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(57) Abstract: [PROBLEM] In setting of an upper limit
voltage value to which discharge of an electric storage appar-
atus is allowed and an upper limit voltage value to which
charge of the apparatus is allowed, deterioration of the ap-
paratus is taken into account. [SOLVING MEANS] A refer-
ence voltage value is calculated by using a current value at
present, a voltage value at present, and an internal resistance
value at present of an electric storage apparatus. A dis-
chargeable electric power (TWout) is calculated by using the
reference voltage value and a predetermined internal resist-
ance value (R_old) previously set to be higher than the in-
ternal resistance value at present (R _now). The dis-
chargeable electric power is set as an allowable discharge
electric power (Wout) when temporarily increasing the dis-
charge electric power required of the electric storage apparat-
us. The reference voltage value is calculated from the intern-
al resistance value at present and is a fixed value regardless
of the relationship between the current value and the voltage
value. Thus, the dischargeable electric power is also con-
stant. Since the predetermined internal resistance value is
higher than the internal resistance value at present, the dis-
chargeable electric power can be set while the deterioration
of the electric storage apparatus is taken into account. [SE-
LECTED DRAWING] Fig. 4
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Description

Title of Invention: ELECTRIC POWER STORAGE SYSTEM FOR AN ELECTRIC VEHICLE
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Technical Field

The present invention relates to an electric storage system in which an upper limit
electric power is set for allowing discharge of an electric storage apparatus and an

upper limit electric power is set for allowing charge of the electric storage apparatus.

Background Art

In Patent Document 1, an allowable discharge electric power is calculated for use in
temporarily relaxing limitation on discharge. Specifically, the current value (maximum
dischargeable current value) of a battery found when the discharge electric power of
the battery is increased until the voltage value of the battery reaches a lower limit
voltage value is calculated on the basis of the present current value, the present voltage
value and the present internal resistance value of the battery. The allowable discharge
electric power (maximum dischargeable electric power) is obtained by multiplying the

maximum dischargeable current value by the lower limit voltage value.
Citation List
Patent Literature
[PTL 1] Japanese Patent No. 4961830
Summary of Invention

Technical Problem

It is known that a battery is deteriorated over time or by repeated charge and
discharge. As the deterioration of the battery proceeds, the internal resistance value of
the battery increases. Thus, the allowable discharge electric power is preferably
calculated by taking account of the internal resistance value after the deterioration of
the battery. When the internal resistance value after deterioration is used instead of the
present internal resistance value in calculating the allowable discharge electric power
based on Patent Document 1, the allowable discharge electric power varies depending
on the relationship between the present current value and the present voltage value.

Fig. 20 shows a relationship between the current value and the voltage value of a
battery during charge and discharge. In Fig. 20, the vertical axis represents the voltage
value of the battery and the horizontal axis represents the current value of the battery.
The current values provided during discharge of the battery are set to positive values.

In Fig. 20, a straight line (chain line) L.11 represents the relationship between the
current value and voltage value of the battery during charge and discharge. The slope
of the straight line L11 indicates the present internal resistance value of the battery.

When the present internal resistance value is taken into account as described in Patent
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Document 1, the allowable discharge electric power is calculated by multiplying a
current value at a point A11 by a lower limit voltage value Vb_low. Since the current
value and voltage value during charge and discharge of the battery are located on the
straight line L11, the allowable discharge electric power is calculated on the basis of
the point A11 regardless of the relationship between the current value and voltage

value.
When the internal resistance value of the battery after deterioration is taken into

account instead of the present internal resistance value, a straight line (for example,
straight lines L.21 and L.22) having a greater slope than that of the straight line L11 is
used. Since the internal resistance value after deterioration is higher than the present
internal resistance value, the slope of the straight lines L21 and L22 is greater than the
slope of the straight line L.11. The straight lines L.21 and L22 have the same slope.

When the present current value and the present voltage value are located at a point
A12, a point A13 is determined on the basis of the straight line L.21 passing through
the point A12. The point A13 indicates the relationship between the lower limit voltage
value Vb_low and a current value Ib_old1 associated with the lower limit voltage
value Vb_low. A value calculated by multiplying the lower limit voltage value Vb_low
by the current value Ib_old1 is the allowable discharge electric power calculated for
the point A12.

When the present current value and the present voltage value are located at a point
Al4, a point A15 is determined on the basis of the straight line L.22 passing through
the point A14. The point A15 indicates the relationship between the lower limit voltage
value Vb_low and a current value Ib_old2 associated with the lower limit voltage
value Vb_low. A value calculated by multiplying the lower limit voltage value Vb_low
by the current value Ib_old2 is the allowable discharge electric power calculated for
the point Al14.

Since the current value Ib_old1 is higher than the current value Ib_old2, the
allowable discharge electric power at the point A13 is higher than the allowable
discharge electric power at the point A15. In this manner, when the internal resistance
value after deterioration is used, the allowable discharge electric power varies
depending on the relationship between the present current value and the present
voltage value.

Solution to Problem

According to a first aspect, the present invention provides an electric storage system
including a voltage sensor detecting a voltage value of an electric storage apparatus, a
current sensor detecting a current value of the electric storage apparatus, and a

controller setting an allowable discharge electric power. The allowable discharge
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electric power serves as an upper limit electric power to which discharge of the electric
storage apparatus is allowed.

The controller uses the voltage value at present, the current value at present, and an
internal resistance value at present of the electric storage apparatus to calculate a
reference voltage value. The reference voltage value is the voltage value when no
current flows. The controller uses the reference voltage value and a predetermined
internal resistance value to calculate a dischargeable electric power. The predetermined
internal resistance value is a preset value (a constant) previously set to be higher than
the internal resistance value at present. The dischargeable electric power is an electric
power when a discharge electric power of the electric storage apparatus is increased to
cause the voltage value to reach a lower limit voltage value. The controller sets the dis-
chargeable electric power as an allowable discharge electric power for temporarily in-
creasing the discharge electric power required of the electric storage apparatus.

According to the first aspect of the present invention, the dischargeable electric
power can be constant regardless of the relationship between the present current value
and the present voltage value. This allows the setting of the constant dischargeable
electric power regardless of the relationship between the present current value and the
present voltage value. The relationship between the current value and the voltage value
depends on the present internal resistance value. The reference voltage value is
calculated from the present internal resistance value and is a fixed value regardless of
the relationship between the current value and the voltage value. Since the prede-
termined internal resistance value is constant, the dischargeable electric power is
constant when the reference voltage value is the fixed value.

The internal resistance value of the electric storage apparatus increases with the dete-
rioration. Since the predetermined internal resistance value is set to be higher than the
present internal resistance value, the dischargeable electric power calculated from the
predetermined internal resistance value can be lower than the dischargeable electric
power calculated from the present internal resistance value. This achieves the setting of
the dischargeable electric power in consideration of the deterioration of the electric
storage apparatus. The dischargeable electric power can be constant until the internal
resistance value of the electric storage apparatus reaches (increases to) the prede-
termined internal resistance value.

The dischargeable electric power can be calculated on the basis of the following ex-
pression (I):

¥ mowsr16_nownR__now)-Vh_Jow

TWod = -
R_old

XVB_fiw Al

In the expression (I), TWout represents the dischargeable electric power, Vb_now

represents the voltage value at present, Ib_now represents the current value at present,
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R_now represents the internal resistance value at present, R_old represents the prede-
termined internal resistance value, and Vb_low represents the lower limit voltage
value.

The internal resistance value at present can be corrected to a value lower than the
internal resistance value at present in calculating the present internal resistance value to
calculate the dischargeable electric power during discharge of the electric storage
apparatus. The present internal resistance value can be calculated, for example on the
basis of the current value and the voltage value. When the present internal resistance
value is corrected to the value lower than the present internal resistance value, the dis-
chargeable electric power calculated from the corrected internal resistance value is
lower than the dischargeable electric power calculated from the present (before
correction) internal resistance value.

When the present internal resistance value is calculated (estimated), the present
internal resistance value may be higher than an actual internal resistance value (true
value) due to a calculation error (estimation error). In this case, the dischargeable
electric power calculated from the present internal resistance value is higher than the
dischargeable electric power calculated from the actual internal resistance value. If the
dischargeable electric power calculated from the present internal resistance value is set
as the allowable discharge electric power, the voltage value may fall below the lower
limit voltage value. The correction of the present internal resistance value to reduce the
dischargeable electric power as described above can prevent the voltage value from
falling below the lower limit voltage value.

The internal resistance value at present can be corrected to a value higher than the
internal resistance value at present in calculating the present internal resistance value to
calculate the dischargeable electric power during charge of the electric storage
apparatus. The dischargeable electric power calculated from the corrected internal re-
sistance value is lower than the dischargeable electric power calculated from the
present (before correction) internal resistance value.

When the present internal resistance value is calculated (estimated), the present
internal resistance value may be lower than an actual internal resistance value (true
value) due to a calculation error (estimation error). In this case, the dischargeable
electric power calculated from the present internal resistance value is higher than the
dischargeable electric power calculated from the actual internal resistance value. This
may cause the voltage value to fall below the lower limit voltage value as described
above. The correction of the present internal resistance value to reduce the dis-
chargeable electric power as described above can prevent the voltage value from
falling below the lower limit voltage value.

Since the predetermined internal resistance value is the predetermined value, the
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present internal resistance value may be higher than the predetermined internal re-
sistance value depending on the progress of the deterioration of the electric storage
apparatus. In this case, the present internal resistance value can be used instead of the
predetermined internal resistance value to calculate the dischargeable electric power.
This can set the dischargeable electric power associated with the present internal re-
sistance value when the present internal resistance value is higher than the prede-
termined internal resistance value.

According to a second aspect, the present invention provides an electric storage
system including a voltage sensor detecting a voltage value of an electric storage
apparatus, a current sensor detecting a current value of the electric storage apparatus,
and a controller setting an allowable charge electric power. The allowable charge
electric power serves as an upper limit electric power to which charge of the electric
storage apparatus is allowed. When an electric power during charge is set to a negative
value, a charge electric power in the second aspect of the present invention refers to the
absolute value of the charge electric power (negative value).

The controller uses the voltage value at present, the current value at present, and an
internal resistance value at present of the electric storage apparatus to calculate a
reference voltage value. The reference voltage value is the voltage value when no
current flows. The controller uses the reference voltage value and a predetermined
internal resistance value to calculate a chargeable electric power. The predetermined
internal resistance value is a preset value (a constant) previously set to be higher than
the present internal resistance value. The chargeable electric power is an electric power
when the charge electric power of the electric storage apparatus is increased to cause
the voltage value to reach an upper limit voltage value. The controller sets the
chargeable electric power as the allowable charge electric power for temporarily in-
creasing the charge electric power required of the electric storage apparatus.

According to the second aspect of the present invention, the chargeable electric
power can be constant regardless of the relationship between the present current value
and the present voltage value. This allows the setting of the constant chargeable
electric power regardless of the relationship between the present current value and the
present voltage value. Since the reference voltage value is constant as described above,
the chargeable electric power is also constant. Since the predetermined internal re-
sistance value is set to be higher than the present internal resistance value, the
chargeable electric power calculated from the predetermined internal resistance value
can be lower than the chargeable electric power calculated from the present internal re-
sistance value. This achieves the setting of the chargeable electric power in con-
sideration of the deterioration of the electric storage apparatus. The chargeable electric

power can be constant until the internal resistance value of the electric storage
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apparatus reaches (increases to) the predetermined internal resistance value.
The chargeable electric power can be calculated on the basis of the following ex-
pression (1):

_ {V5_now i b, mowx R _now)-¥b_high

TWin i

xVb_high )

In the expression (II), TWin represents the chargeable electric power, Vb_now
represents the voltage value at present, Ib_now represents the current value at present,
R_now represents the internal resistance value at present, R_old represents the prede-
termined internal resistance value, and Vb_high represents the upper limit voltage
value.

The internal resistance value at present can be corrected to a value higher than the
internal resistance value at present in calculating the internal resistance value at present
to calculate the chargeable electric power during discharge of the electric storage
apparatus. The chargeable electric power calculated from the corrected internal re-
sistance value is lower than the chargeable electric power calculated from the present
(before correction) internal resistance value.

When the present internal resistance value is calculated (estimated), the present
internal resistance value may be lower than an actual internal resistance value (true
value) due to a calculation error (estimation error). In this case, the chargeable electric
power calculated from the present internal resistance value is higher than the
chargeable electric power calculated from the actual internal resistance value. This
may cause the voltage value to exceed the upper limit voltage value. The correction of
the present internal resistance value to reduce the chargeable electric power as
described above can prevent the voltage value from exceeding the upper limit voltage
value.

The internal resistance value at present can be corrected to a value lower than the
internal resistance value at present in calculating the internal resistance value at present
to calculate the chargeable electric power during charge of the electric storage
apparatus. The chargeable electric power calculated from the corrected internal re-
sistance value is lower than the chargeable electric power calculated from the present
(before correction) internal resistance value.

When the present internal resistance value is calculated (estimated), the present
internal resistance value may be higher than an actual internal resistance value (true
value) due to a calculation error (estimation error). In this case, the chargeable electric
power calculated from the present internal resistance value is higher than the
chargeable electric power calculated from the actual internal resistance value. This
may cause the voltage value to exceed the upper limit voltage value. The correction of

the present internal resistance value to reduce the chargeable electric power as
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described above can prevent the voltage value from exceeding the upper limit voltage

value.
Since the predetermined internal resistance value is the predetermined value, the

present internal resistance value may be higher than the predetermined internal re-
sistance value depending on the progress of the deterioration of the electric storage
apparatus. In this case, the present internal resistance value can be used instead of the
predetermined internal resistance value to calculate the chargeable electric power. This
can set the chargeable electric power associated with the present internal resistance
value when the present internal resistance value is higher than the predetermined

internal resistance value.

Brief Description of Drawings

[Fig. 1]Fig. 1 is a diagram showing the configuration of a battery system.

[Fig. 2]Fig. 2 is a graph showing a relationship between an allowable discharge
electric power, an allowable charge electric power, and an SOC.

[Fig. 3]Fig. 3 is a graph showing a relationship between an allowable discharge
electric power, an allowable charge electric power, and a battery temperature.

[Fig. 4]Fig. 4 is a flow chart for explaining processing of setting the allowable
discharge electric power in Embodiment 1.

[Fig. 5]Fig. 5 is a graph for explaining a method of calculating an internal resistance
value.

[Fig. 6]Fig. 6 is a graph for explaining a method of calculating a dischargeable
electric power.

[Fig. 7]Fig. 7 is a flow chart for explaining processing of setting the allowable charge
electric power in Embodiment 1.

[Fig. 8]Fig. 8 is a graph for explaining a method of calculating a chargeable electric
power.

[Fig. 9]Fig. 9 is a graph showing a relationship between current values and voltage
values when polarization occurs due to discharge or charge.

[Fig. 10]Fig. 10 is a flow chart for explaining processing of setting an allowable
discharge electric power in Embodiment 2.

[Fig. 11]Fig. 11 is a flow chart for explaining processing of setting an allowable
charge electric power in Embodiment 2.

[Fig. 12]Fig. 12 is a graph for explaining a method of calculating a dischargeable
electric power during discharge.

[Fig. 13]Fig. 13 is a graph for explaining a method of calculating a chargeable
electric power during charge.

[Fig. 14]Fig. 14 is a graph for explaining a method of calculating the chargeable
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electric power during charge.

[Fig. 15]Fig. 15 is a graph for explaining a method of calculating the chargeable
electric power during discharge.

[Fig. 16]Fig. 16 is a graph for explaining a method of calculating the dischargeable
electric power during discharge.

[Fig. 17]Fig. 17 is a graph for explaining a method of calculating the dischargeable
electric power during charge.

[Fig. 18]Fig. 18 is a graph for explaining a method of calculating the chargeable
electric power during charge.

[Fig. 19]Fig. 19 is a graph for explaining a method of calculating the chargeable
electric power during discharge.

[Fig. 20]Fig. 20 is a graph for explaining a method of calculating a dischargeable
electric power from a present current value and a present voltage value.
Description of Embodiments

Preferred embodiments of the present invention will hereinafter be described.

EMBODIMENT 1

Fig. 1 shows the configuration of a battery system (corresponding to an electric
storage system in the present invention) in the present embodiment. The battery system
of the present embodiment is mounted on a vehicle (so-called hybrid vehicle). The
vehicle can run with both an assembled battery and an engine as described later.

The present invention is also applicable to a vehicle (so-called electric vehicle) which
can run only with the output from the assembled battery. In addition, the present
invention is applicable to any system capable of charging and discharging the
assembled battery without being limited to the battery system described in the present
embodiment.

An assembled battery (corresponding to an electric storage apparatus in the present
invention) 10 has a plurality of cells 11 connected in series. A secondary battery such
as a nickel metal hydride battery or a lithium-ion battery can be used as the cell 11. An
electric double layer capacitor may be used instead of the secondary battery. The
assembled battery 10 may include a plurality of cells 11 connected in parallel.

A voltage sensor 20 detects a voltage value Vb of the assembled battery 10 and
outputs the detection result to a controller 30. A temperature sensor 21 detects a tem-
perature (battery temperature) Tb of the assembled battery 10 (cell 11) and outputs the
detection result to the controller 30. A current sensor 22 detects a current value Ib of
the assembled battery 10 and outputs the detection result to the controller 30. In the
present embodiment, the current value Ib during discharge of the assembled battery 10

is set to a positive value, and the current value Ib during charge of the assembled
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battery 10 is set to a negative value.

The controller 30 has a memory 31. The memory 31 stores various types of in-
formation for allowing the controller 30 to perform predetermined processing
(especially, processing described in the present embodiment). Although the memory 31
is contained in the controller 30 in the present embodiment, the memory 31 may be
provided outside the controller 30.

A positive line PL is connected to a positive electrode terminal of the assembled
battery 10, and a negative line NL is connected to a negative electrode terminal of the
assembled battery 10. A system main relay SMR-B is provided on the positive
electrode line PL. A system main relay SMR-G is provided on the negative electrode
line NL. Each of the system main relays SMR-B and SMR-G is switched between ON
and OFF in response to a driving signal from the controller 30.

The assembled battery 10 is connected to an inverter 23 through the positive
electrode line PL and the negative electrode line NL. The controller 30 turns on the
system main relays SMR-B and SMR-G to connect the assemble battery 10 to the
inverter 23. This renders the battery system shown in Fig. 1 in a startup state
(Ready-On).

When an ignition switch is switched from OFF to ON, the controller 30 turns on the
system main relays SMR-B and SMR-G. When the ignition switch is switched from
ON to OFF, the controller 30 turns off the system main relays SMR-B and SMR-G.
This breaks the connection between the assembled battery 10 and the inverter 23 to
render the battery system shown in Fig. 1 in a stopped state (Ready-Off).

The inverter 23 converts a DC power output from the assembled battery 10 into an
AC power and outputs the AC power to a motor generator MG2. The motor generator
MG?2 receives the AC power output from the inverter 23 to generate a kinetic energy
(motive power) for running of the vehicle. The kinetic energy generated by the motor
generator MG2 is transferred to driving wheels 24 to allow the running of the vehicle.

A power splitting mechanism 25 transfers a motive power of an engine 26 to the
driving wheels 24 and to a motor generator MG1. The motor generator MG1 receives
the motive power of the engine 26 to generate electric power. The electric power (AC
power) generated by the motor generator MG1 is supplied to the motor generator MG2
through the inverter 23 and supplied to the assembled battery 10. When the electric
power generated by the motor generator MG1 is supplied to the motor generator MG2,
the motor generator MG2 generates a kinetic energy which can drive the driving
wheels 24. When the electric power generated by the motor generator MG1 is supplied
to the assembled battery 10, the assembled battery 10 can be charged.

For decelerating or stopping the vehicle, the motor generator MG2 converts a kinetic

energy generated in braking of the vehicle into an electric energy (AC power). The
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inverter 23 converts the AC power produced by the motor generator MG2 into a DC
power and outputs the DC power to the assembled battery 10. Thus, the assembled
battery 10 can store the regenerative power.

In the battery system shown in Fig. 1, a step-up circuit can be provided on the current
path between the assembled battery 10 and the inverter 23. The step-up circuit can
increase the voltage output from the assembled battery 10 and output the electric
power at the increased voltage to the inverter 23. The step-up circuit can also reduce
the voltage output from the inverter 23 and output the electric power at the reduced
voltage to the assembled battery 10.

For controlling charge and discharge of the assembled battery 10, an allowable
discharge electric power Wout and an allowable charge electric power Win are set. The
allowable discharge electric power Wout is an upper limit electric power to which the
assembled battery 10 can be discharged. Since the current value Ib during discharge is
set to a positive value as described above, the allowable discharge electric power Wout
has a positive value. The discharge of the assembled battery 10 is controlled such that
the discharge electric power of the assembled battery 10 does not exceed the allowable
discharge electric power Wout.

The allowable charge electric power Win is an upper limit electric power to which
the assembled battery 10 can be charged. Since the current value Ib during charge is set
to a negative value as described above, the allowable charge electric power Win has a
negative value. The charge of the assembled battery 10 is controlled such that the
charge electric power of the assembled battery 10 does not fall below the allowable
charge electric power Win.

In setting the allowable discharge electric power Wout, an allowable discharge
electric power Wout_ref is used as a reference value. The allowable discharge electric
power Wout_ref is set such that the voltage value Vb does not fall below a lower limit
voltage value Vb_low even when the discharge is continued for a predetermined time
at the allowable discharge electric power Wout_ref. The lower limit voltage value
Vb_low is a voltage value Vb set from the viewpoint of preventing overdischarge of
the assembled battery 10.

When the allowable discharge electric power Wout_ref is used, the discharge of the
assembled battery 10 is controlled such that the discharge electric power of the
assembled battery 10 does not exceed the allowable discharge electric power
Wout_ref. In other words, the discharge of the assembled battery 10 is limited on the
basis of the allowable discharge electric power Wout_ref.

In setting the allowable charge electric power Win, an allowable charge electric
power Win_ref is used as a reference value. The allowable charge electric power

Win_ref is set such that the voltage value Vb does not exceed an upper limit voltage
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value Vb_high even when the charge is continued for a predetermined time at the
allowable charge electric power Win_ref. The upper limit voltage value Vb_high is a
voltage value Vb set from the viewpoint of preventing overcharge of the assembled
battery 10.

When the allowable charge electric power Win_ref is used, the charge of the
assembled battery 10 is controlled such that the charge electric power of the assembled
battery 10 does not fall below the allowable charge electric power Win_ref. In other
words, the charge of the assembled battery 10 is limited on the basis of the allowable
charge electric power Win_ref.

The allowable discharge electric power Wout_ref and the allowable charge electric
power Win_ref are calculated on the basis of at least one of the SOC (State Of Charge)
of the assembled battery 10 and the battery temperature Tb. The SOC refers to the
proportion of the charge capacity to the full charge capacity.

For calculating the allowable discharge electric power Wout_ref based on the SOC of
the assembled battery 10, the relationship between the SOC and the allowable
discharge electric power Wout_ref may be previously determined. The relationship can
be represented as a map or an expression, and the information identifying the rela-
tionship can be stored in the memory 31. Once the SOC of the assembled battery 10 is
calculated (estimated), the allowable discharge electric power Wout_ref associated
with that SOC can be calculated.

For calculating the allowable charge electric power Win_ref based on the SOC of the
assembled battery 10, the relationship between the SOC and the allowable charge
electric power Win_ref may be previously determined. The relationship can be rep-
resented as a map or an expression, and the information identifying the relationship can
be stored in the memory 31. Once the SOC of the assembled battery 10 is calculated
(estimated), the allowable charge electric power Win_ref associated with that SOC can
be calculated.

For example, the relationship between the SOC and the allowable discharge electric
power Wout_ref and the relationship between the SOC and the allowable charge
electric power Win_ref can be represented as shown in Fig. 2. In Fig. 2, the vertical
axis represents the allowable discharge electric power Wout_ref and the allowable
charge electric power Win_ref, and the horizontal axis represents the SOC of the
assembled battery 10. The SOC is higher toward the right on the horizontal axis in Fig.
2.

When the SOC of the assembled battery 10 is equal to or higher than a first threshold
SOC_thl, the allowable discharge electric power Wout_ref has a fixed value (positive
value) regardless of the SOC of the assembled battery 10. When the SOC of the
assembled battery 10 is lower than the first threshold SOC_th1, the allowable
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discharge electric power Wout_ref is lower than the fixed value (positive value). As
the SOC is reduced, the allowable discharge electric power Wout_ref is reduced. As
the allowable discharge electric power Wout_ref is reduced, the discharge of the
assembled battery 10 is limited more. When the allowable discharge electric power
Wout_ref is 0 kW, the discharge of the assembled battery 10 is not performed.

When the SOC of the assembled battery 10 is equal to or lower than a second
threshold SOC_th2, the allowable charge electric power Win_ref has a fixed value
(negative value) regardless of the SOC of the assembled battery 10. The second
threshold SOC_th2 is higher than the first threshold SOC_th1. When the SOC of the
assembled battery 10 is higher than the second threshold SOC_th2, the allowable
charge electric power Win_ref is higher than the fixed value (negative value). As the
SOC is increased, the allowable charge electric power Win_ref is increased. In other
words, as the SOC is increased, the absolute value of the allowable charge electric
power Win_ref is reduced. As the absolute value of the allowable charge electric
power Win_ref is reduced, the charge of the assembled battery 10 is limited more.
When the allowable charge electric power Win_ref is 0 kW, the charge of the
assembled battery 10 is not performed.

For calculating the allowable discharge electric power Wout_ref based on the battery
temperature Tb, the relationship between the battery temperature Tb and the allowable
discharge electric power Wout_ref may be previously determined. The relationship can
be represented as a map or an expression, and the information identifying the rela-
tionship can be stored in the memory 31. Once the battery temperature Tb is detected
by the temperature sensor 21, the allowable discharge electric power Wout_ref as-
sociated with that battery temperature Tb can be calculated.

For calculating the allowable charge electric power Win_ref based on the battery
temperature Tb, the relationship between the battery temperature Tb and the allowable
charge electric power Win_ref may be previously determined. The relationship can be
represented as a map or an expression, and the information identifying the relationship
can be stored in the memory 31. Once the battery temperature Tb is detected by the
temperature sensor 21, the allowable charge electric power Win_ref associated with
that battery temperature Tb can be calculated.

For example, the relationship between the battery temperature Tb and the allowable
discharge electric power Wout_ref and the relationship between the battery tem-
perature Tb and the allowable charge electric power Win_ref can be represented as
shown in Fig. 3. In Fig. 3, the vertical axis represents the allowable discharge electric
power Wout_ref and the allowable charge electric power Win_ref, and the horizontal
axis represents the battery temperature Tb. The battery temperature Tb is higher

toward the right on the horizontal axis in Fig. 3.
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When the battery temperature Tb falls within a range between a first threshold
Tb_th1 and a second threshold Tb_th2, the allowable discharge electric power
Wout_ref has a fixed value (positive value) regardless of the battery temperature Tb.
The first threshold Tb_th1 is higher than the second threshold Tb_th2.

When the battery temperature Tb is higher than the first threshold Tb_th1, the
allowable discharge electric power Wout_ref is lower than the fixed value (positive
value). As the battery temperature Tb is increased, the allowable discharge electric
power Wout_ref is reduced. When the battery temperature Tb is lower than the second
threshold Tb_th2, the allowable discharge electric power Wout_ref is lower than the
fixed value (positive value). As the battery temperature Tb is reduced, the allowable
discharge electric power Wout_ref is reduced.

When the battery temperature Tb falls within the range between the first threshold
Tb_th1 and the second threshold Tb_th2, the allowable charge electric power Win_ref
has a fixed value (negative value) regardless of the battery temperature Tb. When the
battery temperature Tb is higher than the first threshold Tb_thl, the allowable charge
electric power Win_ref is higher than the fixed value (negative value). As the battery
temperature Tb is increased, the allowable charge electric power Win_ref is increased.
In other words, as the battery temperature Tb is increased, the absolute value of the
allowable charge electric power Win_ref is reduced.

When the battery temperature Tb is lower than the second threshold Tb_th2, the
allowable charge electric power Win_ref is higher than the fixed value (negative
value). As the battery temperature Tb is reduced, the allowable charge electric power
Win_ref is increased. In other words, as the battery temperature Tb is reduced, the
absolute value of the allowable charge electric power Win_ref is reduced.

In the example shown by Fig. 3, the battery temperatures Tb (the first threshold
Tb_th1 and the second threshold Tb_th2) used to reduce the allowable discharge
electric power Wout_ref are equal to the battery temperatures Tb (the first threshold
Tb_th1 and the second threshold Tb_th2) used to reduce the absolute value of the
allowable charge electric power Win_ref. However, the present invention is not limited
thereto. Specifically, for at least one of the first threshold Tb_th1 and the second
threshold Tb_th2, the battery temperature Tb used to reduce the allowable discharge
electric power Wout_ref may be different from the battery temperature Tb used to
reduce the absolute value of the allowable charge electric power Win_ref.

In the example shown by Fig. 3, the battery temperatures Tb when the allowable
discharge electric power Wout_ref is 0 kW are equal to the battery temperatures Tb
when the allowable charge electric power Win_ref is 0 kW. However, they may be
different from each other.

For calculating the allowable discharge electric power Wout_ref based on the SOC of
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the assembled battery 10 and the battery temperature Tb, the relationship between the
SOC, the battery temperature Tb, and the allowable discharge electric power Wout_ref
may be previously determined. For calculating the allowable charge electric power
Win_ref based on the SOC of the assembled battery 10 and the battery temperature Tb,
the relationship between the SOC, the battery temperature Tb, and the allowable
charge electric power Win_ref may be previously determined.

The discharge of the assembled battery 10 is limited on the basis of the allowable
discharge electric power Wout_ref described above. For temporarily relaxing the
limitation on discharge, a dischargeable electric power TWout is calculated. The
charge of the assembled battery 10 is limited on the basis of the allowable charge
electric power Win_ref described above. For temporarily relaxing the limitation on
charge, a chargeable electric power TWin is calculated. A method of calculating the
dischargeable electric power TWout and the chargeable electric power TWin is
described later.

Next, description is made of processing of setting the allowable discharge electric
power Wout with reference to a flow chart in Fig. 4. The processing shown in Fig. 4 is
performed by the controller 30.

At step S101, the controller 30 detects the voltage value Vb, the current value Ib, and
the battery temperature Tb of the assembled battery 10. The voltage value Vb is
detected by the voltage sensor 20. The current value Ib is detected by the current
sensor 22. The battery temperature Tb is detected by the temperature sensor 21.

At step S102, the controller 30 calculates (estimates) the SOC of the assembled
battery 10. The calculation of the SOC can be performed with a known method as ap-
propriate. For example, the SOC can be calculated by summing the current values Ib.
While charge and discharge of the assembled battery 10 are stopped, the OCV of the
assembled battery 10 can be measured. Since the OCV and the SOC have a prede-
termined relationship, the relationship can be previously determined to calculate the
SOC associated with the measured OCV. The present SOC can be calculated on the
basis of the calculated SOC and the sum of the current values Ib.

At step S103, the controller 30 calculates a present internal resistance value R_now
of the assembled battery 10. As is well known, the internal resistance value R_now can
be calculated on the basis of the voltage value Vb and the current value Ib.

For example, the voltage value Vb and the current value Ib are continuously detected
during charge and discharge of the assembled battery 10, and the relationship between
the voltage value Vb and the current value Ib is plotted in a coordinate system in which
the respective coordinate axes represent the voltage value Vb and the current value Ib.
Fig. 5 shows the coordinate system in which the voltage value Vb and the current value

Ib are shown by the respective coordinate axes. A plurality of relationships between
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the voltage value Vb and the current value Ib are plotted in Fig. 5. As shown in Fig. 5,
a straight line L_now approximating the plurality of the plotted relationships is
calculated, and the slope of the straight line L._now corresponds to the internal re-
sistance value R_now. Since the internal resistance value R_now depends on the
battery temperature Tb and the SOC of the assembled battery 10, the internal resistance
value R_now can be calculated for each of the battery temperatures Tb and the SOCs.

At step S104, the controller 30 calculates the allowable discharge electric power
Wout_ref. As described above, the allowable discharge electric power Wout_ref can be
calculated on the basis of at least one of the SOC of the assembled battery 10 and the
battery temperature Tb.

At step S105, the controller 30 determines whether or not a request to relax the
discharge limitation is present. The discharge limitation refers to discharge limitation
based on the allowable discharge electric power Wout_ref. Whether or not the request
to relax the discharge limitation is present is determined on the basis of a discharge
electric power required of the assembled battery 10. When the discharge electric power
of the assembled battery 10 needs to be increased temporarily, the controller 30 de-
termines that the request to relax the discharge limitation is present. By way of
example, for starting the engine 26, or for increasing the discharge electric power from
the assembled battery 10 to the motor generator MG2 in response to pressing of an ac-
celerator pedal, the discharge electric power of the assembled battery 10 needs to be
increased temporarily.

When the request to relax the discharge limitation is absent, the controller 30 sets the
allowable discharge electric power Wout at step S106. Specifically, the controller 30
sets the allowable discharge electric power Wout_ref calculated in the processing at
step S104 as the allowable discharge electric power Wout.

When the request to relax the discharge limitation is present, the controller 30
calculates the dischargeable electric power TWout at step S107. The dischargeable
electric power TWout is an electric power found when the voltage value Vb of the
assembled battery 10 is reduced to the lower limit voltage value Vb_low due to the
discharge resulting from the relaxed discharge limitation. The dischargeable electric
power TWout can be used to prevent the voltage value Vb from falling below the
lower limit voltage value Vb_low.

In the present embodiment, the dischargeable electric power TWout is calculated by
taking account of an internal resistance value (a predetermined constant) R_old of the
deteriorated assembled battery 10. The internal resistance value R_old corresponds to a
predetermined internal resistance value in the present invention. The method of cal-
culating the dischargeable electric power TWout is described later. At step S108, the

controller 30 sets the dischargeable electric power TWout calculated in the processing
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at step S107 as the allowable discharge electric power Wout. Alternatively, the
allowable discharge electric power Wout may be set at an electric power lower than the
dischargeable electric power TWout to allow for a margin.

[0081]  Next, description is made of the method of calculating the dischargeable electric
power TWout. The dischargeable electric power TWout is calculated on the basis of
the following expression (1).

[0082] m,,d:6%_w+ﬂ_n§vx;_m>-*’b-f°wxn_m D)
£ o

[0083]  In the expression (1), Vb_now represents the present voltage value Vb of the
assembled battery 10, and Ib_now represents the present current value Ib of the
assembled battery 10. R_now represents the present internal resistance value of the
assembled battery 10, and the value calculated in the processing at step 103 shown in
Fig. 4 is used as R_now. Vb_low represents the lower limit voltage value.

[0084] R_old represents the internal resistance value (predetermined constant) of the
assembled battery 10 after deterioration. Specifically, the internal resistance value of
the assembled battery 10 after the elapse of a predetermined time is assumed and
serves as the internal resistance value R_old. The predetermined time can be set, for
example at a target time for which the assembled battery 10 can be continuously used.
The internal resistance value R_old is set to be higher than the internal resistance value
R_now. In the calculation of the dischargeable electric power TWout based on the ex-
pression (1), the internal resistance values R_old and R_now at the same battery tem-
perature Tb and the same SOC of the assembled battery 10 can be used.

[0085]  According to the expression (1), an electric power corresponding to a point Al
shown in Fig. 6 represents the dischargeable electric power TWout. Specifically, the
dischargeable electric power TWout is a value calculated by multiplying the lower
limit voltage value Vb_low by a current value Ib_max at the point Al.

[0086] In Fig. 6, a point A2 shows the relationship between the present current value
Ib_now and the present voltage value Vb_now. A point A3 is calculated on the basis of
the point A2 and the present internal resistance value R_now. The point A3 indicates a
point at which the current value Ib is O A on a straight line L_now passing through the
point A2. Thus, the point A3 represents the OCV (OCV_now, corresponding to a
reference voltage value in the present invention) of the assembled battery 10.

[0087]  The point A1l is calculated on the basis of the point A3 and the internal resistance
value R_old after deterioration. The point Al indicates a point at which the voltage
value Vb is the lower limit voltage value Vb_low on a straight line L_old passing
through the point A3. The slope of the straight line L_old represents the internal re-
sistance value R_old. At the point A1, the voltage value Vb is the lower limit voltage

value Vb_low and the current value Ib is the current value Ib_max.
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The present current value Ib and the present voltage value Vb of the assembled
battery 10 are located on the straight line L._now. In the calculation of the dis-
chargeable electric power (electric power at the point A1) TWout as described above,
the dischargeable electric power TWout is constant (that is, the electric power at the
point A1) when the current value Ib_now and the voltage value Vb_now are located at
any point on the straight lint L_now. Thus, the dischargeable electric power TWout
can be constant regardless of the relationship between the current value Ib_now and
the voltage value Vb_now.

The assembled battery 10 is deteriorated due to the elapse of time or the like, and the
internal resistance value of the assembled battery 10 is increased. In the present em-
bodiment, the dischargeable electric power TWout is set by using the internal re-
sistance value R_old after the deterioration instead of the present internal resistance
value R_now. This can provide the constant dischargeable electric power TWout until
the internal resistance value of the assembled battery 10 reaches the internal resistance
value R_old from the internal resistance value before deterioration (in a so-called
initial state). The initial state refers to a state in which the assembled battery 10 is new
immediately after the manufacture.

Although the dischargeable electric power (electric power at the point A1) TWout is
calculated during discharge of the assembled battery 10 in Fig. 6, the present invention
is not limited thereto. The dischargeable electric power TWout can be calculated
during charge of the assembled battery 10. In this case, the dischargeable electric
power TWout can be calculated in the same manner as that described in Fig. 6.

Next, description is made of processing of setting the allowable charge electric power
Win with reference to a flow chart in Fig. 7. The processing shown in Fig. 7 is
performed by the controller 30.

At step S201, the controller 30 detects the voltage value Vb, the current value Ib, and
the battery temperature Tb of the assembled battery 10. The processing at step S201 is
identical to the processing at step S101 shown in Fig. 4. At step S202, the controller 30
calculates (estimates) the SOC of the assembled battery 10. The processing at step
5202 is identical to the processing at step S102 shown in Fig. 4.

At step S203, the controller 30 calculates the internal resistance value R_now of the
assembled battery 10. The processing at step S203 is identical to the processing at step
S103 shown in Fig. 4. At step S204, the controller 30 calculates the allowable charge
electric power Win_ref. As described above, the allowable charge electric power
Win_ref can be calculated on the basis of at least one of the SOC of the assembled
battery 10 and the battery temperature Tb.

At step S205, the controller 30 determines whether or not a request to relax the

charge limitation is present. The charge limitation refers to charge limitation based on



18

WO 2015/092986 PCT/JP2014/005979

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]
[0101]

[0102]

the allowable charge electric power Win_ref. Whether or not the request to relax the
charge limitation is present is determined on the basis of a charge electric power
required of the assembled battery 10. When the charge electric power of the assembled
battery 10 needs to be increased temporarily, the controller 30 determines that the
request to relax the charge limitation is present.

For example, when a brake pedal is pressed to increase the level (absolute value) of
regenerative torque required of the motor generator MG2 to a predetermined value or
higher, the electric power from the power generation by the motor generator MG2
needs to be increased. In this case, the charge electric power of the assembled battery
10 needs to be increased temporarily.

When the request to relax the charge limitation is absent, the controller 30 sets the
allowable charge electric power Win at step S206. Specifically, the controller 30 sets
the allowable charge electric power Win_ref calculated in the processing at step S204
as the allowable charge electric power Win.

When the request to relax the charge limitation is present, the controller 30 calculates
the chargeable electric power TWin at step S207. The chargeable electric power TWin
is an electric power found when the voltage value Vb of the assembled battery 10 is
increased to the upper limit voltage value Vb_high due to the charge resulting from the
relaxed charge limitation. The chargeable electric power TWin can be used to prevent
the voltage value Vb from exceeding the upper limit voltage value Vb_high.

In the present embodiment, the chargeable electric power TWin is calculated by
taking account of an internal resistance value of the deteriorated assembled battery 10.
The method of calculating the chargeable electric power TWin is described later. At
step S208, the controller 30 sets the chargeable electric power TWin calculated in the
processing at step S207 as the allowable charge electric power Win.

Next, description is made of the method of calculating the chargeable electric power
TWin. The chargeable electric power TWin is calculated on the basis of the following

expression (2).

Vb nowt ib_nowxR_now)-Vh. high

TWin -
R old

xVb_high  ..{2)

In the expression (2), Vb_now represents the present voltage value Vb of the
assembled battery 10, and Ib_now represents the present current value Ib of the
assembled battery 10. R_now represents the present internal resistance value of the
assembled battery 10, and the value calculated in the processing at step 203 shown in
Fig. 7 is used as R_now. Vb_high represents the upper limit voltage value.

R_old represents the internal resistance value (predetermined constant) of the
assembled battery 10 after deterioration. Specifically, the internal resistance value of

the assembled battery 10 after the elapse of a predetermined time is assumed and
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serves as the internal resistance value R_old. The predetermined time can be set, for
example at a target time for which the assembled battery 10 can be continuously used.
The internal resistance value R_old is set to be higher than the internal resistance value
R_now. In the calculation of the chargeable electric power TWin based on the ex-
pression (2), the internal resistance values R_old and R_now at the same battery tem-
perature Tb and the same SOC of the assembled battery 10 can be used.

According to the expression (2), an electric power corresponding to a point Bl
shown in Fig. 8§ represents the chargeable electric power TWin. Specifically, the
chargeable electric power TWin is a value calculated by multiplying the upper limit
voltage value Vb_high by a current value Ib_min at the point B1.

In Fig. 8, a point B2 shows the relationship between the present current value Ib_now
and the present voltage value Vb_now. A point B3 is calculated on the basis of the
point B2 and the present internal resistance value R_now. The point B3 indicates a
point at which the current value Ib is O A on a straight line L_now passing through the
point B2. Thus, the point B3 represents the OCV (OCV_now, corresponding to the
reference voltage value in the present invention) of the assembled battery 10.

The point B1 is calculated on the basis of the point B3 and the internal resistance
value R_old after deterioration. The point B1 indicates a point at which the voltage
value Vb is the upper limit voltage value Vb_high on a straight line L_old passing
through the point B3. The slope of the straight line L_old represents the internal re-
sistance value R_old. At the point B1, the voltage value Vb is the upper limit voltage
value Vb_high and the current value Ib is the current value Ib_min.

The present current value Ib and the present voltage value Vb of the assembled
battery 10 are located on the straight line L._now. In the calculation of the chargeable
electric power (electric power at the point B1) TWin as described above, the
chargeable electric power TWin is constant (that is, the electric power at the point B1)
when the current value Ib_now and the voltage value Vb_now are located at any point
on the straight lint L_now. Thus, the chargeable electric power TWin can be constant
regardless of the relationship between the current value Ib_now and the voltage value
Vb_now.

In the present embodiment, the chargeable electric power TWin is set by using the
internal resistance value R_old after the deterioration instead of the present internal re-
sistance value R_now. This can provide the constant chargeable electric power TWin
until the internal resistance value of the assembled battery 10 reaches the internal re-
sistance value R_old from the internal resistance value before deterioration (in the so-
called initial state).

Although the chargeable electric power (electric power at the point B1) TWin is

calculated during charge of the assembled battery 10 in Fig. 8, the present invention is
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not limited thereto. The chargeable electric power TWin can be calculated during
discharge of the assembled battery 10. In this case, the chargeable electric power TWin
can be calculated in the same manner as that described in Fig. 8.

Polarization may occur due to discharge or charge of the assemble battery 10. The
voltage value Vb when the polarization occurs due to discharge is lower than the
voltage value Vb when no polarization occurs, and the difference between the voltage

values Vb corresponds to a voltage change amount

AV dynl

resulting from the polarization during discharge. The voltage value Vb when the po-
larization occurs due to charge is higher than the voltage value Vb when no po-
larization occurs, and the difference between the voltage values Vb corresponds to a

voltage change amount
AV dynZ

resulting from the polarization during charge.

In Fig. 9, a straight line L1 represents the relationship between the current value Ib
and the voltage value Vb in the assembled battery 10 in which no polarization occurs.
A straight line L2 represents the relationship between the current value Ib and the
voltage value Vb in the assembled battery 10 in which polarization occurs due to
discharge. A straight line L3 represents the relationship between the current value Ib
and the voltage value Vb in the assembled battery 10 in which polarization occurs due
to charge. The straight lines L2 and L3 show the equal polarization state.

Since the present internal resistance value R_now of the assembled battery 10 does
not vary, the straight lines L1, L2, and L3 have the same slope. The interval between
the straight lines L.1 and L2 (voltage difference at the same current value Ib) cor-

responds to the voltage change amount

AV dynl

. The interval between the straight lines L1 and L3 (voltage difference at the same

current value Ib) corresponds to the voltage change amount

AV dynZ
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The present invention is applicable to the assembled battery 10 in which the po-
larization occurs due to discharge or charge. When the polarization occurs due to
discharge, the straight line L2 shown in Fig. 9 corresponds to the straight line L_now
shown in Figs. 6 and 8. On the straight line L2, the voltage value Vb at the current
value Ib of O A corresponds to the point A3 shown in Fig. 6 or the point B3 shown in
Fig. 8 and serves as the reference voltage value in the present invention.

When the polarization occurs due to charge, the straight line L3 shown in Fig. 9 cor-
responds to the straight line L._now shown in Figs. 6 and 8. On the straight line L3, the
voltage value Vb at the current value Ib of O A corresponds to the point A3 shown in
Fig. 6 or the point B3 shown in Fig. 8 and serves as the reference voltage value in the
present invention. As a result, when the polarization occurs due to discharge or charge,
the dischargeable electric power TWout and the chargeable electric power TWin can
be calculated as in the present embodiment.

For setting the allowable discharge electric power Wout and the allowable charge
electric power Win, at least one of the processing operations shown in Fig. 4 and Fig. 7
can be performed.

EMBODIMENT 2

Embodiment 2 of the present invention will hereinafter be described. In the present
embodiment, components identical to those described in Embodiment 1 are designated
with the same reference numerals, and detailed description thereof is omitted. The
following description is mainly focused on differences from Embodiment 1.

Deterioration of the assembled battery 10 may proceed to increase the internal re-
sistance value R_now to a level higher than the internal resistance value R_old. For
example, when the time for which the assembled battery 10 is continuously used
exceeds the predetermine time (target time) described in the expression (1) and the ex-
pression (2), the internal resistance value R_now may be higher than the internal re-
sistance value R_old. In the present embodiment, an allowable discharge electric
power Wout and an allowable charge electric power Win are set in view of such a
situation.

Fig. 10 is a flow chart showing processing of setting the allowable discharge electric
power Wout in the present embodiment. The processing shown in Fig. 10 corresponds
to the processing shown in Fig. 4. The same steps as those shown in Fig. 4 are
designated with the same reference numerals, and detailed description is omitted. The
following description is mainly focused on differences from the processing shown in
Fig. 4.

When the request to relax discharge limitation is present at step S103, the controller

30 determines whether or not the internal resistance value R_now is higher than the
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internal resistance value R_old at step S109. The internal resistance value R_now is a
value calculated in processing at step S103. The internal resistance value R_old is the
value described in the expression (1). The internal resistance values R_old and R_now
at the same battery temperature Tb and the same SOC of the assembled battery 10 can
be used.

When the internal resistance value R_now is higher than the internal resistance value
R_old, the controller 30 performs processing at step S110. When the internal resistance
value R_now is equal to or lower than the internal resistance value R_old, the
controller 30 performs processing at step S107. At step S110, the controller 30
calculates a dischargeable electric power TWout based on the expression (1). The
internal resistance value R_now is used instead of the internal resistance value R_old
shown in the expression (1).

Fig. 11 is a flow chart showing processing of setting the allowable charge electric
power Win in the present embodiment. The processing shown in Fig. 11 corresponds
to the processing shown in Fig. 7. The same steps as those shown in Fig. 7 are
designated with the same reference numerals, and detailed description is omitted. The
following description is mainly focused on differences from the processing shown in
Fig. 7.

When the request to relax charge limitation is present at step S205, the controller 30
determines whether or not the internal resistance value R_now is higher than the
internal resistance value R_old at step S209. The internal resistance value R_now is a
value calculated in processing at step S203. The internal resistance value R_old is the
value described in the expression (2). The internal resistance values R_old and R_now
at the same battery temperature Tb and the same SOC of the assembled battery 10 can
be used.

When the internal resistance value R_now is higher than the internal resistance value
R_old, the controller 30 performs processing at step S210. When the internal resistance
value R_now is equal to or lower than the internal resistance value R_old, the
controller 30 performs processing at step S207. At step S210, the controller 30
calculates a chargeable electric power TWin based on the expression (2). The internal
resistance value R_now is used instead of the internal resistance value R_old shown in
the expression (2).

According to the present embodiment, when the internal resistance value R_now is
higher than the internal resistance value R_old, the dischargeable electric power
TWout and the chargeable electric power TWin are calculated on the basis of the
internal resistance value R_now. For relaxing the discharge limitation, the dis-
chargeable electric power TWout associated with the internal resistance value R_now

can be set as the allowable discharge electric power Wout. For relaxing the charge
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limitation, the chargeable electric power TWin associated with the internal resistance
value R_now can be set as the allowable charge electric power Win.
EMBODIMENT 3

Embodiment 3 of the present invention will hereinafter be described. In the present
embodiment, components identical to those described in Embodiment 1 are designated
with the same reference numerals, and detailed description thereof is omitted. The
following description is mainly focused on differences from Embodiments 1 and 2.
The present embodiment is applicable to each of Embodiments 1 and 2.

An internal resistance value R_now calculated as described in Embodiment 1 may
deviate from an actual internal resistance value (true value) R_real. The dischargeable
electric power TWout calculated from the expression (1) and the chargeable electric
power TWin calculated from the expression (2) deviate accordingly.

First, description is made of the case where the internal resistance value R_now is
lower than the internal resistance value R_real.

A point C1 shown in Fig. 12 represents the relationship between the present current
value Ib_now and the present voltage value Vb_now during discharge of an assembled
battery 10. The slope of a straight line L_real represents the internal resistance value
R_real. As described in Embodiment 1, when the dischargeable electric power TWout
is calculated on the basis of the internal resistance value R_now, an electric power cor-
responding to a point C2 indicates the dischargeable electric power TWoult.

When the dischargeable electric power TWout is calculated on the basis of the
internal resistance value R_real, an electric power corresponding to a point C3
indicates the dischargeable electric power TWout. The dischargeable electric power
TWout at the point C2 is lower than the dischargeable electric power TWout at the
point C3. Thus, the dischargeable electric power TWout calculated from the internal
resistance value R_now is an underestimate of the dischargeable electric power TWout
calculated from the internal resistance value R_real.

A point D1 shown in Fig. 13 represents the relationship between the present current
value Ib_now and the present voltage value Vb_now during charge of the assembled
battery 10. The slope of a straight line L_real represents the internal resistance value
R_real. As described in Embodiment 1, when the dischargeable electric power TWout
is calculated on the basis of the internal resistance value R_now, an electric power cor-
responding to a point D2 indicates the dischargeable electric power TWout.

When the dischargeable electric power TWout is calculated on the basis of the
internal resistance value R_real, an electric power corresponding to a point D3
indicates the dischargeable electric power TWout. The dischargeable electric power
TWout at the point D2 is higher than the dischargeable electric power TWout at the

point D3. Thus, the dischargeable electric power TWout calculated from the internal
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resistance value R_now is an overestimate of the dischargeable electric power TWout
calculated from the internal resistance value R_real.

A point E1 shown in Fig. 14 represents the relationship between the present current
value Ib_now and the present voltage value Vb_now during charge of the assembled
battery 10. The slope of a straight line L_real represents the internal resistance value
R_real. As described in Embodiment 1, when the chargeable electric power TWin is
calculated on the basis of the internal resistance value R_now, an electric power corre-
sponding to a point E2 indicates the chargeable electric power TWin.

When the chargeable electric power TWin is calculated on the basis of the internal
resistance value R_real, an electric power corresponding to a point E3 indicates the
chargeable electric power TWin. The chargeable electric power (absolute value) TWin
at the point E2 is lower than the chargeable electric power (absolute value) TWin at the
point E3. Thus, the chargeable electric power TWin calculated from the internal re-
sistance value R_now is an underestimate of the chargeable electric power TWin
calculated from the internal resistance value R_real.

A point F1 shown in Fig. 15 represents the relationship between the present current
value Ib_now and the present voltage value Vb_now during discharge of the assembled
battery 10. The slope of a straight line L_real represents the internal resistance value
R_real. As described in Embodiment 1, when the chargeable electric power TWin is
calculated on the basis of the internal resistance value R_now, an electric power corre-
sponding to a point F2 indicates the chargeable electric power TWin.

When the chargeable electric power TWin is calculated on the basis of the internal
resistance value R_real, an electric power corresponding to a point F3 indicates the
chargeable electric power TWin. The chargeable electric power (absolute value) TWin
at the point F2 is higher than the chargeable electric power (absolute value) TWin at
the point F3. Thus, the chargeable electric power TWin calculated from the internal re-
sistance value R_now is an overestimate of the chargeable electric power TWin
calculated from the internal resistance value R_real.

Next, description is made of the case where the internal resistance value R_now is
higher than the internal resistance value R_real.

A point G1 shown in Fig. 16 represents the relationship between the present current
value Ib_now and the present voltage value Vb_now during discharge of the assembled
battery 10. The slope of a straight line L_real represents the internal resistance value
R_real. As described in Embodiment 1, when the dischargeable electric power TWout
is calculated on the basis of the internal resistance value R_now, an electric power cor-
responding to a point G2 indicates the dischargeable electric power TWout.

When the dischargeable electric power TWout is calculated on the basis of the

internal resistance value R_real, an electric power corresponding to a point G3
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indicates the dischargeable electric power TWout. The dischargeable electric power
TWout at the point G2 is higher than the dischargeable electric power TWout at the
point G3. Thus, the dischargeable electric power TWout calculated from the internal
resistance value R_now is an overestimate of the dischargeable electric power TWout
calculated from the internal resistance value R_real.

A point H1 shown in Fig. 17 represents the relationship between the present current
value Ib_now and the present voltage value Vb_now during charge of the assembled
battery 10. The slope of a straight line L_real represents the internal resistance value
R_real. As described in Embodiment 1, when the dischargeable electric power TWout
is calculated on the basis of the internal resistance value R_now, an electric power cor-
responding to a point H2 indicates the dischargeable electric power TWout.

When the dischargeable electric power TWout is calculated on the basis of the
internal resistance value R_real, an electric power corresponding to a point H3
indicates the dischargeable electric power TWout. The dischargeable electric power
TWout at the point H2 is lower than the dischargeable electric power TWout at the
point H3. Thus, the dischargeable electric power TWout calculated from the internal
resistance value R_now is an underestimate of the dischargeable electric power TWout
calculated from the internal resistance value R_real.

A point I1 shown in Fig. 18 represents the relationship between the present current
value Ib_now and the present voltage value Vb_now during charge of the assembled
battery 10. The slope of a straight line L_real represents the internal resistance value
R_real. As described in Embodiment 1, when the chargeable electric power TWin is
calculated on the basis of the internal resistance value R_now, an electric power corre-
sponding to a point I2 indicates the chargeable electric power TWin.

When the chargeable electric power TWin is calculated on the basis of the internal
resistance value R_real, an electric power corresponding to a point I3 indicates the
chargeable electric power TWin. The chargeable electric power (absolute value) TWin
at the point 12 is higher than the chargeable electric power (absolute value) TWin at the
point I3. Thus, the chargeable electric power TWin calculated from the internal re-
sistance value R_now is an overestimate of the chargeable electric power TWin
calculated from the internal resistance value R_real.

A point J1 shown in Fig. 19 represents the relationship between the present current
value Ib_now and the present voltage value Vb_now during discharge of the assembled
battery 10. The slope of a straight line L_real represents the internal resistance value
R_real. As described in Embodiment 1, when the chargeable electric power TWin is
calculated on the basis of the internal resistance value R_now, an electric power corre-
sponding to a point J2 indicates the chargeable electric power TWin.

When the chargeable electric power TWin is calculated on the basis of the internal
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resistance value R_real, an electric power corresponding to a point J3 indicates the
chargeable electric power TWin. The chargeable electric power (absolute value) TWin
at the point J2 is lower than the chargeable electric power (absolute value) TWin at the
point J3. Thus, the chargeable electric power TWin calculated from the internal re-
sistance value R_now is an underestimate of the chargeable electric power TWin
calculated from the internal resistance value R_real.

Table 1 shows the summary of the description made with reference to Fig. 12 to Fig.
19.

[Table 1]
TwWout TWin

R now<R real |during underestimate |overestimate
discharge (Fig. 12) (Fig. 15)
during overestimate underestimate
charge (Fig. 13) (Fig. 14)

R now>R real |during overestimate underestimate
discharge (Fig. 16) (Fig. 19)
during underestimate |overestimate
charge (Fig. 17) (Fig. 18)

When the dischargeable electric power TWout is overestimated, the voltage value Vb
may fall below the lower limit voltage value Vb_low. When the chargeable electric
power TWin is overestimated, the voltage value Vb may exceed the upper limit voltage
value Vb_high. To prevent those situations, the expressions for calculating the dis-
chargeable electric power TWout and the chargeable electric power TWin are changed
in the present embodiment.

For calculating the dischargeable electric power TWout during discharge of the
assembled battery 10, the following expression (3) can be used.

{¥b_mow+iB_nows RB_nowx<#1)}-¥5_low

TWout = x¥Vb_low: -3)
R old

¥l

In the expression (3), the internal resistance value R_now is multiplied by a
correction coefficient k1 to correct the internal resistance value R_now. The correction
coefficient k1 is a value less than one and can be set as appropriate. Since the
correction coefficient k1 is the value less than one, the value (the corrected internal re-

sistance value) calculated by multiplying the internal resistance value R_now by the
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correction coefficient k1 is less than the internal resistance value R_now.

As aresult, the dischargeable electric power TWout calculated from the corrected
internal resistance value is lower than the dischargeable electric power TWout
calculated from the internal resistance value R_now. Thus, the dischargeable electric
power TWout calculated in the expression (3) is an electric power corresponding to a
point shifted to a lower current value Ib from the point G2 shown in Fig. 16. This can
prevent the overestimation of dischargeable electric power TWout as described above.

As seen in Table 1, when the internal resistance value R_now is higher than the
internal resistance value R_real and the assembled battery 10 is discharged, the dis-
chargeable electric power TWout is overestimated. Since the relative levels of the
internal resistance values R_now and R_real are not determined, it is only required that
the dischargeable electric power TWout should be calculated on the basis of the ex-
pression (3) during discharge of the assembled battery 10 in order to prevent the over-
estimation of the dischargeable electric power TWout.

For calculating the dischargeable electric power TWout during charge of the
assembled battery 10, the following expression (4) can be used.

(Yb;mw+lb7mw:lx1;;mka2}~l"bim ¥Tb low e

THout =
21

In the expression (4), the internal resistance value R_now is multiplied by a
correction coefficient k2 to correct the internal resistance value R_now. The correction
coefficient k2 is a value larger than one and can be set as appropriate. Since the
correction coefficient k2 is the value larger than one, a value (the corrected internal re-
sistance value) calculated by multiplying the internal resistance value R_now by the
correction coefficient k2 is higher than the internal resistance value R_now.

As aresult, the dischargeable electric power TWout calculated from the corrected
internal resistance value is lower than the dischargeable electric power TWout
calculated from the internal resistance value R_now. Thus, the dischargeable electric
power TWout calculated in the expression (4) is an electric power corresponding to a
point shifted to a lower current value Ib from the point D2 shown in Fig. 13. This can
prevent the overestimation of the dischargeable electric power TWout as described
above.

As seen in Table 1, when the internal resistance value R_now is lower than the
internal resistance value R_real and the assembled battery 10 is charged, the dis-
chargeable electric power TWout is overestimated. Since the relative levels of the
internal resistance values R_now and R_real are not determined, it is only required that
the dischargeable electric power TWout should be calculated on the basis of the ex-
pression (4) during charge of the assembled battery 10 in order to prevent the overes-

timation of the dischargeable electric power TWout.
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assembled battery 10, the following expression (5) can be used.
[0158] TW’;""‘(wamﬁqb*mw;fo;dmxH)#Vb*mghxm,mgh )
¥l
[0159]  In the expression (5), the internal resistance value R_now is multiplied by a

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

correction coefficient k3 to correct the internal resistance value R_now. The correction
coefficient k3 is a value larger than one and can be set as appropriate. Since the
correction coefficient k3 is the value larger than one, a value (the corrected internal re-
sistance value) calculated by multiplying the internal resistance value R_now by the
correction coefficient k3 is higher than the internal resistance value R_now.

As aresult, the chargeable electric power (absolute value) TWin calculated from the
corrected internal resistance value is lower than the chargeable electric power (absolute
value) TWin calculated from the internal resistance value R_now. Thus, the chargeable
electric power TWin calculated in the expression (5) is an electric power corre-
sponding to a point shifted to a higher current value Ib from the point F2 shown in Fig.
15. This can prevent the overestimation of the chargeable electric power (absolute
value) TWin as described above.

As seen in Table 1, when the internal resistance value R_now is lower than the
internal resistance value R_real and the assembled battery 10 is discharged, the
chargeable electric power TWin is overestimated. Since the relative levels of the
internal resistance values R_now and R_real are not determined, it is only required that
the chargeable electric power TWin should be calculated on the basis of the expression
(5) during discharge of the assembled battery 10 in order to prevent the overestimation
of the chargeable electric power TWin.

For calculating the chargeable electric power TWin during charge of the assembled

battery 10, the following expression (6) can be used.

Wm:(?b_m+1b_mw;i€a;dmth4)»- Vb_hfg&xw‘ﬁ o O
k<l
In the expression (6), the internal resistance value R_now is multiplied by a

correction coefficient k4 to correct the internal resistance value R_now. The correction
coefficient k4 is a value less than one and can be set as appropriate. Since the
correction coefficient k4 is the value less than one, a value (the corrected internal re-
sistance value) calculated by multiplying the internal resistance value R_now by the
correction coefficient k4 is lower than the internal resistance value R_now.

As aresult, the chargeable electric power (absolute value) TWin calculated from the
corrected internal resistance value is lower than the chargeable electric power (absolute
value) TWin calculated from the internal resistance value R_now. Thus, the chargeable

electric power TWin calculated in the expression (6) is an electric power corre-
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sponding to a point shifted to a higher current value Ib from the point 12 shown in Fig.
18. This can prevent the overestimation of the chargeable electric power TWin as
described above.

As seen in Table 1, when the internal resistance value R_now is higher than the
internal resistance value R_real and the assembled battery 10 is charged, the
chargeable electric power TWin is overestimated. Since the relative levels of the
internal resistance values R_now and R_real are not determined, it is only required that
the chargeable electric power TWin should be calculated on the basis of the expression
(6) during charge of the assembled battery 10 in order to prevent the overestimation of

the chargeable electric power TWin.
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Claims

An electric storage system comprising:

a voltage sensor detecting a voltage value of an electric storage
apparatus;

a current sensor detecting a current value of the electric storage
apparatus; and

a controller setting an allowable discharge electric power serving as an
upper limit electric power to which discharge of the electric storage
apparatus is allowed,

wherein the controller uses the voltage value at present, the current
value at present, and an internal resistance value at present of the
electric storage apparatus to calculate a reference voltage value, the
reference voltage value being the voltage value when no current flows,
the controller uses the reference voltage value and a predetermined
internal resistance value to calculate a dischargeable electric power, the
predetermined internal resistance value being previously set to be
higher than the internal resistance value at present, the dischargeable
electric power being an electric power when a discharge electric power
of the electric storage apparatus is increased to cause the voltage value
to reach a lower limit voltage value, and

the controller sets the dischargeable electric power as the allowable
discharge electric power when temporarily increasing the discharge
electric power required of the electric storage apparatus.

The electric storage system according to claim 1, wherein the controller
calculates the dischargeable electric power based on the following ex-
pression (I):

(Vb nowtIb_nowx R_now)-Vb, lew
R old

TWouf=

Vb dow 4B

where, in the expression (I), TWout represents the dischargeable
electric power, Vb_now represents the voltage value at present, Ib_now
represents the current value at present, R_now represents the internal
resistance value at present, Vb_low represents the lower limit voltage
value, and R_old represents the predetermined internal resistance value.
The electric storage system according to claim 1 or 2, wherein the
controller corrects the internal resistance value at present to a value
lower than the internal resistance value at present in calculating the
internal resistance value at present to calculate the dischargeable

electric power during discharge of the electric storage apparatus.
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[Claim 4] The electric storage system according to claim 1 or 2, wherein the
controller corrects the internal resistance value at present to a value
higher than the internal resistance value at present in calculating the
internal resistance value at present to calculate the dischargeable
electric power during charge of the electric storage apparatus.

[Claim 5] The electric storage system according to any one of claims 1 to 4,
wherein the controller uses the internal resistance value at present
instead of the predetermined internal resistance value to calculate the
dischargeable electric power when the internal resistance value at
present is higher than the predetermined internal resistance value.

[Claim 6] An electric storage system comprising:

a voltage sensor detecting a voltage value of an electric storage
apparatus;

a current sensor detecting a current value of the electric storage
apparatus; and

a controller setting an allowable charge electric power serving as an
upper limit electric power to which charge of the electric storage
apparatus is allowed,

wherein the controller uses the voltage value at present, the current
value at present, and an internal resistance value at present of the
electric storage apparatus to calculate a reference voltage value, the
reference voltage value being the voltage value when no current flows,
the controller uses the reference voltage value and a predetermined
internal resistance value to calculate a chargeable electric power, the
predetermined internal resistance value being previously set to be
higher than the internal resistance value at present, the chargeable
electric power being an electric power when a charge electric power of
the electric storage apparatus is increased to cause the voltage value to
reach an upper limit voltage value, and

the controller sets the chargeable electric power as the allowable charge
electric power when temporarily increasing the charge electric power
required of the electric storage apparatus.

[Claim 7] The electric storage system according to claim 6, wherein the controller
calculates the chargeable electric power based on the following ex-
pression (1I):

b _nowkib eowxB mow)-Vi: hugh
R old

THm

%¥5_high (W)

where, in the expression (II), TWin represents the chargeable electric
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power, Vb_now represents the voltage value at present, Ib_now
represents the current value at present, R_now represents the internal
resistance value at present, Vb_high represents the upper limit voltage
value, and R_old represents the predetermined internal resistance value.
The electric storage system according to claim 6 or 7, wherein the
controller corrects the internal resistance value at present to a value
higher than the internal resistance value at present in calculating the
internal resistance value at present to calculate the chargeable electric
power during discharge of the electric storage apparatus.

The electric storage system according to claim 6 or 7, wherein the
controller corrects the internal resistance value at present to a value
lower than the internal resistance value at present in calculating the
internal resistance value at present to calculate the chargeable electric
power during charge of the electric storage apparatus.

The electric storage system according to any one of claims 6 to 9,
wherein the controller uses the internal resistance value at present
instead of the predetermined internal resistance value to calculate the
chargeable electric power when the internal resistance value at present

is higher than the predetermined internal resistance value.
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[Fig. 13]
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