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(57) Abstract: An assembled cell system includes an assembled cell (11) including a plurality of cells (11-1...11-n) connected in
series, a voltage detecting unit (12) which detects a voltage of the cell, a setting unit (32) which sets a charging current setting val-
ue so as to lower the charging current setting value of the assembled cell, when at least one of the detected cell voltages reaches a
predetermined charge termination upper limit voltage, and a switch unit (15) which stops the charge, when the lowest cell voltage
is lower than a predetermined charge termination lower limit voltage at a time when at least one of the cell voltages reaches the
charge termination upper limit voltage.
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DESCRIPTTION

CHARGING METHOD FOR AN ASSEMBLED
CELL AND AN ASSEMBLED CELL SYSTEM

Technical Field

The present invention relates to a charging method
for an assembled cell including a plurality of
secondary batteries connected in series and an
assembled cell system.

Background Art

A high energy density secondary battery has been
widely used as a power supply for small information
equipment such as a portable phone and a notebook
personal computer. The secondary batteries are often
connected in series, the number of which corresponds to
a voltage and current necessary for an objective
apparatus or often used as an assembled cell in which
they are connected in series or in parallel. Because a
power supply voltage of the aforementioned small
information equipmentvis about several V to 10V, the
number of series connections in the assembled cell is 1
to 3.

On the other hand; in recent years, application of
the secondary battery to purposes requiring a high
power or high voltage such as household electric
appliances, power tools, assisted bicycles and hybrid

electric vehicles has been expanding rapidly as well as
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the power supply for the information equipment.
Accompanied by this, the nuﬁber of series connections
in the assembled cell is increased, and it is not rare
that 10 or more batteries are connected in series.

A prominent problem in connecting the batteries in
series is a fluctuation between individual batteries
(called cells). The fluctuation includes, for example,
fluctuation in capacity, fluctuation in impedance, and
fluctuation in the state of charge (SOC). A

fluctuation which likely leads to an error of these

“ones is a fluctuation in voltage which is one of the

fluctuations in the SOC.

If batteries having different capacities are
connected in series or a plurality of batteries are
connected under different SOCs, a cell having a higher
voltage or a cell having a lower voltage than the
average is generated in a fully charged state of the
assembled cell. The cell having a higher voltage is
turned into an overcharged state, whereby deterioration
is intensified. If the charge is repeated, the cell
whose deterioration is intensified by the overcharge
has a reduced capacity, so that the overcharge is
progressed, thereby accelerating the deterioration. As
a result, the cycle service life of the assembled
battery is shortened extremely than the service life of
the cell.

Therefore, the assembled cell is demanded to
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control its cells not to be overcharged using a
protective circuit. As well as the overcharging, all
the cells of the assembled cell are preferred to be
controlled not to be within abnormal ranges about other
battery abnormalities such as over-discharging and
overheating.

By the way, as a charge control method for use in
nonaqueous electrolyte secondary battery, constant;
current constant-voltage type is generally used.
According to the constant-current constant-voltage
type, the constant-current charge is carried out until
the battery reaches a full-charge voltage, after which
the constant-voltage charge is executed with the
battery voltage maintained at a certain setting
voltage. According to the constant-current constant-
voltage type, when the cell is charged, the cell
voltage never reaches an overcharge region. Even if a
quick charge is carried out by increasing the charging
current, a time required until the full-charge voltage
is reached is shortened, but no higher voltage is
reached.

On the other hand, if the assembled cell is
charged according to the constant-current constant-
voltage method, the fluctuation in voltage as described
previously is produced. When a feedback control is
carried out to a charging power supply, generally, the

voltage of the assembled cell is controlled to be
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constant under the constant-voltage charge. Therefore,
in any assembled cell in which cells having a low
voltage and cells having a high voltage are connected
in series, the cells having a high voltage reach the
overcharge region.

Ideally, if the control for the constant-voltage
charge can be carried out for all the cells of the
assembled cell, the problem of overcharging due to
fluctuation in voltage never occurs. However, to carry
out the constant-voltage charge for the voltages of all
the cells bf the assembled cell, the following
complicated processings need to be adopted into the
feedback loop for controlling the charge power supply:
(i) measuring the voltages of all the cells, (ii)
selecting the highest cell voltage by comparing
respective cell voltages, (ii1ii) comparing the highest
cell voltage with a reference voltage, and (iv)
controlling the output voltage of the charge power
supply based on the comparison result of (iii). Even
if such a processing can be adopted into the feedback
loop, the feedback loop has a number of unstable
factors in terms of a response speed, stability and
resistance to disturbance such as a noise. For this
reason, a problem exists in reliability and as the
number of cells connected in series in the assembled
cell increases, the circuit configuration becomes

complicated, which is disadvantageous in terms of cost
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and size.

In the assembled cell system for most
applications, the assembled cell and the charger are
provided separately and the assembled cell and the
charger are connected only at the time of charging.
However, complicated feedback information containing
information about all the cell voltages cannot be
traﬁsmitted between the assembled cell and the charger
easily.

The fluctuation in voltage between the cells being
recharged increases as the fluctﬁation in SOC increases
between the cells or the voltage change rate of the ‘
cell voltage with respect to the SOC in the vicinity of
the full charge increases or the charging current
increases. Therefore, if it is attempted to charge
rapidly the assembled cell composed of the ceils having
a characteristic which allows the cell voltage to rise
steeply at an end period of recharging, particularly
those problems become prominent. Because generally,
the assembied cell has the problem about the
fluctuation in voltage among the cells, a charge
inhibit cell voltage is set on a higher voltage side
than the full-charge voltage of the cell. However, if
the fluctuation in voltage among the cells is
increased, part of the cells surpass the charge inhibit
cell voltage during recharging, so that sometime, the

charging is stopped halfway.
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If the assembled cell is charged according to the
constant-current constant-voltage type in order to
avoid such a phenomenon, the setting voltage at the
time of constant voltage charging is set lower than
(full-charge voltage of a cell) x (number of the cells
connected in series). Generally, if the charging
voltage is decreased further, the charge is executed in
a region in which the voltage change with respect to
the SOC is smaller. Thus, even if the same amount of
the fluctuation in SOC is present, the fluctuation in
voltage is decreased. Further, generally the voltage
which the cell reaches is decreased, so that the
voltage margin required until the charge inhibit cell
voltage is reached can be increased. Even if the
fluctuation in voltage occurs, that fluctuation is
produced around voltages lower than the full-charge
voltage which can be recharged on the cell, thereby
lowering a possibility that overcharging may occur.
However, if the setting voltage at the time of the
constant voltage is lowered, a problem that the charge
capacity is limited and a problem that the charge speed
is lowered due to the limited quick charge performance
are produced.

Another charge method which does not limit the
charge capacity or charge speed while avoiding
overcharging due to the fluctuation in voltage has been

disclosed in, for example, JP-A 2005-151683 (KOKAI).
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According to the charge method disclosed in JP-A 2005-
151683 (KOKAI), the entire assembled cell is charged
according to the constant-current method and when any
one of the cells contained in the assembled cell

5 reaches the full-charge voltage, the charging current
is decreased and then the constant-current charge is
continued. By repeating this step to decrease the
charging current step by step, the cells are charged.
According to this charge method, even if the voltage of

10 the cell is fluctuated, the charging current is lowered
when the cell which indicates the highest voltage
reaches the full-charge voltage. It never happens that
all the cell voltages drop and reach the overcharge
voltage at a moment when the charging current drops.

15 Further, if the constant current charge is carried out
with a sufficiently small current value finally, a
charge capacity similar to a case of the constant-
current constant-voltage charge method can be obtained.
Further, by setting the reduction rate of the charging

20 current of each step smaller, a charge speed similar to
the case of the constant-current constant-voltage
method can be obtained.

According to the method disclosed in JP-A 2005-
151683 (KOKAI), even if the voltage of the cell is

25 fluctuated, the charge is continued. For this reason,

even if cells having a much lower voltage than the’

other cells are contained, the charge is never stopped
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due to, for example, internal short-circuiting. The
same thing happens in the case where part of the
assembled cell is heated locally so that the impedance
of part of the cells drops and then, the voltage of the
cells at the time of charge is lowered.

According to the constant-current constant-voltage
method, if there exists a cell having a particularly
low voltage in the assembled cell due to the internal
short-circuiting or overheating, the voltages of the
other cells are necessarily increased. As a result,
the charge is stopped because of the overcharge inhibit
condition. However, the method disclosed in JP-A 2005-
151683 (KOKAI) embraces a new problem that such a
safety mechanism may be inactivated so that a cell
exhibiting an internal short-circuiting problem is
recharged and used as it is and consequently, the
locally heated cell may be heated further by Joule heat
produced by the rapid charging.

An object of the present invention is to provide a
charging method for an assembled cell capable of
executing a quick charge while suppressing overcharging
even if there exists a fluctuation among cells and
assuring a high safety against a large fluctuation in
voltage among the cells due to an abnormality of the
battery such as internal short-circuiting, and an

assembled cell system.
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Disclosure of Invention

According to an aspect of the present invention,
there is provided charging method for an assembled cell
including a plurality of secondary batteries connected
in series, comprising: detecting the cell voltages;
setting a charging current setting value so as to lower
the charging current setting value of the assembled
cell, if at least one of the detected cell voltages
reaches a predetermined charge termination upper limit
voltage; controlling the charging current of the
assembled cell according to the charging current
setting value; and stopping the charge, when a lowest
cell voltage is lower than a predetermined charge
termination lower limit voltage at a time when at least
one of the cell voltages detected reaches the charge
termination upper limit voltage.

Brief Description of Drawings

FIG. 1 is a block diagram showing an assembled
cell system according to an embodiment of the present
invention.

FIG. 2 is a block diagram showing the detail of an
arithmetic operating section of the same embodiment.

FIG. 3 is a flowchart showing a flow of the charge
control of the same embodiment.

FIG. 4 is a diagram showing a charge curve when
the charge is continued with the charge-current setting

value for the constant-current charge decreased step by
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step, according to the same embodiment.

FIG. 5 is a diagram showing a charge curve of a
case where a battery having a lower cell voltage than a
charge termination lower limit exists when the cell
voltage reaches a charge termination upper limit
according to the same embodiment.

Best Mode for Carrying Out the Invention

Hereinafter, an embodiment of the present
invention will be described in detail with reference to
the accompanying drawings.

FIG. 1 shows an assembled cell system according to
an embodiment of the present invention. The assembled
cell system has mainly a battery pack 10 and a charger
20. To charge the battery pack 10, the battery pack 10
and the charger 20 are connected as shown in the same
Figure and to discharge the battery pack 10, both of
them are disconnected and the battery pack 10 is
connected to a load. Although FIG. 1 shows an example
in which the battery pack 10 and the charger 20 are
separated from each other, it is permissible to use an
assembled cell in which both of them are combined as a
power supply system.

The battery pack 10 is equipped with an assembled
cell 11 having a plurality of cells 11-1 to 11-n
connected in series. Although the number of the serial
connections of the assembled cell 11 is 5 in FIG. 1, n

may be an arbitrary number of 2 or more. The section
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indicated with a single battery in FIG. 1 may be of
plural batteries connected in parallel and in that
case, a parallel serial assembled cell is used. The
battery pack 10 further includes a voltage detecting
unit 12, an arithmetic operating unit 13, a
communication unit 14 and a switch circuit 15.

The voltage detecting unit 12 is connected to the
connecting points of all the cells 11-1 to 11-n of the
assembled cell 11 in order to detect the voltage of the
cells 11-1 to 11-n (called cell voltage). If the
assembled cell contains_a parallel connection, the
voltage detecting unit 12 only needs to detect the
voltage at a single position for each group of the
parallel connections because the same group of the
parallel connection has an identical voltage. A
detection result of the voltage detecting unit 12 is
input to the arithmetic operating unit 13.

The arithmetic operating unit 13 determines all
cell voltages detected by the voltage detecting unit 12
and determines a charging current setting value Ic
based on that determine result. If the cell voltage
detected by the voltage detecting unit 12 is abnormal,
the arithmetic operating unit 13 turns off the switch
circuit 15 inserted in between the assembled cell 11
and the charger 20 so as to shut down a charging
current or discharging current forcibly.

The arithmetic operating unit 13 has a cell



WO 2009/119271 PCT/JP2009/054111

10

15

20

25

12

voltage determining unit 31 and a charging current
setting unit 32 as shown in an example of the internal
configuration of FIG. 2. The cell voltage determining
unit 31 determines a cell voltage detected by the
voltage detecting unit 12 using the charge termination
upper limit voltage and charge termination lower limit
voltage determined preliminarily so as to obtain a
determine result. More specifically, the cell voltage
determining unit 31 determines (a) whether or not each
cell voltage reaches its charge termination upper limit
voltage during a charging of the assembled cell 11 and
further, (b) whether or not the lowest cell voltage at
a time when at least one of the cell voltages reaches
the charge termination upper limit voltage is lower
than the charge termination lower limit voltage. The
arithmetic operating unit 13 is constituted of, for
example, a micro controller incorporating an analog-to-
digital converter (ADC) and makes the above-described
judgment after converting the cell voltage detected by
the voltage detecting unit 12 to a digital signal.

If at least a cell voltage reaches the charge
termination upper limit voltage, the charging current
setting unit 32 sets up a charging current setting
value so as to lower the charging current of the
assembled cell 11, based on the determine result (a) of
the cell voltage determining unit 31. Information of

the charging current setting value set in this way is



WO 2009/119271 PCT/JP2009/054111

10

15

20

25

13

transmitted to the charger 20 through the communication
unit 14.

Information about the determine result (b) of the
cell voltage determining unit 31 is transmitted to the
switch circuit 15. If the lowest cell voltage at a
time when at least one of the cell voltages reaches the
charge termination upper limit voltage is lower than
the charge termination lower limit voltage when the
assembled cell is being charged, the switch circuit 15
is turned off so as to stop the charge.

On the other hand, the charger 20 is equipped with
a charge power supply 21, a control unit 28 and a
communication unit 29. The charge power supply 21
includes a primary rectifying circuit 22, a power
switch circuit 23, a high-frequency transformer circuit
24, a secondary rectifying circuit 25, a smoothing
circuit 26 and a current detecting circuit 27 and
produces a charging current under the control of the
control unit 28. The communication unit 29 receives
information on the charging current setting values
transmitted from the battery pack 10 through the
communication unit 14 and transmits it to the control
unit 28.

Not only do the communication units 14 and 29
exchange information about the charging current setting
value but also necessary other information is exchanged

between the battery pack 10 and the charger 20.
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Description of the latter is omitted. The
communication method of the communication units 14 and
29 may be serial communication or parallel
communication of digital data or may be communication
using analog value as it is.

In the case of an assembled cell system in which
the battery pack and charger are integrated, the
communication units 14 and 29 are not always necessary
but if the battery pack 10 and the charger 20 are
separated from each other as shown in FIG. 1, it is
preferable to provide the communication units 14 and
29.

The switch circuit 15 is not always necessary and
information about the determine result (b) of the cell
voltage determining unit 31 is transmitted to the
charging current setting unit 32 and further may be.
transmitted through the communication unit 14 to stop
the charge output of the charger 20.

To describe the charge power supply 21 briefly, in
thé primary rectifying circuit 22, the voltage of an
external AC power supply (for example, commercial AC
power supply) is rectified and a DC voltage obtained
thereby is switched by high frequency in the power
switch circuit 23. The high-frequency voltage produced
by the power switch circuit 23 is transmitted to the
secondary rectifying circuit 25 through the high-

frequency transformer circuit 24 and rectified there.
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An output from the secondary rectifying circuit 25 is
smoothed by the smoothing circuit 26. The current
detecting circuit 27 detects a charging current
produced by the secondary rectifying circuit 25 and the
smoothing circuit 26.

The control unit 28 controls the power switch
circuit 24 according to, for example, pulse width
modulation (PWM) system so that the charging current
detected by the current detecting circuit 27 coincides
with a charging current setting value transmitted from
the battery pack 10. Further, the control unit 28 has
a function of feedback controlling the charging current
based on the output voltage (charging voltage) of the
charge power supply 21 as required.

Next, a detailed flow of the charge control in the
assembled cell system of this embodiment will be
described using the flowchart shown in FIG. 3.

A charge termination upper limit voltage VH and a
charge termination lower limit voltage VL of the cells
11-1 to 11-n which constitute the assembled cell 11 are
set in the cell voltage determining unit 31. The
charge termination upper limit voltage VH is a
preferable upper limit cell voltage at the time of
stopping the charge and called just charge termination
voltage. The charge termination lower limit voltage VL
is a lower limit cell voltage at the time of stopping

the charge.
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Assuming that the charging current setting value
is Ici andi the larger i, the smaller the charging
current setting value, the charging current setting
unit 32 of the arithmetic operating unit 13 sets up i =
1 (step S101) and after step $102 described later is
passed, sets Ici to Icl (step $103). Information of
the charging current setting value Icl set in this way
is transmitted to the charger 20 from the battery pack
10 so as to start the constant current charge to the
assembled cell 11 (step S104).

The voltage detecting unit 12 detects a cell
voltage Vcell in a short cycle of, for example, several
msec to several seconds (step S105) and data of the
detected cell voltage Vcell is input to the arithmetié
operating unit 13. The arithmetic operating unit 13
determines each cell voltage detected by the cell
voltage determining unit 31 by comparing it with the
charge termination upper limit voltage VH (step S106).

If it is determined that at least one cell voltage
of the respective cell voltages reaches the charge
termination upper limit voltage VH in step S106, the
charging current setting unit 32 increments i by 1
(step S108) and sets a charging current setting value
Ic2 smaller by 1 step than Icl. Information on the
charging current setting value Ic2 set in this manner
is transmitted from the battery pack 10 to the charger

20, thereby continuing the constant current charge
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(step S104).

If the charging current setting value Ici drops in
this way and it is determined that the charging current
setting value Ici has reached a minimum charging
current Icmin in this process in step S102, the charge
of the assembled cell 11 is terminated. The
termination of the charge may be determined not only by
the Ici but also according to other standard (or
condition) such as when the total charging time exceeds
a predetermined time. The predetermined value of the
Ici may be stored as a table by the arithmetic
operating unit 13 or a different value may be set up
each time depending on a detected cell voltage Vcell.

If at least one cell voltage Vcell reaches the
charge termination upper limit voltage VH in step S106,
whether or not at least one of other cell voltages at
that time (when at least one cell voltége Vcell reaches
VH) reaches the charge termination lower limit voltage
VL is checked (step S107). 1If a result of step S107 is
YES, the switch circuit 15 is turned off to terminate
the charge without proceeding to the constant-current
charge using a next charging current setting value by
incrementing i.

After i is incremented by 1 in step 108, the
charging current setting unit 32 sets up a charging
current setting value Ici smaller by a step than a

previous charging current setting value (Ici-1) in step
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S103. At this time, the charging current setting value
Ici may be decreased as the difference between the cell
voltages (fluctuation in voltage) at a time when the
cell voltage reaches the charge termination upper limit
voltage VH is increased.

According to this embodiment, addition of the
processing of step $107 is a prominent point. By
adding the processing of step S107, a high safety
against a large fluctuation in cell voltage due to an
abnormality of the battery such as internal short-
circuiting can be secured.

FIGS. 4 and 5 show a charge curve of the assembled
cell of this embodiment, while its abscissa indicates
the capacity and the ordinate indicates the cell
voltage and charging current. FIG. 4 expresses a state
of continuing the charge while reducing the charging
current setting value Ici of the constant current
charge by step like Icl —» Ic2 — Ic3 — Ic4d —» Icd —
Ic6 — Ic7 —> Ic8. That is, if the cell voltage Vcell
reaches the charge termination upper limit voltage VH
when the constant current charge is béing carried out
under each charging current setting value Ici, the
charging current setting value is lowered by a step and
then the constant current charge is executed. Then,
this processing is repeated.

FIG. 4 shows an example of the case where all the

cell voltages exceed the charge termination lower limit
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voltage VL when a certain cell voltage reaches VH at
all the charging current setting values Icl to Ic8. On
the other hand, FIG. 5 shows an example in which an
individual battery having a cell voltage lower than the
VL (for example, Vcellb) exists when a certain cell
voltage (for example, cell voltage Vcelll) reaches VH.
The phenomenon of FIG. 5 occurs when there exists a
large fluctuation in cell voltage due to an abnormality
of the battery such as the internal short-circuiting.

According to this embodiment, if a cell voltage
lower than the VL exists when a certain cell voltage
reaches VH, the result of step S107 of FIG. 3 turns to
YES and at that point, the charge is stopped. Thus, it
never happens that an individual battery exhibiting
internal short-circuiting is recharged or a locally
overheated battery is heated more by the Joule heat by
the quick charge, thereby ensuring a high safety.

To detect an existence of any abnormal battery in
which internal short-circuiting is produced by a
fluctuation in voltage caused by the fluctuation in
SOC, it is permissible to monitor the fluctuation in
the voltage of the cell simply and when a difference
between a maximum value and a minimum value exceeds a
specified value, determine that an abnormality exists.
However, generally an assembled cell composed of
nonaqueous electrolyte secondary battery is preferred

to be in a condition that the SOC is satisfied 100% on
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the full-charge side in terms of preventing
overcharging of each ceil. If such an assembled cell
is constructed, it is preferable to determine the
fluctuation in SOC on the charge side, not on the
discharge side. The fluctuation in SOC depending on a
fluctuation in voltage can be detected at a higher
sensitivity and accuracy as the voltage change rate
with respect to the battery capacity is intensified.
For example, if the voltage measuring accuracy is

+10 mV and the voltage change rate with respect to the
battery capacity is 20 (mV/%SOC), 1% fluctuation in SOC
can be detected. Generally, in the nonaqueous
electrolyte secondary battery, the voltage change rate
is the largest near 0% and near 100% in SOC.

Therefore, as in this embodiment, it is most preferable
to determine whether or not there exists any cell whose
SOC is fluctuated largely due té the internal short-
circuiting, depending on whether or not there exits any
cell having a voltage lower than the charge termination
lower limit voltage when at least one of the cells
reaches the charge termination upper limit voltage
during charging.

In this embodiment, preferably, the charging
current setting unit 32 is so constructed that the
maximum charging current setting value of the assembled
cell 11 is set higher than 10C. (1C is equivalent to

the current to discharge a battery from 100%SOC to
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0%S0OC in an hour.) As the initial charging current
setting value Icl is increased, the SOC at a time when
the cell voltage initially reaches VH is decreased.
Conversely, as the Icl is decreased, the SOC at a time
when the cell voltage initially reaches VH is
intensified, turning to a state near the full charge.
In this embodiment, for the charge to be terminated
when there occurs a fluctuation in cell voltage due to
an abnormality of the battery such as the internal
short-circuiting, it is nécessary for at least one cell
voltage to reach VH to produce the aforementioned step
S107. Therefore, if there exists an abnormal battery,
as the Icl is decreased, the charge is terminated in a
state nearer the full charge. If the Icl is 10C or
more, the charge can be terminated before tHe SOC comes
near 100%, which is preferable.

Further, in the individual batteries 11-1 to 11-n
of this embodiment, if the constant current charge of
1C current is executed under an environment of 25C, it
is preferable that a voltage change rate Al (V/%S0C)
(S0C is a charge capacity ratio with respect to the
full-charge capacity of the individual battery) with
respect to a battery capacity when the charge
termination upper limit voltage VH is reached is larger
than 20 (mV/%S0C).

As described previously, the voltage change rate

Al with respect to the battery capacity when the charge
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termination upper limit voltage VH is reached
corresponds to the sensitivity upon detecting the
fluctuation in SOC by the fluctuation in voltage and
the change rate of Al = 20 (mV/%SOC) corresponds to a
difference in voltage of 200 mV when the SOC is
fluctuated by 10%. 1In an actual assembled cell, even
if A1 = 20 (mV/%$SOC), the battery whose SOC is
fluctuated to a low level does not reach the charge
termination upper limit voltage VH. As a result, a
difference in voltage between the VH and the lowest
battery voltage is smaller than 200 mV. However, if
A1>20 (mV/%SOC), a small fluctuation in SOC due to
minute internal short—ciécuiting can be detected
securely, which is preferable.

Hereinafter, specific examples of the embodiment
will be described. However, the present invention is
not restricted to the following examples.

(Example 1)

Conducting material and binder were mixed up using
lithium cobalt oxide (LiCoOy) as a positive electrode
active material, after which this mixture was dispersed
in n-methylpyrrolidone (NMP) to prepare positive
electrode slurry. This positive electrode slurry was
applied to an aluminum foil having a thickness of 15 pum
(purity: 99.99 wt.%), dried and pressed to produce a
positive electrode.

On the other hand, conducting material and binder
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were mixed up using lithium titanate (LiygqTigOq12) as a
negative electrode active material, after which this
mixture was dispersed in n-methylpyrrolidone (NMP) to
prepare negative electrode slurry. This negative
electrode slurry was applied to an aluminpm foil having
a thickness of 15 pm (purity: 99.99 wt.%), dried and
pressed to produce a negative electrode.

Next, by repeating the procedure of (i) disposing
a separator made of a belt-like polyethylene porous
film having a thickness of 20 um laterally, (ii)
placing a strip-like cut positive electrode piece on
the left end of the separator, (iii) folding back the
separator to the left along the right end of the
positive electrode piece, (iv) placing a strip-like cut
negative electrode piece on the separator and (v)
folding back the separator to the right along the left
end of the negative electrode piece, 31 positive
electrodes and 30 negative electrodés were stacked
across the separators so as to produce a power
generating element.

After the produced power generating element was
pressed into a defined shape, the positive electrode
terminal and positive electrode piecies, the negative
electrode terminal and negative electrode piecies were
connected respectively. The power generating»element
was sealed into a laminated sheath and nonaqueous

electrolyte was poured therein so as to produce a flat
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nonaqueous electrolyte secondary battery (individual
battery) having a capacity of 3 Ah. The charge
termination upper limit voltage VH1 was 2.8V and the
voltage change rate Al (V/%SOC) with respect to the
battery capacity when the full charge is reached (SOC
is a charge capacity ratio with respect to the full-
charge cépacity of the battery) was 150 (mV/%SOC).

Five individual batteries were prepared and each
battery was charged according to the constant-current
constant-voltage charge method of 1C2.8V until the
charging current reached 0.05C. After that, the five
individual batteries were connected in series and a
voltage measuring terminal was taken out from the
connecting unit of each battery so as to produce an
assembled cell and an assembled cell system as shown in
FIG. 1. The SOC of each battery turned into the
initial state in which it was satisfied 100% when the
assembled cell was fully charged. The charging current
setting values Icl, Ic2, -+ Icl2 were set to 12C, 11C,
1C'and the minimum charging current was set to Icmin =
1C and the charge termination lower limit voltage was
set to VL = 2.45V.

(Example 2)

"As in Example 1, a cell was produced and then, the
assembled cell and assembled cell system as shown in
FIG. 1 were produced. The charging current setting

values Icl, Ic2, - Icb were set to 12C, 10C, -+ 2C and
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the minimum charging current was set to Icmin = 2C and
the charge termination lower limit voltage was set to
VL = 2.45V.

(Example 3)

As in Example 1, a cell was produced and the
assembled cell and assembled cell system as shown in
FIG. 1 were produced. An initial charging current
setting value Icl was set to 12C, second and following
charging current setting values were set to Ici, Ici=
Ici - 1 x Vmin/VH x 0.95, the minimum charging current
was set to Icmin = 1C and the charée termination lower
limit voltage was set to VL = 2.45V. The Vmin is
assumed to be a lowest cell voltage when at least a
cell voltage reaches VH. According to Example 3, as
described above, when a charging current setting value
Ici smaller than the previous charging current setting
value (Ici - 1) by a step is set up, the charging
current setting value Ici is decreased as a difference
between the cell voltages at the time when the cell
voltage reaches the charge termination upper limit
voltage VH is increased.

(Comparative Example 1)

As in Example 1, a cell was produced and the same
assembled cell and assembled cell system as shown in
FIG. 1 were produced. Although Icl, Ic2, - Icl2 were
set to 12C, 11C, -+ 1C and the minimum charging current

was set to Icmin = 1C, no charge termination lower
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limit voltage VL was set up in the arithmetic operating
unit 13.

(Comparative Example 2)

As in Example 1, a cell was produced and the same
assembled cell and assembled cell system as shown in
FIG. 1 were produced. The constant-current constant-
voltage charge of 12C, 14V was performed in the charger
20 and the charge was terminated at a moment when the
charging current was reduced to 1C. If the cell
voltage exceeds an overcharge region of 2.9V, the
charging was inhibited.

(Comparative Example 3)

As in Example 2, a cell was produced and the same
assembled cell and assembled cell system as shown in
FIG. 1 were produced. The constant-current constant-
voltage of 12C, 13V was performed in the charger 20 and
the charge was terminated at a moment when the charging
current was reduced to 1C. 1If the cell voltage exceeds
an overcharge region of 2.9V, the charging was
inhibited.

About the assembled cell systems of Examples 1 to.
3 and Comparative Examples 1 to 3, the quick»charge
test described in (1) to (5) below was performed to
measure a charge capacity, a charge time up to 80%S0C
with respect to the full-charge capacity and a highest
temperature of the cell surface for comparison thereof.

Prior to the quick charge test, each cell was charged



WO 2009/119271 PCT/JP2009/054111

10

15

20

25

27

according to the constant-current constant-voltage
charge method of 1C, 2.8V always under 25°C until the
charéing current reached 0.05C so as to achieve
SOC100%. By a method in which the constant-current
discharge was performed with 10C and the discharge was
terminated when the lowest value of the cell voltage
reached 1.8V, the entire assembled cell system was
turned into discharge state.

1) Charging was performed according to the
previously described set charge method under an
environmental temperature of 25°C for each example and
Comparative Example.

2) After only second and third cells (l1—2, 11-3)
were discharged by only 20 mAh using a constant current
of 0.2C under an environmental temperature of 25C,
they were recharged according to the above-described
set charging method for each example and Comparative
Example.

3) After only second and third cells (11-2, 11-3)
were discharged by only 100 mAh using a constant
current of 0.2C under an environmental temperature of
25°C, they were recharged according to the above
described set charging method for each example and
Comparative Example.

4) After only second and third cells (11-2, 11-3)
were discharged by only 300 mAh using a constant

current of 0.2C under an environmental temperature of
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25°C, they were recharged according to the above
described set charging method for each example and
Comparative Example.

5) After a resistor of 2Q was connected in close
contact with and in parallel to a third cell (11-3)
under an environmental temperature of 25C, it was
recharged according to the above-described set charging
method for each example and Comparative Example. This
aims at simulating a situation in which the third cell
11-3 is suddenly short-circuited internally so that
current flows while heat is produced.

Table 1 shows a charge capacity, highest surface
temperature of the cells and charging time up to SOC80%
based on full—charge capacity under each of the above-

mentioned (1) to (5) are regarded as standard.
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In a state having little fluctuation among cells
as shown in the condition (1), normal quick charge was
possible in each Example and Comparative Example.
However, because in Comparative Example 3, the constant
voltage at the time of charging was low and current
converged more quickly than other examples, a longer
80% charging time was necessary.

In a state having a little fluctuation among cells
as shown in the condition (2), substantially the same
normal quick charge as the condition (1) was possible
except in Comparative Example 2. 1In Comparative
Example 2, the fluctuation in cell voltage was expanded
at an end period of the charge, so that some cell
reached 2.9V and the charge was not continued until the
charging current was dropped to 1C.

In a state in which the fluctuation among cells
was expanded further as shown in the condition (3),
there was no change in charge capacity and speed in
Examples 1 to 3 and Comparative Example 1 which handle
the constant current and decrease the current step by
step. On the other hand, in Comparative Example 2, the
charge was not continued up to an end, and as a result,
substantially the same effect as the condition (2) was
obtained in Comparative Example 3.

Under a condition having a very large fluctuation
among cells (10% with respect to SOC) as shown in the

condition (4), an actual assembled cell system can cope
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with a situation having a possibility of any cell
abnormality. In Examples 1 to 3, the charge could be
stopped halfway because there existed a cell which
indiéated a véltage lower than the charge termination
lower limit voltage VL. On the other hand, in
Comparative Examples 2 and 3, the overcharge
termination upper limit voltage 2.9V was reached at an
earlier stage than the condition (3) and the charge was
terminated. In Comparative Example 1, the charge was
continued as in the conditions (1) to (3).

In Examples 1 to 3, there existed a cell which
indicated a voltage lower than the charge termination

lower limit voltage VL even under a condition having a

large fluctuation among cells and a large heat

generation as shown in the condition (5). As a result,
the charge could be stopped at a stage having a small
temperature ;ise. On the other hand, in Comparative
Examples 2 and 3, the overéharge termination upper
limit voltage of 2.9V was reached at an early stage
than the condition (4) and then, the charge was
terminated. ‘Comparative Example 1 indicated the
highest temperature becaﬁse the charge was continued
like the conditions (1) to (4).

Additional advantages and modifications will
readily océur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

the specific details and representative embodiments
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shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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CLAIMS

1. A charging method for an assembled cell
including a plurality of secondary batteries connected
in series, comprising:

detecting the cell voltages;

setting a charging current setting value so as to
lower the charging current setting value of the
assembled cell, if at least one of the detected cell
voltages reaches a predetermined charge termination
upper limit voltage;

controlling the charging current of the assembled
cell according to the charging current setting value;
and

stopping the charge, when a lowest cell voltage is
lower tban a predetermined charge termination lower
limit voltage at a time when at least one of the cell
voltages detected reaches the charge termination upper
limit voltage.

2. The method according to claim 1, further
comprising determining the detected cell voltages using
the charge termination upper limit voltage and the
charge termination lower limit voltage.

3. The method according to claim 1, wherein
setting of the charging current setting value is
repeating a processing of lowering the charging current
setting value until the charging current setting value

reaches a predetermined minimum charging current.
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4. The method according to claim 1, wherein
setting of the charging current setting value is
repeating a processing of lowering the charging current
setting value until the charging time of the assembled

5 cell reaches a predetermined time.

5. The method according to claim 1, wherein in
the setting of the charging current setting value, the
charging current setting value is decreased as a
difference between the cell voltages at a time when at

10 least one of the detected cell voltages reaches the
charge termination upper limit voltage is increased.

6. An assembled cell system comprising:

an assembled cell including a plurality of cells
connected in series;

15 a voltage detecting unit which detects a voltage
of the cell;

a setting unit which sets a charging current
setting value so as to lower the charging current
setting value of the assembled cell, when at least one

20 of the detected cell voltages reaches a predetermined
charge termination upper limit voltage; and

a switch unit which stops the charge, when the
lowest cell voltage is lower than a predetermined
charge termination lower limit voltage at a time when

25 at least one of the cell voltages reaches the charge
termination upper limit voltage.

7. The system according to claim 6, further



WO 2009/119271 PCT/JP2009/054111

10

15

20

25

35

comprises a determining unit which determines the
detected cell voltage using the charge termination
upper limit voltage and the charge termination lower
limit voltage;

8. The system according to claim 6, further
comprises a control unit which controls the charging
current of the assembled cell based on the charging
current setting value.

9. The system according to claim 6, wherein the
setting unit is repeating a processing of lowering the
charging current setting value until the charging
current setting value reaches a predetermined minimum
charging current.

'10. The system according to claim 6, wherein
setting unit is repeating a processing of lowering the
charging current setting value until the charging time
of the assembled cell reaches a predetermined time.

11. The system according to claim 6, wherein the
setting unit is configured to decrease the charging
current setting value as a difference between the cell
voltages at a time when at least one detected cell
voltage reaches the charge termination upper limit
voltage is increased.

12. The system according to claim 6, wherein the
setting unit is configured to set the maximum charging
current setting value of the assembled cell to 10C or

higher.
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13. »The system according to claim 6, wherein,
when a constant current charge of 1C is carried out
under an environment of 25°C, the cell is so configured
that a voltage change rate Al (V/%SOC) (SOC is a charge
capacity ratio with respect to the full-charge capacity
of the cell) with respect to the battery capacity at a
time when the charge termination upper limit voltage is
reached is larger than'20 (mV/%$S0C) .

14. The system according to claim 6, wherein the
cell has a negative electrode containing lithium
titanate.

15. The system acéording to claim 6, further
comprising:

a battefy pack incorporating the assembled cell,
the voltage detecting unit and the setting unit; and

a charger including a charge power supply to
charge the assembled cell and controlled by the control
unit.

16. The system according to claim 15, wherein the
battery pack further incorporates a determining unit
which determines the detected cell voltage using the
charge termination upper limit voltage and the charge
termination lower limit voltage. -

17. The system according to claim 15, wherein the
charger further includes a control unit which controls
the charging current of the assembled cell based on the

charging current setting value.
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18. The system according to claim 15, further
comprising a communication unit which transmits
information indicating the charging current setting

value to the control unit.
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