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Description

FIELD OF THE INVENTION

[0001] This invention relates to charge control under
which a secondary battery module may be charged.

BACKGROUND OF THE INVENTION

[0002] EP 0 693 691 A2 relates to a battery charge
indicator which indicates, during use, a quantity of charge
upon a battery. The battery charge indicator includes a
charge gauge circuit coupled between positive and neg-
ative terminals, wherein the positive and negative termi-
nals are connected to a battery. The charge gauge circuit
comprises a first voltage divider coupled between a ref-
erence voltage and the negative terminal and a second
voltage divider coupled between the positive and nega-
tive terminals. The charge gauge circuit further includes
a first and a second comparator each having inputs cou-
pled to the first and second voltage dividers, and a third
comparator having inputs coupled to the first voltage di-
vider and, through diodes, to outputs of the first and sec-
ond comparators. Three light emitting diodes are coupled
as respective outputs of each of the first, second and
third comparators adapted for emitting visible light from
one of the three light emitting diodes corresponding to
the amount of charge within the battery.
[0003] US 5 412 307 A discloses a residual capacity
indicating device suitable for indicating the residual ca-
pacity of a secondary battery, the discharge voltage of
which decreases when the same is discharged and the
capacity of which increases with the increase of its tem-
perature. The residual capacity indicating device com-
prises differential amplifiers for comparing the output volt-
age of the battery with reference voltages. Light emitting
diodes are driven by the outputs of the differential ampli-
fiers, respectively, to indicate the residual capacity of the
battery. The reference voltages are determined by a com-
bination of a Zener diode and a pair of resistors connect-
ed to each of the inverting terminals of the differential
amplifiers. Since the Zener diode has a temperature
characteristic opposite that of the resistors, the residual
capacity of the battery can correctly be indicated regard-
less of the variation of the temperature of the battery.
[0004] A battery pack having a pair of input/output ter-
minals adapted to be connected across a source of
charging voltage, and a lead-acid battery connected
across the input/output terminals is known from WO
00/76012 A1. A Zener diode is connected in series with
a resistance across the input/output terminals, the resist-
ance forming part of a trigger circuit for triggering an alarm
signal to actuate a visible and/or audible annunciator
when the charging voltage exceeds a threshold level.
[0005] A voltage-pulse converting circuit that converts
a voltage into a pulse signal by use of an integrator, and
a charge control system incorporating the same are dis-
closed in US 2007/115037 A1. An input switching unit

switches connection between a first terminal and a sec-
ond terminal with positive and negative input terminals
of the integrator. The connection is switched based on a
comparison result of first and second comparators to
generate a pulse in accordance with the charging or dis-
charging operation.
[0006] US 5 747 964 A describes a rechargeable bat-
tery and a battery charging system for multiple series
connected battery cells which includes a plurality of shunt
regulators, adapted to be connected in parallel with each
of the cells. The voltage of each cell is monitored during
charging. When a cell is fully charged, excess charging
current is shunted around the fully charged cell to enable
the remaining cells to continue to charge. Circuitry is also
provided to prevent the charging system from discharg-
ing the cells when the battery is not being charged.
[0007] JP 2008-199828A published by the Japanese
patent office in the year 2008 discloses a charge control
circuit that executes charge control under which a sec-
ondary battery module, constituted with a plurality of unit
cells layered one on top of another; is charged. The
charge control circuit detects voltages at the unit cells,
compares the voltage at the secondary battery module
with a predetermined voltage value based upon the volt-
ages at the unit cells and controls the current output from
a battery charger based upon the comparison results.

SUMMARY OF THE INVENTION

[0008] However, the voltage at a unit cell tends to pul-
sate readily and thus, the voltage detected at the unit cell
with certain voltage sampling timing may be unstable, in
which case, accurate voltage at the secondary battery
module cannot be detected reliably. Unless the level of
charge to which the secondary battery module has been
charged is ascertained accurately, the charge operation
may stop before the secondary battery module is fully
charged.
[0009] It is therefore an object of this invention to pro-
vide a secondary battery module charge control device
capable of charging the secondary battery module until
it achieves the full charge level while effectively prevent-
ing overcharge at individual unit cells.
[0010] In order to achieve the above object, this inven-
tion provides a charge control device for controlling a
charge power by a battery charger that charges the sec-
ondary battery module with a direct current provided from
an AC/DC converter. The secondary battery module
comprises a series connection of a plurality of unit cells
or a plurality of cell groups each constituted with a plu-
rality of unit cells.
[0011] The device comprises a configuration, wherein
each unit cell or each cell group is disposed with a con-
stant voltage circuit that is connected to both ends of said
each unit cell or said each cell group and constituted with
a Zener diode and a resistor connected in series, and
said each unit cell or said each cell group is disposed
with a determination circuit that makes a determination
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as to whether or not said each unit cell or said each cell
group is in a full charge state, the determination circuit
comprising an operational amplifier that generates a
pulse signal in correspondence to a potential difference
between the potentials at the two sides of the resistor,
an integrating circuit that integrates the pulse signal and
outputs an integral signal, and a cell control integrated
circuit that calculates a pulse signal duty ratio based upon
the integral signal and determines that said each unit cell
or said each cell group is in the full charge state when
the duty ratio exceeds a predetermined ratio, and where-
in the device further comprises a programmable control-
ler programmed to control the charge power based upon
the pulse signal duty ratio of the determination circuit.
[0012] This invention also provides a charge control
method comprising disposing each unit cell or each cell
group with a constant voltage circuit that is constituted
with a Zener diode and a resistor connected in series and
that is connected to both ends of said each unit cell or
said each cell group, making a determination as to wheth-
er or not said each unit cell or said each cell group is in
a full charge state, the determination making comprising
generating a pulse signal in correspondence to a poten-
tial difference between the potentials at the two sides of
the resistor, integrating the pulse signal and outputting
an integral signal, calculating a pulse signal duty ratio
based upon the integral signal, and determining that said
each unit cell or said each cell group is in the full charge
state when the duty ratio exceeds a predetermined ratio,
and controlling the charge power based upon the pulse
signal duty ratio.
[0013] The details as well as other features and ad-
vantages of this invention are set forth in the remainder
of the specification and are shown in the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is an electronic circuit diagram indicating a
relationship of a charge control device according to
this invention to a secondary battery module and a
battery charger.
FIGS. 2A and 2B are timing charts indicating a rela-
tionship between a change in charging power sup-
plied from a battery charger to the secondary battery
module and a change occurring in a voltage at a unit
cell in the secondary battery module.
FIGS. 3A- 3C are timing charts indicating a change
in charging power used to charge the secondary bat-
tery module and changes occurring in voltages at
different unit cells.
FIGS. 4A and 4B are timing charts indicating a wave-
form of a pulse signal output from an operational
amplifier in the charge control device.
FIG. 5 is a flowchart of the secondary battery module
charge control routine executed by a battery control-

ler according to this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0015] FIG. 1 shows a charge control device 3 that con-
trols charge of a secondary battery module 1 by moni-
toring a charge quantity indicating the extent to which the
secondary module, used as a motive power source in an
electric vehicle, is charged and by controlling charging
power output from a battery charger 2 that charges the
secondary battery module 1 based upon the charge
quantity.
[0016] The secondary battery module 1 includes n unit
cells 10 connected in series. n represents any positive
integer. The unit cells 10 are each constituted with a lith-
ium-ion battery. However, the unit cells may be consti-
tuted with nickel hydride batteries or lead-acid batteries,
instead of lithium-ion batteries.
[0017] The battery charger 2 includes an AC/DC con-
verter. The AC/DC converter converts an alternating cur-
rent to a direct current and supplies the direct current to
the secondary battery module 1. The alternating current
source may be, for instance, a residential electrical outlet.
[0018] The charge control device 3 includes a constant
voltage circuit 33 connected in parallel to the unit cell 10
and a determination circuit 30, both disposed in corre-
spondence to each unit cell 10. The constant voltage
circuit 33 is constituted with a resistor 331 and a Zener
diode 332 connected in series. The determination circuit
30 is constituted with an operational amplifier 34, an in-
tegrating circuit 35 and a cell control integrated circuit
(hereafter referred to as a CCIC) 31.
[0019] The operational amplifier 34, connected to the
two ends of the resistor 331, outputs a pulse signal cor-
responding to the potential difference between the po-
tentials at the two ends of the resistor 331. In other words,
as an electric current flows through the constant voltage
circuit 33, the operational amplifier 34 outputs a pulse
signal. The integrating circuit 35 is constituted with a re-
sistor and a capacitor and outputs the results obtained
by integrating the pulse signal to the CCIC 31.
[0020] As the charge progresses and the voltage be-
tween the terminals at the unit cell 10 becomes greater
than the breakdown voltage at the Zener diode 332, an
electric current flows through the constant voltage circuit
33, which includes the Zener diode 332, and a difference
occurs between the potentials at the two sides of the
resistor 331 connected in series to the Zener diode 332.
In the following description, the breakdown voltage at the
Zener diode 332 is to be referred to as a Zener voltage.
[0021] The Zener voltage at the Zener diode 332 may
be set in advance to a level substantially equal to the full
charge voltage of the unit cell 10 so as to enable detection
of a unit cell 10 achieving its full charge voltage by de-
tecting the flow of the current through the constant volt-
age circuit 33 as the potential difference between the two
sides of the resistor 331. It is to be noted that the state
of full charge voltage detected at the unit cell 10 as de-
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scribed above may be a momentary state attributable to
a voltage pulsation at the AC/DC converter.
[0022] The determination circuit 30 executes the fol-
lowing processing in order to detect the state of full
charge at the unit cell 10 by eliminating the influence of
voltage pulsation.
[0023] The operational amplifier 34 outputs a pulse sig-
nal by detecting the difference between the potentials at
the two sides of the resistor 331. The pulse signal output
from the operational amplifier 34 is input to the CCIC 31
via the integrating circuit 35. Based upon the signal input
from the corresponding integrating circuit 35, each CCIC
31 calculates a pulse signal time duty ratio and once the
time duty ratio exceeds a predetermined ratio, the unit
cell 10 is determined to have entered the state of full
charge. In this example, the predetermined ratio is set to
50%.
[0024] The CCICs 31 each makes a determination as
to whether or not the target unit cell 10 has reached the
state of full charge, and each CCIC outputs a full charge
signal if the determination is affirmative.
[0025] Based upon the full charge signals output from
the CCICs 31, a battery controller 32 controls charging
power output from the battery charger 2 to charge the
secondary battery module 1.
[0026] The battery controller 32 is constituted with a
microcomputer which includes a central processing unit
(CPU), a read only memory (ROM), a random access
memory (RAM) and an input/output interface(I/O inter-
face). The battery controller 32 may be constituted with
a plurality of microcomputers, as well.
[0027] The power output from an AC/DC converter will
normally include a pulsating component. For this reason,
terminal voltages at the secondary battery module 1
charged with the charging power output from the AC/DC
converter in the battery charger 2 also pulsate. As the
voltage at the secondary battery module 1 is detected
over specific sampling cycles, the pulsation of the termi-
nal voltages causes the voltage value to fluctuate with
the timing of each detection and thus, accurate voltage
detection cannot be assured with ease.
[0028] The voltage pulsation is a phenomenon inher-
ent to the AC/DC converter and accordingly, the voltage
pulsation can be suppressed by connecting a DC/ DC
converter, which executes DC-DC voltage conversion to
the AC/DC converter. However, the addition of such a
DC/DC converter with a complicated circuit structure is
bound to increase the size of the battery charger 2. An
increase in the size of the battery charger 2 is particularly
undesirable in an application in which the secondary bat-
tery module 1 and the battery charger 2 must be installed
in a limited installation space, e.g., in a vehicle.
[0029] In the charge control device 3 according to this
invention, a Zener diode 332 is connected between the
terminals of each unit cell 10 and a pulse signal is gen-
erated based upon the potential difference occurring be-
tween the two sides of a resistor 331 connected in series
to the Zener diode 332, so as to detect the state of full

charge at the particular unit cell 10 based upon the pulse
signal time duty ratio detected in correspondence to the
integrated pulse signal value. As a result, the charge
quantity can be detected with a high level of accuracy,
unaffected by charge voltage pulsation attributable to the
AC/DC converter. In addition, by controlling the power
output from the battery charger 2 based upon the detec-
tion results, the secondary battery module 1 can be reli-
ably charged to achieve a full charge.
[0030] In reference to FIGS. 2A and 2B, the charge
control under which a given unit cell 10 is charged is
described.
[0031] It is assumed that a charge of the secondary
battery module 1, currently charged to an extremely low
level, is started by connecting the battery charger 2 to an
AC source. As indicated in FIG. 2A, the power output
from the AC/DC converter in the battery charger 2 to the
secondary battery module 1 includes a pulsating com-
ponent. As a result, the voltage at the secondary battery
module 1 also pulsates as it increases, as indicated in
FIG. 2B.
[0032] At each unit cell 10, as soon as the voltage be-
tween the terminals of the constant voltage circuit 33 be-
comes higher than the full charge voltage of the unit cell
10, an electric current flows through the constant voltage
circuit 33, thereby creating a difference between the po-
tentials at the two sides of the resistor 331. The period
of time during which such a potential difference exists at
the resistor 331 is equivalent to a period of time during
which an electric current flows through the Zener diode
332. The resistance value at the resistor 331 is set in
advance by taking into consideration the full charge volt-
age of the unit cell 10 and the Zener voltage at the Zener
diode 332. The full charge voltage for the unit cell 10 is
set to a sufficiently low voltage value by allowing a certain
margin relative to a critical voltage at which the unit cell
10 will be overcharged.
[0033] Once the voltage at the unit cell 10 rises to a
level exceeding the full charge voltage, the operational
amplifier 34 outputs a pulse signal corresponding to the
length of time over which the resistor 331 manifests a
potential difference. Since the voltage at the unit cell pul-
sates as it rises, as indicated in FIG. 2B, the period of
time over which an electric current flows through the Zen-
er diode 332 gradually lengthens. In correspondence,
the time duty ratio of the pulse signal output from the
operational amplifier 34 also gradually increases.
[0034] The pulse signal is input to the CCIC 31 paired
up with the particular operational amplifier 34 via the in-
tegrating circuit 35. The CCIC 31 detects the pulse signal
time duty ratio from the signal output from the integrating
circuit 35 and once the time duty ratio exceeds the pre-
determined ratio, i.e., 50%, it determines that the voltage
at the corresponding unit cell 10 has reached a level
equivalent to the full charge voltage and outputs a full
charge signal to the battery controller 32. Upon receiving
the full charge signal from any CCIC 31, the battery con-
troller 32 outputs a charging power reducing signal, used
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to lower the charging power, to the battery charger 2.
[0035] Thus, if the pulse signal time duty ratio corre-
sponding to any of the plurality of unit cells 10 constituting
the secondary battery module 1 exceeds 50%, the bat-
tery controller 32 transmits a charging power reducing
signal to the battery charger 2 so as to lower the charging
power.
[0036] Upon receiving the charging power reducing
signal, the battery charger 2 lowers the charging power
in stages, as indicated in FIG. 2A. The stage at which
the charging power is at its highest is to be referred to
as level 1 in the description. The charging power is se-
quentially lowered to level 2, level 3 and then level 4.
However, the number of stages through which the charg-
ing power is adjusted does not need to be four and it may
be set to any number equal to or greater than two.
[0037] By lowering the charging power output from the
battery charger 2 in stages as described above, the am-
plitude of the pulsating component in the charging power
can be kept down. However, instead of lowering the
charging power in stages, it may be reduced continuous-
ly. It is to be noted that as the charging power reducing
signal is output, each CCIC 31 simultaneously resets the
integral signal output from the corresponding integrating
circuit 35 to zero through internal processing.
[0038] As the charging power is lowered to level 2, the
charge voltage at the secondary battery module 1 is also
temporarily lowered but the charge voltage then starts to
rise again, as indicated in FIG. 2B. In this situation, the
unit cell 10 is already charged with the charging power
at level 1 and thus, the charge is resumed at level 2 with
a potential higher than that corresponding to level 1.
[0039] At level 2, too, each time the voltage at a unit
cell 10 reaches a level equivalent to the full charge volt-
age, an electric current flows through the corresponding
constant voltage circuit 33, prompting the operational
amplifier 34 to transmit a pulse signal. Once the duty ratio
of the pulse signal input from the operational amplifier 34
via the integrating circuit 35 exceeds 50% the CCIC 31
transmits a full charge signal pertaining to the corre-
sponding unit cell 10 to the battery controller 32. Upon
receiving the full charge signal from any CCIC 31, the
battery controller 32 outputs a charging power reducing
signal, used to lower the charging power, to the battery
charger 2. In response to the charging power reducing
signal, the battery charger 2 lowers the charging power
to level 3.
[0040] As the charging power is lowered to level 3, the
charge voltage at the secondary battery module 1 is also
temporarily lowered but the charge voltage then starts to
rise again, as indicated in FIG. 2B. In this situation, the
unit cell 10 is already charged with the charging power
in the level 1-2 range and thus, the charge is resumed
at level 3 with a potential higher than that corresponding
to level 2.
[0041] At level 3, too, each time the voltage at a unit
cell 10 reaches a level equivalent to the full charge volt-
age, an electric current flows through the corresponding

constant voltage circuit 33, prompting the operational
amplifier 34 to transmit a pulse signal. Once the duty ratio
of the pulse signal input from the operational amplifier 34
via the integrating circuit 35 exceeds 50%, the CCIC 31
transmits a full charge signal pertaining to the corre-
sponding unit cell 10 to the battery controller 32. Upon
receiving the full charge signal from any CCIC 31, the
battery controller 32 outputs a charging power reducing
signal, used to lower the charging power, to the battery
charger 2. In response to the charging power reducing
signal, the battery charger 2 lowers the charging power
to level 4.
[0042] As the charging power is lowered to level 4, the
charge voltage at the secondary battery module 1 is also
temporarily lowered but the charge voltage then starts to
rise again, as indicated in FIG. 2B. In this situation, the
unit cell 10 is already charged with the charging power
in the level 1-3 range and thus, the charge is resumed
at level 4 with a potential higher than that corresponding
to level 3.
[0043] At level 4, too, each time the voltage at a unit
cell 10 reaches a level equivalent to the full charge volt-
age, an electric current flows through the corresponding
constant voltage circuit 33, prompting the operational
amplifier 34 to transmit a pulse signal. Once the duty ratio
of the pulse signal input from the operational amplifier 34
via the integrating circuit 35 exceeds 50%, the CCIC 31
transmits a full charge signal pertaining to the corre-
sponding unit cell 10 to the battery controller 32.
[0044] At level 4, the battery controller 32 keeps charg-
ing the secondary battery module 1 with the power at
level 4 even after a full charge signal is input thereto from
a CCIC 31. Then, once full charge signals originating
from all the CCICs 31 are input thereto, the battery con-
troller 32 determines that the charge of the secondary
battery module 1 has been completed and outputs a
charge stop signal to the battery charger 2.
[0045] As FIGS. 3A-3C indicate, the voltages at the
plurality of unit cells 10 constituting the secondary battery
module 1 rise at varying rates while the secondary battery
module 1 is charged, since the performance levels of the
unit cells 10, for instance, may not be uniform.
[0046] As the charging power output from the battery
charger 2 to charge the secondary battery module 1 is
adjusted in four stages as indicated in FIG. 2A under the
control described earlier, the voltage at a quick charging
unit cell 10 achieves the full charge state at an early phase
of level 4, as indicated in FIG. 3B but the voltage at a
slow charging unit cell 10 does not achieve the full charge
state well into the level 4, as indicated in FIG. 3A. The
term "full charge state" in this context is equivalent to a
pulse signal time duty ratio exceeding 50%.
[0047] Once a full charge signal is output in corre-
spondence to any unit cell 10, the battery controller 32
in the charge control device 3 in the embodiment lowers
the charging power provided from the battery charger 2.
As a result, the secondary battery module 1 can be
charged efficiently by minimizing any waste of charging
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power provided from the battery charger 2. In addition,
until full charge signals are output in correspondence to
all the unit cells 10, the battery controller 32 sustains the
level of the charging power from the battery charger 2 at
the lowest level, i.e., level 4. This means that a full charge
state can be achieved reliably for a slow charging unit
cell 10, as indicated in FIG. 3A, making it possible to
reliably charge the secondary battery module 1 until it
achieves the full charge state.
[0048] When the duty ratio at a slow charging unit cell
10 reaches 50%, which indicates the full charge state,
as shown in FIG. 4A, the duty ratio at a quick charging
unit cell 10 may have already reached 100%, as shown
in FIG. 4B. However, since an electric current flows
through the constant voltage circuit 33 and power is used
up through heat generation at the resistor 331 in the quick
charging unit cell 10, there is no risk of the quick charging
unit cell 10 becoming overcharged.
[0049] Next, in reference to FIG. 5, the charge control
routine executed by the battery controller 32 to achieve
the charge control described above will be explained.
The execution of this routine starts simultaneously as a
charge of the secondary battery module 1 is started up.
It is to be noted that a determination as to whether or not
to start charging the secondary battery module 1 is made
through a separate routine.
[0050] In a step S11, the battery controller 32 outputs
a charge start signal, signaling the start of a level 1 charge
of the secondary battery module 1, to the battery charger
2.
[0051] In a step S12, the battery controller 32 deter-
mines whether or not a full charge signal has been input
from the CCIC 31 operating in conjunction with any unit
cell 10. As explained earlier, the CCIC 31 outputs the full
charge signal when the time duty ratio of the pulse signal
indicating an electric current flow through the Zener diode
332 exceeds the predetermined ratio of 50%.
[0052] If the result of the determination in step S12 is
negative, the battery controller 32 sustains the state of
level 1 charge, in which the secondary battery module 1
is charged at level 1.
[0053] Once the result of the determination made in
the step S12 turns affirmative, the battery controller 32
outputs a charging power reducing signal to the battery
charger 2 in a step S13. Upon receiving the charging
power reducing signal input thereto, the battery charger
2 lowers the charging power from level 1 to level 2.
[0054] Following the processing in the step S13, the
battery controller 32 determines in a step S14 whether
or not the charging power has been lowered to level 4.
If it is determined that the charging power has not been
lowered to level 4, the battery controller 32 repeats the
processing of steps S12 - S14. Thus, the charge is con-
tinuously executed with the charging power at level 2.
[0055] Consequently, in response to another full
charge signal input thereto from the CCIC 31 operating
in conjunction with any of the unit cells 10, the battery
controller 32 outputs a charging power reducing signal

to the battery charger 2 in the step S13. Upon receiving
the charging power reducing signal input thereto, the bat-
tery charger 2 lowers the charging power from level 2 to
level 3.
[0056] Subsequently, the battery controller 32 repeat-
edly executes the processing in steps S12 ∼ S14 while
sustaining level 3, so as to continuously execute the
charge with the charging power at level 3.
[0057] Then, in response to another full charge signal
input thereto from the CCIC 31 operating in conjunction
with any of the unit cells 10, the battery controller 32
outputs a charging power reducing signal to the battery
charger 2 in step S13. Upon receiving the charging power
reducing signal input thereto, the battery charger 2 lowers
the charging power from level 3 to level 4.
[0058] Once the level of the charging power is lowered
to level 4, the determination in the step S14 turns to be
affirmative from negative. Once the results of the deter-
mination made in the step S14 turns to be affirmative,
the battery controller 32 makes a determination in a step
S15 whether or not full charge signals have been input
in correspondence to all the unit cells 10.
[0059] A negative decision is made in the step S15
immediately after the result of the determination made in
the step S14 turns to be affirmative. Until the determina-
tion turns to be affirmative in a step S15, the battery con-
troller 32 continues to charge the secondary battery mod-
ule 1 with the charging power at level 4.
[0060] After the secondary battery module 1 is contin-
uously charged with the level 4 charging power and the
full charge signals are finally input in correspondence to
all the unit cells 10 as a result, the battery controller 32
outputs a charge stop signal to the battery charger 2 in
a step S16 so as to end the charge of the secondary
battery module 1. After executing the processing in step
S16, the battery controller 32 ends the routine.
[0061] As described above, the charge control device
3 includes a constant voltage circuit 33 which is made
up with a Zener diode 332 and a resistor 331 disposed
in series and is connected in parallel to each unit cell 10.
Thus, as the voltage between the terminals becomes
higher than the breakdown coverage of the Zener diode
332, an electric current flows through the constant volt-
age circuit 33 which includes the Zener diode 332, there-
by creating a potential difference between the potentials
at the two sides of the resistor 331 connected in series
to the Zener diode 332.
[0062] As the CCIC 31 makes a determination as to
whether or not the unit cell 10 is in the full charge state
based upon the pulse signal time duty ratio correspond-
ing to the potential difference, the completion of the
charge of the particular unit cell 10 can be detected ac-
curately and with optimal timing. In addition, since any
excess power that may be applied to the unit cell 10 is
consumed as the resistor 331 generates heat in corre-
spondence to the potential difference, the unit cell 10
does not become overcharged.
[0063] The battery controller 32 lowers the charging
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power used to charge the secondary battery module 1 in
stages based upon full charge signals each indicating
that a given unit cell 10 has been fully charged and thus,
the unit cells 10 constituting the secondary battery mod-
ule 1 can be charged with high efficiency. Furthermore,
since the secondary battery module 1 is continuously
charged with low power at level 4 until all the unit cells
10 become fully charged, all the unit cells 10 can be thor-
oughly charged.
[0064] As described above, the charge control device
3 is capable of ensuring that even if the charging power
pulsates, the secondary battery module 1 can be reliably
charged until the full charge state is achieved while pre-
venting an overcharge of individual unit cells 10.
[0065] In addition, since the battery charger 2 used in
conjunction with the charge control device 3 does not
require a DC/DC converter for purposes of suppressing
pulsation of the charging power, the charger device can
be provided as a compact and inexpensive unit.
[0066] While the charge of the secondary battery mod-
ule 1 is terminated in the step S16 after all the unit cells
10 are determined to have been fully charged in step S15
in the charge control routine shown in FIG. 5, the charge
of the secondary battery module 1 may be terminated
after it is further charged over a predetermined length of
time as an alternative. Through this alternative process-
ing, it can be ensured with even greater reliability that
the secondary battery module 1 is charged to the full
charge level.
[0067] As a further alternative, the charge of the sec-
ondary battery module 1 may be terminated after a pre-
determined length of time elapses upon deciding in the
step S15 that one of the unit cells 10 has been fully
charged. In this case, if the voltages at some unit cells
fail to rise due to a malfunction, the charge is terminated
without charging the secondary battery module 1 over
an extended period of time so as to protect the other
normally functioning unit cells 10 from any adverse effect.
[0068] In the embodiment described above, the deter-
mination in the step S12 and the determination in the
step S15 are both executed to determine whether or not
the individual unit cells 10 have been fully charged by
comparing the pulse signal time duty ratio with the same
predetermined ratio of 50%.
[0069] However, it is also desirable to set the reference
time duty ratio used in the determination in the step S12
as the trigger for lowering the charging power level to a
value smaller than that selected for the reference time
duty ratio in the step S15 as the charge stop trigger, par-
ticularly since such settings will minimize the level of pow-
er consumption required to charge the secondary battery
module 1.
[0070] In addition, the reference value selected for the
predetermined ratio to be compared with the time duty
ratio may be adjusted in correspondence to the level of
the charging power. For instance, the predetermined ra-
tio may be set to 30% when charging the secondary bat-
tery module with the level 1 charging power, the prede-

termined ratio may be set to 40% when charging the sec-
ondary battery module with the level 2 charging power,
and the predetermined ratio may be set to 50% when
charging the secondary battery module with the level 3
charging power.
[0071] Since the amplitude of the pulsating component
included in charging power at a higher level is greater,
the peak value of the voltage between the terminals at
each unit cell tends to momentarily reach the full charge
voltage, and thus, an electric current tends to flow through
the constant voltage circuit 33 readily at a higher charging
power level. In other words, at a higher charging power
level, the resistor 331 tends to generate heat more read-
ily, resulting in greater energy loss. The extent of such
energy loss can be reduced by selecting a greater value
for the predetermined ratio at a lower charging power
level.
[0072] Although the invention has been described
above with reference to certain embodiments, the inven-
tion is not limited to the embodiments described above.
Modifications and variations of the embodiments de-
scribed above will occur to those skilled in the art, within
the scope of the claims.
[0073] For example, while the constant voltage circuit
33 is disposed in correspondence to each unit cell 10 in
the embodiment described above, the control device may
include a constant voltage circuit 33 disposed in corre-
spondence to each cell group made up with a plurality of
the unit cells 10 and may make a decision as to whether
or not the particular cell group has achieved a state of
full charge without departing from the technical scope of
this invention.
[0074] The battery controller 32 in the embodiment de-
scribed above, lowers the charging power output from
the battery charger 2 through the level 1- level 4 range
in stages each time one of the unit cells 10 achieves the
full charge state. However, charging by the battery charg-
er 2 may be stopped once any unit cell 10 achieves the
full charge state without departing from the technical
scope of this invention.
[0075] The embodiments of this invention in which an
exclusive property or privilege is claimed are defined as
follows:

Claims

1. A charge control device (3) for controlling a charge
power by a battery charger (2) that charges the sec-
ondary battery module (1) with a direct current pro-
vided from an AC/DC converter, the secondary bat-
tery module (1) comprising a series connection of a
plurality of unit cells (10) or a plurality of cell groups
each constituted with a plurality of unit cells (10), the
device comprising a configuration wherein:

each unit cell (10) or each cell group is disposed
with a constant voltage circuit (33) that is con-
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nected to both ends of said each unit cell (10)
or said each cell group and constituted with a
Zener diode (332) and a resistor (331) connect-
ed in series; and
said each unit cell (10) or said each cell group
is disposed with a determination circuit (30) that
makes a determination as to whether or not said
each unit cell (10) or said each cell group is in
a full charge state, the determination circuit (30)
comprising an operational amplifier (34) that
generates a pulse signal in correspondence to
a potential difference between the potentials at
the two sides of the resistor (331), an integrating
circuit (35) that integrates the pulse signal and
outputs an integral signal, and a cell control in-
tegrated circuit (31) that calculates a pulse sig-
nal duty ratio based upon the integral signal and
determines that said each unit cell or said each
cell group is in the full charge state when the
duty ratio exceeds a predetermined ratio; and
wherein the device further comprises a pro-
grammable controller (32) programmed to con-
trol the charge power based upon the pulse sig-
nal duty ratio of the determination circuit (30).

2. The charge control device (3) as defined in Claim 1,
wherein the predetermined ratio is set equal to a time
duty ratio of 50 percent.

3. The charge control device (3) as defined in Claim 1
or Claim 2, wherein the constant voltage circuit (33)
and the determination circuit (30) are disposed in
correspondence to said each unit cell (10) or said
each cell group, and the programmable controller
(32) is further programmed to reduce (S13) the
charging power that the battery charger (2) outputs
to charge the secondary battery module (1) once any
unit cell (10) or cell group enters the full charge state.

4. The charge control device (3) as defined in Claim 3,
wherein the constant voltage circuit (33) and the de-
termination circuit (3) are disposed in correspond-
ence to said each unit cell (10) or said each cell
group, and the programmable controller (32) is fur-
ther programmed to reduce (S13) the charging pow-
er that the battery charger (2) outputs to charge the
secondary battery module (1) each time any unit cell
(10) or cell group enters the full charge state.

5. The charge control device (3) as defined in Claim 3
or Claim 4, wherein the constant voltage circuit (33)
and the determination circuit (30) are disposed in
correspondence to said each unit cell (10) or said
each cell group, and the programmable controller
(32) is further programmed to cause the battery
charger (2) to keep charging the secondary battery
module (1) until all the unit cells (10) or cell groups
achieve the full charge state (S15, S16).

6. The charge control device (3) as defined in Claim 5,
wherein the programmable controller (32) is further
programmed to cause the battery charger (2) to keep
charging the secondary battery module (1) until a
predetermined length of time elapses after all the
unit cells (10) or cell groups enter the full charge
state.

7. The charge control device (3) as defined in Claim 3,
wherein the programmable controller (32) is further
programmed to cause the battery charger (2) to stop
charging the secondary battery module (1), once a
predetermined length of time elapses after any unit
cell (10) or cell group enters the full charge state.

8. A charge control method for controlling a charge
power by a battery charger (2) that charges the sec-
ondary battery module (1) with a direct current pro-
vided from an AC/DC converter, the secondary bat-
tery module (1) comprising a series connection of a
plurality of unit cells (10) or a plurality of cell groups
each constituted with a plurality of unit cells (10), the
method comprising:

disposing each unit cell (10) or cell group with a
constant voltage circuit (33) that is constituted
with a Zener diode (332) and a resistor (331)
connected in series and that is connected to both
ends of said each unit cell (10) or said each cell
group;
making a determination as to whether or not said
each unit cell (10) or said each cell group is in
a full charge state, the determination making
comprising generating a pulse signal in corre-
spondence to a potential difference between the
potentials at the two sides of the resistor, inte-
grating the pulse signal and outputting an inte-
gral signal, calculating a pulse signal duty ratio
based upon the integral signal, and determining
that said each unit cell or said each cell group
is in the full charge state when the duty ratio
exceeds a predetermined ratio; and
controlling the charge power based upon the
pulse signal duty ratio.

Patentansprüche

1. Lade-Steuerungsvorrichtung (3) zum Steuern eines
Ladestroms von einer Batterie-Ladeeinrichtung (2),
die das Sekundärbatterie-Modul (1) mit einem
Gleichstrom lädt, der von einem Wechselstrom-
Gleichstrom-Wandler bereitgestellt wird, wobei das
Sekundärbatterie-Modul (1) eine Reihenverbindung
einer Vielzahl von Einzelzellen (10) oder einer Viel-
zahl von Zellengruppen umfasst, die jeweils aus ei-
ner Vielzahl von Einzelzellen (10) bestehen, und die
Vorrichtung eine Konfiguration umfasst, bei der:
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jede Einzelzelle (10) oder jede Zellengruppe mit
einer Konstantspannungs-Schaltung (33) ein-
gerichtet ist, die mit beiden Enden jeder Einzel-
zelle (10) oder jeder Zellengruppe verbunden ist
und aus einer Zener-Diode (332) und einem Wi-
derstand (331) besteht, die in Reihe verbunden
sind; und
jede Einzelzelle (10) oder jede Zellengruppe mit
einer Feststellungs-Schaltung (30) eingerichtet
ist, die eine Feststellung dahingehend trifft, ob
sich jede Einzelzelle (10) oder jede Zellengrup-
pe in einem vollständig geladenen Zustand be-
findet, wobei die Feststellungs-Schaltung (30)
einen Operationsverstärker (34), der ein Impuls-
Signal entsprechend einer Potenzialdifferenz
zwischen den Potenzialen an den beiden Seiten
des Widerstandes (331) erzeugt, eine Integrier-
Schaltung (35), die das Impuls-Signal integriert
und ein Integral-Signal ausgibt, sowie eine inte-
grierte Zellensteuerungs-Schaltung (31) um-
fasst, die ein Tastverhältnis des Impuls-Signals
auf Basis des Integral-Signals berechnet und
feststellt, dass sich jede Einzelzelle oder jede
Zellengruppe in dem vollständig geladenen Zu-
stand befindet, wenn das Tastverhältnis ein vor-
gegebenes Verhältnis überschreitet; und
wobei die Vorrichtung des Weiteren eine pro-
grammierbare Steuerungseinrichtung (32) um-
fasst, die so programmiert ist, dass sie den La-
destrom auf Basis des Tastverhältnisses des
Impuls-Signals der Feststellungs-Schaltung
(30) steuert.

2. Lade-Steuerungsvorrichtung (3) nach Anspruch 1,
wobei das vorgegebene Verhältnis auf ein Zeit-Tast-
verhältnis von 50 % festgelegt ist.

3. Lade-Steuerungsvorrichtung (3) nach Anspruch 1
oder Anspruch 2, wobei die Konstantspannungs-
Schaltung (33) und die Feststellungs-Schaltung (30)
in Entsprechung zur jeder Einzelzelle (10) oder jeder
Zellengruppe eingerichtet sind und die programmier-
bare Steuerungseinrichtung (32) des Weiteren so
programmiert ist, dass sie den Ladestrom, den die
Batterie-Ladeeinrichtung (2) ausgibt, um das Sekun-
därbatterie-Modul (1) zu laden, reduziert (S13), so-
bald eine beliebige Einzelzelle (10) oder Zellengrup-
pe den vollständig geladenen Zustand erreicht.

4. Lade-Steuerungsvorrichtung (3) nach Anspruch 3,
wobei die Konstantspannungs-Schaltung (33) und
die Feststellungs-Schaltung (3) in Entsprechung zur
jeder Einzelzelle (10) oder jeder Zellengruppe ein-
gerichtet sind und die programmierbare Steuerungs-
einrichtung (32) des Weiteren so programmiert ist,
dass sie den Ladestrom, den die Batterie-Ladeein-
richtung (2) ausgibt, um das Sekundärbatterie-Mo-
dul (1) zu laden, jedes Mal dann reduziert (S13),

wenn eine beliebige Einzelzelle (10) oder Zellen-
gruppe den vollständig geladenen Zustand erreicht.

5. Lade-Steuerungsvorrichtung (3) nach Anspruch 3
oder Anspruch 4, wobei die Konstantspannungs-
Schaltung (33) und die Feststellungs-Schaltung (30)
in Entsprechung zur jeder Einzelzelle (10) oder jeder
Zellengruppe eingerichtet sind und die programmier-
bare Steuerungseinrichtung (32) des Weiteren so
programmiert ist, dass sie veranlasst, dass die Bat-
terie-Ladeeinrichtung (2) das Sekundärbatterie-Mo-
dul (1) weiter lädt, bis alle der Einzelzellen (10) oder
Zellengruppen den vollständig geladenen Zustand
erreichen (S15, S16).

6. Lade-Steuerungsvorrichtung (3) nach Anspruch 5,
wobei die programmierbare Steuerungseinrichtung
(32) des Weiteren so programmiert ist, dass sie ver-
anlasst, dass die Batterie-Ladeeinrichtung (2) das
Sekundärbatterie-Modul (1) weiter lädt, bis eine vor-
gegebene Zeitdauer verstrichen ist, nachdem alle
der Einzelzellen (10) oder Zellengruppen den voll-
ständig geladenen Zustand erreichen.

7. Lade-Steuerungsvorrichtung (3) nach Anspruch 3,
wobei die programmierbare Steuerungseinrichtung
(32) des Weiteren so programmiert ist, dass sie ver-
anlasst, dass die Batterie-Ladeeinrichtung (2) Laden
des Sekundärbatterie-Moduls (1) unterbricht, wenn
eine vorgegebene Zeitdauer verstrichen ist, nach-
dem eine beliebige Einzelzelle (10) oder Zellengrup-
pe den vollständig geladenen Zustand erreicht.

8. Lade-Steuerungsverfahren zum Steuern eines La-
destroms von einer Batterie-Ladeeinrichtung, die
das Sekundärbatterie-Modul (1) mit einem Gleich-
strom lädt, der von einem Wechselstrom-Gleich-
strom-Wandler bereitgestellt wird, wobei das Sekun-
därbatterie-Modul (1) eine Reihenverbindung einer
Vielzahl von Einzelzellen (10) oder einer Vielzahl von
Zellengruppen umfasst, die jeweils aus einer Viel-
zahl von Einzelzellen (10) bestehen, und das Ver-
fahren umfasst:

Einrichten jeder Einzelzelle (10) oder Zellen-
gruppe mit einer Konstantspannungs-Schal-
tung (33), die aus einer Zener-Diode (332) und
einem Widerstand (331) besteht, die in Reihe
verbunden sind, und die mit beiden Enden jeder
Einzelzelle (10) oder jeder Zellengruppe ver-
bunden ist;
Treffen einer Feststellung dahingehend, ob sich
jede Einzelzelle (10) oder jede Zellengruppe in
einem vollständig geladenen Zustand befindet,
wobei das Treffen der Feststellung umfasst,
dass ein Impuls-Signal entsprechend einer Po-
tenzialdifferenz zwischen den Potenzialen an
den beiden Seiten des Widerstandes erzeugt
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wird, das Impuls-Signal integriert wird und ein
Integral-Signal ausgegeben wird, ein Tastver-
hältnis des Impuls-Signals auf Basis des Inte-
gral-Signals berechnet wird und festgestellt
wird, dass sich jede Einzelzelle oder jede Zel-
lengruppe in dem vollständig geladenen Zu-
stand befindet, wenn das Tastverhältnis ein vor-
gegebenes Verhältnis überschreitet; und
Steuern des Ladestroms auf Basis des Tastver-
hältnisses des Impuls-Signals.

Revendications

1. Dispositif de commande de charge (3) pour com-
mander une énergie de charge par un chargeur de
batterie (2) qui charge le module de batterie secon-
daire (1) avec un courant direct fourni par un con-
vertisseur AC/DC, le module de batterie secondaire
(1) comprenant une connexion en série d’une plura-
lité de piles unitaires (10) ou d’une pluralité de grou-
pes de piles constitués-es chacun-chacune d’une
pluralité de piles unitaires (10), le dispositif compre-
nant une configuration dans laquelle :

chaque pile unitaire (10) ou chaque groupe de
piles est disposé-e avec un circuit de tension
constante (33) qui est branché aux deux extré-
mités de chacune desdites piles unitaires (10)
ou de chacun desdits groupes de piles et cons-
titué d’une diode Zener (332) et d’un résistor
(331) branchés en série ; et
chacune desdites piles unitaires (10) ou chacun
desdits groupes de piles est disposé-e avec un
circuit de détermination (30) qui effectue une dé-
termination du fait ou pas que chacune desdites
piles unitaires (10) ou chacun desdits groupes
de piles se trouve sous un état de charge com-
plète, le circuit de détermination (30) compre-
nant un amplificateur opérationnel (34) qui gé-
nère un signal d’impulsion en correspondance
d’une différence de potentiel entre les potentiels
aux deux extrémités du résistor (331), un circuit
d’intégration (35) qui intègre le signal d’impul-
sion et qui émet un signal intégré, et un circuit
intégré de commande de pile (31) qui calcule un
rapport cyclique de signal d’impulsion sur la ba-
se du signal intégré et qui détermine que cha-
cune desdites piles unitaires ou chacun desdits
groupes de piles se trouve sous l’état de charge
complète lorsque le rapport cyclique excède un
rapport prédéterminé ; et
le dispositif comprenant en outre un dispositif
de commande programmable (32) programmé
pour commander l’énergie de charge sur la base
du rapport cyclique de signal d’impulsion du cir-
cuit de détermination (30).

2. Dispositif de commande de charge (3) tel que défini
selon la revendication 1, le rapport prédéterminé
étant défini égal à un rapport cyclique de temps de
50 pour cent.

3. Dispositif de commande de charge (3) tel que défini
selon la revendication 1 ou la revendication 2, le cir-
cuit de tension constante (33) et le circuit de déter-
mination (30) étant disposés en correspondance vis-
à-vis de chacune desdites piles unitaires (10) ou cha-
cun desdits groupes de piles, et le dispositif de com-
mande programmable (32) étant en outre program-
mé pour réduire (S13) la puissance de charge que
le chargeur de batterie (2) émet pour charger le mo-
dule de batterie secondaire (1) une fois qu’une pile
unitaire (10) ou un groupe de piles quelconque entre
en l’état de charge complète.

4. Dispositif de commande de charge (3) tel que défini
selon la revendication 3, le circuit de tension cons-
tante (33) et le circuit de détermination (3) étant dis-
posés en correspondance de chacune desdites piles
unitaires (10) ou de chacun desdits groupes de piles,
et le dispositif de commande programmable (32)
étant en outre programmé pour réduire (S13) la puis-
sance de charge que le chargeur de batterie (2) émet
pour charger le module de batterie secondaire (1)
chaque fois qu’une pile unitaire (10) ou qu’un groupe
de piles quelconque entre en l’état de charge com-
plète.

5. Dispositif de commande de charge (3) tel que défini
selon la revendication 3 ou la revendication 4, le cir-
cuit de tension constante (33) et le circuit de déter-
mination (30) étant disposés en correspondance de
chacune desdites piles unitaires (10) ou de chacun
desdits groupes de piles, et le dispositif de comman-
de programmable (32) étant en outre programmé
pour amener le chargeur de batterie (2) à poursuivre
la charge du module de batterie secondaire (1) jus-
qu’à ce que toutes les piles unitaires (10) ou tous les
groupes de piles atteignent l’état de charge complète
(S15, S16).

6. Dispositif de commande de charge (3) tel que défini
selon la revendication 5, le dispositif de commande
programmable (32) étant en outre programmé pour
amener le chargeur de batterie (2) à poursuivre la
charge du module de batterie secondaire (1) jusqu’à
ce qu’une durée prédéterminée s’écoule après que
toutes les piles unitaires (10) ou tous les groupes de
piles entrent en l’état de charge complète.

7. Dispositif de commande de charge (3) tel que défini
selon la revendication 3, le dispositif de commande
programmable (32) étant en outre programmé pour
amener le chargeur de batterie (2) à stopper la char-
ge du module de batterie secondaire (1), une fois
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qu’une durée prédéterminée s’écoule après qu’une
quelconque pile unitaire (10) ou un quelconque grou-
pe de piles entre en l’état de charge complète.

8. Procédé de commande de charge pour commander
une énergie de charge par un chargeur de batterie
(2) qui charge le module de batterie secondaire (1)
avec un courant direct fourni par un convertisseur
AC/DC, le module de batterie secondaire (1) com-
prenant une connexion en série d’une pluralité de
piles unitaires (10) ou d’une pluralité de groupes de
piles constitués-es chacun-chacune d’une pluralité
de piles unitaires (10), le procédé comprenant :

la mise en place de chaque pile unitaire (10) ou
de chaque groupe de piles avec un circuit de
tension constante (33) qui est constitué d’une
diode Zener (332) et d’un résistor (331) bran-
chés en série et qui est branché aux deux ex-
trémités de chacune desdites piles unitaires (10)
ou de chacun desdits groupes de piles ;
l’exécution d’une détermination du fait ou pas
que chacune desdites piles unitaires (10) ou que
chacun desdits groupes de piles se trouve sous
un état de charge complète, la détermination
comprenant la génération d’un signal d’impul-
sion en correspondance d’une différence de po-
tentiel entre les potentiels aux deux extrémités
du résistor, l’intégration du signal d’impulsion et
l’émission d’un signal intégré, le calcul d’un rap-
port cyclique de signal d’impulsion sur la base
du signal intégré, et la détermination que cha-
cune desdites piles unitaires ou que chacun des-
dits groupes de piles se trouve sous l’état de
charge complète lorsque le rapport cyclique ex-
cède un rapport prédéterminé ; et
la commande de l’énergie de charge sur la base
du rapport cyclique de signal d’impulsion.
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