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(57) Abstract: An electrical storage system includes an elec-
trical storage device (10), a voltage sensor (21), a current
sensor (22) and a controller (30). The electrical storage
device (10) is configured to be charged with electric power
from an external power supply (29). The controller (30) is
configured to detect a first voltage value with the use of the
voltage sensor (21) in a state where external charging is tem-
porarily stopped, and calculate a first state of charge corres-
ponding to the first voltage value, when an elapsed time
from when external charging at a predetermined electric
power is started is longer than or equal to a predetermined
time. The predetermined time is a time required until a con-
vergence of a voltage variation resulting from polarization
during external charging. The controller (30) is configured
to detect a second voltage value with the use of the voltage
sensor (21), when the charging is resumed at the predeter-
mined electric power after the charging is temporarily
stopped and then the charging is stopped again, and calcu-
late a second state of charge corresponding to the second
voltage value. The controller (30) is configured to calculate
a tull charge capacity from an accumulated value of the cur-
rent value in a period from when the charging is resumed to
when the charging is stopped and a variation between the
first state of charge and the second state of charge, when a
difference between a rate of change corresponding to the
first voltage value and a rate of change corresponding to the
second voltage value is smaller than or equal to an allowable
value. The rate of change is identified from the correlation,
and indicates the ratio of a variation in open circuit voltage
to a variation in state of charge.



WO 2015/092521 A1 WK 00T VAT 0RO

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2015/092521 PCT/IB2014/002797

ELECTRICAL STORAGE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to an electrical storage system that calculates a full

charge capacity of an electrical storage device.

2. Description of Related Art

[0002] In Japanese Patem Application Publication No. 2013-101072 (JP
2013-101072 A), when a battery pack is charged with electric power from an eXtemal
power supply (referred to as external éhérging), a full charge c‘apacity of the battery pack is
calculated (estimated). The full charge capacity of the battery pack is calculated on the

basis of a state of charge (SOC) of the battery pack at the start of external charging, an

- SOC of the battery pack at the completion of external charging, and an accumulated

current value in a period during which external charging is being carried out. ‘Because

there is a predetermined correlation between an SOC and an open circuit voltage (OCV),

~ the SOC of the battery pack may be calculated from the OCV of the battery pack.

SUMMARY OF THE INVENTION

[0003]  When polarization occurs as a result of charging or discharging of the
battery pack, a voltage value of the battery pack, which is deteéted by a voltage sensor,
(referred to as detected voltage value) includes a voltage variation resulting from the
polarization. Therefore, the detected voltage value deviates from the OCV by the amount
of the voltage variation resulting from the pblarization.

[0004]  Therefore, if the SOC of the battery pack is calculated (estimated) on the
basis of the detected voltage value included in the voltage variation resulting from the

polarization, the estimation accuracy of the SOC decreases. If the full charge capacity of
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the battery pack is calculated (estimated) on the basis of the SOC of which the estimation
accuracy has decreased, the estimation accuracy of the full charge capacity also decreases.
[000S]  An aspect of the invention provides an electrical storagé system. The
electrical storage system includes an electrical storage device, a voltage sensor, a current
sensor and a controller. The electrical storage device is configured to be charged with
electric power from an external power supply (referred io as external charging). The
voltage sensor is configured to detect a voltage value of the electrical storage device. The
current sensor is configured to detect a current value of the electrical storage device. The
controller is configured to detect a first voltage value with the use of the voltage sensor in a
state where external charging is temporarily stopped, when an elapsed time from when
external charging at a predetermined electric power is started is longer than or equal to a
predetermined time. The predetermined time is a time required until a convergence of a
voltage variatioﬁ resulting from polarization during external charging. The controller is
configured to calculate a first state of charge corresponding to the first voltage value. The
first state of charge is calculated by using a correlation between an open circuit voltage of
the electrical storage device and a state of charge of the electrical storage device on the
assumption that the first voltage value is an open circuit voltage. The controller is
configured to detect a second voltage value with the use of the voltage sensor, when the
charging is resumed at the predetermined electric power after the charging is temporarily
stopped and then the charging is stopped again. The controller is configured to calculate
a second state of charge corresponding to the second voltage value. The second state of
charge is calculated by using the correlation on the assumption that the second voltage '
value is an open circuit voltage. The controller is configured to calculate a full charge
capacity from an accumulated value of the current value in a period from when the
charging is resumed to when the charging is stopped and a variation between the first state
of charge ‘ahd the second state of charge, when a difference between a rate of change
corresponding to the first voltage value and a rate of change corresponding to the second
voltage value is smaller than or equal to an allowable value. The rate of change is

identified from the correlation, and indicates the ratio of a variation in open circuit voltage
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to a variation in state of charge. ' ,

[0006]  When the first voltage value and the second voltage value are detected,
there ‘is polarization resulting from the external charging at the predetermined electric
power. According to the above aspect, even when there is polarization resulting from the
external charging at the predetermined electric power and each of the first voltage value
and the second voltage value deviates from a corresponding open circuit voltage, it is
possible to ensure the calculation accuracy (estimation accuracy) of the full charge capacity.
Hereinafter, this will be specifically described.

[0007]  Initially, an open circuit voltage at the time when the external charging at
the predetermined electric power i§ temporarily stopped (first open circuit voltage
corresponding to the first voltage value) and an open circuit voltage at the time when the
external charging at the predetermined electric power is resumed and then stopped again
(second open circuit voltage cofresponding to the second voltage value) are acquired. By
acquiring these open circuit voltages, it is possible to ensure the calculation accuracy of the
full Charge capacity. Specifically, the full charge capacity is calculated on the basis of a
variation indicating a difference between the states of charge respectively calculated from
the first open circuit voltage and the second open circuit voltage and an accumulated value
of the current value in a period from when the external charging is resumed to when the
external charging is stopped again.. Thus, it is possible to ensure the calculation accuracy
of the full charge capacity.

[0008] In the above aspect, even when the first voltage value deviates from the
first open circuit voltage or the second voltage value deviates from the second open circuit
voltage, the variation indicating the difference between the states of charge respectively
calculated from the first voltage val;.xe and the second voltage value is made substantially
equal to the variation indicating a difference between the states of charge respectively
calculated from the first open circuit voitage and the second open circuit voltage. The
accumulated value of the current value in a period from when the external charging is
resumed to when the external charging is stopped again is the same. Thus, the full charge

capacity that is calculated from the first voltage value and the second voltage value is
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substantially equal to the full charge capacity. that is calculated from the first open circuit
voltage and the second open circuit voltage. Therefore, eVen when the full charge
capacity is calculated from the first voltage value and the second voltage value, it is
possible to ensure the calculation accuracy of the full charge capacity.

[0009] Substantially equalizing a variation in state of charge will be described
below. When it is checked whether the elapsed time is longer than or equal to the
predetermined time, it is possible to check whether the voltage variation résulting from
polarization during the external charging at the predetermined electric power has
converged. At this time, the voltage variation included in the first voltage value (the
difference between the first voltage value and the first open circuit voltage) is equal to the
voltage variation included in the second voltage value (the difference between the second
voltage value and the second opeh circuit voltage).

[0010] In thé above aspect, it is checked whether the difference between the rate
of change corresponding to the first voltage value and the rate of change corresponding to
the second voltage value is smaller than or equal to the allowable value. When the
difference is smaller than or equal to the allowable value, a deviation between the first state
of charge corresponding to the first voltage value and the state of charge corresponding to
. the first open circuit voltage is substantially equal to a deviation between the second state
~ of charge corresponding to the second voltage value and the state of charge corresponding
to the second open circuit voltage. Because the external charging is carried out, the states
of charge (the first state of charge and the second stéte of charge) corresponding to the
voltage values (the first voltage value and the second voltage value) respectively deviate in
the same direction from the states of charge corresponding to the open circuit voltages (the
first open circuit voltage and the second open circuit voltage).

[0011] Thus, the variation indicating the difference between the states of charge
that are respectively calculated from the first voltage value and the second voltage value is
substantially equal to the variation indicating the difference between the states of charge
that are respectively calculated from the first open circuit voltage and the second open

circuit voltage. Accordingly, as described above, even in a state where there is
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polarization resulting from the external charging at the predetermined electric power, it is

possible to ensure the calculation accuracy of the full charge capacity.

{0012] FIn the above aspect, the controller may be configured to shorten the
predetermined time as the predetermined electric power decreases. The voltage variation
is more likely to converge as the predetermined electric power decreases. Therefore, by
shortening the predetermined time, the accumulated value of the current value or the
variation in state of charge is increased as described above. Thus, it is possible to
improve the calculation accuracy of the full charge capacity.

[0013]  In starting the external charging at the predetermined electric power in a
state where charging or discharging of the electrical storage device is stopped, when there
is already polarization, a time required until the voltage variation resulting from
polarization during the external charging tends to extend. Therefore, it is preferable to
acquire the state of polarization at the start of the external charging. By setting the
predetermined time in consideration of the state of polarization at the start of the external
charging, even when there is already polarization at the start of the external charging, it
may be determined whether the voltage variation resulting from polarization during the
external charging has converged. |

[0014]  As a time during which charging or discharging of the electrical storage
device is stopped (referred to as standing time) extends before the external charging is
started, polarization is more likely to be eliminated. In the above aspect, the controller
may be configured to shorten the predetermined time as the standing time extends, when
the charging at the predetermined electric power is started in a state wherre charging or
discharging of the electrical storage device is stopped.

[0015]  In the above aspect, the electrical storage system may further include a
temperature sensor. The temperature sensor is configured ‘to detect a temperature of the
electrical storage device. The controller may be configured to shorten the predetermined
time as the temperature of the electrical storage device at the start of the external charging
at the predetermined electric power increases.  As the temperature of the electrical storage

device increases, the voltage variation is more likely to converge. Therefore, by
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shortening the predetermined time, a time required until the external charging is
temporarily stopped may be shortened.

[0016] As a time required until the external charging is temporarily stopped
shortens, a time from when the external charging is resumed to when the external charging
is stopped again may be extended. Accordingly, in a period from when the external
charging is resumed to when the external charging is stopped again, the accumulated value
of the current value may be increased or the variation in the state of charge of the electrical
storage device may be increased. |

[0017] As the accumulated value of the current value or the variation fn state of
charge decreases, the calculation accuracy of the full charge capacity tends to decrease.
Therefore, by increasing the accumulated value of the current value or the variation in state
of charge, it is possible to improve the calculation accuracy of the full charge capacity.

[0018] In starting the external charging at the predetermined electric power in a
state where charging or discharging of the electrical storage device is stopped, as the
temperature of the electrical storage device at the time when charging or discharging is’

stopped increases, polarization is more likely to be eliminated. In the above aspect, the

“electrical storage system may further include a temperature sensor. The temperature

sensor is configured to detect a temperature of the electrical storage device. The
controller may be configured to shorten the predetermined time as the temperature of the
electrical storage device increases, when the charging at the predetermined electric power
is started from a state where charging or discharging of the electrical storage device is
stopped. By shortening the predetermined time in this way, it is possible to suppress an
undue extension of a time required until it may be determined whether ‘the voltage
variation has converged. By shortening the predetermined time, the accumulated value of
the current value or the variation in state of charge is increased as described above. Thus,
it is possible to impfove the calculation accuracy of the full charge capacity.

[0019] In the above aspect, the controller may be configured to temporarily stop
the external charging at the time when an offset value of the current sensor is acquired.

The controller may be configured to detect the first voltége value in response to the fact
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that the elapsed time is longer than or equal to the predetermined time. In the above
aspect, the controller may be configured to, when the external charging is temporarily
stopped in or_dér to acquire an offset value of the current sensor, detect the sécond voltage
value. Thus, in accordance with the timing at which the offset value is acquired, the first
voltage value or the second voltage value may be detected. |

[0020]  On the other hand, when the external charging is completed, the second
voltage value may be detécted. Thus, in comparison With the case where the second
voltage value is detected while the external charging is temporarily stopped before the
completion of the external charging, the accumulated value of the current value or the
variation in state of charge may be increased. Accordingly, it is possible to improve the
calculation accuracy of the full charge capacity.

[0021] Another aspect of the invention provides an electrical storage system for a
vehicle. The electrical storage system includes an electrical storage device and ‘a‘
controller. The electrical storage device is configured to be charged with electric powér
from an external power supply. The external power supply is installed outside the
electrical storage device separately from the electrical storage device. The controller is
configured to stop the external charging after a lapse of a predetermined time from when
the external charging is started, when the charging is carried out with electric power from

the external power supply (external charging). The predetermined time is a time required

-until a convergence of a change in the voltage of the electrical storage device due to

polarizétion resulting from the external charging. The controller is configured‘ to resume
the external charging after the external charging is stopped, and calculate a full charge
capaciiy of the electrical storage device on the basis of a variation in state of charge of ‘the
electrical storage device in a period from when the external charging is resumed to when
the external charging is completed.

[0022]  Further another aspect of the invention provides an electrical storage
system for a vehicle. The electrical storage system includes an electrical storage device
and a controller. The electrical storage device is configured to be charged with electric

power from an external power supply (external charging). The external power supply is
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installed outside the electrical storage device separately from the electrical storage device.
The controller is configured to calculate the full charge capacity of the electrical storage
device on the basis of the state of charge of the electrical storage device in a périod from
when the external charging is started to when the external charging is completed. The

controller is configured to wait the calculation of the full charge capacity of the electrical
storage device until the external charging is started after a convergence of a change in the
voltage of the electrical storage device due to polarization resulting from the external

charging, when the external charging is carried out.

BRIEF DESCRIPTION OF THE DRAWINGS

{0023] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:’

FIG. 1 is a view that shows the configuration of a battery system;

FIG. 2 is a graph that shows the correlation (OCV curve) between an OCV and an
SOC;

FIG. 3 is a graph that illustrates a state where a voltage variation resulting from
polarization during external charging converges;

FIG. 4 is a flowchart that illustrates the process of calculating a full charge capacity of
a battery pack according to a first embodiment;

FIG. 5 is a time chart that shows the behavior of the SOC of the battery pack;

FIG. 6 is a time chart that shows the behavior of the SOC of the battery pack;

FIG. 7 is a graph that shows the correlation between a battery temperature during
external charging and a predetermined time; |

FIG. 8 is a graph that shows the correlation between a charge power and a
predetermined time;

FIG. 9 is a flowchart that illustrates the process of calculating the full charge capacity
of the battery pack ‘according to a second embodiment;

FIG. 10 is a graph that shows the correlation between a standing time and a
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predetermined time;

FIG. 11 is a graph that shows the correlation between a battery temperature during
standing and a predetermined time; |

FIG. 12 is a flowchart that illustrates the process of calculating the predetermined
time according t(; a third embodiment; and

FIG. 13 is a flowchart that illustrates the process of calculating ihe full charge

capacity of the battery pack according to a fourth embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, embodiments of the invention will be described.

[0025] FIG 1is a view that shows the configuration of a battery system according
to a first embodiment (which corresponds to an electrical storage system according to the
invention). The battery system- shown in FIG. 1 is mounted on a vehicle. The vehicle is,
for example, a plug-in hybrid vehicle (PHV) or an electric vehicle (EV). The PHV
includes another power source in addition to a battery pack 10 as a power source for
propelling the vehicle.. The other power source is an engine or a fuel cell. The EV
includes only the battery pack 10 as a power source for propelling the vehicle.

[0026] In the present embodiment, the battery pack 10 is mounted on the vehicle;
however, the battery pack 10 is not limited to this arrangement. That is, as long as a
system that is able to charge the battery pack 10 at a constant current, the invention is
applicable.

[0027]  The battery pack (which corresponds to an electrical storage device
according to the invention) 10 includes a plurality of serially connected single cells 11. A
secondary battery, such as a nickel-metal hydride battery and a'lithium ion battery, may be
used as each single cell 11. Instead of the secondary battery, an electric double layer
capacitor may be used. The number of the single cells 11 may be set as needed on the
basis of a required output, or the like, of the battery pack 10. The battery pack 10 may
include a plurality of the single cells 11 that are connected in parallel with each other.

[0028] A voltage sensor 21 detects the voltage value Vb of the battery pack 10,
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and outputs the detected result to a controller 30. A current sensor 22 detects the current
value Ib of the battery pack 10, and outputs the detected result to the controller 30. In the
present embodiment, the current value Ib at the time when the battery pack 10 is
discharged is defined as a positive value. The current value Ib at the time when the
battery pack 10 is charged is defined as a negative value. A temperature sensor 23 detects
the temperature (battery temperature) Tb of the battery pack 10, and outputs the detected
result to the controller 30.  As is publicly known, the voltage value Vb, the currentl value
Ib and the battery temperature Tb are used to control charging or discharging of the battery
pack 10.

[0029] The controller 30 includes a memory 31 and a timer 32. 'The memory 31
stores various pieces of information, \;vhich are used by the controller 30 to execute a
predetermined process (particularly, a process described in th\e present embodiment). The
timer 32 is used to measure a time. In the present embodiment, the memory 31 and the
timer 32 are incorporated in the controller 30; instead, at least one of the memory 31 or the
timer 32 may be provided outside the controller 30. The controller 30 may operate upon
reception of electric power from a power supply different from the battery pack 10. The
power supply is, for example, an auxiliary battery mounted on the vehicle. The auxiliary
battery may be charged with electric power discharged from the battery pack 10.

[0030] A positive electrode line PL is connected to the positive electrode terminal
of the béttery pack 10. A negative electrode line NL is connected to the negative
electrode terminal of the battery pack 10. A system main rélay SMR-B is provided in the
positive electrode line PL. A system main relay SMR-G is provided in the negative
electrode line NL. The system main relays SMR-B, SMR-G each switch between an on
state and an off state upon reception of a drive signal from the controller 30.

[0031] Information about the on/off state of an ignition switch is input to the
controller 30. When the ignition switch switches from the on state to the off state, the
controller 30 outputs drive signals for switching the systerh main relays SMR-B, SMR-G
into the off state. When the ignition switch switches from the on state to the off state, the

controller 30 outputs drive signals for switching the system main relays SMR-B, SMR-G
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into the off state.

{0032]  The battery pack 10 is connected to an inverter 24 via the positive
electrode line PL and the negative electrode liné NL. When the system main relays
SMR-B, SMR-G are in the on state, the battery pack 10 is connected to the inverter 24, and
the battery system shown in FIG. 1 enters an acti\)ated state (ready-on state). When the
system main relays SMR-B, SMR-G are in the off state, connection of the battery pack 10
with the inverter 24 is interrupted, and the battery system shown in FIG. 1 enters a stopped
state (ready-off state).

[0033]  The inverter 24 converts direct-current power, output from the battery
pack 10, to alternating-current power, and outputs the alternating-current power to a motor
generator (MG) 25. The motor generator 25 generates Kinetic energy (power) for
propelling the vehicle upon reception of the alternating-current power output from the
inverter 24. The kinetic energy generated by the motor generator 25 is transmitted to
wheels, thus making it possible to propel the vehicle.

[0034] When the vehicle is decelerated or the vehicle is stopped, the motor

. generator 25 converts kinetic energy, generated during braking of the vehicle, to electric

energy (altemating—éurrent power). The inverter 24 converts alternating-current power,
generated by the motor generator 25, to direct-current power, and outputs the direct-current
power to the battery pack 10. Thus, the battery pack 10 stores regeherative electric
poWer. /

[0035] - In the battery system according to the present embodiment, a step-up
circuit may be provided in a current path between the battery pack 10 and the inverter 24.
The step-up circuit is able to step up the output voltage of the battery pack 10 and then to
output the stepped-up electric power to the inverter 24.  The step-up circuit is able to step
down the output voltage of the inverter 24 and then to output the stepped-down electric
power to the battery pack 10. -

[0036] A charging line CHL1 is connected to the positive electrode line PL

between the positive electrode terminal of the battery pack 10 and the system main relay

SMR-B. A charging line CHL?2 is connected to the negative electrode line NL between
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the negative electrode terminal of the battery pack 10 and the system main relay’ SMR-G.
A charger 26 is connected to the charging lines CHL1, CHL2. A charging relay CHR-B is
provided in the charging line CHL1 between the charger 26 and the positive electrode line
PL. A charging.relay CHR-G is provided in the charging line CHL2 between the charger
26 and the negative electrode line NL. |

[0037] The charging relays CHR-B, CHR-G each switch between an on state and
an off state upon reception of a drive signal from the controller 30. An inlet (so-called
connector) 27 is connected to the charger 26 via the charging lines CHL1, CHL2. A plug
(so-called connector) 28 is connected to the inlet 27. That is, the plug 28 may be
connected to the inl;et 27, or the plug 28 may be disconnected from the inlet 27.

[0038]  The plug 28 is connected to an alternating-current power supply (which
corresponds to an external power supply according to the invention) 29. For example, a

commercial power supply may be used as the alternating-current power supply 29. The

plug 28 and the alternating-current power supply 29 are installed separately from the

vehicle outside the vehicle. When the plug 28 is connected to the inlet 27 and the
charging relays CHR-B, CHR-G are in the on state, it is possible to charge the battery pack
10 with electric power from the alternating-current power supply 29. This charging is
termed external charging.

'[0039] When external charging is carried out, the charger 26 converts
alternating-current power from the alternating-current power supply 29 to direct-current
power, and outputs the direct-current power to the battery pack 10. The charger 26 is able
to step up the output voltage of the alternating-current power supply 29 and then to output
the stepped-up electric power to the battery pack 10. The controller 30 cohtrols the
operation of the charger 26. In external charging, in a period from the start of external
charging to the completion of external charging, charging may be carried out at a constant
electric power or may be carried out while changing an electric power.

[0040] A system that supports external charging is not limited to the system
shown in FIG. 1. Specifically, as long as a system is able to charge the battery pack 10

with electric power from a power supply installed outside the vehicle (external power
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supply), the invention is applicable.

[0041]  For example, the charging line CHL1 may be connected to the positive
electrode line PL between the system main relay SMR-B and the inverter 24. The
charging line CHL2 may be connected to the negative electrode line NL between the
system main relay SMR-G and the inverter 24. In this case, when external chargiqg is
carried out, not only the charging relays CHR-B, CHR-G but also the system main relays
SMR-B, SMR-G need to be switched into the on state.

[0042] In‘fhe present embodiment, the alternating-current power supply 29 is
used. Instead of the alternating-current power supply 29, a direct-current power supply
(which corresponds to the external power supply according to the invention) may be used.
In this case, the charger 26 may be omitted. Supply of electric power from the external
power supply is not limited to supply of electric power with the 1;se of a cable. Instead, a
so-called contactless charging system may be used. In the contactless charging system, it
is possible.to supply electric power by utilizing electromagnetic induction or a resonance
phenomenon without any cable. A known configuration may be employed as the
contactless charging system as needed.

[0043] In the present embodiment, when external charging has been carried out,
the full charge capacity of the battery pack 10 is calculated (estimated). The full charge
capacity of the battery pack 10 is calculated on the basis of the following mathematical
expression (1).

b 2Ib

FCC = - =
SOC _e-S0OC _s ASOC

(1)

[0044]  In the above mathematical expression (1), FCC is the full charge capacity
of the battery pack 10. SOC s is the state of charge (SOC) of the battery pack 10 at the
time when external charging is started. SOC_e is the SOC of the battery pack 10 at the
time when external charging is completed. ASOC is a variation in SOC (a difference
between the SOC_s and the SOC_e¢) resulting from external charging. ZIb is a value
obtained by accumulating the current value (charge current) Ib (accumulated current value)

in a period from the start of external charging to the completion of external charging. The



WO 2015/092521 PCT/IB2014/002797
14

current value Ib is detectéd by the current sensor 22. As described above, the current
value (charge current) Ib is a negative Value, so, when the accumulated current value ZIb is
calculated, the absolute value of the current value (chargé current) Ib is used.

[0045)  The SOC indicates the ratio of a level of charge to the full charge capacity
FCC. Because there is a correlation between an SOC and an open circuit voltage (OCV),
when the correlation is obtained in advance, it is possible to calculate (estimate) the SOC
of the battery pack 10 from the OCV of the battery pack 10. Specifically, by using the
voltage value Vb detected by the voltage sensor 21, it is possible to calculate the SOC of
the battery pack 10. When the voltége value Vb is detected while charging or discharging
of the battery pack 10 is stopped, a voltage variation AV _ir fesulting from charging or
df;charging (energization) ‘is not included in the voltage value Vb, and the vvoltage value
Vb approaches the OCV. The voltage variation AV_ir resulting from charging or
discharging is a value (IbxR) obtained by multiplying the current value Ib by the internal
resistance R of the battery pack 10.

[0046]) On the other hand, polarization occurs when the battery pack 10 is charged
or discharged, ‘with the result that a voltage variation AV_dyn resulting from the
polarization is included in the voltage value Vb detected by the voltage sensor 21. That is,
even when there is no voltage variation AV_ir, but when there is polarization, the voltage
value Vb deviates from the OCV by the amount of the voltage variation AV_dyn. Even
when the voltage value Vb deviates from the OCV, it may be possible to ensure the
accuracy of the variation ASOC, that is, the accuracy of the full charge capacity FCC, by
using the voltage value Vb. Hereihafter, this will be specifically described.

[0047] The SOCs (SOC_s, SOC_e) are calculated (estimated) from the
cbrresponding OCVs by using the correlation between an OCV and an SOC. Thus, a
variation ASOC_1 is calculated as a difference between these SOCs. When the voltage
value Vb (including the voltage variation AV_dyn) is regarded as the OCYV, it is possible to
calculate (estimate) the SOCs (SOC_s, SOC_e) from the corresponding voltage values Vb
by using the correlation between an OCV and an SOC. A varjation ASOC 2 may be

calculated as a difference between these SOCs. At this time, the variations ASOC_1,
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ASOC_2 can be equal to each other. Because the voltage value Vb deviates from the
OCYV by the amount ’of the voltage variation AV_dyn, the SOC that is calculated from the
voltage value Vb is different from the SOC that is calculated from the OCV.

[0048] This point will be described with reference to FIG. 2. FIG. ‘2 shows the
correlation (so-called OCV curve) between an OCV and an SOC. In FIG. 2, the ordinate
axis represents OCV, and the abscissa axis represents SOC.

[0049] In FIG. 2, OCV_s is the OCV of the battery pack 10 at the time when
external charging is started, and OCV_e is the OCV of the battery pack 10 at the time
when external charging is completed. Vb_s is the voltage value of the battery pack 10 at
the time when external charging is started, and includes the voltage variation AV_dyn.
That is, the voltage value Vb_s is higher than the OCV_s, and the difference between the
voltage value Vb_s and the OCV_s is the voltage variation AV_dyn. Vb_e is the vdltage
value of the battery pack 10 at the time when external charging is completed, and includes

the voltage -variation AV_dyn. That is, the voltage value Vb_e is higher than the OCV _e,

- and the difference between the voltage value Vb_e and the OCV_e'is the voltage variation

AV_dyn.

[0050] SOC_sl is thé SOC corresponding to the OCV_s in the OCV curve shown
in FIG. 2. SOC_s2is the SOC corresponding to the voltage value Vb_s and is higher than
the SOC_s1 in the OCV curve vshown in FIG. 2. ASOC s is the difference between the
SOC_sl and the SOC_s2. SOC_el is the SOC corresponding to the OCV_e in the OCV
curve shown in FIG. 2. SOC_e2 is the SOC corresponding to the voltage value Vb_e and
is higher than the SOC_el in the OCV curve shown in FIG. 2. ASOC e is the difference
between the SOC_e1 and the SOC_e2.

[0051] When the voltage variation AV_dyn included in the voltage value Vb_s is
equal to the voltage variation AV_dyn included in the voltage value Vb_e and the gradients
of the OCV curve, respectively corresponding to these voltage variations AV_dyn, are
equal to each other, the difference ASOC_s is equal to the difference ASOC_e. When the
full charge capacity FCC is calculated on the basis of the OCV_s and the OCV_e, a

variation ASOC_1 corrésponding to thé difference between the SOC_s1 and the SOC_el is
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calculated. When the full charge capacity FCC is calculated on the basis of the voltage
values Vb_s, Vb e, a variation ASOC_2 corresponding to the difference between the
SOC._s2 and the SOC_e2 is calculated. |

[0052]). As described above, when the ‘difference ASOC_s is equal to the
difference ASOC _e, the variation ASOC_1 is equal to the variation ASOC_2. Between
the variations ASOC_1, ASOC 2, the accumulated current value ZIb is the same. Thus,
the full charge capacity FCC that is calculated from the voltage values Vb_s, Vb_e is equal
to the full charge capacity FCC that is calculated from the OCV_s and the OCV_e. That
is, even when the full charge capacity FCC is calculated (estimated) on the basis of the
voltage values Vb_s, Vb_e including the voltage variation AV _dyn, it is possible to ensure
the estimation accuracy of the full charge capacity FCC.

[0033] In the present embodiment, in consideration of the above-described point,

the full charge capacity FCC of the battery pack 10 is calculated (estimated). While

‘external charging is being carried out at a predetermined electric power, the voltage

variation AV_dyn may be made constant with the progress of external charging.
Specifically, the voltage variation AV_dyn resulting from external charging changes as
shown in FIG. 3. In FIG. 3, the ordinate axis represents voltage variation AV_dyn, and
the abscissa axis represents time.

"'[0054] As shown in FIG. 3, when external charging is started at the predetermined
electric power, polarization occurs as a result of external charging, and the voltage
variation AV_dyn increases. With a lapse of time, the voltage variation AV_dyn becomes

more difficult to change. That is, the voltage variation AV_dyn converges to a value

“according to a charging state of external charging. The charging state is the battery

temperature Tb or the charge power at the time when external charging is being carried out.
The converged voltage variation AV_dyn depends on the battery\temperature Tb or the
charge power.

[0055] For example, as the battery temperature Tb decreases, the converged
voltage variatidn AV_dyn tends to increase. As the battery temperature Tb decreases, a

time required until a convergence of the voltage variation AV_dyn tends to extend. On
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the other hand, as the charge power increases, the converged voltage variation AV_dyn
tends to increase. As the charge power increases, a time required until a convergence of
the voltage variation AV_dyn tends to extend.

[0056]  In a state where the voltage variation AV_dyn has converged, the voltage
variation AV_dyn included in the voltage value Vb is constant (converged value) even
when the voltage value Vb is detected at any timing. In the present embodiment, when
external charging is carried out at a predetermined electﬁc power Win_fix, external
charging is temporarily stop‘ped after the voltage variation AV_dyn resulting from external
charging has converged, and then a voltage value (referred to as first stop voltage value)
Vb_m1 is detected. When external charging is resumed and then external chérging is
stopped again, a voltage value (referred to as second stop voltage value) Vb_m?2 is detected.
The first stop voltage value Vb_m1 corresponds to a first voltage valué according to the
invention. The second stop voltage value Vb_m?2 corresponds to a second voltage value
according to the invention. |

[0057] When external charging is temporarily stopped and then external charging
is resumed, the voltage variation AV_dyn resulting from external charging is more likely to
converge. Therefore, the first stop voltage value Vb_m1 and the second stop voltage
value Vb_m?2 are voltage values Vb that are detected in a state where the voltage variation
AV_dyn has converged.  While exte’mal charging is being carried out at the
predetermined electric power Win_fix, the voltage variation AV_dyn does not change.
Thus, the voltage variation AV_dyn included in the first stop voltage value Vb_m1 is equal
to the voltage variation AV_dyn included in the second stop voltage value Vb_m2. In this
case, as in the case described with reference to FIG. 2, even when the full charge capacity
FCC is calculated (estimated) from the first stop voltage value Vb_m1 and the second stop
voltage value Vb_m2, it may be possible to ensure the estimation accuracy of the full
charge capacity FCC.

[0058]  When the full charge capacity FCC is calculated from the first stop voltage
value Vb_m1 and the second stop voltage value Vb_m2, the SOC corresponding to the first

stop voltage value Vb_m1 (referred to as SOC_m1) is calculated on the basis of the OCV
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curve on the assumption that the first stop voltage value Vb_ml1 is the OCV. The SOC
corresponding to the second stop voltage value Vb_m2 (referred to as SOC_m2) is
calculated on the basis of the OCV curve on the assumption that the second stop voltage
value Vb_m?2 is the OCV. The full charge capacity FCC of the battery pack 10 may be
calculated on the basis of the SOC_m1, the SOC_m2 and the accumulated current value
2Ib in a period during which the voltage value Vb changes from the first stop voltage value
Vb_m1 to the second stop voltage value Vb_m2.

[0059] The full charge capacity FCC is calculated on the basis of the
above-described mathematical expression (1); however, the SOC_m1 is used instead of the
SOC_s shown in the mathematical expression (1). The SOC_m?2 is used instead of the
SOC_e shown in the mathematical expression (1). In the mathematical expression (1),
the accumulated current value ZIb in a period from the start of external charging to the
completion of external charging is used. When the full charge capacity FCC is calculated
from the. first stop voltage value Vb_m1 and the second stop voltage value Vb_m?2, the
accumulated current value 21b in a period until the voltage value Vb reaches from the first
stop voltage value Vb_m1 to the second stop voltage value Vb_m?2 is used. That is, the
accumulated current value ZIb in a period until the SOC of the battery pack 10 changes
from the SOC_m1 to the SOC_m2 is used. -

[0060] Next, the process of calculating the full charge capacity FCC will be
described with reference to the flowchart shown in FIG. 4. The‘process shown in FIG. 4
is executed by the controller 30. When the plug 28 is connected to the inlet 27 and
external charging at the predetermined electric power Win_fix is started, the process shown
in FIG. 4 is started. |

[0061]  When external charging is carried out, charging may be carried out at a
constant electric power (predetermined electric power Win_fix) in a period from the start
of external charging to the completion of external charging. In this case, the process
shown in FIG. 4 is started in response to the start of external charging. On the other hand,
charge power can be changed in a period from the start of external charging to the

completion of external charging. Specifically, electric power that is supplied from the

-
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charger 26 to the battery pack 10 can be changed by contfolling the operation of the
charger 26. When electric power output from the charger 26 is also supplied to a device
other than the battery pack 10, electric power that is supplied to the battery pack 10 can
change as a result of a change in electric power that is supplied to the device.

[0062] When electric power changes during external charging, external charging
can be started at an electric power different from the predetermined electric power Win_fix,
and the electric power can be changed to the predetermined electric power Win_fix in the
middle of external charging. The timing at which electric power is changed to the
predetermined electric power Win_fix may be determined in advance. In this case, the

process shown in FIG. 4 is started from when electric power during external charging has

‘changed to the predetermined electric power Win_fix. The predetermined electric power

Win_fix may be an electric power at the time when charging is carried out during a longest
period within the period from the start of external charging to the completion of external
charging. The predetermined electric power Win_fix corresponds to a predetermined
electric power according to the invention. |

[0063] In step S101, the controller 30 measures an elapsed time tm with the use
of the timer 32. The elapsed time tm is an elapsed time from when external charging at
the predetermined electric power Win_fix is started. When extemél charging at the
predetermined electric power Win_fix is started, measurement of the elapsed time tm is
started.

[0064] In step S102, the controller 30 determines whether the elapsed time tm
measured in the process of step S101 is longer than or equal to a predeterminéd time tm_th.
In the process of step S102, by comparing the elapsed time tm with the predetermined time
tm_th, it is determined whether the voltage variation AV_dyn resulting from polarization
during external charging has converged.

[0065]  The predetermined time tm_th is a time (fixed value) required until a
convergence of the voltage variation AV_dyn resulting from polarization during external
charging. The predetermined time tm_th may be set in advance by an experiment, or the

like. As described above, a time required until a convergence of the voltage variation
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AV_dyn can depend on the battery terﬁperature Tb or the charge power. Therefore, it is
possible to set the predetermined time tm_th in consideration of the longest time for a time
required until a convergence of the voltage variation AV_dyn. Thus, irrespective of the
battery temperature Tb or the charge power, it is possible to determine whether the voltage
variation AV_dyn has converged. Information that identifies the predetermined time
tm_th may be stored in the memory 31.

[0066]  When the elapsed time tm is shorter than the predeterfnined time tm_th,
measurement of the elapsed time tm is continued in the process of step S101. When the
elapsed time tm is longer than or equal to the predetenﬁined time tm_th, the controller 30

stops external charging in step S103. Specifically, the controller 30 stops supply of

electric power from the charger 26 to the battery pack 10 by controlling the operation of

the chargef 26. The charging relays CHR-B, CHR-G may be switched from the on state
to the off state. |

[0067] In step S104, the controller 30 detects the voltage value Vb (first stop
voltagé value Vb_m1) of the battery pack 10 on the basis of the output of t‘he voltage
sensor 21. Because the first stop voltage value Vb_m1 is detected just after external
charging is stopped, the first stop voltage value Vb_ml includes the voltage variation
AV_dyn resulting from polarization during external charging. That is, the difference
between the first stop voltage value Vb_m1 and the OCV corresponding to the firsf stop
voltage value Vb_ml1 (referred to as OCV_ml1) is the voltage variation AV_dyn. Because
it is determined in the process of step S102 that the voltage variation AV_dyn has
converged, the voltage variation AV_dyn included in the first stop voltage value Vb_m1 is
a converged value. |

[0068] In step S105, the controllerv 30 calculates the SOC (SOC_m1 that
corresponds to a first SOC according to the invention) of the battery pack 10 on the basis
of the first stop voltage value Vb_ml detected in the process of step S104. Specifically,
the controller 30 calculates the SOC_m1 corresponding to the first stop voltage value
Vb_m1 by using the corrélation (OCV curve shown in FIG. 2) between an OCV and an

SOC on the assumption that the first stop voltage value Vb_m1 is regarded as the OCV.



25

WO 2015/092521 PCT/IB2014/002797
21

[0069]  The controller 30 calculates a rate of change in electromotive voltage CR1
in step S105. The rate of change in electromotive voltage CR1 is the ratio of a variation
in OCV to a variation in SOC, and is a value obtained by dividing a variation in OCV by a
variation in SOC. The rate of change in electromotive voltage CR1 is identified
(calculated) from the OCV curve shown in FIG. 2, and is the rate of change in
electromotive voltage corresponding to the first stop voltage value Vb_m1. Specifically,
within the OCV curve, the gradient of a predetermined region including the first stop
voltage value Vb_m1 (or the SOC_m1) is the rate of change in electromotive voltage CR1.

[0070]  The predetermined region at the time when the gradient of the OCV curve
is calculated may be set as needed. The predetermined region is preferably set such that
the first stop voltage value Vb_m1 and the OCV_m]1 are included in the predeterminéd
region. When external charging is carried out, the OCV_m1 becomes l(;wer than the first
stop voltage value Vb_ml. Therefore, a region lower than or equal to the first stop -
voltage value Vb_m1 may be set as the predetermined region. On the other hand, the
gradient of a tangent to the OCV curve passing through the first stop voltage value Vb_m1
(or the SOC_m1) may be set as the rate of change in electromotive voltage CR1. |

[0071] In step S106, the controller 30 resumes external charging at the
predetermined electric power Win_fix. Specifically, the controller 30 starts supply of
electric power from the charger 26 to the battery pack 10 by controlling the operation of
the charger 26. When the charging relays CHR-B, CHR-G are in the off state, the
controller 30 switches the charging relays CHR-B, CHR-G into the on state. In step S107,
the controller 30 detects the current value (charge current) Ib of the battery pack 10 on the
basis of the output of the current sensor 22.  The controller 30 calculates the ‘accumulated
current value ZIb by accumulating the current value Ib each time the current vélue (charge
current) Ib is detected.

[0072] In step S108, the controller 30 determines whether a condition for
stopping external charging is satisfied. In the process of step S108, external charging is
stopped before external charging is completed. For example, when the voltage value Vb

of the battery pack 10, detected by the voltage sensor 21, has reached a target voltage value
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Vb_tag at which external charging is stopped, the controller 30 may determine that the
condition for stopping external charging is satisfied. The target voltage value Vb_tag
may be set as needed. The target voltage value Vb_tag is a voltage value Vb lower than
the voltage value Vb at the time when external charging is completed. On the other hand, |
when the amount of electric power (in {Wh]) in a period during which external charging is
being carried out has feached a target amount, the controller 30 may determine that the
condition for stopping external charging is satisfied. The target amount may be set as
needed. The target amount is the amount of electric power that is smaller than the
amount of electric power in a period from the start of external charging to the completion
of external charging.

[0073]  Until the condition for stoppihg external charging is satisfied, the
accumulated current value ZIb is calculated through the process of step S107. Thus, the
accumulated current value ZIb that is calculated in the process of step S107 is the
accumulated current value ZIb in a period from when external charging is resumed in the
process of step S106 to when external charging is stopped through the process of step S109
(described later). When it is determined that the condition for stopping external charging
is satisfied, the controller 30 stops external charging in step S109. Specifically, the
controller 30 stops the operation of the charger 26. The charging relays CHR-B, CHR-G
may be switched from the on state to the off state.

[0074]  In step S110, the controller 30 detects the voltage value Vb (second stop
voltage value Vb_m?2) of the battery pack 10 on the basis of the output of the voltage
sensor 21. Because the second stop voltage value Vb_m?2 is deteéted just after external
charging is stopped, the second stop voltage value Vb_m?2 includes the voltage variation
AV_dyn resulting from polarization during external charging. That is, the difference

between the second stop voltage value Vb_m2 and the OCV corresponding to the second

stop voltage value Vb_m2 (referred to as OCV_m2) is the voltage variation AV_dyn. Ina

period from when external charging is resumed to when external charging is stopped again,
the voltage variation AV_dyn is more likely to converge. Therefore, the voltage variation

AV_dyn included in the second stop voltage value Vb_m2 becomes equal to the voltage
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variation AV_dyn included in the first stop voltage value Vb_m1.

[0075] In step S111, the controller 30 calculates the SOC (SOC_m?2 that
corresponds to a second SOC according to the invention) of the battery pack 10 on the
basis of the second stop voltage value Vb_m2 detected in the process of step S110,
Specifically, the controller 30 calculates the SOC_m2 corresponding to the second stop
voltage value Vb_m?2 by using the correlation (OCV curve shown in FIG. 2) between an
OCYV and an SOC on the assumption that the second stop voltage vafue Vb_m2 is the OCV.

[0076]  The controller 30 calculates the rate of change in electromotive voltage
CR2 in step S111. The rate of change in electromotive voltage CR2, as well as the rate of
change in electromotive voltage CR1, is the ratio of a variation in OCV to a variation in
SOC, and is a value obtained by dividing a variation in OCV by a variation in SOC. The
rate of change in electromotive voltage CR2 is identified (calculated) from the OCV curve
shown in FIG. 2, and is the rate of change in electromotive voltage corresponding to the
second stop voltage value Vb_m2. Specifically, within the OCV curve, the gradient of a
predetermined region including the second stop voltage value Vb_m2 (or the SOC_m?2) is
the rate of change in electromotive voltage CR2. . ‘

[0077]  The predetermined region at the time when the gradient of the OCV curve
is calculated may be set as needed. The prédetermined region is preferably set such that
the second stop voltage value Vb_m?2 and tﬁe OCV_m?2 are included in the predetermined
region. When external charging is carried out, the OCV_m2 becomes lower than the
second stop voltage value Vb_m2. Therefore, a region lower than or equal to the second
stop voltage value Vb_m2 may be set as the predetermined region. On the other hand, the
gradient of a tangent to the OCV curve passing through the second stop voltage value
Vb_m2 (or the SOC_m2) may be set as the rate of change in electromotive voltage CR2.

[0078] In step S112, the controller 30 resumes external charging. An electric
power at the time when external charging is resumed may be different from the
predetermined electric power Win_fix. . For example, an electric power at the time when
external charging is resumed may be lower than the predetermined electric power Win_fix.

Thus, it is possible to carry out external charging while suppressing the amount of increase
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in voltage value Vb per unit time. Accordingly, it is possible to suppress an overshoot of
the voltage value Vb of the battery pack 10 with respect to the voltage value Vb at the
completion of external charging. When external charging is resumed, the controller 30

starts supply of electric power from the charger 26 to the battery pack 10 by controlling the

operation of the charger 26. When the charging relays CHR-B, CHR-G are in the off

state, the controller 30 switches the charging relays CHR-B, CHR-G into the on state.
[0079] In step S113, the controller 30 determines whether the condition for
completing external charging is satisfied. For example, when the voltage value Vb is
higher than or equal to the voltage value Vb at the completion of external charging, the
controller 30 may determine that the condition for completing external charging is satisfied.

On the other hand, the amount of electric power (in [Wh]) is accumulated from the start of

" external charging, and, when the accumulated amount of electric power is larger than or

equal to the amount of electric power at the completion of external charging, the controller
30 may determine that the condition for completing external charging is satisfied.

(0080]  Until the condition for completing external charging is satisfied, external
charging is continued. When it is determined that the condition for completing external
charging is satisfied, the controller 30 stops (completes) external charging in step S114.
Specifically, the controller 30 stops the operation of the charger 26, and switches the
charging relays CHR-B, CHR-G from the on state to the off state.

[0081] In step S115, the controller 30 calculates a difference (absolute value)
ACR between the rate of change in electromotive voltage CR1 calculated in the process of
step S105 and the rate of change in electromotive Voitage CR2 calculated in the process of
step S111.  The controller 30 determines whether the calculated difference ACR is smaller
than or equal to an allowable value ACR_th. The allowable value ACR_th is a value for
determining whether the rates of change in electromotive voltage CR1, CR2 are
substantially equal to each other, and is a value that defines a range in which a deviation
between the rates of change in electromotive voltage CR1, CR2 is allowed.

[0082] As the difference ACR between the rates of change in electromotive

voltage CR1, CR2 increases, a difference in SOC, corresponding to the difference between
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the first stop voltage value Vb_ml and the OCV_ml, and a difference in SOC,
corresponding to the difference between the second stop voltage value Vb_m?2 and the
OCV_mZ, tend to be different from each other. As described with reference to FIG. 2,
when fhe difference ASOC_s is equal to the difference ASOC _g, it is possible to ensure the
estimation accuracy of the full charge capacity FCC.

[0083] When the difference ACR increases and the differences in SOC are
different from each other, it becomes difficult to ensure the estimation accuracy of the full
charge capacity FCC. In consideration of this point, it is possible to set the allowable
value ACR_th. The allowable value ACR_th is a value larger than or equal to 0, and may
be set as needed. Information that identifies the allowable value ACR_th may be stored in
the memory 31. | |

[0084] When the difference ACR between the rates of change in electromotive
voltage CR1, CR2 is larger than the allowable value ACR_th, the controller 30 ends the
process shown in FIG. 4. Ih this case, the full charge capacity FCC is not calculated. On -
the other hand, when the difference ACR between the rates of change in electromotive
voltage CR1, CR2 is smaller than or equal to the allowable value ACR_th, the controller 30
calculates the full charge capacity FCC of the battery pack 10 in step S116.

[0085]  Specifically, the controller 30 calculates the full charge capacity FCC on
the basis of the SOC_m1 calculated in the process of step S105, the SOC_m?2 calculated in
the process of step S111 and the accumulated current value ZIb calculated in the process of
step S107. The above-described mathematical expression (1) is used to calculate the full
charge capacity\ FCC. The SOC ml is used instead of the SOC s shown in the
mathematical expression (1), and the SOC_m2 is used instead of the SOC_e shown in the
mathematical expression (1). The accumulated current value ZIb calculated in the
process of step 5107 is used as the accumulated current vélue ZIb shown in the
mathematical expression (1). |

[0086] In the present embodiment (the process shown in FIG. 4), before external
charging is resumed through the process of step S106, the SOC_m1 énd the rate of change

in electromotive voltage CR1 are calculated; however, the timing of calculating the
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SOC_m1 and the rate of change in electromotive voltage CR1 is not limited to this
configuration. In addition, before external charging is resumed through the process of
step S112, the SOC_m2 and the rate of change in electromotive voltage CR2 are
calculated; however, the timing of calculating the SOC_m2 and the rate of change in
electromotive voltage CR2 is not limited to this configuration. ~Specifically, after external
charging is stopped (completed) through the process of step S114, the SOC_m1 and the
rate of change in electromotive voltage CR1 may be calculated or the SOC_m2 and the
rate of change in electromotive voltage CR2 may be calculated. That is, before external
charging is resumed in the process of step S106 or step S112, the first stop voltage value
Vb_m1 or the second stop voltage value Vb_m2 just needs to be detected.

[0087] In the present embodiment, when the difference ACR between the rates of
change in electromotive voltage CR1, CR2 is smaller than or equal to the allowable value
ACR _th, the difference ASOC_m1 in SOC, corresponding to the difference between the
first stop voltage value Vb_ml and the OCV_ml, is regarded as being equal to the
difference ASOC_m2 in SOC, corresponding to the difference between the second stop
voltage value Vb_m2 and the OCV_m2. The first stop voltage value Vb_ml and the
OCV_ml respectively correspond to the voltage value Vb_s and the OCV_s shown iﬁ FIG.
2, and the difference ASOC_m1 corresponds to the difference ASOC_s shown in FIG. 2.
The second stop voltage value Vb_m?2 and the OCV_m2 respectively corréspond to the
voltage value Vb_e and the OCV_e shown in FIG. 2, and the difference ASOC_m2
corresponds to the difference ASOC_e shown in FIG. 2.

[0088] When the difference ASOC_m1 is equal to the difference ASOC_m?2, the
full charge capacity FCC that is calculated from the SOC_ml and the SOC_m2 becomes
equal to the full charge capacity FCC that is calculated from the SOC corresponding to the
OCV_m1 and the SOC corresponding to the OCV_m2, as in the case described with
reference to FIG. 2. Thus, even when the full charge capacity FCC is calculated
(estimated) from the SOC_m1 corresponding to the first stop voltage value Vb_m1 and the
SOC_m?2 corresponding to the second stop voltage value Vb;m2, it is possible to ensure

the estimation accuracy of the full charge capacity FCC.
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[0089] In this way, according to the present embodiment, even when polarization
resulting from external charging remains, it is possible to ensure the estimation accuracy of
the full charge capacity FCC. In other words, even when the polarization is not
eliminated, it is possible to ensure ihe estimation accuracy of the full charge capacity FCC.

[0090] In the process shown in FIG. 4, the second stop voltage value Vb_m?2 is

detected while external charging is stopped before external charging is completed; however,

the timing of detecting the second stop voltage value Vb _m2 is not limited to this

configuration. Specific‘ally, when external charging is completed, the second stop voltage
value Vb_m?2 may be detected. In this case, in the process of step S108, the process of
determining whether the condition for completing external charging is satisfied (the
process of step S113) just needs to be executed. 'Accordingly, the processes of step S112
to step S114 shown in FIG. 4 are omitted.

[0091] When the second’stop voltage value Vb_m?2 is detected at the time when
external charging is completed, it is possible to increase the accumulated current value ZIb
in comparison with the case where the process shown in FIG. 4 is executed. In addition, it
is possible to increase the variation ASOC between the SOC_m1 and the SOC_m?2.

[0092] As the accumulated current value ZIb decreases, the accumulated current
value ZIb becomes more easy to be influenced by a detection error of the current sensor 22.
In other words, as the accumulated current vélue 2Ib increases, the accumulated current
value ZIb becomes more difficult to be influenced by a detection error of the current sensor
22. On the other hand, as the variation ASOC decreases, the variation ASOC becomes
more easy to be influenced by an estimation error of each of the SOC_m1l and the
SOC_m2. In other words, as the variation ASOC increases, the variation ASOC becomes
more difficult to be 'inﬂuenced by an estimation error of each of the SOC_m1 and the
SOC_m2.

[0093] Because the accumulated current value XIb and the variation ASOC are

used to calculate the full charge capacity FCC, it is preferable to increase the accumulated

current value ZIb or the variation ASOC in terms of improving the estimation accuracy of

the full charge capacity FCC. When the second stop voltage value Vb_m?2 is detected at
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the completion of external charging, the accumulated current value ZIb or the variation
ASOC may be increased, so it is possible to improve the estimation accuracy of the full
charge capacity FCC.

[0094]  FIG. 5 shows the behavior (one example) of the SOC of the battersl pack
10. In FIG. 5, the ordinate axis represents the SOC of the battery pack 10, and the
abscissa axis represents time. Between time t11 and time t12, the vehicle travels, and the
battery pack 10 is charged or dischérged in response to the traveling state of the vehicle.
The ignition switch is switched from the on state to the off state at time t12. Between
time t12 and time t13, the vehicle is left standing, and charging or discharging of the
battery pack 10 is stopped. By stopbping charging or discharging of the battery pack 10,
polarization resulting from charging or discharging until time t12 decreases toward an
eliminated state.

[0095]  Attime t13, external charging is started. In the example shown in FIG. 5,
external charging is started at an electric power Win_low lower than the predetermined
electric bower Win_fix. External charging may also be started at an electric power higher
than the predetermined electric power Win_fix. The SOC of the battery pack 10 at the
start of external charging changes in response to the traveling state of the vehicle.

[0096] In a period from time t13 to time t14, external charging at the electric

power Win_low is carried out. At time t14, electric power during external charging

‘changes from the electric power Win_low to the predetermined electric power Win_fix.

From time t14, external charging is carried out at the predetermined electric power Win_fix.
At time t14, the process shown in FIG. 4 is started. When external charging at the
predetermined electric power Win_fix is started at time t13, the process shown in FIG. 4 is
started at time t13.

[0097] At time t15, external charging is temporarily stopped. A period from
time t14 to time t15 is the predetermined time tm_th described in the process of step S102
shown in FIG. 4. At time t15, the first stop voltage value Vb_ml1 is detected, and the
SOC_m1 and the rate of change in electromotive voltage CR1 are calculated. After the

SOC_m1 and the rate of change in electromotive voltage CR1 are calculated, external
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charging at the predetermined electric power Win_fix is reéumed at time t16.

[0098]  The electric power Win_fix at the time when external charging is carried
out from time t16 is equal to the electric power Win_fix at the time when external charging
is carried out in a period from time t14 to time t15. A period from time t15 to time t16
may be set as needed. That is, in the period from time t15 to time t16, the first stop
voltage value Vb_ml1 just needs to be detected, and the SOC_m1 and the rate of change in
electromotive voltage CR1 just need to be able to be calculated.

[0099] From time t16, the accumulated current value ZIb is calcuiated. At time
t17, external charging is temporarily stopped. The accumulated current value ZIb in a
period from time t16 to time t17 is used to calculate the full charge capacity FCC. At
time t17, the second stop voltage value Vb_m?2 is detected, and the SOC_m2 and the rate
of change in electromotive voltage CR2 are calculated. After the SOC_m?2 and the rate of
change in electromotive voltage CR2 are calculated, external charging is resumed at time
t18. A period from time t17 to time t18 may be set as needed. That is, in the period
from time t17 to time t18, the second stop voltage value Vb_m2 just needs to be detected,

and the SOC_m?2 and the rate of change in electromotive voltage CR2 just need to be able

.to be calculated.

[0100] External charging is carried out from time t18 to time t19. In the
example shown in FIG. 5, an electric power in extefnal charging in a period from time t18
to time t19 is lower than the predetermined electric power Win_fix. An electric power in
external charging in the period from time t18 to time t19 may be higher than the
predetermined electric power Win_fix. At time t19, external charging completes. When
the difference (absolute value) ACR between the rates of change in electromotive voltage
CR1, CR2 is smaller than or equal to the allowable value ACR_th, the full charge capacity
FCC is calculated on the basis of the SOC_m1, the SOC_m2 and the accumulated current
value ZIb.

[0101]  FIG. 6 shows the behavior (one example) of the SOC of the battery pack
10, and is a graph corresponding to FIG. 5. In the example shown in FIG. 6, when

external charging is completed, the second stop voltage value Vb_m?2 is detected, and the
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SOC_m?2 and the rate of change in electromotive voltage CR?2 are calculated.

[0102] In FIG. 6, between time t21 and time t22, the vehicle travels, and the
battery pack 10 is charged or discharged in response to the traveling state of the vehicle.
Between time t22 and time t23, the vehicle is left standing, and charging or discharging of
the battery pack 10 is stopped. At time t23, external charging at the predetermined
electric power Win_fix is started. Accordingly, measurement of the elapsed time tm is
started. The SOC of the battery pack 10 at the etan of external charging changes in
response to the traveling state of the vehicle.

[0103)  Depending on a period from /time t22 to time t23, polarization is
eliminated or polarization remains at time t23.  After external charging is started, external
charging is temporarily stopped at time t24. A period from time t23 to time t24 is the
predetermined time tm_th described in the process of step S102 shown in FIG. 4.

[0104] At time t24, the first stop voltage value Vb_ml is detected, and the
SOC_m1 and the rate of change in electromotive voltage CR1 are calculated. After the
SOC_m1 and the rate of change in electromotive voltage CR1 are calculated, external
charging at the predetermined electric power Win_fix is resumed at time t25. The electric
power Win_fix at the time when external charging is carried out from time t25 is equal to
the electric power Win_fix at the time when external charging is carried out in the period
from time t23 to time t24. A period from time t24 to time t25 may be set as needed.
That is, in the period from time t24 to time t25, the first stop voltage value Vb_m1 just

needs to be detected, and the SOC_m1 and the rate of change in electromotive voltage CR1

~ just need to be able to be calculated.

[0105] From time t25, the accumulated current value ZIb is calculated. At time
t26, external charging completes. The accumulated current value ZIb in a period from
time t25 to time t26 is used to calculate the full charge capacity FCC. From time t26, the
second stop voltage value Vb_m?2 is detected,’ and the SOC_m?2 and the rate of change in
electromotive voltage CR2 are calculated. When the difference (absolute value) ACR
between the rates of change in electromotive voltage CR1, CR2 is smaller than or equal to

the allowable value ACR _th, the full charge capacity FCC is calculated on the basis of the
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SOC_ml, the SOC_m2 and the accﬁmulated current value ZIb,

[0106] When polarization of the battery pack 10 is eliminated before external
charging is started and after external charging is completed, the OCVs (OCV_s, OCV_e
shown in FIG. 2) of the battery pack 10 may be acquired. In this case, the SOCs are
calculated from the corresponding OCVs, and the full charge capacity FCC may be
‘calculated on the basis of the above-described mathematical expression (1). In the
present embodiment, in addition to calculation of the full charge capacity FCC in this way,
the full charge capacity FCC may be calculated on the basis of the process shown in FIG. 4.
Thus, it is possible to increase an opportunity to calculate the full charge capacity FCC.

[0107]  In the present embodiment, even when polarization of the battery pack 10
is not eliminated at the start of external charging, the full charge capacity FCC can be
calculated by executing the process shown in FIG. 4. Even when polarization of the
battery pack 10 is not eliminated at the completion of external charging, the full charge
capacity FCC can be calculated.

[0108] A second embodiment of the invention will be described. Like reference
numerals denote the same components to those described in the first embodiment, and the
detailed description thereof is omitted. Hereinafter, the difference from the first
embodiment will be mainly described. |

[0109] In the first embodiment, in the process of step S102 shown in FIG. 4, the
elapsed time tm is compared with the predetermined time (fixed value) tm_th. In the
present embodiment, the predetermined time tm_th is set on the basis of the battery
temperature Tb during external charging or the charge power during external charging.
That is, the predetermined time tm_th is changed with the battery temperature Tb or the
charge power. When the predetermined time tm_th is set, at least one of the battery
temperature Tb or the charge power just needs to be considered.

[0110] For example, as the battery temperature Tb decreases, a timé required until
a convergence of the voltage variation AV_dyn resulting from polarization during external
charging extends or the converged voltage variation AV_dyn increases. In other words,

as the battery temperature Tb increases, a time required until a convergence of the voltage
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variation Av;dyn resulting from polarization during external charging shortens or the
converged voltage variation AV_dyn decreases.

[0111] Therefore, when the battery temperature Tb is considered, it is possible to
change the timing at which it may be deten_'mine.d that the voltage variation AV_dyn
resulting from polarization durihg external charging has converged. That is, in a proper
period, it may be determined that the voltage variation AV_dyn has converged. In the
present embodiment, the predetermined time tm_th is changed on the basis of the battery
temperature Tb. For example, when a time required until a convergence of the voltage
variation AV_dy‘n extends as the battery temperature Tb decreases, the predetermined time
tm_th may be extended as the battery temperature Tb decreases as shown in FIG. 7. In
other words, the predetermined time tm_th may be shortened as the battery temperature Tb
increases.

[0112] When the correlation (relationship shown in FIG. 7) between a battery
temperature Tb and a predetermined time tm_th is obtained in advance by an experiment,
or the like, the predetermined time tm_th corfesponding to the battery temperature Tb may
be calculated by detecting the battery temperature Tb. The correlation between a battery
temperature Tb and a predetermined time tm_th may be expressed as a map or a function,
and information that identifies the correlation may be stored in the memory 31.

[0113] On the other hand, for example, as the charge power during external
charging increases, a time required until a convergence of the voltage variation AV_dyn
resulting from polarization during éxtemal charging extends or the converged voltage
variation AV_dyn increases. In other words, as the charge power decreases, a time
required until a convergence of the voltage variation AV_dyn resulting from polarization
during external charging shortens or the converged voltage variation AV_dyn decreases.

(0114] Therefore, when the charge power during external charging is considered,
it is possible to change the timing at which it may be determined that the voltage variation
AV_dyn (resulting from polarization during external charging has converged. That is, in a
proper period, it may be determined that the voltage variation AV_dyn has converged. In

the present embodiment, the predetermined time tm_th is changed on the basis of the
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charge power. For example, when a time required until a convergence of the voltage
variation AV_dyn extends as the charge power increases, the predetermined time tm_th
may be extended as the charge power increases as shown in FIG. 8. In other wo}ds‘, the -
predetermined time tm_th may be shortened as the charge power decreases.

[0115] When the correlation (relationship shown in FIG. 8) between a charge
power and a predetermined time tm_th is obtained in advance by an experiment, or the like,
the predetermined time tm_th corresponding to the charge power may be calculated by
acquiring the charge power. The correlation between a charge power and a predetermined
time tm_th may be expressed as a map or a function, and information that identifies the
correlation may be stored in the memory 31.

[0116] In carrying out external charging, when the charge power is determined in
advance, the predetermined time tm_th corresponding to the charge power just needs to be
set. In carrying out external charging, when the charge power may be changed, the
predetermined time tm_th just needs to be set after acquiring the charge power as described
above. When the predefermined time tm_th is set on the basis of the charge power and
the battery temperature Tb, the correlation among a chargé power, a battery temperature Tb
and a predetermined time tm_ th may be obtained in advance.

[0117] FIG. 9 is a flowchart that shows the process of calculating the full charge
capacity FCC of the battery pack 10 according to the present embodiment. The process
shown in FIG. 9 corresponds to the process shown in FIG. 4. In FIG. 9, like step numbers
denote the same processes as the processes showin in FIG. 4, and the detailed description
thereof is omitted.

[0118] In the present embodiment, the process of step S117 is executed before the
process of step S101 is executed. In step S117, the controller 30 calculates the
predetermined time tm_th on the basis of the battery temperature Tb and the charge power
as described above. The battery temperature Tb is detected by the temperature sensor 23.
The battery temperature Tb at the time when external charging at the predetermined
electric power Win_fix is started may be used as the battery temperatureva. The charge

power may be calculated from the output voltage of the charger 26 and the current value Ib
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during external charging. The output volltage of the charger 26 may be detected by a
voltage sensor (not shown). The current value Ib during external charging is detected by
the current sensor 22.

[0119]' After the process of step S117 is executed, the processes from step S101
are executed. In the process of step S102, the elapsed time tm is compared with the
predetermined time tm_th calculated in the process of step S117. As in the case of the
first embodiment (the process shown in FIG. 4), the full charge capacity FCC of thé battery
pack 10 may be calculated.

| [0120] In the present embodiment, the‘ predetermined time tm_th that is set on the
basis of at least one of the battery temperature Tb or the charge power can be shorter than
the predetermined time (fixed value) tm_th described in the first embodiment. As
described in the first embodiment, the predetermined time (fixed value) tm_th is set to the
longest time required until a convergence of the voltage variatioﬁ AV_dyn. In this case,
the predetermined time tm_th that is set on the basis of at least one of the battery
temperature Tb or the charge power tends to be shorter than the predetermined time (fixed
value) tm_th.

[0121]  When the predetermined time tm_th may be shortened, a period from time
t14 to time t15 shown in FIG. S or a period from time t23 to time t24 shown in FIG. 6 may
be shortened. In FIG. 5, when the period from time t14 to time t15 is shortened, a period
from time t16 to time t17 may be extended. In FIG. 6, when the period from time t23 to
time t24 is shortened, a period from time t25 to time t26 may be extended. Thus, it is
possible to increase the accumulated current value ZIb or increasé the variation ASOC
between the SOC_m1 and the SOC_m?2.

[0122] As described in the ffrst embodiment, in terms of improving the estimation
accuracy of the full charge capacity FCC, it is preferable to increase the accumulated
current value ZIb or the variation ASOC. According to the present embodiment, as
described above, it is possible to increase the accumulated current value EIb- or the
variation ASOC, so it is possible to improve the estimation accuracy of the full charge

capacity FCC.
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[0123] A third embodiment of the invention will be described. Like reference
numerals denote the same components to those described in the first embodiment, and the
detailed description thereof is omitted. Hereinafter, the difference from the first and
second embodiments will be mainly described.

[0124] In the first and second embodiments, when external charging is started, the
predetermined time tm_th is calculated on the assumption that polarization of the battery
pack 10 is eliminated. In starting external charging, there is already polarization.
Specifically, in a period from when charging or discharging of the battery pack 10 is
stopped to when external charging is started, there is a possibility that polarization
resulting from chafging or discharging of the battery pack 10 is not eliminated.

[0125] In this case, a convergence of the voltage variation AV_dyn resulting from
polarization during external charging depends on the state of polarization at the start of
external charging. That is, when polarization resulting from discharging is not eliminated
at the start of external charging, a time required until a convergence of the voltage
variation AV_dyn resulting from polarization during external charging tends to extend.

[0126] When the vehicle travels, the battery pack 10 is discharged. Therefore,
after traveling of the vehicle is stopped, there is polarization resulting from discharging of
the battery pack 10. When external charging is carried out while polarization resulting
from discharging remains, ‘polarization resulting from external charging occurs after the
polarization resulting from discharging is eliminated, and the voltage variation AV_dyn
resulting from the polarization converges. The state of polarization changes in this way,
so, as compared to when polarization resulting from discharging i$ eliminated, a time
required until a convergence of the voltage variation AV_dyn resulting from polarization
during external charging tends to extend.

[0127] Therefore, in the present émbodiment, the predetermined time tm_th is set
in consideration of not only the state of polarization after the start of external charging but
also the state of polarization before the start of external charging. The state of
polarization before the start of external charging depends on a time during which charging

or discharging of the battery pack 10 is stopped (referred to as standing time) or a battery
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temperature Tb in a period during which charging or discharging is stopped (referred to as
battery temperature Tb during standing). Specifically, as the standing time extends,
polarization becomes more likely to be eliminated. In other words, as the standing time
shortens, polarization becomes less likely to be eliminated. As the battery temperature Tb
during standing increases, polarization is more likely to be eliminated. In other words, as
the battery temperature Tb during standing decreases, polarization is less likely to be
eliminated.

‘[0128] When the predetermined time tm_th is set in consideration of the standing
time of the battery pack 10, the correlation between a standing time and a predetermined
time tm_th just needs to be determined in advance. Specifically, as shown in FIG. 10, as
the standing time extends, the predetermined time tm_th may be shortened. In other
words, as the standing time shortens, the predetermined time tm_th may be extended.
Thus, by measuring the standing time, the predetermined time tm_th corresponding to the
standing time may be calculated.

[0129] On the other hand, when the predetermined ﬁme tm_th is set in
consideration of the battery temperature Tb during standing, the correlation between a
battery temperature Tb during standing and a predetermined time tm_th yjust needs to be
determined in advance. Specifically, as shown in FIC. 1}1, as the battery temperature Tb
during standing increases, the predetermined time tm_th may be shortened. In other
words, as the battery temperature Tb during standing decreases, the predetermined time
tm_th rrfay be extended. Thus, when the battery temperature Tb- during standing is
coﬁfigured to be detected, the predetermined time tm_th corresponding to the battery
temperature Tb may be calculated. |

[0130] When the predetermined time tm_th is sef in consideration of the standing
time and the battery temperature Tb during standing, the correlation among a standing time,
a battery temperature Tb during standing and a predetermined time tm_th just needs to be
obtained in advance. When the predetermined time tm_th is determined, a time required
until polarization that has occurred before the start of external charging (polarization

resulting from discharging) is eliminated and a time required until a convergence of the
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voltage variation AV_dyn resulting from polarization during external charging may be
considered.
[0131] FIG. 12 is a flowchart that shows a process in which the predetermined

time tm_th is calculated and then external charging is started. The process shown in FIG.

12 is started when the ignition switch switches from the on state to the off state. The

process shown in FIG. 12 is executed by the controller 30. Aftér the process shown in
FIG. 12 is executed, the process shown in FIG. 4 is executed. As in the case of the bresent
embodiment, when the predetermined time tm_th is set in consideration of the state of
polarization before the start of external charging, méasurement of the elapséd time trﬁ is
started in response to the start of external charging. As described in the first embodiment,
the electric power at the start of external charging is the predetermined electric power
Win_fix.

[0132] In step S201, the controller 30 measures a standing time t_off with the use
of the timer 32. The standing time t_off is an elapsed time from when the ignition switch
switches from the on state to the off state.

[0133j In step S202, the controller 30 determines whether a command to carry out
external charging is issued. That is, the controller 30 continues measuring the standing
time t_off until a command to carry out external charging is issued. When the plug 28 is
connected to the inlet 27, a command to carry out external charging can be input to the
controller 30. Thus, the controller 30 is able to détermine that a command to carry out
external charging is issued.

| [01/34] On the other hand, when the plug 28 is connected to the inlet 27, time at
which external charging is started (referred to as charging start time) can be set by a user.
In this case, when the current time becomes the charging star; time, the controller 30
determines that a command to carry out external charging is issued. Not the charging |
start time but scheduled time for ‘starting up the vehicle (referred to start-up time) can be
set by the user. At this time, the charging start time is set so that external charging
completes before the start-up time.

[0135]  When a command to carry out external charging is issued, the controller
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30 calculates the predetermined time tm_th on the basis of the standing time t_off in step
§203 as described above. The standing time t_off at the time When the predetermined
time tm_th is calculated is a time from when the ignition switch switches from the on state
to the off state to when a command to carry out external charging is issued.

[0136] In step S204, the controller 30 starts external charging. Specifically, the
controller 30 carries out external charging by switching the charging relays CHR-B,
CHR-G into the on state to operate the charger 26. After the process of external charging
is started, that is, after the process shown in FIG. 12 is ended, the process shown in FIG. 4
is executed. In the process of step S102 shown in FIG. 4, the predetermined time tm_th
calculated in the process of step S203 shown in FIG. 12 is used.

[0137] In the process shown in FIG. 12, the predetermined tifne tm_th is
calculated on the basis of only the standing time t_off; however, calculation of the
predetermined time tm_th is not limited to this configuration. As deecribed above, the
predetermined time tm_th may be caleulated on the basis of at least one of the battery
temperature Tb during standing or the standing time t_off. When the battery temperature
Tb changes with a temperature around the battery pack 10 (environment temperature)
while charging or discharging of the battery pack 10 is stopped, the average of the.battery
temperature Tb while charging or discharging is stopped may be, for example, calculated.
The average (battery temperature Tb) may be set as the battery temperature Tb dufing
standing.

[0138] In the present embodiment, the predetermined time tm_th is calculated on
the basis of at least one of the standing time t_off or the battery temperature Tb during
standing; however, calculation of the predetermined time tm_th is not limited to this
configuration. Specifically, when the predetermined time tm_th is calculated, the battery
temperature Tb or charge power during external charging, described in the second
embodiment, may be considered. That is, the predetermined time tm_th may be
calculated on the basis of at least one of the standing time t_off, the battery temperature Tb
(the battery temperature Tb during external charging or during standing), or the charge

power during external charging. In this case, the correlation between at least one of a
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standing time t_off, a battery temperature Tb (a battery temperature Tb during external
charging or during standing), or a charge power and a predetermined time tm_th just needs
to be obtained in advance.

(0139]  According to the present embodiment, by setting the predetermined time
tm_th in consideration of the state of polarization before the start of external charging, it
may be determined whether the voltage variation AV_dyn resulting from polarization
during external charging has converged in a situation that there is polarization before the
start of external charging. | As described above, because the predetermined time tm_th is
changed in accordance with the standing time t_off, or the like, it is possible to suppress an
undue extension of a time required uritil it is determined that the voltage variation AV_dyn
has converged. As described in the sécond embodiment, as the predetermined time tm_th
is shortened, the accumulated current value =Ib or the variation ASOC may be increased,
s0 it is possible to improve the estimation accuracy of the full charge capacity FCC.

[0140] A fourth embodiment of the invention will be described. Like reference
numerals denote the same components to those described in the first embodiment, and the
detailed description thereof is omitted. Hereinafter, the difference from the first
embodiment will be mainly dgscribed.

(0141]  In the first embodiment (the process shown in FIG. 4), external charging is
temporarily stopped, and the first stop voltage value Vb_m1 or the second stop voltage
value Vb_m?2 is detected. When extemél charging is carried out, external charging can be
temporarily stopped in order to acquire an offset value of the current sensor 22.
Specifically, each time a predetermined time elapses, external charging is stopped in order
to acquire the offset value of the current sensor 22.

[0142] In this case, external charging is stopped when the offset value of the:
current sensor 22 is acquired, so the first stop voltage value Vb_m1 or the second stop
voltage value Vb_m2 may be detected during the stop of external charging. In the present
embodiment, when external charging is stopped in order to acquire the offset value of the
current sensor 22, the first stop voltage value Vb_m1 or the second stop voltage value

Vb_m2 is detected. Thus, in accordance with the timing at which the offset value is
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acquired, the first stop voltage value Vb_m1 or the second stop voltage value Vb_m?2 may
be detected.

[0143]  When external charging is stopped, no current flows through the battery
pack 10. The current value Ib detected by the current sensor 22 at this time is the offset
value. The offset value of the current sensor 22 is used in order to correct the current
value Ib detected by the current sensor 22. By correcting the current value Ib on the basis
of the offset value, it is possible to improve the accuracy of calculating the accumula/ted
current value ZIb.  When the calculatioﬁ accuracy of the accumulated current value ZIb is
improved, it is possible to improx}e the estimation accuracy of the full charge capacity FCC
at the time when the full charge capacity FCC is calculated (estimated) on the basis of the -
above-described mathematical expression (1). .

[0144] FIG. 13 is a flowchart that shows the process of calculating the full charge

capacity FCC of the battery pack 10 according to the present embodiment. The process

shown in FIG. 13 corresponds to the process shown in FIG. 4. In FIG. 13, like step

numbers denote the same processes as the processes shown in FIG. 4, and the detailed
description thereof is omitted. |

[0145] = Separately from the proccsé shown in FIG. 13, control for acquiring the
offset value of thé current sensor 22 is executed. Specifically, after the start of external
charging, external charging is temporarily stopped each time the predetermined time
elapses, and the offset value of the current sensor 22 is acquired at the time when external
charging is stopped: After the offset value is acquired, external charging is resumed.

[0146] After the process of step S101 is executed, the controller 30 determines in
step S118 whether external charging is stopped in order to acquire the offset value of the
current sensor 22.  When external charging is‘ not stopped, measurement of the elapsed
time tm is continued in the process of step S101. When external charging is stopped, the
controller 30 executes the process of step S102.

(0147] In the process of step S102, when the elapSed time tm is shorter than the
predetermined time tm_th, the controller 30 éontinues measurement of the elapged time tm

in the process of step SlOl.k When the elapsed time tm is longer than or equal to the
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predetermined time tm_th, the controller 30 detects the first stop voltage value Vb_ml1 in
the process of step S104. External charging is resumed after the offset value of the
current sensor 22 is acquired. In the process shown in FIG. 13, after the processes of step
S$104 and step S105 are executed, external charging is resumed through the process of step
$106.

| {0148] On the other hand, after the accumulated current value ZIb is calculated
through the process of step S107, the controller 30 determines in step S119 whether
external charging is stopped in order to acquire the offset value of the current sensor 22.
When external charging is not‘stopped, calculation of the accumulated current value ZIb is
continued in the process of step S107. When external charging is stopped, the controller
30 determines in step S108 whether the condition for stopping external charging is
satisfied. | _

" [0149] When the condition for stopping external charging is satisfied, the
controller 30 executes the processes from step S110. On the other hand, when the
condition for stopping external charging is not satisfied, calculation of the accumulated
current value ZIb is continued in the process of step S107. External charging is resumed
after the offset value of the current sensor 22 is acquired. In the process shown in FIG. 13,
after the processes of step S110 and step S111 are executed, external charging is resumed
through the process of step S112.  As described in the first embodiment, when the second
stop voltage value Vb_m2 is detected after the completion of external charging, the process
of step S119 is omitted.

[0150] In the process shown in FIG. 13, the predetermined time tm_th is not
limited to-the predetermined time (fixed value) tm_th described in the first embodiment.
That is, each of the predetermined times tm_th respectively described in the second and
third embodiments may be used as the predetermined time tm_th that is used in the process

of step S102 shown in FIG. 13.
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CLAIMS:

1. An electrical storage system comprising:

an electrical storage device configured to be charged with electric power from an

extemal power supply;

and

a voltage sensor configured to detect a voltage value of the electrical storage device;

a current sensor configured to detect a current value of the electrical storage device;

a controller configured to

(1) detect a first voltage value with the use of the voltage sensor in a state where
the charging is temporarily stopped, when an clapsed time from a start of the
charging at a predetermined electric power is longer than or equal to a predetermined
time, the predetermined time being a time required until a convergehce of a voltage
variation resulting from polarization during the charging,

(2) célculate a first state of charge corresponding to the first voltage va.lue, the
first state of cﬁarge being calculated by using a correlation between an open circuit
voltage of the electrical storage device and a state of charge of the electrical storage
device on the assumption that the first voltage value is an open circuit voltage,

(3) detect a second voltage value with the use of the voltage sensor, when the
charging is resumed at the predetermined electric power after the charging is
temporarily stopped and then the charging is stopped again,

(4) calculate a second state of charge corresponding to the second voltage value,

the second state of charge being calculated by using the correlation on the

~ assumption that the second voltage value is an open circuit voltage, and

(5) calculate a full charge capacity from an accumulated value of the current
value in a period from when the charging is resumed to when the charging is stopped
and a variation between the first state of charge and the second state of charge, when
a difference between a rate of change corresponding to the first voltage valué and a

rate of change corresponding to the second voltage value is smaller than or equal to
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an allowable value, the rate of change being identified from the correlation and
indicating the ratio of a variation in the open circuit voltage to a variation in the state

of charge.

2. The electrical storage system according to claim 1, wherein
the controller is configured to shorten the predetermined time as the predetermined

. electric power decreases.

3. The electrical storage system according to claim 1 or 2, wherein

the controller is configured to shorten the predetermined time as a time during which
charging or discharging of the electrical storage device is stopped extends, when the
charging at the predetermined electric power is started in a state where charging or

discharging of the electrical storage device is stopped.

4. The electrical storage system according to claim 1, further comprising:

a temperature sensor configured to detect a temperature of the electrical storage
device, wherein

the controller is configured to shorten the predetermined time as the temperature at

the time when the charging at the predetprmined electric power is started increases.

5. The electrical storage system according to any one of claims 1 to 4, further
comprising:

a temperature sensor configured to detect a temperature of the electrical storage
device, wherein |

the controller is configuréd to shorten the predetermined time as the temperature at
the time when charging or discharging of the electrical storage device is stopped increases,
when the charging at the predetermined electric power is started from a state where

charging or discharging of the electrical storage device is stopped.
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6. The electrical storage system according to any one of claims 1 to 5, wherein
the coﬁtroller is configured to

(1) temporarily stop the charging at the time when an offset value of the current
sensor is acquired, and

(2) detect the first voltage value with the use of the voltage sensor in response to
the fact that the elapsed time is longer than or equal to the predetermined time, when

the charging is temporarily stopped.

7. The electrical storage system according to any one of claims 1 to 5, wherein
the controller is configured to detect the second voltage value with the use of the
voltage sensor, when the charging is completed or when the charging is temporarily

stopped in order to acquire an offset value of the current sensor.

8. An electrical storage system for a vehicle, the electrical storage system
comprising:
an electrical storage device configured to be charged with electric power from an
external power supply, the external power supply being installed outside the electrical
storage device separately from the electrical storage device; and
a controller c‘onfiguréd to |
(1) stop the charging after a lapse of a predetermined time from when the
charging is started, when the charging is carried out with electric power from the
external power supply, the predetermined time being a time required until a
convergence of a change in voltage of the electrical storage device due to
polarization resulting from the charging,
(2) resume the charging, after the charging is stopped and
(3) calculate a full charge capacity of the electrical storage device on the basis
of a variation in state of charge of the electrical storage device in a period from when

the charging is resumed to when the charging is completed.
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9. An electr{cal storage system for a vehicle, the electrical storage system
comprising:
an electrical storage device configured to be charged with electric power from an
external power supply, the external power supply being installed outside the electrical
storage device separately from the electrical storage device; and ‘
a controller configured to
(1) calculate a full charge capacity of the electrical storage device on the basis
of a state of charge of the electrical storage device in a period from when the
charging is started with electric power from the external powef supply to when the
charging is completed, and
(2) wait the calculation of the full charge capacity of the electrical storage
device until the chargihg is started after a convergence of a change in voltage of the
-electrical storage device due to polarization resulting from the charging, when the

charging is carried out.
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