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(57) Abrégé/Abstract:

A power storage device provided with: a plurality of serially-connected power storage units having at least one cell; cell balance
units connected in parallel to each of the power storage units with a switch interposed therebetween; and a controller for charging
the plurality of power storage units at a first constant current value, and, when the power storage unit having the highest voltage
from amongst the plurality of power storage units reaches a first potential, performing a control so as to connect the power storage
unit having the highest voltage with the cell balance unit corresponding to the highest voltage and switch the charging current to a
second constant current value which is smaller than the first constant current value.
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ABSTRACT

A power storage device includes: power storage units
each including at least one battery, the power storage units
being connected in series; cell balance units connected in
parallel to the respective power storage units via switches;
and a control unit that performs control to charge the power
storage units with a first constant current value, and, when
the power storage unit having the highest voltage among the
power storage units reaches a first potential, connect the
corresponding one of the cell balance units to the power
storage unit having the highest voltage, and switch the
charging current to a second constant current value that is

smaller than the first constant current value.
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DESCRIPTION

POWER STORAGE DEVICE AND METHOD OF CONTROLLING POWER STORAGE

DEVICE

TECHNICAL FIELD
[0001]

The present disclosure relates to a power storage

device and a method of controlling the power storage device.

BACKGROUND ART
[0C02]

In a known power storage apparatus, power storage

modules are connected, and a common control device (also

called the main controller where appropriate) is provided for

the power storage modules. Each of the power storage modules

has a module controller, and communication is performed

between the module controller and the main controller via a

communication channel.

[0003]

So as to monitor the condition of a power storage unit

and detect malfunction, the module controller includes a

monitoring circuit and a microcomputer (also called the sub

micro-controller unit where appropriate). The power storage

unit is formed with series-connected sub modules, for example.

The monitoring circuit monitors

the voltages of the

respective sub modules, compares the voltages of the

respective sub modules with a predetermined threshold value

using a comparator, and outputs
detection signals, for example)
normality/abnormality.

[0004]

detection signals (l-bit

indicating



10

15

20

25

30

CA 02923375 2016-03-04

SP352313W000

At a time of charging, the voltage of each sub module
is compared with a predetermined value, and a detection signal
indicating whether the voltage is an overvoltage (also
referred to as OV where appropriate) is generated. At a time
of discharging, the voltage of each sub module is compared
with a predetermined value, and a detection signal indicating
whether the voltage is an undervoltage (also referred to as
UV where appropriate) is generated. At a time of
charging/discharging, the value of the current flowing in the
sub modules is compared with a predetermined value, and a
detection signal indicating whether the current is an
overcurrent (also referred to as OC where appropriate) is
generated. Further, at a time of charging/discharging, the
temperature of each sub module is compared with a
predetermined value, and a detection signal indicating
whether the temperature is an overtemperature (also referred
to as OT where appropriate) is generated.

[0005]

Further, when a power storage module is charged, the
voltages and the currents of the respective sub modules are
supplied to the sub micro-controller unit of each module, and
balance adjustment is performed to equalize the voltages of
the sub modules. Without the balance adjustment, some of the
sub modules will not be sufficiently charged due to variation
among the sub modules.

[0006]

For the balance adjustment, the above described
detection signals from the monitoring circuit are supplied
to the sub micro-controller unit. Further, the detection
signals are transferred from the module controller to the

microcomputer (also called the main micro-controller unit
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where appropriate) of the main controller via a communication
channel. The main controller receives detection signals
from the respective power storage modules, and controls
charging/discharging operations.

[0007]

For example, according to Patent Document 1 mentioned
below, when there is a sub module that has a voltage difference
from the highest voltage detected from sub modules (cell
blocks) within a discharging voltage range, charging is
temporarily stopped, and the sub module as well as the sub
module having the highest voltage is made to discharge, to
update the highest voltage after the discharging. The cell
balance adjustment is repeated until the voltage difference
between the highest voltage and the lowest voltage falls
within a predetermined voltage range, so that the time
reguired for cell balance control can be shortened, according

to Patent Document 1.

CITATION LIST
PATENT DOCUMENT
[0008]
Patent Document 1: Japanese Patent Application

Laid-Open No. 2012-60691, published March 22, 2012.

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0009]

According to Patent Document 1, charging is repeatedly
enabled and disabled. Therefore, if there are differences
in characteristics among the sub modules, the time required

for reaching a fully charged state becomes considerably long,

CA 2923375 2019-08-16
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and noise is generated as the charging is repeatedly enabled
and disabled.
[0010]

Therefore, the present disclosure aims to provide a
power storage device that can complete charging in a short
time and prevent generation of noise, and a method of

controlling the power storage device.

SOLUTIONS TO PROBLEMS
[0011]

The present disclosure is a power storage device that
includes:

power storage units each including at least one battery,

the power storage units being connected in series;

cell balance units connected in parallel to the
respective power storage units via switches; and

a control unit that performs control to charge the power
storage units with a first constant current value, and, when
the power storage unit having the highest voltage among the
power storage units reaches a first potential, connect the
corresponding one of the cell balance units to the power
storage unit having the highest voltage, and switch the
charging current to a second constant current value that is

smaller than the first constant current value.

EFFECTS OF THE INVENTION
[0012]

According to the present disclosure, the time required
for completing charging can be shortened, and generation
noise can be prevented. It should be noted that the effects

to be achieved are not limited to the effect described above,
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and may include any of the effects described in the present

disclosure.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

Fig. lisablockdiagramof an example of a power storage
apparatus.

Fig. 2 is a schematic diagram showing an example of the
external appearance of a power storage apparatus being used.

Fig. 3 is ablock diagram showing the relationship among
controllers in a power storage apparatus.

Fig. 4 is a block diagram showing a first embodiment
of the control unit of a power storage module according to
the present disclosure.

Fig. 5 is a connection diagram of a cell balance
discharging circuit according to the first embodiment of the
present disclosure.

Fig. 6 is a flowchart showing the flow of a control
process according to the first embodiment of the present
disclosure.

Fig. 7 is a flowchart showing the flow of the control
process according to the first embodiment of the present
disclosure.

Fig. 8 shows graphs for explaining a first example of
control according to the first embodiment of the present
disclosure.

Fig. 9 shows graphs for explaining a second example of
control according to the first embodiment of the present
disclosure.

Fig. 10 shows graphs for explaining the second example

of control according to the first embodiment of the present
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disclosure.

Fig. 11 shows graphs for explaining a modification of
contrel according to the first embodiment of the present
disclosure.

Fig. 12 is a connection diagram of a cell balance
discharging circuit according to a second embodiment of the
present disclosure.

Fig. 13 is a flowchart showing the flow of a control
process according to the second embodiment of the present
disclosure.

Fig. 14 is a flowchart showing the flow of the control
process according to the second embodiment of the present
disclosure.

Fig. 15 shows graphs for explaining an example of
control according to the second embodiment of the present
disclosure.

Fig. 16 shows graphs for explaining the example of
control according to the second embodiment of the present
disclosure.

Fig. 17 isablockdiagramof a first example application
of the present disclosure.

Fig. 18 is a block diagram of a second example

application of the present disclosure.

MODES FOR CARRYING OUT THE INVENTION
[0014]

The embodiments described below are preferred specific
examples of the present disclosure, and various preferred
technical restrictions are put thereon. However, the scope
of the present disclosure is not limited by those embodiments,

unless otherwise specified in the described below.
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The present disclosure will be explained in the
following order.

<1l. First Embodiment of the Present Disclosure>

<2. Second Embodiment of the Present Disclosure>

<3. Applications>

<4. Modifications>
[0015]

<l. First Embodiment of the Present Disclosure>

[Power Storage Apparatus]

Where a large number of power storage elements such as
battery cells are used for generating high power, a structure
inwhichpowerstorageunits(hereinafterreferredtoaspower
storage modules) are connected, and a control device is
provided for the power storage modules is employed. Such a
structure is called a power storage apparatus. Further, it
is possible to form a power storage system in which power
storage apparatuses are connected. Other than battery cells,
capacitors may be used as the power storage elements.
[0016]

A power storage module is a unit formed with a
combination of a power storage unit including
series-connected battery cells such as lithium ion secondary
cells or series-connected sub modules each consisting of
parallel-connected battery cells, and a module controller
provided for each module. The sub micro-controller unit of
each module controller is connected to the main
micro-controller unit of the main controller that is the
overall control device via a data transmission channel (a bus),
and the mainmicro-controller unit performs charge management,
discharge management, and management of degradation control

and the 1like.
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[0017]

A serial interface is used as the bus. Specifically,
an Inter-Integrated Circuit (I2C) method, a SystemManagement
(SM)bus,aControllerAreaNetwork(CAN),aSerialPeripheral
Interface (SPI), or the like is used as the serial interface.
[(0018]

Communication according to the I2C method is used, for
example. This method is designed for performing serial
communication with a directly connected device located at a
relatively short distance. One master and one or more slaves
are connected by two lines. With the standard being the
crosstalk transmitted through one of the lines, data signals
are transferred through the other one of the lines. Each of
the slaves has an address included in data, and data is
transferred while acknowledge is returned from the receiving
side for each byte so as to confirm each other. In the case
of the power storage apparatus, the main micro-controller
unit serves as the master, and the sub micro-controller units
serve as the slaves.

[0019]

Data is transmitted from the sub micro-controller unit
of each module controller to the main micro-controller unit.
For example, information about the internal state of each
power storage module, or battery information such as
information about the voltages of the respective battery
cells and the voltage of the entire module, information about
current, and information about temperature is transmitted
from the sub micro-controller unit to the main
micro-controller unit, so that the charging process and the
discharging process for each power storage module is managed.

[0020]
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Fig. 1 shows a specific example of the connection
structure in the power storage apparatus. Four power storage
modules MOD1 through MOD4 are connected in series, for example.
In this case, the output voltage of the entire power storage
apparatus, such as approximately 200 V, is applied to a
positive terminal 1 (VB+) and a negative terminal 2 (VB-},
for example. The power storage modules MOD1 through MOD4,
respectively, include module controllers CNT1 through CNT4,
and power storage units BBl through BB4 in which
parallel-connected battery cells or submodules are connected.
The power storage units BBl through BB4 are connected via a
power supply line.

[0021]

Each of the module controllers includes a monitoring
circuit and a sub contrel unit, as will be described later.
The main controller ICNT and the module controllers CNT1
through CNT4 are connected via a common serial communication
bus 3. Battery information such as the voltages of the
respective modules is transmitted from the respective module
controllers to the main controller ICNT. The main controller
ICNT further includes a communication terminal 4 so that
communication with the outside such as an electronic control
unit can be performed.

[0022]

As shown in Fig. 2, two power storage modules MOD1 and
MOD2, and the main controller ICNT each has a box-1like casing,
and are stacked for use, for example. As an option, an
Uninterruptable Power Supply {(UPS) 5 is used in some cases.
As indicated by a dashed line in Fig. 2, the main controller
ICNT and the module controllers CNT of the respective power

storage modules are connected by the bus 3.
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[0023]

Further, in an embodiment of the present disclosure,
as shown in Fig. 3, the sub control units (denoted by SUB MCU
in the drawing) of respective power storage modules are
connected to main micro-controller units (denoted by MAIN MCU
in the drawing) so that the power storage modules are
controlled. Further, the main micro-controller units are
connected to an electronic control unit (denoted by ECU in
the drawing) of the highest order. Anelectronic control unit
is normally a unit that controls analog devices.

[0024]

[Example of a Module Controller and a Main Controller]

Referringnow to Fig. 4, an example structure of a module
controller CNT and a main controller ICNT is described. A
power storage unit BB is formed with n (16, for example)
battery cells (hereinafter referred to simply as cells where
appropriate) Cl through Clé6 that are connected in series. The
power storage unit BB may be formed with parallel-connected
cells (sub modules) that are connected in series. The
voltages of the respective cells are supplied to a cell
voltage multiplexer 11, and the voltages of the cells C1
through C16 are sequentially selected and supplied to an A/D
converter and comparator 12. Further, a cell balance
discharging circuit 23 for causing the respective cells C1
through C16 to discharge in cell balance control is provided.
[0025]

The voltages of the 16 cells are subjected to
time-division multiplexing by the cell voltage multiplexer
11, and are converted into digital signals and are further
compared with a voltage threshold by the A/D converter and

comparator 12. The A/D converter and comparator 12 outputs
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14- to 18-bit digital voltage data of the respective cells,
and results (l-bit signals, for example) of the comparison
between the voltages of the respective cells and the voltage
threshold. The signals output from the A/D converter and
comparator 12 are supplied to a monitoring circuit 13.
[0026]

Further, a temperature measuring unit 14 that measures
temperatures of the respective cells, and a temperature
measuring unit 15 that measures temperature in the IC are
provided. Temperature information from the temperature
measuring units 14 and 15 is supplied to a temperature
multiplexer 16. Temperature data multiplexed by the
temperature multiplexer 16 is supplied to the A/D converter
and comparator 12. The A/D converter and comparator 12
generates digital temperature data, and outputs results
(1-bit signals, for example) of comparison between the
digital temperature data and a temperature threshold. As
described above, the A/D converter and comparator 12 also
outputs results of comparison with respect to cell voltage
data. Therefore, another A/D converter and comparator for
temperature may also be provided.

[0027]

A resistor 17 that detects the currents flowing in the
power storage unit (the cells Cl through Cl16) is connected
in series to the power storage unit BB. The voltages at both
ends of the resistor 17 are supplied to an A/D converter and
comparator 19 via an amplifier 18. The A/D converter and
comparator 19 outputs digital current data and results (1-bit
signals, for example) of comparison between current values
and a current threshold. The signals output from the A/D

converter and comparator 19 are supplied to the monitoring
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circuit 13.
[0028]

Some of the 1-bit signals that are output from the A/D
converter and comparator 12 are detection signals indicating
normality/abnormalityofthevoltagesoftherespectivecells.
At a time of charging, the voltage of each cell is compared
with a predetermined value, and a detection signal indicating
whether the voltage is an overvoltage OV is generated. At
a time of discharging, the voltage of each cell is compared
witheapredeterminedvalue,andaadetectionsignalindicating
whether the voltage is an undervoltage UV is generated. The
other 1-bit signals that are output from the A/D converter
and comparator 12 are detection signals indicating an
overtemperature OT. The l-bit signals that are output from
the A/D converter and comparator 19 are detection signals
indicating an overcurrent OC.

[0029]

The above described detection signals, voltage value
data, current value data, and temperature data are supplied
from the monitoring circuit 13 to a sub micro-controller unit
20. The monitoring circuit 13 and the sub micro-controller
unit 20 are connected by serial communication, for example.
Using the received detection signals, the sub
micro-controller unit 20 performs a diagnosing process on the
module controller CNT as necessary. The detection signals
and data indicating results of the diagnosing process are
output and supplied from the sub micro-controller unit 20 to
a communication unit 21.

[0030]
The communication unit 21 is the interface for

conducting serial communication such as I2C communication
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with the main micro-controller unit of the main controller
ICNT via the bus 3. The communication method herein can use
a wired or wireless communication channel. Although not
shown in Fig. 4, the sub micro-controller units of the module
controllers of the other power storage modules are connected
to the bus 3.

[0031]

A positive terminal 22a and a negative terminal 22b of
the power storage module MOD are connected to a positive
terminal 32a and a negative terminal 32b of the main
controller ICNT, respectively, via power supply lines.
[0032]

A communication unit 31 of the main controller ICNT is
connected to the bus 3. A main micro-controller unit 30 is
connected to the communication unit 31, and communication
being conducted through the communication unit 31 is
controlled by the main micro-controller unit 30. Further,
the main micro-controller unit 30 is connected to an
electronic control unit ECU of the higher order via a
communication channel.

[0033]

A power supply voltage generated by a regulator 33 is
supplied to the main micro-controller unit 30. The main
controller ICNT includes a positive terminal 1 and a negative
terminal 2. 1In the power supply output path, switching units
34 and 35 are inserted in series. These switching units 34
and 35 are controlled by the main micro-controller unit 30.
The switching units 34 and 35 each include a switch element
(such as a Field Effect Transistor (FET) or an Insulated Gate
Bipolar Transistor (IGBT)), and a diode connected in parallel

to the switch element.
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[0034]

When charging is prohibited, the switching unit 34 is
switched off. When discharging is prohibited, the switching
unit 35 is switched off. Further, when neither charging nor
discharging is performed, the respective switch elements of
the switching units 34 and 35 are switched off. The main
micro-controller unit 30 transmits the data received from the
power storage module MOD to the electronic control unit ECU
of the higher order. Further, themainmicro-controller unit
30 receives a control signal related to charging/discharging
from the electronic control unit ECU.

[0035]

[Cell Balance Discharging Circuit]

Fig. 5 shows an example of the cell balance discharging
circuit 23. A resistor rl and a switch sl are connected in
parallel to the cell C1. Likewise, resistors r2 through rl16é
and switches s2 through s16 are connected in parallel to the
cells C2 through C16, respectively. The switches sl through
516 are formed with semiconductor switch elements such as
FETs.

[0036]

The switching on and off of the switches sl through s16
is controlled by a switching control signal generated by the
sub micro-controller unit 20, for example. When the switches
sl through s16 are switched on, the positive electrodes and
the negative electrodes of the cells C1 through Cl6 are
connected via the resistors rl through rl6, and the charges
accumulated in the cells C1 throughCl6 are discharged. While
a charging current is being supplied to the cells C1 through
Clé, when the switches sl through s16 are switched on, the

charging current is divided, and the substantial charging
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current decreases. For example, during a charging period,
a switch that has been switched on maintains the on-state.
[0037]

A charging circuit is connected to the positive
terminal 1 and the negative terminal 2, to charge the cells
Cl through Cl6. Chargingisperformedwith a constant current.
In the present disclosure, the charging current is gradually
lowered. That is, the voltages of the respective cells are
monitored by the monitoring circuit 13 at a time of charging.
When the voltage of one of the cells reaches a predetermined
current switching voltage V1, the current is lowered one level,
and the switch (the cell balance discharging circuit 23)
corresponding to the cell having the voltage that has reached
the current switching voltage V1 is switched on. In this
manner, increase in voltage is restrained. This operation
is repeated, and, when a predetermined total voltage or the
voltages of almost all the cells reach a charging completion
voltage Vf, the charging is stopped.

[0038]

[Control Operation]

Referring now to the flowcharts in Figs. 6 and 7, the
control process to be performed by the sub micro-controller
unit 20 at a time of charging is described. Figs. 6 and 7
show the flow of a single process, but the process is divided
and shown in the two flowcharts due to limitations of space.
The definitions of the symbols used in the description below
are as follows.

[0039]
Vcell n: the nth cell
Vecellmin: the lowest voltage among n cells

Vov: charging suspension voltage
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VIi: charging completion voltage

Vcellov: the voltage of a cell that has reached the
charging suspension voltage among the n cells

VL: discharging voltage

V1 through Vn: current switching voltages (discharging
resistor on-voltages) (V1 < V2 < V3 ... < Vn)

cellvVn: a cell that has reached Vn
[0040]

For example, Vov is higher than Vf, Vov is set at 4.15
V, and Vf is set at 4.10 V. A voltage such as equal to or
higher than 4.2 V, which is higher than Vov, is regarded as
an overcharging voltage, and charging is prohibited.
Further, the dischargingvoltage VL is set at 3.0V. Avoltage
such as 2.3 V, which is lower than VL, is regarded as an
overdischarging voltage, and discharging is prohibited. 1In
reality, each voltage is allowed to have a margin of error.
In the present disclosure, the secondary cells to be used are
lithium ion secondary cells containing a positive-terminal
active material, and a carbon material such as graphite as
a negative-terminal active material, for example. The
positive material is not particularly limited, but a material
containing a positive-terminal active material having an
olivine structure can be used. In a battery of this type,
Vov is set at 3.55 V, and VL is set at 2.0 V, for example.
[0041]

Step S1: Charging is started.

Step S2: A check is made to determine whether Vcell n
is higher than VL. A check is made to determine whether the
voltages of all the cells are higher than VL.

Step S3: If the result of the determination in step S2

is negative, preliminary charging is performed. In the
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preliminary charging, the charging current is set at 1 A, for
example. The preliminary charging is continued until the
result of the determination in step S$2 turns positive.
[0042]

Step S4: If the result of the determination in step S2
is positive, a check is made to determine whether Vcellmin
is equal to or higher than Vf.

Step S5: If the result of the determination in step S4
is positive, the charging is completed.

Step S6: If the result of the determination in step S4
is negative, a check is made to determine whether Vcell n is
equal to or higher than Vov. If the result of the
determination in step S6 is positive, the process moves on
to step S16 (Fig. 7).

[0043]

Step S7: Normal charging is performed. For example,
1-C charging is performed. The 1-C charging involves a
current value with which rated charging for a nominal capacity
battery is completed in one hour (1 h). For example, in the
case of a lithium ion secondary cell with a nominal capacity
of 2.0 Ah, 1 C = 2.0 Ah/1 h = 2.0 A.

Step S8: A check is made to determine whether Vcell n
is equal to or higher than V1. For example, the initial
current switching voltage is set at V1 = 4.05 V. If this
condition is not satisfied, the process returns to step S7.

Step S9: The cell balancing is enabled only for the cell
that has reached the current switching voltage V1. That is,
in the cell balance discharging circuit 23, the switch of the
corresponding cell is switched on. Even if the cell having
the cell balancing enabled reaches the current switching

voltage Vn thereafter, any special process will not be
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performed for the cell.
[0044]

Step S10: The charging current is switched to a smaller
value. For example, the charging current starts at 1 C, and
is then switched to 0.7 C. Further, every time the minimum
voltage of the cell reaches a current switching voltage, the
charging current is switched to 0.4 C, and then to 0.1 C.

Step S11: The charging with 0.7 C is continued.
[0045]

Step S12: The same determination processes as those in
step S4 and step 56 are performed. That is, a check is made
to determine whether Vcellmin is equal to or higher than VE.
It the result is positive, the charging is completed (step
S5). A check is made to determine whether Vcell n is equal
to or higher than Vov. 1If the result is positive, the process
moves on to step 815 (Fig. 7). 1In step S15, the charging is
temporarily stopped. If any of these conditions is not
satisfied, the process moves on to step S13.

[0046]

Step S13: A check is made to determine whether a voltage
other than Vcell V1 is equal to or higher than Vpy4; (such as
V2). If this condition is not satisfied, the process returns
to step 511 (the charging continues).

Step S14: The cell balancing is enabled only for the
cell that has reached V.,;1. That is, in the cell balance
discharging circuit 23, the switch of the corresponding cell
is switched on. Even if the cell having the cell balancing
enabled reaches a current switching voltage thereafter, any
special process will not be performed for the cell. After
step S14, the process moves on to step S10. In step S10, the

charging current is further reduced. For example, the
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charging current is reduced from 0.7 C to 0.4 C.
[0047]

Step S16: If the result of the determination in step
S6 is positive, or if Vcell n is equal to or higher than Vov,
the cell balancing is enabled only for cellov having the
voltage equal to or higher than Vov.

Step S17: A check is made to determine whether Vcellov
is equal to or lower than Vn. If this condition is not
satisfied, the process returns to step S16 (the cell balancing
is enabled only for cellov).

Step 318: If the condition in step S$S18 is satisfied,
only the cell balancing that was on prior to the charging
suspension process is enabled. The process then returns to
step S11 (the charging continues) in Fig. 6.

[0048]

[First Example of Control According to the First
Embodiment]

Referring to the graphs showing temporal changes in
cell voltages in Fig. 8, a first example of control is
described. The power storage unit BB is formed with four
cells Cl through C4. Due to the differences in
characteristics among the cells, the temporal change graphs
differ from one another. First, the voltages of the cells
Cl through C4 gradually become higher with 1-C charging.
[0049]

When the voltage of the cell C2 reaches the current
switching voltage V1 (4.05 V, for example) at time tl, the
switch s2 of the cell balance discharging circuit 23 is
switched on, and the charging current is reduced to 0.7 C
(steps S8, S9, and S10 in Fig. 6). The charging is then

continued (step S11). As the charging current is reduced,
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the voltage rise curve becomes gentler after time tl. Before
time tl, the voltage rise curves of the respective cells run
parallel to one another. Since the switch s2 is switched on
at time tl, the voltage rise curve of the cell C2 becomes
gentler than those of the other cells.

[0050]

At time t2, a cell other than the cell C2, or the cell
Cl, for example, reaches the current switching voltage V2.
Therefore, the switch sl of the cell balance discharging
circuit 23 is switched on, and the charging current is reduced
to 0.4 C. As the charging current is reduced, the voltage
rise curve becomes gentler after time t2. After time t2, the
voltage rise curve of the cell Cl also becomes gentler than
those of the other cells C3 and C4.

[0051]

The charging is further continued, and the voltage of
the cell C3 reaches the voltage Vf at time t3. Therefore,
the switch s3 of the cell balance discharging circuit 23 is
switched on, and the charging current is reduced to 0.1 C.
After time t3, the voltage rise curve of the cell C3 also
becomes gentler than that of the other cell C4.

(G052]

The charging is further continued, and the voltage of
the cell C4 reaches the voltage Vf at time t4. As the lowest
voltage reaches the voltage Vf, the charging is completed
(steps S12 and S5 in Fig. 6). In this manner, charging can
be performed until the voltages of cells reach the charging
completion voltage VE.

[0053]
In the above described first embodiment of the present

disclosure, generation of a spike-like (whisker-1like)
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voltage accompanying the switching on and off the charging
current can be prevented. Furthermore, in the first
embodiment of the present disclosure, the charging current
for each cell with a high voltage is made smaller, so that
the charging current can be reduced.

[0054]

[Second Example of Control According to the First
Embodiment]

Referring to the graphs showing temporal changes in
cell voltages in Figs. 9 and 10, a second example of control
is described. Figs. 9 and 10 show one set of graphs showing
temporally continuous changes, but the changes are divided
and shown in the two drawings due to limitations of space.
In this example, the power storage unit BB is formed with
series-connected four cells Cl through C4, as in the above
described first example. In the second example, the
differences among the cells are significantly larger than
those in the first example. First, the voltages of the cells
Cl1 through C4 gradually become higher with 1-C charging.
[0055]

When the voltage of the cell C2 reaches the current
switching voltage V1 (4.05 V, for example) at time tl, the
switch s2 of the cell balance discharging circuit 23 is
switched on, and the charging current is reduced to 0.7 C
(steps S8, S9, and S10 in Fig. 6). The charging is then
continued (step S11). As the charging current is reduced,
the voltage rise curve becomes gentler after time t1l. Before
time tl, the voltage rise curves of the respective cells run
parallel to one another. Since the switch s2 is switched on
at time tl, the voltage rise curve of the cell C2 becomes

gentler than those of the other cells.
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[0056]

At time t2, a cell other than the cell C2, or the cell
Cl, for example, reaches the current switching voltage V2.
Therefore, the switch sl of the cell balance discharging
circuit 23 is switched on, and the charging current is reduced
to 0.4 C. As the charging current is reduced, the voltage
rise curve becomes even gentler after time t2. After time
t2, the voltage rise curve of the cell Cl also becomes gentler
than those of the other cells C3 and C4.

[0057]

At time t3, a cell other than the cells Cl and C2, or
the cell C3, for example, reaches the current switching
voltage Vn. Therefore, the switch s3 of the cell balance
discharging circuit 23 is switched on, and the charging
current is reduced to 0.1 C. As the charging current is
reduced, the voltage rise curve becomes even gentler after
time t3. After time t3, the voltage rise curve of the cell
C3 also becomes gentler than that of the other cell C4.
[0058]

After time t3, the voltage rise curves of the cells Cl
through C3 have the same inclinations, but the inclination
of the voltage rise curve of the cell C4 is higher than those
of the cells Cl through C3. At time t4, the voltage of the
cell C2 reaches the charging suspension voltage Vov. As a
result of the determination in step 312 in Fig. 6, the process
moves on to step S15 (Fig. 7), and the charging is temporarily
stopped. As the cell balancing is enabled only for the cell
C2, the voltage of the cell C2 becomes lower. At time t5,
the charging is resumed. At time t6 in Fig. 10, the charging
is stopped.

[0059]
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In the above described example case, the charging
current is gradually switched from 1 C to 0.7 C to 0.4 C to
0.1 C. In a case where the charging current is switched from
1Cto0.8Cto0.6Cto0.3C, the time required for completing
charging can be shortened as shown in Fig. 11.

[0060]

In the above described first embodiment of the present
disclosure, the charging current is not turned on and off,
and generation of whisker-like noise accompanying switching
can be prevented. Further, as the charging current is made
smaller for a cell with a high voltage, the charging current
can be reduced. This example canalsobe appliedtoamaterial
having an olivine structure. 1In such a case, V is preferably
set at 3.55 V. The other details are the same as above, and
therefore, explanation of them is not made herein.

[0061]

<2. Second Embodiment of the Present Disclosure>

As shown in Fig. 12, in a second embodiment of the
present disclosure, a module balance discharging circuit is
added to a cell balance discharging circuit 23. The module
balance discharging circuit has a series circuit of a resistor
rM and a switch sM connected between the positive side and
the negative side of a series circuit of cells Cl1 through Cl16.
Therefore, when the switch sM is switched on, the resistor
rM is inserted in parallel to the cells Cl through Cl16.
Accordingly, when the switch sM is switched on at a time of
charging, the charging current is made lower. The switch sM
is switched on when the voltages of the cells Cl1 through C16
become higher than a module balancing on-voltage Vmb (> Vov)
that is set in advance.

[0062]
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[Control Operation]

Referring now to the flowcharts in Figs. 13 and 14, the
control process at a time of charging is described. Figs.
13 and 14 show the flow of a single process, but the process
is divided and shown in the two flowcharts due to limitations
of space. The control operation is the same as the process
according to the first embodiment, and Fig. 13 shows the same
process as that shown in Fig. 6. However, in step S12', a
check is made to determine whether Vcell n is equal to or higher
than Vmb.

[0063]

If the result of the above determination in step 512’
is positive, the process moves on to step S19 in Fig. 14.

Step S19: The switch sM is switched on, and the
inter-module balancing is enabled.

[0064]

Step S20: A check is made to determine whether Vcellmin
is equal to or higher than Vf. If the result of this
determination is positive, the charging is completed (step
S5). Also, a check is made to determine whether Vcell n is
equal to or higher than Vov. If the result of the
determination is negative, the process moves on to step S13
(Fig. 13).

[0065]

If the result of the determination in step S20 is
positive, the process moves on to step $15 (the charging is
temporarily stopped). The process then moves on to step S16.
[0066]

Step S16: If the result of the determination in step
S6 is positive, or if Vcell n is equal to or higher than Vov,

the cell balancing is enabled only for cell ov having the
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voltage equal to or higher than Vov.

Step S17: A check is made to determine whether Vcellov
is equal to or lower than Vn. If this condition is not
satisfied, the process returns to step S16 (the cell balancing
is enabled only for cell ov).

Step 818: If the condition in step S18 is satisfied,
only the cell balancing that was on prior to the charging
suspension process i1s enabled. The process then returns to
step S11 (the charging continues) in Fig. 13.

[0067]

[Example of Control According to the Second Embodiment]

Referring to the graphs showing temporal changes in
cell voltages in Figs. 15 and 16, an example of control
according to the second embodiment is described. Figs. 15
and 16 show one set of graphs showing temporally continuous
changes, but the changes are divided and shown in the two
drawings due to limitations of space. In this example, the
power storage unit BB is formed with series-connected four
cells Cl through C4, as in the above described examples in
the first embodiment. First, the voltages of the cells C1l
through C4 gradually become higher with 1-C charging.
[0068]

When the voltage of the cell C2 reaches the current
switching voltage V1 (4.05 V, for example) at time tl, the
switch s2 of the cell balance discharging circuit 23 is
switched on, and the charging current is reduced to 0.7 C.
The charging is then continued. Before time tl, the voltage
rise curves of the respective cells run parallel to one
another. Since the switch s2 is switched on at time tl1, the
voltage rise curve of the cell C2 becomes gentler than those

of the other cells. As the charging current is reduced, the
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voltage rise curve becomes gentler after time tl.
[0069]

At time t2, a cell other than the cell C2, or the cell
Cl, for example, reaches the current switching voltage V2.
Therefore, the switch sl of the cell balance discharging
circuit 23 is switched on, and the charging current is reduced
to 0.4 C. After time t2, the voltage rise curve of the cell
Cl alsc becomes gentler than those of the other cells C3 and
C4. As the charging current is reduced, the voltage rise
curve becomes even gentler after time t2.

[0070]

At time t3, the voltage of the cell C2 becomes higher
than the module balancing on-voltage Vmb. Accordingly, the
module balancing is enabled. As the module balancing is
enabled, the inclination of the voltage rise curve at the time
of the chargingbecomes gentler. Also, as the voltage reaches
Vov, the charting is not suspended. The charging with the
low charging current continues, and, at time t4 in Fig. 16,
Vcellmin becomes equal to or higher than Vf, and the charging
is completed.

[0071]
The present disclosure may also be embodied in the
structures described below.
(1)
A power storage device including:
power storage units each including at least one battery,
the power storage units being connected in series;

cell balance units connected in parallel to the
respective power storage units via switches; and

acontrol unit that performs control to charge the power

storage units with a first constant current value, and, when
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the power storage unit having the highest voltage among the
power storage units reaches a first potential, connect the
corresponding one of the cell balance units to the power
storage unit having the highest voltage, and switch the
charging current to a second constant current value that is
smaller than the first constant current value.

(2)

The power storage device of (1), wherein, when at least
one power storage unit other than the power storage unit
having the highest voltage among the power storage units
reaches a second potential that is higher than the first
potential, the control unit performs control to connect the
corresponding one of the cell balance units to the power
storage unit that has reached the second potential, and switch
the charging current to a third constant current value that
is smaller than the second constant current value.

(3)

The power storage device of (1) or (2), wherein the
control unit is designed to set three or more threshold values
for switching the charging current.

(4)

The power storage device of (1), (2), or (3), wherein,

when the highest voltage among the power storage units
reaches a charging suspension voltage that is higher than a
predetermined voltage and is lower than an overcharging
voltage, the charging is suspended, and only the power storage
unit having the highest voltage is caused to discharge, and

when the voltage of the power storage unit having the
highest voltage becomes equal to a set voltage as a result
of the discharging, the charging is resumed.

(5)
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The power storage device of (1), (2), (3), or (4),
wherein, when the lowest voltage among the power storage units
becomes equal to or higher than a charging completion voltage,
the charging is completed.

(6)

The power storage device of (1), (2), (3), (4), or (5},
wherein, when the highest voltage among the power storage
units reaches a second potential that is higher than the first
potential, a switch of a balance unit connected in parallel
to all the power storage units is switched on, and the constant
current value is reduced.

(7)

The power storage device of (1), (2), (3), (4), (5),
or (6), wherein the cell balance units each include a switch
and a resistor that are connected in parallel to each
corresponding one of the power storage units.

(8)

The power storage device of (1), (2), (3), (4), (5),
(6), or (7), wherein the batteries included in the power
storage units contain a positive-terminal active material
having an olivine structure.

(9)

A method of controlling a power storage device that

includes:
power storage units each including at least one battery,
the power storage units being connected in series;

cell balance units connected in parallel to the
respective power storage units via switches; and

a control unit that controls the cell balance units,

the method including performing control to charge the

power storage units with a first constant current value, and,



10

15

20

25

30

CA 02923375 2016-03-04

29
SP352313W0O00

when the power storage unit having the highest voltage among
the power storage units reaches a predetermined potential,
connect the corresponding one of the cell balance units to
the power storage unit having the highest voltage, and switch
the charging current to a second constant current value that
is smaller than the first constant current wvalue,

the control being performed by the control unit.
[0072]

<3. Applications>

[Power Storage System in a Residence]

Referring now to Fig. 17, an example where the present
disclosure is applied to a power storage system for residence
is described. 1In a power storage system 100 for a residence
101, for example, electric power is supplied to a power
storage device 103 from a centralized power system 102 such
as thermal power generation 102a, nuclear power generation
102b, and hydroelectric power generation 102c, via a power
network 109, an information network 112, a smart meter 107,
a power generation hub 108, and the like. In conjunction with
this, electric power from an independent power supply such
as a household power generating unit 104 is supplied to the
power storage device 103. The supplied power is stored in
the power storage device 103. With the power storage device
103, the electric power to be used in the residence 101 is
fed to the residence 101. The same power storage system as
above can be used not only in the residence 101 but also in
an office building.

(0073]

The power generating unit 104, power consuming devices

105, the power storage device 103, a control device 110 that

controls the respective devices, the smart meter 107, and
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sensors 111 that acquires various kinds of information are
provided in the residence 101. The respective devices are
connected by the power network 109 and the information network
112. Solar cells, fuel cells, or the like are used as the
power generating unit 104, and generated electric power is
supplied to the power consuming devices 105 and/or the power
storage device 103. The power consuming devices 105 are a
refrigerator 105a, an air conditioner 105b, a television
receiver 105¢, a bath 105d, and the like. The power consuming
devices 105 further include electric vehicles 106. The
electric vehicles 106 are an electric car 106a, a hybrid car
10éb, and an electric motorcycle 106c.

[0074]

The above described power storage apparatus of the
present disclosure is applied to the power storage device 103.
The power storage device 103 is formed with secondary cells
or capacitors. For example, the power storage device 103 is
formed with lithium ion cells. The lithium ion cells may be
of a stationary type, or may be used in the electric vehicles
106. The smart meter 107 has the function to measure
commercial power usage, and transmit the measured usage to
the electric power company. The power network 109 may be one
of or a combination of a DC power supply, an AC power supply,
and a non-contact power supply.

[0075]

The various sensors 111 may be a motion sensor, an
illuminance sensor, an object sensor, a power consumption
sensor, a vibration sensor, a contact sensor, a temperature
sensor, an infrared sensor, and the like. Information
acquired by the various sensors 111 is transmitted to the

control device 110. Weather conditions, the conditions of
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a person, and the like are determined from the information
transmitted from the sensors 111, and the power consuming
devices 105 can be automatically controlled so as to minimize
energy consumption. Further, the control device 110 can
transmit information about the residence 101 to an external
electric power company or the like via the Internet.
[0C76]

The power generation hub 108 performs processing such
as power line branching or DC-AC conversion. The
communication method used by the information network 112
connected to the control device 110 may be a method using a
communication interface such as Universal Asynchronous
Receiver-Transmitter (UART), or a method using a sensor
network compliant with wireless communication standards such
as Bluetooth (a registered trade name), ZigBee, or Wi-Fi.
Bluetooth (a registered trade name) is used in multimedia
communication, and enables point-to-multipoint
communication. ZigBee uses physical layers of Institute of
Electrical and Electronics Engineers (IEEE) 802.15.4.
TEEE802.15.4 is the name of short-range wireless network
standards called Personal Area Network (PAN) or Wireless (W)
PAN.

[0077]

The control device 110 is connected to an external
server 113. This server 113 may be managed by the residence
101, the electric power company, or the service provider. The
information to be transmitted and received by the server 113
is power consumption information, life pattern information,
electric power charges, weather information, natural hazard
information,andinformationrelatedtoelectricitytrading,

for example. These pieces of information may be transmitted
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and received by a power consuming device in the house (such
as atelevision receiver), but may be transmitted and received
by a device outside the house (such as a portable telephone
device). These pieces of information may be displayed on a
device having a display function, such as a television
receiver, a portable telephone device, or a Personal Digital
Assistant (PDA).

[0078]

The control device 110 that controls the respective
components is formed with a Central Processing Unit (CPU),
a Random Access Memory (RAM), a Read Only Memory (ROM), and
the like, and is included in the power storage device 103 in
this example. The control device 110 is connected to the
power storage device 103, the household power generating unit
104, the power consuming devices 105, the various sensors 111,
and the server 113 by the information network 112, and has
the function to adjust electricity usage and power generation,
for example. Other than that, the control device 110 may have
the function to conduct electricity trading in the
electricity market.

[0079]

As described above, not only electric power generated
from the centralized power system 102 such as the thermal
power generation 102a, the nuclear power generation 102b, and
the hydroelectric power generation 102c, but also electric
power generated from the household power generating unit 104
{solar power generation or wind power generation) can be
stored in the power storage device 103. Accordingly, even
when the electric power generated from the household power
generating unit 104 varies, control can be performed so that

the amount of power to be sent out can be made constant, and
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only the necessary amount of power is discharged. For example,
while electric power obtained through solar power generation
is stored in the power storage device 103, less expensive
night-time electric power is stored in the power storage
device 103 at night, so that the electric power stored in the
power storage device 103 can be discharged and used in
expensive hours during the day.

[0080]

Although the control device 110 is included in the power
storage device 103 in the above described example, the control
device 110 may be included in the smart meter 107 or may be
formed as an independent device. Further, the power storage
system 100 may be used in households in an apartment building,
or may be used in detached houses.

[0081]

[Power Storage System in a Vehicle]

Referring now to ¥ig. 18, an example where the present
disclosure is applied to a power storage system for vehicles
is described. Fig. 18 schematically shows an example
structure of a hybrid vehicle that uses a series hybrid system
to which the present disclosure is applied. A series hybrid
system is a car that is powered by a drive power converter,
using electric power generated by a generator that is run by
an engine or the electric power that is temporarily stored
in a battery.

[0082]

This hybrid vehicle 200 includes an engine 201, a power
generator 202, a driving force conversion device 203, a drive
wheel 204a, a drive wheel 204b, a wheel 205a, a wheel 205b,
a battery 208, a vehicle control device 209, various sensors

210, and a charging inlet 211. The above described power
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storage apparatus of the present disclosure is applied to the
battery 208.
[0083]

The hybrid vehicle 200 runs with the driving force
conversiondevice 203 serving as the power source. Anexample
of the driving force conversion device 203 is a motor. The
driving force conversion device 203 is activated by the power
of the battery 208, and the rotative force of the driving force
conversion device 203 is transferred to the drive wheels 204a
and 204b. As DC-AC conversion or reverse conversion (AC-DC
conversion) is performed at appropriate sites, either an AC
motor or a DC motor can be used as the driving force conversion
device 203. The various sensors 210 control the engine
revolving speed via the vehicle control device 209, and
control the opening (throttle position) of a throttle valve
(not shown). The various sensors 210 include a velocity
sensor, an acceleration sensor, an engine revolving speed
sensor, and the like.

[0084]

The rotative force of the engine 201 is transferred to
the power generator 202, and, by virtue of the rotative force,
electric power generated by the power generator 202 can be
stored in the battery 208.

[0085]

As the hybrid vehicle slows down with a braking
mechanism (not shown), the resisting force during the
deceleration is applied as rotative force to the driving force
conversion device 203, and regenerative power generated from
the rotative force by the driving force conversion device 203
is stored in the battery 208.

[0086]
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The battery 208 can be connected to a power supply
outside the hybrid vehicle, so as to receive a power supply
from the external power supply through the charging inlet 211
serving as a power inlet, and store the received electric
power.

[0087]

Although not shown in the drawing, an information
processing device that performs information processing
related to vehicle control based on information about the
secondary cells may be provided. Such an information
processing device may be an information processing device
that indicates a remaining battery level based on information
about the remaining battery level.

[0088]

In the above description, a series hybrid car that is
powered by a motor using electric power generated by a power
generator that is run by the engine or the electric power that
is temporarily stored in the battery has been described as
an example. However, the present disclosure can also be
effectively applied to a parallel hybrid car that uses power
outputs from both an engine and a motor serving as drive
sources, and switches among three methods: being powered only
by the engine, being powered only by the motor, being powered
by both the engine and the motor. Furthermore, the present
disclosure can also be effectively applied to a so-called
electric vehicle that does not use an engine and is driven
only by a drive motor.

[0089]
<4. Modifications>
Although embodiments of the present disclosure have

been specifically described so far, the present disclosure
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is not limited to the above embodiments, and various changes
based on the technical idea of the present disclosure can be
made to them. For example, the structures, the methods, the
procedures, the shapes, the materials, the numerical values,

and the like mentioned in the above described embodiments are
merely examples, and structures, methods, procedures, shapes,
materials, numerical values, and the like that differ from
those mentioned above may be used as necessary. For example,

the present disclosure can be applied to systems other than

power storage systems.

REFERENCE SIGNS LIST

[0090]

MOD, MOD1 - MODN Power storage module
ICNT Main controller

CNT Module controller

Cl - Cn Cell

BB1 - BBn Power storage unit

3 Bus

11 Cell voltage multiplexer

12, 19 A/D converter and comparator
13 Monitoring circuit

16 Temperature multiplexer

20 Sub micro-controller unit

21 Communication unit

23 Cell balance discharging circuit
30 Main micro-controller unit

rl - rl6s, M Resistance

sl - sl16, sM Switch
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The invention claimed is:

1. A power storage device, comprising:
a plurality of power storage units each including at least one
battery, the plurality of power storage units being connected in series;
cell Dbalance units connected in parallel to the respective
plurality of power storage units via switches; and
a control unit configured to:
perform control to charge the plurality of power storage units
with a first constant current value, and
when a first power storage unit having a highest voltage among
the plurality of power storage units reaches a first potential;
connect a first cell balance unit of the cell balance
units to the first power storage unit having the highest
voltage, and
switch a charging current to a second constant current
value smaller than the first constant current value, the first
cell balance unit corresponding to the highest voltage, and
when a second power storage unit of the plurality of power
storage units other than the first power storage unit reaches a
second potential higher than the first potential:
connect a second cell balance unit of the cell balance
units to the second power storage unit that reached the second
potential, and
switch the charging current to a third constant current
value smaller than the second constant current value, the
second cell balance unit corresponding to the second power

storage unit that reached the second potential.

2. The power storage device according to claim 1, wherein the control
unit is further configured to set three or more threshold values for

switching the charging current.

3. The power storage device according to claim 1, wherein, when the
highest voltage reaches a charging suspension voltage that is higher

than the first potential and is lower than an overcharging voltage, the

CA 2923375 2019-08-16
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charging is suspended, and only the first power storage unit having the
highest voltage is caused to discharge, and when a voltage of the first
power storage unit having the highest voltage becomes equal to a set

voltage as a result of the discharging, the charging is resumed.

4, The power storage device according to claim 1, wherein, when a
lowest wvoltage among voltages of the plurality of power storage units
becomes equal to or higher than a charging completion voltage, the

charging is completed.

5. The power storage device according to claim 1, wherein, when the
highest voltage reaches the second potential higher than the first
potential, a switch of a third cell balance unit connected in parallel
to all the plurality of power storage units is switched on, and a constant

current value 1is reduced.

6. The power storage device according to claim 1, wherein each of the
cell balance units includes a switch and a resistor that are connected
in parallel to each corresponding one of the plurality of power storage

units.

7. The power storage device according to claim 1, wherein the battery
included in each of the plurality of power storage units contain a

positive-terminal active material having an olivine structure.

8. A method of controlling a power storage device, the power storage
device including:
a plurality of power storage units each including at least one
battery, the plurality of power storage units being connected in series;
cell Dbalance units connected 1in parallel to the respective
plurality of power storage units via switches; and
a control unit configured to control the cell balance units, the
method comprising:
performing, by the control unit, control to charge the
plurality of power storage units with a first constant current

value, and
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when a first power storage unit having a highest voltage among
the plurality of power storage units reaches a first potential;
connecting a first cell balance unit of the cell balance
units to the first power storage unit having the highest
voltage, and
switching a charging current to a second constant
current value smaller than the first constant current value,
the first cell balance unit corresponding to the highest
voltage, and
when a second power storage unit of the plurality of power
storage units other than the first power storage unit reaches a
second potential higher than the first potential:
connecting a second cell balance unit of the cell
balance units to the second power storage unit that reached
the second potential, and
switching the charging current to a third constant
current value smaller than the second constant current value,
the second cell balance unit corresponding to the second power

storage unit that reached the second potential.

9. A power storage device, comprising:
a plurality of power storage units each including at least one
battery, the plurality of power storage units being connected in series;
cell Dbalance units connected in parallel to the respective
plurality of power storage units via switches; and
a control unit configured to:
perform control to charge the plurality of power storage units
with a first constant current value, and
when a first power storage unit having a highest voltage among
the plurality of power storage units reaches a first potential;
connect a first cell balance unit of the cell balance
units to the first power storage unit having the highest

voltage, and
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switch a charging current to a second constant current

value smaller than the first constant current value, the first

cell balance unit corresponding to the highest voltage, and

when the highest voltage reaches a second potential higher
than the first potential, a switch of a cell balance unit connected
in parallel to all the plurality of power storage units is switched
on, and a constant current value for charging the plurality of

power storage units is reduced.

10. The power storage device according to claim 9, wherein, when the
highest voltage reaches a charging suspension voltage that is higher
than the first potential and is lower than an overcharging voltage, the
charging is suspended, and only the first power storage unit having the
highest voltage is caused to discharge, and when a voltage of the first
power storage unit having the highest voltage becomes equal to a set

voltage as a result of the discharging, the charging is resumed.

11. The power storage device according to claim 9, wherein, when a
lowest voltage among voltages of the plurality of power storage units
becomes equal to or higher than a charging completion wvoltage, the

charging is completed.

12. The power storage device according to claim 9, wherein each of the
cell balance units includes a switch and a resistor that are connected
in parallel to each corresponding one of the plurality of power storage

units.

13. The power storage device according to claim 9, wherein the battery
included in each of the plurality of power storage units contain a

positive-terminal active material having an olivine structure.

14. A method of controlling a power storage device, the power storage
device including:
a plurality of power storage units each including at least one

battery, the plurality of power storage units being connected in series;
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cell Dbalance units connected in parallel to the respective
plurality of power storage units via switches; and
a control unit configured to control the cell balance units, the
method comprising:
performing, by the control unit, control to charge the
plurality of power storage units with a first constant current
value, and
when a first power storage unit having a highest voltage among
the plurality of power storage units reaches a first potential;
connecting a first cell balance unit of the cell balance
units to the first power storage unit having the highest
voltage, and
switching a charging current to a second constant
current value smaller than the first constant current value,
the first cell balance unit corresponding to the highest
voltage, and
when the highest voltage reaches a second potential higher
than the first potential:
connecting a switch of a cell balance unit connected in
parallel to all the plurality of power storage units, and
reducing a constant current value for charging the

plurality of power storage units.

15. A power storage device, comprising:
a plurality of power storage units each including at least one
battery, the plurality of power storage units being connected in series;
cell balance units connected in parallel to the respective
plurality of power storage units via switches; and
a control unit configured to:
perform control to charge the plurality of power storage units
with a first constant current value, and
when a first power storage unit having a highest voltage among

the plurality of power storage units reaches a first potential;
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connect a first cell balance unit of the cell balance
units to the first power storage unit having the highest
voltage, and
switch a charging current to a second constant current
value smaller than the first constant current value, the first
cell balance unit corresponding to the highest voltage,
when the highest voltage reaches a charging suspension
voltage that is higher than the first potential and is lower than
an overcharging voltage,
suspend the charging, and only the first power storage
unit having the highest voltage is caused to discharge, and
when a voltage of the first power storage unit having the
highest voltage becomes equal to a set voltage as a result of the
discharging,

resume the charging.

16. The power storage device according to claim 15, wherein, when a
lowest voltage among voltages of the plurality of power storage units
becomes equal to or higher than a charging completion voltage, the

charging is completed.

17. The power storage device according to claim 15, wherein each of
the cell balance units includes a switch and a resistor that are
connected in parallel to each corresponding one of the plurality of power

storage units.

18. The power storage device according to claim 15, wherein the battery
included in each of the plurality of power storage units contain a

positive-terminal active material having an olivine structure.

19. A method of controlling a power storage device, the power storage
device including:
a plurality of power storage units each including at least one
battery, the plurality of power storage units being connected in series;
cell balance wunits connected in parallel to the resgpective

plurality of power storage units via switches; and
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a control unit configured to control the cell balance units, the
method comprising:
performing, by the control wunit, control to charge the
plurality of power storage units with a first constant current
value, and
when a first power storage unit having a highest voltage among
the plurality of power storage units reaches a first potential;
connecting a first cell balance unit of the cell balance
units to the first power storage unit having the highest
voltage, and
switching a charging current to a second constant
current value smaller than the first constant current value,
the first cell balance unit corresponding to the highest
voltage,
when the highest voltage reaches a charging suspension
voltage that is higher than the first potential and is lower than
an overcharging voltage,
suspending the charging, and only the first power
storage unit having the highest wvoltage 1is caused to
discharge, and
when a voltage of the first power storage unit having the
highest voltage becomes equal to a set voltage as a result of the
discharging,

resuming the charging.

CA 2923375 2019-08-16



CA 02923375 2016-03-04

SP352313

1117

MMM

R

MM

\
e

MMM

A1

Moo |t

\
o) 7ee

N
|AOW

\
¢AOW

\
€Aaon

0~

\
yAOW

NOW
NIVIN

\
INJI

} Ol




CA 02923375 2016-03-04

SP352313
2/17

FIG. 2

ICNT
\

.
Off  MAIN CONTROLLER j‘\

| POWER STORAGE ]
MOD1 MODULE /

4
POWER STORAGE Al
[/

¢ o o @

SUB
MCU I

MOD2 - MODULE

P TTTTT !

51 UPS |

]

ECU

MAIN MAIN MAIN
MCU MCU MCU
SuB SuUB .. SUB
MCU MCU MCU
SUB SUB SUB
MCU MCU MCU

SUB SUB
MCU MCU




CA 02923375 2016-03-04

SP352313

3/17

=2
O
L

M 1 “
| I
I _ _
“ I L “
w i | !
oo} JOLONTHCD, ohyonohcns e !
| _ W AL _
167 _ _ 1z N "
_ ! HVEEL — i SM | o
! I 9l , , i
NoN | 1 ' | now ] oo Lo
........ gl B L] ans 1 awoion “ T
| .
I I | .
i I -
|
0~ | | 007 I PN
I ! T3 | T _ag
| _ W T —f-
| “ 0/ | §10
MO | ! ' T
T | | 7 | 2910
eze ez "
: | W7 e |
L_1 |
e e e (- ———————— |
IND
................ QoW



CA 02923375 2016-03-04

SP352313

4/17

FIG. 5

Zzab

23

1

CELL
VOLTAGE
MUX

r3

r2

22b
0




CA 02923375 2016-03-04

SP352313

5117
FIG. 6
KS3 /81
PRELIMINARY
RELIMINAR (CHARGING STARTS)
I=1A
*

87

NORMAL CHARGING (ex.: 1 CCHARGING)

e ~S9

CELL BALANCING IS ENABLED ONLY FOR “cell V1”

510

CHARGING CURRENT DECREASES

(ex:0.7C—0.4C—0.1C)

v 511

CHARGING IS CONTINUED

\cellmin > Vf

512
Veellmin=Vf or
Veell n2Vov
VOLTAGE OTHER THAN Vcell V1
>Vn+1

Veell n=Vov

No

~S14

CELL BALANCING IS ENABLED ONLY
FOR CELL THAT HAS REACHED Vn+1

Y S5
(CHARGING IS COMPLETED)

BIvla



CA 02923375 2016-03-04

6/17

FIG. 7

515
CHARGING IS SUSPENDED

SP352313

l‘ ~S16

CELL BALANCING IS ENABLED
ONLY FOR cellov

S17

T

Yes 518

ONLY CELL BALANGING THAT WAS
ON PRIOR TO SUSPENSION OF
CHARGING IS ENABLED




CA 02923375 2016-03-04

SP352313

7117

Uy

JNIL i}

ye Uc

[}
P
N
N =
~
~—
-

¥O 1130 —
—-{ €0M30 ——-
¢OT30 —--
101130 —

09°¢

0L€

08¢

06°€

007y

oLy

Sy
0cy

[A]3DVLIOATI3D



CA 02923375 2016-03-04

SP352313

8/17

Uy ug i m
T ) ) a B
| I ! i
or0 | 010 | |
................. 4__+“m
_ . I OV 0 !
[0 — | |
................. JISN Y3 1 YOS OURUONUN SR S
|| 2010 --- | 0L %
o130 — | |
4 ; _ﬁ _T----l-------l_ ....... A
_ | _
[ | }
_ _ _
| s
1 L
|

09°¢

0L€

08¢

06°€

00y

0Ly

0c'y

[A]IDVLIOATI3D



CA 02923375 2016-03-04

SP352313

9/17

uol U6 ug Uz U9

L
=
-
©
i

0 1130 —
........... X0 Y 1 (0 [ U
| 20130 ——-
| 1D 1130 —
1

—_—— e e e

-4

09°¢

0L°€

08¢

06°€

00Y

0Ly

0y

[A] 39V1I0A 113D



CA 02923375 2016-03-04

SP352313

10/17

Up ye uz uj
JNIL 2 I B R
N
I _ I
...................................................... €0 _ "
!
¥ 1130 ——
...................... €)T130 —-~
201130 —--
10 1130 —

09°¢

0L°€

08¢

06°¢

00t

0y

aly
0cy

[A]3OVLIOATI3D



SP352313

22a
0

A1

CELL
VOLTAGE
MUX

22b
0

M7
FIG. 12
sM

23

CA 02923375 2016-03-04
rM

L

R S,

— s — — e ——— —— e —— . . . 'y ——— e —— . ——— —————— e ——— ——— ——

—_

r3
r2
1




CA 02923375 2016-03-04

12117
FIG. 13
53 51
PRELIMINARY
R MR (CHARGING STARTS)
I=1A
’
Yes
57
NORMAL CHARGING (ex.: 1C CHARGING)
e 59
CELL BALANCING IS ENABLED ONLY FOR “cell V1"
~S10

CHARGING CURRENT DECREASES
(ex:0.7C—0.4C—0.1C)

SP352313

v ST

CHARGING IS CONTINUED
S512°

Veellmin 2 Vf Veellmin 2 Vfor Vceelln2Vmb

Vcelln=2Vmb

No

VOLTAGE OTHER THAN Vcell V1
>Vn+1

514

CELL BALANCING IS ENABLED ONLY
FOR CELL THAT HAS REACHED Vn+1

Y

=z clofli

(CHARGING IS COMPLETED)



CA 02923375 2016-03-04

SP352313
13/17

FIG. 14

ppac

! 519

INTER-MODULE BALANCING IS
ENABLED (CONTINUED)

520

__Vcellmin > V{ No

Veellmin 2 Vf or
Veell n=Vov

l £S5 Veelln>Vov
(CHARGING IS COMPLETED)

515
CHARGING IS SUSPENDED

l‘ 516

CELL BALANCING IS ENABLED
ONLY FOR cellov

e

M S17 No

Yes 518

ONLY CELL BALANCE RESISTANCE
THAT WAS ON PRIOR TO SUSPENSION
OF CHARGING IS TURNED ON




CA 02923375 2016-03-04

SP352313

14/17

ug Uy ye Ue 4l

LLi

=

|——

(9]

el

Rttt

01130 —
...................... €0 1130 ——-
201130 —--
101130 —

]
t
]
1
1
|
1
1
1
]
1
I
[}
1
[l
]
1
1
]
1
]
]
1
]
]
1
]
1
]
]
]
L]
i
1
1
1
1
I
1
1
1
1
[}
|
1
!
I
]
]
]
]
]
]
T
b
]
]
1
I
1
1
1
|
1
-t
1
I
1
1
I
1
1
1
1
]
1
]
[}
[}
1
I
— o — ———— —

09°¢

0L€

08°€

06°¢

00Y

0Ly

0cy

[A]3OVLIOATT3D



CA 02923375 2016-03-04

SP352313

15/17

Uol U6 ug us ug
JNIL 14
“
|
|
|
llllllllllllllllllllllll *Illllllllllllll.Illl.ll.l.ll.lll.lllllllllllI|||||.||lIIIIIIII||I|I|I|||IA
|
! ¥0 1130 —
R EEET SRR €O TTID === b
| 201130 ——-
! 101130 —
|||||||||||||||||||||||| e e m e mm— e — e m e m—m e m — ]
|
|
|
|
|
........................ e e EESE P L L PEL AP ELEEEE P S
WA e
N I
TN ----mmmm e T
c> ........................ .ﬂ!.wﬂhuulhn”nh””“-lllluhlhhlul: T AT M S " —
n_LL> IIIIIIIIIIIIIIIIIIIIIIII ._v|IIIlIIIIIIIIIIIII'I-Illl.hlllllllll||||“lll.ll“nl"lll|ll|lIllllll\liplh.lhlhlllllnlhllrlu\.l.l.!i
>O > IIIIIIIIIIIIIIIIIIIIIIII Tlﬂul“lql o e e e e e T o e e e e i o e s o = 2t 2 o e o e e 2 o o o 2 o = = S o o o o o o e o o

09'¢

0L€

08¢

06°€

00y

0Ly

0y

[A] 39V1I0A 113D



CA 02923375 2016-03-04

SP352313

16/17

00} WALSAS FOVHOLS ¥IMOd

[ |
gl | !
9901~ 090} — _ B90L— ! G50~ 9501~
0b~ | _llﬁzo_%zoo_ EVEREN
TIDAOHOLOW 40 Y9
IBEEE Qe OMLOT JIFLIONOLS iy ILNOSIATTL
[doLvyond)[ Hive |
............... B, I, EEY ,
, ST INLOTT : ONINASNOD H3MO0d
i BN /o
901 211 YUOMLIN NOLLYSON L \F50b  s0L SO
P ——— i o |
N
“ 601 YIOMLIN ¥MOd 430 N Ll
“ o 80— | [ oH0oNS SHomWA
920l — @ol— _ €0l— .
NowvaNao | [nowwyanao| [ Nowwnas "
¥aMOd 4IM0d 43M0d
OMLOTIONGAH| | MVITONN TWVHL
| WALSAS MIMOd ATZNVAINGD \ \ w\ \ \ \
ﬁ )
201 A A

FOIA30 NOILYYINID ¥3IMOd ¥0 1

Z}l Ol

JON3QISH L0




CA 02923375 2016-03-04

SP352313

17117

FIHM 133HM 3ANA
as0z—" INIONT - qp0z
- 102
MOLYYINTO 39IA30 NOISYIANOD
¥3IMOd | 30404 ONIANT
/ i : o
e =~ ALLYE “ €0z
| | |
o [ 80z i
“ _ EREN _
l————L-——- T0MINOD |------ i
_ F10HIA
] ! //
| 607
BS0C~, _ : BY0
! SYOSN3S
ﬁ w _ SNOIMVA _ _
|
TAIHM Y N 01z TA3HW IAA
ONIDUVH) 02
AT/
A1ddNS ¥IMOd TYNYILX3

81 Ol4




oNT
)__—_—__—_-—_———__l;
23 " '
R || 223
o167 -
Ci5-T i |
- il ol i
e el [ e e !
gt fH Y5
G 18 2
!
- B HONTCRMG 10 SUB
o ORCUT Mcu
g A8
I Y 5
h 14 TEMPERATURE }
R 2 i
! GG ‘ COMUGHTON
I
| i o TN, <comuesnon
S i ‘
1 < AT
P 0
|3 COHPERAIR AN
: r
1

MANY 1
MCU

Gl




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - CLAIMS
	Page 40 - CLAIMS
	Page 41 - CLAIMS
	Page 42 - CLAIMS
	Page 43 - CLAIMS
	Page 44 - CLAIMS
	Page 45 - CLAIMS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - REPRESENTATIVE_DRAWING

