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device In accordance with a load request, the control device predicts charge/discharge electric power of the power storage device
at which the output voltage reaches the upper/lower limit voltage and the upper limit voltage owing to increase Iin charge/discharge
electric power, respectively, based on a battery voltage and a battery current at present and an estimated internal resistance of the

power storage device. Then, the control device sets a charge/discharge electric power permissible value in accordance with the
predicted charge/discharge electric power.



10

CA 02651144 2011-10-11

ABSTRACT

A charge/discharge control device maintains an output voltage of a power
storage device within a voltage range from a lower limit voltage to an upper limit
voltage. To allow temporal relaxation ot a charge/discharge electric power limitation
of the power storage device in accordance with a load request, the control device
predicts charge/discharge electric power of the power storage device at which the
output voltage reaches the upper/lower limit voltage and the upper limit voltage owing
to increase in charge/discharge electric power, respectively, based on a battery voltage
and a battery current at present and an estimated internal resistance of the power storage
device. Then, the control device sets a charge/discharge electric power permissible

value 1n accordance with the predicted charge/discharge electric power.
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DESCRIPTION

Charge/Discharge Control Device and Charge/Discharge Control Method for

Power Storage Device, and Electric-Powered Vehicle

Technical Field

The present invention relates to a charge/discharge control device for a power
storage device, a charge/discharge control method for a power storage device, and an
electric-powered vehicle, and more specifically relates to charge/discharge control for
maintaining an output voltage of the power storage device within a controlled voltage
range from a lower limit voltage to an upper limit voltage.
Background Art

There has widely been used a system that drives and controls an electrical
apparatus serving as a load, while a power storage device, a typical example of which 1s
a secondary battery (hereinafter also simply referred to as a battery), 1s being

charged/discharged. For example, such a system is applied to a hybrid vehicle

configured to include an engine, a motor generator that functions as an electric motor or

an electric power generator, and a battery that receives electric power from and
transmits electric power to the motor generator for charge/discharge.

Japanese Patent Laying-Open No. 2002-58113 (hereinafter referred to as Patent
Document 1) discloses a configuration of a mechanical power output device configured
such that, to allow a battery mounted on a hybrid vehicle, as described above, to fully
exhibit its performance, a battery output limit 1s temporarily relaxed up to an
instantaneous output larger than a rated output exclusively tor prescribed power
allowable time, when an output requested from the battery exceeds the rated output.

Similarly, Japanese Patent Laying-Open No. 2003-92804 (hereinafter reterred to
as Patent Document 2) discloses, as a control device for a hybrid vehicle, a

configuration that variably sets permissible capacitance to be used and permissible time
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to be used during charge/discharge of a battery, in accordance with a running condition
of the vehicle, so as to provide satisfactory driving performance and ensure durability of
the battery by performing charge/discharge control for the battery in accordance with a
driving request. It 1s particularly disclosed that, on a condition that large electric
power must be supplied or recovered during short time, a margin of the battery 1s made
smaller to satisfy a request for a charge/discharge current, and a duration of
charge/discharge is set shorter to prevent the total quantity of charge/discharge from
being excessively large.

Further, J apanese Patent Laying-Open No. 11-187577 (hereinafter referred to as
Patent Document 3) discloses that a limit value for charge/discharge electric power 1s set
1n accordance with a battery temperature and a power storage quantity (SOC: State of
Charge), so as to perform charge/discharge with appropriate electric power suitable for
a state of the battery and an environment where the battery 1s used.

Further, Japanese Patent Laying-Open No. 2004-215459 (hereinafter referred to
as Patent Document 4) discloses a power supply control device for reducing charge time
required for a plurality of connected power storage means and reducing capacitance
relative to a discharge current value, and for performing charge/discharge control so as
to avoid occurrence of abnormalities in the power storage means. It 1s particularly
disclosed that, in this power supply control device, internal impedance (internal
resistance) of the plurality of power storage means (batteries) connected in parallel 1s
successively measured based on data of detected current and voltage, and the secondary
battery 1s charged/discharged based on the determined impedance, and a maximum
voltage value and a minimum voltage value.

As shown in Patent Document 4 as well, charge/discharge control for the battery
must be performed so as not to allow a battery output voltage to fall outside a
controlled voltage range from a minimum permissible voltage (lower limit voltage) to a
maximum permissible voltage (upper limit voltage) owing to overdischarge or

overcharge. Particularly in the control configuration that temporarily relaxes
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charge/discharge limitation in accordance with a request from a load, as in Patent
Documents 1 and 2, constderation must be given at this time so as not to allow the
battery output voltage to fall outside the controlled voltage range described above.

In this regard, Patent Document 1, for example, discloses that an instantaneous
output permissible for short time is determined from a battery temperature and
remaining capacity (SOC) at that time. Further, Patent Document 2 discloses that a
current quantity relaxed under charge/discharge limitation 1s determined based on an
SOC at present and a battery margin set in accordance with a driving circumstance.

However, in the configurations disclosed in Patent Documents 1 and 2, a battery
voltage at each time point, which momentarily varies, is not considered, and hence 1t 1s
difficult to accurately set a relaxed level of charge/discharge limitation permitted
exclusively for short time, within a range from a lower limit voltage to an upper limit
voltage. Therefore, depending on a charge/discharge history by that point in time, the
battery voltage may be excessively lowered, and hence may become lower than a lower
limit voltage when discharge limitation 1s relaxed.  Alternatively, in the case where
SOC estimation accuracy 1s degraded, the battery voltage may become lower than a
lower limit voltage when discharge limitation is relaxed. In view of this, if a relaxed
level of charge/discharge imitation 1s determined to ensure safety so as not to altow the
battery voltage to be higher than an upper limit voltage and lower than a lower limit
voltage, temporarily permissible charge/discharge electric power becomes small, and
hence there artses a problem of not being able to obtain the best performance from the
battery.

Disclosure of the Invention

The present invention has been made to solve the above-described problems.
An object of the present invention 1s to provide a charge/discharge control device for a
power storage device such as a secondary battery, capable of accurately setting a
charge/discharge electric power permissible value such that an output voltage of the

power storage device does not fall outside a voltage range from a lower limit voltage to
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an upper limit voltage, when charge/discharge hmitation for the power storage device is
temporarily limited, and an electric-powered vehicle mounted with the same.

A charge/discharge control device for a power storage device according to the
present invention 1s a charge/discharge control device for maintaining an output voltage
of the power storage device within a voltage range from a lower limit voltage to an
upper ltmit voltage, and includes: state obtaining means, first limitation setting means,
second limitation setting means, and internal resistance estimating means. The state
obtaining means obtains measurement values which indicate a state of the power storage
device. The first imitation setting means sets a discharge electric power permissible
value and a charge electric power permissible value for charge/discharge electric power
limitation for the power storage device. The second limitation setting means
temporarily relaxes the charge/discharge electric power limitation relative to the
charge/discharge electric power limitation set by the first imitation setting means, in
accordance with a request from a load of the power storage device. The internal
resistance estimating means estimates internal resistance of the power storage device,
based on the measurement values obtained by the state obtaining means. In particular,
the second limitation setting means includes predicting means and permissible value
setting means. The predicting means predicts at least one of discharge electric power
and charge electric power of the power storage device at which the output voltage
reaches the lower limit voltage and the upper mit voltage owing to increase in
discharge electric power and charge electric power, respectively, based on a battery
voltage and a battery current in the measurement values obtained by the state obtaining
means and the internal resistance estimated by the internal resistance estimating means.
The permissible value setting means sets at least one of the discharge electric power
permissible value and the charge electric power permissible value, in accordance with at
least one of the discharge electric power and the charge electric power predicted by the

predicting means.

A charge/discharge control method for a power storage device according to the
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present invention is a charge/discharge control method for maintaining an output voltage
of the power storage device within a voltage range from a lower limit voltage to an
upper limit voltage, and includes the steps of: obtaining measurement values which
indicate a state of the power storage device; setting a discharge electric power
permissible value and a charge electric power permissible value for charge/discharge
electric power limitation for the power storage device; temporarily relaxing the
charge/discharge electric power limitation relative to the charge/discharge electric power
limitation set by the setting step, in accordance with a request from a load of the power
storage device; and estimating internal resistance of the power storage device, based on
the obtained measurement values. In particular, the relaxing step includes the substeps
of predicting at least one of discharge electric power and charge electric power of the
power storage device at which the output voltage reaches the lower limit voltage and
the upper limit voltage owing to increase in discharge electric power and charge electric
power, respectively, based on a battery voltage and a battery current in the obtained
measurement values and the estimated internal resistance, and setting at least one of the
discharge electric power permissible value and the charge electric power permissible
value, in accordance with at least one of the discharge electric power and the charge
electric power predicted by the predicting substep.

According to the charge/discharge control device for the power storage device
or the charge/discharge control method for the power storage device described above, it
is possible to predict with high accuracy an electric power limitation value (maximum
dischargeable electric power and maximum chargeable electric power) at which the
output voltage reaches a lower limit voltage or an upper limit voltage as the
charge/discharge limitation is relaxed, based on a voltage and a current at a present
point in time, and determine at least one of the discharge electric power permissible
value and the charge electric power permissible value at relaxation of the
charge/discharge linitation relative to that in a normal state, such that at least one of

them corresponds to the predicted maximum dischargeable electric power and/or
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maximum chargeable electric power. Therefore, when the charge/discharge limitation
1s temporarily relaxed in accordance with a request from the load, 1t is possible to
sufficiently ensure a relaxed level of charge/discharge electric power, while preventing
the output voltage of the power storage device from falling outside the controlled
voltage range. As a result, it is possible to perform charge/discharge control such that
the output voltage is maintained within the controlled voltage range, while allowing the
power storage device to sufficiently exhibit its performance

Preferably, the predicting means determines a discharge current permissible
increased quantity of the power storage device by dividing a voltage difference between
the battery voltage at present and the lower limit voltage by the internal resistance, and
predicts the discharge electric power at which the output voltage reaches the lower Iimit
voltage, in accordance with multiplication of the lower limit voltage and a discharge

current which 1s expressed as a sum of the discharge current permissible increased

‘quantity and the battery current.  Alternatively, the predicting substep determines a

discharge current permissible increased quantity of the power storage device by dividing
a voltage difference between the battery voltage at present and the lower limit voltage
by the internal resistance, and predicts the discharge electric power at which the output
voltage reaches the lower limit voltage, in accordance with multiplication of the lower
limit voltage and a discharge current which s expressed as a sum of the discharge
current permissible increased quantity and the battery current.

With such a configuration, 1t 1s possible to predict maximum dischargeable
electric power with high accuracy with a simple operation, based on a voltage and a
current of the power storage device at present and the estimated internal resistance.

Preferably, the predicting means determines a charge current permissible
increased quantity of the power storage device by dividing a voltage difference between
the battery voltage at present and the upper limit voltage by the internal resistance, and
predicts the charge electric power at which the output voltage reaches the upper limit

voltage, in accordance with multiplication of the upper limit voltage and a charge
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current which 1s expressed as a sum of the charge current permissible increased quantity
and the battery current.  Alternatively, the predicting substep determines a charge
current permissible increased quantity of the power storage device by dividing a voltage
difference between the battery voltage at present and the upper limit voltage by the
internal resistance, and predicts the charge electric power at which the output voltage
reaches the upper limit voltage, in accordance with multiplication of the upper limit
voltage and a charge current which is expressed as a sum of the charge current
permissible increased quantity and the battery current.

With such a configuration, it 1s possible to predict maximum chargeable electric
power with high accuracy with a simple operation, based on a voltage and a current of
the power storage device at present and the estimated internal resistance.

An electric-powered vehicle according to the present invention is an electric-
powered vehicle which includes the power storage device, an internal combustion engine
for generating vehicle drive power, a first electric motor and a second electric motor
each configured to be able to receive electric power from and transmit electric power to
the power storage device in a bidirectional manner, and the charge/discharge control
device described above. The first electric motor 1s configured to be able to start the
internal combustion engine, by being driven and rotated by discharge electric power of
the power storage device. The second electric motor is configured to be able to
generate the vehicle drive power by the discharge electric power of the power storage
device, independently of the internal combustion engine. The charge/discharge control
device sets the discharge electric power permissible value by the second limitation
setting means, at least one of when the internal combustion engine is started, and when
an output request to the second electric motor 1s at least a prescribed level.

Alternatively, in the control method for the power storage device, the power
storage device 1s mounted on an electric-powered vehicle which includes an internal
combustion engine for generating vehicle drive power and an electric motor configured

to be able to receive electric power from and transmit electric power to the power
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storage device in a bidirectional manner. The electric motor is configured to be able to
generate the vehicle drive power by discharge electric power of the power storage
device, independently of the internal combustion engine, and to be able to generate
charge electric power of the power storage device by regenerative braking power
generation caused by regenerative torque being generated when the electric-powered
vehicle 1s decelerated.  The relaxing step sets the charge electric power permissible
value by the setting substep, when an absolute value of the regenerative torque
requested from the electric motor is determined to be at least a prescribed value.

With this configuration, in the electric-powered vehicle (a hybrid motor vehicle
or the hke) mounted with the internal combustion engine, the power storage device, and
the electric motor configured to be able to receive electric power from and transmit
electric power to the power storage device in a bidirectional manner, and in a driving
circumstance where a discharge request to the power storage device is larger relative to
that 1n a normal state, it is possible to temporarily relax the discharge limitation, while
preventing the output voltage of the power storage device from decreasing below the
lower limit voltage.

Further, an electric-powered vehicle according to the present invention is an
electric-powered vehicle that includes the power storage device, an internal combustion
engine for generating vehicle drive power, an electric motor configured to be able to
recetve electric power from and transmit electric power to the power storage device in a
bidirectional manner, and the charge/discharge control device described above. The
electric motor is configured to be able to generate the vehicle drive power by discharge
electric power of the power storage device independently of the internal combustion
engine, and to be able to generate charge electric power of the power storage device by
regenerative braking power generation caused by regenerative torque being generated
when the electric-powered vehicle i1s decelerated. The charge/discharge control device
sets the charge electric power permissible value by the second limitation setting means,

when an absolute value of the regenerative torque requested from the electric motor is
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determined to be at least a prescribed value.

Alternatively, in the control method for the power storage device, the power
storage device is mounted on an electric-powered vehicle which includes an internal
combustion engine for generating vehicle drive power and an electric motor configured
to be able to receive electric power from and transmit electric power to the power
storage device in a bidirectional manner. The electric motor 1s configured to be able to
generate the vehicle drive power by discharge electric power of the power storage
device independently of the internal combustion engine, and to be able to generate
charge electric power of the power storage device by regenerative braking power
generation caused by regenerative torque being generated when the electric-powered
vehicle is decelerated. The relaxing step sets the charge electric power permissible
value by the setting substep, when an absolute value of the regenerative torque
requested from the electric motor 1s determined to be at least a prescribed value.

With such a configuration, in the electric-powered vehicle (a hybrid motor
vehicle or the like) mounted with the internal combustion engine, the power storage
device, and the electric motor configured to be able to receive electric power from and
transmit electric power to the power storage device 1n a bidirectional manner, and in a
driving circumstance where an absolute value of the regenerative torque requested from
the electric motor is larger than a prescribed value and a charge request to the power
storage device 1s larger relative to that in a normal state, such as when the brake 1s
manipulated during high-speed running, or when a deceleration degree 1s large owing to
the brake manipulation or the like even during running at a relatively low speed, it is
possible to temporarily relax the charge limitation, while preventing the output voltage
of the power storage device from being higher than the upper limit voltage.

Therefore, according to the present invention, it is possible to accurately set a

charge/discharge electric power permisstble value at temporary relaxation of the

charge/discharge limitation for the power storage device, such that the output voltage of

the power storage device does not fall outside a voltage range from a lower limit voltage
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to an upper limit voltage.
Brief Description of the Drawings

Fig. 1 is a control block diagram of a hybrid vehicle shown as a representative
example of an electric-powered vehicle mounted with a charge/discharge control device
for a power storage device according to an embodiment of the present invention.

Fig. 2 i1s a block diagram that shows a schematic configuration of
charge/discharge control for the power storage device according to the embodiment of
the present invention.

Fig. 3 is a flowchart for describing setting of a discharge electric power
permissible value according to the embodiment of the present invention.

Fig. 4 1s a conceptual diagram for describing a technique of predicting a
maximum dischargeable electric power.

Fig. 5 1s a flowchart for describing setting of a charge electric power permissible
value according to the embodiment of the present invention.

Fig. 6 is a conceptual diagram for describing a technique of predicting a
maximum chargeable electric power.

Best Modes for Carrying Out the Invention

An embodiment of the present invention will hereinafter be described in detail
with reference to the drawings. Note that the same or corresponding portions in the
drawings are provided with the same reference characters in the following and the
description thereof will not be repeated in principle.

Fig. 1 1s a control block diagram of a hybrid vehicle shown as a representative
example of an electric-powered vehicle mounted with a control device for a power
storage device according to an embodiment of the present invention. Note that the
electric-powered vehicle 1s not limited to the hybrid vehicle shown in Fig. 1, and the
present invention may also be applied to a hybrid vehicle of another mode (e.g. a series-
type hybrid vehicle) or an electric vehicle, as long as the vehicle 1s configured to be able

to recover energy caused by regenerative power generation during deceleration of the
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vehicle and store the same in the power storage device.

In the present embodiment below, a secondary battery (battery) i1s shown as an
example of the power storage device. However, it is described for confirmation that a
power storage device in another form such as a capacitor, a representative example of
which is an electric double layer capacitor, may also be used.

With reference to Fig. 1, the hybrid vehicle includes an internal combustion
engine (hereinafter simply referred to as an engine) 120 such as a gasoline engine or a
diesel engine, and a motor generator (MG) 140, as a drive source. Motor generator
140 1ncludes a motor generator 140A (heremafter also expressed as a motor 140A for
convenience of description) that mainly functions as a motor, and a motor generator
140B (hereinafter also expressed as a motor 140B for convenience of description) that
mainly functions as a generator. Note that motor 140A functions as a genefator, or
generator 140B functions as a motor, in accordance with a running state of the hybnd
vehicle.

In addition, the hybrid vehicle includes a speed reducer 180 that transmits
mechanical power generated by engine 120 and motor generator 140A to a drive wheel
160, and transmits drive power of drive wheel 160 to engine 120 and motor generator
140A, a power split device (e.g. a planetary gear mechanism) 200 that distributes
mechanical power generated by engine 120 between two paths, namely, drive wheel 160
and generator 140B, a battery 220 for running that serves as a power storage device for
storing electric power for driving motor generators 140A, 140B, an inverter 240 that
performs current control by making a conversion between a direct current in battery 220
for running and an alternating current in motor generator 140A, an inverter 241 that
performs current control by making a conversion between a direct current in battery 220
for running and an alternating current in motor generator 140B, a battery control unit
(heremnafter referred to as a battery ECU (Electronic Control Unit)) 260 that manages
and controls a charge/discharge state of battery 220 for running, an engine ECU 280
that controls an operating state of engine 120, an MG ECU 300 that controls motor
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generators 140A, 140B, battery ECU 260, inverter 240, and others in accordance with a
state of the hybrid vehicle, and an HV_ECU 320 that manages and controls battery ECU
260, engine ECU 280, MG_ECU 300, and others in an interrelated manner to control
the entire hybnid system such that the hybrid vehicle can travel most efficiently.

To an accelerator pedal 410 manipulated by a driver, an accelerator pedal sensor
415 1s connected.  Accelerator pedal sensor 415 generates an output voltage that
corresponds to a manipulated degree (press-down degree) of accelerator pedal 410 by
the driver. Similarly, to a brake pedal 420 manipulated by the driver, a brake pedal
sensor 425 1s connected. Brake pedal sensor 425 generates an output voltage that
corresponds t0 a manipulated degree (press-down degree) of brake pedal 420 by the
driver. The output voltages of accelerator pedal sensor 415 and brake pedal sensor
425 are transmitted to HV_ECU 320. HV ECU 320 can therefore sense the
manitpulated degree (press-down degree) of each of accelerator pedal 410 and brake
pedal 420 by the driver.

In the present embodiment, a converter 242 1s provided between battery 220 for
running and nverter 240. Thereby, even if a rated voltage of battery 220 for runming 1s
lower than a rated voltage of motor generator 140A or motor generator 140B, the
voltage can be stepped up or stepped down by converter 242 so that electric power can
be received and transmitted between battery 220 for running and motor generators 140A,
140B. Converter 242 has a smoothing capacitor embedded therein, and can store
electric charge in the smoothing capacitor when performing a step-up operation.

Note that, although the ECUs are separately configured in Fig. 1, it may be
possible to adopt a configuration in which two or more of the ECUs may be integrated
into an ECU (e.g. as shown in Fig. 1 by a dotted line, an ECU in which MG ECU 300
and HV_ECU 320 are integrated 1s an example thereof).

Power split device 200 uses a planetary gear mechanism (a planetary gear) for
allotting mechanical power of engine 120 to both of drive wheel 160 and motor

generator 140B. By controlling a rotation speed of motor generator 140B, power split
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device 200 also functions as a continuously variable transmission. Rotary force of
engine 120 1s input to a planetary carrier (C), and transmitted by a sun gear (S) to motor
generator 140B and transmitted by a ring gear (R) to the motor and an output shaft (a
side of drive wheel 160). When rotating engine 120 1s to be stopped, engine 120 1s
rotating, and hence kinetic energy of this rotation 1s converted into electric energy by
motor generator 140B, so that a rotation speed of engine 120 is lowered.

The hybnd vehicle mounted with the hybrid system, as shown in Fig. 1, 1s run
only by motor 140A 1in motor generator 140 at startup, during low-speed running, or the
like, when efficiency of engine 120 is low. During normal running, mechanical power
of engine 120 1s divided by power split device 200, for example, to be provided to two
paths, so that drive wheel 160 is directly driven, while generator 140B is driven to
generate electric power. At this time, the generated electric power 1s used to drive
motor 140A to assist driving of drive wheel 160. Further, during high-speed running,
electric power from battery 220 for running 1s further supplied to motor 140A to
increase an output of motor 140A, so that drive power is additionally provided to drive
wheel 160.

In contrast, during deceleration, motor 140A that is driven by drive wheel 160
functions as a generator and generates electric power by regenerative braking, so that
the recovered electric power can be stored in battery 220 for running. Note that the
regenerative braking herein includes braking accompanied by regenerative power
generation performed when the driver that drives the hybrid motor vehicle manipulates
the foot brake, and deceleration of the vehicle (or stop of acceleration) accompanied by
regenerative power generation performed by moving the driver's foot off the accelerator
pedal even if the foot brake ts not manipulated.

Electric power to be regeneratively generated 1s set in accordance with a charge
electric power permissible value for battery 220 for running. In other words, when
charge of battéry 220 for running 1s inhibited, regenerative power generation is also

inhibited, and a torque command value for motor generator 140A 1s set to zero.
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In contrast, if a quantity of charge of battery 220 for running is lowered and
charge 1s particularly required, an output of engtne 120 is increased to increase a
quantity of electric power generated by generator 140B, so that a quantity of charge for
battery 220 for running is increased. Of course even during low-speed running, control
1s provided as needed such that an output of engine 120 is increased. For example,
such a control 1s provided in the case where charge of battery 220 for running is
required, as described above, the case where auxiliary equipment such as an air
conditioner is driven, the case where a temperature of cooling water for engine 120 1s
raised to a prescribed temperature, and other cases.

Each of drive wheel 160 and wheels not shown is provided with a brake
mechanism 460. Brake mechanism 460 1s configured such that braking force for the
vehicle can be obtained by frictional force generated by a disk rotor 465, which 1s
provided to correspond to each wheel, being pressed down by a brake pad (a friction
member) operated by hydraulic pressure generated by a brake actuator 450. A quantity
of hydraulic pressure to be generated by brake actuator 450 is controlled by HV ECU
320.

HV_ECU 320 provides control such that requested braking force in the entire
vehicle is calculated from a press-down degree of brake pedal 420, and others, and that
the calculated, requested braking force for the entire vehicle is generated in a
coordinated manner by regenerative braking force caused by motor 140A and hydraulic
pressure braking force caused by brake mechanism 460.

Fig. 2 shows a schematic configuration of charge/discharge control for the
power storage device according to the embodiment of the present invention.

Battery 220 for running, which i1s shown as an example of the power storage
device, 1s an assembled battery in which a plurality of cells are connected in series, as
shown 1n the drawing, and is configured with a secondary battery such as a lead-acid
battery, a lithium-1on battery, or a nickel-hydrogen battery. Battery 220 for running is
connected to motor generators 140A, 140B (MG (1), MG (2)) via inverters 240, 241
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and converter 242. In other words, in the present embodiment, inverters 240, 241 and
converter 242, and motor generators 140A, 140B (MG (1), MG (2)) integrally
configure a load of battery 220 for running,

Further, a voltage sensor 226 that detects a terminal voltage of battery 220 for
runming (hereinafter referred to as a battery voltage Vb), and a current sensor 222 that
detects a current that flows through battery 220 for running are provided. In the
following, an mput/output current between battery 220 for running and the load,
detected by current sensor 222, 1s referred to as a battery current Ib. Note that, as to
battery current Ib, an arrow direction in the drawing 1s defined as a positive current
direction. In other words, Ib > 0 (positive) during discharge, while Ib < 0 (negative)
during charge. Therefore, input/output electric power of battery 220 for running with
respect to the load is shown as a product of battery voltage Vb and battery current Ib,
and assumes a posttive value during discharge and a negative value during charge.

Further, a temperature sensor 224 that detects a battery temperature 1s provided
at each of a plurality of sites of battery 220 for running. The reason why temperature
sensor 224 1s provided at each of the plurality of sites is that a temperature of battery
220 for running may vary locally. An output of each of current sensor 222, voltage
sensor 226, and temperature sensor 224 is transmitted to battery ECU 260.

Based on these sensor output values, battery ECU 260 calculates a remaining
capacity (SOC) of the battery, and further performs battery charge/discharge limitation.
The charge/discharge control is performed such that an estimated SOC matches a target
SOC, and that battery voltage Vb does not become higher than a maximum permissible
voltage (an upper limit voltage Vu) owing to overcharge and battery voltage Vb does
not become lower than a minimum permissible voltage (a lower limit voltage Ve) owing
to overdischarge. Here, upper limit voltage Vu and lower limit voltage Ve are
determined in accordance with a maximum rated voltage and a minimum rated voltage
of battery 220 for running, an operable (guaranteed) voltage of an apparatus (a load)

connected to battery 220 for running, and others.
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Particularly, as described above, battery ECU 260 determines a charge electric
power permissible value Win (Win < 0) and a discharge electric power permissible value

Wout (Wout > 0) as to battery 220 for running such that battery voltage Vb is
maintained within a voltage range from lower limit voltage Ve to upper limit voltage Vu
(hereinafter also referred to as a controlled voltage range), and transmits them to

MG ECU 300 and HV_ECU 320,

HV ECU 300, in particular, sets an operation command value (a representative
example of which is a torque command value) for each of motor generators 140A, 140B
such that battery 220 for running is charged/discharged within a range from charge
electric power permissible value Win to discharge electric power permissible value Wout.
For example, allocation of an output of vehicle drive power between engine 120 and
motor 140A 1n accordance with a running circumstance, as described above, 1$
considered such that electric power output from battery 220 for running, which includes
electric power to be consumed by motor 140A, does not exceed discharge electric
power permissible value Wout.

Alternatively, during regenerative braking, a torque command value (generally
negative torque) for motor generator 140A 1s set by ensuring that electric power input
to battery 220 for running, which includes electric power generated by motor generator
140A, does not exceed charge electric power permissible value Win.  Note that, when
the driver manipulates the brake, HV ECU 320 provides coordinated control such that
requested braking force for the entire vehicle is obtained from a sum of regenerative
braking force caused by motor generator 140A and hydraulic pressure braking force
caused by brake mechanism 460, as described above, and hence even if the regenerative
braking force caused by motor generator 140A is imited by charge electric power
permissible value Win, it 1s possible to obtain required vehicle braking force. Further, a
request flag that requests temporary relaxation of the charge/discharge limitation 1s input

to battery ECU 260 from HV ECU 320. The request flag will later be described in
detail.
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Next, discharge electric power limitation according to the embodiment of the
present invention will now be described with the use of Fig. 3 and Fig. 4.

Fig. 3 1s a flowchart for describing setting of a discharge electric power
permissible value according to the embodiment of the present invention. The flowchart
shown in Fig. 3 is executed by battery ECU 260 in prescribed cycles.

With reference to Fig. 3, battery ECU 260 obtains in step S100 a battery state
quantity (battery voltage Vb, battery current Ib, and battery temperature Tb) from
values detected by current sensor 222, temperature sensor 224, and voltage sensor 226.

Further in step S110, battery ECU 260 estimates internal resistance R based on
the battery state quantity obtained in step S100. A technique of estimating internal
resistance in step S110 is not particularly imited, and a well-known estimation technique
may arbitrarily be used. For example, if the battery is of a type in which internal
resistance R s temperature-dependent, internal resistance R can be estimated by creating
a map that reflects properties of internal resistance R and battery temperature Tb
determined in advance by an experiment or the like, and referring to the relevant map
with the use of battery temperature Tb obtained in step S100.  Alternatively, as
disclosed in Patent Document 4 as well, internal resistance R can be estimated by
referring as appropriate to actually-measured values of battery current Ib and battery
voltage Vb, and applying a least-squares method or the like to thereby successively
determine ( Vb/Ib).

Note that in the case where the power storage device is configured with a
capacitor, 1t 1s also possible to estimate internal resistance R based on the battery state
quantity obtained in step S100, as in the case described above.

Further in step S120, battery ECU 260 estimates SOC based on the battery state
quantity obtained 1n step S100. To estimate the SOC, a well-known estimation
technique may also be used arbitrarily. For example, the SOC can be estimated by
substituting the battery state quantity obtained in step S100 into a battery model

equation and thereby successively estimating an open-circuit voltage (OCV).
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Alternatively, the SOC can be estimated by tracing changes in SOC based on a
summation of battery current Ib. Alternatively, the SOC can be estimated by
combining the SOC estimation based on the battery model and the SOC estimation by
current integration.

Further in step S130, battery ECU 260 sets a basic discharge electric power

permissible value Wout# (Wout# > 0) based on the estimated SOC determined in step
S120 and/or the battery state quantity (typically battery temperature Tb) determined in
step S110. For example, basic discharge electric power permissible value (Wout#) is
set such that, even if discharge at Wout# is continued for prescribed time, a voltage
change in battery voltage Vb falls within a prescribed range.

Subsequently in step S150, battery ECU 260 determines whether or not a
discharge request made by the load is in a normal level. The determination in step
S150 is made based on the request flag from HV_ECU 320. The request flag is set
such that NO determination is obtained in step S150 in accordance with a circumstance
of the load of the battery, in other words, when a discharge request made by the load to
the battery is large, namely, in a circumstance where electric power output from battery
220 for running is desired to be temporarily increased relative to that in a normal state.
For example, in the hybrid vehicle according to the present embodiment, the request
flag is set such that NO determination is obtained in step S150, in a driving
circumstance where electric power output from battery 220 for running is destred to be
temporarily increased relative to that in a normal state, such as when the engine is
started by motor generator 140B (MG (1)), or when an output requested from motor

generator 140A (MG (2)) becomes larger than a prescribed output owing the accelerator

pedal being manipulated.
If YES determination is obtained in step S150, namely, if a discharge request
made by the load is in a normal level, battery ECU 260 performs in step S160 normal

discharge limitation by setting basic discharge electric power permissible value Wout#,

which is set in step S130, to discharge electric power permissible value Wout
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Wout#).

In contrast, if NO determination is obtained in step S150, namely, if a discharge
request made by the load is large, battery ECU 260 temporarily relaxes, in steps S170
and S180, the discharge limitation relative to that in 2 normal state. In order not to
allow battery voltage Vb to decrease below lower imit voltage Ve owing to such
relaxation of the discharge limitation, a discharge electric power permissible value
adopted at temporary relaxation of the discharge limitation i1s determined as follows.

In step S170, based on battery voltage Vb and battery current Ib at present,
battery ECU 260 predicts a maximum dischargeable electric power Pe (Pe > 0), which s
identified as discharge electric power at which battery voltage Vb decreases to lower
limit voltage Ve as the battery current 1s increased (in a positive direction) by the
relaxation of the discharge limitation.

Fig. 4 1s a conceptual diagram for describing a technique of predicting a
maximum dischargeable electric power at this time.

With reference to Fig. 4, an operating point 510 corresponds to battery current
Ib and battery voltage Vb at present. At an operating point 520 at which maximum
dischargeable electric power Pe 1s output, a battery current is identified as a maximum
dischageable current Idmax and a battery voltage is identified as lower limit voltage Ve.
At this time, operating points 510 and 520 are located on a straight line that has a slope
equivalent to estimated internal resistance R at present.

Therefore, it 1s possible to predict operating point 520 at which a battery voltage
reaches lower limit voltage Ve at relaxation of the discharge limitation, as a relative
value with respect to battery voltage Vb and battery current Ib at present. In other
words, a current difference between battery current Ib at present and maximum

dischageable current Idmax at operating point 520, namely, a discharge current

permissible increased quantity Albmax can be predicted as follows: Albmax = (Vb — Ve)
/R

Reference 1s made again to Fig. 3.  As a result, maximum dischargeable electric
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power Pe ( Pe| > | Wout#| ) can be predicted in accordance with expression (1) below.

Pe = (Ib + AIbmax) e Ve = (Ib + (Vb ~ Ve) /R) e Ve .. (1)

Further in step S180, battery ECU 260 sets discharge electric power permissible
value Wout such that it corresponds to maximum dischargeable electric powér Pe
exclustvely during a limitation relaxed pertod At, for temporary discharge electric power
limitation. Typically, discharge electric power permissible value Wout may be set as
follows: Wout = Pe. However, Wout may be set as follows: Wout < Pe, with a margin
provided. Note that the request flag from HV ECU 320 is changed such that, if a
period for which the discharge electric power limitation is temporarily relaxed exceeds
limitation relaxed pertod At, YES determination is obtained in step S150.

With such a configuration, it is possible to predict maximum dischargeable
electric power Pe at which battery voltage Vb reaches lower limit voltage Ve owing to
relaxation of discharge limitation, based on battery voltage Vb and battery current Ib at
present, and determine discharge electric power permissible value Wout at which the
charge/discharge limitation is relaxed relative to that in a normal state, such that Wout
corresponds to the predicted maximum dischargeable electric power. Accordingly,
when the discharge limitation 1s temporarily relaxed in accordance with a request made
by the load, 1t 1s possible to prevent an output voltage of battery 220 for running (power
storage device) from decreasing below a lower limit voltage, and sufficiently ensure a
relaxed level of electric power on which the discharge limitation is imposed.

Next, charge electric power limitation according to the embodiment of the
present invention will be described with the use of Fig. 5 and Fig. 6.

Fig. 5 1s a flowchart for describing setting of a charge electric power permissible
value according to the embodiment of the present invention. The flowchart shown in
Fig. 5 1s executed by battery ECU 260 in prescribed cycles.

With reference to Fig. 5, battery ECU 260 obtains a battery state quantity
(battery voltage Vb, battery current Ib, and battery temperature Tb) (S100), estimates

internal resistance R (S110), and estimates SOC (S120), as in the same processing as
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that of steps S100-S120 in Fig. 3.
Further in step S135, battery ECU 260 sets a basic charge electric power

permissible value Win# (Win # <0) based on the estimated SOC determined in step
5120 and/or the battery state quantity (typically battery temperature Tb) determined in
step S110.  For example, basic charge electric power permissible value (Win#) is set
such that, even if charge at Win# is continued for prescribed time, a voltage change in
battery voltage Vb falls within a prescribed range.

Subsequently in step S155, battery ECU 260 determines whether or not a charge
request made by the load is in a normal level. The determination in step S155 is also
made based on the request flag from HV_ECU 320. The request flag is set such that
NO determination is obtained in step S155 in accordance with a circumstance of the
load of the battery, in other words, when a charge request made by the load to the
battery is large, namely, in a circumstance where electric power input to battery 220 for
running is desired to be temporarily increased relative to that in a normal state. For
example, in the hybrid vehicle according to the present embodiment, the request flag is
set such that NO determination is obtained in step S155 in a driving circumstance
where electric power input to battery 220 for running is desired to be temporarily
increased relative to that in a normal state by increasing electric power regeneratively
generated by motor generator 140A, such as when a magnitude (an absolute value) of
regenerative torque requested from motor generator 140A becomes equal to or larger
than a prescribed magnitude owing to the driver's manipulation of the brake.

For example, there occurs the above-described case where a magnitude (an
absolute value) of regenerative torque requested from motor generator 140A becomes
equal to or larger than a prescribed magnitude, when the brake is manipulated during
running at a high speed equal to or higher than a prescribed speed, or when a degree of
deceleration is large owing to the brake manipulation or the like even during running at

a relatively low speed.

If YES determination is obtained in step S155, namely, if a charge request made
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by the load is in a normal level, battery ECU 260 performs in step S165 normal charge
limitation by setting basic charge electric power permissible value Win#, which 1s set in
step S135, to charge electric power permissible value Win (Win = Win#).
In contrast, if NO determination is obtained in step S155, namely, if a charge

5 request made by the load is large, battery ECU 260 temporarily relaxes, in steps S1735
and S185, the charge limitation relative to that in a normal state. In order not to allow
battery voltage Vb to increase above upper limit voltage Vu owing to such relaxation of
the charge limitation, a charge electric power permissible value adopted at temporary
relaxation of the charge limitation is determined as follows.

10 In step S175, based on battery voltage Vb and battery current Ib at present,
battery ECU 260 predicts a maximum chargeable electric power Pu (Pu <0), which is
identified as charge electric power at which battery voltage Vb increases to upper limit
voltage Vu as the battery current is increased (in a negative direction) by the relaxation

of the charge limitation.

15 Fig. 6 1s a conceptual diagram for describing a technique of predicting a
maximum chargeable electric power at this time.
With reference to Fig. 6, an operating point 510# corresponds to battery current
Ib and battery voltage Vb at present. At an operating point 520# at which maximum
chargeable electric power Pu is input, a battery current is identified as a maximum
20 chargeable current Icmax, and a battery voltage is 1dentified as upper limit voltage Vu.
At this time, operating points 510# and 520# are located on a straight line that has a
slope equivalent to estimated internal resistance R at present.
Therefore, it is possible to predict operating point 520# at which a battery
voltage reaches upper limit voltage Vu at the relaxation of the charge limitation, as a
25 relative value with respect to battery voltage Vb and battery current Ib at present. In

other words, a current difference between battery current Ib at present and maximum
chargeable current Icmax at operating point 520#, namely, a charge current permissible

increased quantity Albmax can be predicted as follows: Albmax = (Vb - Vu) / R.
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Reference is made again to Fig.5. As a result, maximum chargeable electric
power Pu ( |Pu| > | Win#| ) can be predicted in accordance with expression (2) below.

Pu=(Ib + Albmax) e Ve=(Ib+ (Vb-Vu)/R) e Vu ... (2)

Further in step S185, battery ECU 260 sets charge electric power permissible
value Win such that it corresponds to maximum chargeable electric power Pu
exclusively during a limitation relaxed period At#, for temporary charge electric power
limitation. Typically, charge electric power permissible value Win may be set as
follows: Win=Pu. However, Win may be set as follows: | Win| < |Pu] , with a
margin provided. Note that the request flag from HV_ECU 320 is changed such that,
if a period for which the charge electric power limitation is temporarily relaxed exceeds
limitation relaxed period At, YES determination 1s obtained in step S155.

With such a configuration, it is possible to predict maximum chargeable electric
power Pu at which battery voltage Vb reaches upper limit voltage Vu owing to
relaxation of charge limitation, based on battery voltage Vb and battery current Ib at
present, and determine charge electric power permissible value Win at which the charge
limitation is relaxed relative to that in a normal state, such that Win corresponds to the
predicted maximum chargeable electric power. Accordingly, when the charge
limitation is temporarily relaxed in accordance with a request made by the load, it is
possible to prevent an output voltage of the power storage device (battery 220 for
running) from increasing above an upper limit voltage, and sufficiently ensure a relaxed
level of electric power on which the charge limitation is imposed.

In the charge/discharge control for the power storage device according to the
embodiment of the present invention, by setting a charge/discharge electric power
permissible value, as described above, it is possible to perform the charge/discharge
control such that an output voltage is maintained within a controlled voltage range,
while allowing the power storage device to sufficiently exhibit its performance. Note
that, as a minimum configuration to implement the present invention, it is also possible

to adopt a configuration in which only one of the charge electric power permissible
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value and the discharge electric power permissible value 1s set in accordance with the
flowchart in Fig. 3 or Fag. S.

In the present embodiment, setting of the charge/discharge electric power
permissible value has been shown as an example, in the case configured such that
charge/discharge limitation for a power storage device (e.g. a battery for running, an
electric double layer capacitor, or the like) mounted on a hybrid vehicle (an electric-
powered vehicle) is enabled, 1n other words, both of electric power supply from a
power storage device to a load (discharge) and electric power supply from the load to
the power storage device (charge) are enabled. However, application of the present
invention 1s not limited to such a case. In other words, even in the case configured
such that only one of electric power supply from the power storage device to the load
(discharge) and electric power supply from the load to the power storage device
(charge) 1s performed, it is possible to apply the present invention to set a discharge
electric power permissible value or a charge electric power permissible value at that
time. In other words, it 1s notably described that the present invention can be equally
applied to the setting of a charge/discharge electric power permissible value for
maintaining an output voltage of the power storage device within a voltage range
from a lower limit voltage to an upper limit voltage, without limiting the configuration
of the load.

Note that, in the flowcharts in Fig. 3 and Fig. 5, step S100 corresponds to the

"state obtaining means" or the "step of obtaining” in the present invention, that step

5110 corresponds to the "internal resistance estimating means" or the "step of
estimating” in the present invention, and that steps S130 and S135 correspond to the
"first limitation setting means" or the "step of setting” in the present invention. Further,
steps S170 and S180 and steps S175 and S185 correspond to the "second limitation
setting means" or the “step of relaxing"” in the present invention. In particular, steps
S170 and S175 correspond to the "predicting means" or the “substep of predicting" in

the present invention, and steps S180 and S185 correspond to the "permissible value
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setting means" or the "substep of setting"” in the present invention.
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What 1s claimed is:

1. A charge/discharge control device for a power storage device mounted on an
electric-powered vehicle, comprising:

first limitation setting means for controlling charge and discharge of said power
storage device to limit a charge/discharge power within a limit range from a discharge
electric power permissible value to a charge electric power permissible value which are set
based on a state of said power storage device; and

second limitation setting means for temporarily permitting a charge/discharge
power beyond said limit range of said first limitation setting means, by reflecting one of a
manipulation of a brake pedal, a manipulation of an accelerator pedal, and starting of
engine of said electric-powered vehicle,

said second limitation setting means including control means for controlling charge

and discharge of said power storage device such that an output voltage of said power

storage device is maintained within a voltage range from a lower limit voltage to an upper

limit voltage.

2. The charge/discharge control device for the power storage device according to

claim 1, further comprising:
internal resistance estimating means for estimating internal resistance of said
power storage device,
said control means including:
predicting means for predicting discharge electric power or charge electric
power of said power storage device at which said output voltage reaches said lower limit
voltage or said upper limit voltage owing to increase in discharge current or charge current
from a battery current at present, based on a battery voltage and a battery current at present
and said internal resistance estimated by said internal resistance estimating means; and
means for controlling charge/discharge power of said power storage device

not to exceed the discharge electric power or the charge electric power estimated by said

predicting means.

3. The charge/discharge control device for the power storage device according to

claim 2,
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said internal resistance estimating means having means for estimating said internal

resistance of said power storage device based on a battery temperature at present, in

accordance with a predetermined characteristic between the temperature and the internal

resistance of said power storage device.

4, A charge/discharge control method for a power storage device mounted on an
electric-powered vehicle, comprising the steps of:

controlling charge and discharge of said power storage device to limit a
charge/discharge power within a limit range from a discharge electric power permissible
value to a charge electric power permissible value which are set based on a state of said
power storage device; and

temporarily permitting a charge/discharge power beyond said limit range of said
step of controlling, by reflecting one of a manipulation of a brake pedal, a manipulation of
an accelerator pedal, and starting of engine of said electric-powered vehicle,

said step of temporarily permitting including the step of:

controlling charge and discharge of said power storage device such that an

output voltage of said power storage device is maintained within a voltage range from a

lower limit voltage to an upper limit voltage.

5. The charge/discharge control method for the power storage device according to
claim 4, further comprising the step of:

estimating internal resistance of said power storage device, wherein

said step of temporarily permitting includes the steps of:

predicting discharge electric power or charge electric power of said power

storage device at which said output voltage reaches said lower limit voltage or said upper
limit voltage owing to increase in discharge current or charge current from a battery
current at present, based on a battery voltage and a battery current at present and said

internal resistance estimated in said step of estimating; and

controlling charge/discharge power of said power storage device not to

exceed the discharge electric power or the charge electric power estimated in said step of

estimating.
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6. The charge/discharge control method for the power storage device according to
claim 5, wherein

said step of estimating includes the step of estimating said internal resistance of
said power storage device based on a battery temperature at present, in accordance with a

predetermined characteristic between the temperature and the internal resistance of said

power storage device.

7. An electric-powered vehicle, comprising:
a power storage device, and
a charge/discharge control device for said power storage device,
wherein said charge/discharge control device
controls charge and discharge of said power storage device to limit a
charge/discharge power within a limit range from a discharge electric power permissible
value to a charge electric power permissible value which are set based on a state of said
power storage device; and
temporarily permits a charge/discharge power beyond said limit range, by
reflecting one of a manipulation of a brake pedal, a manipulation of an accelerator pedal,
and starting of engine of said electric-powered vehicle, and
controls charge and discharge of said power storage device such that an
output voltage of said power storage device is maintained within a voltage range from a

lower limit voltage to an upper limit voltage, when the charge/discharge power beyond

said limit range is temporarily permitted.

8. The electric-powered vehicle according to claim 7, wherein

said charge/discharge control device
estimates internal resistance of said power storage device,
predicts discharge electric power or charge electric power of said power
storage device at which said output voltage reaches said lower limit voltage or said upper
limit voltage owing to increase in discharge current or charge current from a battery

current at present, based on a battery voltage and a battery current at present and the

estimated internal resistance, and
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controls charge/discharge power of said power storage device not to exceed

the predicted discharge electric power or the charge electric power, when the

charge/discharge power beyond said limit range is temporarily permitted.

9. The electric-powered vehicle according to claim 8, wherein

sald charge/discharge control device

estimates said internal resistance of said power storage device based on a
battery temperature at present, in accordance with a predetermined characteristic between

the temperature and the internal resistance of said power storage device.
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