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1
CONTROL DEVICE AND METHOD AND
POWER SUPPLY DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Priority
Patent Application JP 2010-198142 filed in the Japan Patent
Office on Sep. 3, 2010, the entire contents of which are hereby
incorporated by reference.

BACKGROUND

The present application relates to a control device and
method and a power supply device and, in particular, to a
control device and method and a power supply device capable
of reducing a charging time.

In related art, in a charging method of charging a plurality
of cell blocks connected in series, the voltage of each cell
block is detected, and a cell block with a voltage equal to or
larger than a specified voltage is discharged, thereby charging
the plurality of cell blocks with a cell balance.

In such control referred to as cell balance control, it is
desired to equalize the voltages of all cell blocks and balance
them in an ideal state for charging.

A related-art method of cell balance control is to continue
charging for a predetermined time when the voltage of a cell
block becomes equal to or larger than a predetermined volt-
age, and then discharge only the relevant cell block (for
example, refer to Japanese Unexamined Patent Application
Publication No. 2005-176520).

Another method is to stop the charging of the entire system
when the voltage of a cell block exceeds a predetermined
voltage and start the discharging of the relevant cell block (for
example, refer to Japanese Unexamined Patent Application
Publication No. 2002-58170).

SUMMARY

In the method disclosed in Japanese Unexamined Patent
Application Publication No. 2005-176520, since each cell
block is independently controlled, the voltage of a discharge
target cell block and the voltage of a charge target cell block
may become equal to each other during cell balance control,
but this situation is neglected and discharging and charging
continue. Here, even if continuous charging is stopped for a
predetermined period when the voltage becomes equal to or
larger than a predetermined voltage, the control becomes
such as depicted in FIG. 7 (in the method disclosed in Japa-
nese Unexamined Patent Application Publication No. 2005-
176520, the control is further prolonged than in FIG. 7). That
is, even though there is a moment when a cell balance can be
made, the control does not actively make a cell balance. As a
result, it takes some time to make a balance in voltage of each
cell block.

Moreover, the method disclosed in Japanese Unexamined
Patent Application Publication No. 2002-58170 adopts a
technique in which discharging of the relevant cell block is
started after charging of the entire system is stopped. There-
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2

fore, this technique is different from a technique in which
only the relevant block is discharged while charging of the
system is being continued.

It is desirable to be able to reduce a charging time with cell
balance control when a plurality of cell blocks connected in
series are charged.

A control device according to an embodiment includes a
controller causing a plurality of cell blocks each configured of
one or plurality of secondary battery cells and connected in
series to be charged with a cell balance, and the controller
includes a detector detecting a voltage of each of the cell
blocks, an updater sequentially updating a maximum voltage
of the detected voltage of each of the cell blocks, and a
discharger discharging a cell block among the plurality of cell
blocks, the cell block with a voltage range between the
detected voltage and the updated maximum voltage within a
discharge target voltage range defined in advance.

The controller performs cell balance control so that a volt-
age range between a maximum voltage and a minimum volt-
age of each cell block detected is within a specified voltage
range defined in advance.

The discharge target voltage range and the specified volt-
age range have a relation of the specified voltage range the
discharge target voltage range.

The controller stops charging of the plurality of cell blocks
when the detected voltage of each cell block becomes equal to
or larger than a specified maximum voltage defined in
advance.

According to another embodiment, in a control method of
a control device including a controller causing a plurality of
cell blocks each configured of one or plurality of secondary
battery cells and connected in series to be charged with a cell
balance, the controller detects a voltage of each of the cell
blocks, sequentially updates a maximum voltage of the
detected voltage of each of the cell blocks, and discharges a
cell block among the plurality of cell blocks, the cell block
with a voltage range between the detected voltage and the
updated maximum voltage within a discharge target voltage
range defined in advance.

In the control device and its control method according to
the embodiments, a voltage of each of the cell blocks is
detected, a maximum voltage of the detected voltage of each
of the cell blocks is sequentially updated, and a cell block
with a voltage range between the detected voltage and the
updated maximum voltage within a discharge target voltage
range defined in advance among the plurality of cell blocks is
discharged.

A power supply device according to still another embodi-
ment includes a plurality of cell blocks each configured of one
or plurality of secondary battery cells and connected in series,
charging means for charging the plurality of cell blocks, and
control means for causing the plurality of cell blocks to be
charged with a cell balance, and the control means includes
detecting means for detecting a voltage of each of the cell
blocks, updating means for sequentially updating a maximum
voltage of the detected voltage of each of the cell blocks, and
discharging means for discharging a cell block among the
plurality of cell blocks, the cell block with a voltage range
between the detected voltage and the updated maximum volt-
age within a discharge target voltage range defined in
advance.

In the power supply device of the still other embodiment, a
voltage of each of the cell blocks is detected, a maximum
voltage of the detected voltage of each of the cell blocks is
sequentially updated, and a cell block with a voltage range
between the detected voltage and the updated maximum volt-
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age within a discharge target voltage range defined in advance
among the plurality of cell blocks is discharged.

According to the embodiments, the charging time can be
reduced.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Description
and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a diagram of the structure of a power supply
device according to an embodiment;

FIG. 2 is a flowchart for describing details of cell balance
control;

FIG. 3 is a diagram of the result of a first simulation (with
a discharge target voltage range of 20 mV and the same
impedance);

FIG. 4 is a diagram of the result of a second simulation
(with a discharge target voltage range of 30 mV and the same
impedance);

FIG. 5 is a diagram of the result of a third simulation (with
a discharge target voltage range of 20 mV and different
impedances);

FIG. 6 is adiagram of the result of a fourth simulation (with
a discharge target voltage range of 0 mV and different imped-
ances); and

FIG. 7 is a diagram of voltage characteristics with cell
balance control in related art.

DETAILED DESCRIPTION

Embodiments of the present application will be described
below in detail with reference to the drawings.

Example of the Structure of the Power Supply Device

FIG. 1 is a diagram of the structure of a power supply
device according to an embodiment.

A power supply device 1 is, for example, an uninterruptible
power supply (UPS). As depicted in FIG. 1, this power supply
device 1 includes a control circuit 11, a discharge circuit 12,
cell blocks 13-1 to 13-N, and a charge switch 14. Also, the
power supply device 1 is removably mounted on a charge
power supply unit 2, with a + terminal 15-1 and a - terminal
15-2 electrically in contact with a + terminal and a - terminal
of the charge power supply unit 2.

Power from the charge power supply unit 2 is supplied via
its terminals to the cell blocks 13-1 to 13-N connected in
series. The cell blocks 13-1 to 13-N are charged by the power
from the charge power supply unit 2. Note that, in the descrip-
tion below, the cell blocks 13-1 to 13-N are simply referred to
as cell blocks 13 when they are not particularly differentiated
therebetween.

Each of the cell blocks 13 is configured of a rechargeable
secondary battery cell, such as a lithium-ion battery, a nickel
metal hydride battery, or a nickel-cadmium battery. That is,
the cell block 13 is configured of a set of one or plurality of
secondary battery cells connected in series or parallel.

The control circuit 11 causes the cell blocks 13-1 to 13-N
connected in series to be charged with a cell balance. The
control circuit 11 is provided with ADCs 21-1 to 21-N corre-
spondingly to the cell blocks 13-1 to 13-N. With the ADCs
21-1 to 21-N, the voltages of corresponding ones of the cell
blocks 13 are detected. Based on the results of detecting the
voltages of the cell blocks 13 by the ADCs 21-1 to 21-N, the
control circuit 11 supplies the discharge circuit 12 with a
control signal for controlling ON/OFF of switching elements
31-1 to 31-N of the discharge circuit 12.
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To the cell blocks 13-1 to 13-N connected in series, dis-
charge circuits (in FIG. 1, discharge circuits respectively
corresponding to the cell blocks 13-1 to 13-N are collectively
referred to as the discharge circuit 12) are respectively con-
nected in parallel.

For example, a discharge circuit including the switching
element 31-1, a discharge resistor 32-1, and a resistor 33-1 is
connected to the cell block 13-1 in parallel. In this discharge
circuit, the switching element 31-1 and the discharge resistor
32-1 are connected in series, and the switching element 31-1
performs an ON/OFF switching operation in response to a
control signal supplied from the control circuit 11 via the
resistor 33-1. With this, when the switching element 31-1 is
switched from OFF to ON in response to the control signal
from the control circuit 11, the voltage of the cell block 13-1
connected thereto is discharged by the discharge resistor
32-1.

Also, each of the discharge circuits connected in parallel to
the cell blocks 13-2 to 13-N is configured similarly to the
discharge circuit connected in parallel to the cell block 13-1
described above. That is, in response to a control signal from
the control circuit 11, the discharge circuit 12 causes the
switching elements 31-1 to 31-N to perform a switching
operation, thereby causing a corresponding one of the dis-
charge resistors 32-1 to 32-N to discharge a predetermined
corresponding cell block 13 among the cell blocks 13-1 to
13-N connected in series.

Also, based on the results of detecting the voltages of the
cell blocks 13-1 to 13-N by the ADCs 21-1 to 21-N, when a
predetermined cell block 13 among the cell blocks 13-1 to
13-N has a voltage equal to or larger than a predetermined
voltage, the control circuit 11 supplies the charge switch 14
with a control signal for turning the charge switch 14 OFF.

In response to the control signal supplied from the control
circuit 11, the charge switch 14 performs an ON/OFF switch-
ing operation. That is, when the charge switch 14 is turned
ON, the power from the charge power supply unit 2 is sup-
plied to the cell blocks 13-1 to 13-N connected in series to
charge the cell blocks 13-1 to 13-N. On the other hand, when
the charge switch 14 is switched from ON to OFF inresponse
to the control signal from the control circuit 11, supply of the
power from the charge power supply unit 2 is stopped, and
therefore charging of the cell blocks 13-1 to 13-N is stopped.

As such, the charge switch 14 is controlled by the control
circuit 11 to switch between charging and discharging of the
cell blocks 13-1 to 13-N. That is, the control circuit 11 and the
charge switch 14 function as a charge circuit.

The power supply device 1 is so configured as described
above.

Cell Balance Control

Next, with reference to a flowchart of FIG. 2, cell balance
control to be performed by the control circuit 11 of FIG. 1 is
described in detail.

In the power supply device 1, when charging of the cell
blocks 13-1 to 13-N starts (step S11), the voltages of the
corresponding cell blocks 13-1 to 13-N are detected by the
ADCs 21-1 to 21-N in the control circuit 11 (step S12).

At step S13, the control circuit 11 determines whether a
maximum voltage of voltages detected by the ADCs 21-1 to
21-N is equal to or larger than a specified maximum voltage.

This specified maximum voltage is set in advance so that
the voltage of the cell block 13 does not become equal to or
larger than the specified voltage. As an example of the speci-
fied maximum voltage, 3.6 V is set. In this case, a cell block
13 with a voltage equal to or larger than 3.6 V is regarded as
being at overvoltage.
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At step S13, when it is determined that the maximum
voltage is smaller than the specified maximum voltage, the
procedure returns to step S12, and detection of the voltages of
the cell blocks 13-1 to 13-N being charged continues.

With the cell blocks 13-1 to 13-N being charged, when it is
determined at step S13 that the maximum voltage of the
detected voltages of the cell block 13 is equal to or larger than
the specified maximum voltage, the procedure goes to step
S14.

At step S14, the control circuit 11 determines whether a
voltage range between the maximum voltage and a minimum
voltage of the voltages detected by the ADCs 21-1 to 21-N is
equal to or larger than a specified voltage range.

This specified voltage range is a voltage range determined
by specifications of the product or the like. In cell balance
control, control is performed so that the voltage range
between the detected maximum voltage and minimum volt-
age is within the specified voltage range. As an example of the
specified voltage range, 30 mV is set.

When it is determined at step S14 that the voltage range
between the detected maximum voltage and the minimum
voltage is equal to or larger than the specified voltage range,
a cell balance has been lost. Therefore, the control circuit 11
starts cell balance control at step S15. Upon starting cell
balance control, the control circuit 11 determines whether a
cell block 13 with a voltage range between the detected volt-
age and the maximum voltage within a discharge target volt-
age range is present among the cell blocks 13-1 to 13-N
whose voltages are detected by the ADCs 21-1 to 21-N.

Here, the discharge target voltage range is a voltage range
set for taking a cell block 13 with a voltage within a prede-
termined voltage range from the maximum voltage as a dis-
charge target, where the maximum voltage is set as a refer-
ence voltage. As an example of the discharge target voltage
range, 20 mV or 30 mV is set. When the maximum voltage is
3.6 V and the discharge target voltage range is 20 mV, cell
blocks 13 with a voltage within a range 0f3.6 Vt03.58 V (3.6
V-20 mV) are discharged.

When it is determined at step S16 that no cell block 13 with
a voltage range from the maximum voltage within the dis-
charge target voltage range is present, the procedure goes to
step S17. At step S17, the control circuit 11 causes only the
cell block 13 with the maximum voltage to be discharged.

For example, when the cell block 13-1 has a maximum
voltage among the cell blocks 13-1 to 13-N, the control circuit
11 supplies the switching element 31-1 with a control signal
for turning the switching element 31-1 ON to discharge the
cell block 13-1. Then, the switching element 31-1 is turned
ON in response to the control signal from the control circuit
11, and power charged in the cell block 13-1 is converted to
heat by the discharge resistor 32-1. As a result, the voltage of
the cell block 13-1 as the maximum voltage can be reduced.

On the other hand, when it is determined at step S16 that a
cell block 13 with a voltage range from the maximum voltage
within the discharge target voltage range is present, the pro-
cedure goes to step S18. At step S18, the control circuit 11
causes all cell blocks 13 with a voltage range from the maxi-
mum voltage within the discharge target voltage range to be
discharged.

For example, when the cell blocks 13-2 and 13-3 each have
a voltage range from the maximum voltage within the dis-
charge target voltage range among the cell blocks 13-1 to
13-N, the control circuit 11 supplies the switching elements
31-2 and 31-3 with a control signal. Then, the switching
elements 31-2 and 31-3 are each turned ON in response to the
control signal from the control circuit 11, and the power
charged to the cell blocks 13-2 and to 13-3 is converted to heat
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by the discharge resistors 32-2 and 32-3, respectively. Also,
when the cell block 13-1 is at the maximum voltage, the
control circuit 11 controls the switching element 31-1 to
decrease the voltage of the cell block 13-1.

As aresult, not only the voltage of the cell block 13-1 as the
maximum voltage can be decreased but also the voltages of
the cell blocks 13-2 and 13-3 as voltages close to the maxi-
mum voltage, that is, voltages close to overvoltage (for
example, voltages in a range of 3.6 V to 3.58 V), can be
decreased.

When discharging of the predetermined cell block(s) 13 at
step S17 or S18 ends, the procedure goes to step S19, where
the voltages of the cell blocks 13-1 to 13-N are detected by the
ADCs 21-1 to 21-N, respectively (step S19).

At step S20, the control circuit 11 takes a voltage at maxi-
mum as a maximum voltage among the voltages detected by
the ADCs 21-1to 21-N, thereby updating the maximum volt-
age.

That is, when the predetermined cell block(s) 13 is dis-
charged at step S17 or S18, the maximum voltages of the cell
blocks 13-1 to 13-N change, and therefore the maximum
voltages are sequentially updated. That is, due to a difference
in internal impedance, the cell blocks 13 may not have the
same discharge characteristics but generally have slightly
different ones. For this reason, the voltage of the cell block
13-1 detected as a maximum voltage at step S12 may not be a
maximum voltage, and therefore the maximum voltage is
constantly updated during cell balance control (step S20).

The control circuit 11 then determines whether a voltage
range between the maximum voltage after update and the
minimum voltage is equal to or larger than the specified
voltage range (step S21). This specified voltage range has the
same value as that of the specified voltage range used in the
determination process at step S14, and is set as 30 mV, for
example. That is, with the determination process at step S21,
it is determined whether a cell balance has been made after
discharge at step S17 or S18.

When it is determined at step S21 that a voltage range
between the maximum voltage after update and the minimum
voltage is equal to or larger than the specified voltage range,
a cell balance has still been lost. Therefore, the procedure
returns to step S16, and the processes from steps S16 to S21
are repeated. That is, with the processes from steps S16 to S21
repeated, the cell block(s) 13 with the maximum voltage and
a voltage close to the maximum voltage are discharged,
thereby gradually eliminating the difference between the
maximum voltage and the minimum voltage and, with the
voltage range therebetween becoming smaller than the speci-
fied voltage range, the voltages of cell blocks 13-1 to 13-N are
balanced.

Note that when a cell block 13 with a voltage range from
the maximum voltage sequentially updated within the dis-
charge target voltage range is newly detected during this cell
balance control, the newly detected cell block 13 is also taken
as a discharge target, and discharging of this cell block 13
starts.

Then, with the processes from steps S16 to S21 repeated,
when it is determined that the voltage range between the
maximum voltage after update and the minimum voltage is
smaller than the specified voltage range (No at step S21), the
procedure goes to step S22. At step S22, the control circuit 11
ends the cell balance control, and the procedure goes to step
S23.

Also, when the voltage range between the detected maxi-
mum voltage and minimum voltage is smaller than the speci-
fied voltage range before cell balance control (No at step
S14), the voltages of the cell blocks 13-1 to 13-N are bal-
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anced, and the procedure goes to step S23 without performing
cell balance control. Then, in the power supply device 1,
charging of the cell blocks 13-1 to 13-N ends (step S23).

As such, cell balance control is performed so that, while the
maximum voltage of the voltages of the cell blocks 13-1 to
13-N is being sequentially updated by the control circuit 11,
a cell block 13 with a voltage range from the maximum
voltage as a reference voltage within the discharge target
voltage range is discharged.

That is, in stead of individually discharging the plurality of
cell blocks 13, discharging of a cell block 13 with a voltage
range between the detected voltage and the updated maxi-
mum voltage within the discharge target voltage range is
sequentially started. As a result, compared with the method of
individually starting discharging, the processing time for cell
balance control can be reduced, resulting in reduction of the
charging time.

Description of Results of Simulations

Next, with reference to FIG. 3 to FIG. 6, specifically how
much processing time can be reduced with cell balance con-
trol (FIG. 2) according to the embodiment is described by
using the results of simulations performed by the applicant.

Note that, in the simulations of FIG. 3 to FIG. 6, simulation
conditions are such that eight cell blocks 13-1 to 13-8 are
provided and the voltages of these cell blocks 13 atthe start of
charging are in a range 0f3.43 V t0 3.5V set in increments of
0.1 V. Also, as for the internal impedances of the cell blocks
13-1to 13-8, description is made in the simulations of FIG. 3
and FIG. 4 to the case where the internal impedances are equal
to each other in all cell blocks 13, and description is made in
the simulations of FIG. 5 and FIG. 6 to the case where the
internal impedance are different among all cell blocks 13.

Furthermore, in the simulations of FIG. 3 to FIG. 6, simu-
lation conditions are such that the specified maximum voltage
is set at 3.6 V and the specified voltage range is set at 30 mV.
Therefore, in each simulation, a cell becomes overvoltage at
3.6V and, when all voltages of the cell blocks 13-1to 13-8 are
within 30 mV, it is determined that they are balanced and the
cell balance control ends. Still further, the discharge target
voltage range differs for each of the simulations of FIG. 3 to
FIG. 6.

First, with reference to FIG. 3, the result of a first simula-
tion (with a discharge target voltage range of 20 mV and the
same impedance) is described.

Note that, in FIG. 3, the axis in the horizontal direction
represents time [min], and it is assumed that time passes in a
direction from left to right in the drawing (times t1 to t5 in
balloons each represents a time when an operation in the
balloon was performed). Also, the axis in the vertical direc-
tion represents voltage [V] and, a voltage level increases
along the vertical axis upward in the drawing. Note that the
relation of these axes is similarly applied to FIG. 4 to FIG. 6,
which will be described further below.

As described above, the cell blocks 13-1 to 13-8 (abbrevi-
ated as cells 1 to 8 in voltage characteristic graphs in the
drawings) each have a voltage at the start of charging set, with
the cell block 13-8 at 3.43 V to the cell block 13-1 at 3.5V in
increments of 0.1 V. When the charging starts from this state,
since the cell blocks 13-1 to 13-8 has the same impedance, the
voltage increases at regular intervals. At the time tl1, the
voltage of the cell block 13-1 with the highest voltage at the
start of charging reaches the specified maximum voltage (3.6
V) to become overvoltage.

With this, discharging of the cell block 13-1 starts. At this
time, with cell balance control, the cell blocks 13-2 and 13-3
with a voltage range from the voltage (maximum voltage) of
the cell block 13-1 within the discharge target voltage range
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(20mV) are also discharged. With this, the voltages of the cell
blocks 13-1 to 13-3 peaking at the time t1 are turned to drop.

Then, while the maximum voltage is being updated with
cell balance control, a process of newly detecting a cell block
13 with a voltage range from the maximum voltage within the
discharge target voltage range (20 mV) continues. At the time
12, the voltage range between the voltage of the cell block
13-4 and the maximum voltage becomes within the discharge
target voltage range (20 mV). Thus, discharging of the cell
block 13-4 also starts, and its voltage peaking at the time 12 is
turned to drop. Similarly, a voltage range from the maximum
voltage becomes within the discharge target voltage range (20
mV) in the cell block 13-5 at the time t3 and in the cell block
13-6 at the time t4, and therefore discharging of these cell
blocks starts, and the voltages of these cell blocks 13 are
turned to drop.

As such, discharging ofthe cell blocks 13-1 to 13-6 sequen-
tially starts, and when the voltages of the cell blocks 13-7 and
13-8 continue to increase, all voltages of the cell blocks 13-1
to 13-8 are within 30 mV after seventeen minutes (at the time
t5) from the start of charging. With this, it is determined that
these voltages are balanced, and the cell balance control ends.

Next, with reference to FIG. 4, the result of a second
simulation (with a discharge target voltage range of 30 mV
and the same impedance) is described.

Compared with the result of the first simulation (FIG. 3),
while the result of the second simulation is different in that the
discharge target voltage range is changed from 20 mV to 30
mV, other conditions are similar to those of the result of the
first simulation.

That is, when the voltage of the cell block 13-1 with the
highest voltage at the start of charging reaches the specified
maximum voltage (3.6 V) at the time t1 to become overvolt-
age, discharging of'the cell blocks 13-2 to 13-4 with a voltage
range from the maximum voltage within the discharge target
voltage range (30 mV) starts together with discharging of the
cell block 13-1. Then, cell balance control continues, and a
voltage range from the maximum voltage becomes within the
discharge target voltage range (30 mV) in the cell block 13-5
at the time t2, in the cell block 13-6 at the time t3, and in the
cell block 13-7 at the time t4, and therefore discharging of
these cell blocks starts.

As such, discharging ofthe cell blocks 13-1 to 13-7 sequen-
tially starts, and when the voltage of the cell block 13-8
continues to increase, all voltages of the cell blocks 13-1 to
13-8 are within 30 mV after seventeen minutes (at the time t5)
from the start of charging. With this, itis determined that these
voltages are balanced, and the cell balance control ends.

As described above with reference to the results of the
simulations of FIG. 3 and FIG. 4, instead of individually
discharging the cell blocks 13-1 to 13-8, discharging of a cell
block 13 with a voltage range from the maximum voltage
within the discharge target voltage range (20 mV of FIG. 3
and 30 mV of FIG. 4) is sequentially started to perform
control for actively taking a cell balance. As a result, com-
pared with the method of individually starting discharging,
the processing time for cell balance control can be reduced.

That is, in the method of independently controlling each
individual cell block, the voltage of a discharge target cell
block and the voltage of a charge target cell block may be
equal to each other during cell balance control, but this situ-
ation is neglected and discharging and charging individually
continue. That is, even though there is a moment when a cell
balance can be made, the control does not actively make a cell
balance. As a result, it takes some time to make a balance in
voltage of each cell block. By contrast, as evident from the
results of the simulations of FIG. 3 and FIG. 4, discharging of
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cell blocks 13 with a voltage range from the maximum volt-
age within the discharge target voltage range (20 mV or 30
mV) sequentially starts to actively make a cell balance. With
this, the processing time for cell balance control can be
reduced compared with the method of individually starting
discharging.

Also, as described with reference to the results of the
simulations of FIG. 3 and FIG. 4, when the cell blocks 13-1 to
13-8 have the same impedance, their converging time is not
influenced even if the discharge target voltage range is
changed. The reason for this is that the converging time until
the cell blocks 13-1 to 13-8 have their voltages within the
specified voltage range depends on the maximum voltage and
the minimum voltage and, as long as the impedance is the
same, the cell block 13 with the highest voltage and the cell
block 13 with the lowest voltage are not changed, and there-
fore the converging time is not influenced.

As such, when the cell blocks 13-1 to 13-N have the same
internal impedance, compared with the method of individu-
ally starting discharging, the processing time for cell balance
control can be reduced, and the processing time for cell bal-
ance control is not influenced even by a change of the dis-
charge target voltage range.

Next, with reference to FIG. 5, the result of a third simu-
lation (with a discharge target voltage range of 20 mV and
different impedances) is described.

As described above, since the cell blocks 13-1 to 13-8 have
different impedances, increase ranges in voltage are not at
regular intervals. At the time t1, the cell block 13-1 having the
highest voltage at the start of charging reaches the specified
maximum voltage (3.6 V) to become overvoltage. With this,
discharging ofthe cell block 13-1 starts. At this time, with cell
balance control, the cell block 13-2 with a voltage range from
the voltage of the cell block 13-1 (maximum voltage) within
the discharge target voltage range (20 mV) is also discharged.
With this, the voltages of the cell blocks 13-1 and 13-2 peak-
ing at the time t1 are turned to drop.

Then, while the maximum voltage is being updated with
cell balance control, a process of newly detecting a cell block
13 with a voltage range from the maximum voltage within the
discharge target voltage range (20 mV) continues. At the time
12, the voltage range between the voltage of the cell block
13-3 and the maximum voltage becomes within the discharge
target voltage range (20 mV). Thus, discharging of the cell
block 13-3 also starts, and its voltage is turned to drop. Simi-
larly, a voltage range from the maximum voltage becomes
within the discharge target voltage range (20 mV) in the cell
block 13-4 at the time t3, in the cell block 13-5 at the time t4,
in the cell block 13-6 at the time t5, and in the cell block 13-7
at the time 16, and therefore discharging of these cell blocks
starts, and the voltages of these cell blocks 13 are turned to
drop.

As such, discharging of the cell blocks 13-1 to 13-7 is
sequentially performed, and when the voltage of the cell
block 13-8 continues to increase, all voltages of the cell
blocks 13-1 to 13-8 are within 30 mV after 16.5 minutes (at
the time t7) from the start of charging. With this, it is deter-
mined that these voltages are balanced, and the cell balance
control ends.

Next, with reference to FIG. 6, the result of a fourth simu-
lation (with a discharge target voltage range of 0 mV and
different impedances) is described.

Compared with the result of the third simulation (FIG. 5),
while the result of the fourth simulation is different in that the
discharge target voltage range is changed from 20 mV to 0
mV, other conditions are similar to those of the result of the
third simulation.
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That is, when the voltage of the cell block 13-1 with the
highest voltage at the start of charging reaches the specified
maximum voltage (3.6 V) at the time t1 to become overvolt-
age, discharging of the cell block 13-1 starts. At this time,
since a cell block 13 with a voltage range from the maximum
voltage within the discharge target voltage range (0 mV) (that
is, a cell block 13 with the same voltage as the maximum
voltage) is not present, only the cell block 13-1 is discharged.

Then, the cell balance control continues. At the time t2 to
the time 16, the cell blocks 13-2 to 13-6 have a voltage range
from the maximum voltage within the discharge target volt-
age range (0 mV) (that is, a maximum voltage), and therefore
discharging starts.

As such, discharging ofthe cell blocks 13-1 to 13-6 sequen-
tially starts, and when the voltages of the cell blocks 13-7 and
13-8 continue to increase, all voltages of the cell blocks 13-1
to 13-8 are within 30 mV after eighteenth minutes (at the time
t7) from the start of charging. With this, it is determined that
these voltages are balanced, and the cell balance control ends.

As described with reference to the results of the simula-
tions of FIG. 5 and FIG. 6, when the cell blocks 13-1 to 13-8
have different impedances, if the discharge target voltage
range is changed, their converging time is influenced. That is,
in the case of different impedances, the cell block 13 with the
maximum voltage constantly changes with a discharge target
voltage range of 0 mV (FIG. 6). On the other hand, when the
discharge target voltage range is set at a proper value such as
20 mV (FIG. 5), even cell blocks 13 other than the cell block
13 with the highest voltage are discharged, thereby allowing
the cell blocks 13 that less tend to be discharged (at a slow
discharging speed) to be discharged earlier. Thus, updating of
the cell block 13 with the maximum voltage is not performed
and, as a result, the processing time is reduced.

As such, when the cell blocks 13-1 to 13-N have different
internal impedances, compared with the method of individu-
ally starting discharging, the processing time for cell balance
control can be reduced and, furthermore, by changing the
discharge target voltage range, the processing time for cell
balance control can be reduced.

Note that, in practice, it is hardly the case that the imped-
ances of the cell blocks 13-1 to 13-8 are equal to each other
and the results of the simulations of FIG. 5 and F1G. 6 may be
realistic. Therefore, setting a discharge target voltage range
influences reduction in processing time.

However, since the discharge target voltage range (for
example, 20 mV or 30 mV) is set lower than or equal to the
specified voltage range described above (for example, 30
mV), the discharge target voltage range and the specified
voltage range have a relation that can be represented by, for
example, Equation (1) below.

Specified voltage range=discharge target voltage
range

M

Note that, the larger the discharge target voltage range is,
the shorter the converging time in which the voltages of the
cell blocks 13-1 to 13-8 converge within the specified voltage
range can be. Therefore, in Equation (1), when the discharge
target voltage range and the specified voltage range are equal
to each other, the processing time for cell balance control can
be reduced most.

As described above, in the embodiments, when a cell block
13 with a voltage range from the maximum voltage detected
in the plurality of cell blocks 13-1 to 13-N connected in series
within the discharge target voltage range is present, that cell
block 13 is discharged together with the cell block 13 with the
maximum voltage. Then, while the maximum voltage is
being sequentially updated, this cell balance control is
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repeated until the voltage range between the maximum volt-
age and the minimum voltage is within the specified voltage
range. With this, the time for cell balance control can be
reduced and, as a result, the charging time can be reduced.

In particular, when the voltages of the cell blocks 13 sig-
nificantly differ at the start of charging, there is a possibility
that it may be difficult to make a cell balance in the method of
individually controlling the cell blocks 13. By contrast, in the
embodiments, active control is performed so that the voltages
of'all cell blocks 13 are within the voltage range between the
maximum voltage and the minimum voltage. Therefore,
accurate cell balance control can be performed.

Also, in cell balance control, when the voltage of the cell
block 13 exceeds a predetermined specified maximum volt-
age (for example, 3.6 V), discharging of not only that cell
block 13 but also a cell block(s) 13 within the discharge target
voltage range starts simultaneously. Therefore, the cell block
13 close to overvoltage can be discharged in advance. As a
result, safe control can be performed without putting a load on
the cell blocks 13. Note that, in Japanese Unexamined Patent
Application Publication No. 2005-176520, described above,
charging is performed for a predetermined period even after
the voltage exceeds a predetermined voltage, and therefore
there is a possibility of occurrence of dangerous overvoltage
depending on the internal impedance of the battery, and thus
this control is not safe.

Furthermore, in the embodiments, by defining a voltage
range (specified voltage range) between the maximum volt-
age and the minimum voltage for cell balance determination,
the voltages of all cell blocks are within this specified voltage
range with cell balance control. With this specified voltage
range being variable, the degree of accuracy in cell balance
can be freely determined.

Note that, in the embodiments, when a cell block 13
becomes overvoltage at the time of charging, the control
circuit 11 may turn the charge switch 14 OFF to stop the
power from the charge power supply unit 2, or may keep the
charge switch 14 ON not to stop the power from the charge
power supply unit 2. That is, the embodiments can be applied
to both of a system in which charging stops at the time of
overvoltage and a system in which charging continues at the
time of overvoltage and discharging of cell blocks is per-
formed, without depending on the system structure of the
power supply device.

Note that, in the specification, the steps shown in the flow-
chart of FIG. 2 include not only processes to be performed on
the time series according to the order described herein but
also processes to be performed concurrently or individually,
even though they may not be processed on the time series.

Also, embodiments are not restricted to the embodiments
described above, but can be variously changed within a scope
not deviating from the gist.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope and without diminishing its intended
advantages. It is therefore intended that such changes and
modifications be covered by the appended claims.

The application is claimed as follows:

1. A control device comprising a controller causing a plu-
rality of cell blocks each configured of one or plurality of
secondary battery cells and connected in series to be charged
with a cell balance; wherein

the controller includes

a detector detecting a voltage of each of the cell blocks,
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an updater sequentially updating a maximum voltage of the
detected voltage of each of the cell blocks, and

adischarger discharging a cell block among the plurality of
cell blocks, the cell block with a voltage range between
the detected voltage and the updated maximum voltage
within a discharge target voltage range defined in
advance.

2. The control device according to claim 1, wherein the
controller performs cell balance control so that a voltage
range between a maximum voltage and a minimum voltage of
each cell block detected is within a specified voltage range
defined in advance.

3. The control device according to claim 2, wherein the
discharge target voltage range and the specified voltage range
have a relation of the specified voltage range=the discharge
target voltage range.

4. The control device according to claim 1, wherein the
controller stops charging of the plurality of cell blocks when
the detected voltage of each cell block becomes equal to or
larger than a specified maximum voltage defined in advance.

5. A control method of a control device including a con-
troller causing a plurality of cell blocks each configured of
one or plurality of secondary battery cells and connected in
series to be charged with a cell balance; wherein

the controller detects a voltage of each of the cell blocks,

sequentially updates a maximum voltage of the detected

voltage of each of the cell blocks, and

discharges a cell block among the plurality of cell blocks,

the cell block with a voltage range between the detected
voltage and the updated maximum voltage within a dis-
charge target voltage range defined in advance.

6. A power supply device comprising:

aplurality of cell blocks each configured of one or plurality

of secondary battery cells and connected in series;
charging means for charging the plurality of cell blocks;
and

control means for causing the plurality of cell blocks to be

charged with a cell balance; wherein

the control means includes

detecting means for detecting a voltage of each of the cell

blocks,
updating means for sequentially updating a maximum volt-
age of the detected voltage of each of the cell blocks, and

discharging means for discharging a cell block among the
plurality of cell blocks, the cell block with a voltage
range between the detected voltage and the updated
maximum voltage within a discharge target voltage
range defined in advance.

7. The control device according to claim 1, wherein the
discharger includes switching elements and resistors.

8. The control device according to claim 1, wherein the
discharger includes a plurality of discharge circuits respec-
tively corresponding to the plurality of cell blocks.

9. The control device according to claim 8, wherein each
one of the plurality of discharge circuits is connected in
parallel to a corresponding cell block.

10. The control device according to claim 9, wherein each
one of the plurality of discharge circuits includes a switching
element and a discharge resistor.

11. The control device according to claim 10, wherein in
response to a control signal from the controller, each one of
the plurality of discharge circuits is configured to perform a
switching operation.

12. The control device according to claim 1, wherein each
of the plurality of cell blocks have equal internal impedances.
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13. The control device according to claim 1, wherein the
plurality of cell blocks include cell blocks with different inter-
nal impedances.

14. The control device according to claim 1, wherein the
discharge target voltage range is less than or equal to 20 mV.

15. The control device according to claim 3, wherein the
discharge target voltage range is equal to the specified volt-
age range.

16. The control device according to claim 1, wherein the
controller stops charging of at least one of the plurality of cell
blocks when the detected voltage of the at least one of the
plurality of cell blocks becomes equal to or larger than a
specified maximum voltage defined in advance.

17. The control device according to claim 1, wherein the
plurality of battery cells includes a lithium-ion battery.

18. The control device according to claim 1, wherein the
plurality of battery cells includes a nickel metal hydride bat-
tery.

19. The control device according to claim 1, wherein the
plurality of battery cells includes a nickel-cadmium battery.
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