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1.
HYBRID VEHICLE, CONTROL METHOD FOR HYBRID VEHICLE, AND
CONTROLLER FOR HYBRID VEHICLE

'BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates to a hybrid vehicle, a control method for a

hybrid vehicle, and a controller for a hybrid vehicle.  More specifically, the present
invention rela'ges to a 'hybfi_d vehicle that can supply electric power to an electric device
outside thé vehiClé, é control method for the; hybrid vehicle, and a controller for the
hybrid vehicle. | |
2. Description of Related Art ‘

. [0002] Japane'se‘ Patent Ap_plication/. Publication No. 2007-236023 (JP
12007-236023 A) discloses a hybrid vehicle that can supply éléctri'c power to an electric
devi’ce.oqtside the vehicle. The hybrid vehicle selects, when 5 power supply connector
is connected ther_etd, whethér to supply electric power that has been stored in a battery to
an electric device outside ,the v;hicle or to supply electric power that is generélted using
the dr‘i_Ving force of the engine to an electric device outside t'hé vehicle based on the
remaining ba&ery level. | |

4 [0003] When electric power that is generated using the driving force of the
engine is supplied to an e,lectbric device outside the vehicle, the engine must be started to
obtain generated electric power. However, immediately after the engine is started, a
sufficient electric pbwer supply may not be ;provided to the electric device outside the
vehicle because of a delay in response of engine torque. At fhis time, it is difficult to
supply electric power stably to the electric device outside the vehicle ‘because of shortagé

of electric power that can be supplied to the electric device outside the vehicle.

SUMMARY OF THE INVENTION

CONFIRMATION COPY
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[0004] It is, therefore, an object of the present invention to pro.videla hybrid
vehicle that can supply electric power stably to an electric device; outside the vehicle, a
control method for the hybrid vehicle, and a controller for the hybrid vehicle.

[0005]  _In a first aspect of the present invention, a hybrid vehicle includes an
internal combustion engine, a rotating electric machine, an electric storage device, a
power supply device, and a controller. The rotating electric machine is coﬁfigured to
generate electric power using driving force of the internal combustion engine. The |
electric storage device is configured to be charged and discharged. The pbw‘er.supply
device is configured to supply th least one of the generated electric 1‘)ower from the
rotating electric machine or eléctric poWer stored in the electric storage device to an
electric device outside the hybrid vehicle. The controller is configured to execute
switching control to switch from a first electric power’supply to a second electric power
supply by starting the internal combustion enginé. The first electric pbwe_r supply is a
supply of electric power from the electric storage device to the electric device. The
second electric power supply-is a Supply of electric power from the rotating electric
machine to the electric device. The controller controls the power supply deviée and the
intérnal combustion engine, during the switching control, suéh' that the intéfnal
combustion engine is started with the first electric power supply béing continued. - The
term “duri_ng the switching control” refers to the period from the time when the internal
combustion engine is started until the time when a state is reached where the electric
power that must be suppiied to an électric device outside the vehicle is covered only by
the genefated electric power that is derived from the internal combustion engine.

[0006]  According to this configuration, when the switching control is exeéﬁfed,
the internal combustion engine‘is' started and the generated electric power that is derived
from the driving force of the internal combustion engine is supplied’ to th‘é electric device.
At this time, _bécause the supply of electric power from the electric Storaée device to the
electric device is continued, the shortage of the genérated electric power due to a delay in

response of the driving force of the internal ‘combustion engine can be compensated for
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by the“stored electric power.  Thus, electric power can be supplied stably to the electric
device outside the vehicle.

[0007] In this aspect, the controller may control the power supply device and the
internal combustion engine, during the switching control, such that the first electric
power supply is contihued until a predetermined period of time elapses after the start of
the internal qubustion engihe. » |

[0008] According to this configuration, electric powér can be supplied from the
~electric storage device to the electric device only for a necessary period that has been
preliminarily detérmined in view of the sh‘ortage of the generated elecfric.power ét the
start of the internal combustion ehginé. -Thus, over-discharge of _the electric storage
device can be prevented. | |

[0009] In ‘this aspect, the controller, during the switching control, may predfct
shortage of the generated electric-power relative to the electric power that must be
supplied to the electric device. In addition, the controller may control the power supply
device and the internal cdmbustion engine such thét electric pdwer in an amo‘unt equal to
the predicted shortage is supplied from the electric storage device_to fhe electric d¢vi¢e.

[0010] According to this configuratio_n, an excessive s‘upply of electric power
from the el?ctric storage device can be prevented. As a result, the power input and:
output of the el.ectric storage device can be reduced and the .e'l‘ectricity efficiency can be
improved. | |

| [001i] In this‘ aspect, the cohtroller may predict the shortage of electric power
based on a delay in response of driving force of the internal combuétion engine at the
start of the internal combustid_n engine.

[0012]  According to this configuration, the shortage of electric power can be
predicted precisely in view of a delay in response of the driving forcé of the internal
combustion engine.

[0013] | In this aspect, the controller may control the power supply device and the
internal combustion engine such ‘thvat- the first electric power supply is executed. during the

switching control and when the generated electric power corresponding to the driving
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force of the internal combustion engine is insufficient relative to-the electric power that
must be supplied to the electric device.

[0014]  According to .this configuration, the individual peculiarities of the
internal combustion engine, the changes of the internal combustion engine with the
passage of time; or the changes in output from the internal combustion engine depending
oﬁ the operating environment can be detected. Thus, the shortage of generated electric
power can be detected precisely.

[0015] In another aspect of the preeent invention, a hybrid vehicle includes an
internal combustion engine, a rotating electric machine, an eleetric storage device, a
power supply device, and é, controller. The rotating electric machine is configured to
generate electric power using driving force of the internal combustion engine. The
electric storage deviee is configured to be charged and discharged. The power supply
device supplies at least one of the generated electric powef from the rotating electric
neaehine or electric power stored in the electric sterage device to an electric device
outSide the hybrid vehicle. A control method for the hybrid vehicle includes executing
switching control, by the controller, to switch from a first electric power supply to a
second electric power supply by starting the internal combustion engine, and controlling
the power supply device and the internal combustion engine, by the controller, such that
the internal combustion. engine is started with the first electric power supply being
continued df;ring the switching control. The first electric power supply is a supply of
electric power from the electric storage device to the electric device. The second
electric power supply is a supply of electric power from the rotating electric machine to
the electric device.

[0016]  According to this configuration, when the switching control is executed,
the internal combustioh engine is stéfted and the generated electric power that is derived
from the driving force of the internal combustion engine is supplied to the electric device.
At this time, because the sﬁpply of electric power from the electric storage device to the
electric device is continued, the shortage of the generated ¢lectric power due to a delay in

response of the driving force of the internal combustion engine can be compensated for
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by the stored electric power. Thus, eléctric power can be supplied stably to the electric
device outside the vehicle. | o
| [0017) In the other aspect of the present invention, a hybrid vehicle includes an
internal combustion engine, a rotatipg elf;ctric machine, an électric storage device, a
power supply device, and a controller.. The rota\ting electric machine is configured to
‘generate electric power using driving force of the internal combustion engine. The
electric storage device is configuréd to !)e charged and discharged. The power'suppl:y
~device is configured to supply electric power to an electric device outside the hybrid
\}ehicle throﬁgh at least one of a first power supply path or a second power supply path.
The first power supply path is a power supply path'.—through_ whiph electric power stored
iﬁ the electric st'oragp device is supplied to the electric device. The second powér
supply path is a.vaWer supply path thrpugh which the generated electric power that is
derived from the ciriving force of the internal corhbustidp engine is supplied to the
electric device. The controller is configured to control, during the switching control in
which the powe.r supply device is controlled to switch the power supply patﬁ from the
first power supply path to the second power supply path, the powér supply device and the
intelrnal combustion ‘engine suchvthat the. internal combustion engine is started with
elec’tric power being supplied to ’the electric devicé through the first power supply path
and the second power supply path. The term “during the switching control” refers to the
period from the time when the internal combustion engine is started until t.he time when a
state is reached where the electric power that must be supplied to an electric device
outside the vehicle is covered only by the generated electric power that is derived from
the internal pombustidn engine. ‘ |
[0018] In this aspect, the controller may control the power supply device and thé
internal combustion engine, during Ithe switching' control, such that electrié power is
supplied to tvhe electric device through the first power supply path and the second power
~ supply path until é predetermined period of time has elapsed after the start of the internal
combustion engine and the power supply path is switched from the first power ,supplyv

path to the second power supply path when the predeterrﬁined period of time has elapsed.
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[0019] In the other aspect of the present invention a controller for a hybrid
vehicle includes an ECU.” The hybrid vehicle includes an internal combustlon engine, a
rotating electric machlne an electric storage device, a power supply dev1ce and ‘the
controller.  The rotating electric machine is configured to generate electric power using'
driving' force of the internal combustron engine. The electric storage device is
configured to be charged and discharged. The power stlpply device is configured to
supply electric power to an electric device outside the hybrid vehicle through at least one
of a first power supply path or a second power supply path. The first power supply path |
Iis a power ‘supply path through which electric power stered in the electric storage device
is su.pplied to the electric device. The second power supply path is.a power supply path
through which the generated electric powe‘r that is derived from the driving force of the
internal combustion engine is supplied to the electric device. The ECU is configured to
control, during the switching contre'l in which the power supply device is controlled to_.
switch the power srrpply path from the first power supply path to the second power
supply path, “the power supply device and the internal combustion engine such that the
,internal combustion engine is started with electric power beihg supplied to the electric
device through the first power supply path and the second power supply path. The term
“during the switching control” refers to the perioc.i‘ from the time when the internal

~c0mbust10n engine is started until the trme when a state is reached where the electric
power that must be supplied to an electric device outside the vehicle is covered only by
the generated electric power that is derived from the internal combustion engine.

[0020] In this aspect, the ECU may centrol‘the power'supply device'and the
internal combusti(;n engine, during the switching control, such that electric power is
supplierl to the electric device through the first power supply path and the second power
supply path until a predetermined period of time has elapsed after the start of the internal
combustion engme and the power supply path is switched from the first power “supply

path to the second power supply path when the predetermlned pCI‘lOd of time has elapsed.
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[0021]  According to the invention, it is possible to provide a hybrid vehicle that
can supply electric power stably to an electric device outside the vehicle and a control

method for the hybrid vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Features, advantages, end - technical and industrial ,sighificance of |
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elemeuts, and wherein:

FIG. 1 is a block diagram that illustrates the general configuration of a hybrid
vehicle according to an embodiment of the present invention; _

FIG..2 is a dlagram that illustrates power supply paths that are used to provide
.external power supply in the hybrid vehlcle that is shown in FIG 1; ‘

FIG. 3 is a flowchart that shows the control structure of sw1tchmg control that is
executed by the controller that is shown in FIG. 1; and

FIG. 4 is a time chart that shows one example of switching control that is executed

by the controller that is shown in FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS :

[0023] " An embodiment of the present invention is hereinafter described in detail
with reference to the drawings. = The same or corresponding uarts are designated by the
same reference numerals in all the drawiugs and their description is not repeated. |

[(_)024] FIG. 1‘is a block diagram that illustrates the general coufiguration of a
hybrid vehicle according to an embodiment of the present invention. Referring to FIG.
1, a hybrid vehicle 100.includes an engine 2, motor generators MG1 and MGZ, a power
split device 4, a reduction gear 5, driving Wheels 6, an electric storage device B, a PCU
(Power Control Unit). 20, and a controller (which may be hereinafter also referred tolas
“ECU (Electronic Control Unit”) 50. o

[0025] - The engine 2 is an internal combustion engiue that generates driving

force for rotating a crankshaft by combustion energy that is produced by combusting a
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mixturé of air and fuel that is drawn into its combustion chambers. The mot.or'
generators MG1 and MG2 are AC electric motors, such as three-phase AC synchronous
motors. |

[0026] The hybrid vehicle 100 travels on the driving force that is output from at
least one of the engine 2 and the motor generator MG2. The driving force that is
produced byvthe. ec\ngine:Z is split into two paths by the power split device 4. One of the
paths is. a path through which the driving force is transmitted to the driving‘wheels 6 via
the reduction gear 5 and the other is a path through which the driving force is transmitted
to the motor generator MG1. ‘

[0027] When the vehicle is stationary, the motor generato'r MGI1 can genefate
electric power using the driving force of the engine 2. The electric power that is
generated in this way may be transmitted to the electric storage device B to charge it or
may be transmitted to an electric device outside the .vehicle as described in detail later.

[0028] The power split device 4 includes a planetary gear that consists of a sun
gear, pinion gears, a carrier and a ring gear. The pinion gears mesh 'w__ith fhe sun gear
and the ring gear. - ‘The carrier r‘otatably shpports the pinion gears and is coupled to the
crankshaft of the engine 2. The sun gear is coupled to a rotating shaft of the motor
generator MG1. The ring gear is cc;upled toa rotaiin_g shaft of the motor generator MG2
and the reduction gear 5.

[0029] | The electric storage device B is an electric power storage elément, that is
configured to be able to be chargéd and discharged. The electricistorage device B
includes a .secondary battery, such as a lithium-ion battery, nickel-hydrogen battery or
lead battery, or cells of an electric storage element, such as an electric double layer
capacitor. |

[0030]  The electric storage device B is connected via a relay RY to the PCU 20
that is used to drive the motor generators MG1 and MG2. The electric storage device B
supplies electfic power that is ﬁsed to pfoduce driving force for driving the hybrid vehicle
100 to the PCU 20. The electric storage device B can also supply electric power to an

electric device outside the vehicle as described in detail later. In addition, the electric



WO 2015/068010 PCT/IB2014/002305

9
storage device B stores eléctric power that is generated by the motor generators MG1 and
- MG2. The electric storage device B has an output of, for example, 200 V. . |

[0031] Thé PCU 20 includés a converter 21, inverters 22 and 23, and a capacitor
Cl. The coﬁverter 21 executes voltage conversion between electric. power lines PL1
and NL1 and between electric power lines PL2 and NL1 based on a control signal S1
from the ECU 50. |

[0032]  The inverters 22 and 23 are connected in parallel to the electric power
lines PL2 aﬁd NL1. The inverters 22 and 23 convert DC electric power that is supplied
from the converter 21 into AC electric power-and drivelthe motor generators MG1 and
MG2, respéctively, based on control signals S2 and S3, respectively, from the ECU 50.

"The capacitor C1 is prov'idedvbetween the electric power lines P12 and NL1, ahd reduces
voltage fluctuation between the electric power lines PL2 and NL1.

[0033] In the engine 2, the throttle (;pening, the ignition tiining, the fuel
injeétion timing, the fuel injection amount, and }hc operating conditions bf the intake
valves (épeningiclosiﬁg timing, lift, working angle, etc.) are controlled baséd on a control
signql S4 from the ECU 50 td bring ithe engine 2 to desired operating conditions.’ ‘Ai‘r is
introduced i\nto‘ the engine 2 through an intake passage 210. The exhaust‘gas‘ ‘that is

" discharged from the engine 2 is dischargéd out of the vehicle thr-ough an exhaust passage
220. A caialyst. 222 is provided in the exhaust paésage 220. The catalyst 222 is
provided to clean the exhaust gas. " The catalyst 222 is a three-way catalyét, for example,
and cleans carbon monoxide (CO), hydrocarbons (HC), NOx and PM that ‘are contained
in the exhaust gas. | |
[0034] A temperature sensor 226 is provided ‘on the catalyst 222. that the
temperature sensor 226 is used to detect a catalyst temperature Tc which indicates the
temperature of the catalyst 222. The temperature sens‘or‘226 outputs a detection value
of the catalyst temperature Tc to the ECU 50. The ECU 50 may estimate a catalyst
temperature Tc based on a parameter that is used to control the éngine 2 instead of aﬁ

output from the temperature sensor 226.
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[0035] An air-fuel ratio sensor 202 is pfovided on the exhaust passage 220.
The air-fuel ratio sensor 202 is used to detect the air-fuel ratio of the exhaust gas. The
air-fuel ratio sensor 202 outpu(ts a detection value of an air-jfuel ratio AF of the exhaust
gas to the ECU 50. »

[0036] The catalyst 222 miay include a first-stage éatalyst and a second-stage
catalyst thét ar‘e‘ located upstream and downstream of each other in the exhaust passage
220. The air-fuel raiiQ sensor 202 may be located upstream of the first-stage :catalyst,
between the first-stage catalyst and the second-stage catalyst, or déwnstfeam of t‘he
second-stage catalyst;

[0037] The catalyst 222 is charactérized by having a high conversion efficiency
when warmed up to a predetermined temperature. Thus, to improve the emission of the
‘hybrid vehicle 100, the catalyst 222 must be warmed up to a predetermined temperature
when the engine 2 starts to be operated.. | |

| [0038] - In one ihstance, the ECU 50 executes catalyst warm-up control to
increase the exhauxst gas temperature by retarding the ignition '-timing of the engine 2 in
order to warm up the catalyst 222.  When the catalyst warm-up cbntrol is exeéuted, the
torque of the engine 2 decreases because the operating efficiency of the engine 2
decreases. - | |

[0039] The ECU‘ 50 also executes decompression control to reduce vibration of
fhe engine 2 when the engine 2 is started. Specifically, in the decompression control, a
VVT (Variable Valve Timing) device is used to delay the timing of closure of the intake
valves to redﬁce.the amount of air that is drawn into the engine 2. Then, vibration is
bsuppressed because the compreséion ratio decreases, and the torque of the éngine 2:
decreases. The decompression contrpl mély be also executed when the load of thé
engine 2 is low. |

[0040] In addition; the ECU 50 executes start ignition retarding control to
prevent a shock that may be caused by a sudden increase of engine torque when the

engine 2 is started. In the start ignition retarding control, the ignition timing is retarded
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after the engine 2 is started, and then the ignition timihg is gradually advanced. This.
helps the engine torque to increase gently. |

[0041] The hybrid vehicle 100 also includes a power supply device 300 and a
power supply port 310 as means that are used to supply electric power to an electric
device outside the vehicle. The electric device outside the vehicle may be hereinafter
also referred to as “external device,” ‘z‘md the éupply of electric power to an external
device may be hereinafter also referred to as “external power supply.”

[0042]).  The power supply porf 310 is an electric power interface that is used to

supply electric power fo an external device 4.00'. The power supply port 310 is
configured to be connectable to a connector 410 that is connected to the external device
400. A | _
_ [0043]\ The power supply device 300 is located émong the pdwer supply port
310, the electric storage device B and the PCU 20. The power supply device 300
converts, based on a control signal S5 from the ECU 50, electric p‘ower (DC) into electric
power (AC) and outputs the electric power (AC) to the power supply port 310. The
electric power (DC) is supplied from at least one of the electric storage device B and the
PCU 20. The electric power (AC) is suited to the external device 400.

[0044]  FIG. 2 is a diagram that illustrates power'supply paths that are used to
provide éxternal power supply in the hybrid vehicle 100 tﬁat is shown in FIG. 1.
Referring to FIG. 2, an arrow SP1 indicates a first power supply path through which the
stored electric power is supplied to the external device 400. The stored electric power is
the electric power that has been stored in the electric storage device B, An arrow SP2
indicates a second power supply path through which the generated electric power is
supplied to the external device 400. The generated electric power is the electric power
that is generated using the driving force of the engine 2. |

[0045] In the above coﬁfiguration, the power supply paths may be‘ switched
durihg the external power supply in sorﬁe cases. . For example, the external power
supply can be provided through the first power supply path when sufficient electric

power has been stored in the electric storage device B, but, when the level of stored
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electric power in the electric storage device B has decreased, the power supply path may-
have to be switched to the second power supply path to coﬁtinue the external power
“supply. In such a case, it is desirable to stop the supply of electric power from the
clectric storage device B and start the supply of the generated électric power as soon as
the switching of power supply paths is requested in order to prevent oVer-discharge of the
electric storage device B. |

[0046]  The switching of power sﬁpply paths is attained by, for example,
ensuring that the external power supply is executed thrbugh the first power supply path
when the power generation using the driving_lforce ‘__of the engine 2 is not in progress and
that the external power supply is executed through the second power supply path when'
the level of the generated electric power that is derived from the driving force of the
engine 2 is eqﬁél to or higher than the level of electric power that must be supplied to the
external device 400. v

[0047] When the powef supply path is switched from the first power supply path |
to the second power supply path when the external power supply is in progress, the
‘engine 2 must be started to obfain generated electric power. - However, immedié\tely
after the engine 2 is startéd, a sufficient electric power supply to the external device 400
may not bé'provided because of a delay in response of enginé torqhe.

[0048] | Specifically, when the engine 2 is started, sufficient generated electric
power to.provide_the external power supply may not be obtained because the engvine
torque is decreased by the effect of the decompression control, the start ignition retarding
control and the catalyst warm-up control. At this time, it is d‘iffi‘cult' to supply electric
power stably to the exfernal device 400 because of shortage of electric power that can be
supplied to the 'external device 400. -

‘[0049] In this embodiment, while the switching control is being executed to
switch :the power supply path from the first power supply path to the second power
supply path, the power supply deviée 300 and the engine 2 are controlled such that the
engine 2 is started with the supply of electric power from the electric storage device B to

the external device 400 being continued. As a result, electric power continues to be
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’ supplied from the eléctric storage device B to the externai device 400 during the
switching control. Therefore, the shortage of the generated electric power can be
compensated for‘by the stored electric power. Thus, electric power can be supplied
stably to the external device 400. The details of the switching control are described
more fully below. o

[0050] FIG. 3 is a ﬂowchart thatvshows the control.structure of the switching
control that is executed by the ECU 50 that is shown in FIG. 1. The flowchart that is
shown in FIG. 3 is realized oy executing a program that has been preliminarily stored in
the ECU 50 at predetermined intervals.  Alternatively, the processing in siome of the
steps may be realized by constructing dedicated hardware (electronie circuit).
| [0051] Referring to FIG. 1 together with FIGI‘. 3, the ECU 50 determines in step
(“step” is hereinafter abbreviated \a.s “Sf’) 100 whether the external pOWer supply is in
progress.“ When it is determined that the external power suppiy is'not in progress (NO .
in $100), the subsequent processing_ is skipped and the control is returned to the main
routine. | | |

[0052] When it is determined that the external power suppiy is in progress (YES
in 5100), the ECU 50 determines whether the elepsed time from the start of the engine 2
is within a predetermined period of time (S110). The predetermined period of time is
the period of time during which a delay in response of driving force is created by the
effect of the start of the engine. Specificaliy, it is the period of time from the time when
the engine 2 is started until the time when the decompression control, the start ignition
retarding control and the'catalyst‘warm-vup control -are completed. _

[0053]  When it is determined that the elapsed time from the start of the engine 2
is within the predetermined period of time (YES in S110), the ECU 50 continues the
supply of electric power from the electric storage device B to the external device 400
(S120). At this time, the ECU 50 calculates the delay in response of driving'force of the
engine 2 based on the information of execution of the decompression control,’ the start
ignition retarding control and the catalyst warm-up control... The ECU 50 predicts the

shortage of the generated electric power that is derived from the driving force of the
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‘engine 2 relative to the electric power that must be supplied to the ext’ernal device 400 -
based on the calculated delay in response of driving force And the ECUSO controls the
power supply»device 300 such that elec{ric power-in an amount equal to the -predicted‘
shortage can be su-pplied from the electric storége device B to the external dévice 400.
The processing in S110 and S120 may be hereinafter aléo referred to as “fe'edforw;ird
control.” ‘

[0054]) Oh the other hand, when it is determined that the elapsed time from the
start of the engine 2 is not within the predetermined period of time (NO in Sv110),' the
ECU 50 turns on a flag 1 (FLG1) that shows the termination of the suppl& of electric
power from the electric storage device B (S125).

| [0055] Then, in S130, the ECU 50 calculates the torque that is being output
from the engine 2. Here, when the. hybrid vehicle 100 is stationary, the output from the
engine 2 is transmitted to the motor generator MGl via the poWer split-device 4 and the
torque of the engine 2 can be therefore calculated Ba_sed on the operating conditions of |
the motor generator MG1. |

[0056] In one ilnstance, the ECU 50 can calculate 'the. torque of the engine 2
based on the torque of the motor generator MG1. Alternatively, the ECU 50 ﬁlay
‘calculate the power of the motor génerator MG1 from detection values of the torque and
rotational speed of the motor generator MG1 and calculate‘ the torque of the engine 2
based on the calculated power. The torque of the motor generator ’MG'l can be
calculated from, for example, the generated electric power ffom the motor generator
MG1. Aiternatively, the ECU 50 may calculate the torque of the engine 2vfrom, for
example, the engine speed, intake air amoun’t a.nd ignition timing of the engine 2.

[0657] Then, in S140, the ECU 50 determines whether the ratié of the engine
torque to requested torque is lower than a predetermined value X. - The term “requested
torque” as used herein refers to the engine torque that is necessary to generate the electric
power that must be‘suppl‘ied to the external device 400. The predetermined value X is a

value that is used to determine whether the engine 2 can output the requested torque. In
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Si40, the divergence betw¢eh the engine torque and the requested torque may be learned
to improve the precision further.

[0058] When it is determined that the ratio of the enginé torque to the requested A
torque is lower fhah the predétermined value X (YES in S140), the ECU 50 continues the
supply of electric power from the electric storage device B to the external device 400
(§150). Here, the ECU 50 calculates the shortage of the generated electric power thaf is -

derived from thé drivingr force 6f the engine 2 relative to the electric power that must be
supplied té the external device 400 based on the calculated engine torque, and controls
the power supply device 300 such that electric power in an amount equal to the calculated '.
shortage can be supplied frofn the electric storage device B to the ex£erna§l device 400.
The proceséing 1n S130 to S150 may be hereinafter also referred to as “feedback control.”

[0059] On the other hand, if it is determined that the ratio of the engine torque to
requested torque is equal to or higher than the predetermined value X (NO in S140), the
ECU 50 turns on a flag 2 (FLG2) that shows the termination of the supply of electric
power from the electric storage device Bi(S 155). : -

[0060] Then, in S160, the ECU 50 determines whether the FLG1 is on and/or
the. FLG?2 is on. In other words, the ECU 50 determinés whether at least one of the
FLG1 and FLG2 is on. '

[0061]» When it is determined that the FLLG1 is on and/or the FLGZ is on (YES
in S160), the ECU "50 terminates the supply of eléétric power from the electric storage
devicé B (8170). When it is determined that thé FLG1 is off and the FLG2 is off (NO in
S$160), the sui)sequent processing is skipped and the control is returned to the main
routine. |

[0062] The supply of electric power from the electric storage device B ﬁlay be
terminated in view of both a condition that relates to the elapsed time from the start of the
engine and a condition ithat relates to the engine torque relative to the requested torque as
described above, or the supply of electric power from the electric storage device B may

be terminated in view of either one of the conditions.
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[0063]  While the ECU 50 is described to execute both the feedforward control
;mdlthe feedback control in the switching contro-l in the foregoing, '[hf; ECU 50 may
execute only the feedforward control or only the feedback control in the switching
control. | | |

[0064]  FIG. 4 is a time chart that shows one example of switching éontrolvthat is
executed by the ECU 50 that is shown in FIG. 1. In FIG. 4, the horizontal axis
represents time, and the vertical axis represents the engine speed, the engine torque‘, the
amount of advance of the VV].‘. d.evice that is provi'déd on ‘the intake side, the ignition
timing, the electric power that is requejsted by the external device 400, and the supply of
electr.ic‘power from tﬁe_jclectric storage .device B. The tétal electric power that is
supplied in response 'to‘ the request from the external device 400 is indicated by a solid
line, the electric power that is supplied from the electric poWer that is derived from the
engine 2 is indicated by a broken line, and the electric power that is supplied from the
stored electric power in the electric storage device B is indicated by a dot-and-dash liné.

[0065] Referrihg to FIG. 4, switching control that is éxecujed to switch from the
supply of eléctric- power from the electric st,ofage device B to the external device 400 to
the supply of electric power from the motor generator MG1 to the external device 400 is -
started at time t1. When the switching control is sfarted, the engine 2 is started. At
this time, because the engine 2 is cranked by the driving force of the motor generator
MG1, the engine torque takes a negative value. Then, When combustion is started in the
engine 2 and driving force starts to be generated, the engihe torque becomes a positivé‘
value. |

[0066] Af this time, because the décompression control is ¢xecuted and the
amount of advance of the VVT device on the intake side is therefore retarded, the timing
of closure of the intake valves is ‘delayed. Then, vibration is suppreSséd because the
comp'ression ratio decreases, and the torciue of the engine 2 decrease.s.

[0067] Also, because the start ignition retarding' control is.execﬁted, the ignition
timing is once retarded and then gradually advanced. This prevents a shock that may be

caused by a sudden increase in engine torque.
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[0068] As described above, immediately after the engine 2 is started, the supply
0f electricipower from the electric _storage device B to the enternal device 400 is .
‘continued because sufficient engine btorque cannot be ebtained.

[0069]. - After the engine torque increases to a Sufficient level at time t2, the
generated electric power that is derived from the engine 2 increases. Along with this,
the’arnount of electric power that is supplied from the electric storage device B to the
external device 400 is gradually decreased.

[0070] Wne_n a state where the electric power that must be supplied to the
external device 400 can be covered only by the generated electric power is reached at
time t3, the supply of electric power.from the electric storage device B is stoppéd and the
switching control is terminated. |

| [0071] As described above, in this embodiment, the power supply device 300.
and the engine 2 are controlled such that the engine 2 is started with the supply of electric
power from the electric storage device B to the external device 400 being continUed
during the switching control (ti to t3). When the switching control is executed, the‘
engine 2 is started and the generated electric .power that is deri\}ed from the driving force
of the 'engine 2 is supplied to the external device 400. At this time, because the ‘suipply
of electric . powerifrlom the electric storage device B to the exiernai device 400 is
continued, the shortage of the generated electric power due to a delay in response of the
driving force of the engine 2 can be compensated for by the stored electric power.  Thus,
according .te this embodiment, electric power can be sﬁpplied stably to any electric cieviee
outside the vehicle. | |

[0072] In addition, in this embodirnenf, the nower supply device 300 is
eontrolled such that the supply of electric power from the electric’s‘torage device B to the
external device 400 is continued untilva' predetermined period of time has elapsed after
the start of the engine 2 during the switChing control. Thus, €lectric power can be
supplied from the elecvtric storage device B to the external device 400- only for a

necessary period that-has been preliminarily determined in view of the shortage of the



WO 2015/068010 PCT/IB2014/002305

18

gerierated electric pbwer at the start of the éﬁgine 2. Thus, over-discharge of the electric
storage‘ device B can be prevented. /

[0073] In .additidn, in this embodiment, the shortage ‘o'f the generatéd electric
power relative to the electric power that must be supplied to the external device 400 is
predicted and the power supply device 300 and the engine 2 are controlled such that
electric power in an amount equal to the predicted shortage is supplied from the electric ‘
sfofage device B to the external device 400 during the switching control. - Thus, an
excessive supply of electfic poWer from the electric storagé device B can be prevented.
As é result, the power input and output of the electri‘c storage device B can be reduced
and the electricity efficiency‘can be improved. |

[0074] In addition, ‘in this embddiment, the shortage of electric power is
predicted b'ased‘on a delay in response of the driving force of the engine 2 at the start of '
the engin’e 2. Thus, the shortage of electric power cén be predicted precisel‘y in view of
a delay in.response of the driving forcé of the engine 2. | |

[0075] In addition, in this embodiment, the power supply device 300 and the
engine 2 are controlled sﬁch that electric‘ power is supplied from the electric storage
device B to the external device 400 when the gcﬁera(ed electric power corresp.onding to
the driving force of the engine 2 is insufficient relative to the electric power that must be
supplied to the external device 400 during the switching control. Thus, the individual
péculiarities Qf the engine 2, the changes of the engine wi.th the passage of time, or the
changes in output from the engine 2 de'peﬁding on the operating environment can be
‘detécte‘d. Thus, the shortage of geheréted- electric power can be detected precisely.

o [0076]  While the hybrid vehicle 100, which is equipped with the catalyst 222, is
described in the above embodiment, the hybrid Vehiéle 100 méy n0t< be equipped with the
catalyst 222,

[0077] While a series/paraliel—typc hybrid vehicle in wﬁich the power froni the-
engine 2 can be split and tran.smitted to the driving wheels 6 and the’motor generators
MG1 and MG2 by the powér split device 4 is described in the above embodiment, the .

present. invention is also applicable to hybrid vehicles of different types. For exampie,
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the present invention is also applic‘able to what is called a series-type hybrid vehicle in
which the engine 2 is used only to drive the motor generator MG1 and the driving force
for driving the vehicle is produced only by the motor geherator MG2, a hybrid vehicle in
which ohly the regenerative eénergy in all the kinetic energy that is produced by the
engine 2 is recovered aé electric energy, and a motor-assisted hybrid vehicle in which an
engine is used as a main power source and a motor assists the engine when hecéssary.
“In addition, the present invention is also applicable to a hybrid vehicle in which the motor
can be disconﬂected so that the vehicle can runs only on the power from the engine.
| [0078] In the forégoing, the engine 2 corresponds to one example of the
“intefnai combustion éngiﬁe” of the present invention, and the motor generator MG1
~corresponds to one exémple of the “rotating electric machine” of the present invention.
[0079] It should be understood that the embodiﬁ]ent that is disclos_ed herein is
not limitative but iilustrati\}e in all respécts. The scope of the present invention is
defined not by the above description but by the.‘ appended claims, and is intended to

encompass all modifications within the meaning and scope equivalent to the claims.



WO 2015/068010 PCT/IB2014/002305

20
CLAIMS |

1. A hybrid vehicle, comprising:

an internal combustion engine;

a rotating electric rﬁachine configu;ed to generate electric power using driving force
of the internal con_ibustion engine;

an electric storage device configured,to be charged and discharged;

a power supply dévice configured to supply at least one of the. generated eléctric
pdwer from the rotating electric machine or electric power stored in the electric storage
device to an electric device outside the hybrid vehicle; and

a ébntroller configured to: |

(a) exécute switching control to switch from a first electric poWer supply to a
second electric power supply by starting the internal combustion engine, the first electric
power supply being a supply of electric power from the eléctric storage device to the
electric device and the second electric powér supply being a supply of electric power:
from the rotating electric machine to the electric device; and .

(b) control the power supply device and the internal combustion engine, during the
‘switching control, such that the internal combustion engine is started with the first

electric power supply being continued.

2. The hybrid vehicle according to claim 1, wherein
the controller controls the power supply device and the internal combustion engine,
during the switching control, such that the first electric power supply is'co_ntinuéd until a

predetermined period of time elapses after the start of the internal combustion engine.

3. The hybrid vehicle according to claim 1 or 2, wherein.
the controller, during the switching control, predicts shortage of the generated
electric power relative to the electric power that must be supplied to the electric device

and controls the power supply device and the internal combustion engine such that
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electric power in an amount .equal to the predicted shortage is supplied from the electric

storage device to the electric device.

4. The hybrid vehicle according to claim 3, wherein
the controller predicts the shortage of electric power based on a delay in response of
driving force of the internal combustion engine at_the start of the internal combustion

engine.

5. The hybrid vehicle according to any one of claims 1 to 4, wherein |

the controller controls the power supply device and the internal combustion engine
such that the first electric power supply is executed during the swrtchmg control and
when ‘the generated electric power corresponding to the driving force ,of the internal
combustion engine is insufficient relative to the electric poWer that must be supplied to

the electric device.

6. A control method for a hybrid vehicle, the hybrrd vehicle mcludmg an internal
combustion engine, a rotating electric machme an electric storage device, a power supply
deyice and the controller, the rotating electric machine being configured to generate
electric power using driving force of the internal combustion engine, the electric storage
device being configured to be charged and discharged, and lhe p0wer supply device being
configured to supply at least one of the generaled electric power from the rotating electric
machine or electric power stored in the electric storage device to an electric device
outside the hybrid vehicle, the control method comprising: |

executing switching control, by the controller, to s\witch from a first electric power
supply to a second electric power. supply by sterting the internal combustion engine, the
first electric power supply being a supply of electric power from the electric storage
device to the electric dev1ce and the second electric power supply being a supply of

electric power from the rotatmg electric machine to the electrrc device, and

controllmg the power supply device and the internal combustion engine, by the
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controller, such that the internal combustion engine is started with the first electric power

supply being continued during the switching control.

7. A hybrid vehicle, comprising:

an internal combustion ongine'

a rotating electric machine confrgured to generate electnc power using drrvmg force
of the internal combustion engine;’

an electric storage device configured to be charged and discharged;

a power shpply- der/ice configured to supply electric power to an electric device
outside the hybrid vehicle through at least one of a first power supply path or a second
power supply path, the first power supply path being a power supply path throogh V\rhich
electric power stored in t’he electric storage rievice is_supplied to the electric device and
the. second power supply vpéth being a power supply path through which the generated
electric power that is derived from the drivrng force of the irrternal oombustiorr engine is
.supplied to the electric device' and

a controller configured to control, durmg the switching control in whrch the power
supply device is controlled to switch the power supply path from the first power supply
path to the second power supply path, the power supply device and the 1nterna1
combustion engine such that the internal combustion engine is started with electric power |
jbeing supplied to the eloctric device through the first power supply path and the second

power supply path.

8. The hybrid vehicle according to olaim 7, whereirl ‘

thé controller oontrols the power supply device and the internal combustion engine,
during the sWitching control, such that electric power is supplied to the electric» device
through the first power supply path and the second power supply path‘ until a
predetermined period of time elapses after the start of the internal combustion errgine and
the power supply path is switched from the first power supply path to the second power

supply path when the predetermined»period of time elapses.
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9. A controller for a hybrid vehicle, the hybrid> vehicle including an internal
combustion engine, a rotating electric machine, an electric stdrage device, a power
supply device and the controller, the rotating electric machine being configured to
generate clec%tric power using driving force of the internal combustion engine, the electric
storage device being configured to be charged and discharged, the power éupply device
being configured to supply eleétric pov;/er tb an electric deviée 6utside the hybrid vehicle
through at least one of a first power supply path or a second power suppiy path, thé first
power supply path being a power supply path through WhiC;h electric power stpred in the
electric storage device is supplied to the electric device and the second power supply path
being a power supply path through which the generated electric pO\A;ér that is derived
from‘vthe driving force of the internal combustion engine is supplied to the electric device,
the co_riirdller comprising: |

an ECU cdnfigured to control, during the switching control in which the power
supply device is controlled to switch the power suppiy path from .the first power supply
path to the second power supply path, the power supply device- and ‘the internal
éorhbustion engine such that the internal combustion engine is started with electric power
being supplied to -thel electric device through the first power‘sup_vply path and the second

pbwer supply path. ~

10. The controller according to claim 9, wherein

the ECU controls the p0§ver .supply device and the internal combustidn.engine,
during the switching control, such that electric power is supplied to the electric device
through the first power supply path and the second power supply path until a
predetermined period of time elapSes .aft‘er the stéft of the internal combustion engine anq
the power supply path is switched from the first power supply path to the second power

supply path when the predetermined period of time elapses.
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