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1
VEHICLE AND POWER SUPPLY SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The invention relates to a vehicle and a power supply system, and more

particularly to a vehicle having a function of feeding power from the véhicle, and a power

supply system i.ncludingvthe vehicle.

2. Deséription of Related Art
[0002] - A configuration enabling charging of an in-vehicle storage apparatus with

power from a power supply on a vehicle exterior (referred to simply as an “external power

~ supply” hereafter), such as a commercial power supply system, has been proposed for use

in a vehicle that generates a vehicle driving force using a motor, such as an electric
automobile, a hybrid automobile, or a fuel cell automobile. In a conventional so-called
plug-in hybrid vehicle, for example, the storage apparatﬁs can be charged_ from a typical
household power supply by connecting a power outlet provided in a house and a charging
port connected tb the vehicle using a charging cable.

[0003] As seen on smart grids and the like, a concept whereby a vehicle that can
be charged by an external power supply is used as a power supply source such that power
is supplied from the vehicle to a load on the exterior of the vehicle is under investigation in
relation to this type of vehicle.

[0004] Japénese Pafent Application Publication No. 2013-94026 (JP 2013-94026
A) and Japanese Patent Application Publication No. 2013-51772 (JP 2013-51772 A), for
example, describe supplying power from a vehicle while generating power by driving an

engine. -

SUMMARY OF THE INVENTION

[0005]  When power is fed from the vehicle by driving the engine, the power can
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be fed continuously even when a state of cha.rgt; (SOC) of the storage apparatus decreases.
When the engine is activated, however, operating noise and exhaust heat are generated.
Therefore, when the engine is activated automatically to start power generation while the
user is absent, resulting noise generation and the like may, depending on a parking
condition of the vehicle and the time of day, affect the periphery of the vehicle in a Iﬁannér
unintended by the usér. This tvype' of situation may occur when, for example, the user
moves away from the vehicle during a long power feeding operation, or when power
feeding is executed automatically in accordance with a timer or the like.
. [0006] The invention provides a vehicle and a power supply system with which
- the periphery of the vehicle is not affected in a manner unintended by a user when pdwer is
fed from the vehicle. |

[0007] A vehicle according to a first aspect of the invention includes: a storage
apbaratus configured to be recharged; a power generation mechanism coﬁﬁgured to
generate power using a different energy source from the storage apparatus; a power feeding
apparatus configured to suppl}{ power obtained from at least one of the storage apparatus
and the power generatioh mechanism from the vehicle; a detector configured to detect a
user within a predetermined.range of the vehicle; and a controller configured to prohibit
power generation by the power generation mechanism when a request for power feeding
from the vehicle is issued and the user has not been detected within the predetermined
range.

[0008] When a state of charge of the storage apparatus is lower than a first
determination value and the user has been detected within the predetermined range while a
request for power feeding from the vehicle is issued, the controller may activate the power
generation mechanism and the poWer feeding apparatus may feed the power obtained from
the power generation mechanism from the vehicle.

[0009] When the state of ,charge'exceeds a secdnd determination value, which is
larger than the first determination value, while power generation by the power generation
mechanism is underway, the controller may stop the power generation by the power

generation mechanism and the power feeding apparatus may feed the power obtained from
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the storége apparatus from the vehicle.

[0610] When the state of charge of the storage apparatus is lower than a first

determination value and the user has not been detected within the predetermined range, the
" controller may prohibit power feeding from the vehicle:

[0011] - The vehicle may further include a connection port configured to
electrically connect the vehicle to an exterior located outside the vehicle. The power
feeding apparatus may be configured to suppl‘y power to the exterior located outside the
vehicle through the connection port.

[0012] Thé vehicle may further include a power outlet provided in a \}ehicle cabin.
The power feeding apparatus may be configured to supply; power from the power outlet.

- [0013]  The power generation mechanism may include an engine that generates
power by burning fuel, and a motof generator that generates power using an output of the
. engine. | » )

[0014] A power supply system according to a second aspect of the invention
includes: a vehicle including: a cable connection port, a storage apparatus configured to be
recharged, a bower generation mechanism configured to generate power using a different
energy source from the storage apparatus, a first power feeding apparatus configured to -
“supply power obtained from at least one of the storage apparatus and the power generation
mechanism to the cable connéction port; a detector configured to detect a user within a
predetermined range of the vehicle, and a controller configured to prohibit power

. generation by the power generation mechanism when the user is not detected within the
predetermined range; and a second power feeding apparatus configured to supply power
supplied from the vehicle to a load located outside the vehicle, the power feeding apparatus
being configured to be electrically connected to‘.the cable connection port via a power
cable when a charging/discharging connector provided on the power cable is connected to
the cable connectioﬁ port.

[0015]  The vehicle may include a power outlet provided in a vehicle cabin, and
the first power feeding apparatus may be configured to supply power from the power

outlet.
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[0016] The vehicle may include a charger, and the charger may be conﬁguied to

convert power supplied to the cable connection port from outside the vehicle via the

charging/discharging connector and the power cable into power to be charged to the
storage apparatus. |

[0017]  According to these aspecté of the invention, effects unintended by the user

- on the periphery of the vehicle can be avoided when power is fed from the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]  Features, advantages, and technical and industrial signiﬁcance of
exémplary 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 \iiew showing a conﬁguration of a vehicle and a power supply
system that inclndes the vehicle, according to an embodiment of the invention;

FIG. 2 is a block diagram illustrating an example of a configuration of the vehicle
having a power feeding function shown in FIG. 1, ‘

FIG. 3 is a flowchart illustrating in detail a power feeding operation performed by the
vehicle shown in FIG. 2; |

. FIG. 4 is a flowchart illustrating a control operation performed during power feeding

in combination with engine power generation; |

FIG. 5 is a concepfual waveform diagram illustrating an npeiation performed during
power feeding in combination with engine power generation; and

FIG. 6 is a conceptual waveform diagram illustrating an operétion performed during

power feeding in which engine activation is prohibited.

DETAILED DESCRIPTICN OF EMBODIMENTS
[0019] An embodiment of tne invention will be described in detail below with
reference to the drawings. Note that hereafter, identical or corresponding parts of the
drawings are allocated identical reference symbols, and description thereof is generally not

repeated.
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[0020]  FIG 1 is a schematic view showing a configuration of a vehicle and a
power supply system that includes the vehicle, according to an embodiment of the
invention.

[0021]  Referring to FIG. 1, the power supply system includes a vehicle 100, a
chafging/discharging station 200, and a distribution board 302 provided in a house 300.

[0022]  The vehicle 100 is provided with a power cable connection port 60
(referred to hereafter as an inlet 60). A charging/discharging connector 220 provided on
one end of a power cable 250 can be connected to the inlet 60.

[0023]  Another end of the power cable 250 is electrically connécted to ‘the
charging/discharging station 200. Hence, by connecting the charging/discharging
conﬁector 220 to the inlet 60, the inlet 60 is electrically connected to the
charging/discharging station 200. The charging/discharging station 200 is typically
disposed in the vicinity of a vehicle parking space. Note that when the house 300 and the
parking space are close, the charging/discharging station 200 may be disposed in the house,
and may be formed integrally with the distribution board 302.

[0024]  The power ‘supply system is cépable of receiving power from a

- commercial power system 400 in response to a power deficiency, taking into consideration
power used by a power outlet 304 provided in the house 300 and power generated by a
photovoltaic power generation apparatus, not shown in the drawing, pfovided on the house.
Fuﬁher, when surplus power is generated, the power supply system can feed (sell) the
surplus power to the commercial power system 400. -

[0025]  The vehicle 100 is incorpbrated into the power supply system by being
electrically connected to the charging/discharging station 200 by the power cable 250. As
a result, the vehicle 100 can receive power or feed power within the power supply system
via the charging/discharging station 200.

- [0026]  Firstly, the vehicle ’100 can charge an in-vehicle storage apparatus, to be
described below, by receiving power from the commercial power system 400 and/or power
generated by the photovoltaic power generation apparatus, not shown in the drawing. By

having a user set a timer or the like, for example, the in-vehicle storage apparatus can be
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charged with inexpensive power from.the commercial power system 400 in the middle of
the night.

[0027]  Further, as will be described below, the vehicle 100 is configured to have a
power feeding function for outputting an equal amount of power (from 100 to 200 VAC,
for example) to the commercial power system 400. In the power supply system 'shown in
FIG. 1, a “power feeding apparatus” for supplying power from the vehicle 100 to a load
located outside the vehicle can be formed from the charging/discharging station 200, the
distribution board 302, and the power outlet 304. ' |

[0028]  Hence, by feeding power to the house 300 from the vehicle 100 during

- peak hours, peak rates can be avoided. Alternatively, by feeding power from the vehicle
100 during a power outage in the commercial power system 400, the power can be used by
the po‘wer‘outlet 304 in the house 300.
[0029] FIG. 2 is a block diagram illustratihé an example of a configuration of the
 vehicle having a power feeding function shown in FIG. 1. In the following embodiment,
the vehicle is described as a hybrid vehicle, but the vehicle according to the invention is
not limited to a hybrid vehicle. ‘

[0030] Referring to FIG 2, the vehicle 100 includes an engine 2, a motor

~ generator MG1, a motor generator MG2, a power distribution apparatus 4, and a drive
wheel 6. The yehicle 100 also includes a storage apparatus B, a system main relay SMR,
a converter 10, inverters 21, 22, and a controller 50. The vehicle 100 further includes a
eharger 30, a power feeding inverter 40, a power outlet 35, the inlet 60, and relays RY1,
RY?2.

[0031]  The vehicle 100 is a hybrid vehicle that travels using the engine 2 and the
motor generator MG2 as power sources. A driving force generated by the engine 2 and
the motor generator MG2 is transmitted to the drive wheel 6.

‘ [0032] The engine 2 is an internal combustion engine that outputs power by
converting thermal energy generated by burning fuel into kinetic energy of moving
elements such as a piston and a rotor. A hydrocarbon based fuel such as gasoline, light oil,

‘ethanol, liquid hydrogen, or natural gas, or liquid or gas hydrogen fuel may be used
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favorably as the fuel of the engine 2. The engine 2 is configured so that operating

conditions thereof, such as a throttle opening (an intake air amount), a fuel supply amount,
and an ignition timing, can be controlled electrically by signals from the controller 50.

[0033] = The motor generator MG1 and the motor generator MG2 are alternating
current rotating électric machines, and are constituted by, for example, three-phase
alternating current synchronous motors. The motor generator MG1 is used as a power
generator that is driven by the engine 2 and as a rotating electric machine that is capable of
starting the engine 2. The motor generator MG2 is used as a rotating electric maéhine
that mainly drives the drive wheel 6 Qf the vehicle 100.

[0034]  The power distribution apparatus 4 includes a planetary gear mechanism’
having three rotary shafts, namely a sun gear, a carrier, and a ring gear, for example. The
sun gear is goupled to a rotary shaft of the motor genérator MGI1. The carrier is coupled
to a crankshaft of the engine 2. The ring gear is coupled to a drive shaft. The power
distribution apparatus 4 divides the driving force of the enginé 2 into power to be
transmitted to the rotary shaft of the motor generator MG1 and power to be transmitted to
the drive shaft. The drive shaft is coupled to the drive wheel .6. The drive shaft is also
coupled to a rotary shaft of the motor generator MG2.

[0035]  The storage apparatus B is a direct current power. supply capable of
re-discharge, and is constituted by a secondary battery such as a nickel hydrogen battery or
a lithium ion battery, a éapacitor, or the like, for example. The storage apparatus B
supplies power to the converter 10, and is charged by power from the converter 10 during
power regeneration.

[0036]  The system main relay SMR is provided between the storage apparatus B
and the converter 10. The system main relay SMR is a relay for controlling electric
connection/disconnection between the storage apparatus B and an electric system, and is
ON/OFF-controlled by the controller 50.

[0037]  The inverters 21, 22 are connected to the converter 10 in parallel by a
positive electrode line PL2 and a negative electrode line NL. The inverter 21 is

connected between the converter 10 and the motor generator MG1. The inverter 22 is
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connected between the converter 10 and the motor generator MG2. The inverters 21, 22
are controlled by sighals ﬁom the controller 50.

[0038] The converter 10 boosts a voltage from the storage apparatus B, and
outputs the boosted voltage to the positive electrode line PL2 and the negative electrode
line NL. The inverters )21, 22 drive the respective motor generators MG1, MG2 by
cdnverting the direct current voltage output from the converter 10 into an alternating
current voltage.

[0039] When negative torque (torque in a direction for inhibiting rotor rotation) is
output, on the other hand, ,the motor generators MG1, MG2 generate power. The
inverters 21, 22 convert the alternating current power generated by the motor generators
MG1, MG2 into direct current power, and output the direct currént power to the converter
10. Thé converter 10 is capable of stepping down the direct current power output from
the inverters 21, 22 to the positive electrode line PL2 and the negative electrode line NL
and'.‘th‘en outputting the stepped-down direct current power to the positive electrode line
PL1 and the negative electrode line NL. As a result, the storage apparatus B can be
charged even while the vehicle travels. "

[0040]  The storage apparatus B can also be charged by the charger 30. An input
side of the chargér 30 is connected to the inlet 60 via power lines ACL1, ACL2. Further,
an output side of the charger 30 is connected to the positive electrode line PL1 and the
negative electrode line NL via the relay RY1. The relay RY1 is a relay for controlling
electric connection/disconnection between the storage apparatus B and the charger 30, and
is ON/OFF-controlled by the controller 50.

[0041]  The charger 30 converts alternating current power supplied to the iniét 60
from outside the vehicle into a direct current voltage on the basis of a signal CMD1 from
the controller 50. An output of the charger 30 can be controlled by the controller 50 to a
voltage/current suitable for charging the charging apparatus B.

[0042]  Hence, by electrically connecting the inlet 60 to the commercial power
vsystem 400 via the charging/discharging station 200, the storage apparatus B of the vehicle

100 can be charged with power from the commercial power system 400. Note that
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hereafter, charging of the storage apparatus B with power from outside the vehicle may be
referred to as “external charging”. |

[0043] A direct current side of the power feeding inverter 40 is connected to the
positive electrode line PL1 and the negative electrode line NL. An alternating current

“side of the power feeding “inverter 40 is connected to the power outlet 35, and connected to
the power lines ACL1, ACL2 via the relay RY2. The relay RY?2 is a relay for controlling
electric connection/disconnection between the power feeding inverter 40 and the inlet 60,
‘and is ON/OFF-controlled by the controller 50.

[0044] The inlet 60 is configured to be capable of doubling as a power feediﬁg
port through which power is fed from the vehicle 100 to an external load, a household, or
the like, and a charging port. through which the vehicle 100 is charged from an external
power supply. The inlet 60 corresponds to an embodiment of a “connection port” for
establishing electric contact with the exterior located outside the vehicle 100.

[0045] = The power feeding inverter 40 converts a direct current voltage on the
positive electrode line PL1 and the negative electrode line NL into an alternating current
voltage and outputs the altemating current voltage on the basis of a signal CMD2 from the
controller 50. The oﬁtput from the power feeding inverter 40 is controlled to a
voltage/current suitable for use by an external device. For example, the output voltage of
the power feeding inverter 40 is controlled to an equal amount of power (from 100 to 200
VAC, for example) to the commercial power supply 400.

[0046]) The alternating current power output from the power feeding inverter 40 is

| output from the power outlet 35. Furthermore, by switching the relay RY2 ON, the
.alternating current power output from the power feeding inverter 40 can be passed through
the inlet 60 and used by the power supply system shown in FIG. 1.

[0047] By switching the system main relay SMR ON while the vehicle 100 is
stationary, the vehicle 100 can output direct current power to the positive electrode line
PL1 and the negative electrode line NL. Further, while the vehicle 100 is stationary, the
engine 2 can be activated in order to generate power. Power generated by the motor

‘ generator MG1 using the output of the engine 2 is converted into direct current power by
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the inverter 21 and the coﬁverter 10, and output to the positive electrode line PL1 and the
negative electrode line NL.

| [0048] Fuﬂheﬁnore, by activating the power feeding inverter 40, the direct
current power output to the positive electrode line PL1 and the negative electrode line NL -
can be converted into alternating current power while the vehicle 100 is stationary.
Hence, the vehiele 100 is capable of supplying at least one of the power discharged by the
storege apparatus B and the power generated by the motor generator MG]1 from the power
outlet 35 and/er the inlet 60. As a result, power can be fed from the vehicle 100 to an
electric device connected to the power outlet 35, or to an electric load or a household
elecfrically cohnected to the inlet 60. In other words, power feeding from the vehicle 100
is realized using at least one of the power discharged from the storage apparatus B and the
power generated by activating the engine 2.

[‘0049] The relay RY1 is closed during external charging of the vehicle 100, and.
bpen during a vehicle operation and a pOWer feeding operation. The relay RY?2 is closed
during the power- feeding operation performed by the vehicle 100, and open during a
vehicle operation. When the relay RY2 is closed during external charging, the electric
device connected to the power outlet 35 can be operated during external charging by the
power supplied to the inlet 60. Accordingly, the power feeding inverter 40 shown in FIG.
2 corresponds to an embodiment of a “power feeding unit”. |

[0050] The controller 50 is constituted by an electronic control unit (ECU), for
example. The controller 50 determines a target driving force to be transmitted to the
drive wheel 6 on the basis of an accelerator depression amount, a brake depression amount,
a vehicle speed, and so on during a vehicle operation. The controller 50 then controls the
engine 2 and the motor generators MG1, MG2 to realize an operating condition in which
the target driving force can be output efficiently. | |

[0051]  Further, the controller 50 is capable of executing external charging and
-power feeding selectively in response to an instruction from the user when the vehicle is
stationary by controlling the charger 30 or the power feeding inverter 40 and the relays

RY1, RY2. More specifically, when the vehicle 100 is incorporated into the power supply
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system by being electrically coﬁnected to the charging/discharging station 200 via the inlet
60, as described above, the vehicle 100 can be charged externally with inexpensive power,
power can be fed from the vehicle 100 to avoid peak rates, and power can be fed from the
';/ehicle 100 during a power outage in the commercial power system 400. Alternatively,
an equal amount of alternating current power to the commercial power system 400 can be‘
fed from the power outlet 35 even with the single vehicle 100.

[0052]  The vehicle 100 is further provided with a seat occupancy sensor 61, a
camera 62, a reception unit 63, and an operating unit 65. |
| [0053] The seat occupancy sensor 61 detects seat occupancy by detecting a load
exerted on a passehger seat, not shown in the drawings, of the vehicle 100. The controller
50 can detect the presence of the user in the vehicle cabin on the basis of anbouvtput from
the seat occupancy senéor 61.

[0054] The camera 62 is constituted by an in-vehicle camera and/or a
vehicle-exterior camera. The controller 50 can detect the presence of the user in or in the
vicinity of the vehicle on the besis of an output frem.the camera 62. |

[0055] A smart key 70 is configured to emit weak radio waves. The reception
unit 63 receives the radio waves from the smart key 70. Hence, the controller 50 can
detect the presence of the user in or in the vicinity of the vehicle on the basis of a radio
wave reception condition of the reception unit 63.

[0056] The presence of the user (a passenger) within a predeterrhined range of the
vehicle 100 can thus be detected using the seat occupancy sensor 61, the carhera 62, and
the reception unit 63. In other words, the seat occupancy sensor 61, the camera 62, and
the recebtion unit 63 respectively correspond to embodiments of a “detector”. Note that
the “detector” may be constituted by any device capable of detecting the presence of the
user (a passenger) within a predetermined range of the vehicle 100.

[0057]  Various user operations are input into the operating unit 65. For example,
the operating unit 65 may be constituted by mechanical switches provided in the vehicle
cabin and touch panels provided on various panels in the vehicle cabin.

[0058]  In the vehicle 100 shown in FIG. 2, a “power generation mechanism” for
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generating power using an enefgy source other than the storage apparatus B may be
constituted by the engine 2 and the motor generator MGi. During an operation of the
power generation mechanism, the engine 2 is activated, and therefore operating noise and
exhaust heat are output to the periphery of the vehicle VIOO. |

[0059] The power feeding operation performed by the vehicle 100 will be
described in detail below. FIG. 3 is a flowchart illustrating in detail the power feeding
operation perforrnéd by the vehicle 100 shown in FIG. 2. Control processing illustrated in
the flowchart of FIG. 3 is executed by the controller 50, for example. ‘

[0060]  Referring to FIG. 3, in step S100, the controller 50 determines whether or . |
not a power feeding start request has been issued in relation to the vehicle 100. A power
feeding start-request is issued in relatio>n to the vehicle 100 in response to a user operation
input into fhe operating unit 65 or a user operation input.on the side of the
charging/discharging station 200 or the house 300, for example. When a power feeding
start feque'st has not been issued (when the determination of S100 is negative), the
controller 50 does not execute folloWiﬁg steps S200 to S700.

[0061] When a power feeding start request has béen issued (when the
determination of S100 is affirmative), the processing advances to step S200, where the
controller 50 determines whether or not power generation through activation of the engine
2 (referred to simply as “engine power generation” hereafter) has been permitted by the
user. For example, the operatiﬁg unit 65 is configured to be capable of receiving an
instructioﬁ from the user indicating whether or not engihe power generation is permitted. »

(0062]  Furthermore, in step S200, a determination is made on the basis of a
condition of the engine 2, a remaining fuel amount, and so on as to whether or not engine
power generation can be executed. In other words, when the remaining fuel amount is
insufficient or the engine 2 cannot be activated due to a fault or the like, a negative
determination is made in step S200 even if engine power generation has been permitted by
the user.

[0063]  When engine bower generation has been permitted by the user and the

~ engine 2 can be activated without impediment, an affirmative determination is made in step
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S200. When engine pdwer generation has not been permitted by the user, on the other
hand, a negative determination is made in step S200 even if the engine 2 can be activated
without impediment. |

[0064]  When engine power generation is permitted (when the determination of
200 is affirmative), the processing advances to step S300, where the controller 50
determines whether or not the user (a passenger) has been detected within the
predetermined range df the vehicle 100. The determination of step S300 is made on the
basis of the output of at least one of the seat occupancy sensor 61, the camera 62, and the
reception unit 63, shown. in FIG. 2.

[0065] When the user has been detected within the predetermined range of the
vehicle 100 (when the determination of S300 is affirmative), the processing advances to
step S400, where the controller 50. executes power feeding in which engine powe_f
generation is permitted. As a result, the vehicle 100 feeds pow‘er generated by activating
the engine 2 (the power generatibn'mechanism) and/or power discharged from the storage
apparatus B from the power outlet 35 and/or the inlet 60. !

[0066] . When, on the other hand, the user has not permitted engine power
generation (when the determination of S200 is negative) or the user has not been detected

* within the predetermined range of the vehicle (when the determination of S300 'is negative),
the processing advances to step S500, where the controller 50 executes power feeding
using only the power discharged from the storage apparatus B. In other words, activation -
of the engine 2 (the power generation méchanism) is prohibited.

[0067] When power feeding is performed ﬁsing only the pdwer discharged from
the storage apparatus B, the controller 50 compares the SOC of the storage apparatus B
with a determination value Sth in step S550.- When the SOC falls below the
determination value Sth (when the determination of S550 is negative), the processing
advances to step S700, where the controller 50 terminatgs the power feeding operation.

[0068]  When SOC > Sth (when the determination of S550 is affirmative), the
processing advances fo step S600, where the controller 50 determines whether or not a

power feeding stop request has been issued. When a power feeding stop request has not
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been issued (when the determination of S600 is negative), the controller 50 returns to the
pfocessing of step S200. Hence, power feeding using only the power discharged from the
storage aipparatus B (S8500) is continued until the SOC of the storage apparatus B falls
below the determinatioh valﬁe Sth.

[0069]  The controller 50 determines whether or not a power feeding stoi) request
has been issued in step S600 likewise during power feeding in which engine power
generation is bermitted (S500). Similarly to the power feedihg start request, the power
feeding stop request can be generated in response to a user Operation input into the
operating unit 65 or a user operation input on the side of the éharging/discharging station
200 or the house 300. '

- [0070) When a power feeding stop request has not been issued (when the
determination of S600 is negative), the controller 50 returns to the processing of step S200.
Hence, power feeding in which engine power generation is permitted is continued until a
power feeding stopv request is issued. Note that when the remaining fuel amount.
decreases or the user cancels the permission for engine power generation during power
feeding, thé determination of step S200 becomes negative, and therefore activation of the
engine 2 is prohibited (S500). Accordingly, the power feeding operation is switched to
power feeding using only the powér discharged from the storage apparatus B (S500).

[00711 Further, when the user moves qway' from the vehicle 100 during power
feeding in éombination with engine power generation, the determination of step S300
becomes negative, and therefore activation of the engine 2 is prohibited (S500).
Accordingly, the power feeding operation is switched to power feeding using only the
power discharged from the storage apparatus B (S500). |

[0072]  When é power feeding stop réquest is issued (when the determination of
S600 is afﬁﬁnative), the processing advances to step S700, where the controller 50
terminates power feeding from the vehicle 100. As a result, the operation of the power
féeding inverter 40 is stopped. When engine power generation is underway, the engine 2
is also stopped. Furthermore, the system main relay SMR and the relay RY2 are opened.

[0073]  Hence, with the vehicle and the power supply system according to this
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embodiment, when the presence of the user is not detected within the predetermiﬁed range
of the vehicle 100 (when the user is absent), activation of the engine 2 (the power
generation mechanism), during which operating noise and exhaust heat are generated, can
be prohibited. Asa resﬁlt, effects unintended by the user on the periphery of the vehicle,
‘which occur when the engine (the power generation mechanism) is activated automatically
in order to generate power while the user is absent, can be avoided.

[0074) FIG 4 is a ﬂowchart illustrating a control operation perforyﬁed during
power feeding in combination with engine power generation, corresponding to step S400
inFIG3.

[0075] Referring to FIG. 4; step S400 shown in FIG. 3 includes steps S410 to
S440. | | ‘

[0076] When the determinatioﬁ- of ‘step S300 (FIG. 3) is aﬂirmaﬁve, or in other
words when engine power generation is permitted and the user has been detected within
the predetermined range of the "ve;hicle 100, the proceésing'advances to step S410, where
the controller 50 compares th§: SOC of the storage apparatus B with a determination value.
The determination value used in step S410 is identical to the determination value Sth 'used
in step S550 (S550) when the engine 2 is stopped. In other words, at the start of engine
power generation, the determination value of S410 is set at Sth. - |

[0077}  When SOC = Sth (when the determination of S410 is affirmative), the
processing advances to step S420, where the controller 50 executes power feeding using
only the power discharged from the storage al;paratus B, similarly to step SS00 (FIG. 3).
In other words, the engine 2 is stopped.

[0078]  When SOC < Sth (when the determination of S410 is negative), on the
other hand, the processing advances to step S430, where the controller 50 performs power
feeding using engine power generation. Accordingfy, the engine 2 is‘activated such that
power is supplied from the power outlet 35 and/or the inlet 60 using the power generated
by the power generation mechanism. Further, while the engine is activated, the °
processing advances to step S440, where the controller 50 increases the determination

value of step S410 from Sth to Sth# (Sth# > Sth).
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[0079] FIG 5 is a conceptual waveform diagram illustrating the power feeding
operation shown on the flowchart df FIG. 4. FIG. 5 shows a power feeding operation in
which engine power generation is permitted (the determination of S200 is afﬁrmativé) and
the user has been defecfed within the predetermined range of the vehicle 100 (the
determination of S300 is affirmative).

[0080]  Referring to FIG. 5, when power feeding is started at a time t0, the SOC is
higher than the determination value Sth from the time t0 to a time t1, and therefore power
feeding is executed using bnly the power discharged by the storage apparatus B. As a
result, the SOC of the storage apparatus B gradually decreases.

[0081] When the SOC falls below the determination value Sth at the time tl,
discharge .from the storage apparatus B is stopped. Since engine p‘dwer generation is
permitted, however, the engine 2 is activated so that power generation by the power
generation mechanism is started. He\nce, from the time tl, power is output from the

| power outlet 35_ and/or the inlet 60 using the power generated by the power generation
mechanism while the engine 2 is activated. The storage apparatus B is charged with
surplus poWér obtained by subtracting the power consumption from the power outlet 35
‘and/or the inlet 60 from the po§ver generated by the power generation mechanism.
Therefore, the SOC of the storage apparatus B increases during engine power generation.

[0082]  When the SOC increases above the determination value Sth# at a time t2,
the engine 2 is stopped such that the vehicle 100 again performs power feeding using only
the power discharged by the storage apparatus B.

[0083]  Power feeding using only the power discharged by the storage apparatus B
is then continued from the time t2 to a time t3, at which the SOC falls below Sth again.
Thereafter, power feeding using engine power generation (from the time t3 to a time t4)
and power feeding using only the power dvischarged by the storage apparatus B (from the
time t4 to a time t5) are executed alternately in a similar fashion.

[0084]  Hence, during power feeding in which engine power generation is
permitted, while use of the power stored in the storage apparatus B is prioritized, power

feeding from the vehicle 100 can be executed through engine power generation when the
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SOC decreases.

.v[0085] FIG. 6, on the other hand, shows a power feeding operation in which
engine power generation is prohibited. As described above, when the user has not |
permitted engine power generation (when the determination of S200 is negative) or when
the user has not been detected within the predetermined range of the vehicle (when the
detefmination of S300 is negative), engine power generation is prohibited.

[0086] Referring to FIG. 6, when power feeding is started at a time t0, the SOC is
higher than the determination value Sth, and therefore power feeding is executed using
only the ?ower discharged by the storage apparatus B. Hence, from the time 10 onward,
power is oufput from the power outlet 35 and/or the inlet 60 of the vehicle 100 while the
SOC of the storage apparatus B decreases.

[00871 When the SOC falls below the determination value Sth at a time tl,‘
discharge from the storage apparatus B is stopped. Therefore, when the SOC falls below
the determination value Sth in a case whére engine power generation is prohibited, power
feeding from the vehicle 100 is terminated. In other words, from the time t1 onward, no
power is output from the power outlet 35 and/or the inlet 60 of the vehicle 100.

[0088]  Hence, in the vehicle and the power supply system including the vehicle
éccording to this embodiment of the invention, power feeding from the storage apparatus B
is prioritized even when the user is within the predetermined range of the vehicle 100 such
that power feeding in combination with engihe power generation is permitted. As a result,
power feeding can be executed from the vehicle while suppressing activation of the engine
2. '

- [0089]  Note that in this embodiment, a configuration in which the charger 30 and
the power feeding inverter 40 are disposed séparately is shown in FIG. 2 as an embodiment
of the power feeding function of the vehicle. However, the functions of both the charger
30 and the péwer feeding inverter 40 mayvbe reélized by a single power converter that
performs bidirectional AC/DC conversioh. "The configuration for converting the direct
current power output from the power generation mechanism and/or the storage.apparatu's B

to the positive electrode line PL1 and the negative electrode line NL into alternating



WO 2015/025199 PCT/IB2014/001505

18
current power is not limited to thése examples, and any desired configuration may be
employed. For example, the vehicle 100 may be configured such that a direct
current/alternating current (DC/AC) converter is constituted by the inverters 21, 22 and
stator coils of the motor generators MG1, MG2, whereby alternating current power is
output between neutral points of the respective stator coils.

'[0090]  Furthermore, the manner in which power is fed from the vehicle is not
limited to the examples sh‘o.wn in FIG. 2, namely power feeding to the exterior located
outside the vehicle via the power cable 250 and power feeding from the power outlet 35
provided in the vehicle cabin, and the invention may be applied to power feeding
performed in another manner. For example, power may be fed by providing the
‘charging/discharging connector 220 with a power outlet for extracting alternating current
power. Alternatively, power may be fed from the vehicle in a non-contact fashion using
an electromagnetic coupling, without the need for a direct electric connection.

[0091]  Moreover, the power generation mechanism of the vehicle may be formed
from a so-called series hybrid type configuration including a specialized power generating
engine and a poWer generator, rather than the engine 2 and the motor generator MG1 of the
vehicle 100 shown in FIG. 2. Alternatively, the power generation mechanism may be
formed using a fuel cell instead of an engine. In other words, the vehicle to which the
invention is applied may be a fuel cell vehicle. Likewise in a fuel cell vehicle, operating
noise is generated when water generated during a hydrogen reaction of the fuel cell is
discharged by an accessory such as a pump. Similarly to an engine, therefore, depending
on the parking condition of tﬂe vehicle and the time of day, the periphery of the vehicle
may be affected by noise generation and so on in a manner unintendéd by the user. Hence, .
in the vehicle and the power supply system to which‘ the invention is applied, the power
generaﬁon mechanism may be constituted by any apparatus that generates power using a
different energy source from the storage apparatus, for example an engine or a fuel cell.

[0092] The embodiments disclosed herein are to be considered in all aspects
exemplary and not limiting. The scope of the invention is defined by the claims rather

than the above description, and is intended to include all equivalent definitions to the



WO 2015/025199 PCT/IB2014/001505

19

claims and all modifications within the scope thereof.
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CLAIMS:

1. A vehicle comprising:

a storage apparatus configured to be recharged;

a power generation meghanism configured to generate power using a different energy
source from the storage apparatus; |

a pbwer feeding apparatus conﬁgﬁred to sﬁpply power dbtained from at least one of
the storage apparatus and the power generation mechanism, from the vehicle;

a detector conﬁgured to detect a user within a predetermined range of the Vehicle;
and |

a controller configured to prohibit power generation by the power generation
mechanism when a request for power fegdin'g from the vehicle is issued and the user has

not been detected within the predetermined range.

2.  The vehicle according to claim 1, wherein, the controller activates the power
generation mechanism and‘the power feeding apparatus feeds the power obtained from the
power generation mechanism from the vehicle, when a state of charge of the storage
apparatus is lower than a first determination value and the user has been detected within

the predetermined range while the request for power feeding from the vehicle is issued.

3. The vehicle according to claim 2, wherein, the controller stops the power generation
by the power generation mechanism and.the power feeding apparatus feeds the power
obtained from the storage apparatus from the .vehicle, when the state of charge exceeds a
second determination value while power generation by the power genera_tion mechanism is

underway, the second determination-value is larger than the first determination value.

4.  The vehicle according to claim 1, wherein, the controller prohibits power feeding
from the vehicle, when a state of charge of the storage apparatus is lower than a first

determination value and the user has not been detected within the predetermined range.
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5. The vehicle according to any one of claims 1 to 4, further corhprising:

a connection port configured to electrically connect the vehicle to an exterior located
outside the vehicle,

wherein the power feeding apparatus is configured to supply power to the exterior

located outside the vehicle through the connection port.

6.  The vehicle according to any one of claims 1 to 5, further comprising:
a power outlet provided in a vehicle cabin,
wherein the power feeding apparatus is configured to supply power from the power

outlet.

7.  The vehicle according to any one of claims 1 to 6, wherein the power generation
mechanism includes an engine that generates power by burning fuel, and a motor generator

that generates pbwer using an output of the engine.

8. Apower supply system comprising:
a vehicle including: |

a cable connection port,

a storage apparatus configured to be recharged,

a power generation mechanism configured to generate power using a different
energy source frém the storage ‘apparatus,

a first power feeding apparatus configured to supply power obtained from at
least one of the storage apparatus and the power generation mechanism to the cable
connection port,

a detector configured to detect a user within a predetermined range of the
vehicle, and

a controller configured to prohibit power generation by the power generation

mechanism when the user is not detected within the predetermined range; and
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a second power feeding apparatus configured to supply power supplied from the
vehicle to a load located outside the vehicle, the power feeding apparatus being configured
to be electrically connected to the cable connection port via a power cable when a
charging/discharging connector provided on the power cable is connected to the cable

connection port.

9.  The power supply system accordihg to claim 8, wherein the vehicle includes a power
outlet provided in a vehicle cabin, and the first power feeding apparatus is configured to

supply power from the power outlet.

10. The power éupply sys'tem according to claim 8 or 9, wherein the vehicle includes a
charger that converts power, supplied to the cable connection port from outside the vehicle
via the charging/discharging connector and the power cable, into power to be charged to

the storage apparatus.
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