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(57) Abstract: A control system for a vehicle including an engine (20), an electrical storage unit (28) and a generator (22; 24) driven
by the engine, the control system includes a socket (104) and a controller (76). The socket is contigured to supply electric power
from the generator or the electrical storage unit to a device outside the vehicle in a travel stop state. The controller stops the engine
when a preset condition is satistied. The controller sets a first range and a second range in which the condition is satisfied. The first
range is the range in a case where electric power is supplied to the device outside the vehicle and the second range is the range in an -
other case. The first range is narrower than the second range.
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CONTROL SYSTEM FOR VEHICLE, VEHICLE, AND CONTROL METHOD FOR
VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention
- [0001]  The invention relates to a control system for a vehicle, a vehicle and a
confroi method for a vehicle, which are able to éupply electric power to a device outside

thé vehicle.

2. Description of Related Arf ‘

[0002] Japanese Patent . Application | Publication  No. 2008-265682 (JP
2008-265682 A) describes that a hybrid vehicle is controlled such that a'required torque is
output to a drive shaft while an engine undergoes ;intemli.tten‘t stop operatidn when a
battery temperature is higher than or equal to a threshold and an engine coolant
temperature is higher than ér equal to a threshold. Furthermore, JP 2008-265682 A
describes that the hybrid vehicle is controlled such that a required torque is output to the
drive shaft while intermittent stop operation of the engine is prohibited when the battery
temperatufe is lower than the threshold and the engine coolant temperature is lower thanv

the threshold.

SUMMARY OF THE INVENTION
[0003] In the control over the hybrid vehicle, described in JP 2008—265682 A,
when el‘ectr‘ic power.is supplied from an electrical storage unit t§ an electrical device, or
the like, outside the vehicle, the engine is operated at'a set 1‘0w\speed during operation,
which is different from operation of the engine when the hybr‘id vehicle is traveling. Ifan
intermittent stop of the engine is prohibited When electric power is supplied to the device

outside the vehicle in this way under the same condition as that when the vehicle is driven

CONFIRMATION COPY
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to travel, the \temperatur'e of the engine may be hard to rise. Therefore, thé combuétion
efficiency of the engine may decrease, and fuel economy performance at _thé time when
‘electric power is supplied to the device outside the vehicle may decrease.

[0004] The invention relates to a control system for a vehicle, a vehicle and a
control method for a Vehiclé, which are able to improve fuel economy performanée at the
time when electric pdwer is suppligd to a device outside the vehicle.

[0005] A first aspect of the invention provides a control system for a vehicle that
includes an engine, an electrical storage unit and a generator driven by the engine. The
control system includes a ‘socket and a controller. The socket is configured to supply
electric power from the generator or the electrical storage unit to a device oﬁtside the
Véhicle in a travel stop state. The controller 15 conﬁguréd to stop the engine when a
preset condition is satisfied. | The controller is configured to sét a first range and a second
range in Wh.iCh fhe condition is satisfied. The first range is the range in a case where
electric power is supplied to the device outside the vehicle, and the second range is the
range in a case other than the case where electric power is supplied to the device outside
the vehicle. The controller is configured to set the first range in which the first range is
narrower than the second range.

[0006] In the above control system, the condition may be satisfied when the
coolant temperature _is higher than or equal to a first threshold in a state other than a state
where electric power is supplied to the device outside the vehicle, and the condition may
not be satisfied when the coolant temperature is lower than the first threshold in the state
other than the state where electric power is supplied to the device outside the vehicle.

'[0007] In the above control system, the condition may be satisfied wheh the
coolant temperature is higher than or equal to a second threshold that is set so as to be
higher than the first threshold in the state where electric power is supplied to the device
outside the vehicle, and the condition may not be satisfied when the coolant temperature is
lower than the second threshold in the state where \electric power is suppliéd to the devicev :
sutside the vehicle. .

[0008]  In the above control system, the controller may be configured to prohibit
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operation of an exhaust gas recirculation device when the coolant temperature is lower
than a third threshold. |

[0009]  In the above control system, the third thréshold may be set so as to be
higher than the first threshold and lower than the second threshold.

[0010] A seéond aspect of the invention 'provides a vehicle. The vehicle
includes: .an engine; an electrical storage unit; a generator that is cbnﬁgured to be driven by
fhe engine; a socket that is configured to supply‘power from the generator or the electrical
stdrage unit to‘a device outside. the vehicle in a travel stop state; and a controller. The
socket is conﬁgured‘to'supply electric power from the generator or thé electrical storage
unit to a device outside the vehicle in a travel stop state. The controller is configured fo
stop the engine when a preset condition is satisfied. The controller i§ conﬁgured to set a
ﬁrs_t range and a second range in which the condition is satisfied. The first range is the
range in a case where electric power is supplied to the device, outside the vehicle, and the
second range is the range in a case other than the case where electric power is suppllied to
the device outsjde the vehicle. The controller is conﬁgured\to set the ﬁrst range in which
the first range is‘r'larrower than the second range.
| [0011] A third asi)ect of the invention provides a control method for a vehicle.
V‘The control method includes: supplying electric power from a generator or an electrical
| storage unit to a device outside the vehicle when the vehicle is in a travel stop\state;
stopping the engine when a preset condition is satisﬁéd; and setting a first range and a
second range in which the condition is satisfied. The ﬁrst_ range is the range in a case
where electric power is supplied to the device outside the vehicle, the second range is the
‘range in a case other than the case where electric power is éupplied to the device outside
the vehicle, and the first range is narrower than the second range.

[0012]  With the co'ﬁtrol system for a vehicle, the vehicle and the control method
for a vehicle, it is possible to keep the temperature of the engine high at the time when
electric power is supplied to an external device, so it is possible to impro{/e fuel economy

- performance.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013]  Features, advaniages, émd technical and. industrial significance of
exemplary embodiments of the invention will be described below with referenéé to the
accompanyirig'drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic configuration view of a hybrid vehicle on which ‘a control
system according to an embodiment of the inVentioh is mourited;

F iG. 2 is a flowchart that éhowsa control method for an engine during traveling in the
control system shown in FIG. 1; | |

FIG. 3 is a.schematic view that shows a .éonﬁguration example in WhiQh the vehicle
shown in FIG, 1 ahd an external power supply device are connected by a power cable and
any one of operation to charge the vehic.le and dperation to supply electric power to a
device outside the vehicle is carried out;

FIG. 4 is a flowchart that shows a method of determinihg whether a condition fc:>r
shifting into a state where electric power is supplied to the deviqe outside the vehicle is
satisfied in the chitrol system shown in FIG. 1;

FIG. 5 is a flowchart that shows a contro.l method for the engine wheﬁ electric power
is supplied to the device outside the vehicle in the control system éhown in FIG. 1;

FIG. 6 is a flowchart that shows a method of determining whether an engine
intermittent stop permission condition is satisfied and whether operation of an EGR is
perrhitted or prohibited in the control system shown in FIG. 1; and

| FIG. 7 is a graph that shoWs an example of temporal changes in engine coolant‘
temperature and engine rotation .speed when electric. ‘povx'/er- is supplied to the device

outside the vehicle according to the embodiment and a comparative embodiment.

’ DETAILED DESCRIPTION OF EMBODIMENTS
t0'014]- Hereinafter, an embodiment of the invention will be described with
reference to the accompanying drawings. Hereinafter, desclription will be made on the
case where each of a motor and a generator is a motor gerierator having both functions of a

motor and a generator. However, this is only illustrative, and the invention is not limited
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to the present erﬁbo‘diment. For example, a first motor generator may be a'mere genératbr,
and a seqbnd motor generaté)r mdy be a mere electric motor.  In the following description,
like reference numerals denote ‘liké elements in all the drawings. |
‘ [0015] FIG. 1.shows the schematic configuration of a hybrid vehicle 10 on which
~a control system 12 according to the present embodiment is mounted. FIG. 1 to FIG. 8
show an example of the embodiment of the inlvention.’

[0016] The hybrid vehicle 10 includes the éontrol system 12, -a poWer split
mechanism 14 and Wheeis 18 coupled to a drive shaft 16. The control system 12 includes |
an engine 20, a first motér generator 22, a second motor generator 24, a power control unit
| (PCU) 26, a battéry 28, a‘power conversion device 30 and an electronié control unit (ECU)

32. kThe first motor generator 22 is drivén by the engine 2O,Iand is mainly used as a
‘generator. The second motor generator 24 is mairﬂy used as a drive rhotof.- The battery'
28 is an electrical storage unit. The ECU 32 is a controller. Hereinafter, the first motor '
generator 22 is referred to as the first MG 22, and the second motor generator 24 is referred
to as the second MG 24. |
[0017] The hybrid vehicle 10 may be' a front-engine, front-wheel-drive (FF)
layout vehicle,A a front-engine, rear-wheel-drive (FR) layout vehicle, a four—v.vheel-dri.ve
(4WD) vehicle, or the like. B - |
[0018] The first MG 22 is a three-phase motor, such as a three-phése syncﬁronous
motor. The ﬁrsvt MG 22 is used as a motor for starting the engine 20. The first MG 22 is
also used as a generatér that is driven by the engine 20. In fhis case, at léast part of torque
from the engine 20 is transmitted to a rotary shaft of the first MG 22 via the power split
mechanism 14.  Electric power gqnerated by the first MG 22 is shpplied to the be}ftery 28
via the PCU 26, and the battery 28 is charged. A first resolver 34 detects a rotation speed
Nwl of the first MG 22,} and transmits a signal indicating the rotation speed Nwl1 to the
ECU 32. | |
[0019] The. second MG 24 is a three-phase motor, such. as a three-phasé
synchronoﬁs motor. The second MG‘24 is driven by electric power supplied from the

battery 28.  The second MG 24 is used as a drive motor that generates driving forcé of the
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vehicle. The second MG 24.is also used as a generator, that is, a device for regenerating
eie‘ctric power. Electric power generated by the second MG 24 is aiso supplied to the
battery 28 via the PCU 26; and the battery 28 is charged. The first MG 22 and the second
MG 24 undergo drive control executed by the PCU 26. A second resolver 36 detects a
rotation speed Nw2 of the second MG 24, and transmits a signal indicating the rotation
speed Nw2 to the ECU 32.

[0020]  The engine 20 is an internal conmbustion engine, such as a gasoline engine
and a diesel engine. The engine 20 is controlled by a controlvsignal Sil from the ECU 32.
The engine 20 iﬁcludes an ‘intake passage 40, an exhaust passage 42 and an exhaust gas
_recircuiation (EGR) device 44. The intéke passage ‘40 and the exhaust passagée 42 are
connected to an engihe body 38 including combustion chambers. The EGR device 44
includes an EGR valve provided in a return passage 46. The return passage 46 connects
the intake passage 40 and the exhaust passage 42 ‘to each other. The operation of the EGR
device 44 is also controlled by the control vsignal Sil from the ECU 32. .

[0021] = The engine 20 is cooled by coolant that cifculates in a coolant passage (not
shown). A coolant temperature sensor 50 detects a coolant temperature Tw1 tﬁat is the
temperature of coolant of the engine 20. A signal indicating "the detected coolant
temperature Twl is:transm'itted to the ECU 32. An engine rotation speed sensor 55
detects a rotation speed Ne of e crankshaft of the engine. A signal indicating the detected
rotation speed Ne is transmitted to the ECU 32. | ’ |

[0022]  The power split ~ﬁ1echanism 14 is formed of é planetary gear mechanism.
The planetary gear mechanism includes a sun gear, pinion gears, a carrier and a ring gear.
For example, the sun gear is connected to an end bortion of the hollow rotary shaft of the
first motor generator 22. The carrier is connected to.the drive shaft of the engine 20\..
The ring gear is connected to an output.shaft 51. The output shaft 51 is connected to a
rotary shaft of the second MG 24 directly or via a speed reducer, such as another planetary
gear mechanism (not shown). The output shaft 51 is connected to fhe drive shaft 16
coupled to the wheels 18 via a speed reducer 53. The power split ‘mechanism '14

distributes power from the engine 20 to a route to the output shaft 51-side drive shaft 16
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[0023]  The PCU 26 is connected between the battery 28 and both. the first MG 22
and the second MG 24." The PCU 26 includes an inverter unit 52 and a DC/DC converter
54. The PCU 26 is controlled by a control signal Si2 from the ECU 32." The DC/DC
‘converter 54 is a step-up/step-down converter that includes two serially connected
switching elerﬁents, two diodes and a reactor. The switching elements each are formed of
an insulated-gate bipolar transistor (IGBT), a transistor, or the like. The two diodes are‘
respectively connected 1n antiparallel With the switching elements. One end of the reactor
is connected between the switching elements. The DC/DC c,or_lverter54 is able to step up
direct-current voltage supplied from the battery 28 and supply . the stepped-up
direct-current Voltage to the inverter unit 52.  The DC/DC converter 54 has the function
of stepping down direct-current voltage supplied from the inverter unit 52 and supplying
direct-current power to the battery 28, that is, charging the battery 28.

{0024]  The mverter unit 52 includes a first inverter and a second inverter. The
first 1nverter drives the first MG 22 by converting dlrect-current voltage, supplied from the
DC/DC converter 54, to alternating-cutrent Voltage and supplying the alternating-current
voltage to the first MG 22. The first inverter also has the function of converting
alternating-current voltage, obtained through power generation when the ﬁ.rst MG 22
generates electric po;Ner C‘as the engine 20 is driven, to direct-current voltage and supplying -
 the converted direct¥current voltage to the DC/DC converter 54.

[0025] A second inverter drives the seeond MG 24 by converting direct-current
voltage, supphed from the DC/DC converter 54, to alternating- current voltage and'
supplying the alternatlng current voltage to the second MG 24. The second inverter also
has the function of, at the time of regenerative braking of the hybrid vehicle 10, converting
alternatin‘g-.current voltage, generated by the second MG 2‘4, to direct-current voltage and
supplying the converted direct-\current voltage to the DC/DC converter 54. Regenerative
braking is carried out in a state where an accelerator pedal of the Vehrcle is not depressed '
and the state of charge of the battery 28 is low, and causes the second MG 24 to enter a

regenerative brakmg State.
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[0026] Each of the vﬁrst inverter and the second inverter incil_udes three-phase
switchiﬁg eieménts, and the switching operation of each switching element is cdntrolled by
~ the control signal Si2 from the ECU 32. The DC/DC converter 54 may be omitted from
the PCU 26. - | |
| [0027]  The battfcry 28 is a secondary battefy,‘ such.as a nickel metal hydride
battery and a lithium ion battery. A gapacitof, or the like, may be used as the electricél
storage unit. A system relay (not shbwn) is provided between the battery 28 and the
DC/DC converter 54. The on/off operations of the system relay are controlled by the
ECU 32. When an IG switéh 56 that is a start-up switch (described later) is tuméd on by
a user, the ECU 32 turns on fhe systerﬁ relay. When the IG switch 56 is turned off, the
system relay is turned off, and connection between thé battery 28 and the inverter unit 52 is
interrupted. ' / | |

[0028] A current sensor 58 detects a current IB of the battefy 28, and transmits a
| signal iﬁdicating the current IB to the ECU 32. A voltage sensor 60 detects a voltage VB -
of the battery 28, and transmits a signal indicating the yoltage VB to the ECU 32. The
ECU 32 calculafes an SOC thaf is the state of Chafge of the battery 28 on the basis of one
or both of the recqived current IB and Voltagé VB. A temperature sensor that detects the
temperature of thé battery 28 may bé providéd, and a signal indicating the detected
temperature of the temperature sensor may be transmitted to the ECU 32.

[0029] - An accelerator position sensor 62 detects an accclerator position AP of an
accelerator pedai, and transmits a signal'indicating the accelerator position AP to the ECU
32. A wheel épeed sensor 64 .detects a rotation speed Nw of one of the wheels 18, and
transmits a signal indfcating the rotation speed Nw to the ECU 32. The ECU 32
calculates a_véhicle speed on the basis of the rotation speed Nw. The ECU 32 may
calculate a vehicle speed on the basis of the detecfed_rotation speed Nw2 of the second MG
24. |

[0030] The power conversion. devicé 30 includes a device that is able to
bidirectionally convért direct current and alternating currént td each other. The power

conversion device 30 converts alternating-current power, supplied from an external power
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supply 66, to direct-current power, outputs direct-current power to the battery 28; and
charges the vbattery 28. The power conversion device 30 also has the function of
converting direct-current power of the battery 28 or direct-current power, generated by the
first MG 22 that is driven by the engine 20 and supplied to the power conversion device 30
via the PCU 26, to alternating-current power for supplying electric power to a device
Outside the vehicle. The power conversion device 30 may be formed of a combination of
- an altefnating-cﬁrrent output device that converts direct lcurren‘t to alternating current and a
direct-current output device that converts alternating cﬁrrent to direct current. The power
conversion device 30 is qontrblled by a control signal Si3 from the ECU 32.

[0031] The ECU 32 iriclu_des a rnvicbrocom‘puter‘that has a central processing unit
(CPU), a memory, and th‘e‘like. In the example of the drawings, only one ECU 32 is
“shiown as the ECU 32; instead, theECU 32 r.néy" be formed of .a- plurahty of split elements
connected to each other via a signal cable as needed. The ECU 32 includes a power
control unit 74 and an engine control unit 76. The power control unit 74 controls the
PCU 26 and ‘the power,convérsion device 30. The engine céntrpl unit 76 controls the
evngine 20. The power control unit 74 has a first determination unit 78, a second
determination uhit 80-and a third defermination unit 86. The first determination unit
(traveling engine stop _ébndition determination unit) 78 determines whether a traveling
engine stop condition is satisfied. ~ The second deterfninati}oln unit (power supply engine
stop condition determination unit) 80 determines Whether a power supply engine stop
condition‘ is satisfied. The third determination unit (intermittent . stop permission
dete_rmihation unit) 86 determines whether to permit an intermittent stop. These three
determination units will be de‘scribed in detail later.

[0032] The engine control unit 76 generate§ the control signal Sil for controlling
the engine 20, and outputs the control signal Sil to the engine 20. The power coﬁtrol unit
74 generates the control signal Si2 for controlling the PCU 26, and outputs‘th.e control
signal Si2 to the PCU 26.  The power control unit 74 also generates the control signai Si3
for éontrolling the power conversion device 30, and outputs the control signal Si3 to the

power conversion device 30.
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[0033]  The ECU 32 receives a signal 1G from the IG switch 56 and a signal PR
from é parking switch 82. The IG switch 56 is provided at a location at which the IG
switch 56 is operable by a driver of the vehicle. The'IG switc}r 56 is used to issue a
start-up request and a stop request for the overall system of the vehicle. The IG switch 56
is formed of a pﬁs_h button, or the like, and is, for example, alternately switched between an
" on state and an off state by repeating pressing operation. The 1G switch 56 generates the
signal IG indicating states of the system, and transmits the signal IG to the ECU 32. |

[0034] The parking switch 82 is a switch for settirlg a shift position to a parking
positivorl.‘ ‘When the parking switch 82 is operated, the parking switch 82 transmits the
sighal PR to the ECU 32. A push button type, a lever type, a rotary type, or the like, may
‘be employed as the type of perking switch 82.

[6035] Wher1 the ECU 32 reeeives the signal PR and the shift position is a
non-parking position, the shift position is switched to the parking position. In this case,
the ECU 32 executes control such that a lock gear (not srrown) fixed to the output shaft 51
is fixed by an engaging member (not shown) by driving a parking lock device (not shown)
and thue the output shaft 51 is fixed. In this case, movement of the vehicle is inhibited.
| [0036] A shift lever 84 allows shift positions other than the parking position to be
rrlahuélly 'set. A signal indicating opera‘rion of the shift lever 84 is also transmitted to the
ECU32. The parking position is released by operating the shift lever 84.

[0037] : During traveling drive ‘control, the pO\r/er control unit 74 calculates a
vehicle target torque Tr* and an engine target power Pe* on the basis of the accelerator
position AP. The vehicle target torque Tr* may be calculated on the basis of the vehicle
speed and the accelerator‘position.AP. The engine target power Pe* may be calculated on
the basis of the rotation speed of the ring gear, obtained from the Vehicle speed or the
rotation speed Nw2 of the second MG, a charge/discharge required ameunt of the battery
28 and the V\ehicle target torque Tr*. The charge/discharge required amount of the battery
28 can be caleulated on the basis of the temperarture, SOC, and the like, of the battery 28.
The power control unit 74 calculates a target/ rotation speed Ne* and target torque Te* of

the engine 20 on the basis of the engine target power Pe* by consulting a preset engine
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high-efficiency map.
| [0038] The power control unit 74 calculates the target rotatlon speed Nwl* of the
first MG 22 on the basis of the target rotatlon speed Ne*, the rotatlon speed Nw2 of the .
second MG 24 and a gear ratio p of the power split mechanism 14, and calculates a target
torque Trl* of the ﬁret MG 22 on the basis of the target rotation speed Nwl* and the
rotation speed Nw1 of the first MG 22. The power controll unit 74 calculates a target
torque Tr2* of the second MG 24 on the basis of the -vehicle target torque Tr*, the target
torque Trl* of the first MG 22 and the gear ratio p of the power split mechanism 14. The
target rotation speed Ne* and target torque Te* of the engine 20, the target rotation speed
Nw1* and target torque Tr1* of the first MG 22; and the target torque Tr* of the,second
MG 24 may be calculated on the basis of the accelerator position AP or on the basfs of the
accelerator position AP and the vehicle speed by consultmg a map prestored in a storage
unit (not shown) | . |

[0039] The power control unit 74 outputs the calculated target rotation speed Ne*
and target torque Te* of the engine 20 to the engine control unit 76. The engine control
unit 76 controls the engine 20 by the control signal Sil such that the target rotation speed ,
Ne* and the target torque Te* are obtained. The power control unit 74 controls the first
MG 22 and the second MG 24 by the comrol signal Si2 such that the calculated target
rotation speed Nwl* ahd target torque Tr1* of the first MG 22 and the target torque Tr* of
the second MG 24 are obtained.

(0040] The power control unit 74 may be split to an overall control unit that
executes integrated control over the entire systemr called hybrid ECU and.a motor control
unit that controls the PCU 26, and the overall control umt the motor control unit and the
engine control unit 76 may be connected to one another via a 51gnal cable In th1s case, a
target power for the entire vehicle is calculated by the overall eontrol unit, the overall |
. control unit outputs the calculated target torque Tr1* of the first MG 22, the calculated
target torque Tr2* of the second MG 24 and the calculated target rotation speed Nw1* of
the first MG 22 to the motor control unit, and outputs the calculated target torque Te* and

target rotation speed Ne* of the engine 20 to the engine control unit 76. In this case, the
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- motor control unit outputs the control signal Si2 to the PCU 26, and the engine control unit
outputs the :control signal Sil to the engine 20. /

[0041] The first determination unit 78 that determmes a traveling engme stop
condltlon n the power control unit 74 determines whether the traveling engine stop
condltron 1nclud1ng a preset intermittent stop permission condltron 1s satisfied when the
vehicle is driven to travel. As a result, when it is determined that the traveling engine
stop condition is satisfied, the power control unit 74 transmits a signal indicating that the
travehng engine stop condition is satisfied to the engine control unit 76, and the engine
control unit 76 stops the engine 20. The engine 20 is stopped for only a period of time
' during which. the traveling engine stop, eondition is satisfied; and the engine 20 is
alternately operated or stopped repeatedly. Thus, intermittent stop operation of the engine
20 is carried out. | | |

[004Zj The traveling ertgihe stop condition is satisfied when all the following
conditions are satisfied: (1) travel drive control is permitted to be executed, (2) the engine
20 is being operated, (3) an intermittent .stop permission condition: (described later) is
satisfied, (4) the calculated target power Pe* of the engine 20 is smaller than er equal to a
(preset predetermined power Pwl, and (5) the calculated SOC of the battery 28 is higher
than or equal to a preset predetermined value SO1. When at least any one of these .
conditions (1) to (5) is not satisfied, the traveling engine stop condition is not satisfied.
When it is determined that the traveling engine stop condition is satisfied, the ECU 32
permits a stop e_f the engine 20 when the intermittent stop permission condition is satisfied.
The - intermittent stop permission condition includes a condition that the coolant
‘temperature Tw1 of the engine 20, detected by the coolant temperature sensor 50, is higher
than or eqdal to a preset first threshold B°C (Twl > B). The first threshold B ef the
coolant temperature is set such that an intermittent stop time of the engine 20 is shorter
than or eqdal to a set period of time and the efficiency at the tirhe of a restart of the ‘engine
20 dees not excessively decrease. The first threshold B of the coolant temperature is set
to a somewhat low value in order to improve fuel economy by expanding an intermittent

stop permission region.
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[0043]  The ECU 32 calculates the target torque Tr2 of thesecond MG 24 under
the condition that the target torque Tr1* of the first MG 22 is 0 when the engine 20 is
stopped, and corrtrols the second MG 24 such that the second MG 24 is driven at the target
torque Tr2*. ,

[0044] On the other hand, ererl it is determined that the traveling engine stop
condition is not satisfied, the ECU 32 does ‘not permit a stop of the engine 20. For
example, when the coolant temperature Twl of the errgine 20 is vlower than the first
threshold B°C (Twl < B), an intermittent stop of the engine 20 is not permitted. In this
case, when the engine 20 is being operated, the ECU 32 prohibits an intermittent stop of
the engine 20 and‘ controls the engine 20 such that the engine 20 is driven at the target
\torque Te* and the target rotation speed Ne*. When the engin_e is being started or when
“the target power Pe* of the engine 20 is larger than a preset predeterrlqined power Pw2 for
starting the engine 20 when the englne 20 is stopped, the ECU 32 executes control such
that the engine 20 is started. ' |

[0045] FIG. 2 isa .ﬂowch'art'that shows a control method for the engine 20 during
traveling in the control system shown in FIG. 1. A .control routine shown in FIG. 2 is
executed by the ECU 32 at predetermined intervals. In step S10 (heremafter step S is
simply referred to as S), the ECU 32 ‘determines whether drive control is permitted to be
executed on the basis of the vehicle speed, the detected accelerator position AP, and the
like. When the ECU 32 determines i in S10 that drive control is permrtted to be executed
the ECU 32 proceeds w1th the process to S12, and determines whether the engme 20 is
bemg operated. When the ECU 32 determines in S12 that the engine 20 is being operated,
the ECU 32 proceeds with the process to S14.  When the ECU 32 “determines in S14 that
the intermittent stop permission condition including the condition that .the coolant
temperature Tw1 is higher than or equal to the first threshold B°C is satrsﬁed the ECU 32
proceeds with the process to Sl6 When the ECU 32 determines in S16 that the target
power Pe* of the engine 20 is smaller than or equal to the predetermined power Pwl, the
ECU 32 proceeds with the process to S18.  When the ECU 32 determines in S18 that the
‘calculated SOC is higher than or equal to a predetermined value SO1, the ECU 32
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proceeds with the process to S20, and controls the engine 20 such that the engine 20 is
stopped.

[0046] On the other hand, when the ECU 32 determines in S14 that the
.interr‘nittent stop permission condition is not satisfied or determines in S16 that the target
power Pe* of the eﬁgine 20 is not smaller than or equal to the predetermined power Pw1 or
deterrﬁines in S18 that the calculéted .SOC is not higher than or é.qual to the predetermined |
value SO1, the ECU 32 proceeds with the process to S22 in any one of the cases. The
ECU 32 controls thé engine 20 in S22 such that the engine 20 is driven at the target torque
Te* and the target rotation speed Ne.*.. ) |

[0047]  When the ECUV-32‘ determines in S12 that the engine 20 is not being |
operated,‘the'ECU 32 proceeds with the process to S24. The ECU 32 determines in S24
whether the engine 20 is being started. When the ECU 32 determines in S24 that the
engine 20 is being started, the ECU 32 proceeds with the process to S26, and executes
starting control over the engine 20. On the other hand, wheﬂ the ECU 32 determines in
S24 that'theve'ngin/e 20 is not being started, the ECU 32 proceeds with the process to S28,
and deterrﬁines whether the target power Pe* of the engine 20 is smaller than or equal to
the predetermined power Pw2. When the ECU 32 determines in S28 that the target power
Pe* of the engvinev20 is not smaller than or eQual to fhe predetermined power Pw2, the ECU
32 proceeds with the process to S26, and executes starting control over the engine 20. On
the other hand, when the ECU 32 determines in S28 that .the target power Pe* of the engine
20 is smaller than or equal to Pw2, the ECU 32 proceeds with the proceés to S30, and
keeps .the engine 20 stopped. When any one of controls in S20, S22, S26 is executed, the -
ECU 32 controls the ﬁrst MG 22 and the second MG 24 such that the second MG 24 is
driven at the calculated target torque Tr2* or, in addition to this, the first MG 22 is driven
at the calculated target rotation speed Nw1* and target torque Tr1*. The predetermined
poWer Pw2 used to determine whether to st'ai't‘ the engine 20 may be set so as to be larger
than the predetermined power Pw1 used to determine whether to stop the engine 20 during
operatiqn of the engine 20. When the predetermined power Pw2 is set s as to be larger

than the predetermined power Pwl, frequent repetition of stop and start of the engine 20 is
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- suppressed.

[0048]  As shown in FIG. 3, the hybrid vehicle 10 is selectively able to charge the
battery 28 ffom, the external power supply 66 outside the vehicle in a travel stop state or
supply electric power from the first MG 22 or the battery 28 to an electrical device 88 or
~ electrical device 90 outéide the vehicle.

[0049] FIG. 3 is .a schematic view that shows a conﬁguration example in which
‘the vehicl¢ shown in FIG. 1 and a power supply device 94 of é house 92 that is a building
are connected by a power cable 68 and any one of opefation to charge the vehicle and
operation to supply electric power to the device outside the vehicle is carried out. The
building may be another building, such as a hospital, other than the house 92. As shown
in FIG. 3, the power cable 68 includes a connector 98,"a plug 100 and a charging circuit
interrupt device (CCID) 102. - The'c’onnec't_c‘)r 98 and the plhvlg. 1.00 are respectively
provided at both end portions of a power line 96. The CCID 102 is prdvided in the
middle of the power line 96.  The CCID 102 has a circuit having the function of switching
between supply of electric power from the external power supply 66 to the vehicle and
intefruption of the supply. The connector 98 is connected to a socket 104 provided at the
vehicle when the battery 28 is charged or when electric power is supplied‘ to the device
outside the vehicle. | -‘When fhe battery 28 is charged, the phig 100 is connected to the
external power supply 66, which is a commercial alternating-current power supply, via a

socket 106 provided at the house 92.

| [0050] The connector 98 has a switch 108 that is operable by the user. The
svﬁtch 108 also has a méchanism for detaching the connector 98 from the socket 104.
The switch 108 aiso has the function of switching between operation to chafge the battery.
| 28 and operation to s'upply electric power to the device outside the véhicle by switching the
position of the switch 108. The connector 98 transmits a signal CNT indicating
connection of the connector 98 to the socket 104 from the sécket 104 to the ECU 32 when
the connecfor 98 1s connected to the éocket 104.

[0051] When operétion to supply electric power to the device outside the vehicle

1s selected by the switch 108, the connector 98 transmits a signal SW to the ECU 32. The
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ECU 32 determines whether a shifting condition into an external power supply state
including a state where operation to supply electric power to the d;:vicé outside the;, vehicle
is selected on the basis of whether there is the signal SW.  When the ECU 32 determines
that the ’shifting condition into the state whe're‘electric power is suppliéd to the device
‘ outside the vehicle is satisfied, the ECU 32 supplies electric power from the first MG 22 or
the battery 28 to the electrical devicé 8‘8 in the house 92 outside the vehicle. The ECU 32
determines through the 'proCess of the flowchart shown in FIG..4 whether the shifting
' condition into the state where electric power is supplied to tﬁe device outside the vehicle is
satisfied. . |

[0052] -FI_G.V 4 is a flowchart that shows a method of determining whether the
shifting condition into the state where electric power is supplie_d to the device outside the
vehicle 1s satisfied in the control system 12 shoWﬁ inFIG. 1. A routine shown in FIG. 4 is
executed by the ECU 32 at prédetermined intervals. In step S40, the ECU 32 determines
whether the signal IG is turned on. That is, the ECU 32 détermines in step S40 whether
the IG switch 36 is turned on and important elements of the 'systc:m have a malfunctioﬁ.
When it is determined tﬁat the signal IG is turned on, the ECU 32 proceeds with‘ the
process to S42. On the other hand, whenv the signal IG is tufned off, the ECU 32 returns
the process to a main routine. | ‘

[0053] In S42, the ECU 32 detérmines wflether the parking position is selected on
the basis of the signal PR. When the ioarking position is selécted, fhe ECU 32 proceeds
with the process to S44; whereas, when the parking pésitidn is not svelected, -the’ ECU 32 |
returns the process to the main routine. | )
 [0054]  In S44, the ECU 32 determines whether the connector 98 of the power
cable 68 is connected to the socket 104 of the vehicle in a state where the plug 100
provided at the power cable 68 is connected to the socket 110 provided at the house 92 on
the basis of the signal CNT. When the ECU 32 determines that the connector 98 is
connected to the socket 104, the ECU 32 proceeds with the process to S46; whereas, when
th.e ECU 32 determines that the connector 98 is not connected to the socket 104, the ECU

32 returns the process to the main routine. The socket 110 is connected to the electrical
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device 88 in the house 92 via a switch 112 ‘The electrical device 88 is connected to the
switch 112 by connecting the eiectrical device 88 to a wall outlet (not shown).r The
switch 112 switchés s;uch that the electrical device 88 is connected to the socket 110 upon
detéction of an interruption detection signal Sa. _

[0055]  In'S46, the ECU 32 determines whether operation to supply electric power
to the device outside the vehicle is selected by the switch 108 of the connector 98 on the
basis of the signal SW. When operation to supply electric power to the device outside the
vehicle is selected, the ECU 32 proceeds with the process to S48, and. determines that the
shifting condition into the state where electric power is supplied to the device outside the
vehicle is satisfied. On the other hand, when the ECU 32 determines in S46 that
yoperation to supply electric power to the de.vice'outsidie the vehicle is not selected, the
ECU 32 returns the pfo'ce’ss to the main routine. oo T |

| [0056] When the ECU 32 determines thatrthe shifting condition into the state
where electric power is supplied to the devicé outside the vehicle is satisfied, the ECU 32
controls the engine 20 such that the engine 20 is driven for rotation at a set rotation speed
and the ﬁfst MG 22 generates electric power. Together with this, the ECU 32 controls the
power conversion device 30 by the gontrél signal Si3 such that electric power generated by
the first MG 22 is supplied to the device outside the vehicle vié the power cable 68.

- [0057]  The second de;ermination unit 80 of the ECU 3%, which determines a
bdwer supply engine stop condition, determines whether‘a power supply engine stop
condition‘ including the preset intermittent stop permission condition in a travel stop siate
of the vehicle is satisfied. As aresult, when it is determined that the power supply engine
stop condiﬁon is satisfied, the power control ’unit 74 transmits the signal indicating that the
power supply engine stop condition is satisfied to the engine control unit 76, and the
engine control unit 76 stops the engine 20. ‘The engine 20 is stopped for only a period of
time during which the power supply engiﬁe stop condition is satisfied, and intermittent stop
operation of the engine 20 is carried oﬁt by alternately operating or stopping the engine 20
repeatedly. | |

[0058] | The power supply engine stop condition is sétisﬁed when all the following
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conditions are satisfied: (1) it is determined fo be in the state- where electric power is
supplied to the device outside the;, vehicle, (2) the intermittent stop permission condition
(described later) is satisfied, and (3) the calculated SOC of the battery 28 is higher thén or
equal to a preset predetermined value SO2.  When at least any one of these conditions (1) -

“to (3) is not satisfied, the power supply engine stop Condition is not satisfied. -Wheh it is
determined that the power supply engine stop condition is satisfied as well, a stop of the
engine 20 is permitted when the intermittent stop permission condition is satisfied as in the
case where it is determined that the traveling engine stop condition is satisfied. The
intermittent stop permission condition includes a condition that the coolant temperature
Twl detected by the coolant temperature sensor 50 is higher than or equal to a preset
second threshold A°C (TWi 2 A). The second tﬁreshold A of the coolant temperature is
set such that the intermittent stop time of the engine 20 is shorter than or equal to a set
period of time and the efﬁéiency at the 'time of a restart of the engine 20 does not
excessively decrease. | '

[0059]  On the precondition that the intermittent stop permission condition is
satisfied, when a preset prédej;ermined period of time hés elapsed froni— a restart of th¢
engine 20 or when the coolant temperature Tw1 has increased by a preset predeterrriined'
température, the engine 20 may be controlled so as to be stopped. |

[0060] When the engine 20 is-stopped, the power control unit 74 controls the
power conversion device 30 by outputting the control éignal Si3 to the power conversion
device 30 such that electrié power from the battery 28 i§ output to the power cable 68 via -
the power conversion device 30. ‘ |

[0061]  On the other hand, when it is determined that the power supply eﬁgine
stop condition is not satisfied, the ECU 32 does not stop the engine 20. For example,
when the coolant temperature of the engine 20 is lower than the second threshold A°C, an

intermittent stop of the engine 20 is not permitted. In this case, the ECU 32 prohibits an

intermittent stop of the engine 20, and controls the engine 20 such that the engine 20 is B

restarted when the engine 20 is stopped or the engine 20 is continuously driven at a set

rotation speed when the engine 20 is being operated. Within electric power generated by
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the first MG 22 while the engine 20 is driven, redundant .electric power thét is not
consumed by the external eiectrical device 88’4is used to chérge the battery 28. Thus, the
SOC of the battety 28 may gradually increase while the engine 20 is driven. | |
[0062] = The predetermined value SO2 for deterrﬁining’ whether the power supply
| éﬁgine stop condition is satisfied when electric power is supplied to the device outside the
vehicle may be set so as to be higher than the predetermined value SO1 for détermining

whether the traveling engine stop condition is satisfied (SO2 >S00). - N
[00_63]v The ECU 32 stops the engine 20 when the power supply engine stop
“condition is satisfied at the time when electric power is supplied to the device outside the
vehicle. At this time, the range (the first range) in which the intermittent stop permission
“condition is satisfied in a case where electric power is supplied .to the device outside the
vehicle is set so as to be harrower thén the range (the sécond» range) in which the
intermittent stop permission condition is satisﬁed in a case including ‘a case where the
vehicle is driven to travel, that is, a case other than the case where electric power-is
supplied tb the device outside the vehicle, and an intermittent stop of the engine 20 is hard
to be pérmitted. Specifically, thé second threshold ‘A°C of the coolant temperature is set
so as to be highé_r than the first threshold B°C of the coolant temperature, which is used to
determine whether the jnfermittent sfop permission condition is satisfied during traveling. |

For‘exar‘nple, the first threshold B°C is 40°C, and the second threshold A°Cis 80°C‘.

| [0064]  More spec-iﬁcally, the intermittent stop permission condition is set so as to
be satisfied when the coolant}temperature Twl is higher than or equai to the first threshold
B°C in the case where it is not in the state where electric power is supplied to the device
outside the vehicle, for examplé, fhe case where the vehicle is driven to travel; whereas the
intermittent stop peﬁﬁission condition is set so as to be not satisfied when the coolant
| ter‘nperaturev Twl is lower than the first threshold B°C in the same case. In addition, the
intermiftent stop permission condition is set so as to be satisfied when the coolant
temperature Twl is higher than or equal to the secoﬁd threshold A°C that is set so as to be
higher than the, first threshold B°C in the case where electric power is supplied to the

device outside the vehicle; whereas the intermittent stop permission condition is set so as
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to be not satisfied when the coolant temperature Twl is lower than the second threshold
A"C’ in the same case. Thus, only when the coolant temperature Twl is higher than or
equal to the second threshold A°C higher than the first threshold B°C at the time when the
vehicle is driven to travel in a state where electric poWér 1s supplied to the dévice oﬁtside
the vehicle, an intermittent stop of the engine 20 is permitted.

[0065]  The third determination unit 86 of the power control unit 74, which
determines whether to permit an intermittent stop prohibits an intermittent stop of the
éngine 20 in any one of the case (1) where electric power is supplied to the device outside
the vehicle and it is determined that the coolant temperature Twl is lower thaﬁ the second
threshold.A°C and the case (2) where electric‘ powér is not supplied to the device outside
the vehicle and it is determined that the coolant temperature Twl is lower than the first
threshold B°C, irrespective of whether another cohdition is* satisfied. ‘The ECU 32
determines whether the codla‘nt temperature Twl is lower than a preset third threshold C°C
after determination of the thiArd. determination unit 86 that determines Whether to permit an
intermittent stop. When it is determined that the coolant temperature Tw1 is lower than
the third threshold C°C, the ECU 32 prohibits operation of the EGR device 44. On the
other hand, when it is determined that the coolant temperature Tw1 is not lower than the
third threshold C°C, the ECU 32 permits opération of the‘ EGR device 44. For example,
the third threshold C°C of the coolant temperature is set between' the first threshold B°C
and the second threshold A°C. That s, the third threshold C°C is set so as to be higher
than‘the‘ first threshold B°C and lower than the second threshold A°C.. For example, when
thé first threshold B°C is set to 40°C and the second threshold A°.C 1s set to 80°C, the third
threshold C°C is set to 70°C.  The third threshold C°C is set to a somewhat high value in |
consideration of combustion stability, knocking detectabiliiy, and the like. -

[0066] FIG. 5 is a flowchart that shows a control method for the engine 20 when
electric powerris supplied to the device outside the vehicle in the control system 12 shown
in FIG. 1. A control routine shown in FIG. 5 ié executed by the ECU 32 at predetermined
inter{/als. In step SSO, the ECU 32 determines whether it'has been shifted intoAa state

where electric power is supplied to the device outside the vehicle through, for example, the-
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routine of the determining method shown in FIG. 4.  When the ECU 32 determines in S50
that it has been shifted into a state where electric power is supplied to the device outside
the vehicle, the ECU 32 proceeds ‘with the process to S52. The ECU 32 determines in
S52 whether the intermittent stop permission condition including the condition that the
coolant temperature Tw1 is higher than or equal to the second threshold A°C is satisfied.
When it is determined in S52 theit the intermittent stop permission condition is satisfied,
the ECU 32 determines in S54 whether the calculated SOC is higher than or equal to the
predetermined value SO2.  When it is determined in S54 that the calculated SbC is higher
than or-equal to the predetermined value SO2, the ECU 32 proceeds with the process to
S56, and controls the engine 20 such that the engine 20 is stopped.

[0067] On the other hand, when it is determined in S52 that the intermittent stop
permission condition is not satisfied or when it is deterrnined in. 854 that the calculated
SOC is not higher than or equal to the predetermined yalue SO2, the process proceeds to
S58, and the ECU 32 eXecutes drive control ovér the engine 20 such that the'engine 20 is
driven. at a set rotation speed. The drive control over the engine 20 includes both
maintaining operation when the engine 20 is being operated and restarting and operating
the engine 20 when the engine 20 is stopped. When the ECU 32 determines in S50 that it
has not been shifted into a state where electric power is supplied to the device outside the
vehicle, the ECU 32 once ends the process.

[0068] FIG. 6 is a flowchart that shows a method of determining whether the
intermittent stop permission condition of the engine 20 is satisfied and whether operation
of the EGR device 4‘14 is permitted or prohibiteci' in the control System shown in FIG. 1. A

“routine of ‘the determining method shown in FIG. 6 is . executed by the ECU 32 at
predetermined intervals. The ECU 32 determines in S60 whether it is in a state where
electric poWer'is supplied to the device outside the vehicle. When it is determined that it
is in a state where electric power is supplied to the device outside the \rehiele, the process.
proceeds to S62. In S62, the ECU 32 determines whether the coolant temperature Twl is
lower than 'the second threshold A°C.  When it is determined that the coolant temperature

Twl is lower than the second threshold A°C, the ECU 32 determines in S66 that the
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intermittent stop permission condition is not satisfied and an intermitteﬁt stop of the engine
20 is not permitted, and -p‘roceedys with the'process‘ to S70.

[00691 - When it is determined in S62 that the coolant temperature Tw1 is higher
than or equal to the second .thresholdilA°C,. .the ECU 32 determines in S68 that the
intermittent stop permission condition is satisﬁed end an intermittent stop of the engine 20
Cis permltted and then proceeds with the process to S70. | |

[0070] On the other hand, when 1t is determined in S6O that it is not in a state
where electric power is supplied to the device outside the vehicle, the ECU 32 determines
in S64 whether the eoolant temperature Twly is lower than the first threshold B°C.  When
it is determined that the coolant temperature Twl is lower than the first threshold B°C, the,
process proceeds to S66, and the ECU 32 de_termines‘ that an intermittent stop is not

~permitted. ‘ | )

- [0071] ', When it is determined in S64 that the coolant temperature Tyvl is higher
than or equal to the first threshold B°C, the p_reeess proceeds to S68, and‘ the ECU 32 -
deterrﬁihes that an intermittent stop is permitted. - o |

[0072] - In S70, the ECU 32 determines whether the coolant temperature Twl is‘

‘l’ower than the third threshold C°C. When the ECU 32 determines that the coolant
‘temperature Tw1 is lower than the third threshold C°C, the ECU 32 prohibits operation of
the- EGR device 44 in S72.  On the other hand, when the ECU 32 determines that the
coolant temperature Twl is hlgher than or equal to the third threshold C°C, the ECU 32

permlts operatlon of the EGR device 44 in S74.
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 TABLE 1 |
| AMBIENT. K1 | K2 , K3 K4
TEMPERATURE ‘ :
- (°C) ' ‘ .
A(°C) n 2 3 J4

(K1 <K2 <K3 <K4, J1 > 12> I3 > 14)

[0073])  Table 1 shows the correlation between the second threshold A°C df the
vcool'ant témperature for determining whether the intermittent stop permission condition is
satisfied in a state where electric powér is supplie_d to the device outside the vehicle and an
ambient temperature. That is, When the ambient temperatlire is K1°C, J1°C is set for the |
second threshold A°C. In Table 1, K1 < K2 < K3 < K4, and J1 > 12> 73 > J4. As
shown in‘Table 1, the ECU 32 sets the second threshold A°C such that the second threshold

+ A°C varies with the ambient temperature, and sets the second threshold "'A°C so ‘as to be
higher as the ambient temperature decrease_s. The above correlation is stored ih the
storage unit of the ECU 32. When a value detected by an ambient temperature ‘sensor \
(not shown) is input, the ECU 32 changes the second threshold A°C of the coolant
temperatﬁre on the basis of the detected value. ‘The reason why the correlation shown in
Table 1 is set is to, because the temperature of the engine 20 decreases. as the ambiént
temperature decreases during a stop of the engine 20, keep the temperaturev of the engine
20 high even when the ambient temperature becomes low by setting the second threshold
A°C to a high value. The second threshold A°C of the coolant temperature may be set

~ constant ifre_spective of the ambient temperafure.

[0074] The vehicle may include a selecting operation unit, such as a selecting
switch (not shown), for selecting whether to supply electric power to the device outside the
vehicle, and the ECU 32 may receive a signal from the selecting opefation unit and
determin¢ whether it is in a state where electric power is supplied to. the device outside the
Vehiéle. | .

[0075] With the corvxtrolisystem 12 and the hybrid vehicle 10 including the control
System_ 12, péwer_ of fhc engine 20 is distributed by the power split mechanism 14 to the

output shaft 51 and the first MG 22 when the vehicle is driven to travel. Thus, power at
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the wheels 18 is generated, and the first MG 22 generates eleotri‘c power. The second MG
24,is driven by electric power from the battery 28, and outputs the amount of power, which
is an insufficient amount of power only by the power of the engine 20 for the vehicle target
power. - The hybrid vehicle 10 travels with the use of at least one of the engine 20 and the
second MG 24 as a drive source. | | |

[0076]  On the other hand, nvhen the vehicle decelerates, the second MG 24
operates as a generator with the rotation of the wheels 18, and the battery 28 is charged
with electric power generated by the second MG 24. When the SOC of the battery 28 is
insufficient, the ECU 32 increases the amount of electrrc power generated by the first MG
22 by increasing the power of the engine 20

[0077] Furthermore ~when electric power is supphed to the dev1ce outSJde the
~ vehicle, the englne 20 is operated at a set low speed dlfferent from that during traveling,
" so the temperature of the engine 20 may be hard to increase. However, the range in
which the intermittent stop permission condition is satisfied in the case where electric
power is supplied to the device outside the vehicle is set so as to be narrower than the
range in which the intermittent stop permission condition is satisfied in the case other than
the case where electric power is supplied to the device outside the vehicle, so it is possible.
to increase the temperature of the engine 20 during a stop of the engine 20 and during
operation of the engine 20. Therefore it is possible to keep the‘temperature of the engine
20 high even when electric power is supphed to the devrce outside the vehicle, so it is
possible to improve consumption efﬁc1ency durlng engine operation by reducing cooling
loss, and it is possible to improve fuel economy performance. ~When the operation of the
EGR device 44 is permitted on the basis of the coolant temperature Tw1 of the engine 20,
the EGR device 44 tends to be operated at the time of a restart of the engine 20 even when
electric power is supplied to the’dev’i‘ce- outside the vehicle, so fuel economy performance
is further improved. |

[0078] FIG. 7 shows an example of temporal changes in engine coolant
temperatures Twl, Tw2 and engine rotation speed Ne when electric power is supplied to

the device outside the vehicle according to the present embodiment and a comparative
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~ embodiment. In the comparative embodiment, the second threshold of the coolant
temperature when electric poWer is supplied to the device outside the vehicle, which is
used to determine whether thé intermittent stop permission condition is satisfied, is the
‘same as the first threshold B when the vehicle is driven to travel. In the comparative
embodiment, the range in which the intermittent- stop permission condition is satisfied is
also the same between when electric power is s'upplie'd to the device outside the vehicle
and when the vehicle is driven to travel. |

[0079] In FIG. 7, Tw]1 denotes the coolant tempefature according to the present
embodiment, and Tw2 denotes the coolant temperature according to the comparative
embodiment. .In FIG. 7, on the pre'condition that thé intermittent stop permission
condition is satisfied at thé time of a restart of the engine 20, it is assumed that the enginé
20 is stopped when the coolant temperature Twl or the coolant temperature Tw2 has
increased by a predetermined temﬁerature. . When electric power is supiolied to the device
outside the vehicle according to thé present embodiment, the engine 20 is driven in order to
 drive the first MG 22. At this timé,' the coolant temperature Twl gradually increases first,
and the engine 20 stops when the coolant temperatﬁre Twl is higher than or equal to the
second threshold A‘;C and becomes a température T2 when the SOC has reached the
predetermined value SO2. After that, due to a stop of the engine 20, the coolant
temperature Tw1 gradually decreases. When the coolant temperature Tw1 decreases and
becomes lower thaﬁ the second threshold A°C, an intermittent stop is not perrhitted, that is,
prohibited, and the engine 20 is driven. Thus, the ‘coolant température Twl increases
again, and, after that, the engine 20 is repeatedly stopped or operafed.r As a result, as is
apparent from fluctuations in the engine rotation speed Ne, intermittent stop operation is
carried out within an range indicated by an arrow o in FIG. 7.

[0080]  On the other hand, the engine 20 is driven when electric power is supplied
to the device outside the Vehiéle even in the comparative embodiment, ahci the coolant
temperature Tw2 increasés. .In the éomparative embodiment, when the coolant
temperature Tw?2 is higher than or equal to.the seCoﬁd threshold B°C lower than that in the

case of the present embodiment and becomes a temperature T1 in the case where the SOC
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has reached the predetermined value SO1, the engine 2stt(»)p.s. After that, due to a stop of |
the engine 20, the coolant temperature Tw2 gradually decreases. When the éoolnant‘
temperature Tw2 decreases and bécomes lower than the second threshold B°C, an
intermittent stop is not permitted, and.the engine 20 is driven. Thus, the coolant
temperature Tw2 increases again, and, after that, the engine 20 is repeatedly stopped or
operated. As a result, intermittent stop operation is carried out within a range indicated
by an arrow f in FIG. 7.  In this way, in the comparative embodiment, an intermittent stop
is not permitted at or below the second threshold lower than that in the present
embodiment. Here; as described above, the second threshold of the coolant temperature
in the comparative embodiment is the same as the first threshold B°C.  Thus, intermittent
stop operation is carried out within the lower temperature range. On the other hand, in
“the preseﬁt embodiment, an interm-ittent stop ‘is not permitted below the second threshold
A°C higher than B°C, so intermittent stop operation is carried out at a temperature higher
than that in the comparative embodiment. Therefore, combustion efficiency during
engine operatidn is higher than that in the case of the comparative embodiment. FIG. 7 is
calculated on the assumption that the coolant temperatures Twl, Tw2 decrease by the
. predetermined temperatﬁre during intermittent stop; instead, FIG. 7 may bé set such that
the coolant temperatures Twl, Tw2 vary with an ambient temperature, an intermittent stop
- time, or the like.

[0081] In the above-described embodiment, the deécription is made on the case
where operation to supply éleétric power to fﬁe device outside the vehicle is operation to
transmit electric poWer to the electrical device 88 that is used m the building‘ as shown in
FIG 35 however, the invention is not limiteéi to this conﬁguraﬁon. Fdr example, as shown
in FIG. 3, the electrical device 90 outside the vehicle, which is used outdoors is connected
to an adapter 116 via a plug 114 , and the plug 100 of the power cable 68 is connected to
the adapter 116. Thus, it is possible to supply power from the vehicle to the electrical
device 90 -outside the vehicle. . For example, the hybrid vehicle 10 may be used as an
emergency power supply at the time of a disaster; such as an earthquake.

[0082] The embodiment of the invention is described above; however, the
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invention is not limited to the above-described embodiment. Of course, the invention

may be implemented in various forms without departing from the scope of the invention.
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CLAIMS:

1. A control system for a vehicle that includes an engine, an electrical storage unit
and a geherétor driven by the engine, comprising: |
- a socket configured to supply electric power from the generator or the electrical
storage unit to a dévice outside the vehicle ina travel stop state, and
a controller being conﬁguréd to stop the engine when a preset condition is satisfied,
the controller being configured to set a first range and a second range in which the
condition i_‘s satisfied, the first rahge being the range in a case where electric power is
supplied to the device outside the vehicle, and the second range being the range in a case
other than the case where electric power is supplied to the device outside the vehicle, and
the controller Being configured to set the first range in whiéh the first range is

narrower than the second range.

2. The control system according to claim 1, wherein

the condition is satisfied ‘when the coolaﬁt temperature is higher than or equal to a
first threshold in a state othér than a state where electric power is supplied to the device
outside the: vehicle, and '

the condition is not satisfied when the coolant temperature is lower than the first
threshold in the state other than the state where electric powér is supplied t§ the device

outside the vehicle.

3. Th_e control system according to claim 2, wherein

the condition is satisfied when’ the coolant temperature is higher than or equal to a
second threshold that is set so as to be higher than the first thpeshold in' the state where
electric poWer is supplied to the device outside the vehicle, and
| the condition is not satisfied when the coolant temperature is lower thah the second

threshold in the state where electric power is supplied to the device outside the vehicle. -
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4. The control system according to claim 2, wherein
the controller is configured to prohibit operation of an exhaust gas recirculation

device when the coolant temperature is lower than a third threshold.

5. The control system according to claim 4, wherein
“the third threshold is higher than the first threshold and lower than the second

threshold.

6. Avehicle comprising:
an engine;
an electrical storage‘ unit;
a generator configured to be driven by the engine;
_a socket configured to sﬁpply electric power from the generator or the electrical
‘storage unit to a device outside the vehicle in a travel stop state; and |
a controller being éonﬁgured to stop the engine when a preset cond_iﬁon 1s satisfied,
the controller being configured to set a first range and a second range in which the
~ condition is satisfied, the first range being the range in a case where electric power is -
suppii-ed to the device oufside the vehiéle, and the second fange being the range in a case
other than the case where eleétric power is supplied to the device outside the vehicle, and .
the controller being configured to set the ﬁrét range in which the first range is

narrower than the second range.

7. A control method for a vehicle, comprising:
suﬁp’lying electric power from a generator or an electrical storage unit to a device
outside the vehicle when the vehicle is in a travel stop state; |
stopping the engine when a preset condition is satisfied; and
setting a first range and a second range in which fhé condition is satisfied, the first
range being the range in a case where electric power is supplied to the device outside fhe

vehicle, the second range being the range in a case other than the case where electric power
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is supplied to the device outside the vehicle, and the first range is narrower than the second

range.
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FIG. 4
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