according to this embodiment is different from the
power storage system 100 shown in FIG. 1 also in that the power storage control unit
120 can décrease the charge current value of the battery charger 102 at timing
involving the operation of the switch 114. Further, in the power storage system 100
of this embodiment, the power storage control unit 120 is connected to the monitor
units 112 and the battery charger 102 via a signal line 105.  The other configuration
is fundamentally the same as that of the power storage system 100 in FIG 1.

[Battery units 110]
[Switch 114]

The switch 114 is disposed at a position closer to the battery charger 102
than the cell 111 is on the power line 104. The switch 114 is set to a selected
éperation state. The operation state includes an on state and an off state. The on
state is a state in which the switch 114 closes an electric circuit between the battery
charger 102 and the cell 111.  The off state is a state in which the switch 114 opens
the electric circuit between the battery charger 102 and the cell 111. In the on state,
the charge or discharge of the cell 111 by the battery charger 102 is permitted. In
the off state, the charge and the discharge are disabled. The switch 114 may be



10

15

20

25

30

CA 02858805 2014-08-11

SP352859XX00
13,

configured in various manners without limitation; for example, the switch 114 may
be configured by a semiconductor element or the like. The semiconductor element
may be a transistor or the like. The transistor may be a field effect transistor or the
like. The use of a field effect transistor can suppress power consumption.

[Switch control unit 113]

The switch control unit 113 is connected to the monitor unit 112 and the
switch 114.  The switch control unit 113 selects the operation state of the switch 114.
For example, the switch control unit 113 switches the switch 114 from the on state to
the off state or from the off state to the on state by applying an electric signal to the
switch 114.

In a case in which the voltages of the battery units 110 reaches an upper
limit voltage value, the switch control unit 113 functions as an interruption device
and interrupts the connection between the battery units 110 and the battery charger
102. Thus, it is possible to prevent overcurrent from flowing to the battery units
110. The switch control unit 113 may detect that the voltages of the battery units
110 reaches the upper limit voltage value on the basis of the charge state acquired
from the monitor unit 112. The switch control unit 113 may interrupt the
connection between the battery units 110 and the battery charger 102 by switching
the switch 114 from the on state to the off state.

The electric signal applied from the switch control unit 113 to the switch
114 may be base current of a bipolar transistor or the like, or a gate voltage of a
unipolar transistor or the like. The unipolar transistor may be a field effect
transistor, as described above. The switch control unit 113 may be formed with an
electronic device or the like. The electronic device may include an electronic
circuit or the like. The electronic circuit may include an integrated circuit or the
like. The switch control unit 113 may be configured to be integrated with the
monitor unit 112 by, for example, being disposed over the same battery protection
circuit, or may be configured separately from the monitor unit 112.  The integrated
configuration of the switch control unit 113 and the monitor unit 112 can decrease
the number of parts and downsize the circuit.

[Power storage control unit 120]
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The charge of the battery units 110 may be terminated at different timing
depending on the variation in the charge state of the battery units 110. Specifically,
in some cases, the voltage of one of the battery units 110 may reach the upper limit
voltage value earlier than the voltage of the other battery unit 110, and that the
connection with the battery charger 102 may be interrupted by the operation of the
switch 114. In this case, the charge current of the battery charger 102 loses the
destination due to the interruption and flows to the other battery unit 110, which is
being charged, as cross current. Thus, the charge current of the battery unit 110,
which is being charged, may become overcurrent in some cases. In order to prevent
such overcurrent, for example, the charge current value is controlled as described
below in this embodiment.

In a case in which the voltage of the battery units 110 becomes a specific
voltage value which is lower than the upper limit voltage value, the power storage
control unit 120 decreases the charge current value. The power storage control unit
120 may detect that the battery units 110 has the specific voltage value on the basis
of the charge state acquired from the monitor unit 112. The specific voltage value
can be set in various manners without limitation. For example, a preferable value
which is smaller than the upper limit voltage value and is close to the upper limit
voltage value may be set as the specific voltage value. The specific voltage value
may be a voltage value by which it is regarded that the charge is immediately before
termination, that is, immediately before the switch of the switch 114 to the off state,
from the relation with the upper limit voltage value.

[Operation example of system]

FIG. 5 is a flowchart showing an operation example of the power storage
system 100 according to this embodiment. The operation example shown in FIG 5
includes an embodiment of a power storage control method according to an
embodiment of the present disclosure.

The operation example according to this embodiment is different from that
according to the first embodiment in that step 21 (S21) is executed as a specific
example of the step 13 (S13) shown in FIG 2 instead of the step 13(S13), and in that
step 22 (822) and step 23 (S23) are performed after the step 14 (S14).
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In the step 21 (S21), the power storage control unit 120 determines whether
or not the voltage of the battery units 110 becomes the specific voltage value. Then,
in a case in which the determination result is affirmative in the step 21 (S21), the
process goes to the step 14 (S14); in a case in which the determination result is
negative, the process goes to the step 15 (S15).

In the step 22 (822), the switch control unit 113 determines whether or not
the voltage of the battery units 110 has reached the upper limit voltage value. Then,
in a case in which the determination result is affirmative in the step 22 (S22), the
process goes to the step 23 (S23); in a case in which the determination result is
negative, the process is returned to the step 22 (S22).

In the step 23 (823), the switch control unit 113 switches the switch 114
from the on state to the off state, thereby interrupting the connection between the
battery units 110 and the battery charger 102. After that, the process is terminated
or returned to the step 12 (S12) as necessary.

According to this embodiment, it is possible to produce the same effects as
those of the power storage system 100 shown in FIG. 1, and to decrease the charge
current value of the battery charger 102 in advance before the generation of cross
current due to the interruption of the battery charger 102. Accordingly, overcurrent
can be prevented from occurring.
<4, Modification example of second embodiment>

FIG. 6 schematically shows a whole configuration of the power storage
system 100 according to a modification example of this embodiment. The power
storage system 100 according to this modification example is different from the
power storage system 100 shown in FIG 4 in that a plurality of the battery chargers
102 and a plurality of the power storage control units 120 are provided for the
respective battery units 110. In this modification example, each of the battery
chargers 102 charges the corresponding battery unit 110.  Further, in this
modification example, in a case in which the voltage of any one of the corresponding
battery unit 110 and the other battery unit 110 reaches the specific voltage value,
each of the power storage control units 120 decreases the charge current value which

is set for the corresponding battery charger 102. The other configuration and
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operation are fundamentally the same as those of the power storage system 100
shown in FIG. 4.

According to this modification example, it is possible to produce the same
effects as those of the power storage system 100 shown in FIG. 4, and to control the
charge current value quickly for each of the battery units 110.
<5. Third embodiment>

FIGS. 7A and 7B are each a time chart showing an operation example of the
power storage system 100 according to this embodiment. Note that the time charts
shown in FIGS. 7A and 7B show two battery units 110. The horizontal axis in
FIGS. 7A and 7B represents time (t) and the vertical axis in FIGS. 7A and 7B
represents charge current values (I1 and 12) flown in the respective battery units 110
and voltages (V1 and V2) of the respective battery units 110. In the following
description, the battery unit 110 corresponding to the time chart in FIG. 7A is defined
as a first battery unit 110 and the battery unit 110 corresponding to the time chart in
FIG. 7B is defined as a second battery unit 110.

The power storage system 100 according to this embodiment is obtained by
adding control for the power storage control unit 120 to the power storage system
100 according to the second embodiment.

Specifically, the power storage control unit 120 keeps causing the battery
charger 102 to supply a constant current value until it is detected that the voltage of
one of the battery units 110 becomes the specific voltage value first. In the example
shown in FIGS. 7A and 7B, the one of the battery units 110 having the specific
voltage value first is the first battery unit 110 (FIG 7A), and the constant current
value (Ic) is kept being supplied to the first and second battery units 110 until the
voltage of the battery unit 110 becomes the specific voltage value (SV).

Then, after it is detected that the voltage of the one of the battery units 110
becomes the specific voltage value first, the power storage control unit 120 adjusts
the current value supplied by the battery charger 102 and sets the charge current
value supplied to each of the battery units 110 to be lower than or equal to the
constant current value. In the example shown in FIGS. 7A and 7B, after time T1

when the voltage of the first battery unit 110 reaches the specific voltage value, the
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charge current value of the battery charger 102 is made smaller than the constant
current value (Ic). Thus, after the voltage of the first battery unit 110 reaches an
upper limit voltage value (ULV) and electricity from the battery charger 102 is
interrupted at time T2, the charge current value (I2) of the second battery unit 110
can be maintained to be lower than or equal to the constant current value (Ic).

Here, as long as the current value is decreased as an example, the current
value supplied by the battery charger 102 may be adjusted in various manners other
than the decrease in the current value. Specifically, in a case in which the charge
current value of the battery unit 110 can be controlled to be lower than or equal to the
constant current value including cross current from the other battery unit 110, the
scope of the adjustment of the current value according to an embodiment of the
present disclosure includes adjustment including the maintenance of the current
value and/or the increase in the current value. In other words, as long as
overcurrent is not generated, for example, the scope of the present disclosure
includes the maintenance of the current value and the increase in the current value so
as to sufficiently secure charge current supplied to the battery units 110. When the
charge current value is sufficiently secured, the time for charging may be shortened.
In the example shown in FIG. 7, in a case in which the voltage of the second battery
unit 110 reaches the specific voltage value (SV) at time T3, the charge current value
of the battery charger 102 is maintained to be at the value that is decreased at time T1.
Thus, from time T3 to the interruption of connection between the second battery unit
110 and the battery charger 102, the charge current value (I12) of the second battery
unit 110 is maintained at the value held between time T2 and time T3.

According to this embodiment, it is possible to produce the same effects as
those of the power storage system 100 shown in FIG 4 or FIG. 6 and to prevent the
generation of overcurrent in a case in which the constant current charge is performed.
<6. Fourth embodiment>
[Power storage control unit 120]

FIG. 8 schematically shows a configuration example of the power storage

control unit 120 in the power storage system 100 according to a fourth embodiment

“of the present disclosure. The power storage system 100 according to this
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embodiment is fundamentally the same as the power storage system 100 shown in
FIG 6 and is different from the power storage system 100 shown in FIG. 6 only in
that the power storage control units 120 share charge information.

The charge information according to an embodiment of the presént
disclosure can be any information that indicates the charge state. The charge
information may be the voltage of the battery unit 110, for example. The power
storage control units 120 may share the charge information through communication.
In this case, each power storage control unit 120 may acquire the charge information
from the corresponding monitor unit 112 and may transmit the acquired charge
information mutually. Such sharing of the charge information can also be realized
by the configuration example shown in FIG. 8, which will be specifically described
below.

As shown in FIG. 8, the power storage control unit 120 includes a charge
information sharing unit 121 and a charge current value adjusting unit 122. The
charge information sharing unit 121 inclﬁdes a communication unit 121a and a
charge information acquiring unit 121b. The charge current value adjusting unit
122 includes a determination unit 122a, a charge current value calculating unit 122b,
and a charge current value setting unit 122c.

The charge information sharing unit 121 causes the charge information
acquiring unit 121b to acquire charge information (hereinafter referred to as self-
charge information) from the monitor unit 112 corresponding to the charge
information sharing unit 121. At this time, the self-charge information may be
acquired through communication via the signal line 105. The charge information
sharing unit 121 causes the communication unit 121a to transmit the self-charge
information to the power storage control unit 120 of the counterpart, i.e., the power
storage control unit 120 with which the self-charge information is shared. Further,
the charge information sharing unit 121 receives, with the communication unit 121a,
charge information of the counterpart, the charge information being transmitted from
the power storage control unit 120 of the counterpart. The communication unit
121a may transmit and receive the charge information through wired communication

or wireless communication. The charge information sharing unit 121 causes the
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charge information acquiring unit 121b to acquire the charge information received by
the communication unit 121a. In this manner, the charge information of the battery
units 110 may be shared.

The charge current value adjusting unit 122 causes the determination unit
122a to determine whether or not the charge state of each of the battery units 110
indicated in the shared charge information is a charge state that is to decrease the
charge current value. Examples of the charge state that is to decrease the charge
current value include that the voltage of one of the battery units 110 has reached the
specific voltage value, and the like. The determination unit 122a may determine
whether or not the charge state of each of the battery units 110 is a charge state that is
1o increase the charge current value.

In a case in which the determination unit 122a determines that the charge
state of each of the battery units 110 is the charge state that is to decrease the charge
current value, the charge current value adjusting unit 122 causes the charge current
value calculating unit 122b to calculate the charge current value that is to be set for
the battery charger 102. The charge current value calculating unit 122b may
calculate the charge current value in accordance with an algorism that is set in
advance. The charge current value calculating unit 122b may calculate the charge
current value also in a case in which the determination unit 122a determines that the
charge current value is to be increased.

The charge current value adjusting unit 122 causes the charge current value
setting unit 122¢ to set the charge current value, calculated by the charge current
value calculating unit 122b, for the battery charger 102. Thus, the charge current
value adjusting unit 122 decreases the charge current value of the battery charger 102.
Operation examples of the charge current value adjusting unit 122 may include the
maintenance of the charge current value and the increase in the charge current value.

The charge information sharing unit 121 and the charge current value
adjusting unit 122 can be realized by cither hardware or software, or both. The
charge information sharing unit 121 and the charge current value adjusting unit 122
may be realized by new software mounted on an existing power storage control unit.

Thus, new hardware does not need to be added, and accordingly, the cost can be



10

15

20

25

30

CA 02858805 2014-08-11

SP352859XX00
20

suppressed.
[Operation example of system]

FIG. 9 is a flowchart showing an operation example of the power storage
system 100 according to this embodiment. The operation example shown in FIG 9
includes an embodiment of a power storage control method according to an
embodiment of the present disclosure. A unique step in the operation example
according to this embodiment is step 41 (S41) shown in FIG 9, executed between the
step 11 (S11) and the step 12 (S12).

In the step 41 (S41), the power storage control unit 120 causes the charge
information to be shared. The details of the step 41 (S41) are shown in FIG. 10.

In the step 41 (841), first, in step 411 (S411) shown in FIG 110, the self-
charge information is acquired from the monitor unit 112.

Next, in step 412 (S412), the self-charge information acquired in the step
411 (5411) is transmitted to the power storage control unit 120 of the counterpart.

Next, in step 413 (S413), the charge information of the counterpart is
received.

Next, in step 414 (S414), the charge information of the counterpart, received
in the step 413 (S413), is acquired, and the process goes to the step 12 (S12).

According to this embodiment, it is possible to produce the same effects as
those of the power storage system 100 shown in FIG. 6, and to adjust the charge
current value easily and appropriately on the basis of the charge information of each
of the battery units 110. Accordingly, it becomes possible to prevent overcurrent
more surely.
<7. First modification example of fourth embodiment>

FIG 11 schematically shows a whole configuration of the power storage
system 100 according to a first modification example of this embodiment. The
power storage system 100 according to this modification example includes a
communication line 103. The other configuration and operation are fundamentally
the same as those of the power storage system 100 shown in FIG. 8.

As shown in FIG 11, the power storage control units 120 are mutually

connected via the communication line 103. The power storage control units 120
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can mutually communicate via the communication line 103. The communication
line 103 may be configured in various manners without limitation. For example,
the communication line 103 may be a communication line for bidirectional
communication. The communication line for bidirectional communication may be
a bus such as a serial bus or a parallel bus. The serial bus may be a controller area
network (CAN) bus or the like. The use of the CAN bus can stabilize data
communication between or among the power storage control units 120.

As shown in FIG 11, the power storage system 100 may include diodes 106.
In the example shown in FIG 11, two or more diodes 106 are provided for the
respective battery chargers 102. An anode of the diode 106 is connected to the
battery charger 102 corresponding to the diode 106. A cathode of the cathode 106
is connected to the battery unit 110 corresponding to the diode 106. The diode 106
prevents backward current from ﬂowing from the battery units 110 side to the battery
chargers 102.

In the power storage system 100, a load device 107 is connected in parallel
via the power line 104. The load device 107 is supplied with power from each of
the battery units 110 when the battery units 110 discharge electricity.

According to this modification example, it becomes possible to produce the
same effects as those of the power storage system 100 shown in FIG. 8, and to share
the charge information via the communication line 103 between two or more power
storage control units 120 at a low cost. Accordingly, it becomes possible to prevent
overcurrent at a low cost.
<8. Second modification example of fourth embodiment>

FIG. 12 schematically shows a whole configuration of the power storage
system 100 according to a second modification example of this embodiment. The
power storage system 100 according to this modification example is different from
the power storage system 100 shown in FIG. 11 in that each of the battery units 110
includes a plurality of the cells 111. The other configuration and operation are
fundamentally the same as those of the power storage system 100 shown in FIG 11

According to the power storage system 100 according to this modification

example, it becomes possible to produce the same effects as those of the power



10

15

20

25

30

CA 02858805 2014-08-11

SP352859XX00
22

storage system 100 shown in FIG. 11 and to increase the output of the power storage
system 100. Further, it becomes possible to prevent overcurrent effectively even
when the provision of the plurality of cells 111 for each of the battery units 110
makes it easier to generate variation in the charge state in the battery units 110.

<9. Third modification example of fourth embodiment>

FIG. 13 schematically shows a whole configuration of the power storage
system 100 according to a third modification example of this embodiment. The
power storage system 100 according to this modification example is different from
the power storage system 100 shown in FIG. 11 in that the battery unit 110 and the
corresponding battery charger 102, the corresponding power storage control unit 120,
and the corresponding diode 106 are contained in the same container to form one
power storage unit 101.  FIG. 13 shows representatively only one power storage unit
101. The other configuration and operation are fundamentally the same as those of
the power storage system 100 shown in FIG. 11.

In this modification example, a portion 104a which is used for parallel
connection in the power line 104 may be detachably attached to the power storage
unit 101 via a terminal portion 101a which is in conduction with the battery unit 111.
The communication line 103 may also be detachably attached to the power storage
unit 101 via a terminal portion 101b which is in conduction with the power storage
control unit 120. The terminal portions 101a and 101b can be configured in various
manners without limitation in terms of the position, the number, the structure, and the
like.

According to this modification example, it becomes possible to produce the
same effects as those of the power storage system 100 shown in FIG 11. Further,
the addition of the power storage unit 101 can increase the output of the power
storage system 100 easily.
<10. Fifth embodiment>
[Power storagé control unit 120}

The power storage system 100 according to this embodiment is different
from that in the fourth embodiment in that the power storage control unit 120

performs adjustment of the charge current value in accordance with the number of
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the battery units 110 having voltages that are higher than or equal to the speciﬁc
voltage value. The other configuration and operation are fundamentally the same as
those in the fourth embodiment. |

Here, “adjustment of the charge current value in accordance with the
number of the battery units 110 having voltages that are higher than or equal to the
specific voltage value” may include a decrease in the charge current value as the
number is larger. As an example of such adjustment, the power storage control unit
120 may decrease the charge current value as the number is larger on the condition
that the number of the battery units 110 having voltages that are higher than or equal
to the specific voltage value is smaller than a predetermined number. In this case,
the power storage control unit 120 may keep the same charge current value
regardless of the number on the condition that the number of the battery units 110
having voltages that are higher than or equal to the specific voltage value is larger
than or equal to the predetermined number. As another example, the power storage
control unit 120 may decrease the charge current value as the number of the battery
units 110 having voltages that are higher than or equal to the specific voltage value is
larger on the condition that a voltage drop of the battery units 110 during charge due
to a discharge to a load device 107, for example, is not detected. In this case, the
power storage control unit 120 may maintain or increase the charge current value
regardless of the number of the battery units 110 having voltages that are higher than
or equal to the specific voltage value on the condition that a voltage drop of the
battery units 110 during charge is detected.

Here, to “decrease the charge current value as the number of the battery
units 110 having voltages that are higher than or equal to the specific voltage value is
larger” may be to decrease the charge current value gradually as the number
increases. As an example of such adjustment, for example, the power storage
control unit 120 may decrease the charge current value gradually as the number
increases on the condition that the number of the battery units 110 having voltages
that are higher than or equal to the specific voltage value is smaller than a
predetermined number. In this case, the power storage control unit 120 may keep

the same charge current value regardiess of the number on the condition that the
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number of the battery units 110 having voltages that are higher than or equal to the
specific voltage value is larger than or equal to the predetermined number.

As another example, the power storage control unit 120 may decrease the charge
current value gradually as the number of the battery units 110 having voltages that
are higher than or equal to the specific voltage value increases on the condition that a
voltage drop of the battery units 110during charge is not detected. In this case, the
power storage control unit 120 may maintain or increase the charge current value
regardless of the number of the battery units 110 having voltages that are higher than
or equal to the specific voltage value on the condition that a voltage drop of the
battery units 110 during charge is detected.

[Operation example of system]

The power storage control unit 120 may control the charge current value
supplied to the battery charger 102 in accordance with the following formulas (1) and
2).

Iin = (Ic/N) x (N-M) (wherein M <N) (1)

Iin = I¢/N (wherein M=N) (2)

In the formulas (1) and (2), lin represents the charge current value, Ic
represents the constant current value in constant current charge, and N represents the
number of the battery units 110 of which charge is detected. In a case in which all
of the battery units 110 are charged, N is equal to the number of parallel connections
of the battery units 110. Note that M represents the number of the battery units 110
having voltages that are higher than or equal to the specific voltage value.

[Time chart]

An example of the control of the charge current value, performed by the
power storage control unit 120, in accordance with the formulas (1) and (2) will be
shown in time charts shown in FIGS. 14A to 14C.

Note that FIGS. 14A to 14C show time charts of three battery units 110 on
the assumption that N = 3. In the following description, the battery unit 110
corresponding to the time chart shown in FIG. 14A is defined as a first battery unit
110, and the battery charger 102 corresponding to the first battery unit 110 is defined
as a first battery charger 102. Further, the battery unit 110 corresponding to the
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time chart shown in FIG. 14B is defined as a second battery unit 110, and the battery
charger 102 corresponding to the second battery unit 110 is defined as a second
battery charger 102. Furthermore, the battery unit 110 corresponding to the time
chart shown in FIG. 14C is defined as a third battery unit 110, and the battery charger
102 corresponding to the third battery unit 110 is defined as a third battery charger
102.

The horizontal axis in FIGS. 14A to 14C represents time (t) and the vertical
axis in FIGS. 14A to 14C represents charge current values (I1 to I3) flown in the
respective battery units 110 and voltages (V1 to V3) of the respective battery units
110.

Here, as shown in FIGS. 14A to 14C, since M = 0 from when charge of the
first to third battery units 110 starts until time T1 when it is detected that voltage of
one of the battery units 110 becomes the specific voltage value (SV) first, Iin = Ic is
set from the formula (1). Thus, during a period from the start of charge until time
T1, the constant current value Ic is supplied by each of the battery chargers 102 and
constant current charge is performed. Note that, in the example shown in FIGS.
14A to 14C, the first battery unit 110 (FIG. 14A) is detected first as the one of the
battery units 110 having the specific voltage value.

Next, at time T1, since the voltage of the first battery unit 110 reaches the
specific voltage value, M is incremented by 1 (M = 1). Thus, in accordance with
the formula (1), Tin = (2/3)Ic is set. Accordingly, from time T1 until a new stage to

decrease the charge current value, (2/3)Ic is supplied by each of the battery chargers
102.

After that, at time t2, the voltage of the first battery unit 110 reaches the
upper limit voltage value (ULV). Thus, the connection between the first battery
unit 110 and the first battery charger 102 is interrupted by a switch control of the
swilch control unit 113, and charge current does not flow to the first battery unit 110.
The charge current (2/3)Ic of the first battery charger 102 loses the destination due to
the interruption and flows to the second and third battery units 110. At this time,
when electrical circuits of the second and third battery units 110 have the same

possibility of flow of cross current to an electrical circuit, such as the same
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impedance or the same internal resistance, the cross current (2/3)Ic from the first
battery charger 102 is separated into (1/3)Ic and (1/3)Ic, which flow to the second
battery unit 110 and the third battery unit 110, respectively. Note that such shunt
current is just an example, and does not limit the scope of the present disclosure.

The cross current from the first battery charger 102 increases the charge
current flown to the second and third battery units 110. However, since the charge
current value of each of the first to third battery chargers 102 is decreased to (2/3)Ic
in advance, the charge current flown to each of the second and third battery units 110
becomes Ic even when the cross current of (1/3)Ic is added. Accordingly, the cross
current from the first battery charger 102 does not cause current exceeding Ic, i.e.,
overcurrent, to flow to the second and third battery units 110.

After that, at time T3, the voltage of the second battery unit 110 (FIG. 14B)
reaches the specific voltage value. Further, since the voltage of the first battery unit
110 has become the upper limit voltage value, M is incremented (M =2). Thus, [in
= (1/3)Ic is set in accordance with the formula (1). Thus, after time T3, (1/3)Ic is
supplied by each of the battery chargers 102. At this time, the charge current value
flown to each of the second and third battery units 110 becomes (1/2)Ic because the
cross current (1/3)Ic from the first battery charger 102 is assigned uniquely by (1/6)Ic.

After that, at time T4, the voltage of the second battery unit 110 reaches the
upper limit voltage value. Thus, the connection between the second battery unit
110 and the second battery charger 102 is interrupted and the charge current does not
flow to the second battery unit 110. The charge current of the second battery
charger 102 loses the destination due to the interruption and flows to the third battery
unit 110. At this time, the charge current of the first battery charger 102 also flows
to the third battery unit 110.

The cross current from the first and second battery chargers 102 increases
the charge current flown to the third battery unit 110. However, since the charge
current value of each of the first to third battery chargers 102 is decreased to (1/3)lc
in advance, the charge current flown to the third battery unit 110 becomes Ic even
when the cross current of (1/3)Ic is added. Accordingly, the cross current from the

first and second battery chargers 102 does not cause overcurrent exceeding Ic to flow
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to the third battery unit 110.

After that, at time T5, the voltage of the third battery unit 110 (FIG. 14C)
reaches the specific voltage value. Further, since the voltage of each of the first and
second battery units 110 has become the upper limit voltage value, M is incremented
(M = 3). At this time, since M = N, Iin = (1/3)Ic is set in accordance with the
formula (2) instead of the formula (1). Thus, after time TS5, (1/3)Ic is continuously
set, that is, maintained, for each of the battery chargers 102, and Ic is supplied to the
third battery unit 110 also from when the voltage thereof exceeds the specific voltage
value until the end of charge.

The control of the charge current value shown in FIGS. 14A to 14C is an
example of adjustment of the charge current value in accordance with the number of
the battery units 110 having voltages higher than or equal to the specific voltage
value. Specifically, the control of the charge current value shown in FIGS. 14A to
14C is an example of adjustment including decreasing the charge current value as the
number of the battery units 110 having voltages higher than or equal to the specific
voltage value is larger. More specifically, the control of the charge current value
shown in FIGS. 14A to 14C is an example of adjustment including decreasing the
charge current value gradually as the number of the battery units 110 having voltages
higher than or equal to the specific voltage value increases.

[Flowchart]

Next, an operation example of the whole system is shown in a flowchart of
FIG 15. The operation example shown in FIG 15 is different from that in FIG. 9 in
that step 51 (S51) to step 55 (S55) are executed between the step 12(S12) and the
step 22 (S22).

In the step 51 (851), the power storage control unit 120 determines whether
or not M in the formulas (1) and (2) is increased. In a case in which the
determination result is affirmative in the step 51 (S51), the process goes to the step
52 (S52); in a case in which the determination result is negative, the process goes to
the step 15 (S15).

In the step 52 (S52), the power storage control unit 120 determines whether
or not the magnitude of M and N in the formulas (1) and (2) is M <N. Ina casein
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which the determination result is affirmative in the step 52 (§52), the process goes to
the step 53 (S53); in a case in which the determination result is negative, that is, M =
N, the process goes to the step 54 (S54).

In the step 53 (S53), the power storage control unit 120 calculates the charge
current value by substituting M and N in the formula (1), and the process goes to the
step 55 (S55).

In the step 54 (S54), the power storage control unit 120 calculates the charge
current value by substituting M and N in the formula (2), and the process goes to the
step 55 (S55).

In the step 55 (S55), the power storage control unit 120 sets the charge
current value for the battery chargers 102, the charge current value being obtained by
calculation in the step 53 (S53) or the step 54 (554), and the process goes to the step
22 (S22).

In addition, in the operation example shown in FIG 15, step 56 (856) is
executed after the step 23 (S23). In the step 56 (S56), the power storage control
unit 120 determines whether or not the conditions for terminating control of the
battery chargers 102 are satisfied. In other words, in the step 56 (S56), it is
determined whether or not an event to terminate the control of the battery chargers
102 is detected.  The conditions or the event in this step may be, for example,
failure of detection of the battery unit 110 during charge. In a case in which the
determination result is affirmative in the step 56 (S56), the process is terminated; in a
case in which the determination result is negative, the process is returned to the step
41 (S41).

According to the power storage system 100 of this embodiment, it becomes
possible to produce the same effects as those in the fourth embodiment, and to
perform adjustment of the charge current value preferably in accordance with the
number M of the factors of generation of overcurrent. Further, according to this
embodiment, it becomes possible to decrease the charge current value gradually in
accordance with a sequential increase in the factors of generation of overcurrent, and
accordingly, it becomes possible to cope with the change in the charge state flexibly.

<11. Modification example of fifth embodiment>
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In the time charts shown in FIGS. 14A to 14C, M is incremented one by one,
and the charge of the battery units 110 is terminated one by one. The formula (1)
can cope with, not only such sequential termination of charge, but also simultaneous
termination of charge.

For example, as shown FIGS. 16A to 16C, it is assumed that, at time T1, the
voltage of each of the first and second battery units 110 becomes the specific voltage
value (SV) simultaneously. In this case, since M becomes 2 (M = 2) at this time,
the charge current value can be set to (1/3)Ic from the formula (1).

On the other hand, FIGS. 17A to 17C show time charts in a case in which
the charge current value is not decreased in accordance with the charge state, unlike
in the present disclosure. As shown in FIGS. 17A to 17C, in a case in which the
charge current value of the battery chargers is not decreased, every time the
connection between the battery unit and the battery charger is interrupted, the cross
current from the battery charger boosts the charge current flown to the other battery
units to be higher than or equal to the constant current value and generates
overcurrent. The overcurrent becomes more obvious as the number of the
interrupted connections between the battery units and the battery chargers increases.

In the examples shown in FIGS. 14A to 14C and FIGS. 16A to 16C, in a
case in which the number of the battery units 110 having voltages higher than or
equal to the specific voltage value increases, the charge current value of the
respective battery chargers 102 is set to an equal value. However, the present
disclosure is not limited to this. For example, in a case in which the constant
current value is different in the constant current charge of the respective battery
chargers 102 or in which the possibility of flow of the cross current to the respective
battery chargers 102 differs, different charge current values may be set for the
respective battery chargers 102.

The above described embodiments and modification examples may be
combined as appropriate.

The effects described in the above embodiments and modification examples
are just explanatory or exemplary effects, and are not limiting.  That is, other effects

may be produced, and it is acceptable that the present disclosure exhibits any one of



10

15

20

25

30

CA 02858805 2014-08-11

SP352859XX00
30

the plurality of effects described in the above embodiments and modification
examples.
Additionally, the present technology may also be configured as below.
(1) A power storage system including;
at least two battery units mutually connected in parallel, the battery units
each including
at least one cell, and
at least one monitor device configured to monitor a charge state;
at least one battery charger configured to supply charge current to each of
the battery units; and
at least one power storage control device configured to control a charge
current value that is supplied to each of the battery units,
wherein the power storage control device is configured to decrease the
charge current value in accordance with the charge state of each of the battery units.
(2) The power storage system according to (1),
wherein each of the battery units includes
an interruption device configured to interrupt connection with the
battery charger in a case in which a voltage reaches an upper limit voltage value, and
wherein the power storage control device is configured to decrease the
charge current value in a case in which a voltage of any one of the battery units
becomes a specific voltage value that is smailer than the upper limit voltage value.
(3) The power storage system according to (2),
wherein, until it is detected that the voltage of one of the battery units
becomes the specific voltage value first, the power storage control device keeps
causing the battery charger to supply a constant current, and after it is detected that
the voltage of one of the battery units becomes the specific voltage value first, the
power storage control device adjusts a current value that is supplied by the battery
charger in a manner that the charge current value that is supplied to each of the
battery units is set to be lower than or equal to the constant current value.
(4) The power storage system according to any one‘ of (1) to (3), including:

at least two power storage control devices,
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wherein the at least two power storage control devices share charge
information. V
(5) The power storage system according to (4), |

wherein the power storage system is configured to share the charge
information through communication.
(6) The power storage system according to (5), further including:

a communication line that mutually connects the at least two power storage
control devices,

wherein the at least two power storage control devices are each configured
to mutually transmit and receive the charge information via the communication line.
(7) The power storage system according to (5) or (6),

wherein a first power storage control device out of the at least two power
storage control devices is configured to acquire the charge information from the
monitor device corresponding to the first power storage control device and transmit
the charge information to a second power storage control device out of the at least
two power storage control devices.
(8) The power storage system according to (2) or (3),

wherein the power storage control device is configured to perform
adjustment of the charge current value in accordance with a number of the battery
units having voltages that are higher than or equal to the specific voltage value.
(9) The power storage system according to (8),

wherein the power storage control device is configured to perform the
adjustment including decreasing the charge current value as the number of the
battery units having voltages that are higher than or equal to the specific voltage
value is larger.
(10) The power storage system according to (9),

wherein the power storage control device is configured to perform the
adjustment including decreasing the charge current value gradually as the number of
the battery units having voltages that are higher than or equal to the specific voltage
value increases.

(11) A power storage control method including:
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decreasing a charge current value that is supplied to at least two battery
units in accordance with a charge state of each of the battery units, the battery units
being mutually connected in parallel and each including at ieast one cell.
(12) The power storage method according to (11),

wherein connection between each of the battery units and the battery
charger is interrupted in a case in which a voltage reaches an upper limit voltage
value, and

wherein the charge current value is decreased in a case in which a voltage of
any one of the battery units becomes a specific voltage value that is smaller than the
upper limit voltage value.
(13) The power storage method according to (12),

wherein, until it is detected that the voltage of one of the battery units
becomes the specific voltage value first, the battery charger is kept being caused to
supply a constant current, and after it is detected that the voltage of one of the battery
units becomes the specific voltage value first, a current value that is supplied by the
battery charger is adjusted in a manner that the charge current value that is supplied
to each of the battery units is set to be lower than or equal to the constant current
value.
(14) The power storage method according to (12) or (13),

wherein adjustment of the charge current value is performed in accordance
with a number of the battery units having voltages that are higher than or equal to the
specific voltage value.
(15) The power storage method according to (14),

wherein the adjustment including decreasing the charge current value as the
number of the battery units having voltages that are higher than or equal to the
specific voltage value is larger is performed.
(16) The power storage method according to (15),

wherein the adjustment including decreasing the charge current value
gradually as the number of the battery units having voltages that are higher than or
equal to the specific voltage value increases is performed.

(17) A power storage control program for causing a computer to function as:
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means for decreasing a charge current value supplied to at least two battery
units mutually connected in parallel, the battery units each including at least one cell,
in accordance with a charge state of each of the battery units.

(18) A power storage unit including:
a battery unit including
at least one cell, and
at least one monitor device configured to monitor a charge state;

a battery charger configured to supply charge current to the battery unit; and

a power storage control device configured to control a charge current value
that is supplied to the battery unit,

wherein the power storage control device is configured to decrease the
charge current value in accordance with the charge state of the battery unit and a
charge state of a battery unit that is connected to the battery unit in parallel.

Although the preferred embodiments of the present disclosure have been
described in detail with reference to the appended drawings, the present disclosure is
not limited thereto. It should be understood by those skilled in the art that various
modifications, combinations, sub-combinations and alterations may occur depending
on design requirements and other factors insofar as they are within the scope of the

appended claims or the equivalents thereof.
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‘What is claimed is:

1. A power storage system comprising:
at least two battery units mutually connected in parallel, each battery unit including:
at least one cell, and
at least one monitor device coupled with the at least one cell and configured to
monitor a charge state of the battery unit by measuring a voltage of the at least
one cell;
at least one battery charger configured to supply charge current in accordance with a
charge current value to each of the battery units via a power line; and
at least one power storage control device coupled with the at least one monitor device
and with the at least one battery charger via a signal line, and configured to control the
charge current value that is supplied to each of the battery units from the at least one battery charger
by sending a signal to the at least one battery charger via the signal line,
wherein the power storage control device is configured to acquire the charge state of each
of the battery units from the at least one monitor device via the signal line, and to decrease the
charge current value that is supplied to each of the battery units from the at least one battery charger
when a voltage of any one of the battery units becomes a specific voltage value that is smaller than

an upper limit voltage value.

2. The power storage system according to claim 1,

wherein each of the battery units includes
an interruption device disposed on the power line between the at least one cell
and the at least one battery charger, and configured to interrupt connection between the at
least one cell and the at least one battery charger in a case in which a voltage reaches an upper

limit voltage value.

3. The power storage system according to claim 2,

wherein, until it is detected that the voltage of one of the battery units becomes the
specific voltage value, the power storage control device sets a constant charge current value
causing the at least one battery charger to supply a constant current to each of the battery units,

and after it is detected that the voltage of one of the battery units becomes the specific voltage

Date Regue/Date Received 2020-05-07
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value, the power storage control device adjusts the charge current value that is supplied by the at
least one battery charger in a manner that the charge current value that is supplied to each of the

battery units is set to be lower than or equal to the constant charge current value.

4. The power storage system according to claim 2, comprising:

at least two power storage control devices,

wherein the at least two power storage control devices share charge information.

5. The power storage system according to claim 4, further comprising:
a communication ling that mutually connects the at least two power storage control devices,

wherein the at least two power storage control devices are each configured to

mutually transmit and receive the charge information via the communication line.

6. The power storage system according to claim 4,
wherein a first power storage control device out of the at least two power storage control
devices is configured to acquire the charge information from the monitor device corresponding
to the first power storage control device and transmit the charge information to a second power

storage control device out of the at least two power storage control devices.

7. The power storage system according to claim 2,

wherein the power storage control device is configured to perform adjustment of the charge

current value in accordance with a number of the battery units having voltages that are higher than

or equal to the specific voltage value.

8. The power storage system according to claim 7,

wherein the power storage control device is configured to perform the adjustment including
decreasing the charge current value as the number of the battery units having voltages that are

higher than or equal to the specific voltage value is larger.

Date Regue/Date Received 2020-05-07
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9. The power storage system according to claim §,
wherein the power storage control device is configured to perform the adjustment including
decreasing the charge current value gradually as the number of the battery units having voltages

that are higher than or equal to the specific voltage value increases.

10. A power storage control device configured to:

decrease a charge current value that is supplied to at least two battery units of a power storage
system by at least one battery charger when a voltage of any one of the at least two battery units
becomes a specific voltage value that is smaller than an upper limit voltage value, by sending a signal

to the at least one battery charger,

wherein the charge current value is decreased in accordance with a charge state of each of the
battery units, wherein the charge state includes a voltage of the battery units measured by a
monitoring device associated with each battery unit, and wherein the power storage control device is

configured to acquire the charge state of each of the battery units from the monitoring device, and

wherein the battery units are mutually connected in parallel and each including at least one cell.

11. The power storage control device according to claim 10,
wherein the power storage control device is configured to perform adjustment of the
charge current value in accordance with a number of the battery units having voltages that

are higher than or equal to the specific voltage value.

12. The power storage control device according to claim 11,
wherein the power storage control device is configured to perform the adjustment
including decreasing the charge current value as the number of the battery units having voltages

that are higher than or equal to the specific voltage value is larger.

13. The power storage control device according to claim 12,
wherein the power storage control device is configured to perform the adjustment including
decreasing the charge current value gradually as the number of the battery units having voltages

that are higher than or equal to the specific voltage value increases.

Date Regue/Date Received 2020-05-07
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14. A power storage control method comprising:

decreasing a charge current value that is supplied to at least two battery units of a power storage
system by at least on¢ battery charger when a voltage of any one of the at least two battery units
becomes a specific voltage value that is smaller than an upper limit voltage value, by sending a signal
to the at least one battery charger,

wherein the charge current value is decreased in accordance with a charge state of each of the
battery units, wherein the charge state includes a voltage of the battery units measured by a
monitoring device associated with each battery unit, and wherein the power storage control device is
configured to acquire the charge state of each of the battery units from the monitoring device, and

wherein the battery units are mutually connected in parallel and each including at least one cell.

Date Regue/Date Received 2020-05-07
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