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1
CHARGING SYSTEM FOR BATTERY-SET

TECHNICAL FIELD

The invention relates to a technology for charging a
battery to be mounted on an electric motor vehicle such as
an electric car. More particularly, the invention relates to a
charging system for charging a battery to a fully charged
state or close to the fully charged state while preventing
deterioration of the battery due to heat generated during the
charge.

PRIOR ART

As shown in FIG. 1, a conventional charging system 9 for
an electric car includes a battery-set 91; a charging device or
means 92 for charging the battery-set 91; a control device or
means 93; a charge current detecting device or means 94 for
detecting a charge current in the battery-set 91; a battery
temperature detecting device 95 for detecting a temperature
of the battery-set 91; and a charge voltage detecting device
or means 96 for detecting a terminal voltage of a battery cell
constituting the battery-set 91.

As shown in FIG. 2, the batteries-set 91 is formed of a
plurality of modules M,;, M,, . . . M,,;, and further the
module is formed of a plurality of battery cells C,, C,, . . .
C,,,. The charging device 92 includes an AC/DC converter
921 and a current supply portion 922. The AC/DC converter
921 is connected to a commercial electric power supply G~
(for example, single phase 100 V electric power supply).
The current supply portion 922 generates a pulse IP having
a predetermined duty from a DC output of the AC/DC
converter 921 based on a control signal (charge current
command CC, J from the control device 93 (described
later), and supplies the pulse IP to the batteries-set 91 to
charge.

The control device 93 monitors a value of a charge current
1. detected by the charge current detecting device 94, and
outputs a control signal (charge current command CC,, ) to
the charging device 92 to maintain the charge current 1. at
a predetermined value (allowable maximum current value).

The control device 93 determines whether the battery is
fully charged based on a AV peak (described later) of the
charge voltage V. detected by the charge voltage detecting
device 96, or based on a time-rate-of-change (AT/At) of a
temperature T of the batteries-set 91 detected by the battery
temperature detecting device 95. As shown in FIG. 3, the
charge voltage detecting device 96 conveniently estimates
the charge voltage per battery cell by detecting a series
connection voltage of a plurality of modules.

The battery temperature detecting device 95 is formed of
a sensor 951 and an AD-converter 952. Generally, for a
charge start condition, an upper limit is defined for the
battery temperature T, (for example, when an initial tem-
perature is above 45° C., the start of charge is limited).
Therefore, it is required to check the battery temperature T.

FIG. 4 is a graph showing a relationship among the charge
voltage V., charge current 1. and battery temperature T
from an empty state to a fully charged state of the normal
secondary batteries of the nickel-metal hydride (Ni-MH) and
the like for the electric car.

‘When the charge starts (t; in FIG. 4), the charge voltage
V starts rising (hereinafter, an inclination of the rise will be
referred to as “the first inclination”). After the first inclina-
tion (t, in FIG. 4), the charge voltage V. and the battery
temperature Ty increase gradually.
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When the battery-set 91 is charged up to a fully charged
state (for example, 80 to 90% of the fully charged state), the
charge voltage V. starts rising (t; in FIG. 4; hereinafter, an
inclination of the rise will be referred to as “the second
inclination”). Then, the battery temperature T starts rising
(t, in FIG. 4). As the charge proceeds further, the charge
voltage V . reaches a peak called as “AV peak” (t5 in FIG. 4).

In the conventional charging system 9, the AV peak is
normally detected, and when a voltage decline value (rep-
resented by “~AV”) reaches a predetermined value, the
charge is stopped (ts in FIG. 4). Alternatively, without the
AV peak detection, when the time-rate-of-change (AT z/At)
of the battery temperature Ty exceeds a predetermined
value, the charge may be stopped.

Incidentally, in the secondary battery, it has been gener-
ally known that when the charge is carried out, an excessive
rise in the battery temperature has an adverse effect on the
performance and life of the battery. As shown in FIG. 4, in
the conventional charging system 9 shown in FIG. 1, the
charge is stopped at a time tg not long after the AV peak (ts).
Accordingly, the battery cells constituting the battery-set 91
do not reach a battery temperature in the graph that causes
the deterioration (hereinafter referred to as “critical tem-
perature) Also, in the charging system 9, since the battery
temperature T is detected by the battery temperature detect-
ing device 95, the battery cells or modules appear not to
reach the critical temperature.

However, as described above, the AV peak is not detected
for each battery cell or module. Therefore, the following
problems may occur due to a variation in the capacity, for
example, when the battery cells or modules are produced, or
due to a difference in the temperature (depending on a
location of the battery cell in the whole battery-set).

That is, it is likely to happen that a battery cell or module
whose temperature is not monitored reaches the AV peak
before a battery cell or module whose temperature is moni-
tored by the sensor 951 does not yet reach the AV peak.

Also, it is possible that when a plurality of battery cells or
modules is connected in series and the AV peak is detected,
some of the battery cells or modules that the sensor 951
monitors have already passed the AV peak, but, the entire
battery cells or modules connected in series do not yet reach
the AV peak. In each of the battery cells or modules, since
the terminal voltage thereof is lowered after the AV peak,
such a situation may occur.

An actual temperature of a battery cell depends on
whether the battery cell is placed at a position where the
battery cell is easily cooled. In the actual case, the battery
temperature detecting device 95 does not detect a tempera-
ture of each of the battery cells or modules. Therefore, there
may be a case where the actual temperature of a certain
battery cell is higher than the temperature detected by the
battery temperature detecting device 95.

Moreover, in the conventional charging system, as shown
in FIG. 4, when the charge is completed (t4 in FIG. 4), there
may be a case that the battery temperature T is higher than
the initial temperature, for example, by about 10 to 40° C.
Accordingly, some of the battery cells have exceeded the
critical temperature before the charge is completed.

Especially, in the electric car, the battery-set is formed of
a plurality of the battery cells connected in series. Thus,
when a part of the battery cells is deteriorated, the electric
car as a whole suffers deteriorated performance. In case such
a functional deterioration occurs, it is difficult to find out
which battery cell is in trouble.

When two or more module groups (the modules con-
nected in series) are provided for detecting the charge

IPR2025-00153
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voltage (a plurality of the charge voltage detecting devices
is provided), it is possible to solve the above described
problems to some extent. However, it is necessary to provide
the AD-converters as many as the charge voltage detecting
devices.

Since the value of “~AV” per battery cell is very small,
such as several milli-volts, an expensive (i.e. high precision)
AD-converter needs to be used.

In the conventional power supply device, the production
cost needs to be reduced as well. Thus, it is not preferable
to use two or more module groups for detecting the charge
voltage and two or more AD-converters, which results in a
higher cost of the charging system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a conventional charg-
ing system;

FIG. 2 is an explanatory diagram showing a battery used
in the conventional charging system shown in FIG. 1;

FIG. 3 is a view of battery modules in which charge
voltage detect means detects a charge voltage per battery cell
in the conventional charging system shown in FIG. 1;

FIG. 4 is a graph showing a relationship among a charge
current, battery temperature and charge voltage from an
empty state to a fully charged state of the conventional
charging system shown in FIG. 1;

FIG. 5 is a block diagram showing a charging system
according to the present invention;

FIG. 6 is a block diagram showing a battery-set used in
the charging system shown in FIG. 5;

FIG. 7 is a control block diagram of the charging system
in FIG. 5 in a temperature feedback charging mode;

FIG. 8 is a graph showing a relationship among a charge
current, battery temperature and charge voltage from an
empty state to a fully charged state of the charging system
shown in FIG. 5; and

FIG. 9 is a graph showing measured results of the charge
current, charge voltage and battery temperature in the tem-
perature feedback charging mode.

PREFERRED EMBODIMENTS FOR
PROSECUTING THE INVENTION

An embodiment of a charging system according to the
present invention will be described with reference to FIGS.
5-9.

FIG. 5 is an explanatory view showing an entire configu-
ration of an embodiment of the invention. As shown in the
drawing, a charging system 1 includes a battery-set 11; a
charging device or means 12 for supplying a charge current
to the battery-set 11; a control device or means 13 for
controlling the charging device 12; a charge current detect-
ing device or means 14 for detecting the charge current of
the battery-set 11; a battery temperature detecting device or
means 15 for measuring a temperature of the battery-set 11;
and a charge voltage detecting device or means 16. As
shown in FIG. 6, the batteries-set 11 is formed of a plurality
of modules M,, M,, . .., M,,,, and each module includes a
plurality of battery cells C,, C,, . . ., C,,. In the present
embodiment, a nickel-metal hydride (Ni-MH) type battery
may be used as the battery cell.

The charging device 12 includes an AC/DC converter 121
and a current supply portion 122. In the present embodi-
ment, a commercial power source G, (single phase 100V
power source) is connected to the AC/DC converter 121.
The current supply portion 122 generates a pulse IP of a
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predetermined duty from a DC output of the AC/DC con-
verter 121 based on a control signal (charge current com-
mand CC,,) from the control device 13, and supplies the
pulse IP to the batteries-set 11.

The control device 13 includes a AT/At calculating (op-
eration) portion, or a d1/dt calculation part, 131; a charging
rate operation portion; or a charge rate operation part, 132;
and an average value operation device, or an average value
operation part, 133. Control modes of the control device 13
include a temperature feedback charging mode TFB-CM
and a low current charging mode TCL-CM. According to the
control mode, the control device 13 sends the charge current
command CC,,to the charging device 12. In the tempera-
ture feedback charging mode TFB-CM, the control device
13 controls the charging device 12 through the feedback
control using a quantity representing a temperature as a
target value.

In the present embodiment, “a quantity representing a
temperature” is a value representing a time-rate-of-change
(AT/At) of the temperature Tj of the batteries-set 11. The
average value operation device 133 calculates an average
temperature value of an N number of the modules as a
battery temperature T.

FIG. 7 shows a control block diagram of the charging
system 1 in the temperature feedback charging mode TFB-
CM. First, the battery temperature detecting device 15
detects the battery temperature T and sends the battery
temperature T to the control device 13.

In the control device 13, the AT/At calculating portion 131
determines a time-rate-of-change (AT/At) ;5 of the battery
temperature T. The charging rate operation portion 132
outputs the charge current command CC,,,to the charging
device 12 based on a deviation E between the time-rate-of-
change (AT/At);_;5 and the target value Y. The charging
device 12 supplies the charge current I . to the battery-set 11
based on the charge current command CC,_

In the low current charging mode TCL-CM, the control
device 13 controls the charging device 12 to charge at a
predetermined maintenance current 1. Incidentally, a tran-
sition condition from the temperature feedback charging
mode TFB-CM to the low current charging mode TCL-CM
will be described later.

The battery temperature detecting device 15 includes a
temperature sensor 151 and an AD-converter 152. The
charge voltage detecting device 16 detects the charge volt-
age V. of the batteries-set 11. However, not like in the
conventional technology shown in FIGS. 1 through 4, the
charge voltage detecting device 16 does not detect the AV
peak or —AV. As described above, it is necessary to use a
high-precision (i.e. expensive) AD-converter to detect the
AV peak or —AV. In the present embodiment, it is not
necessary to use such an expensive AD-converter, so it is
possible to use a less expensive AD-converter as the AD-
converter constituting the charge voltage detecting device
16.

Incidentally, in the present embodiment, the charge volt-
age detecting device 16 is used for monitoring and managing
the lower limit voltage and upper limit voltage of the
batteries-set 11.

FIG. 8 is a graph showing a relationship among the charge
current I, battery temperature T, and charge voltage V.
from an empty state to a fully charged state of the charging
system 1 shown in FIG. 5.

‘When the charge of the battery-set 11 is started (t, in FIG.
8), the charge voltage V. starts increasing. When the charge
voltage V. passes through the first inclination (t, in FIG. 8),
the charge voltage V. generally becomes a steady state. At

IPR2025-00153
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this time, the battery temperature T is also generally in a
steady state. Incidentally, in FIG. 8, the initial value of the
battery temperature Ty is substantially the same as the
battery temperature T in the steady state.

‘When the battery-set 11 is charged close to a full charge
(for example, when the battery-set 11 is charged up to 80%
of the full charge), the battery temperature T starts increas-
ing (t; in FIG. 8). As described above, in the temperature
feedback charging mode TFB-CM, the control device 13
controls the charging device 12 with Y as the target value.
At this time, the charging rate operation portion 132 in FIG.
7 may output the charge current command CC, . to the
charging device 12 so that the charge current (charging rate)
1. is defined, for example, by the following equation (1):

I ~Ix[1~(GpE+Gi- | Edi+G ;AE)] )
wherein

I is a charge current,

I, is a rated current,

E is a deviation (=Y-(AT/At) 75),

AE is a deviation difference,

G, is a proportional gain,

G; is an integral gain, and

Gy, is a differential gain.

After the charge current 1. passes through the peak, the
charge current I .. decreases gradually. In the present embodi-
ment, when the charge current becomes 1, (t5 in FIG. 8), the
control device 13 switches to the low current charging mode
TCL-CM.

In FIG. 9, actual results of the charge current I, charge
voltage V. and battery temperature T in the temperature
feedback charging mode TFB-CM are shown. Incidentally,
in the measurement, the control in the low current charging
mode TCL-CM was not carried out.

In the measurement, I (rated current) is equal to 5 A, Y
(desired value) is equal to 0.1° C./minute, G, (proportional
gain) is equal to 5.0, G, (integral gain) is equal to 5.0, and
G, (differential gain) is equal to 0 in Equation (1).

In calculating the time-rate-of-change (AT/At);_;5 of the
temperature, and updating the deviation E, the deviation
product [Edt and the deviation difference AE, each cycle
was set at 10 seconds, the damping time constant was set at
one minute, and the lower limit value of the charge current
1. was set at 0.5 A. The charge was determined to be
completed at a point of 30 minutes after the charge current
I became less than 1 A for the first time.

As shown in FIG. 9, 0.12° C./minute of the battery
temperature T, was obtained with respect to the target value
Y of 0.1° C./minute. The temperature increase Ty, from the
start to the completion of the charge was 7° C. The time
T, ., from the empty state to the charge completion was 110
minutes.

After the completion of the charge, a discharge test was
carried out to obtain the battery capacity, and it was found
that the battery capacity was substantially the same as that
obtained in the conventional charging system.

In the above measurement, the temperature increase T
was about 7° C. irrespective of the charging initial tempera-
ture of the battery-set 11 (an outside temperature). When the
outside temperature is abruptly increased during the charge,
the charging rate, i.e. charge current command CC,_, is
temporarily lowered. In the present invention, since the
charging device 12 is controlled so that the time-rate-of-
change AT/At of the temperature of the battery-set 11
becomes the steady value (Y), the charging rate lowered as
described above returns to the original value.
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As shown in FIG. 4, the conventional charging system
shows the temperature increase 1, of about 12° C. There-
fore, there is a risk that a certain battery cell reaches the
critical temperature. In the conventional charging system, it
is necessary to provide a plurality of battery temperature
detecting devices to detect that the battery cell or module
reaches the critical temperature at an early stage. Also, when
the initial temperature is high, it is necessary to delay the
charge.

In the present embodiment, it is possible to charge the
battery-set while the temperatures of all the battery cells are
controlled to be sufficiently lower than the critical tempera-
ture. Therefore, the risk that a certain battery cell reaches the
critical temperature is reduced. Even if the initial tempera-
ture is high to a certain extent and still the charging is
started, it is possible to prevent the battery cells from
reaching the critical temperature.

INDUSTRIAL APPLICABILITY

It is possible to avoid such a situation that any of the
battery cells reach the critical temperature due to the charge.
Also, it is possible to avoid such a situation that unnecessary
stress is applied to any of the battery cells. Therefore, the life
of the battery cells or modules constituting the battery-set is
expected to be longer and uniform.

The present charging system can be applied to a system
wherein secondary batteries having a characteristic that a
temperature is raised at a terminal stage of the charge are
used. Therefore, the present charging system can be applied
to various instruments using the secondary batteries in
addition to the electric car.

Since the charge voltage detecting device in the present
system does not detect the AV peak, a less expensive
AD-converter can be employed, thereby reducing a cost of
the entire system.

As described above, according to the present invention, it
is possible to prevent the sudden increase in the charge
voltage, and to reduce the risk that a certain battery cell
reaches the critical temperature without relying on the AV
peak. Further, it is possible to charge the battery to the fully
charged state, or a state almost equal to the fully charged
state.

As described above, the object of the present invention is
to provide the charging system without increasing the cost.
With the charging system, it is possible to eliminate or
reduce the risk where all the battery cells constituting the
battery-set reaches the critical temperature, and to charge the
battery-set up to the so-called full charged state. The present
invention provides the following preferred embodiment.

In the conventional charging system, after the second
inclination, the battery-set is almost (specifically about 80%)
fully charged, and the current is consumed as heat. As a
result, the charging efficiency is lowered, and the battery
temperature is increased after the second inclination.

Also, it is determined that the charging is completed based
on the AV peak showing the full charge or based on the
time-rate-of-change of the battery temperature. Thus, a
certain battery cell may reach the critical temperature.

In view of the above problems, the present invention has
been made based on a relationship between the battery
temperature and the charge current. Through that approach,
it was found to be possible to (1) prevent a sudden charging
voltage increase, and (2) eliminate or reduce the risk that any
of the battery cells reaches the critical temperature without
relaying on the AV peak. Further, it is possible to charge the
battery-set to the full charged state or the equivalent state.
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According to the present invention, the charging system
for charging a battery includes the temperature detecting
device for detecting the temperature of the battery; the
charging device for charging the battery; and the control
device for controlling the charging device. The control
device controls the charging device based on the tempera-
ture of the battery through temperature feedback.

A battery-set of an electric car is formed of a plurality of
battery cells. For example, a batteries-set is constituted of a
plurality of modules, and each module includes a plurality of
the battery cells.

In the present invention, the temperature detecting device
detects a value typically representing temperatures of the
modules constituting the battery-set or a temperatures of the
battery cells as a “battery temperature”. The temperature
detecting device may detect a temperature of one module
among the modules as the “battery temperature”, or detect
an average value of more than two modules as the “battery
temperature”. Also, the temperature detecting device may
detect a temperature of one battery cell among a plurality of
the battery cells as the “battery temperature”, or detect an
average value of more than two battery cells as the “battery
temperature”.

In the present invention, the temperature detecting device
includes a temperature sensor and an AD-converter. When
an average value of more than two modules is detected as the
battery temperature, an average value operation device may
be included therein. Incidentally, an appropriate processor
such as CPU in the control device may function as the
average value operation device. Alternatively, although sub-
stantially the same and just depending on a definition of “the
temperature detecting device”, the average value operation
device may be included in the control device, not in the
temperature detecting device.

In the present invention, the control device may control
the charging device through the temperature feedback with
“the time-rate-of-change (AT/At) of the temperature T”, as a
target value.

In other words, the control device controls a charge
current so that the time-rate-of-change of the temperature T
does not exceed a constant value. As a result, it is possible
to prevent the temperatures of all the battery cells consti-
tuting the battery-set from increasing suddenly, i.e. from
reaching the critical temperature.

In the conventional charging system, the charge is stopped
when the time-rate-of-change (AT/At) of the battery tem-
perature T, exceeds a predetermined value. Therefore, when
the “true AT/At” is not detected correctly due to an elevation
of the outdoor temperature, the charge is stopped before the
charge is fully completed. On the other hand, in the charging
system according to the present invention, the control device
controls the charging device through the temperature feed-
back. Therefore, when the “original AT/At” is not detected
correctly due to an elevation of the outdoor temperature, the
control device reduces the charging current. After the “AT/
At” decreases, the charge current is again increased.

In the present invention, as described above, the control
device basically controls the charging device through the
temperature feedback. The control device may control the
output current in a constant current charge mode before the
time-rate-of-change (AT/At) of the temperature T exceeds a
predetermined value. When the value based on the battery
temperature exceeds a predetermined value, the control
device may control the charging device through the tem-
perature feedback.

In the present invention, during the control through the
temperature feedback, the control device may control the
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charging device so that when the charge current becomes
below a certain value, the charge current becomes zero or a
low current charge is carried out. The “low current charge”
is defined as a charge with a current value in the order of not
having an adverse affect on the battery life.

Further, in the present invention, the control device may
control the charging device so that the charge current
becomes zero or the low current charge is carried out after
a predetermined time since the charge current becomes
below a certain value. The control device may control the
charging device so that the charge current becomes zero or
the low current charge is carried out when the battery
temperature reaches a certain value. The control device may
also control the charging device so that the charge current
becomes zero or the low current charge is carried out when
the battery temperature increases by a predetermined value
since the battery temperature reached a certain value.

What is claimed is:

1. A charging system for an assembled battery, compris-
ing:

temperature measuring means for detecting a temperature

of a battery;

charging means having charging current as a variable

output, said charging means charging the battery;
operation means for obtaining time variation relative to
battery temperature; and

control means for controlling charging current of the

charging means along first, second and third periods in
charging the battery,

wherein in the first period, the charging means applies a

predetermined charging current, said first period ending
when said operation means detects a predetermined
time variation;

in the second period, said control means performs a

feedback control so that said time variation is kept
same as in an end of the first period, said second period
ending when the control means receives a signal from
at least one of the charging means and the operation
means; and

in the third period, a charging current equal to or smaller

than the charging current is applied at an end of the
second period.

2. A charging system according to claim 1, wherein said
second period ends when the charging current given by said
feedback control reaches a predetermined value.

3. A charging system according to claim 1, wherein the
second period ends when a predetermined time elapses after
the charging current given by said feedback control reaches
a predetermined value.

4. A charging system according to claim 1, wherein the
second period ends when the battery temperature reaches a
predetermined value while performing said feedback con-
trol.

5. A charging system according to claim 1, wherein the
second period ends when the battery temperature increases
by a predetermined incremental value after the battery
temperature reaches a predetermined value while perform-
ing said feedback control.

6. A charging system according to claims 1, wherein said
charging current for the third period is zero.

7. A charging system according to claim 1, further com-
prising an assembled battery, said assembled battery com-
prising a plurality of battery cells, said temperature mea-
surement means detecting temperature of one of the battery
cells and regards as the temperature of the assembled
battery.
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8. A charging system according to claim 1, further com-
prising an assembled battery, said assembled battery com-
prising a plurality of battery cells, said temperature mea-
surement means detecting temperatures of at least two
battery cells and regarding an average of the temperatures of
the temperature sensed cells as the temperature of the
assembled battery.

9. A charging system according to claim 1, further com-
prising an assembled battery, said assembled battery com-
prising a plurality of battery cells, said temperature mea-
surement means detecting temperatures of at least two
battery cells, said temperature measurement means regard-
ing a maximum temperature of the temperature sensed cells
as the temperature of the assembled battery.

10. A charging system according to claim 1, further
comprising an assembled battery, said assembled battery
comprising a plurality of battery modules, each consisting of
a plurality of battery cells, said temperature measurement
means detecting temperature of one of the modules and
regarding as the temperature of the assembled battery.

11. A charging system according to claim 1, further
comprising an assembled battery, said assembled battery
comprising a plurality of battery modules, each consisting of
a plurality of battery cells, said temperature measurement
means detecting temperature of at least two modules and
regarding an average of the temperatures of the temperature
sensed modules as the temperature of the assembled battery.

12. A charging system according to claim 1, further
comprising an assembled battery, said assembled battery
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comprising a plurality of battery modules, each consisting of
a plurality of battery cells, said temperature measurement
means regarding a maximum temperature of the temperature
sensed modules as the temperature of the assembled battery.

13. A charging system according to claim 1, further
comprising an assembled battery, said assembled battery
comprising a plurality of battery modules, each consisting of
a plurality of battery cells, said temperature measurement
means detecting temperature of one of the cells and regard-
ing as the temperature of the assembled battery.

14. A charging system according to claim 1, further
comprising an assembled battery, said assembled battery
comprising a plurality of battery modules, each consisting of
a plurality of battery cells, said temperature measurement
means detecting temperature of at least two of the cells and
regarding an average of the temperatures of the temperature
sensed cells as the temperature of the assembled battery.

15. A charging system according to claim 1, further
comprising an assembled battery, said assembled battery
comprising a plurality of battery modules, each consisting of
a plurality of battery cells, said temperature measurement
means regarding a maximum temperature of the tempera-
ture-sensed cells as the temperature of the assembled battery.

16. An electric vehicle comprising a battery and the
charging system according to claim 1.
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