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(57) Abstract: A vehicle including a secondary battery (30) includes an electricity generation device; an amount-of-stored electricity
detection portion; an inverter (60) that converts electric power output from the secondary battery (30) into alternating-current power;
an external load connection portion that connects an external load to the secondary battery (30) via the inverter (60); and a control
portion (10) that controls charging/discharging of the secondary battery (30). The control portion (10) causes the electricity genera-
tion device to charge the secondary battery (30) based on a value detected by the amount-of-stored electricity detection portion such
that the amount of electricity stored in the secondary battery (30) is in a predetermined range, and the control portion (10) performs a
control such that when the electric power is supplied to the external load during stoppage of the vehicle, an upper limit value of the
amount of stored electricity is different from the upper limit value during traveling of the vehicle.
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VEHICLE INCLUDING SECONDARY BATTERY AND CONTROL METHOD FOR
VEHICLE INCLUDING SECONDARY BATTERY

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001]  The invention relates to a vehicle including a secondary battery, and
using electric power from the secondary battery as drive power.
2. Description of Related Art

[0002] - Generally, a fuel cell vehicle includes a fuel cell and a secondary battery
as electric power sources (Japanese Patent Application Publication No. 2010-279124 (JP
2010-279124 A) and Japanese Patent Application Publication No. 2002‘-008694 Jp
2002-008694 A)). The fuel cell vehicle usually uses the fuel céll as a main electric
power source, and travels by using the output of the fuel cell. For example, when the
output of the fuellcell cannot be changed in accordance with changes in the load, the
shortfall in electric power is compensated for by the secondary battery. The secondary
battéry is charged with a portion of the output power of the fuel cell, regenerative electric
powér, etc.

[0003] A fuel cell vehicle can be caused to function as an electric power supply
apparatus by connecting the secondary Battery with an external load. However, since
the amount of electricity generated by the fuel cell and the capacity of the secondary
battery are limited, it is desirable that electric power from the secondary battery can be
more efﬁciently Supplied to the external load when the fuel cell vehicle is caused to
function as a mobile electric power supply apparatus. This demand is not limited to the
fuel cell vehicles but is also made with regard to other types of vehicles, such as hybrid
vehicles and the like, which include a secondary battery as a subsidiary power source,
and which are capable of functioning as an electric power supply apparatus for external

loads.

SUMMARY OF THE INVENTION
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[0004]  The invention provides a technology that allows a vehicle including a
secondary battery to efficiently supply electric power to an external load connected to the
secondary battery.

[0005] A first aspect of the invention relates to a vehicle which includes a
secondary battery and uses electric power from the secondary battery as drive power.b
The vehicle includes: an electricity generation device that charges the secondary battery;
an aﬁlount-of-stored electricity detection portion that detects a value indicating an
amount of electricity stored in the secondary battery; an inverter that converts the electric
power output from the secondary battery into alternating-current powerg an external load
connection portion that connects an external load to the secondary battery via the inverter,
the external Ioz;d using alternating-current power; and a control portion that controls
chafging/discharging of the secondary battery. The control portion causes the electricity
generation device to chargev the secondary battery based on the value detected by the
amount-of—storedv electricity detection portion in such a manner that the amouﬁt of
electricity stored in the secondary battery is in a predetermined range. The control
portion controls the amount of electricity stored in the secondary battery in such a manner
that when the electric power is supplied from the secondary battery to the external load
during stoppage of the vehicle, an upper limit value of the amount of electricity stored in
the secondary battery is different from the upper limit value during traveling of the
vehicle. The inventor of the invention has found that as the voltage input to the inverter
becomes closer to the alternating-current voltage output from the inverter, the inverter
efficiency becomes higher. According to the vehicle of this aspect, when the electric
power is supplied from the secondary battery to the external load during stoppage of the
vehicle, it is possible to make the voltage input from the secondary battery to the inverter
closer to the alternating-current voltage output from the inverter, by changing the upper
limit value of the amount of electricity stored in the secondary battery. Therefore, the
electric power 'can be supplied from the secondary battery to the external load with
improved electric power conversion efficiency of the inverter.

[0006] In the vehicle according to the above-described aspéct, the electricity
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generation device may be a fuel cell, and the control portion may execute (i) a usual

travel control in which the fuel cell is used as a main electric power source, the secondary

battery is used as a subsidiary electric power source, and an output of the fuel cell and an

output of the secondary battery are used to drive the vehicle, and (ii) an electric power

supply control in which during the stoppage of the vehicle, an amount of electricity

generated by the. fuel cell is made less than during execution of the usual travel control

and the upper limit value of the amount of electricity stored in the secondary battery is -
made lower than during the execution of the usual travel control, and the electric power is

supplied from the secondary battery to the external load. In this vehicle, when the usual

vehicle travel control is executed, a sufficient amount of electricity stored in the

secondary battery can be ensured, énd when the electric‘power supply control is executed,
the electric power can be efficiently supplied to the external load.

[0007] In the vehicle according to the above-described aspect, when the electric
power is supplied from the secondary battery to the external load during the stoppage of
the vehicle, the control portion may reduce the upper limit value of the amount of
electricity stored in the secondary battery so that a voltage of the secondary battery
approaches a voltage of the external load connected to the inverter. In this vehicle, since
the output voltage of the secondary batte‘ry'l approaches the alternating-current voltage
output from the inverter, the electric power from the secondary battery can be efficiently
supplied to the external load.

[0008] In the vehicle according to the above-described aspect, when the electric
power is supplied from the secondary battery to the external load during the stoppage of
the vehicle, the control portion may determine an amount of reduction in the upper limit
value of the amount of electricity stored in the secondary battery, baéed on the electric
power used by the external load. The inventor of the invention has found that an
amount of increase in the inverter efficiency obtained when the voltage input to the
inverter is reduced ché.nges according to the output electric power of the inverter. Thus,
according to the vehicle of this aspect, the amount of electricity stored in the secondary

battery (the voltage input to the inverter) can be appropriately reduced according to the
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electric power used by the external load. Therefore, electric power from the secondary
battery can be more efficiently supplied to the external load.

[0009] A second aspect of the invention relates to a control method for a vehicle
which includes a secondary battery and an electricity generation device that charges the
secondary battery. The vehicle uses electﬁc power from the secondary battery as drive
power. The control method includes deteeting a value indicating an amount of
electricity stored in the secondary battery; and causing the electricity generation device to
charge the secondary battery based on the detected value in such a manner that an amount
of electricity stored in the secondary battery is in a predetermined range, wherein in
causing the electricity generation device to charge the secondary battery, the amount of
electricity stored in the secondary battery is controlled in such a manner that when the
electric power is supplied from the secondary battery to an external load during stoppage
of the vehicle, an upper limit value of the amount of electricity stored in the secondary
‘battery is different from the upper limit value during traveling of the vehicle. According
to this control method, the output of the secondary battery can be efficiently supplied to
the external load during the stoppage of the vehicle.

[0010] The invention can be realized in various forms. For example, the
invention can be realized in the forms of a vehicle that travels by using electric power
from a secondary battery, such as a fuel-cell vehicle including a secondary battery, a
. control method for the vehicle, a program for executing the contrel method, a storage

medium where the program is stored, etc.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:
FIG. 1 is a schematic diagram showing a configuration of a fuel cell vehicle in
accordance with a first embodiment of the invention;

FIG. 2 is a flowchart for explaining a control - procedure for a fuel cell vehicle
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executed by a control portion in embodiments of the invention;

FIG. 3 is an illustrative diagram for explaining an SOC feedback control executed in
the embodiments of the invention;

FIG. 4 is an illustrative diagram for explaining a relation between an inverter output
and an inverter efficiency;

FIG. 5 is an illustrative diagram for explaining a relation between the SOC of a
secondary battery and a battery voltage;

FIG. 6 is an illustrative diagram for explaining a relation between the SOC of the
- secondary battery and the inverter efficiency; |

FIG. 7 is a schematic diagiam .sho_wing a conﬁgufation of a fuel cell ‘vehicle in
accordance with a second embodiment of the invention; and

FIG. 8 is an illustrative diagram for explaining a relation between the inverter output

and the amount of change in the inverter efficiency.

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] A. FIRST EMBODIMENT: FIG 1 is a schematic diagram showing a
configuration of a fuel cell vehicle 100 in accordance with a first embodiment of the
invention. The fuel cell vehicle 100 includes a fuel cell 20 and a secondary battery 30,
and travels by using electric power from the fuel cell 20 and the secondary battery 30 as
drive power. The fuel cell vehicle 100 in accordance with the embodiment is capable of
functioning as a mobile electric power supply apparatus that supplies electric power to an
external load 200 when the fuel cell vehicle 100 is in a stopped state. Concretely, the
fuel cell vehicle 100 has a configuration as follows.

[0013]  The fuel cell 20 is a solid polymer fuel cell tliat receives hydrogen and
air as reaction gases, and generates electric power. The secondary battery 30 may ‘be
constituted by, for example, a lithium-ion battery. The fuel cell 20 and the secondary
battery 30 are not limited to solid polymer fuel cells and lithium-ion batteries,
respectively, and various other kinds of fuel cells and various other kinds of rechargeable

batteries may be employed.
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[0014]  The fuel cell vehicle 100 further includes a control portion 10, an
operation mode changing switch 15, an SOC detection portion 31, a DC/DC converter 41,
a traveling inverter 42, an electric motor 50, an external connection inverter 60, an
external load coﬁnection portion 61, and wheels WL. Although the fuel cell vehicle 100
includes reaction gas supply portions and discharge portions for electricity generation of
the fuel cell 20, a cooling medium supply portion, etc., illustrations and descriptions
thereof are omitted herein.  Although in the fuel cell vehicle 100, portions of the electric
power from the fuel cell 20 and the secondary battery 30 are used to drive accessories of
the fuel cell vehicle 100, illustrations and descriptions of the accessories and the wirings
for the accessories are omitted. |

[0015]  The control portion 10 is configured using a microcomputer including a
central processing unit and a main storage device. The control portion 10 receives a
switching operation performed by a driver of the vehicle 100 through the operation mode
changing switch 15, and switches the operation mode of the fuel cell vehicle 100. It is
to be noted herein that the fuel cell vehicle 100 of this embodiment has a “usual travel
mode” and an “electric power supply mode” as operation modes mentioned above.

[0016]  The usual travel mode is a mode for causing the fuel cell vehicle 100 to
travel on the basis of the driver’s operation. While the usual travel mode is a selected
mode, the control portion 10 receives the operation performed by the driver, for example,
an accelerator operation or the like, and the control portion 10 controls the electricity
generation of the fuel cell 20 and the charging and discharging of the secondary battery
30 according to the driver’s operation. On the other hand, the electric power supply
mode is a mode in which the fuel cell vehicle 100 is caused to function és an electric
power supply apparatus that supplies electric power to an external load. Concrete
controls executed during these operation modes will be described later.

[0017]  The SOC detection portion 31 detects the state of charge (SOC) of the
secondary battery 30, and sends it to the control portion 10. In this specification, the
“state of charge (SOC)” means the proportion of the amount of remaining electricity

(amount of stored electricity) to the present charge capacity of the secondary battery 30.
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The SOC detection portion 31 detects the temperature of the secondary battery 30, and
the output voltage and the output current thereof, and detects the SOC of the secondary
battery 30 on the basis of the detected values of the temperature, the output voltage and
the output current of the secondary battery 30.

[0018]  The control portion 10 acquires the SOC detected by the SOC detection
portion 31, and controls the charging/discharging of the secondary battery 30 on the basis
of the acquired SOC in such a manner that the SOC of the secondary Battery 30isina
predetermined range. Hereinafter in this speciﬁcatioh, the charging/discharging control
for the secondary battery 30 executed by the control portion 10 on the basis of the
detected value of the SOC will be referred to as “SOC feedback control”. Wheh starting
the SOC feedback control, the control portion 10 preliminarily sets a target SOC value
that serves as a reference for defining the range of change in the SOC of the secondary
battery 30. The target SOC value will be described later. |

[0019] It is to be noted herein that the fuel cell 20 is connected to the traveling
inverter 42 via a direct-current wiring DCL, and the secondary battery 30 is connected to
the direct-current wiring DCL via the DC/DC converter 41. Although a diode for
preventing the reverse flow of current from the secondary battefy 30 to the fuel cell 20 is
provided on the direct-current wiring DCL, illustration of the diode is omitted from the
drawings. |

[0020]  The traveling inverter 42 is connected to the electric motor 50 that drives
the wheels WL via a gear and the like. The electric motor 50 is constituted by a
synchronous electric motor that includes three-phase coils. The traveling inverter 42
converts output electric power of the fuel cell 20 and the secondary battery 30 into
three-phase alternating-current power, and supplies the three-phase alternating-current
power to the electric motor 50. |

[0021]  During the usual travel mode, the control portion 10 generates drive

signals corresponding to the accelerator operation amount, and sends the drive signals to

the traveling inverter 42 and the DC/DC converter 41. The traveling inverter 42,

according to the drive signal from the control portion 10, causes the electric motor 50 to
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operate in accordance with the accelerator operation' amount, for example, by adjusting
the pulse width of the alternating-cufrent voltage.

[0022]  The DC/DC converter 41, according to the drive signal from the control
portion 10, variably adjusts the voltage level of the direct-current wiring DCL and
switches the state of charging/discharging of the secondary battery 30. When the
electric motor 50 produces regenerative electric power, the regenerative electric power is
converted into direct-current power by the traveling inverter 42, and then is charged into
the secondary battery 30 via the DC/DC converter 41.

[0023] In the fuel cell vehicle 100 of this embodiment, the external connection
inverter 60 is connected to the secondary battery 30. The external connection inverter
60 is connected to the external load connection portion 61 to which the external load 200
can be connected. The external load 200 operates on alternating-current po§ver. This
configuration makes it possible for the fuel cell vehicle 100 to supply electric power
stored in the secondary battery 30 to the external load 200 connected to the external load
connection portion 61. The external connection inverter 60 in this embodiment is
constituted by an inverter that has an output voltage of AC 100 V. The external load
connection portion 61 is connected to the external load 200 via a commercial power
supply receptacle.

[0024]  FIG. 2 is a flowchart for explaining a control procedure for the fuel cell
vehicle 100 executed by the control portion 10. In step S10, the control portion 10
detects the operation mode selected by the driver, on the basis of the operation mode
changing switch 15. When the usual travel mode is a selected mode, the control portion
10 sets the target SOC Vaiue, which serves as a reference for the control of the amount of
electricity stored in the secondary battery 30, to Sy that is a predetermined first value
(step S20).

[0025]  In step S30, the control portion 10 starts a usual operation control by
using the fuel cell 20 as a main electric power source and the secondary battery 30 as a
subsidiary electric power source. Concretely, the control portion 10 causes the fuel cell

20 to generate electric power according to the accelerator operation amount, and uses the
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output of the fuel cell 20 to drive the electric motor 50 or to drive other accessories and
the like, or to charge the secondary battery 30.

[0026] When the output electric power of the fuel cell 20 falls short, for
example, when the output of the fuel cell 20 cannot be changed in accordance with
chaflges in the demand regarding the output (accelerator operation amount) or the like,
the control portion 10 discharges the secondary battery 30 so as to compensate for the
shortfall. The SOC of the secondéry battery 30 is maintained in a predetermined range
deﬁned on the bas‘is of the first value Spgn, through the foregoing SOC feedback control.
This will be described in detail later. |

[0027] | On the other hand, if the electric power supply mode has been selected
by the operation mode changing stitch. 15 (step S10), ;[he control portion 10 sets the
target SOC value, which serves as the reference for the control of the SOC of the
secondary battery 30, to Sy that is a predetermined second value (step S40). In step
S50, the control portion 10, using the target SOC value set to the second value Sy, starts
the SOC feedback control regarding the secondary battery 30, and causes the secondary
battery 30 to start supplying electric power to the external load 200 via the external
connection inverter 60. |

[0028] During the electric power supply mode, the control portion 10 causes
intermittent operation of the fuel cell 20. The intermittent operation of the fuel cell 20
means a manner of operation in which basically, the electricity generation of the fuel cell
20 is stdpped or the output of fhe fuel cell 20 is substantially zero, and the fuel cell 20 is
caused to operate to charge the secondary battery 30 only when the charging of the
secondary battery 30 becomes necessary.

[0029]  The control portion 10 continues the control in the usual travel mode or
the control in the electric power supply mode until the driver finishes operating the fuel
cell vehicie 100 (step S60). The swifching of the operation mode via the operation
mode changing switch 15 may be enabled only when the fuel cell vehicle 100 is in the
stopped state. Furthermore, the electrical connection of the fuel cell 20 and the

secondary battery 30 with the electric motor 50 may be interrupted during control in the
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electric power supply mode.  On the other hand, during control in the usual travel mode,
the electrical connection between the external load 200 and the secondary battery 30 may
be interrupted.

[0030] FIG 3 is an illustrative diagram for explaining differences between the
SOC feedback control iﬁ the usual travel mode and the SOC feedback control in the
electric power supply mode. Top and bottom portions of FIG. 3 show bar charts
showing the SOC of the secondary battery 30 in the usual travel mode and the electric
power supply mode, respectively, in a gauged manner in which the two bar charfs '
correspond to each other. In these bar charts of FIG. 3, the left end is defined as SOC =
0%, and the right end is defined as SOC = 160%, and hatched regions. each show the
SOC of the secondary battery 30. '

[0031]  Concretely, the SOC feedback control executed in steps S30 and S50 are
ex‘ecﬁted as follows. The control portion 10 sets an upper limit value Smax and a lower
limit value Sy, of the SOC by using, as center values, the target SOC values Spigh and Siow
set in step S20 and step S40, respectively. It is preferable'that the upper limit vélue Smax
and the lower limit value Sji,, of the SOC during the usual travel mode be determined as
values that restrain degradation of the secondary battery 30 due to excessively large. or
excessively small amount of electricity stored in the secondary battery 30. Besides, it is
preferable that the lower ’limit value Sjip of the SOC during the electric power supply
mode be set equal to the lower limit value Sy, of the SOC during the usual travel mode.

[0032] The control portion 10 appropriately starts the charging of the secondary
battery 30 so that the SOC of the secondary battery. 30 does not become lower than the
lower limit value Sy, and appropriately stops the charging so that the. SOC of the
seéondary baﬁery 30 does not exceed the upper limit value Spigh. - Due to this SOC
feedback: control, the range of change of the SOC of the secondary battery 30 is reduced
toward the lower limit value during the electric power supply mode in comparison with
the usual travel mode, and the upper limit value of the SOC of the secondary battery 30 is
made lower during the electric power supply mode than during the usual travel mode. A

reason for ldwering the upper limit value of the SOC of the secondary battery 30 during
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the electric power ‘supply mode will be explained.

[0033]  FIG. 4 is a graph obtained from experiments carried out by the inventor
of the invention and showing an example of a relation between the electric power output
from the inverter (hereinafter, referred to as “inverter output”) and an inverter efficiency.
It is to be noted herein that the “inverter efficiency” means the proportion. of the electric
power output from the inverter to the electric power input to the inverter, and means the
efficiency of the electric power conversion performed by the inverter.

[0034] The inventor of the invention conn.ected‘ a secondary battery to an
inverter whose output voltage was AC 100 V, and measured the inverter efﬁciency with
respect to the electric power output from the inverter, separately at each of different
values of the output voltage of the secondary béttery. In the description below, the
voltage output from the secondary battery, that ié, the voltage input to the inverter from
the secondary battery, will be referred to as “inverter input voltage”.

[0035] At any value of the inverter input voltage, the inverter efficiency
conspicuously increased in an initial stage where the inverter output was relatively small,
and then remained substantially at a constant value. Furthermore, as the inverter input
voltage was closer to the AC output voltage (100 V) of the inverter, the inverter
efficiency was more likely to be high over a substantially entire range of the inverter
output until the inverter output became extremely high.

[0036]  FIG Sisa graph obtained from experiments carried out by the inventor
of the invention and showing an example of a relation between the SOC of the secondary
battery and the output Voltagé of the secondary battery (hereinafter, also referred to as
“battery voltage™). The inventor of the invention changed the SOC of the secondary
battery, and measured the battery voltage at each of the values of SOC. As shown by
the graph,Kthere is a unique relation between the SOC of the secondary battery and the
output voltage of the secondary battery. As the SOC becomes higher, the butput voltage
becomes higher.

[0037]  FIG. 6 is a graph showing an example of a relation between the SOC of

the secondary battery and the inverter efficiency. Since the battery voltage is equivalent
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to the inverter input voltage, the inverter efficiency with respect to the SOC can be
determined separately at each of values of the inverter output by using the
correspondence between the inverter input voltage in FIG. 4 and the battery voltage in
FIG 5. From the graph of FIG. 6, it cén be understood that the invertér efficiency of the
inverter connected to the secondary battery tends to increase as the SOC of the secondary
battery decreases, and that the tendency is more conspicuous as the inverter output
becomes smaller. |

[0038]  As described above in conjunction with FIG. 3, in the fuel cell vehicle
100 of this embodiment, the upper limit of the SOC of the.secondary battery 30 is made-.
lower during the electric power supply mode than during the usual travel mode.
Therefore, during the electric power supply mode, the supply of electric power to the
external connection inverter 60 is continued while the SOC of the secondéry battery 30 is
low, in comparison with the usual travel mode.

[0039]  As described above in conjunction with FIGS. 4 to 6, as the SOC of the
secondary battery 30 becomes lower, the higher inverter efficiency of the external
connection inverter 60 can be obtained. That is, in the fuel cell vehicle 100 of this
embodiment, during the electric power supply mode, the upper limit of the SOC of the
secondary battery 30 is lowered, so that the high inverter efficiency of the external
connection inverter 60 can be obtained. Therefore, electric power from the secondary
battery 30 can be more efficiently supplied to the external load 200, and the time during
which supply of electric power is possible can be increased.

[0040] Furthermoré, as described ab‘ové in conjunction with .FIG. 4, as the
inverter input voltage becomes closer to (approaches) the alternating-current voltage
output from the inverter, the inverter efficiency becomes higher. Therefore, the target
SOC value during the electric power supply mode may be set so that the output voltage of
the secondary battery 30 becomes closer to the output voltage of the external connection
inverter (100 V in this embodiment).

[0041]  Thus, in the fuel cell vehicle 100 of this embodiment, during the usual .

travel mode, during which there is a possibility that high output of the secondary battery
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30 may be required, the target SOC value is set to a high value in order to secure a
sufficient amount of electricity stored in the secondary battery 30. Then, during the
electric power supply mode, during which efficient supply of electric power from the
secondary battery 30 to the extemai load 200 is required, the target SOC value is set to a
low value to increase the invertef efficiency of the external connection inverter 60, so that
the efficiency of supply of electric power to the external load 200 is increased.

[0042] In the fuel cell vehicle 100 of this embodiment, the fuel cell 20 is
intermittently operated during the electric power supply mode. However, as described
above, since the frequency at which the fuel cell 20 is repeatedly started and stopped can
be reduced due to the increase in the efficiency of supply of electric power to the external
load 200, degradation of the fuel cell 20 can be restrained.

[0043] B. SECOND EMBODIMENT: FIG. 7 is a schematic diagram showing a
configuration. of a fuel cell vehicle 100A according to a second embodiment of the
invention. FIG. 7 is substantially the same as FIG. 1, except that an inverter output
detection portion 63 is provided. The inverter output detection portion 63 acquires or
detects the inverter output of the eﬁternal connection inverter 60 (i.e., electric power
supplied to the external load 200) by detecting the value of current and the value of
voltage between the external connection inverter 60 and the external load connection
portion 61. | |

[0044] In the fuel cell vehicle 100A of the second embodiment, the control
portion 10 executes an SOC feedback control for the secondary battery 30 by makirig the
target SOC value during the electric power supply mode different from the target SOC
value during the usual travel mode (FIG. 2), similarly to the fuel cell vehicle 100 in the
first embodiment. However, in the fuel cell vehicle 100A of the second embodiment,
the target SOC value set during the electric power supply mode is détermined by the
control portion 10 as described below.

[0045])  FIG. 8 is a graph showing an example of a relation between the inverter
output and the amount of change in the inverter efficiency obtained when the SOC of the

secondary battery is reduced by a predetermined value. The graph of FIG. 8 can be
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obtained by determining, in the graph of FIG. 6, .an amount of change (amount of
increase) Ae in the inverter efficiency which occurs when the SOC is decreased from a
first value S; to a second value S, separately at each of the values of the inverter output.
From the graph of FIG. 8, it can be understood that as the inverter output becomes lower,
the amount of change Ae in the inverter efficiency increases.

[0046])  Thus, in the inverter, in the case where the inverter output is relatively
high, the degree of improvement in the inverter efficiency achieved by redu;:ing the
inverter input voltage is relatively small. Therefore, even in the case where during the
electric power supply mode, the target SOC value of the secondary battery 30 is made
lower than during the usual travel mode, there is a possibility of increasing the frequency
of the charging of the secondary battery 30 depending on the electric power used by the

- external load 200.‘ If the frequency 6f the charging of fhe secondary battery 30 increases,
there is a possibility that the degradation of the secondary battery 30 may be accelerated.
Furthermore, if the frequency of the charging of the secondary battery 30 increases, the
frequency, at which the electricity generation of the fuel cell 20 is repeatedly started and
stopped, is increased. This may cause degradation of the fuel cell 20 or a decline in the
fuel economy of the fuel cell vehicle 100A. J

[0047]  Therefore, in the fuel cell vehicle 100A of the second embodiment, the
control portion 10 receives the detected value from the inverter output detection portion
63 and, on the basis of the detected value, determines an amount of reductién in the target
SOC value of the secondary battery 30 during the electric power supply mode, i.e., aﬁ
amount by which the target SOC value of the secondary battery 30 is reduced during the
electric power supply mode. Hence, according to the electric power used by the
external load 200, an amount of reduction in the upper limit value of the SOC of the
secondary battery 30 during the electric power supply mode is determined (in other
words, an amount of reduction in an upper limit value of the amount of electricity stored
in the secondary battery 30 during the eléctric power supply mode is determined).
Concretely, the control portion 10 may determine the target SOC value so that when the

inverter output of the external connection inverter 60 is large, the amount of reduction in
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the target SOC value is made smaller than when the inverter output is small. In other
words, when the electric power used by the external load 200 is large, fhe control portion
10 may make the amount of reduction in the upper limit value of the SOC of the
secondary battery 30 (or the amount of reduction in the upper limit value of the amount
of electricity stored in the seéondary battery 30) smaller than when the electric power
used by the external load 200 is small. Alternatively, the control portion 10‘may reduce
the amount of reduction in the target SOC value as the inverter output of the external
connection inverter 60 increases. In other words, the control portion 10 may reduce the
amount of reduction in the upper limit valué of the SOC of the secondary battery 30 (or
the amount of reduction in the upper limit value of the amount of electricity stored in the
sécondary battery 30) as the electric poWer used byvthe external load 200 increases.

[0048]  In this manner, in the fuel cell vehicle 100A of the second embodiment,
the amount of reduction in the target SOC value of the secondary battery 30 during the
electric power supply mode is determined according to the electric power used by tﬁe
extemél load 200. Therefore, it is possible to reduce the possibility that during the
electric power supply mode, the amount of electricity stored in the secondary battery 30
becomes excessively small with respect to the electric power used by the external load
200, which leads to increased frequency of the charging bf the secondary battery 30.
Accordingly, it is possible to restrain degradation of the fuel cell 20 and a decline in the
fuel economy of the fuel cell vehicle iOO.

[0049] C. MODIFICATIONS: The invention is not limited to the foregoing
embodiments or examples, but can also be implemented in various other manners without
departing from the scope of the invention. For example, in the foregoing embodiments,
" the invention is applied to a fuel cell vehicle including a secondary battery. However,
the invention may also be applied to other kinds of vehicles including a secondary battery.
Concretely, the invention can be applied to vehicles, such as hybrid vehicles, plug-in
hybrid vehicles, etc., in which a control is executed so that the amount of electricity
stored in the secondary battery is in a predetermined range By causing an internal

combustion engine to function as an electricity generation apparatus while using electric
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power from the secondary battery as drive power. Furthermore, by applying the
invention particularly to large-size vehicles including a fuel cell, such as fuel cell buses,
fuel cell trucks, etc., it is possible to configure electric power supply vehicles that are
excellent in the electric power supply efficiency. Thus, the invention is useful.
Furtherrhore, the embodiments of the invention can also be niodiﬁed as follows. |

[0050] C1. FIRST MODIFICATION: In the foregoing embodiments, the upper
limit value of the amount of electricity stored in the secondary battery 30 during the
electric power supply mode is made different from that during the usual travel mode, by
setting the target SOC value used in the SOC feedback control for the secondary battery
30 during the usual traQel mode and the target SOC value during the electric power
supply mode to different values. The usual travel mode and the electric power supply
mode and are operation modes that are prelixﬂinarily set. However, the operation modes
"~ do not necessarily need to be preliminarily set in the fuel cell vehicies 100 and 100A, and
the change in the upper limit value of the amount of electricity stored in the secondary
battery 30 does not necéssarily need to be based on the operation mode, as long as in the
fuel cell vehicles 100 and 100A, the amount of electricity stored in the secondary battery
30 is controlled in such a manner that when electric power is supplied to the external load
200 during the stoppage of the vehicle, the upper limit value of the amount of electricity
stored in the secondary battery 30 is different from the upper limit value during traveling
of the vehicle, - |

[0051]  The phrase “during stoppage of the fuel cell vehicle (that is, the stopped
state of the fuel cell vehicle)” means a state in which electric power for driving the
electric motor 50 is not supplied from the fuel cell 20 or the secondary battery 30. The
phrase “dﬁring stoppage of the fuel cell' vehicle (the stopped state of the fuel cell
vehicle)” does not include a so-called idling state, that is, a state in which acceleratibn of
the vehicie is about to occur on the basis of an accelerator operation or a gear shift. This
state includes a state in which movement of the fuel cell vehicle 100 is restricted in a
fixed manner by a braking mechanism, such as a parking brake (a so-called hand brake)

or the like. The phrase “during traveling of the fuel cell vehicle 100” means a state in .
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which the electric motor 50 is driven by using electric power from at least one of the fuel
cell 20 and the secondary battery 30. This state includes the aforementioned idling state
(except the state in which movement of the vehicle is restricted in a fixed manner by a
braking mechanisvm such as a parking brake or the like).

[0052] C2. SECOND MODIFICATION: In the foregoing embodiments, the
control portion 10 executes the control so that the SOC of the secondary battery 30 is in
the predetermined range, on the basis of the SOC of the secondary battery 30 (SOC
feedback control). However, the control portion 10 does not necessarily need to execute
the SOC feedback control based on the SOC of the secondary battery 30. The control
portion 10 may control the charging/discharging of the sécondary battery 30 on the basis
of a value indicating the amount of electricity stored in the secondary battery 30 in sﬁch a
manner that the amount of electricity stored in the secondary battery 30 is in the
predetermined range. In this case, the control portion 10 may set the target value of the
amount of stored electricity instead of the target SOC‘ value.

[0053] It is to be noted herein that the SOC of the secondary battery 30 is a
value that indicates the amount of electficity stored in the secondary battery 30.
Therefore, the SOC feedback control in the fuel cell vehicle 100 of the foregoing
embodiment can be understood as being a control that is executed by the control portion
10 to control the charging/discharging of the secondary battery 30 on the basis of the
acquired value indicating the amount of electricity stored in the secondary battery 30 in
such a manner that the amount of electricity stored inv the secondary battery 30 is in the
~ predetermined range. Although in the foregoing embodiment, the upper limit value Spax
. of the SOC of the secondary battery 30 is lowered during the electric power supply mode,
it can be understood that this lov§ers the upper limit value of the amount of electricity
- stored in the secondary battery 30.

[0054]  C3. THIRD MODIFICATION: In the foregoing embodiments, in the fuel
cell vehicles 100 and 100A, the fuel cell 20 is'intermittently operated during the electric
power supply mode. However, in the fuel cell vehicles 100 and 100a, the fuel cell 20

does not necessarily need to be intermittently operated during the electric power supply
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mode. In the .fuel cell vehicles 100 and 100A, the output of the fuel cell 20 may be

made smaller during the electric power supply mode than during the usual travel mode,

so that during the electric power supply mode, the amount of electricity generated by the

fuel cell 20 is decreased. In order to improve the fuel economy of the fuel cell vehicles
100 and 1004, it is also preferable that the amount of electricity generated by the fuel cell

20 be decreased during the electric power supply mode, that is, when the fuel cell vehicle
100 is in the stopped state.

[0055]. C4‘ FOURTH MODIFICATION: In the foregoing embodiments, the
external connection inverter 60 is constituted by an inverter whose output voltage is AC
100 V, and the external load connection portion 61 is configured as a connector that is
connected to the external load 200 via the commercial power supply receptacle.
However, the external connection inverter 60 does not necessarily need to be the inverter
whose output voltage is AC 100 V, and the external load connection portion 61 does not
necessarily need to be connected to the external load 200 via a commercial power supply
receptacle. It is only necessary that the external connection inverter 60 should be a
device that converts the direct-current power from the secondary battery 30 into
alternating-current power. Also, it is only necessary that the exfemal load connectioh
portion 61 should be a device capable of electrically connecting the extemai connection
inverter 60 and the external load 200, and various connector configurations and various
connection manners may be employed.

[0056] CS5. FIFTH MODIFICATION: In the foregoing embodiments, the control

“portion 10 sets the upper limit value Smaannd the lower limit value Sy, of the SOC with
the target SoC value being a center value, and controls the charging/discharging of the
-secondary battery 30 so that the SOC is in the range from the upper limit value Sy,a to the
lower limit value S;im. However, the control portion 10 may directly set the upper limit
value Sy and the lower limit value Sy, of the SOC without setting the target SOC value.
Furthérmore, although in the foregoing embodiments, the lower limit value Sy, of the
SOC for the usual travel mode and the lower limit value Sy, for the electric power supply

mode are set to the same value, the lower limit value Sy, for the usual travel mode and

—
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the lower limit value S, for the electric power supply mode may be set to different
values. However, it is desirable that the lower limit value Sy of the SOC during the
electric power supply mode be set so that degradation of the secondary battery 30 is
restrained and so that the frequency of the charging of the secondary battery 30 does not
conspicuously increase.

[0057]  Cé6. SIXTH MODIFICATION: In the foregoing embodiments, in the fuel
cell vehicles 100 and 100A, the operation mode is switched between the usual travel
mode aﬁd the electric power supply mode by using the operation mode changing switch
15. However, the operation mode changing switch 15 may be omitted. In this case, |
the control portion 10 may switch the operation mode betwéen the usual tfavel mode and
the electric power supply mode on the basis of the state' of operation of the fuel cell
vehicles 100 and 100A or the state of connection of the external load 200. For example,
the control portion 10 may automatically switch the operation mode to the electric power
supply mode when the external load 200 is connected during idling of the fuel cell
vehicle 100 or when the external load 200 starts using electric power or when the parking
brake is applied. Furthermore, the control portion 10 may forcibly switch the opération
mode to the usual travel mode by interrupting the electrical connection to the external
load 200 if during the electric power supply mode, the parking brake is released or the
accelerator pedal is depressed.

[0058] C7. SEVENTH MODIFICATION: In the foregoing embodiments, when
electric ‘power is supplied to the external load 200 during the stoppage of the fuel cell
vehicles 100 and 100A, the control portion 10 makes the upper limit value of the amount
of electricity stored in the secondary battery 30 lower than during the traveling of the fuel
cell vehicles 100 and 100A. However, in the case where the output voltage of the
external connection inverter 60 is higher than the upper limit value of the output voltage
of the secondary battery 30 used during the traveling of the fuel cell vehicle 100 or 100A,
the control portion 10 may make the upper limit value of the amount of electricity stored
in the secondary battery 30 higher when electric power is supplied to the external load

200 during the stoppage of the fuel cell vehicle 100 or 100A than when the fuel cell
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vehicle 100 or 100A is traveling.



WO 2013/061122 PCT/1IB2012/002002
21

CLAIMS
1. A vehicle which includes a secondary battery and uses electric power from the
secondary battery as drive power, the vehicle comprising:

an electricity generation device that charges the secondary battery;

an amount-of-stored electricity detection portion that detects a value indicating an
amount of eleétricity stored in the secondary béttery;

an inverter that converts the electric power outpuf from the secondary battery into
alternating-current power;

an external load connection portion that connects an extefnal load to the secondary
battery via the inverter, the external load using alternating-current power; and

a control portion that controls charging/discharging of the secondary battery,
wherein the control portion causes the electricity generation device to charge the
secondary battery based on the value detected by the amount-of-stored ‘electricity
detection portion in such a manner that the amount of electricity stored in the secondary
battery is in a predetermined range, and the control portion controls the amount of -
electricity stored in the secondary battery in such a manner that when the electric power
is supplied from the secondary battery to the external load during stoppage of the vehicle,
an upper limit value of the amount of electricity stored in the secondar.y battery is

different from the upper limit value during traveling of the vehicle.

2. The vehicle according to claim 1, wherein the electricity generatioh device is a fuel cell,
and the control portion executes (i) a usual travel control in which the fuel cell is used as
a main electric power source, the secondary battery is used as a subsidiary electric power
source, and an output of the fuel cell and an output of the secondary battery are used to
drive the vehicle, and (ii) an electric power supply control in which during the stoppage
of the vehicle, an amount of electricity generated by the fuel cell is made less than during
execution of the usual travel control and the upper lirﬁit value of the amoﬁnt of electricity
stored in the secondary battery is made lower than during the execution of the usual

_travel control, and the electric power is supplied from the secondary battery to the
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external load.

3. The vehicle according to claim 1 or 2, wherein when the electric power is supplied
from the secondary battery to the external load during the stoppage of the vehicle, the
control portion reduces the upper limit value of the amount of eléctricity stored in the
secondary battery so that a voltage of the secondary battery approaches a Voltége of the

external load connected to the inverter.

4. The vehicle according to any one of claims 1 to 3, wherein when the electric power is
supplied from the secondary battery to the external load -during the stoppage of the
vehicle, the control portion determines an amount of reduction in the upper limit value of
the amount of electﬁéity stored in the secondary battery, based on the electric power used

by the external load.

5. The vehicle according to claim 4, wherein the control portion reduces the amount of
reduction in the upper limit value of the amount of electricity stored in the secondary

battery, as the electric power used by the external load increases.

6. A control method for a vehicle which includes a secondary battery and an electricity
generation device that charges the secondary battery, wherein the vehicle uses electric
power from the secondary battery as drive power, the control method comprising:

detecting a value indicating an amount of electricity stored in the secondary battery;
and

causing the electricity generation device to charge the secondary battery based on
the detected value in such a manﬁer that an amount of electricity stored in the secondary
battery is in a predetermined range, wherein in causing the electricity generation device
to charge the secondary battery, the amount of electricity stored in the secondary battery
is controlled in such a manner that when the electric powér is supplied from the

secondary battery to an external load during stoppage of the vehicle, an upper limit value
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of the amount of electricity stored in the secondary battéry is different from the upper

limit value during traveling of the vehible.
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FIG.2
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FIG.3
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FIG.DS
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FIG.3
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