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(57) Abstract: An electrical storage system includes an electrical storage
device, a voltage sensor, a current sensor and a controller. The controller cal-
culates a full charge capacity of the electrical storage device on the basis of a
state of charge of the electrical storage device at the time when external char-
ging is started, a state of charge of the electrical storage device at the time
when the external charging is completed, and an accumulated value of a cur -
rent value during the period when the external charging is being carried out,
and sets a polarization elimination time. When a stopped time during the
period when charging or discharging of the electrical storage device is
stopped is longer than the polarization elimination time, the controller re-
gards a voltage value of the electrical storage device at the time of at least one
of the start of the external charging or the completion of the external charging
as an open circuit voltage of the electrical storage device. The controller cal-
culates a state of charge corresponding to the voltage value as a state of
charge that is used to calculate the full charge capacity by using a correlation
between the open circuit voltage and the state of charge. The controller
shortens the polarization elimination time as a rate of change increases. The
rate of change indicates a ratio of a variation in the open circuit voltage to a
variation in the state of charge.
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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. DeScriptioh of Related Art . _

[0002]» Ih japanese Patent Application Publication No: 2013-101072 (JP
2013-101072 A), when a battery pack is charged with electric power from an external
power supply (referred te as\ external charging), a full charge capacity of the battery pack is
‘calculatec.l. The full chérge capacity of thebattery 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
‘durinyg the period when exlten‘lal charging 1s being carried out. | Because there is. a
‘predetermined correlation between an SOC and an open circuit voltage (OCV); the SOC of

the battery pack is calculated from the OCV of the battery pack.

“SUMMARY OF THE INVENTION

- [0003]  When pc')larization' occurs as a result of eharging or discharging of the
b'atvtery pack, a voltage value of the battery pack, which is detected by a voltage sensor,
(referre_d to as detected Voltage value) includes a voltage variation resulting from. the
-polarization. Therefbr_e, the detected voltage value deviates from the OCV by the amount
of the voltage variation resulting from the polarization. When charging or diScharging of
the battery pack is kept stopped, it is possible to elim‘in‘ate the polarization. . Thus, after
the polarization has been elirﬁinated; the detected Voltage‘value may be vre’garded as the

OCV.
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[0004] By acquiring a time during the period when charging or discharging of the
battery pack is stopped, it is possible to determine whether thelpolarization has been
eliminated. Specifically, the time du'ring‘ the period when the polarization is eliminated
(referred to as polar_izati(;n elimination time) is set in advance‘as a fixed value, and, when a
time d_urihg the period when charging or discharging of thg battery pack is stopped is
longer than the polarization elimination time, it is determined that the polarization has been
‘eliminated. Polarization changesvi'n response to a history of charging or discharging of
the battery pack. Therefore, when tﬁe polarization elimination time (fixéd value) is set 1n
consideration of possible largest polarization, it s possible to determine that the
polarization has been eliminated irrespective of the state of the polarization. '

[0005] However, if the polarizegtion elimination time (fixed value) 1s set in
consideration of the lafgest. polarization, the polarization e‘limination time (fixed value)
* tends to be loﬂg.‘ Accordingly, a time required to determine that:the polarization has been
eliniinated also tends .to be long, with the result that it becomes difficult to acquire the
OCV of the battery pack. Specifically, if charging or discharging of the battefy pack is
started before a lapse of the pblarization elimination time (fixed value), the OCV of the.
battery pack cannot be aé_qu_i_red.. As a result, it is not possible to calculate t_hé SOC of the
. battery pack from the OCV éf the battery pack, so it is not possible to calculate the full
charge capacity of the battery pack from the SOC of the battery pack.

[0006] - An aspeci of the invention provides an electrical storage system. The
electrical storage system includes an electrical storage‘device, é voltage sensor, a current
sensor and a controller. - The electrical storage system is configured to be éharged by an
external charging. The external ,charging is to kc‘arry out charging with electric pdwer
from an external power supply. The voltage sensor is configured to detect a voltage‘value
of the electrical storage device. The current sensor ié configured to detect a current value
of the electrical storage device.. The controller is configured to calculate (estimate) a full
charge capacity of the‘ electrical stor'age device.

| [0007])  The controller is configured to calculate the full charge capacify of the

- electrical storage device on the basis of a state of charge of the electrical storage device at
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the time when the external charging is startéd, a state of charge of the electrical storage
device at the time when the external charging is ‘c,ompleted, and an accumulated value of ‘
the current value during the pefiod when the external charging is being carried out. The
controller is configured to regard the voltage value of the elecfrical storage device, when a
stopped time during the period when charging or discharging of the electrical storage
device is stof)ped is longer than a polarization' elimination time. The voitage value is
- detected by the voltage sensor as an open gifcuit voltage. The controller is cohfigured to -
calculate thé state of charge cotrespondin_g to the voltage value detected by the voltage
: sensdr as the state of charge that is ﬁéed to calculate the full charge capacity by uéing' a
correlation between the open ciréuit~§oltage and the istate of charge. The controller is

configured to set a polarization elimination time. The polarization elimination time is

‘used to determine an eliminated state of polarization that occurs as a result of charging or

| discharging of the electrical storage device, v
[0008] ~ Where a ratio of a variation in the open circuit voltage to a variation in the
state of charge is defined _aé a raie of change, the polarizatioh eiirﬁination time dépen‘ds on
the rate of change. The contfoller is configured to shorten the poiarization elimination
, tim.e as the rate of change increases, when the state of chérge is c_alciﬂated, from_fhe voltage
value detected by the voltage sensor at the time of at léast one of the start of thé external
charging and the corﬂpletion of the external charging,. Specifically, the rate of chénge is ~
a value obtaihed by diyidiﬁg the variation in the open circuit voltage by the variation in the
state 0f charge. | | |
[0009] When thle full charge capacity of the eleCtricﬁl storage device is. calculated
‘ (estirﬂated), it is necessary to ensure the estimation accuracy of the state of charge at.the
start of the. external charging and at the completion of the external charging in order to
ensure the e‘Stimation- accuracy of the full charge capagity. When the state of charge that
is calculated (estimated) \frofn the véltage value is included within the range of an
allowable estimation error, it is possible to ensure the estimation accuracy of the state of
charge. ‘ o

[0010] ~ Because there is a predetermined corrélation between the state of charge
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and the Open cirCu‘it voltage, when the range of f_he estimation error of the state of charge is
identified, it is posSible to -identify the allowable 'rénge ‘of the open circuit voltage, which
corresponds to the range of the estimation error. With the progress of elimination of
pblar_ization, the voltége value of the electrical storage devi'cve approaches the open éircuit
- voltage, and falls within the above-described allowable range of the open circuit voltage.
When the voltage value of the electrical stofage device falls within the aliowable range of
-the -0§en circuit voltage,-it is possible to ensure the estirﬂation accuracy of the s/tate -of
_charge by calculating the state of charge on the basis of the‘voltage value. - That is, when
the voltage value of the electrical sforage device falls within the allowable: range of the
open circuit voltage, it 1s possible to ensure the estimation accuracy of the state of charge
even when the stéte-of charge is calculafed in a situation that a voltage value that deviates
from the open circuii voltage is regarded as the open circuit.voltage.

{0011} ~In this way, the voltage value of the electrical storage devicé just needs to
fall within the allowable range of fhe open circuit voltage, and ;;olarization'does not need
to be eliminated to such an extent that fhe voltage value of the electrical storage device
reaches the open circuit voltage. In other words, as long as the voltage valﬁe of the
,‘_electricél_storage device 'falls within the allowable -_rangé of the open circuit voltage,

polarization may remain in terms of ensuring the estimation accuraby of the state of charge.
In eliminating po‘lariz‘ation by stopping charging or discharging of thé electrical ‘storage
device, a time frbm when charging or d.isch"arg.ing is st%i)ped to when polarization still -
remains is shorter than a time from. when charging or discharging is stopped to when
polarizatién is eliminated. | | | | |

[0012]) - In the invention, the polarizatiSn e‘lil'ninartipn time is set by focusing on the
above-described point. ’The_ polarizétiOn elimination time according to the invention is a
time required until the voltage value. of thé eléctrical storage device falls within the
allowable range of the open circ.uit. voltage, and is a time from when charging or
dischargiﬁg is stopped to when polarization still remains, . In the inventidn, by using the
polarization elimination time, the above-described state where polarization still remains

(polarization eliminated state) is determined.
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- [0013]  As the above-described rate of change increases, the allowable range of
the open circuit vo‘ltage‘ becomes éasy to expand with respect to the ‘range of the estimation
error of the state of charge. 'When the allowable range of the open circuit‘voltage expands,
a time required until the voltage value of the electrical storagé, device falls within the
allowable range of the open circuit Voltage shortens in eliminating polarization by stopping
charging or discharging of the electrical storage device. In the invention, as the rate of
change increases, the pol\grizatidn elimination time is shortened. )
| [0014] = In the invention, when the stopped time is vlonger than the polarization
elimination time, the state of charge of thé: clectr’ical storage device is calculated in a
situation that the voltégc value detected by the voltage sensor is regarded as the <open' '
~circuit voltage of the electrical storagé devicé. As the rate of change increases, it is
possible to increase an opportunity to calculate the state of charge from the V(iltage value
by shortening the polarization elimination time. Accor@ingly, it is possible to increaselan
opportunity to calculate the full charge capacity of the eléctiical sforage device by using
the state of charge qalculated from the voltage value.

f0015] In the above aspéct, the controller may be configured to, when charging or
. discharging of the electrical stbrage‘dcvice_is_;stoppéd, calculate a variation in the state of
charge and a.variation in the open circuit voltage on the basis of the state of charge and the A
- open circuit voltage in a period until the charge and discharge is stopned. | In addition, the
controller may be ccinfigured to calculate the rate of change, andvcak‘:ulate the polarization
-elimination tinie corresponding to the calculated rate of change by using a correlation
between the rate of change and thé polariz'ation‘elimination tirne. When the izariation in
. the state of charge and the \i’ariation‘in the open circuit voltage are calculated, it is possible
to calculate the rate of change. ‘When ‘the behavior (change) of the state of charge in a
period until charging or discharging of th'é electrical stoiage device is stopped, that‘is, the
behavior (change) of the state of ;"charge while charging or discharging of the electrical
storage device is being sarriéd ont, is acquired, it is possible to czilculate the variation in
the state of chargé. Similarly, when the behavior (change) of the open cincuit voltage in a

period until charging or discharging of the electrical storage device is stopped, that is, the
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b'ehaizior (change) of the open circuit voltage while charging or discharging of the
eiectrical storage device is be-ing carried out, is acquired, it is possible to calculate the
variation in the open circuit voltage.
| {0016]  When the correlation between the tate of change and the polarization
elimination time is used it is possible to ‘calculate -the polarization ehmination time.
corresponding to the calculated rate of change. The thus .caiculated polarization
“elimination- time is cornpa'red with the stopped time. ‘When the stopped time is longer -
than the poiarization elimination time, it is possible to calculate the state of charge of the
electrical storage device in a situation that the voltage value detected by the voltage sensor
s regarded as the open circuit voltage of the electrical storage device as described above.
[0017] As described above, there is a correlation between the rate of change and
~ the polarization elimination.time. The rate of change is the ratio of the variation in the
.open circuit voltage to the variation in the state of charge, so there is also a correlation .
between the rate of change and the state of charge. In the above'aspect,‘ the controller
may be configured to- calculate the state of charge at the time when charging or discharging
of the electrical storage device is stopped. The controller may be c‘onfigured’to calculate
_the ‘polarization. elimination time correspOnding to the, calculated state of charge by using a
correlation between the rate of change and the polarization ehmmation time and a
correlation between the rate of change and the state of charge. When the state of charge |
at the tirne when charging or discharging of the electrical storage device is stopped is
calculated, it is possible to identify the rate of change corresponding to the calculated state
of charge by using the correlation between the rate of change and the state of charge. Itis
possible to identify the polarization elimination time c_orresponding to the rate of change
by using the correlation between the rate of change and the 'polarization elimination time..
Thus, when the state of charge at the time when charging or discharging of the electrical
storage device is stopped is calculated, it is possible to calculate the polarization
elirnination time corresponding to the state of charge.
, [0018] 'In the above aspect, the controller may be configured to, while charging or

.discharging of the electrical storage device is stopped, calculate the polarization
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elimination time corresponding to the voltage value detected by the voltage sensor by
using a correlation between the rate of change and the polarization elimination tiine and a
correlation between the rate of change and the voltage value.  The rate of change is the
ratio of the variation in the open circuit voltage to the variation in the state of charge, so
there is also a correlation between th_e rate of change and the state of charge. When the
voltage \}alue at the time when charging or dischargin of the eiectricai storage device is
- stopped is regnrded as the open circuit voltage, it is possible to identify the rate of change - -
Corresponding to the open circuit voltage by using the correlation between the rate of
change and the open circuit ‘}oltage. It is possible to identify the polarization elimination
time corresponding to the rate of change by using the correlation between the rate of
change and the polarization eliinination time. Thus, when the voltage value at the time
when charging or discharging of the electrical storage device is stopped is detected, it is
possible to calculate the polarization elimination time corresponding to the v‘oltage value.

‘ [0019]  In the above aspect, the controller may be configured to, while chnr'gingor
discharging of the electrical storage device is Stopped, repeét detection of the voltage value
by the voltage sensor. The controller may be configured to calculate the polarization

. elimination time corresponding to the detected voltage value each 'time the_voltage value is .
detected. _While 'lcharging or discharging of the electrical storage device is stopped, it is
possible to repeat detection of the voltage value of the electrical storage device with tiie
use of the VOltage sensor., Each tirne the voltage value is detected, it is possible to
calculate the polarization elimjnation time corresponding to the voltage value. . Thus, it is
possible to compare the latest calculated polarization elimination time with the‘stop‘ped
time.
>[0020] As the stopped time exte‘nds', elimination of polarization progresses, and
the voltage value of the electrical storage device approaches the open circuit voltage.
When the voltage value approaehing.the open circuit voltage is used, it is possible to
acquire a more accurate rate of chnnge, and identify a mofe accurate allowable range of the
open circuit ‘voltage. Thus, it is possible to calculate a rnore accurate polarization’

elimination time. When the stopped time is longer than the polarization elimination time,
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the fact that the voltage value of the electrical storage device félls within the allowable
range of the open circuit voltage is easy tb be identified, so the estimation accuracy of the -
state of charge is .easy to bé ensured. Accordipgly, the estimation accuracy of the full
charge capacity that is calculated from the state of charge is easy to be ensured. |

[0021] ‘In’thé above aspeci, the electrical storage system may furfixer include a
temperature sensor. The temperature écnsor may be configured to detect a temperature of
-the electricalbstorage device. The controller may be configured to shorten the pélafization ‘
elimination time as the temperature increases. Polarization of the eléctrical storage -
device also depends~ on the temperature of the electrical storage device. Specifically, as
the” temperature of thé electrical storage device increases, polarization is difficult to
increase and polarization is easy to be eliminated. In other words, as the temperature of
the electrical storage device decreases, po'larization'is easy to increase and polarization‘is
difficult to be eliminéted‘. ~ As the temperature of the electrical storage device increases, it
is possible to shorten thé polarization elimination time. The temperature of the electrical
storage device may be detected by the temperature sensor.

[0022] - Another aspect of the invention providés an electrical storage system for a
vehicle. ,,_Th.e_:,elec_t.ric;al storage system includes an ',el,ectrical.st'o_rage,‘ device, a_voltage -
sensor and ‘a controller. The electrical storage device is configured to be charged with
electric power from an external power supply. The external poWer supply ‘is installed
outside the electrical storage device separately from the electrical storage device. The
voltage sensor is configured to detect a voltage value of the electrical storége device. The
controller is configured to calculate a rate of change in eléctromotive' voltage at at least one -
of first t;'ming or second timing. The controller is configuréd to calculate a predetermined
standby time on the basis ok—f the rate of change in eléctromotive voltage. The controller is
configured to calculate a state of charge of the electrical storage device, when the
vpredetermined_ standby time has elapsed from the first timing or the second timing. The
controller is configured to calculafe a full éharge capacity of the electrical\ storage device
by using the calculated state of charge. The controller is configured fo shorten the

predetermined standby time as the rate of change in electromotive voltage increases. The’
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first timing is predetermined timing in a period from when an ignition switch‘ of the vehicle
is sw1tched into an off state to when chargmg of the electrical storage device with electric
power from the external power supply is started. The second timing is predetermined
timing during the period when the vehicle is left standing after charging of the electrical
storage device with electric power from the external power supply ie completed‘. The rate
of change in electromotive voltage is a ratio of a variation "in open circuit voltage to a

-variation in state of charge of the electrical storage device.

BRIEF DESCRIPTION OF THE DRAWINGS

(0023} Featii‘res, advantages, and technical and industriai significance of
exemplary embodiments of the invention will be described below With referen‘ce to the
accompanying drawings, in which like numerals denote like elements, and wherein: -

' FIG. lisa viewthat shows the configuration- of a battery system;

FIG. 2 is a‘-graph that shows the correlation (OCV curve) between an OCV and an i
S0G; o | |
| FIG 3.is a graph that shows the correlation between a rate of change in electromotive
_,_Voltage and. a polarization elimination time; |

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

FIG. 5 is a graph that illustrates a method of calculating an OCV;

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 an SOC and a rate of change in
eiectromotive voltage; . »

" FIG. 8 is a flowchart that illustrates the process of calculating a full charge capacity of
a battery pack according to a second embodiment'

FIG. 9is a graph that shows the correlation between an OCV and a rate of change in
‘ electromotive Voltage and . | |
FIG. 10 is a flowchart that _ilhistrates the process of calculating a full charge,capacity

of a battery pack according to a third embodiment.
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DETAILED DESCRIPTION OF EMBODIMENTS‘

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

[0025] FIG. 1 is a view that shows the configuration of a battery system according |
to a first embodiment (which corresponds to an electriczjl storage‘ system according to the
invention). The 'bétvtéry system shown in FIG. 1 is mounted on a vehicle. Thé vehicle is,
~for example, a plug-in hyb_rid vehicle- (PHV) or-an' electric vehicle-(EV). The PHV
includes another power source in addition to a béttery 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 the powér source for propelling the vehicle.

[0026] In the preseht embodiment, the battery pack 10 islb mounted on.the vehicle;

‘ howévér, the battery pack 10 is not limited to this arrangemernt. Tha‘t is, as lovng as a
system that is a_ble to charge the Battery pack 10, the invention is applicable.

| [0027] | The battery pack (which corresponds to an electrical storage device
according to .the invention) 10 includes a pluraiity of serially connected single cells 11. A
secoi_ldar'y battery, such as a nickel-metal hydride battery and a liﬂﬁum ion battery,‘maSl bé
used as each :single,cell 11. I_hstéad of the sec_ond_ary‘,batt,e_ry,, an electric double layer. .
capacitor may be used. The number of the single cells 11 may be set as neéded on the
basis of a required output, or the like, of the battefy paék 10. The baftery pack 10 may
include a plurality of the single cells 11 that ‘are connected in parallel with each other.

* {0028] A voltage sensor 21 detécts the voltage value Vb of the battery pack 10,
and outputs the detected result to-a cbntroller 30. A curreﬁt sensor 22 detects the‘v current
Valué Ib of the battery péck 10, and outputs the detected result to the controller 30. | In the
.present 'embddimehf, ‘the current value Ib at the time when the battery pack 10 is
~ discharged is defined as a positivé value. The cur;eni v’alue’ Ib at the time when the
battery pack 10 is ch‘afged is defined as a negativé 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. |

[0029]  The controller 30 includes a memory 31 and a timer 32. The memory 31
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stores various pieces of 'i‘nformation, which baré used by the controller 30 to execute a
predetermined process ’(particularly, a process described in the pfésent embodiment). The
timer 32 is used to measure a time. In the present embodjmént_, 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 dperate upoﬁ'
iecéption'of electric power from a power supply different fraiﬁ the battery pack 10. The.
--power supply. is, for example, an auxilia_lry battery mounted on‘the vehicle. - The auxiliary
battery may be charged witﬁ electric power discharged fromvthe battery pack 10.

[0030] A positive electrode line f’L is connected to the~ positive electrode terminal
of the battery pack 10. A negative électrode line NL is connected to the negative
electrode terminal of the battery pack 10. A system main relay SMR-B is provided in the
positive eiectrode line» PL. A system main relayv 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 igniiion switch is input to the
controller 30. When the ignition switch switches from the off state to the on state, the
~.controller 30 outputs drive signéls__for'switc}ﬁng,the' systemn main relays SMR-B, SMR-G .
into fhe on stéte. When the ignition switch switéhes from the on state to the off state, the
controllér 30 outputs drive signéls for switching the system main relays SMR-B, SMR-G
into the off state.

[0032]  The battery pack 10 s coﬁneéted to an inverter 24 via the positive
electrode line PL and the negative electrode line NL. When the system main relays
SMR-B, SMR-G are in the on staté, the battery pack 10 is connected to the inverter 24, and -
the battefy system shown in FIG. 1 enters an éctivated state (ready-oﬁ stéte). ‘When the:
.system maiﬁ relays SM.R-B,‘ SMR-G are in the off state, coﬁnection of the battery pack 10
with the inverter 24 is interrupted, and the battery system shown in FIG. 1 enters a stop'pe.d
| state (ready-off state). “

[0,033] 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
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generator (MG)> 25. The motor generator 25 generates kinetic energy (power) for
propelling the vehicle upcn' reception of the altemating-cr)rrent 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 deceierated or the vehicle is stopped,‘ the motor
generator 25 converts kinetic energy, generated during braking of the vehicle, to electrlc
‘energy (alternatmg-current power). -The mverter 24 converts: alternatrng current power,
Y, generated by the motor ger_lerator 25, to direct-current power, and outputs the direct-current
power to ‘the battery pack 10. Thus, the battery. pack 10 stores regenerative electric
power. | | | | | |

[0035] In the battery system according ro the present embodiment, a step-ﬁp
circuit méry be provided in a cuirent path between the battery péck 10 and the inverter 24.
The step-up circuit is able roistep up the output voltage of the battery pack 10 and then to
output the stepped-up electric power tr) the ‘inverter 24. The step-up circuit is able to step
down the output Volrage of the inverter 24 and then to output the stepped-down electric
power to the battery pack 10. | _ B ;

[003,6] A charging line C,Hle,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 CHL2 is connected to the negative electrode line NL between
the negative'electrode terminal of the battery pack 10 end the system main relay SMR-G.
A charger 26 is connected to the charging lines CHLI1, CHL2. A charging relay CHR-B is
provided in the charging line CHL1 between the charger 26 and the posmve electrode line
PL. A charging relay CHR Gis pr0v1ded in the chargmg line CHL2 between the charger
26 and the negative electrode line NL.

[0037] The chargrng 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 corlnected to the charger 26 via the charging lines CHL1, CHL2. A plug
(so-called‘ cormector) 28 is connected to the inlet 27. That is, the plug 28 may be |

connected to the inlet 27, or the plug 28 may be disconnected from the inlei 27.
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[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 nsed as the altemating-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 c‘nargethe battery pacl( -
10 with electric power -from -the : altemetting-current power supply 29. Thi-s charging is
termed external charging. |
| [0039]  When external charging is carried out, the charger 26 converts
alternatmg -current power from the alternating-current power supply 29 to direct- current
power and outputs the drrect current power to the battery-pack 10. The charger 26 is S able
to step up. the output voltage of the alternatrng -current power supply 29 and then to output .
the stepped-up electric power to the battery pack 10. The controller 30 controls the
operatlon of the charger 26. ‘ o
[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 ,inst,alled,outside the vehicle (external power
supply), the inyention is applicatble. ' |
“ - [0041] For example, the charging line CHL1 may beconnected 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 charging 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 the 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 accordmg to the 1nvent10n) 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 use of a cable. Instead, a
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: 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 aa the
contactless charging system as needed. |

[0043], In the present embodiment, when external chargihg has been carried out,
the full charge capacrty 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). - |
FCC=55¢ _eszSOC_s @

: [6044] 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. ZIb is‘a'valuelobtained 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 current value Ib is detected
. by the current sensor 22. . As descnbed above the current value (charge current) Ib is a
negative Value so, when the accumulated current value Zlb is calculated the absolute
value of the current value (charge 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 ah' 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
vblta\ge value Vb detected by the voltage sensor 21, it is possible to calculate the SOC of
the battery pack 10. When the voltage value Vb is detected while the battery pack 10 is .
not being charged or drscharged a voltage variation resulting from chargmg or discharging
(energ1zat10n) is not included i in the voltage value Vb, and the voltage value Vb approaches
the OCV.

[0046] On the other hand, polarization occurs when the battery pack 10 is charged
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or discharged, with the result that a voltage variation resulting from the polarization is
included in the voltage V_al;le Vb detected by the voltage sensor 21. Thus, the voltage
. value Vb deviates from the OCV. After the polarization has been eliminated, the voltage

value Vb at this time may be regarded as the OCV of the battery pack 10. If the voltage
valﬁe Vb at the time when the polarization remains is regafded as the OCV a volfage
“variation resultmg from the polarization becomes an estimation error of the OCV

-[0047] - When-charging or dlschargmg of the battery pack 10 is ‘kept stopped, 1t is
possible to eliminate. the polarization. Therefore, a time for ehmmatmg polarlzatlon
(referred te as polarization elimination time) is set in advance, and, when a time during the
period When charging or discharging of the battery pack 10 is stopped is longer than the
~ polarization elimihatipn time, it m'ay" be determiﬁed that the polarization has been
eliminated. |

[0048]1 In the present efnbodiment, the polarization elimination time is changed
~ on the basis of a rate of change in electromotive voltage (which corresponds to a rate of
change acce‘rding to the invention). The polarization elimination time aecording tolthe
present embodimeﬁtv is not equal‘ te 2 tinie required until polarize{ion is comll)letely
eliminated as will be described later. The rate of chanlge.in electrofnotive voltage is the- .
ratio of a variation in OCV (AOCV) to a varjation in SOC (ASOC). Specifically, the rate
of change in electromotive vOltage is a value (AOCV/ASOC) obtained by dividing the
variation AOCV by the Varlatlon ASOC. The SOC is the SOC of the battery pack 10.
The OCV is the OCV of the battery pack 10. |

[0049]  In the present embodiment, as the rate of change in electromotive voltage
increases, the polarization eliminatien time is shoﬁened. In other words, as the rate of
change in electromotive voltage shortens, the polarization elimination time is extended.
The reason why the polarization elimin‘ationvtime is changed in this way will be described
below. / |
[0050] When the full charge capracity FCC of the battery pack 10 is calculated

(estlmated) on the basis of the above- described mathematical expression (1), it is required

to bring an estimation error (an error with respect to a true value) of each of the SOC_s and -
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‘the SOC e rnto an allowable range ASOC err. This is because for each of the SOC s ‘.
and the SOC e, when a difference between an estimated value and a true value falls
outside the allowable range ASOC _err, it is difficult to ensure the estimation accuracy of
the full charge Capacity FCC. As the allowable range ASOC err is narrowed, it is
possible to irnprove the estimation accuracy’ of the full charge capacity FCC. 1t is
possible to set the allowable range ASOC e1r as ueedcu in consideration of the accuracy of
- estimating-the full charge capacity FCC..

[0051] Because there is a correlation between an SOC and an OCYV, it is possible
to set an allowable range of the OCV, which corresponds to the allowable Jrange\ ASOC_err.
When the voltage value Vb of the batterv pack 10 falls within the allowable range of the
OCYV, the ‘SOC corresponding to the voltage value Vb, when ca'lculatecl by using the.
correlation between an OCV and an SOC, falls within the allowable range ASOC_err.
That is, when the voltage value Vb falls ‘within the allowable range of the OCV, it is |
possible to calculate the SOC by regardingthe voltage value Vb as the OCV. Because the
thus calculated SOC falls within the allowable range ASOC_err, it is possible to ensure the

estimation accuracy of the full charge capacity FCC.

[0052] . . As shown. in_Fl_G._ 2, the allowable range of the OCV, corresponding to the = =

allowable range ASOC_err, varies with the rate of change in electromotive voltage.  FIG
2 shows the correlation (so-called OoCv curve) between an OCV and an soc. | In FIG. 2,
the ordlnate axis represents OCV and the abscissa axis represents SOC. |

[0053] Asshown in FIG. 2, the rate of change in electromotive voltage in a region
R1 of the OCV curve is lower than the rate of change in electromotive voltage in a region
R2 of the ‘(jCV curve. In order to bring an estimation error of the SOC within the
allowable range ASOC_err in the region R1, the voltage value Vb that is used to calculate
(estimate) the SOC needs to fall within the allowable range AOCVl The allowable range
AOCV1 corresponds to the allowable range ASOC _err in.the region R1 The OCV of the
battery pack 10 is included in the allowable range AOCVI.

[0054]  The voltage value Vb just after ch'arging or discharging of the battery pack

10 is stopped can fall outside the allowable range AOCV1. In this case, polarization just
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needs to be eliminated until»the'vkoltage value Vb falls within the allowable range AOCVI.
Polarization may remain as lohg as the voltage value Vb falls within the allrowable range
AOCV1. The polarization elimiﬁation time according to the present embodiment is a-time
required until the voltage value Vb falls within the allowable range AOCVl. By using the
polarizétion elimination time, a state where the voltage valué Vb falls within the allowablé
range AOCV1 (polérizétion eliminated state) is determined 'although polarization still
remains. - - | | 4

“[0055] In ‘,order to bring an estimatién error of the SOC into the allowable range
ASOC err in the region ”R2, thé voltage value Vb that is used to calculate (estimate) the
SOC needs to fall within the allowable rangé' AOCVZ. The allowable range AOCV2
corresponds tov the éllowable range ASOC_err in the region R2. The OCV o\f the battery
pack 10 is included in .the allowable range AOCV2. The ailowable range ASOC_err in .
the region R2 is .the same as the allowable range ASOC_err in the region R1. Depending
on the OCV curve, there may arise a region in Which the vériation AOCYV becomes "0" to .
the variatjoh ASOC. At this time, only a sp_ecific OCYV can correspond to the allowable
range ASOC_efr. ' | , | | |
. [O056]- ~ The voltage value Vb just after charging or ,discharging of the battery pack
10 is stopped can fall outside the allo‘wablerange AOCV2. In this case, polarization just
needs to be eliminated until the voltage value Vb falls within the allowaiale range AOCV2.
Polarization may remain as long as the VOltége value .Yb falls within the allowable range
‘AOCVZ. As is apparent frém FIG. 2, tﬁe allowable raﬁge AOCV2 is wider than the
allowable range AOCV1. Th_e polarization el‘iminatioh time according to the present
embodiment is a time requii’ed until the voltage valﬁe Vb f‘alls.within the allowable range
AOCV2. By using the.polarization elimination time, a state where the voltage value Vb
falls within the allowable range AOCV2 (polarization eliminated state) is determined

although polarization still remains. |
[0057]. Because the allo;)vable range AOCVl is narrower than the allowable range
AOCV2, it is not possible to bring the voltage value Vb into the allowable range AOCV1 in

the region R1 unless polarization is eliminated by a larger amount than that in the region
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R2 In other Words, in the region R1, it is not possible to bring the voltage value Vb into
the allowable range AOCV1 unless a time during the period when charging or drschargmg
of the battery pack 10 is stopped is longer than that in the region R2. \

[0058]  The rate of change in electromotrve voltage in the regron R1 is lower than
the rate of change in electromotive voltage in the region R2. The polarrzatron elimination
time needs to be extended as the rate of change in electromotive voitage decreases. In

~other -words, as- the rate- offehange in electromotive -voltage -increases, it is possible to--
shorten the polarization elimination time. As described above, the polarization
eliminatiOn time a_ccording to the present embodiment is a time during the period when
polarization is eliminated ‘until the voltage value Vb falls within the allowable range
(80CV1, A0CV2) of the OCV. . "

[0059] When the allowable range ASOC_err for ensuring the estimation accuracy
of the full charge capacity FCC is taken into consideration, it is possible to change the
polarization elimination time in accordance" with the rate of change in electromotive\
voltage. When it is determined whether polarization has been eliminated, it is possible to
set the ‘polarization ‘elimivnation' time according to the rate of change in ’ele'c‘:tromo_t.ive

~ voltage. | .

[0060] In the present embodiment, when the ‘polarization elimination time is set, .
not only the rate of change in electromotrve voltage but also the battery temperature Tb is -
taken mto consideration. A polarization occurrence state and a polarization eliminated
state depen(l on the battery temperature Tb. Specifically, as the battery temperature Tb

decreases, polarrzatron becomes easy to increase or polarization becomes difficult to be
eliminated. - In other words, as the battery temperature Tb increases, polarrzauon becomes
difficult to increase or polarization becomes easy to be eliminated.

| [0061] Therefore the polarization elimination time is set in consrderatlon of not
only the rate of change in electromotive voltage but also the battery ‘temperature Tb.
Specifically, when a correlation (one example) shown in FIG. 3 is obtained in advance by
an experiment, or the like, it is possible to set the: polarization elimination time Dy -

identifying the rate of change in electromotive voltage and the battery temperature Tb. In
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FIG. 3, Fhé ordinate axis represents polarization elimination time, and the abscissa axis
fe’presents rate of change in electromotive voltage. \ |
[0062]  As shown in FIG. 3, as the rate of change in electromotive voltage
increases, the p(l)vlarization ‘elimination time shortens. In othcf words, as .the rate of
cchange in electromotive voltage decreases, the polarization elimination time extends. For
the-Sanie rate of chahgé in electromotive'voltage as well, as the battery temp_érature Tb
decreases; the polafi-’zation elimination time exte-nds.‘ In other words, for the same rate of
'chahge in qleétromotive voltage as well, as the battery t‘e'mperatur‘.e Tb increases, the
polarization e]iminat/ion time shortens.
’»[0063] "The correlation shown in FIG. 3 mé); be expressed by a map or an
arithmetié expreséion and may be stored in the memory 31. When the polarization
“elimination time is calculated by ‘using the correlation shown in FIG. 3, it is fequired to
identify the rate of change in electromotive VOltage and the battery temperature Tb. Thé
battery fempetature Tb may be detected by the temperafure sensor 23. When the variation
ASOC and the variation AOCV are calculated, the rate of change in electromotive voltage
may be calculated. Bly écquiring the behavior (chénge) of the SOC of thé battery pack 10,
 the variation ASQOC mé_y, be calculated. . By acquiring the behavior (change) of. the oCV . .
of the battery pack 10, the Variétion AOCYV may be calculated. | |
| [0064] In the present embodiment, the polérizatidn elimination time is calculated
on the basis of the rate of change in eiectromotive voltage and the battery temperature Tb;
however, calculation of th; polarization elimination time is not limited to this configuration.
Specifically, it is possible to calculéte the polarization elimination tin{e from the rate of
'change in elcc{rorhotive voltage without consideration of the battery temperature Tb. |
[0065] When the full charge capacity FCC of the battery pack 10 is calculated as
described above, the full charge capacity FCC is used to calculate (estimate) the SOC of
‘the battery pack 10 during traveling of the vehicle. Specifically, the SOC of the battéry :

“pack 10 during traveling of the vehicle may be calculated on the basis of the following

mathematical expression (2).
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2Ib
FCcC

SOC _cur =SOC _ref + )

. [0066] In the above mathematical expression (2), SOC_cur is a current SOC of
the battery pack 10. SOC_ref is the SOC of the battery pack 10 at the time when the
ignition switch switches from the off state to the on state. When the OCV of the battery

pack 10 at the time when the ignition switch switching into the on state is identified, it is

possiblé-to- calculate the SOC_ref on the basis of the correlation between an-OCV and an- - - -

'SOC. =Ib is a value obtained by accumulating the current value Ib of the battery pack 10.
(accumulated currént value) after the ignition switch switches into the on state. - FCC is
the full charge capacity of the battery pack 10. |
| [0067]  According to the ab‘()'ve-d’es'cribed mathematical"expression'(2), after the
ignitibn'switch switches into the on state, by cohtinuing to detect thé current value Ib of‘ the
battery pack 10, it is possible to acquire the SOC_cur of the battery pack 10. That is, it is |
possible to: acquife the SOC (SOC_cur) of the batte’ry pack 10 during traveling of the .
vehicle. | o B
[0068] Fpr the fu.ll charge capacity FCC shown in the above-described
_ mathematijcal expression (2), only the latest calculated full!,charg‘c__ capacity FCC may be
used or a value obtained by correcting the previous full chafge capacity FCC with the latest
full charge capacity FCC may be used. When the previousv full charge capacity FCC is
corrected with thé latest full charge capacity FCWC, it is pbssible Ato,’ ‘for eXample, assign
weights to the previous fuil cha‘llrgev capacity FCCV and the latest full chérge capacity FCC
. and then add these full charge ;:'apacities FCC together. -The added full charge capacity
 FCC may be used as the full charge éapacity FCC shown in the above-describc;d
_ mathematical expression (2). | '
- [0069]  Next, the process of calculating the full charge 'c'apacity FCC \&ill be
described with refe'rencev to the ﬂowchan 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 the
battery system is set to a stopped state in response to switching of the ignition switéh into

the off state, the process shown in FIG. 4 is started.
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[0070]  In step S101, the controller 30 calculates a polarization elimination time ts
from the rate of change in electromotive voltage and the battery temperature Tb. As
‘described abovle, by using the correlation shdwn in FIG. ,3, it is possible to calculate the
polarizaticn elimination time ts from the rate of change in electromqtive voltage and the
| battery temperatrrre Tb. Thebatterytemperature Tb is detected by the temperature‘senso‘r
23. For example, the rate of change in electromotive volitage may be calculated by a
method that wrll be descrlbed below. |
[0071] When the Varrat10n ASOC and the variation AOCV within a predetermmed
time required until the ignition switch »sw1tches into the off state are calculated, the rate of
change in electromotive voltage may be calculated. In calculating the variation ASOC, |
when the _currerrt velue Ib at which the battery pack 10 is charged or discharged is detected
_witllin the predetermined time, a value (accumulated current value) SIb obtained by
accumulating these\ current values Ib’ may - .be calculated. When the calculated
accumuleted curtent value ZIb is divided by the full charge capacity FCC of the battery
pack 10, the Var1at10n ASOC may be calculated. | / ‘
[0072] On the other hand, when a change in the ocv of the battery pack 10 is
- acquired within the‘pr,cdetermmed time required until the 1gn1t10n switch switches into the
off state,‘the variation AOCV may be calculated. The OCV of the battery pack 10 may be
calculated from the current value Ib and the voltage value Vb. Specifically, when the
battery pack 10 is being charged or discharged, the current value Ib and the voltage value. |
Vb are detected. As shown in FIG. 5, in a coordinate system of which covordinate axes
respectively represent the current value Ib and the Voltége' value Vb, pairs of crrrrent value
Ib and voltage value Vb are plotted. When a line L approximate to the plurality of plots is
calculated, the voltage value Vb on the line L in the case where the current value Ib is 0
[A] is the OCV. " |
[0073] In step $102, the ‘controller 30 measures an elapsed time (which ‘
corresponds to a stopped time according to the mvennon) tm_s with the use of the timer 32.
The elapsed time tm_s is an elapsed time from when chargmg or discharging of the battery

pack 10 is stopped as a result of swrtchmg of the ignition switch into the off state. When
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the system-main relays SMR—B, SMR-G are switched froin the on state to the off state,
measurement of the elapsed time tm_s is started. | |

[0074] In step S103, the 'co’ntroller 30 determines whether a comm'and to cafry out
external charging is. issued. The confrdller 30 measures the clapsed time tm_s until a
éommand to carry out ext¢i’nal charging is issued.. When the plug 28 is connected to the
inlet 27, a command to carry out external charging can be input io the controiler 30. | Thus,
the -controller 30 is able to determine that a command to carry --ou‘t external charging is
i,ssued.\ | | |

[0075] | On the other hand, the plug 28 is connected to the iﬁlet 27, and then time
_at which external charging is started (referred to as charging start fime) can be set. In this
case,-when.the éurrent time becomes_ the charging start 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. At this
time, the charging start time is set so that external charging completes before the start-up
time. | |

[0076] When a icommandv to carry out external charging is issued, the controller
_ 30 determines in step S104 whether the elapsed time tm_s is longer_than the polarization
elimination time ts. The elapsed time tm_s is a time from when measurement of the time
tm_s is started to W-hen a command to carry out extemai charging is issued. The
polarization eliminétion ti;ne té is a time calculated in the process of step S101.  When the
elapsed time tm_s is longer than the polarization elimination time ts, the controller- 30
executes the process of step S105. On fhe other hand, when the c?lépsed time tm_s is
shorter than or equal to the polariz‘atioh- elimination time. ts, the controller 30 executes the
pyocess of step S106. | ‘

[0077] In step‘ S105, the controller 30 detects the voltage Valﬁe Vb of the battery
pack 10-vs}ith the use of the voltage sensor 21, and regards the voltage value Vb as the OCV
of the battery pé‘ck 10. This vbltage‘ value ' Vb may be considered. to be inélude‘d in the
above-described allowable fange (AOCVl, AOCV?2 Shown in FIG: 2) of the OCV. Thus,

the controller 30 calculates the SOC corresponding to the voltage value Vb regarded as the



WO 2015/082972 PCT/IB2014/002616

23
ocv (which corresponds to the above-described SOC_s) by using the correlation between
én OCV and an SOC. . | |
[0078] »In step S106, the controller 30 sets the SOC of the battery pack 10 at the
‘c_ompletion of traveling as the SOC_s. In other words, the controller 30 éets the SOC of
the battery pack 10 at the time of switching of the ignition switch from the on state to the
6ff state as the SOC_s. As described above, whﬂe the vchicle is traveling, the S.OC of the
- battery pack 10 is calculated (estimated), so it is possible to identify-the SOC of the battery
pack 10 at the time of switching of the ignition. switch from the on state to the off state.
[0079] In stép S107, the controller 30 starts external charging by operating the
charger 26 through switching of the charging relays CHR-B, CHR-G into’the on'state. In
step S108, thé cbntroiler 30 calculatés the accumulated current'val'ué 2Ib by accumulating
the current vaiue'(charge current) ib detected by the current sensor 22 during external
charging. | | . _
- [0080] In step S109, the controller 30 determines whether to complete exfernal
charging. For example, Whven the voltégc value Vb of the battery pack 10, detected by the
‘voltage sensor 21, haé ‘reached a .target voltage value at which external charging is
bompleted, the _CQnt,r.oHe_r 30 may determine, to covr_n.plet_e“exter,na‘l charging. _The target
voltage valu_e. at which external charging is completed may be set as needed. For example,
the Volfage value Vb at the time when the battery pack 10 is in a full charge‘state méy be
set as the targei voltage value ét which extérnal charging is corhpleted. On the other hand,
when the‘accumulated current value XIb has reached a target accumulated Vﬂlue, the
controller 30 _niay determine to corﬁplete external charging. Th‘e target accumulated value
may be set as néeded. |
[0081] - Until it is determined to complete external charging, the accumulated
current value ZIb is \calculated in the bpr(A)cess of step S108. When it is determined vto. .
" complete external ‘charging, the controller 30 stops external cﬁarging in step S110.
Specifically, the controller 30 étops the operation df the charger 26, and switches the.
charging relays CHR-B, CHR-G from the on state to the off stéte.- In step-S110, the

controller 30 calculates a polarization elimination time te from the. rate of change in -
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eiectromotive vol-t’ageiand the battéry temperatﬁre Tb.

- [0082] The polarization ¢limination time té is calculated as in the case of the
polarization elimination time ts. Specifically, ‘by using the correlation shovfn in FIG. 3,
the polarization elimination time te corresponding to the rate of change in electromotiflg
voltage and the battery temperéturc Tb 1s calculated. ~ The baitery temperature Tb is
detected by the temperature sensor 23. When the variation ASOC and the variation
- -AOCV are calculated within the predetermined -timé: required until external charging is
stopped, the rate of cha\nge in electromotive voltage may be calculated.

| [0083] When 'th’evcurrent value Ib at which the battery pack 10 is charged is
detected within the predetermined ﬁme required'uﬂtil external charging is stopped, a value
(accumulated current Value) ‘E‘Ib obtained by accumulating these current values Ib may be
calculated: When the calculated accumulated current value ZIb is divided‘by the full
charge capacity FCC of the battery pack 10, the variation ASOC may be calcula,ted. On :
the other hand, when a change in the OCV of the battery packﬁlO is acquired within the
predeterrﬁined time required until external charging is stopped, the variation AOCV may be
calculated. As described with reference to FIG, 5, the OCV may be caléulated from the
. current value Ib and the voltage Vélu,e Vb. . When the O,CV is calculated by the method
showp in FIG. 5, it is required to change the current value Ib during external charging.

[0084] | On the other hand, when the voltage value Vb of the battcfy packle is
detected while cxtemél charging is being‘ carried out at a constant current, a change in the
voltage value Vb may be acquired. - Thus, a Vériation in the voltége value Vb may be
calculated within the predetermined time required until external charging is étopp‘ed, and
the calculated variatioﬁ may be regarded as the variation AOCV.

[0085] In step S111, the controller 30 measures the elapsed time (which
corresponds to the stopped time according to the invenﬁon) tm_e with the use of the timer
32. The élapsed time tm_é is an elapsed time from when external charging is stopped.
In step S112, the controller 30 determines whether the elapsed time tm_e is longer than the
polarization elimination time te. The pblarization elimination timé te is a time calculated

in the process of step.S110. The elapsed time tm_e is a time from when external charging
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is stopped to the'present.v ' |
o [0086] When the elapsed time tm_e is shorter than or equal to the polarization

elimination time te, the controller 30 determines in step S113 whether a command :to start
up the battery sYstem shown in FIG. .1 is 'issued. This command is to switch the ignition
switch into the on state. - When a corhmand to start up the battery systerh is issued, the
controller 30 ends the process shown in FIG. 4. On the other hand, when no command to
- start-up the battery system is issued, the controller 30 CQntinues measuvr‘iri-g the elapsed time - -
- tm_e in the process of step ‘Slll | |
| ‘[0087] When the elapsed time tm_e is longer than the polarization elimination
time te, the controller 30 executes the process of step S114. In step S114, the controller
30 detects the voltage value'Vb of the battery pack 10 with the use of the voltage sensor 21,
and regards the voltage value Vb as the OCV of the battery pack 10. The voltage value
Vb may be considered to be included in the above-described allowable range (AOCV.l,i
AOCV2 shown in FIG. 2) of the OCV. Thus, the icontroller. 30 calculates the SOC
| corresponding to the Voltage value Vb regarded as the OCV (which corresponds to the |
above-described SOC_e) by using the correlation between an OCV and an SOC. - ,

[0088] __ In step S115, the_controller 30 calculates the f_ull charge capacity FCC of
the battery pack 10 on the basis of the above-described mathematical expressiorl (1). The
SOC_s yid‘en'tified in the process of step S=l05 or step S106 is used as the SOC_s shown in
the above-desCribed mathematical ex.pression- (1). The SOC_e calculated \in the process
of step S114 is used as the SOC_e shown in the above-described mathematical expression
(1). The accumulated current value SIb calculated in the pfocess of step S108 is used as
the accumulated current value ZIb shown vih the abo_ve-described mathematical expression
). |

{0089]  In the processes shown in FIG. 4, the polarization elimination times ts, te .
are calculated instead, one of the polar1zat10n elimination times ts, te may be calculated.
In th1s case, one of the processes of step S104 and step S112 shown in FIG. 4 is executed.
In the processes of step S105 and step S114 shown in FIG. 4, an opportunity to calculate

the SOC from the OCV is obtained. When the polarization elimination time ts is not
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calculated, a predetermined time (fixed value) may be used as the polarization elimination "
time ts. ~Similarly, when the. polarization elimination time te is not calculated, a
predetermined time (fi)red ’value) may be used as the polarization eliminatien time te.

[0090] - In the processes shown in FIG. 4, when the elapsed time tm_e is shorter
than or equal to the polarization elimination time te and a command to start up the battery
system is issued, the full -charge‘ capacity FCC of the battery pack 10 is not calculated. -
-However,; in this case as well, the full charge capacity FCC of the -battery pack 10 may-be -
calcnlated. | » |

[0091] For example, when the SOC of the battery pack 10 is calcuiated during
external charging, the SOC at the time when external charging is stopped may be used ias
the SOC_e. On the other hand, after external charging is stopped, the voltage value Vb of
the batterypack 10 is detected with the use of the voltage sensor 21, and the voltage value |
Vb may be regarded as the OCV of the battery pack 10. By using the correlatlon between
an OCV and an SOC, the SOC corresponding to the OCV may be used as the SOC_e.
When the SOC_e is identified, it is possible to calculate the full charge capacity FCC of
the battery pack 10 as described above. |

[0092] . FIG 6 shows the behavior (one example) of the SOC of the battery pack
iO. In FIG. 6, the ordinate axis represents the SOC of the battery pack 10, and the
abscissa axis represents time. . Between time t1 and time t2, the vehicle travels, and the
battery pack 10 is charged or discharged in response to the traveling state of the vehicle.
The ignition switch is switched from the on state to theoff state at time t2. At time t2, the
polarization elimination time ts is calculated, and nieasurement of the elapsed time tm_s is
started. The polarization elimination time ts is calculated frorn the battery temperature Tb
at time t2 and the rate of change in electromotive voltage within the predetermined time
until time t2. |

[0093] Between time t2 and time t3, the vehicle is leftstanding, and charging or
discharging'ef the battery pack 10 is stopped. At time t3, external charging is started
upon reception of a command to carry out external charging. A time from time t2 to time

- 13 is the elapsed time tm_s. In the processes shown in FIG. 4, it is determined whether the
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elapsed time \tm_s- is longer than the polarization elimination time ts. When the elapvsed
time tm_s is longer than the polarization elimination time ts, the OCV of the battery pack
10 at time {3 is identified, and the SOC_s corresponding to the identified OCV is
calculated. When the elapsed time tm;s is shorter than or equal to the polarization‘ ’
elimination time ts, the SOC of the battery pack 10 at time t2 is used as the SOC_s.

[0094]  Between time t3 and time t4, external ch ’rging is carried out. The SOC
»"of the battery pack 10 increases as a result of external chargmg At time -t4, extemal-
charging is stopped At time t4, the polar1zat10n el1m1nat1on t1me te is calculated and
measurement of the elapsed time tm_e is started. Between time t4 and time t5, the
vehicle is left Standing,‘ and charging or discharging of the battery pack 10 is stopped. At
; time t5, a command to start up the battery system is issued. | |

[0095] A tirue from time t4 to time t5 becomes the elapsed time tm_e, and, in the
plocesses shown in FIG. 4, it is determined whether the elapsed time tm_e is longer than
the polarlzatxon climination time te. When the elapsed time tm_e is longer than the
polar12at1on e11m1nat1on time te, the OCV of the battery pack 10 at time t5 is identified, and
the SOC e correspond’ing to the OCV is calculated’ When the elapsed time tm_e is
shorter than or equal to_the polarlzatlon elimination time te, the SOC e is not. calculated )
and the full charge capacity FCC is also not calculated. However, even when the elapsed
time tm_e 1s shorter than or equal to the polar1zat10n ehmmauon time te, the full charge
capacity FCC may be calculated as described above. |

| {0096} In the present ‘embodiment, the polarization elimination times ts, te are

changed in re'spor‘lse to the rate of change in electromotive voltage or the battery
temperature Tb. As described with reference to FIG. 3, as the rate of change in
electromotive VOItage increases, the polarization elimination times ts, te.may be shortened.
Thus, an opportunity fo.r'the elapsed times tm_s, tm_e to .be respect‘ively longel than the
polarization elimination times ts, te increases, so itis possible to increase an opportunity to
execute the processes of step S105 and S114 'shown in FIG. 4.

[0097] ’In estimating the SOC, in terms of ensur‘ing‘ thevestimation accuracy of the

SOC, it is preferable to calculate (estimate) the SOC from the OCV (including the voltage
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value Vb within the allowable range of the OCV). - Therefore, it is preferable to increase
an opportunity to execute the processes of step S105 and step S114. On the other hand,
~ when the estimation accur’acy of the SOC is ensured, it is‘possible to ensure the estimation -
accuracy of the full charge capacity FCC. Thus when the full charge capacrty FCC is
calculated (estrmated) it is preferable to use the SOC that is calculated from the ocv
(mcll_drno the voltage value Vb within the allowaole range of the OCV). By increasing
- an- opportunity to execute the processes of step: S105 and step S114, it is possible to.
’ -1ncrease an opportunlty to calculate the full charge capac1ty FCC by using the SOC that i is
‘calculated from the OCV (including the voltage value Vb within the allowable range of the
ocv). o |
' [0098] 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
detailedb description thereof is omitted. Hereinafter, the difference from the first
_ernhodiment will be mainly descr‘ibed;‘
' [0099]  The rate of change in electrornotive voltage is a value obtained by dividing

the variation AOCV by the variation ASOC, and depends on the correlation (OCV curve)

... between an OCV and an SOC as described with reference to FIG. 2. . Therefore, there isa

correlation shown in FIG. 7 between a rate of change in electromotive voltage and an SOC
The correlation shown in FIG. 7 may be calculated on the basis of the OCV curve shown in
FIG.2. The gradient of a tangent to the OCV curve passing through the SQC (one point)
of the OCV curve becomes the rate of change in electromotive voltage. Thus, the
correlation shown in FIG. 7 is obtained. |
[0100] In the first embodiment, the polarization elimination times ts, te are

calculated from the rate of change in electromotive voltage; 'however, when the correlation
shown in FIG. 7 is used, the polarization elimination times ts, te may be calculated from
the SOC of the battery pack 10. When the SOC of the battery pack 10 is calculated
‘ (estimated), the rate of change in electromotive V'oltage, corresponding to the SOC, may be
identified by using the correlation- shown in FIG. 7. When the rate of change in

electromotive voltage is identified, it is possible to identify the polarization elimination
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times ts, te by using the correlation shown in FIG. 3. As in the case of the first
embodiment, when the polarization elimination times ts, te are calculated, tﬁé vbatt'ery
temperature Tb may be taken ihto consideration. |
[0101] In the pr.esent‘ embddimcnt, the polarization elimination timeé ts, te are
calculated from the SOC of the batiery pack 10 without calculating the rate of change in
. electromotive voltage. The flowchart shoWn in FIG. 8 shows rthe\'processb of calculating
the full charge capacity of the battery pack 10 in the present embodiment, and corresponds
“to the flowchart shown in FIG. 4. Like step}numb'ers denote’ the same proceSsés z;s the
processes described in the flowchart shown in FIG. 4, and the detailed description.thereof
-is-omitted. | _ | |
[0102])  In the bresent embodiment, instead of the pr()cess‘ of step ‘5101 shown in
FIG. 4,‘the process of step S116 showh in FIG. 8 is executed.. In step S116, the controller
30 c;aléu_lates the polarization elimination time ts on the basis of the SOC of the battery
pabk 10 and the battéry temperature Tb. The SOC of the battery pack 10 is_the SOC at
the time ‘when charging or discharging of the battery pack 10 is stopped in response to
switching of the igl.litionvsv.vitch into the off stéte’. The SOC corresponds to the SOC_s |
~described in the process .of step S106. . Tﬁe _battery,;temperatur_e Tb _is the battery
temperature Tb abt'the time when chérging or discharging of the béttery pack 10 is vstoll)ped"
in response to switching of the ignitibn switcﬁ into thé off étate, and is detected by the
tve’:m'pe‘rature sensor 23. | _

[0103] : ‘When the SOC’ of thé battery pack 10 is calculated, the polarization
elimination time ts may be calculated by using the correlation between ‘an SOC and a rate
of éhange in electromdtive voltage and the correlation between a rate of change in
electromotive voltage and a polarization elimiﬁation time, as describéd -above. In the
prdcess of st‘ep S116, the pqlarization elimination time ts is calculated in consideratiqn of
not only,tﬁe SOC of the battery pack 10 but also the battery temperature Tb. ! However, it
is-possible to calculate the polarization elimination time ts from the SOC of the battery

- pack 10 without conéideraﬁon of the battery temperature Tb ‘The thus calculated

polarization elimination time ts is used in the process of step S104.
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[0104] JIn the présent embodiment, instbad of the process of step S110 shown in
FIG. 4, the process of step S117 shown in FIG. 8 is executed: In step Sil7, the controller
30 stops external charging as in the case of the first embodiment. The con‘tro'ller 30
~ calculates the polarization elimination timé te on the basis of the SOC of the battery pack
10 and the battery temperature Tb. The SOC of the battery pack 10 is the SOC at the
completlon of external char Omg ‘ ,

- [0105] - - The SOC is obtained by addlng the variation ASOC during the period
when exte_rnal charging to the. SOC at the start of external charging. The SOC s
described in the process of stbp S105 or step S106 may be used as the SOC at the start of
‘external cbarging. On the other hand, the variation ASOC may be calculated by dividing
the accumulated current value ZIb calculated in the p‘ro‘cess of step S108 by the full charge
capacity FCC. The battery temperature Tb is the ‘_battery‘ temperature Tb at the
completion of external charging, and is detected by the temperature sensor 23. -

[0106] When thb SOC of the battery pack 10 is calculated, the polarization
el-iminqtion time te may be calculated as described above. In the p’ro'cess‘of step S117, the .
polérization elimination time te is calculated in conSideratioﬂ of not oniy the SOC of the
_ battery pack 10_but also the battery temperature Tb. However, the . polarization
elimination time te may be calculated from the SOC of the battery pack 10 without
consid‘erétion of the battery temperature Tb The thus calculated polarization elimina_tion‘
time. te is usgd in the process of step S112.

[0107] One of the processes of step S116 and step S117 shown in FIG. 8 may be
| cxecuted. When only the process of step S116 is executed, the process of step S110
shown in FIG. 4 ‘may be executed instead of the process of step S117. | Ihstead of the
process of step S117, a predefermined time (fixed value) may be used as the polarizvation\
ehmmatlon time te. | | | o

[0108] When only the process of step S117 is executed, the process of step S101
- shown in FIG. 4 may be executed instead of the process of step S116. Instead of the
procesé of step Sll6,ve‘l predetermined fime (fixed value) may be used as the polarization

elimination time ts.
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: '[Q109] A third embodiment of the invention will be described. Like reference
numerals denote the same "component.s to those described in the first embodiment, and the
detailed description  thereof is omitted. Hereinafter, vth‘e differepce from the first
embodiment will be majnly described. | |

[0110]  The rate of change in électromotive voltage is a value obtained by(dividi~ng ,
the variation AOCV by the variation ASOC, and depends on the correlation (OCV curve)‘
~bctw-eén~ain »OCVand an SOC as described with réference to FIG. 2. - - Therefore, 'thére is a
correlation ShOWn in FIG. 9 between a rate of change in electrombtive voltage and an OCV.
‘The correlation shown in FIG. 9 in_ay be calculated oﬁ the basis of the OCV curve shown in
FIG. 2. The gradient'of a tangent to the OCV curve passing through the OCV (one point)
of . the OCV curve becomes the rate of change in electromotive voltage; 'Thus, the
correiatidn shqwn in FIG. 9 is obtained. -

[0111] In the :\first embodiment, the pblariza,tion elimination times ts, te are
calculatéd from the rate of change in electromotive voltage; bhowcver, when the correlation
shown in FIG. 9 is used, the polérization elimination times ts, te may be calculated from
the OCV of the battery pack 10. When the OCV of the battery pack 10 is identified, the
-rate of change ih electromotive voltage co_rrespondingb ,tb the OCV may be _i_dent_ified by .
using the correlation shown in FIG 9. Wheﬁ the rate of change in electromotive voltage
is identified, the polarization elimination times ts, te may be identified by using the
correlation shdwn in FIG. 3. As in the case \of the first embodiment, when the
polarizatidn elimination times ts, te are calculated,. the battery temperature Tb may be
taken into consideration. | | | |

[011'2]‘ In the present embodiment, the pdlarization elimination times ts, te are
calculated from the voltage value Vb of the battery pack 10 withoutv calculating the rate of
change in electromotive voltage. The flowchart shown in FIG. 10 showsAthe process of
calculating the full charge capacity of the battery pack 10 in the present efnbodiment, and
corresponds to theﬂoiycharf shown in FIG. 4. Like step nu'mbersv.denote the same
procésses as the processes described in the ﬂoWChart shown in FIG. 4, and the detailed

description thereof is omitted.
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[0113]  In the present embodiment, instead of the process of step S101 shown in
'FIG. 4, the process of step S118 shown in FIG, 10 is executed. In step S118, the controller
30 calculates the polarization elimination time ts on the basis of the voitage value Vb of the
battery péék 10 and the battery teﬁxperaiure Tb. The voltage value Vb of the bzittery pack
10 is the voltage value Vb after charging or discharging of the battery pack 10 is stopped in
response to switching of the ignition switch into the off state, and is deteéted by the voltage
- sensor-21. - - The voltage value Vb is ré’garded as the OCV of the battery pack 10. Tﬁe
battery temperature Tb- is the battery temperature Tb after charging or discharging of the
battery pack 10 is stopped in response to switching of the ignition swifch into the off state, |
and is detected by the temperature seﬁsor 23. | | |
[0114] By regarding‘ the volfage value Vb of the battery pack 10 as the OCV, the
polarization elimination time ts may be calculated by using the cbrrelation between an
OCV and a rate of chénge in electromotivé voltage and the correlation between a rate of -
change in electromotive voltage and a polarization elifnination time, as described above.
In the process of step S118,- the polarization elimination time ts is calculated in
consideration of not 6n1y the voltage value Vb (value regarded as the OCV) of the battery
Vp,a(.:k 10 but also the battery temperature Tb , Hovvycycr, the polarization elimination time
ts may be. calculated f;om the voltage value Vb of the, baitery ‘paick 10 without
consideration of the ba,tter‘y temperature Tb. | |
[0115] In the process of step S103, until it is.determined that a command to carry
out external charging is i‘ssued, the pfocesses of sfep S118 and step S102 are executed.
. When the procéss returns from the process of step S103 to the process of step S118, the
po_larization elimination time ts is calculated again on the basis of the voltage value Vb and
the battery temperature Tb at this time. That is, until a command to carry out external
chérging is issued, detection of the voltage value Vb and the battery temperature Tb is
repeated, and calculétion of the polarization elimination time ts is repeated. The
polarization elimination time ts that is used in the process of step 8104 is the polarization
elimination time ts that is calculated from the voltage value Vb and thé battery temperature

Tb at the time when a command to carry out external charging is issued.
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[0116] As a time from when the ignition switch is switched intovthe off state
extehds, pdlarization that has occurred as a result of charging or discharging of the battery
pack 10 before the ignition switch is switched into the off stété becomes "easy to be
eliminated. Accordingly, the voltage value Vb changes and appfoaches the OCV. Thus, '
when the pfoéess returns from the bprocess of step S103 to the process of step S118, the
voltage value Vb. has changed, and the .polarization elimiﬁation time ts is calculated on the
- basis of the changed voltage value Vb.-

[0117] Whén the procéss returns from the procéss of step S103 to the process of
step S118, the battery temperature Tb may change. In this éase, the polarization
elimination time ts is calculated 6n the basis of the changed battery tempverature Tb.
| [0118)  As described abdve, in calcu>latving the polarization g:linii’nation time ts, the
voltage value Vb is regarded as tﬁe OCV. As the voltage value Vb approaches the OCY,
it is possible to acquire a more accurate raié of change in electromotive voltage, and it is
possible to calciilate a more accurate polarization elimination time ts. The thus calqulated
polarization elimination .time ts is compared .With the el_absed time tm_s. When the
elapsed time tm_s is longer than the polarization elimination time ts, the process of step
.S105 may be executed.. In the proceéé_ of step S105, the SOC_s jnc,lude,d_ in the allowable
range ASOC _err described in FIG. 2 is eaéy to be clalculated.' Accordingly, the estimation
accuracy of the full 'char'ge capécity FCC that is calculated from the SOC s is e.asy to be
ensured. ‘ ‘ J N ‘ .

 [011‘9]> ~ In the present embodiment, instead of the process of step S110 sflown in
- FIG. 4, the processes 6f siep S119 andv step S120 shown in FIG. 10 are executed. In step
Sli9, the controller 30 stops external charging as in the case of the first embodiment. In
step S120, the controller 30 calculates the polarization elimination time te onthe basis of
the voltage Vélue Vb of the battery pack 10 and the battery temperature TB. The voltage
~value va of the battery pack 10 is the voltage value Vb after external charging ié stopped,
and is detected by the voltage sensor 21 The voltage value Vb is regarded as the OCV of
the“lbattery pack 10. The battery temperature Tb is the battery temperature Tb after

external charging is stopped, and is detected by the temperature sensor 23.
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[0120] By regarding the voltage value \vflb‘of the battery pack 10 as the OCY, the
polarrzanon elimination time te may be calculated by using the correlation between an
OCV and a rate of change in electromotive Voltage and the correlation between a rate of
change in electromotive voltage and a-polarization elimination time, as described‘ab_ove.
In the process of step 8120 the polarization elimination time te is calculated in
consideration of not only the voltage value Vb (value regarded as the OCV) of the battery
—pack-10 but also the battery temperature Tb. - HoWever the polarization elimination time |
te may be calculated from the voltage value Vb of the battery pack 10 w1thout
consrderatron of the battery temperature Tb. .

[0121] In the process of step S113, vwhen no command to start up the battery
system is issued, the process of step S120 is executed. When the process_returns from the
| process of step S113 to the process of step S120, the polarization elimination time te is
calculated again on the basis of the voltage value Vb and the-battery temperature Tb at this
time. -That is, while no command to start up the battery system is issued; detection of the
voltage value Vl) and the battery temperature Tb'is repeated, and calculation of the
polarization elimination time te is repeated The thus calculated polarization elimlnatiOn'
. time. te is used in the process of step S112. . That is, in the process of step S112, the latest
calculated polarlzatton ehmmatron trme te is used.

[0122]  As a time from when external charging is stopped extends, polarization
that has -occurred as a result of external charging becomes easy to be eliminated.
Accordingly, the voltage value Vb changes and approaches the OCV. Thus, when the
process returns from the process of ‘step S113 to the process of step S120, the voltage value
Vb has ‘changed, and the polarization elimination time‘ te is calculated on the basis of the

| changed voltage value Vb. | ,

- T0123] When the process returns from the process of step S$113 to the process of
step S120, the battery "temperature Tb may. change. In th1s case, the polarlzatlon
elimination time te is calculated on the basis of the changed battery temperature Tb.

- [0124] As described above, in calculating the polarization elimination time te, the

- voltage value Vb is regarded as the OCV. As the voltage value Vb approaches the OCV,
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- it is possible to écquire a more accurate rate- of change in electromotive voltage, and\ it is
pbs_sible to calculate a more accurate polarization elimination time te. ‘Th'e thus l:alculated
polarization elimination time te is compared with the elapsed tim_e\ tm_e. When the
elapSed time tm_e is longer thaﬁ the polarization elimination time te, the process of step
| S114 Iﬁay be ex.ecuted.. In the procésé of step S114, the soc;e included in the'allowéble
range ASOC_err described in FIG. 2 is casy to be calculated. Accordingly, the _estimation
-accurécy of the full charge capacity- FCC that is calculated from the SOC_; is easy-to be- .
| ensured. | | |

’[0125] In the present embodiment, the process returns frpm the process of step
S103 to the process of step S118; however, the process is not limitéd to this configuration.
Specifically, when no command to carry out external cha;ging is issued, the process may
: réturh from the process‘ of step S103 to the process of step. S102. In this case, when the
process shown in FIG. 10 is started, the proc‘éss of stép S118 is -exeéﬁted only once.

[0126] | In the preéent embodiment, the pfoce_ss returns from the process of step
Sll13 to the process of step S120; however, the_brocess is not limited to this configuration.
Specifically, when no command to start up the baftery -systém is ‘issued, the précess may
; r,e.turn'_fro_m thé process of step S113 to the process of step S111.  In this_cés_e, the process

~ of step S120 is executed only once.
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'CLAIMS:. ' ' o

1. An electrical storage system comprising:

an electrrcal storage device conflgured to be charged by an external charglng, the

external chargmg belng to carry out chargrng with electric power from an external 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 |

(a) calculate a full charge capacity-o'f the electrical storage device on the basis
of a state of charge of the electrical storage device at the time when the external
chargrng is started, a state of charge of the electrrcal storage device at the time when -.
the external charging is completed and an accumulated value of the current value
during the period when the external chargrng is being carrled out,

(b) set avpolarization elimination time, the polarization elimination time being

.used. to determine an eliminated state-of polarizati_o_n that occurs as a result of

charging or discharging of the electrical stora’ge device,

| (c) regard a voltage value of the electrical storage device at the time of atvleast |
one of the start of the external c‘harging or the completion of the externnl charging as
an open circuit voltage of the electrical storage device, the voltage value being

detected by the voltage sensor, when a stopped time during the period when charging

“or discharging of ‘the  electrical storage device is stopped is longer than the

};olarization elimination time. |

(d)_calculate the state of charge corresponding to the voltage value detected by
the voltage sensor as the state of charge that is used to calculate the full charge
capacity by using a correiation between the Aop‘en‘ circuit voltage and the state of
c’harge,’and

(e) shorten the polarization elimination time as a rate of change increases, the -
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rate -of change indicating a ratio of a variation in the open circuit voltage to a

variation in the state of charge.

2. The electrical stcrage System according to claim 1, wherein
the controller is chfiglired to, when charging or discharging of the electrical storage -
device is stopped, calculate the vnriaticn in the state of charge and the variation in the open
circuit veoltage on-the basis of the state of charge and the open circuit voltage in- a Aper—iod
until the charging or discharging is stopped and also calculate the rate of change, ahd
calculate the polarization elimination time corxeSponding to the calculated rate of ‘change

by*using.a correlation between the rate of change and the polarization elimination time.

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

‘the controller is configured tovcalculate the state of charge at the time when charging
or diéchérging of the electrical stcr_age device is stopped, and calculete the polarization -
‘elimination time corres‘ponding to the calculated state of charge by using a correlation
between the rate of change and the polarization elimination time and a correlation \between

..the rate of change and the state of charge. .

| 4. The electrical storage system according to claim 1, wherein
the controller is configured to, while charginvg or discharging of the electrical storage
device is stopped, calculate the polarizaticn eIimin‘atiOn-time corresponding to the voltage
value detected by the voltage sensor by using a correlation between the rate of change and
the polarization elimination time and a’lcor_relation between the rate of change and the

voltage value.

5. The electrical storage system according to claim 4, wherein
the controller is configured to, while charging or discharging of the electrical storage
device is stopped, repeat detection of the voltage value by the voltage sensor, and calculate

the polarization elimination time corresponding to the detected voltage value each time the
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voltage value is detected.

6. The electrical storage systeni accofding to any one of ciaims 1 to 5, further
-comprising: |

a temperature  sensor configured to dete’ct a temperature of the electrical storage
device, wherein | o
- - - the \--‘controller'vis-'con-figured to shorten - the polarization‘ climination time as the

temperature increases.

7.  An electrical storage system for a vehicle, the electrical stbrage system
comprising: |
an electrical storage device cdnﬁgt’xred’ to be charged with electric povwer‘ from an
external power supply, the external powef supply.being installed ou.téid_e the electrical
- storage device separately from the electrical storage device; » |
a voltage sensor cor'lfi‘g’ur‘ed to detect a voltage value of the electrical storage device;
S | A _ v
a controller configured to _ |
calculate .a rate of change in electromotive.vc')ltage at a‘tileast one of first timing
or second timjng, | |
calculate a predetermined standby time on the basis of the rate of change in
electromotive v'ol"‘tage,‘ |
calcuiate a state of c‘har'ge of the electrical storage devicé; - when thé‘
'predetermine‘d standby Vtim'e.-has eiapsgd from the first timing or the second ti’ming.,
calcufaté a full charge capacity of ‘t»he electrical storage device by using the state
of chargé, and ‘ | " ! |
shorten the predetgrmined standby time as the rate ofv change in electromotive
voltage increases,
the first timing being predetcrmined timing in a period fr‘om’wh‘en an ignition switch -

of the vehicle is switched into an off state to when charging of the electrical storage device



WO 2015/082972 PCT/IB2014/002616
39
with electric power from the external power shpply is started,
the second timing being predetermined timing during the period when the vehicle is

left sianding after charging of the electrical storage device with electric power from the

external power supply is éompleted,

the rate of change m electromotive voltage being a ratio of a variation in open circuit

‘voltage to a variation in state of charge of the electrical storage device.
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