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(57) Abstract: A charging control system is configured to cal-
culate an internal resistance line indicating a relation between a
value of a charging current and a value of a voltage of a battery,
which voltage occurs when the charging current has tlown into
the battery, to obtain a maximum inputtable value point Smyax
cotresponding to a maximum inputtable power/current and a
currently-inputted value point Sy corresponding to a charging
power/current currently inputted to the battery, these points ex-
isting on the calculated internal resistance line. The charging
control system is also configured to calculate a point located be-
tween the maximum inputtable value point Susx and the cur-
rently-inputted value point Sne, as a target point Stre cotre-
sponding to a target charging power/current point, and to set,
based on the calculated target point Stre, a charging power/cur-
rent for charging the battery.
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Description

Title of Invention: CHARGING CONTROL SYSTEM
Technical Field

The present invention relates to a charging control system configured to control a
charge power/current inputted into a battery.

Background Art

When charging a battery, generally, during the initial phase of battery charging, a
charging current value for battery charging is gradually increased. Thereafter, im-
mediately when the charging current value has reached a predetermined threshold
current, the supply amount of the charging current is set to a predetermined constant
current for constant-current charging. One such battery charging technology has been

disclosed in Patent document 1.
Citation List

Patent Literature

Patent document 1: Japanese Patent Provisional Publication No. 2007-143279 (A),
corresponding to United States Patent Application Publication No.: US 2007/0108945
Al.

Summary of Invention

Technical Problem

However, in the previously-discussed prior-art battery charging technology, the
battery-charging operation is constructed by two different charging phases, namely,
one being a gradual-current-increase charging phase and the other being a constant-
current charging phase. To achieve the two different charging phases, the charging
control system requires two sorts of charging-current control actions suited to the re-
spective charging phases, in other words, a plurality of control maps, used to determine
a charging current based on a charging rate, a battery voltage, and the like. Thus, this
system suffers the disadvantage of an increased operation load on arithmetic
processing. Also, in the previously-discussed prior-art battery charging technology, the
control maps, used to determine a charging current, are usually preset or pre-
programmed, fully taking account of a so-called "battery cycle deterioration"”, resulting
from charging/discharging cycles of the battery being repeatedly charged and
discharged. Thus, in the case of a new battery of a less deterioration rate, there is a
problem that a charging current value is unnecessarily limited. Conversely, in the case
of a considerably deteriorated battery due to "battery cycle deterioration"”, there is a

problem of overcharging of the battery.

Solution to Problem
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It is, therefore, in view of the previously-described disadvantages of the prior art, an
object of the invention to provide a charging control system configured to enable a
battery to be appropriately charged, while reducing an operation load on arithmetic

processing executed within the charging control system.
In order to accomplish the aforementioned and other objects of the invention, a

charging control system is configured to calculate an internal resistance line indicating
a relation between a value of a charging current for charging a battery and a value of a
voltage of the battery, which voltage occurs when the charging current has flown into
the battery, to obtain a maximum inputtable power/current point corresponding to a
maximum inputtable electric power/current, and a currently-inputted charging power/
current point corresponding to a charging power/current currently inputted into the
battery, these points existing on the calculated internal resistance line, to calculate a
point existing on the calculated internal resistance line and located between the
currently-inputted charging power/current point and the maximum inputtable power/
current point as a target power/current point, and to set, based on the calculated target
power/current point, a charging power/current for charging the battery.

Advantageous Effects of Invention

Therefore, according to the charging control system of the present invention, first, an
internal resistance line, indicating a relation between a value of a charging current for
charging a battery and a value of a voltage of the battery, which voltage occurs when
the charging current has flown into the battery, is calculated. Next, a point existing on
the calculated internal resistance line and located between a charging power/current
point and a maximum inputtable power/current point is calculated as a target power/
current point. Then, a charging power/current, needed to charge the battery, is set
based on the calculated target power/current point. This eliminates the necessity of a
plurality of control maps, used to determine a charging power/current. Thus, it is
possible to reduce an operation load on arithmetic processing during execution of
battery-charging operation. Additionally, according to the charging control system of
the invention, in setting or determining a charging power/current, needed to charge the
battery, it is possible to appropriately set the charging power/current, while taking a
detection error of the battery condition (e.g., a voltage of the battery, an internal re-
sistance of the battery, and so on) into account. Hence, in the case of a new battery of a
less deterioration rate, it is possible to suppress a charging current value from being
unnecessarily limited. Also, in the case of a considerably deteriorated battery, it is

possible to effectively prevent the battery from being subjected to overcharging.
Brief Description of Drawings

[fig.1]Fig. 1 is a block diagram illustrating a battery charging system according to an



WO 2011/155186 PCT/JP2011/003210

[0009]

[0010]

[0011]

embodiment.

[fig.2]Fig. 2 is a charging profile obtained when a battery has been charged by the use
of a target charging power Pryg calculated within the charging control system of the
embodiment.

[fig.3]Fig. 3 is a diagram illustrating a method to calculate an inputtable current Iysx
during the time period from the time t, to the time t;.

[fig.4]Fig. 4 is a diagram illustrating a method to calculate an input power point Sy
and a maximum inputtable power point Syiax during the time period from the time t, to
the time t;.

[fig.5]Fig. 5 is a diagram illustrating a method to calculate a target charging power P
tre during the time period from the time t, to the time t,.

[fig.6]Fig. 6 is a further diagram illustrating a method to calculate a target charging
power Prrg during the time period from the time t, to the time t,.

[fig.7]Fig. 7 is a diagram illustrating a method to calculate an inputtable current Iysx
during the time period from the time t, to the time ts.

[fig.8]Fig. 8 is a diagram illustrating a method to calculate an input power point Syp
and a maximum inputtable power point Syax during the time period from the time t, to
the time t,.

[fig.9]Fig. 9 is a diagram illustrating a method to calculate a target charging power P
tre during the time period from the time t, to the time t,.

[fig.10]Fig. 10 is a flowchart illustrating charging control executed by the system of
the embodiment.

Description of Embodiments

The charging control system of the present invention is hereunder explained in detail
in reference to the drawings.

Fig. 1 is the block diagram illustrating the battery charging system according to the
embodiment. The battery charging system of the embodiment is exemplified in an
electrically-driven automotive vehicle, such as a hybrid electric vehicle or an electric
vehicle.

As shown in Fig. 1, the battery charging system 1 of the embodiment employs a
charging device 3, a battery 4, a PTC (positive temperature coefficient) ceramic heater
(simply, PTC heater) 5, a compressor 6, and a DC/DC (direct-current to direct-current)
converter 7, connected to each other through a power electric line (a high electric
current line) 2. Battery charging system 1 is also configured to be electrically con-
nectable to an external alternating current (AC) power source 100 through the power
electric line 2. In order to charge the battery 4, external AC power source 100 is

normally connected to the battery charging system 1 through the power electric line 2.
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Battery 4 is an assembled battery constructed by connecting a plurality of battery
cells, such as lithium-ion secondary battery cells, in series. As clearly shown in Fig. 1,
a battery controller 8 is connected to battery 4 for monitoring each of the battery cells,
constructing battery 4.

Battery controller 8 is configured to periodically monitor or detect a cell voltage V.
of each of the battery cells, constructing battery 4, a total voltage Vg, of battery 4, a
charging current Icpg of battery 4, and a temperature T of battery 4. Battery controller 8
is also configured to calculate, based on these detected informational data, a highest-
voltage-cell voltage V,, a cell internal resistance R, of each of the battery cells, con-
structing battery 4, a total internal resistance Rg,r of battery 4, a charging upper-limit
voltage Vi, and an open-circuit voltage V,, of battery 4.

The highest-voltage-cell voltage V), is a terminal voltage of the highest terminal-
voltage cell of the battery cells, constructing battery 4. The highest-voltage-cell voltage
V,, is calculated and determined based on the detected cell voltages V. of the battery
cells.

Cell internal resistance Rc.y is an internal resistance of each of the battery cells, con-
structing battery 4. Cell internal resistance Rc.y is calculated based on the cell voltage
Ve, the charging current Icng, a battery deterioration rate, and the like, for each and
every battery cell. Total internal resistance Rgpar 1S a total electric resistance of battery
4. Total internal resistance Rpar is a sum total of electric resistances of all battery
component parts (including electric resistances of busbars through which the battery
cells, constructing battery 4, are electrically connected to each other, as well as electric
resistances of the battery cells, constructing battery 4. For instance, total internal re-
sistance Rpr is calculated based on the total voltage Vi, of battery 4, the charging
current Ioyg of battery 4, and the battery deterioration rate.

Charging upper-limit voltage Vi, is an upper-limit voltage when charging the
battery 4, that is to say, an upper-limit voltage, which is set to prevent a deterioration
of battery 4. For instance, charging upper-limit voltage V;py is calculated based on the
total voltage Vyar of battery 4, the charging current Iy of battery 4, the temperature T
of battery 4, and the total internal resistance Rg,p of battery 4. A voltage (hereinafter
referred to as "lithium-deposition beginning voltage") that lithium deposition begins to
occur inside of all battery cells, constructing battery 4, or inside of some battery cells,
constructing battery 4, or a given voltage lower than the "lithium-deposition beginning
voltage" by a given voltage value can be set as a charging upper-limit voltage V.
However, the charging upper-limit voltage Vi is not limited to such a "lithium-de-
position beginning voltage" or such a given voltage lower than the "lithium-deposition
beginning voltage". In the shown embodiment, suppose that charging upper-limit

voltage Vi 1s set to the "lithium-deposition beginning voltage" or the given voltage
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lower than the "lithium-deposition beginning voltage". In such a case, the charging
upper-limit voltage Vi has the following characteristics. That is, the higher the
charging current Icpg of battery 4, the lower the charging upper-limit voltage Vip, can
be calculated. Conversely, the lower the charging current Iy of battery 4, the higher
the charging upper-limit voltage Vi, can be calculated. Also, the higher the tem-
perature T of battery 4, the higher the charging upper-limit voltage Vi, can be
calculated. Conversely, the lower the temperature T of battery 4, the lower the
charging upper-limit voltage Vi can be calculated. Furthermore, the higher the total
internal resistance Rpar of battery 4, the lower the charging upper-limit voltage Vi
can be calculated. Conversely, the lower the total internal resistance Ry, of battery 4,
the higher the charging upper-limit voltage Vpn can be calculated.

Open-circuit voltage V, can be determined based on the total voltage Vpar of battery
4, which battery is in a no-load condition, and the charging current Icyg. For instance,
the open-circuit voltage V, is calculated by adding a voltage variation (a voltage
increment/decrement), calculated based on the integrated current value of charging
current Icgg, to the total voltage of battery 4 in a no-load condition.

Battery controller 8 is further configured to send information about cell voltage V.,
total voltage Vpar, charging current Icyg, battery temperature T, highest-voltage-cell
voltage Vy, cell internal resistance Rc.y, total internal resistance Rpar, charging upper-
limit voltage Vi, and open-circuit voltage V,, to a system control unit 10.

PTC heater 5 is a heater driven by an electric power supplied from battery 4 or
external AC power source 100 through the power electric line 2 thereto, for heating
conditioned air which air is delivered into a vehicle compartment of the automotive
vehicle on which battery charging system 1 is installed. The PTC heater 5 has a so-
called PTC characteristic that a value of an electric resistance increases in accordance
with a temperature rise in its heating element, thereby reducing electric power con-
sumption.

Compressor 6 is a refrigerant compressor used to compress the refrigerant of a re-
frigeration cycle of an air conditioner (not shown) employed in the automotive vehicle,
on which battery charging system 1 is installed. The air-conditioner compressor is
driven by an electric power supplied from battery 4 or external AC power source 100
through the power electric line 2 thereto.

An air-conditioning control amplifier 9 is a control unit provided for controlling the
operation of PTC heater 5 and the operation of air-conditioner compressor 6. Air-
conditioning control amplifier 9 is configured to receive information about a vehicle-
compartment interior temperature, detected by a temperature sensor (not shown), and a
target temperature of conditioned air discharged into the vehicle compartment, to set or

determine, based on the input information, a driving electric power needed to drive
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both the PTC heater 5 and the compressor 6, and to send a driving-power-supply
command, corresponding to the set driving electric power, to the system control unit
10.

DC/DC converter 7 is a device configured to convert an electric power (one direct-
current voltage) supplied from battery 4 through the power electric line 2 into another.
The electric power, converted by means of DC/DC converter 7, is supplied through a
weak electric line (a light electric current line) 11 to weak-electric accessories 12.

Charging device 3 is configured to ac-to-dc-convert an electric power from external
AC power source 100 based on a power-supply command from system control unit 10,
and to supply the ac-to-dc-converted electric power to each of battery 4, PTC heater 5,
and compressor 6. By the way, regarding an installation of charging device 3, charging
device 3 may be installed in the vehicle compartment or mounted on the vehicle
outside of the vehicle compartment. Charging device 3 is also configured to obtain in-
formation about a suppliable electric power Py of external AC power source 100 by
intercommunication with external AC power source 100, and to send the obtained in-
formation about suppliable electric power Py of external AC power source 100 to
system control unit 10.

System control unit 10 is a control unit provided for controlling battery charging
system 1 by intercommunication with each of battery controller 8, air-conditioning
control amplifier 9, and charging device 3. In the shown embodiment, system control
unit 10 is configured to receive input information from battery controller 8, that is, cell
voltage V., total voltage Vyar, charging current Iy, battery temperature T, highest-
voltage-cell voltage V,, cell internal resistance Rc,, total internal resistance Rgar,
charging upper-limit voltage Vi, and open-circuit voltage V,, to calculate, based on
the input information, a target charging power Py, and to send a power-supply
command, corresponding to the calculated target charging power Prgg to charging
device 3. Charging device 3 is responsive to the power-supply command from system
control unit 10, so as to supply an electric power, ac-to-dc-converted based on the
command, from external AC power source 100 to battery 4.

By the way, regarding an installation of system control unit 10, system control unit
10 may be installed in the vehicle compartment or mounted on the vehicle outside of
the vehicle compartment.

A method to calculate target charging power Prrg, which corresponds to a charging
power needed to charge the battery 4, is hereunder explained. The arithmetic
processing is executed within system control unit 10. Hereupon, Fig. 2 is a charging
profile obtained when battery 4 has been charged by the use of target charging power P
trc calculated by the system of the embodiment. Figs. 3-6 are diagrams illustrating the

method to calculate target charging power Prrg used to charge the battery 4 during the
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time period t,-t; (see Fig. 2) from the time t, to the time t,. The arithmetic processing
for target charging power Pryg is executed within system control unit 10 as time-
triggered interrupt routines to be triggered every predetermined time intervals.

First, a method to calculate a charging power during the initial phase of charging
operation, that is, during the time period to-t; (see Fig. 2) from the time t, to the time t;,
is hereinafter explained. The time t, corresponds to a battery-charge starting point at
which a charging power supply from external AC power source 100 to battery 4 starts.

First of all, system control unit 10 calculates an inputtable current Iy;5x, which is an
electric current that can be inputted into battery 4, based on the input information from
battery controller 8, that is, highest-voltage-cell voltage Vi, cell internal resistance Rc,y
, charging current Icgg, and charging upper-limit voltage V. As described previously,
the highest-voltage-cell voltage V, is a terminal voltage of the highest terminal-voltage
cell of the battery cells, constructing battery 4.

The method to calculate inputtable current Iyax is hereunder described in detail in
reference to the diagram of Fig. 3. In the arithmetic processing for inputtable current I
Max, [irst of all, system control unit 10 calculates an internal resistance R;, of the
highest-voltage cell having the highest terminal voltage of the cells, constructing
battery 4, based on the input information (concretely, cell internal resistances Rce; of
the battery cells) from battery controller 8. Then, as shown in Fig. 3, system control
unit 10 calculates, based on the calculated highest-voltage-cell internal resistance R, a
highest-voltage-cell internal resistance line Ly ,. Hereupon, the highest-voltage-cell
internal resistance line Ly j, is a straight line indicating the relation between a charging
current flown into the battery 4 (the highest-voltage cell) and a voltage (a terminal
voltage) of the highest-voltage cell. That is, the highest-voltage-cell internal resistance
line Ly j, is a straight line indicating the relation between a value of a certain charging
current for charging the battery and a value of a voltage of the battery, which voltage
occurs when the certain charging current has flown into the battery 4. More concretely,
the highest-voltage-cell internal resistance line L ,, can be calculated by the use of the
highest-voltage-cell internal resistance R, calculated as discussed above and the open-
circuit voltage V, inputted from battery controller 8. In lieu thereof, the highest-
voltage-cell internal resistance line Ly , may be calculated based on the highest-
voltage-cell internal resistance R, calculated as discussed above and latest up-to-date
information about the highest-voltage-cell voltage V,, and charging current Icgg of
battery 4. Furthermore, the highest-voltage-cell internal resistance line Ly , can be
calculated, based on the highest-voltage-cell voltage V}, and charging current Icyg, by
performing linear regression of the relation between two variables, namely, the
highest-voltage-cell voltage V, and charging current Icyg.

Then, as shown in Fig. 3, system control unit 10 calculates, based on charging upper-
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limit voltage Vi, inputted from battery controller 8, a charging upper-limit voltage
line Ly 1. Concretely, system control unit 10 derives, based on charging upper-limit
voltage Vi inputted from battery controller 8, a variation of charging upper-limit
voltage Vi when the charging current of battery 4 is varying. On the basis of the
derived voltage variation of charging upper-limit voltage Vyp, charging upper-limit
voltage line Ly 11y is calculated. In lieu thereof, system control unit 10 may be
configured to calculate charging upper-limit voltage line Ly 1 from a preprogrammed
look-up table showing the relation between charging upper-limit voltage Vi, and a
charging current of battery 4.

[Math.1]

Then, system control unit 10 determines or derives an intersection point of
the calculated highest-voltage-cell internal resistance line Lg 1 and the
calculated charging upper-limit voltage line Lv_11v. The voltage on the
calculated charging upper-limit voltage line Lv 1., corresponding to the
derived intersection point, is calculated as a maximum permissible voltage
Vumax. A voltage difference AV (= Vmax-Vn) is arithmetically calculated by
caleulating the difference between the calculated maximum permissible
voltage Vmax and the highest-voltage-cell voltage Vi. Then, system control
unit 10 arithmetically calculates an addable current I,qq (=AV/Rpy) by divading
the calculated voltage difference AV by the highest-voltage-cell internal
resistance Ry. Then, system control unit 10 arithmetically calculates
inputtable current Imax (Flcne+laaa) by adding the calculated addable current
l.4q to the charging current lcac. In lieu thereof, system control unit 10
determines or derives an intersection point of the calculated highest-voltage-
cell internal resistance line Lr 1 and the calculated charging upper-limit
voltage line Lv 1v (see Fig. 3). The charging current, corresponding to the
derived intersection point, may be calculated as an inputtable current Imax.

As discussed above, arithmetic calculation for inputtable current Imax 1s

performed by system control unit 10.

Then, system control unit 10 calculates a maximum inputtable power Pyx, which is
an electric power that can be inputted into the battery 4, by the use of the inputtable
current Iy,x calculated as discussed above. Concretely, system control unit 10 arith-
metically calculates the maximum inputtable power Pyax (=lyax (Rpar)?) by mul-
tiplying the inputtable current Iyax by a square of total internal resistance Rpar of
battery 4. In lieu thereof, as can be appreciated from the diagram of Fig. 3, a voltage,

corresponding to the inputtable current Iysx, is calculated as a maximum permissible
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voltage Vyax. The maximum inputtable power Pyax may be calculated or determined
based on the inputtable current Iy;,x and the maximum permissible voltage Vyax. As a
concrete Py, x calculation method, the maximum inputtable power Py, x can be
calculated by multiplying the inputtable current Iy,x, the maximum permissible
voltage Vyax, and the number of the cells, constructing battery 4, together.

Then, system control unit 10 calculates a total internal resistance line Ly by the use of
the total internal resistance Rg,r inputted from battery controller 8. Thereafter, system
control unit 10 calculates or derives an input power point Spp, corresponding to the
currently-inputted charging power Pnp and existing on the calculated total internal re-
sistance line Ly, and a maximum inputtable power point Sysx, corresponding to the
maximum inputtable power Py,x and existing on the calculated total internal resistance
line L.

The method to calculate input power point S and maximum inputtable power point
Swmax is hereunder described in detail in reference to the diagram of Fig. 4.

In calculating input power point S and maximum inputtable power point Syax, as
shown in Fig. 4, system control unit 10 calculates a total internal resistance line Lg.
Hereupon, the total internal resistance line Ly is a straight line indicating the relation
between a charging current flown into the battery 4 and a total voltage of battery 4.
That is, the total internal resistance line Ly is a straight line indicating the relation
between a value of a charging current for charging the battery and a value of a voltage
of the battery, which voltage occurs when the charging current has flown into the
battery 4. More concretely, the total internal resistance line L can be calculated by the
use of the total internal resistance Rg,r of battery 4 and the open-circuit voltage V,,
both inputted from battery controller 8. In lieu thereof, the total internal resistance line
Lk may be calculated based on the total internal resistance Ry, of battery 4 inputted
from battery controller 8 and latest up-to-date information about total voltage Vyar and
charging current I-yg of battery 4. Furthermore, the total internal resistance line Ly can
be calculated, based on total voltage Vyar and charging current Ieyg by performing
linear regression of the relation between two variables, namely, total voltage Vg, and
charging current lcyg.

Then, system control unit 10 calculates an input power point Spp, existing on the
calculated total internal resistance line Ly and corresponding to the currently-inputted
charging power Pnp. Concretely, as shown in Fig. 4, system control unit 10 calculates
input power point Sixp, based on latest up-to-date information from battery controller 8,
that is, both the total voltage Vgar of battery currently applied to the battery 4 and the
charging current Iy currently inputted into the battery 4.

Then, system control unit 10 calculates a maximum inputtable power point Syax,

existing on total internal resistance line Ly and corresponding to maximum inputtable



10

WO 2011/155186 PCT/JP2011/003210

[0038]

[0039]

[0040]

[0041]

power Py,x. Concretely, in calculating maximum inputtable power point Syax, first,
system control unit 10 calculates a maximum inputtable power line Ly yax as shown in
Fig. 4. Hereupon, the maximum inputtable power line Ly yax indicates the relation
between a value of an electric current required when a charging power for charging the
battery 4 is set to the maximum inputtable power Py,x and a value of a voltage of the
battery, which voltage occurs when the required electric current has flown into the
battery 4. The maximum inputtable power line Ly yiax can be calculated based on the
maximum inputtable power Pysx calculated as discussed previously. Then, as shown in
Fig. 4, system control unit 10 determines or derives an intersection point of the
calculated total internal resistance line Ly and the calculated maximum inputtable
power line Ly yax. The power on the calculated maximum inputtable power line Lp yiax
, corresponding to the derived intersection point, is calculated as a maximum inputtable
power point Syax.

Subsequently to the above, system control unit 10 calculates a target charging power
Prrc used to charge the battery 4. Hereupon, Fig. 5 is the diagram illustrating the
method to calculate target charging power Prrg used to charge the battery 4.
Concretely, as shown in Fig. 5, system control unit 10 calculates a point, existing on
the calculated total internal resistance line Lz and located between the calculated input
power point S and the calculated maximum inputtable power point Syiax, as a target
charging power point Strg. Finally, system control unit 10 sets an electric power, cor-
responding to the target charging power point Strg, to a target charging power Prgc.

In this manner, target charging power Pryg during the time period t,-t; from the time t
o to the time t; can be calculated.

For instance, as shown in Fig. 6, assume that, at an arbitrary point of time t;; during
time period ty-t; (see Fig. 2) between the time t, and the time t,, the input power point S
e, the maximum inputtable power point Sysx, and the target charging power point S
trG, all calculated according to the previously-discussed calculation method, are set as
an input power point Sy 5, @ maximum inputtable power point Syax 11, and a target
charging power point St 11, respectively. In this case, when charging operation of
battery 4 is executed according to a certain target charging power Prgrg 11, which is
calculated based on the target charging power point Strg ;1 and to which the target
charging power Py used to charge the battery 4 is set at the time t;;, total voltage Vgar
of battery 4 rises from a voltage value Vg1 1; to a voltage value Vp,1 15 at the time ¢,
after a given time has elapsed from the time t;,.

Then, as shown in Fig. 6, an input power point Sy 1> and a maximum inputtable
power point Syax 12 at the time t,, after the given time has elapsed from the time t,,, are
calculated according to the previously-discussed calculation method. Then, a target

charging power point Strg 12 i calculated based on these calculated points Sy 12 and S



11

WO 2011/155186 PCT/JP2011/003210

[0042]

[0043]

[0044]

[0045]

max 12- As compared to the calculated target charging power point Sty ; at the time t;;,
the calculated target charging power point Stxg 1> at the time t;, can be brought closer
to the maximum inputtable power point Syax 1.

In a similar manner, when charging operation of battery 4 is executed according to a
certain target charging power Pryg 12, Which is calculated based on the target charging
power point Srg 12 and to which the target charging power P used to charge the
battery 4 is set at the time t,,, total voltage Vy,r of battery 4 rises from a voltage value
Vear 12 to a voltage value Viy,ar 5 at the time t; after a given time has elapsed from the
time t;,.

Then, as shown in Fig. 6, an input power point Spp ;3 and a maximum inputtable
power point Syax 13 at the time t;; after the given time has elapsed from the time t;,, are
calculated according to the previously-discussed calculation method. Then, a target
charging power point Styg 13 is calculated based on these calculated points Sixp 13 and S
max 13- As compared to the calculated target charging power point St 2 at the time t;,,
the calculated target charging power point Strg 13 at the time t;3 can be brought closer
to the maximum inputtable power point Syax 3.

In this manner, the system of the embodiment is configured to calculate target
charging power Py according to the previously-discussed calculation method, and to
supply a charging power, determined based on the calculated target charging power P
cne, from external AC power source 100 to battery 4, thereby enabling the charging
power to be brought gradually closer to the maximum inputtable power Pyax. Hence,
as seen from the characteristic of the charging power during the time period ty-t; from
the time t, to the time t; in Fig. 2, a charging power can be gradually increased during
the initial phase of battery-charging operation.

In the diagram of Fig. 5, as an example, target charging power point Stgg 1S set to a
midpoint between the input power point S and the maximum inputtable power point
Smax. It will be understood that setting of target charging power point Sgg 1S not
limited to such a midpoint between the two power points Sy and Syax. In lieu thereof,
target charging power point Sty can be set to an arbitrary point located between the
input power point Spp and the maximum inputtable power point Syax. For instance, on
the one hand, by setting the target charging power point St to a position (a point on
the total internal resistance line Ly) nearer the input power point Spp rather than the
maximum inputtable power point Syax, it is possible to absorb various errors, namely,
errors of calculations for cell internal resistance R¢.; and total internal resistance Rgar,
performed by battery controller 8, and an error of detection of total voltage Vpar of
battery 4. On the other hand, by setting the target charging power point Strg to a
position (a point on the total internal resistance line L) nearer the maximum inputtable

power point Syax rather than the input power point Sy, it is possible to shorten the
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charging time duration of battery 4.

Hence, in setting the target charging power point Strg, on the basis of the total
voltage Vpar of battery 4, detected by battery controller 8, it is possible to set the target
charging power point Sty to a position (a point on the total internal resistance line Ly)
nearer the maximum inputtable power point Syax, as the total voltage Vy,r of battery 4
becomes lower. Also, it is possible to set the target charging power point Stgg to a
position (a point on the total internal resistance line Ly) nearer the input power point S
mps conversely as the total voltage Vi, of battery 4 becomes higher.

As discussed above, by virtue of appropriate setting of target charging power point S
trc Dased on total voltage Vy,r of battery 4, when total voltage Vg, r of battery 4 is low,
the voltage difference between cell voltage V¢, of each of the cells, constructing
battery 4, and charging upper-limit voltage V;p can become comparatively great.
Thus, even when charging operation of battery 4 is executed with a comparatively
great charging power, a possibility that the cell voltage Ve of each of the cells, con-
structing battery 4, exceeds the charging upper-limit voltage Vi tends to become low.
For the reasons discussed above, by setting the target charging power point Srrg to a
position (a point on the total internal resistance line L) nearer the maximum inputtable
power point Syax when the total voltage Vyar of battery 4 is low, it is possible to
shorten the charging time duration of battery 4. Conversely when total voltage Vyar of
battery 4 is high, the voltage difference between cell voltage V. of each of the cells,
constructing battery 4, and charging upper-limit voltage Vi, can become com-
paratively less. Thus, by setting the target charging power point Strg to a position (a
point on the total internal resistance line Ly) nearer the input power point S when the
total voltage Vp,r of battery 4 is high, it is possible to more appropriately prevent cell
voltage V. of each of the cells, constructing battery 4, from exceeding the charging
upper-limit voltage Vi

Furthermore, in setting the target charging power point Strg, on the basis of the tem-
perature T of battery 4, detected by battery controller 8, it is possible to set the target
charging power point Sty to a position (a point on the total internal resistance line Ly)
nearer the input power point Snp, as the temperature T of battery 4 becomes lower.
Also, it is possible to set the target charging power point Stgg to a position (a point on
the total internal resistance line Li) nearer the maximum inputtable power point Syax,
as the temperature T of battery 4 becomes higher.

Thus, by virtue of appropriate setting of target charging power point Strg based on
the temperature T of battery 4, in the presence of various errors, namely, errors of cal-
culations for cell internal resistance R and total internal resistance Rpar, performed
by battery controller 8, and an error of detection of total voltage Vpar of battery 4, and/

or in a situation where there is a high possibility that the charging control system is
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affected by such calculation/detection errors, that is, when the battery temperature T is
low, it is possible to certainly absorb these errors. In contrast, in a situation where there
is a less possibility that the charging control system is affected by such calculation/
detection errors, that is, when the battery temperature T is high, it is possible to shorten
the charging time duration of battery 4, while effectively absorbing these errors.

Moreover, in setting the target charging power point Stgg, on the basis of the total
internal resistance Rgar of battery 4, detected by battery controller 8, it is possible to
set the target charging power point Strg to a position (a point on the total internal re-
sistance line Ly) nearer the maximum inputtable power point Sy,x, as the total internal
resistance Rp,r of battery 4 becomes lower. Also, it is possible to set the target
charging power point Sty to a position (a point on the total internal resistance line Ly)
nearer the input power point Syp, as the total internal resistance R, of battery 4
becomes higher.

Thus, by virtue of appropriate setting of target charging power point Strg based on
the total internal resistance Ryt Of battery 4, in the presence of various errors, namely,
errors of calculations for cell internal resistance R¢.; and total internal resistance Rgar,
performed by battery controller 8, and an error of detection of total voltage Vpar of
battery 4, and/or in a situation where there is a high possibility that the charging
control system is affected by such calculation/detection errors, that is, when the total
internal resistance Rgar is high, it is possible to certainly absorb these errors. In
contrast, in a situation where there is a less possibility that the charging control system
is affected by such calculation/detection errors, that is, when the total internal re-
sistance Ry 1S low, it is possible to shorten the charging time duration of battery 4,
while effectively absorbing these errors.

Owing to a gradual increase in charging power, immediately when target charging
power Prrg for charging the battery 4 becomes identical to suppliable electric power P
Lo Of external AC power source 100 at the time t; of Fig. 2, charging operation of
battery 4 is executed according to suppliable electric power Prp, of external AC power
source 100. Even when executing battery-charging operation according to suppliable
electric power Prpy, system control unit 10 repeatedly executes arithmetic processing
for target charging power Prrg every predetermined time intervals.

Thereafter, at the time t, of Fig. 2, the highest-voltage-cell voltage V,, reaches the
charging upper-limit voltage V. A method to calculate target charging power Prgg,
corresponding to a charging power for charging the battery 4 during the time period t,-t
5 (see Fig. 2) from the time t, to the time ts, that is, after the highest-voltage-cell
voltage V), has reached the charging upper-limit voltage Vi, is hereinafter explained.

During the time period t-t; shown in Fig. 2, in a similar manner to the above, first of

all, system control unit 10 calculates inputtable current Iyax, and then calculates input
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power point Sy and maximum inputtable power point Syax. The method to calculate
inputtable current Iy,x during the time period t,-t; is hereunder described in detail in
reference to the diagram of Fig. 7.

As seen from the diagrams of Figs. 2 and 7, during the time period t,-t; from the time
t, to the time t;, the highest-voltage-cell voltage V,, has reached the charging upper-
limit voltage Vi (the time t, of Fig. 2), and then exceeded the charging upper-limit
voltage Vi (after the time t, of Fig. 2). As a result, the currently-applied charging
current Iy becomes higher than the inputtable current Iy4x, and the currently-applied
highest-voltage-cell voltage V, becomes higher than the maximum permissible voltage
Vuax (see Fig. 7).

For the reasons discussed above, during the time period t,-t;, as shown in Fig. 8,
input power point S exceeds the maximum inputtable power point Sysx (see the
upper-right position on the total internal resistance line L in the diagram of Fig. 8).
Thus, in contrast to the calculation method of target charging power Prrg during the
time period ty-t;, in the case of the calculation method during the time period t-ts,
target charging power point Strg is set to a position (an intersection point of the
maximum inputtable power line Ly yiax and the total internal resistance line Lg)
identical to the maximum inputtable power point Syax. That is, during the time period t
»-t3, target charging power Prgg is set to the maximum inputtable power Pyax.

In this manner, target charging power Prrg during the time period t-t; from the time t
» to the time t; can be calculated.

For instance, as shown in Fig. 9, assume that, at an arbitrary point of time t,; during
time period t,-t; (see Fig. 2) between the time t, and the time t;, the input power point S
e, the maximum inputtable power line Lp yiax, the maximum inputtable power point S
max, and the target charging power point Styg, all calculated according to the
previously-discussed calculation method, are set as an input power point Sy 2, @
maximum inputtable power line Lp yiax 21, @ maximum inputtable power point Sysx 21,
and a target charging power point Stxg 21, respectively. In this case, input power point
S 21 €xceeds the charging upper-limit voltage Vip,, and thus target charging power
point Strg 21 becomes set to a position (a point on the maximum inputtable power line
Lp max 21) identical to the maximum inputtable power point Syax 2. A target charging
power Pryg »; is calculated based on the target charging power point Stgg »1, which is
set to be identical to the maximum inputtable power point Syisx 2;- That is, by setting
the target charging power Prgg 21 to a value identical to the maximum inputtable power
Puax 21, the target charging power Prrg 21 can be set or calculated as a lower value than
the currently-inputted charging power Pp 2.

In a similar manner to the point of time t,;, at the time t,, after a given time has

elapsed from the time t;;, input power point Spp 2, exceeds the charging upper-limit
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voltage Vi, and thus target charging power point Strg 2, becomes set to a position (a
point on the maximum inputtable power line Ly yiax 22) identical to the maximum in-
puttable power point Syax ». A target charging power Prg 2, is calculated based on the
target charging power point Strg 2, Which is set to be identical to the maximum in-
puttable power point Syax ». That is, by setting the target charging power Prgg 2 to a
value identical to the maximum inputtable power Pyax 2, the target charging power P
trG 22 €an be set or calculated as a further lower value.

Then, at the time t,; after a given time has elapsed from the time ty, and then at the
time t,, after a given time has elapsed from the time t,;, in a similar manner to the
above, target charging power Pryg is gradually decremented and set to a further lower
value. By this, as can be seen from the diagram of Fig. 2 during the time period t,-ts, it
is possible to gradually reduce a charging power supplied from external AC power
source 100 to battery 4, while maintaining the highest-voltage-cell voltage V, ata
value identical to the charging upper-limit voltage Vi, thus finally appropriately
bring the battery 4 to a fully-charged state.

The control flow of charging control executed within the system of embodiment is
hereunder described in detail in reference to the flowchart of Fig. 10. The charging
control routine is executed by means of system control unit 10 and battery controller 8
as time-triggered interrupt routines to be triggered every predetermined time intervals.

First of all, at step S1, cell voltage V. of each of the cells, constructing battery 4,
total voltage Vyar of battery 4, charging current Iqyg of battery 4, and temperature T of
battery 4 are detected by battery controller 8. Then, information about these detected
values is sent to system control unit 10.

At step S2, arithmetic processing for highest-voltage-cell voltage V, is carried out
based on the cell voltages Vg of all the battery cells, detected through step S1, by
means of battery controller 8. Then, information about the calculated highest-
voltage-cell voltage V, is sent to system control unit 10.

At step S3, arithmetic processing for cell internal resistance Rc, of each of the
battery cells, and total internal resistance Ry, Of battery 4 are carried out based on the
information about cell voltage V. of each of the cells, total voltage Vg, of battery 4,
charging current g of battery 4, and temperature T of battery 4, which informational
data are detected through step S1 by battery controller 8. Then, information about the
calculated cell internal resistance R, and the calculated total internal resistance Rpar
is sent to system control unit 10. At this time, as previously described, system control
unit 10 calculates an internal resistance R, of the highest-voltage cell having the
highest terminal voltage of the cells, constructing battery 4, based on the input in-
formation about battery cell internal resistances Rce from battery controller 8.

At step S4, arithmetic processing for maximum permissible voltage Vyax is carried
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out by system control unit 10. Concretely, arithmetic processing for charging upper-
limit voltage V,py is carried out based on the charging current Icyg of battery 4 and the
temperature T of battery 4, detected through step S1, by means of battery controller 8.
Then, information about the calculated charging upper-limit voltage Vip, is sent to
system control unit 10. Thereafter, system control unit 10 calculates, based on charging
upper-limit voltage Vi, inputted from battery controller 8, a charging upper-limit
voltage line Ly ;v shown in Fig. 3. Then, as seen from the diagram of Fig. 3, system
control unit 10 determines or derives an intersection point of the calculated highest-
voltage-cell internal resistance line Ly ,, and the calculated charging upper-limit voltage
line Ly 1. Then, system control unit 10 calculates the voltage on the calculated
charging upper-limit voltage line Ly 1, corresponding to the derived intersection
point, as a maximum permissible voltage Vy,x. By the way, the highest-voltage-cell
internal resistance line Ly , can be calculated based on at least the highest-voltage-cell
internal resistance R, as discussed previously (see the diagram of Fig. 3).

[Math.2]

At step S5, arithmetic processing for voltage difference AV is carried out by
system control unit 10. The voltage difference AV can be calculated as the
difference between the calculated maximum permissible voltage Vmax and the

highest-voltage-cell voltage Vi, that is, AV=VuMax-Vy, as seen from the diagram
of Fig. 3.

[Math.3]

At step S6, arithmetic processing for addable current L.aa is carried out by
system control unit 10. The addable current [.qaq 1s an electric current value
that can be increased from the charging current Icne up to the inputtable
current Iyax. Concretely, addable current l.qq is calculated, based on the
voltage difference AV calculated through step S5 and the highest-voltage-cell
internal resistance Ry calculated through step S3, from the expression
L.aa=AV/Rn.

Then, at step S7, arithmetic processing for inputtable current Iyax is carried out by
system control unit 10. Concretely, inputtable current Iy;4x is calculated, based on the

charging current Iy detected through step S1 and the addable current I44 calculated

through step S6, from the expression Iyax=Icug+laa.
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At step S8, arithmetic processing for maximum inputtable power Pwvax 1s
carried out by system control unit 10. Concretely, maximum inputtable power
Puax is calculated, based on the total internal resistance Rear calculated
through step S3 and the inputtable current Imax calculated through step S7,

from the expression Puax=Imaxx(Rpat)2.

[Math.5]

Then, at step S9, arithmetic processing for currently-inputted charging
power Pinp is carried out by system control unit 10. Concretely, currently-
inputted charging power Pinp is calculated, based on the charging current Icue
and the total voltage Vear both detected through step S1, from the expression

Pine=IcuaxVBAT.

[Math.6]

Then, at step S10, a comparison between the maximum inputtable power
Paax calculated through step S8 and the currently-inputted charging power
Pinp calculated through step S9 is made. As a result of comparison, when the
currently-inputted charging power Pinp is less than the maximum inputtable
power Pyvax, that is, Pinp<Pumax, the routine proceeds to step S11. Conversely
when the currently-inputted charging power Pixp is greater than or equal to
the maximum inputtable power Pyax, that is, Pmnp=Pumax, the routine proceeds

to step S12.

[Math.7]

When the currently-inputted charging power Pinp is less than the maximum
inputtable power Puvax (i.e., Pinp<Pwmax), that is, in a situation shown in Fig. 2
during the time period to-t:1 (in other words, during the initial phase of
battery-charging operation), the routine proceeds to step S11. At step S11,
system control unit 10 calculates, according to the previously-discussed
calculation method, a point located between the input power point Sinp and
the maximum inputtable power point Smax as a target charging power point
StraG, and then sets an electric power, corresponding to the calculated target

charging power point Stre, to a target charging power Prre (see Figs. 4-5).
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Conversely when the currently-inputted charging power Pine 1s greater than
or equal to the maximum inputtable power Pmax (1.e., Pinp>Pmax), that is, in a
situation shown in Fig. 2 during the time period ti-ts (in other words, during
the middle and last phase of battery-charging operation), the routine proceeds
to step S12. At step S12, system control unit 10 sets, according to the
previously-discussed calculation method, an electric power, corresponding to
the maximum inputtable power point Smax, to a target charging power Prre

(see Fig. 8).

In the shown embodiment, charging control of battery 4 is performed by repeated ex-
ecutions of a series of steps S1-S12 of Fig. 10. That is, according to the system of the
embodiment, a condition of battery 4, that is, cell voltage V., total voltage Vg,
charging current Icyg, battery temperature T, cell internal resistance Reey, total internal
resistance Rpar and the like, are sequentially detected, and then target charging power
Prrc is set responsively to the detected condition of battery 4. In this manner, as seen
from the diagram of Fig. 2, charging operation of battery 4 is performed.

In the system of the embodiment, as discussed above, total internal resistance line Ly
is calculated by the use of total internal resistance Rgar. Then, input power point Spp,
corresponding to the currently-inputted charging power Py and existing on the
calculated total internal resistance line Ly, and maximum inputtable power point Syx,
corresponding to the maximum inputtable power Py,x and existing on the calculated
total internal resistance line Lg, are calculated. Then, a point, existing on the calculated
total internal resistance line Ly and located between the calculated input power point S
e and the calculated maximum inputtable power point Syax, is calculated as a target
charging power point Str. An electric power, corresponding to the calculated target
charging power point Stgg, 15 set to a target charging power Pryg for charging the
battery 4. According to the system of the embodiment, in calculating the target
charging power Pry¢ for charging the battery 4, by virtue of appropriate setting of an
arbitrary point located between input power point S and maximum inputtable power
point Syax, it is possible to absorb various errors, namely, errors of calculations for cell
internal resistance R¢.; and total internal resistance Rgar, performed by battery
controller 8, and an error of detection of total voltage Vg, of battery 4. As a result,
when charging the battery 4, it is possible to effectively prevent the total voltage Vpar
of battery 4 (or the cell voltage V. of each of the cells, constructing battery 4) from
exceeding its predetermined upper-limit voltage. In particular, according to the shown
embodiment, total internal resistance line Ly is calculated responsively to latest up-

to-date information about the condition of battery 4 (e.g., the total voltage Vpar of
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battery 4, and the total internal resistance Rg,p Of battery 4, and the like), every prede-
termined time intervals. Then, target charging power Pryg is set by the use of the
calculated total internal resistance Ly according to the previously-discussed calculation
method. Hence, according to the system of the embodiment, in the case of a new
battery of a less deterioration rate, it is possible to suppress a charging current value
from being unnecessarily limited. In contrast, even in the case of a considerably dete-
riorated battery, it is possible to effectively prevent the battery from being subjected to
overcharging.

Additionally, according to the system of the embodiment, regardless of a plurality of
battery-charging phases (for instance, regardless of the initial charging phase during
the time period t,-t;, the middle charging phase during the time period t;-t,, and the last
charging phase during the time period t,-t; in the diagram of Fig. 2), it is possible to set
target charging power Pryg for charging the battery 4, by the same calculation method
as discussed previously. This eliminates the necessity for presetting or prepro-
gramming of a plurality of charging-control maps differing from each other depending
on respective battery-charging phases, thus enables an operation load on arithmetic
processing to be reduced.

Additionally, according to the system of the embodiment, a margin, needed to absorb
various detection/calculation errors as described previously, is set, only when target
charging power Prgg is finally calculated. This eliminates the necessity for setting
margins, needed to absorb these detection/calculation errors, for every calculation/
detection steps. Thus, it is possible to achieve charging control of battery 4 with a
minimized operation load on arithmetic processing executed within the charging
control system.

Furthermore, in the shown embodiment, in calculating maximum inputtable power
point Pyax, highest-voltage-cell voltage V,, and highest-voltage-cell internal resistance
R, are used. Hereby, as a matter of course, the voltage of each of the battery cells, con-
structing battery 4, is less than or equal to the highest-voltage-cell voltage V,. For this
reason, when calculating maximum inputtable power Pyx, it is possible to calculate a
maximum inputtable electric power suited to each of the battery cells containing the
highest terminal-voltage cell by calculating the maximum inputtable power Pyax by the
use of highest-voltage-cell voltage V,, and highest-voltage-cell internal resistance R, of
the highest terminal-voltage cell, serving as a reference. By virtue of appropriate
setting of the maximum inputtable power, it is possible to more effectively prevent the
total voltage Vgar of battery 4 (or the cell voltage Ve of each of the cells, constructing
battery 4) from exceeding its predetermined upper-limit voltage.

In the shown embodiment, battery controller 8 serves as voltage detection means,

upper-limit voltage calculation means, internal resistance calculation means, and tem-
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perature detection means. System control unit 10 serves as maximum inputtable power
calculation means (maximum inputtable value calculation means), internal resistance
line calculation means, target power point calculation means (target point calculation
means), and input power setting means (input value setting means).

While the foregoing is a description of the preferred embodiments carried out the
invention, the previously-described particular embodiments are shown herein to
increase their intelligibility and for best understanding. It will be understood that the
invention is not limited to the particular embodiments shown and described herein, but
that various changes and modifications may be made without departing from the scope
or spirit of this invention.

The charging control system of the embodiment is exemplified in a system con-
figuration that, when calculating maximum inputtable power Pyx, highest-voltage-cell
voltage V, and highest-voltage-cell internal resistance R, are used. Instead of using
highest-voltage-cell voltage V, and highest-voltage-cell internal resistance Ry, the
charging control system of the invention may be configured in a manner so as to
calculate maximum inputtable power Pyax by the use of total voltage Vgar and total
internal resistance Rgar of battery 4. In lieu thereof, the charging control system of the
invention may be configured in a manner so as to calculate maximum inputtable power
Puax by the use of cell voltage V. and cell internal resistance Rcey of an arbitrary cell
of the battery cells, constructing battery 4.

Also, in the shown embodiment, the charging control system is exemplified in a
system configuration that target charging power Prgg is calculated and then charging
operation of battery 4 is executed according to the calculated target charging power P
tre- Instead of using target charging power Prgg, the charging control system of the
invention may be configured in a manner so as to calculate a target charging current I
trc and to execute charging operation of battery 4 according to the calculated target
charging current Ipyg.

Furthermore, in the shown embodiment, the charging control system is exemplified
in a system configuration that charging operation of battery 4 is initiated from a battery
condition where a state of charge, often abbreviated to "SOC" and given in percentage
(%), 1s comparatively low. It will be appreciated that the invention is not limited to
battery-charging control initiated from such a low "SOC". The charging control system
of the embodiment can be applied to a battery whose charging operation is initiated
from a battery condition where the battery has a comparatively high "SOC" or the
battery is approximately fully charged. Also in such a case that charging operation of
battery 4 is initiated from either a battery condition of a comparatively high "SOC" or
an approximately fully-charged condition, in the same manner as the previously-

described charging control, first, target charging power Prgg is set according to the cal-
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culation method during the time period t,-t; in Fig. 2 (i.e., during the initial phase of
battery-charging operation), and secondly target charging power Prgc is fixed to
suppliable electric power Py, of external AC power source 100 according to the cal-
culation method during the time period t;-t, in Fig. 2 (i.e., during the middle phase of
battery-charging operation), and thirdly target charging power Py is set according to
the calculation method during the time period t,-t; in Fig. 2 (i.e., during the last phase
of battery-charging operation), that is, after highest-voltage-cell voltage V), has reached

charging upper-limit voltage V.
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Claims

A charging control system for controlling a charging power or a
charging current for charging a battery, comprising:

a voltage detector configured to detect a voltage of the battery;

an upper-limit voltage calculating section configured to calculate an
upper-limit voltage of the battery;

an internal resistance line calculating section configured to calculate an
internal resistance line indicating a relation between a value of a
charging current and a value of a voltage of the battery, which voltage
occurs when the charging current has flown into the battery;

a maximum inputtable value calculating section configured to calculate,
based on the detected voltage of the battery, the calculated upper-limit
voltage of the battery, and the calculated internal resistance line, a
maximum inputtable value corresponding to a maximum inputtable
power/current that can be inputted into the battery;

a target point calculating section configured to calculate a point located
between a maximum inputtable value point, existing on the internal re-
sistance line and corresponding to the maximum inputtable value, and a
currently-inputted value point, existing on the internal resistance line
and corresponding to a charging power/current currently inputted to the
battery, as a target point corresponding to a target charging power/
current point; and

an input value setting section configured to set, based on the calculated
target point, the charging power or the charging current for charging
the battery.

The charging control system as claimed in claim 1, wherein:

the battery is an assembled battery constructed by a plurality of battery
cells;

the voltage detector is configured to detect a voltage of a specified cell
of the plurality of battery cells, constructing the battery, and a total
voltage of all the battery cells, as the voltage of the battery;

the upper-limit voltage calculating section is configured to calculate an
upper-limit voltage of the specified cell;

the internal resistance line calculating section is configured to calculate
a specified-cell internal resistance line indicating a relation between a
value of a charging current of the specified cell and a value of a voltage

of the specified cell, which voltage occurs when the charging current
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has flown into the specified cell, and a total battery-cell internal re-
sistance line indicating a relation between a value of a charging current
of the battery and a value of a voltage of the battery, which voltage
occurs when the charging current has flown into the battery;

the maximum inputtable value calculating section is configured to
calculate, based on the voltage of the specified cell, the upper-limit
voltage of the specified cell, and the specified-cell internal resistance
line, a specified-cell maximum inputtable power, which is an electric
power that can be inputted into the specified cell, or a specified-cell
maximum inputtable current, which is an electric current that can be
inputted into the specified cell, and also configured to calculate, based
on the calculated specified-cell maximum inputtable power or the
calculated specified-cell maximum inputtable current, a total battery-
cell maximum inputtable power, which is an electric power that can be
inputted into the battery, or a total battery-cell maximum inputtable
current, which is an electric current that can be inputted into the
battery;

the target point calculating section is configured to calculate a point
located between a total battery-cell maximum inputtable value point,
existing on the total battery-cell internal resistance line and corre-
sponding to the calculated total battery-cell maximum inputtable
power/current, and the currently-inputted value point, existing on the
total battery-cell internal resistance line and corresponding to the
charging power/current currently inputted to the battery, as the target
point corresponding to the target charging power/current point.

The charging control system as claimed in claim 2, wherein:

the specified cell is a highest-voltage cell having a highest terminal
voltage of the plurality of cells, constructing the battery.

The charging control system as claimed in claim 1, wherein:

the target point calculating section is configured to calculate the target
point as a point nearer the maximum inputtable value point, as the
detected voltage of the battery becomes lower.

The charging control system as claimed in claim 1, which further
comprises:

a temperature detector configured to detect a temperature of the battery,
wherein the target point calculating section is configured to calculate
the target point as a point nearer the currently-inputted value point, as

the detected temperature of the battery becomes lower.
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The charging control system as claimed in claim 1, which further
comprises:

an internal resistance detector configured to detect an internal re-
sistance of the battery,

wherein the target point calculating section is configured to calculate
the target point as a point nearer the currently-inputted value point, as
the detected internal resistance of the battery becomes higher.

The charging control system as claimed in claim 1, wherein:

the target point calculating section is configured to compare the voltage
of the battery, detected by the voltage detector, with the upper-limit
voltage of the battery, calculated by the upper-limit voltage calculating
section, and further configured to set the target point to the maximum
inputtable value point, when the voltage of the battery exceeds the

upper-limit voltage of the battery.
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