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(57) ABSTRACT

An EV prionty switch 1s configured to allow a user to
request a change between an EV priority mode and an HV
mode. If an SOC of a power storage device 1s less than a first

threshold value when the change to the HV mode 1s
requested from the EV priority switch during the EV priority
mode, an ECU changes the runming mode to attain the HV
mode and controls the SOC to be close to the SOC at the
moment of a request for the change to the HV mode. If the
SOC 1s greater than or equal to the first threshold value, the
ECU maintains the EV priority mode. If the SOC reaches a
second threshold value less than the first threshold value, the
ECU forcefully changes the running mode to attain the HV
mode.
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HYBRID VEHICLE AND METHOD FOR
CONTROLLING HYBRID VEHICLE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application is a Reissue of U.S. Pat. No. 8,428,503,
issued Apr. 23, 2013, which issued from U.S. application Ser.
No. 12/452,445, filed Feb. 12, 2010, which is the National
Phase of PCI1/JP2005/062779, filed Jul 9, 2008, now
WQ02009/008546, published Jan. 15, 2009, which claims
Joreign priority to JP 2007-183307, filed Jul. 12, 2007. The

disclosure of the prior applications is heveby incorporated
by reference herein in its entirety.

TECHNICAL FIELD

The present invention relates to a hybrid vehicle including,
an 1nternal combustion engine and an electric motor gener-
ating driving force for the vehicle, and to a method for
controlling such hybrnd vehicle.

BACKGROUND ART

A hybnd vehicle has received attention as an environ-
mentally friendly vehicle. In addition to a conventional
internal combustion engine, the hybrid vehicle 1s equipped
with a power storage device, an imverter and an electric
motor driven by the inverter, as power sources for the
vehicle to run.

Japanese Patent Laying-Open No. 9-168206 discloses
such a hybrid vehicle in which necessary regeneration
energy can be recovered to a battery in any runming state. In
this hybrid vehicle, a detection signal of a battery capacity,
a signal indicative of an expected running state from a
navigation system and a signal indicative of an actual
vehicle runming state are received as mput signals to control
the battery capacity to be constantly close to a target amount
of charge a while ensuring charging energy (100-a) for
regeneration. A driver 1s allowed to manually set the target
amount of charge a.

According to this hybrid vehicle, the battery capacity 1s
controlled 1n comparison with the target amount of charge a.,
which allows necessary regenerative energy to be recovered
to the battery 1n any running state.

Recently, a great deal of attention has been given to a
hybrid vehicle 1n which an on-vehicle power storage device
can be charged from a power source outside the vehicle.
Such an externally rechargeable hybrid vehicle may be
equipped with a power storage device having a power
storage capacity larger than that of a conventional hybnd
vehicle (a hybnid vehicle lacking the external rechargeabil-
ity) for the purpose ol making use of the advantage of
charging from the external power source, and may mostly
run using solely an electric motor.

However, when applying the technique disclosed in the
alorementioned Japanese Patent Laying-Open No. 9-168206
to the externally rechargeable hybrid vehicle, setting the
target amount ol charge ¢ at a great value may cause the
engine to start without sufliciently utilizing charged electric
power supplied from the external power source, so that
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cllective utilization of energy 1s less likely to be fully
achieved. Setting the target amount of charge o at a great

value will cause the state where the amount of charge of the
battery 1s large to continue. Such state where the amount of
charge 1s constantly large will result 1n degradation of the
battery.

When the user 1s allowed to set a system state, the setting,
made by the user may be canceled due to insuilicient
conditions depending on a vehicle state. Even 1n such a case,
it 1s desirable for the sake of convenience to hold the setting
made by the user, and to bring about the state set by the user
once the conditions are satisfied.

DISCLOSURE OF THE INVENTION

The present invention has therefore been made to solve
the above problems, and an object of the present invention
1s to provide a hybrid vehicle capable of effectively utilizing
energy.

Another object of the present mvention 1s to provide a
hybrid vehicle capable of improving user’s convenience.

Still another object of the present invention 1s to provide
a method for controlling a hybrid vehicle capable of eflec-
tively utilizing energy.

Still another object of the present invention 1s to provide
a method for controlling a hybrid vehicle capable of improv-
Ing user’s convenience.

According to the present invention, a hybnid vehicle
includes a chargeable and dischargeable power storage
device, an internal combustion engine, a power generation
device, a charging device, an electric motor, a runming mode
control umt, and a running-mode-change request switch.
The power generation device 1s configured to be capable of
generating electric power using kinetic energy produced by
the mnternal combustion engine to charge the power storage
device. The charging device 1s configured to be capable of
receiving a supply of electric power from a power source
outside the vehicle to charge the power storage device. The
clectric motor receives a supply of electric power from the
power storage device to produce driving force for the
vehicle. The running mode control unit controls changing in
a running mode including a first mode (EV priority mode) of
running without maintaining a state quantity (SOC) indica-
tive of a state of charge of the power storage device and a
second mode (HV mode) of running with the state quantity
(SOC) maintained at a predetermined target. The running-
mode-change request switch 1s configured to allow a user to
request the change 1n the running mode. When the change to
the second mode i1s requested from the runmng-mode-
change request switch during the first mode, the running
mode control unit changes the miming mode to attain the
second mode and sets the predetermined target at a value
prescribed based on the state quantity (SOC) at a moment of
a request for the change to the second mode 1f the state
quantity (SOC) 1s less than a first prescribed value. The
running mode control unit maintains the first mode 1if the
state quantity (SOC) 1s greater than or equal to the first
prescribed value. The present invention allows the vehicle to
run while changing between the first mode (EV priority
mode) and the second mode (HV mode). If the SOC 1s less
than the first prescribed value when the change to the second
mode 1s requested with the running-mode-change request
switch during the first mode, the running mode i1s changed
to attain the second mode, and the SOC target 1s set at a
value prescribed based on the SOC at that moment. This
prevents the fuel efliciency from being degraded by unnec-
essary recovery of the SOC. If the SOC 1s greater than or
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equal to the first prescribed value when the change to the
second mode 1s requested during the first mode, the first
mode 1s maintained. Accordingly, the SOC will not be
maintained at a value greater than or equal to the first
prescribed value.

Therefore, according to the present invention, eflective
utilization of electric power supplied from a power source
outside the wvehicle through the charger can be {fully
achieved. Moreover, the present invention can avoid situa-
tions such as where the power storage device 1s degraded by
maintaining the SOC at a great value, or where regenerative
clectric power cannot be absorbed during braking of the
vehicle or reduction in the acceleration on a down slope.
Further, a user has discretion to set an SOC desired to be
held within a range of values less than the first prescribed
value.

Preferably, when the state quantity (SOC) falls below the
first prescribed value 1n the case where the first mode 1s
maintained since the state quantity (SOC) 1s greater than or
equal to the first prescribed value, the running mode control
unit changes the running mode to attain the second mode and
sets the predetermined target at a value prescribed based on
the first prescribed value.

Preferably, 1t the state quantity (SOC) reaches a second
prescribed value less than the first prescribed value, the
running mode control unit forcetully changes the runming
mode to attain the second mode 1rrespective of an operation
input from the running-mode-change request switch.

Still preferably, the runming mode control unit sets the
predetermined target at a value prescribed based on the
second prescribed value.

According to the present ivention, a hybrid vehicle
includes a chargeable and dischargeable power storage
device, an iternal combustion engine, a power generation
device, an electric motor, a running mode control unit, a
running-mode-change request switch, and a reporting unait.
The power generation device 1s configured to be capable of
generating electric power using kinetic energy produced by
the internal combustion engine to charge the power storage
device. The electric motor receives a supply of electric
power from the power storage device to produce driving
torce for the vehicle. The running mode control unit controls
changing i1n a running mode including a first mode (EV
priority mode) of runming without maintaining a state quan-
tity (SOC) indicative of a state of charge of the power
storage device and a second mode (HV mode) of running
with the state quantity (SOC) maintained at a predetermined
target. The running-mode-change request switch 1s config-
ured to allow a user to request the change in the runmng
mode. The reporting unit reports to the user a history of an
operation mput from the running-mode-change request
switch 1rrespective of control of changing the running mode
executed by the running mode control unit.

The present invention allows the vehicle to run while
changing between the first mode (EV priority mode) and the
second mode (HV mode). The reporting unit reports to the
user the history of the operation mput from the running-
mode-change request switch rrespective of actual control of
changing the running mode executed by the running mode
control unit. The user can thereby identify that the request
for the change 1n the running mode has been recognized by
the system.

Therefore, 11 the request for the change in the runmng
mode 1s canceled due to msuflicient conditions, the present
invention can save user’s time and eflort to repeatedly

10

15

20

25

30

35

40

45

50

55

60

65

4

operate the running-mode-change request switch until the
request for the change 1s accepted, which leads to improved
convenience.

Preferably, when the change to the second mode 1s
requested from the running-mode-change request switch
during the first mode, the running mode control unit main-
tains the first mode 11 the state quantity (SOC) 1s greater than
or equal to a first prescribed value. Even 11 the first mode 1s
maintained since the state quantity (SOC) 1s greater than or
equal to the first prescribed value, the reporting unit reports
that the change to the second mode has been requested from
the running-mode-change request switch.

Preferably, when the state quantity (SOC) reaches a
second prescribed value less than the first prescribed value,
the running mode control unit forcefully changes the run-
ning mode to attain the second mode irrespective of the
operation mput from the running-mode-change request
switch. When the running mode 1s forcefully changed to
attain the second mode by the running mode control unit, the
reporting unit reports that the runmng mode has been
changed to attain the second mode 1rrespective of the
operation mput from the running-mode-change request
switch.

According to the present invention, the user can 1dentity
that the state quantity (SOC) 1s close to the lower limit, and
can also readily identify the timing in which the power
storage device 1s to be charged again.

Further, according to the present invention, a method for
controlling 1s a method for controlling a hybrid vehicle. The
hybrid vehicle includes a chargeable and dischargeable
power storage device, an internal combustion engine, a
power generation device, a charging device, and an electric
motor. The power generation device 1s configured to be
capable of generating electric power using Kinetic energy
produced by the internal combustion engine to charge the
power storage device. The charging device 1s configured to
be capable of receiving a supply of electric power from a
power source outside the vehicle to charge the power storage
device. The electric motor receives a supply of electric
power from the power storage device to produce driving
force for the vehicle. The method includes the first to fourth
steps. In the first step, during a first mode (EV priority mode)
of runming without maintaining a state quantity (SOC)
indicative of a state of charge of the power storage device,
it 1s determined whether or not a change to a second mode
(HV mode) of running with the state quantity (SOC) main-
tained at a predetermined target has been requested by a user.
It 1s determined 1n the second step whether or not the state
quantity (SOC) 1s less than a first prescribed value when 1t
1s determined that the change to the second mode has been
requested. In the third step, the running mode 1s changed to
attain the second mode and the predetermined target 1s set at
a value prescribed based on the state quantity (SOC) at a
moment of a request for the change to the second mode,
when 1t 1s determined that the state quantity (SOC) 1s less
than the first prescribed value. The first mode 1s maintained
in the fourth step when 1t 1s determined that the state quantity
(SOC) 1s greater than or equal to the first prescribed value.

Preferably, when 1t 1s determined 1n the second step that
the state quantity (SOC) 1s less than the first prescribed value
in the case where the first mode 1s maintained 1n the fourth
step, then, 1n the third step, the runming mode 1s changed to
attain the second mode, and the predetermined target 1s set
at a value prescribed based on the first prescribed value.

Preferably, the method for controlling further includes the
fifth step. In the fifth step, the running mode 1s forcefully
changed to attain the second mode irrespective of the request
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to change the running mode made by the user when the state
quantity (SOC) reaches a second prescribed value less than
the first prescribed value.

Still preferably, the predetermined target 1s set at a value
prescribed based on the second prescribed value 1n the fifth
step.

Further, according to the present invention, a method for
controlling 1s a method for controlling a hybrid vehicle. The
hybrid vehicle includes a chargeable and dischargeable
power storage device, an internal combustion engine, a
power generation device, an electric motor, and a running-
mode-change request switch. The power generation device
1s configured to be capable of generating electric power
using Kinetic energy produced by the internal combustion
engine to charge the power storage device. The electric
motor receives a supply of electric power from the power
storage device to produce driving force for the vehicle. The
running-mode-change request switch 1s configured to allow
a user to request a change 1n a runming mode including a first
mode (EV priority mode) of running without maintaining a
state quantity (SOC) indicative of a state of charge of the
power storage device and a second mode (HV mode) of
running with the state quantity (SOC) maintained at a
predetermined target. The method includes the first and
second steps. In the first step, control of changing the
running mode 1s executed based on an operation input from
the running-mode-change request switch. In the second step,
a history of the operation mput from the running-mode-
change request switch 1s reported to the user 1rrespective of
the control of changing the running mode.

Preferably, the method for controlling further includes the
third to fifth steps. In the third step, it 1s determined whether
or not the change to the second mode has been requested
from the running-mode-change request switch during the
first mode. It 1s determined 1n the fourth step whether or not
the state quantity (SOC) 1s greater than or equal to a first
prescribed value when 1t 1s determined 1n the third step that
the change to the second mode has been requested. The first
mode 1s maintained in the fifth step when 1t 1s determined in
the fourth step that the state quantity (SOC) 1s greater than
or equal to the first prescribed value. Even if the first mode
1s maintained in the fifth step, it 1s reported to the user in the
second step that the change to the second mode has been
requested from the running-mode-change request switch.

Preferably, the method for controlling further includes the
sixth and seventh steps. In the sixth step, the runming mode
1s forcefully changed to attain the second mode 1rrespective
of the operation input from the running-mode-change
request switch when the state quantity (SOC) reaches a
second prescribed value less than the first prescribed value.
It 1s reported to the user 1n the seventh step that the running
mode has been changed to attain the second mode irrespec-
tive of the operation input from the running-mode-change
request switch when the running mode 1s forcefully changed
to attain the second mode 1n the sixth step.

As described above, according to the present ivention,
cllective utilization of electric power supplied from the
power source outside the vehicle through the charging
device can be fully achieved. Moreover, the present inven-
tion can avoid situations such as where the power storage
device 1s degraded, and where regenerative electric power
cannot be absorbed during braking of the vehicle or reduc-
tion 1n the acceleration on a down slope. Further, the user has
discretion to set an SOC desired to be held within a range of
values less than the first prescribed value.

Furthermore, 11 the request for the change 1n the runming
mode 1s canceled due to msuflicient conditions, the present
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invention can save user’s time and eflort to repeatedly
operate the running-mode-change request switch until the
request for the change 1s accepted, which leads to improved
convenience.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an overall block diagram of a hybrid vehicle
according to an embodiment of the present invention.

FIG. 2 1s a functional block diagram of an ECU shown 1n
FIG. 1.

FIG. 3 1s a diagram showing a charge/discharge map
defining charging and discharging of a power storage device.

FIG. 4 1s a diagram for explaining determination of
operation of an engine.

FIG. 5 1s an outline drawing of an EV priority switch
shown 1 FIG. 1.

FIG. 6 1s a state transition diagram showing the relation-
ship of the operation of the EV priority switch with a request
to change a running mode and a display state of a display.

FIG. 7 1s a flow chart for explaining control of changing
the running mode executed by the ECU shown 1n FIG. 1.

FIG. 8 1s a diagram showing an example of variations 1n
an SOC of the power storage device.

FIG. 9 1s a diagram showing another example of varia-
tions 1 the SOC of the power storage device.

FIG. 10 1s a flow chart for explaining control of changing
the running mode executed by the ECU according to a
modification.

FIG. 11 1s a flow chart for explaining control executed by
the ECU when the power storage device 1s charged from an
external power source.

FIG. 12 1s a diagram showing another configuration of a
switch with which a request to change the running mode can
be mput and displayed.

BEST MODES FOR CARRYING OU'T THE
INVENTION

Embodiments of the present invention will be described
below 1n detaill with reference to the drawings. In the
drawings, the same or corresponding portions are denoted
by the same reference characters and description thereof will
not be repeated.

FIG. 1 1s an overall block diagram of a hybnid vehicle
according to an embodiment of the present invention. With
reference to FI1G. 1, a hybrid vehicle 100 includes an engine
2, a power split device 4, motor generators 6, 10, a trans-
mission gear 8, a drive shaft 12, and wheels 14. Hybrid
vehicle 100 further includes a power storage device 16,
power converters 18, 20, a charger 22, a charging inlet 24,
an ECU (Electronic Control Unit) 26, a memory 27, and an
EV priority switch 28.

Power split device 4 1s coupled to engine 2, motor
generator 6 and transmission gear 8 to distribute motive
power among them. For example, a planetary gear having
three rotation shaits of a sun gear, a planetary carrier and a
ring gear can be used as power split device 4. These three
rotation shafts are connected to the rotation shafts of engine
2, motor generator 6 and transmission gear 8, respectively.
The rotation shaft of motor generator 10 1s coupled to that
of transmission gear 8. That 1s, motor generator 10 and
transmission gear 8 share the same rotation shaft, which 1s
connected to the ring gear of power split device 4.

Kinetic energy produced by engine 2 is distributed to
motor generator 6 and transmission gear 8 by power split
device 4. That 1s, engine 2 1s incorporated into hybrd
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vehicle 100 as a power source that drives transmission gear
8 transmitting motive power to drive shait 12 and drives
motor generator 6. Motor generator 6 1s mcorporated 1nto
hybrid vehicle 100 to operate as a generator driven by engine
2 and as a motor capable of starting engine 2. Motor
generator 10 1s incorporated into hybrid vehicle 100 to
operate as a power source that drives transmission gear 8
transmitting motive power to drive shaft 12.

Power storage device 16 1s a chargeable and dischargeable
DC power source, and 1s implemented by, for example, a
nickel-metal hydrnide, lithium 10n or similar secondary bat-
tery. Power storage device 16 supplies electric power to
power converters 18 and 20. Power storage device 16 1s
charged with electric power received from power converter
(s) 18 and/or 20 during power generation of motor generator
(s) 6 and/or 10. Further, power storage device 16 1s charged
with electric power received through charger 22 during
charging from a power source outside the vehicle (herein-
alter also referred to as an “external power source”), which
1s not shown but connected to charging inlet 24. A large-
capacitance capacitor may be employed as power storage
device 16. Any electric power bufler may be used that can
temporarily store electric power generated by motor gen-
erators 6 and 10 or electric power from the external power
source to supply the stored electric power to motor genera-
tors 6 and 10. A voltage VB at power storage device 16 and
a current IB flowing in/out of power storage device 16 are
detected by sensors not shown, and their detected values are
output to ECU 26.

Based on a signal PWM1 from ECU 26, power converter
18 converts electric power generated by motor generator 6
into DC power for output to power storage device 16. Based
on a signal PWM2 from ECU 26, power converter 20
converts DC power supplied from power storage device 16
into AC power for output to motor generator 10. At the time
of starting engine 2, based on signal PWMI1, power con-
verter 18 converts DC power supplied from power storage
device 16 mto AC power for output to motor generator 6.
During braking of the vehicle or reduction 1n the accelera-
tion on a down slope, power converter 20, based on signal
PWM2, converts electric power generated by motor genera-
tor 10 into DC power for output to power storage device 16.

Motor generators 6 and 10 are AC motors, and are each
implemented by, for example, a three-phase synchronous
motor with permanent magnets embedded 1n a rotor. Motor
generator 6 converts Kinetic energy produced by engine 2
into electric energy for output to power converter 18. Motor
generator 6 generates driving force by three-phase AC
power received from power converter 18 to start engine 2.

Motor generator 10 generates driving torque for the
vehicle by three-phase AC power recerved from power
converter 20. During braking of the vehicle or reduction 1n
the acceleration on a down slope, motor generator 10
converts mechanical energy stored 1n the vehicle as kinetic
energy or potential energy 1nto electric energy for output to
power converter 20.

Engine 2 converts thermal energy produced by fuel com-
bustion 1nto kinetic energy for a movable member such as a
piston or a rotor, and outputs the converted kinetic energy to
power split device 4. For example, assuming that the mov-
able member 1s a piston and i1s making a reciprocating
motion, the reciprocating motion 1s converted mnto a rota-
tional motion through a so-called crank mechanism, such
that the kinetic energy of the piston 1s transmitted to power
split device 4.

Based on a signal PWM3 from ECU 26, charger 22

converts electric power received through charging inlet 24
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from the external power source 1nto a voltage level at power
storage device 16 for output to power storage device 16.
Charging inlet 24 1s an external charging interface through
which electric power 1s supplied to power storage device 16
from the external power source.

ECU 26 generates signals PWMI1 and PWM2 for driving
power converters 18 and 20, respectively, and outputs gen-
crated signals PWMI1 and PWM2 to power converters 18
and 20, respectively. Upon receipt of a signal CHRG
requesting that power storage device 16 1s charged through
charger 22, ECU 26 generates signal PWM3 for drniving
charger 22, and outputs generated signal PWM3 to charger

2.

Further, ECU 26 controls a change 1n the running mode of
this hybrid vehicle 100. More specifically, ECU 26 changes
between a motor-runming priority mode (hereinafter also
referred to as an “EV (Electric Vehicle) priority mode™) 1n
which priority 1s given to running using solely motor gen-
crator 10 with engine 2 shut down and a hybrid running
mode (hereinafter also referred to as an “HV (Hybnd
Vehicle) mode”) 1n which engine 2 1s operated to maintain
a state of charge (hereinaiter also referred to as “SOC”) of
power storage device 16 at a predetermined target. The SOC
represents the amount of stored electric power by 0 to 100%
with respect to the fully-charged state of power storage
device 16, and 1s indicative of the remaining amount of
stored electric power 1n power storage device 16.

The term “priority” that occurs in the EV priority mode
implies running using solely motor generator 10 basically
with engine 2 shut down without maintaining the SOC of
power storage device 16 at the predetermined target. That 1s,
engine 2 1s allowed to operate 1n situations such as when the
driver deeply presses down the accelerator pedal, when an
engine-driven-type air conditioner 1s operated, and during
warm-up of the engine.

The EV priority mode of running without maintaining the
SOC of power storage device 16 refers to a mode in which
the vehicle runs basically with charged electric power in
power storage device 16 being consumed by motor genera-
tor 10, without starting engine 2 unless the need arises in
terms of the driving force. This EV priority mode oiften
results 1n that discharging has a relatively higher ratio to
charging.

The HV mode refers to a running mode 1n which engine
2 1s operated to cause motor generator 6 to generate electric
power 1n order to maintain the SOC of power storage device
16 at the predetermined target, and 1s not limited to running
with engine 2 continuously operated.

Further, ECU 26 receives a signal FLG from EV priority
switch 28. This signal FLLG varies in accordance with a
request to change the running mode mput by the user at EV
priority switch 28. If it 1s determined based on signal FL.G
that the change from the EV priority mode to the HV mode
has been requested by the user, ECU 26 outputs the SOC of
power storage device 16 at that moment to memory 27. ECU
26 then changes the running mode i1n accordance with a
control configuration which will be described later, based on
signal FLLG, the SOC of power storage device 16, and the
SOC at the moment of the request for the mode change
which 1s stored in memory 27.

Furthermore, based on signal FLG from EV priority
switch 28, ECU 26 generates a signal DISP for controlling
the on/oil state of a display provided for EV priority switch
28, and outputs generated signal DISP to EV priority switch
28. More specifically, EV priority switch 28 1s provided with
the display which 1s turned on/off depending on a runming
mode, as will be described later. While the running mode
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will not be changed immediately in response to the operation
input from EV prority switch 28 depending on an SOC
level, ECU 26 controls the on/off state of the display of EV
priority switch 28 in response to signal FLLG indicative of the
request for the mode change made by the user, rather than in
response to an actual running mode.

If 1t 1s determined by ECU 26 that the change from the EV
priority mode to the

HV mode has been requested, memory 27 stores the SOC
of power storage device 16 at that moment which 1s output
from ECU 26.

EV priority switch 28 1s an interface device for allowing
the user to request a change in the running mode and
reporting to the user that the request has been recognized by
the system. When turned on by the user, EV priority switch
28 activates signal FLG to be output to ECU 26, and when
turned off by the user, EV priority switch 28 deactivates
signal FLG. After the termination of charging of power
storage device 16 through charger 22, the running mode 1s
set by default at the EV priority mode, and EV priority
switch 28 is set by default at the on state (i.e., signal FLG
1s activated).

EV priority switch 28 has the display that can be turned
on/ofl, whose display state 1s changed 1n response to signal
DISP from ECU 26. Specifically, when turned on by the user
(1.e., when the change to the EV priority mode 1s requested),
a lamp of EV priority switch 28 1s turned on based on signal
DISP, and when turned off by the user (1.e., when the change
to the HV mode 1s requested), the lamp of EV priority switch
28 1s turned ofl based on signal DISP.

FI1G. 2 1s a functional block diagram of ECU 26 shown in
FIG. 1. With reference to FIG. 2, ECU 26 includes a power
conversion control unit 32, a running mode control unit 34,
an SOC calculation unit 36, and a charge control unit 38.
Power conversion control unit 32 generates signals PWM1
and PWM2 for driving motor generators 6 and 10, respec-
tively, based on torque command values TR1, TR2, motor
currents MCRT1, MCRT12 and rotor rotation positions 01,
02 of motor generators 6, 10, and voltage VB at power
storage device 16, and outposts generated signals PWMI1
and PWM2 to power converters 18 and 20, respectively.

Torque command values TR1 and TR2 are calculated by
a torque calculation unit not shown based on an accelerator
pedal position, vehicle speed and the like. Each of motor
currents MCRT1, MCRT?2, rotor rotation positions 01, 02,
and voltage VB 1s detected by a sensor not shown.

Running mode control unit 34 controls the change in the
running mode based on signal FL.G from EV priority switch
28 and a signal SOC from SOC calculation unmit 36 indicative
of the SOC of power storage device 16. Specifically, when
it 1s determined that the change to the HV mode has been
requested based on signal FLLG during the EV priority mode,
running mode control unit 34 changes the runming mode to
attain the HV mode and sets an SOC target value at a value
prescribed based on the SOC at the moment of the request
tor the change to the HV mode, 11 the SOC of power storage
device 16 indicated by signal SOC 1s less than a prescribed
threshold value Sthl. Running mode control unit 34 main-
tains the EV priority mode if the SOC of power storage
device 16 1s greater than or equal to threshold value Sthl.

If the SOC of power storage device 16 indicated by signal
SOC reaches a prescribed threshold value Sth2 (<Sthl),
running mode control unit 34 forcefully changes the runming,
mode to attain the HV mode irrespective of signal FLG.

Running mode control unit 34 then determines whether or
not engine 2 1s to be operated based on an accelerator-pedal-
position signal ACC indicative of an accelerator pedal
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position, a vehicle speed signal SPD indicative of a vehicle
speed, a selected running mode, and signal SOC 1ndicative
of the SOC of power storage device 16. Specifically, running
mode control unit 34 calculates power required for driving
the vehicle based on accelerator-pedal-position signal ACC
and vehicle speed signal SPD, and calculates a charge/
discharge demand amount for power storage device 16
based on the SOC of power storage device 16 using a
charge/discharge map prescribed beforehand. During the EV
priority mode, the charge demand amount 1s zero. Running
mode control unit 34 then adds the charge/discharge demand
amount to the power required for driving to obtain an engine
output demand value, and determines whether or not engine
2 1s to be operated based on whether or not the obtained
engine output demand value exceeds a predetermined
threshold value.

FIG. 3 1s a diagram showing a charge/discharge map
defining charging and discharging of power storage device
16. With reference to FIG. 3, the horizontal axis represents
the SOC of power storage device 16, while the vertical axis
represents charged/discharged electric power 1n power stor-
age device 16. This map defines the charge/discharge
demand amount for power storage device 16 for controlling
the SOC of power storage device 16 to be close to a target
value SC during the HV mode. Specifically, if the SOC falls
below target value SC, a charge demand amount 1s defined
following a line k1 in accordance with the SOC. During the
EV priority mode, this charge/discharge map 1s not applied,
and the charge demand amount 1s zero.

FIG. 4 1s a diagram for explaining determination of
operation of engine 2. With reference to FIG. 4, the vertical
axis represents the aforementioned engine output demand
value, while the horizontal axis represents the vehicle speed.
A threshold value k3 indicated by the solid line represents a
threshold value at which the engine 1s operated/shut down
during the HV mode. If the engine output demand value 1s
less than or equal to threshold value k3, 1t 1s determined that
the vehicle should run with engine 2 shut down, and if the
engine output demand value exceeds threshold value k3, 1t
1s determined that the vehicle should run with engine 2
operating. This threshold value varies 1n accordance with the
vehicle speed. For example, the threshold value 1s great at
low vehicle speeds, and attains zero when the vehicle speed
exceeds a prescribed value SPDO.

A threshold value k4 indicated by the dotted line repre-
sents a threshold value at which the engine 1s operated/shut
down during the EV priority mode. Specifically, during the
EV priority mode, an engine shutdown range 1s enlarged,
and priority 1s given to running using solely motor generator
10 with engine 2 shut down.

Referring back to FIG. 2, i it 1s determined that engine 2
1s to be operated 1n accordance with the above-described
determination of operation of engine 2, runming mode con-
trol unit 34 starts engine 2. If 1t 1s determined that engine 2
1s to be shut down 1n accordance with the above-described
determination of operation, running mode control unit 34
shuts down engine 2.

If 1t 1s determined that the EV priority mode has been
requested by the user based on signal FLLG from EV priority
switch 28, running mode control unit 34 activates signal
DISP to be output to EV prionty switch 28, and 11 1t 1s
determined that the HV mode has been requested by the
user, running mode control unit 34 deactivates signal DISP.
After the termination of charging of power storage device 16
through charger 22, running mode control umt 34 sets by
default the running mode at the EV priority mode, and
activates signal DISP.
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SOC calculation unit 36 calculates the SOC of power
storage device 16 based on the respective detected values of
current IB and voltage VB at power storage device 16, and
outputs signal SOC indicative of the calculated SOC to
running mode control unit 34. Calculation of the SOC can be
performed with any of various publicly-known techniques.

If signal CHRG requesting charging of power storage
device 16 through charger 22 1s activated, charge control
unit 38 generates signal PWM3 for driving charger 22 based
on respective detected values of a voltage VAC and a current
IAC of electric power fed through charging inlet 24, and
outputs signal PWM3 to charger 22. Voltage VAC and
current IAC are detected by sensors not shown, respectively.

FIG. 5 1s an outline drawing of EV priority switch 28
shown 1n FIG. 1. FIG. 6 1s a state transition diagram showing
the relationship of the operation of EV priority switch 28
with a request to change the runming mode and a display
state of a display 42. With reference to FIGS. 5 and 6, EV
priority switch 28 includes an operating unit 40 and display
42. Operating umt 40 1s implemented by a push button, and
configured to be capable of requesting a change in the
running mode 1n accordance with an on/ofl operation. Dis-
play 42 1s turned on/ofl in accordance with a running mode
requested by the on/ofl operation of operating unit 40.

Specifically, when operating umit 40 1s turned off
(switched off) during the EV priority mode (with display 42
turned on), the request for the change to the HV mode 1s
accepted, and display 42 1s turned off. Turning ofl of display
42 allows the user to 1dentity that the request for the change
to the HV mode has been recognized by the system. When
operating unit 40 1s turned on (switched on) during the HV
mode (with display 42 turned off), the request for the change
to the EV priority mode 1s accepted, and display 42 1s turned
on. Turning on of display 42 allows the user to 1dentily that
the request for the change to the EV priority mode has been
recognized by the system.

FIG. 7 1s a flow chart for explaining control of changing
the running mode executed by ECU 26 shown 1n FIG. 1. The
process 1n this flow chart 1s invoked from a main routine and
executed at regular time intervals or each time predeter-
mined conditions are met, 1n the state where the vehicle 1s
allowed to run (e.g., when the vehicle system 1s activated).

With reference to FIG. 7, based on signal FL.G from EV
priority switch 28, ECU 26 determines whether or not the
change from the EV priority mode to the HV mode has been
input from EV prionty switch 28 (step S10). If 1t 1s deter-
mined that the change to the HV mode has been mput (YES
in step S10), ECU 26 determines whether or not the SOC of
power storage device 16 1s greater than or equal to threshold
value Sthl (step S20). This threshold value Sthl 1s set so as
to prevent the running mode from being changed to attain
the HV mode with the SOC being great, as will be described
later.

If 1t 1s determined 1n step S20 that the SOC 1s greater than
or equal to threshold value Sthl (YES 1n step S20), ECU 26
stores threshold value Sthl in SOC_ini, and outputs the
SOC_1n1 to memory 27 (step S30). If 1t 1s determined 1n step
S20 that the SOC 1s less than threshold value Sthl (NO 1n
step S20), ECU 26 stores the SOC at that moment 1n
SOC_1i, and outputs the SOC_1n1 to memory 27 (step S40).

If 1t 1s determined 1n step S10 that the change in the
running mode has not been mput (NO in step S10), ECU 26
proceeds the process 1nto step S50.

ECU 26 then determines, based on signal FLG from EV
priority switch 28, whether or not EV priority switch 28 has
been turned on, that 1s, the EV priority mode has been
requested (step S50). If it 1s determined that EV priority
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switch 28 has been turned on (YES 1 step S50), ECU 26
activates signal DISP to be output to EV priority switch 28,
so that display 42 of EV priority switch 28 1s turned on (step
S60).

ECU 26 then determines whether or not the SOC of power
storage device 16 1s greater than or equal to threshold value
Sth2 (step S70). This threshold value Sth2 1s set so as to
prevent power storage device 16 from being over-dis-
charged, and set at a value less than threshold value Sthl.

IT 1t 1s determined that the SOC is greater than or equal to
threshold value Sth2 (YES 1n step S70), ECU 26 changes the
running mode to attain the EV priority mode (step S80). I
it 1s determined that the SOC 1s less than threshold value
Sth2 (NO 1n step S70), ECU 26 forcefully changes the
running mode to attain the HV mode, and sets the SOC
target at threshold value Sth2-AS (step S90). AS 1s set so as
to prevent the running mode from being changed frequently
with respect (o threshold value Sth2.

If 1t 1s determmed in step S50 that EV prionty switch 28
has been turned ofl (NO 1n step S50), ECU 26 deactivates
signal DISP, so that display 42 of EV priority switch 28 1s
turned ofl (step S100).

ECU 26 then determines whether or not the SOC of power
storage device 16 1s greater than or equal to threshold value
Sthl (step SllO) This threshold value Sthl 1s set so as to
prevent the running mode from being changed to attain the
HV mode with the SOC being great. Specifically, it the
running mode 1s changed to attain the HV mode with the
SOC being great, the SOC 1s maintained great, which results
in degradation of power storage device 16 and failure to
absorb regenerative electric power during braking of the

vehicle or reduction 1n the acceleration on a down slope.
I1 1t 1s determined 1n step S110 that the SOC 1s greater than
or equal to threshold value Sthl (YES 1 step S110), ECU
26 maintains the EV priority mode without changing the
running mode to attain the HV mode (step S120). If 1t 1s
determined in step S110 that the SOC of power storage
device 16 1s less than threshold value Sthl (NO 1n step
S110), ECU 26 changes the running mode to attain the HV
mode, and sets the SOC target at SOC_1n1—-AS (step S130).
Specifically, 1f the change from the EV priority mode to
the HV mode 1s requested from EV priority switch 28 when
the SOC of power storage device 16 1s less than threshold
value Sthl, the SOC 1s controlled to be close to the SOC at
the moment of the request for the change (SOC_ini1—AS)
since the SOC at the moment of the request for the change
has been stored in SOC_im. If the change from the EV
priority mode to the HV mode 1s requested when the SOC
1s greater than or equal to threshold value Sthl, the SOC 1s
controlled to be close to threshold value Sthl (Sth1-AS)
since threshold value Sthl has been stored in SOC 1ni.
FIG. 8 1s a diagram showing an example of variations in
the SOC of power storage device 16. With reference to FIG.
8, hybrid vehicle 100 1s assumed to start running after power
storage device 16 1s fully charged from the external power
source through charger 22. After fully charging power
storage device 16, the running mode 1s set by default at the
EV priority mode. While runming during the EV priority
mode, the SOC generally decreases as the running distance
increases, although the SOC temporarily increases by the
presence ol regenerative electric power recovered during
deceleration of the vehicle or reduction 1n the acceleration
on a down slope.
Assume that the SOC falls below threshold value Sthl at
time tl1, and that the request for the change from the EV
priority mode to the HV mode 1s input from EV priority

switch 28 at time t2 when the SOC has a value 1. Then, the
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running mode 1s changed to attain the HV mode, in which
the SOC 1s controlled to be close to the SOC (value 1) at the
moment when the change 1 the runming mode 1s requested.

Subsequently, assume that the request for the change from
the HV mode to the EV priority mode 1s mput from EV
priority switch 28 at time t3. Then, the running mode 1s
changed to attain the EV priority mode, 1n which the SOC
generally decreases as the running distance increases. 11 the
SOC reaches threshold value Sth2 at time t4, the running
mode 1s forcefully changed to attain the HV mode, 1n which
the SOC 1s controlled to be close to threshold value Sth2.

FIG. 9 1s a diagram showing another example of varia-
tions 1n the SOC of power storage device 16. With reference
to FIG. 9, similarly to the case shown 1n FIG. 8, after fully
charging power storage device 16 from the external power
source, the running mode 1s set by default at the EV priority
mode. Assume that the request to change from the EV
priority mode to the HV mode i1s mput from EV priority
switch 28 at time t1 when the SOC has a value 2. In this case,
the EV priority mode 1s maintained since value SOC2 1s
greater than threshold value Sthi.

It the SOC {falls below threshold value Sthl at time t2, the
running mode 1s changed to attain the HV mode based on the
request for the change made at time t1, 1n which the SOC 1s
controlled to be close to threshold value Sthl. The descrip-
tion with reference to FIG. 8 applies as of time 3.

As described above, according to the present embodi-
ment, if the change to the HV mode 1s requested by turning
off EV prlorlty switch 28 during the EV priority mode when
the SOC 1s less than threshold value Sthl, the running mode
1s changed to attain the HV mode, and the SOC target 1s set
at a value prescribed based on the SOC at that moment
(SOC-AS). This prevents the fuel efhiciency from being
degraded by unnecessary recovery of the SOC. If the SOC
1s greater than or equal to threshold value Sthl at the
moment of the request for the change to the HV mode, the
EV priority mode 1s maintained. Accordingly, the SOC will
not be maintained at values greater than or equal to threshold
value Sthl.

Therelore, according to the present embodiment, effective
utilization of electric power supplied from the external
power source through charger 22 can be fully achieved.
Moreover, the present invention can avoid situations such as
where power storage device 16 1s degraded by maintaining
the SOC at a great value, and where regenerative electric
power cannot be absorbed during braking of the vehicle or
reduction 1n the acceleration on a down slope. Further, the
user has discretion to set an SOC desired to be held within
a range ol values less than threshold value Sthl. Accord-
ingly, electric power for the EV priority mode can be
ensured previously, which enables running with the EV
priority mode in the neighborhood of the user’s house on the
way home, for example.

Moreover, according to the present embodiment in which
the running mode 1s forcefully changed to attain the HV
mode when the SOC reaches threshold value Sth2 1rrespec-
tive of the operation 1input from EV priority switch 28, power
storage device 16 can be prevented from being over-dis-
charged.

Further, according to the present embodiment 1n which a
history of the operation 1mnput from EV priornty switch 28 1s
displayed on display 42 irrespective of actual control of
changing the running mode, the user can identily that the
request for the change in the running mode has been
recognized by the system. Therefore, even 11 the request for
the change 1n the runming mode 1s canceled due to nsutli-
cient conditions, the present embodiment can save user’s
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time and eflort to repeatedly operate EV priority switch 28
until the request for the change 1s accepted, which leads to
improved convenience.

|[Modification]

In the above-described embodiment, the display state of
the display of EV prionty switch 28 corresponds to a
running mode requested by the user, rather than an actual
running mode. However, 11 the SOC of power storage device
16 reaches threshold value Sth2, the change to the E
priority mode will not be made unless power storage device
16 1s charged from the external power source through
charger 22. Therefore, according to this modification, if the
SOC reaches threshold value Sth2, the running mode 1s
forcetully changed to attain the HV mode, and the lamp of
EV priority switch 28 1s turned off to report to the user that
the running mode has been forcefully changed to attain the
HV mode.

FIG. 10 1s a flow chart for explaining control of changing
the running mode executed by ECU 26 according to this
modification. With reference to FIG. 10, this flow chart
includes steps S835 and S95 instead of step S60 1n the tlow
chart shown 1n FIG. 7. Specifically, 11 the running mode 1s
changed to attain the EV priority mode 1n step S80, ECU 26
activates signal DISP to be output to EV prionty switch 28
to turn on display 42 of EV priority switch 28 (step S83).

IT 1t 1s determined 1n step S50 that EV priority switch 28
has been turned on, and 1t it 1s determined 1n step S70 that
the SOC of power storage device 16 1s less than threshold
value Sth2, the running mode 1s forcetully changed to attain
the HV mode 1n step S90. ECU 26 then deactivates signal
DISP to be output to EV priority switch 28 to turn ofl display
42 of EV priority switch 28 (step S95).

In this manner, 11 the SOC of power storage device 16
reaches threshold value Sth2, display 42 of EV prionty
switch 28 1s turned ofl irrespective of a user’s intention. If
power storage device 16 1s charged from the external power
source through charger 22 to cause the SOC to exceed a
threshold value Sth3 (>Sth2), ECU 26 turns on display 42
again.

FIG. 11 1s a flow chart for explaining control executed by
ECU 26 when power storage device 16 1s charged from the
external power source. The process in this flow chart is
invoked from a main routine and executed at regular time
intervals or each time predetermined conditions are met.

With reference to FIG. 11, ECU 26 determines whether or
not power storage device 16 1s to be charged from the
external power source connected to charging inlet 24
through charger 22 (step S210). If 1t 15 determined that
power storage device 16 1s to be charged (YES 1n step S210),
ECU 26 generates signal PWM3 for driving charger 22 for
output to charger 22, thereby charging power storage device
16 (step S220).

ECU 26 then determines whether or not the SOC of power
storage device 16 has exceeded threshold value Sth3 (step
S5230). This threshold value Sth3 1s set at a value greater than
threshold value Sth2. If 1t 1s determined that the SOC has
exceeded threshold value Sth3 (YES 1n step S230), ECU 26
changes the running mode to attain the EV priority mode
(step S240), and activates signal DISP to be output to EV
priority switch 28 to turn on display 42 of EV priority switch
28 (step S250). It 1t 1s determined 1n step S230 that the SOC
1s less than or equal to threshold value Sth3 (NO 1n step
S5230), ECU 26 proceeds the process into step S260 without
executing steps S240 and S250.

ECU 26 then determines whether or not charging of
power storage device 16 from the external power source has

been terminated (step S260). It 1t 1s determined that charging
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has not been terminated (NO 1n step S260), ECU 26 returns
the process to step S220 again. If 1t 1s determined that
charging has been terminated (YES 1n step S260), ECU 26
proceeds the process into step 5270 to terminate the series of
steps.

In this manner, according to this modification, 11 the SOC
of power storage device 16 reaches threshold value Sth2, the
running mode 1s forcefully changed to attain the HV mode,
and display 42 of EV priority switch 28 1s also forcefully
turned off This can prevent display 42 of EV priority switch
28 from being turned on despite that the EV priority mode
can no longer be continued.

In the above-described embodiment, EV priority switch
28 1s a switch intended to turn on/ofl the EV priority mode
(1.e., the HV mode 1s attained when the EV priority mode 1s
turned ofl). Display 42 1s turned on during the EV priority
mode, and turned ofl when the EV priority mode 1s not
attained, 1.e., during the HV mode. However, the switch for
requesting a change in the running mode 1s not limited to
such switch.

FIG. 12 1s a diagram showing another configuration of a
switch with which a request to change the running mode can
be mput and displayed. With reference to FIG. 12, this
switch 28 A includes operating unit 40 and displays 42, 44.
Operating unit 40 1s implemented by a push button, and
configured to be capable of requesting a change 1n the
running mode 1n accordance with an on/oil operation. Dis-
play 42 1s turned on when the EV priority mode 1s requested
by the operation of operating unit 40, and turned off when
the HV mode 1s requested. Display 44 1s turned on when the
HV mode 1s requested by the operation of operating unit 40,
and turned ofl when the EV priority mode 1s requested.

At EV priority switches 28 and 28A, operating umt 40
may be protruded by varying degrees 1n accordance with a
running mode requested by the user. Display 42 of EV
priority switch 28 or displays 42, 44 of EV priority switch
28 A may be positioned on an mnstrument panel. An 1ndica-
tion such as “Maintain SOC” may be employed to show that
the HV mode 1s attained.

While the above embodiment has been addressed to the
hybrid vehicle 1n which power storage device 16 can be
charged from the external power source through charger 22,
the scope of application of the present invention i1s not
necessarily limited to such externally rechargeable hybrid
vehicle. Particularly, EV prionty switches 28 and 28A are
also effectively applicable to a hybrid vehicle that 1s not
externally rechargeable.

While the above embodiment has described that power
storage device 16 1s charged from the external power source
through dedicated charger 22, the technique for charging
power storage device 16 from the external power source 1s
not limited to that described above. For example, a pair of
clectric power lines connected to charging inlet 24 may be
connected to neutral points of motor generators 6, 10, so that
clectric power from the external power source supplied
through charging inlet 24 to the neutral points of motor
generators 6, 10 1s converted by power converters 18, 20 to
thereby charge power storage device 16.

While the above embodiment has described a series/
parallel-type hybrid vehicle in which the motive power of
engine 2 divided by power split device 4 can be transmitted
to the transmission gear and motor generator 6, the present
invention 1s also applicable to other types of hybrid vehicles.
Specifically, the present invention 1s also applicable to, but
not limited to, a series-type hybrid vehicle in which engine
2 15 used solely to drive motor generator 6 and the driving
torce for the vehicle 1s produced solely by motor generator
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10, a hybrid vehicle in which only regenerative energy out
of kinetic energy generated by engine 2 i1s recovered as
clectric energy, and a motor assist-type hybrid vehicle
mainly powered by the engine and assisted by a motor as
necessary.

In the foregoing, engine 2 corresponds to an embodiment
of “an mternal combustion engine” according to the present
invention. Motor generator 6 and power converter 18 con-
stitute an embodiment of “a power generation device”
according to the present invention. Charger 22 and charging
inlet 24 constitute an embodiment of “a charging device”
according to the present invention. Motor generator 10
corresponds to an embodiment of “a motor” according to the
present mvention.

EV priority switches 28 and 28A correspond to an
embodiment of “a running-mode-change request switch”
according to the present invention. Display 42 of EV priority
switches 28 as well as displays 42 and 44 of EV priority
switches 28 A correspond to an embodiment of ““a reporting
unit” according to the present invention.

It should be construed that embodiments disclosed herein
are by way of illustration 1n all respects, not by way of
limitation. It 1s intended that the scope of the present
invention 1s defined by claims, not by the description above,
and includes all modifications and varations equivalent 1n
meaning and scope to the claims.

The mvention claimed 1s:

1. A hybrid vehicle comprising:

a chargeable and dischargeable power storage device;

an internal combustion engine;

a power generation device configured to [be capable of
generating] generate electric power using Kinetic
energy produced by said internal combustion engine to
charge said power storage device;

a charging device configured to [be capable of receiving]
receive a supply of electric power from a power source
outside the vehicle to charge said power storage device;

an electric motor for recerving a supply of electric power
from said power storage device to produce driving
force for the vehicle;

a running mode control unit for controlling changing 1n a
running mode including a first mode of running without
maintaining a state quantity indicative of a state of
charge of said power storage device and a second mode
of running with said state quantity maintained at a
predetermined target; and

a running-mode-change request switch configured to
allow a user to request a change 1n said running mode,
wherein

when the change to said second mode 1s requested from
said running-mode-change request switch during said
first mode, said running mode control unit changes said
running mode to attain said second mode 1f said state
quantity 1s less than a first prescribed value, and said
running mode control unit maintains said first mode 11
said state quantity i1s greater than or equal to said first
prescribed value.

2. The hybnd vehicle according to claim 1, wherein

when said state quantity falls below said first prescribed
value 1n the case where said first mode 1s maintained
[since said state quantity is greater than or equal to said
first prescribed value], said running mode control unit
changes said running mode to attain said second mode
and sets said predetermined target at a value prescribed
based on said first prescribed value.

3. The hybnid vehicle according to claim 1, wherein when

said state quantity reaches a second prescribed value less
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than said first prescribed value, said running mode control
unit forcefully changes said running mode to attain said
second mode irrespective of an operation mput from said
running-mode-change request switch.

4. The hybnd vehicle according to claim 3, wherein said
running mode control unit sets said predetermined target at
a value prescribed based on said second prescribed value.

5. The hybnid vehicle according to claim 1, wherein when
the change to said second mode 1s requested from said
running-mode-change request switch during said first mode,
said running mode control unit changes said running mode
to attain said second mode and sets said predetermined target
at a value prescribed based on said state quantity at a
moment of the request for the change to said second mode
i said state quantity 1s less than a first prescribed value.

6. The hybnd vehicle according to claim 1, wherein said
running mode control unit sets said running mode at said
first mode after a termination of charging of said power
storage device through said charging device.

7. The hybnd vehicle according to claim 1, wherein said
running-mode-change request switch 1s set at said first mode
alter a termination of charging of said power storage device
through said charging device.

8. The hybrid vehicle according to claim 1, wherein [it is
determined] the rumning mode control unit determines.,
based on an output demand value of said mternal combus-
tion engine and a vehicle speed, whether to cause running,
with said internal combustion engine operated or shut down,
and during said first mode, a range of running with said
internal combustion engine shut down 1s rendered larger
than 1n said second mode.

9. The hybrid vehicle according claim 1, further compris-
ing a reporting unit for reporting to the user a [history]
current state ol an operation input from said running-mode-
change request switch rrespective of the control of changing
said running mode executed by said running mode control
unit.

10. The hybrid vehicle according to claim 1, wherein

when said state quantity reaches a second prescribed
value less than said first prescribed value, said running
mode control umit forcefully changes said running
mode to attain said second mode 1rrespective of an
operation 1mput from said running-mode-change
request switch,

the hybrid vehicle further comprising a reporting unit for
reporting that said running mode has been changed to
attain said second mode wrrespective of the operation
input from said running-mode-change request switch
when said running mode 1s forcefully changed to attain
said second mode by said running mode control unat.

11. The hybnd vehicle according to claim 1, wherein

a charge/discharge map 1s provided that defines a charge/
discharge demand amount for said power storage
device m order to maintain said state quantity at said
predetermined target, and

during said first mode, the charge demand amount for said
power storage device 1s set at zero.

12. A hybrid vehicle comprising:

a chargeable and dischargeable power storage device;

an 1nternal combustion engine;

a power generation device configured to [be capable of
generating] generate electric power using Kinetic
energy produced by said internal combustion engine to
charge said power storage device;

an electric motor for receiving a supply of electric power
from said power storage device to produce driving
force for the vehicle:
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a running mode control unit for controlling changing 1n a
running mode including a first mode of running without
maintaining a state quantity indicative of a state of
charge of said power storage device and a second mode
of running with said state quantity maintained at a
predetermined target;

a running-mode-change request switch configured to
allow a user to request the change in said running
mode; and

a reporting unit for reporting to the user a [history] current
state of an operation input from said runmng-mode-
change request switch irrespective of control of chang-
ing said running mode executed by said running mode
control unit, wherein

when the change to said second mode 1s requested from
said running-mode-change request switch during said
first mode, said running mode control unit maintains
said first mode i1 said state quantity i1s greater than or
equal to a first prescribed value, and even 1f said first
mode 1s maintained since said state quantity 1s greater
than or equal to said first prescribed value, said report-
ing unit reports that the change to said second mode has
been requested from said running-mode-change request
switch.

13. The hybnd vehicle according to claim 12, wherein

when said state quantity reaches a second prescribed
value less than said first prescribed value, said running
mode control unit forcefully changes said running
mode to attain said second mode irrespective of the
operation 1nput from said running-mode-change
request switch, and

when said running mode 1s forcefully changed to attain
said second mode by said running mode control unit,
said reporting unit reports that said running mode has
been changed to attain said second mode 1rrespective of
the operation input from said running-mode-change
request switch.

14. A method for controlling a hybrid vehicle, wherein

said hybrid vehicle comprises:

a chargeable and dischargeable power storage device;

an internal combustion engine;

a power generation device configured to [be capable of
generating] generate electric power using kinetic
energy produced by said internal combustion engine
to charge said power storage device;

a charging device configured to [be capable of receiv-
ing] receive a supply of electric power from a power
source outside the vehicle to charge said power
storage device; and

an eclectric motor for recerving a supply of electric
power from said power storage device to produce
driving force for the vehicle,

said method comprising;:

a first step of, during a first mode of running without
maintaining a state quantity indicative of a state of
charge of said power storage device, determining
whether or not a change to a second mode of running,
with said state quantity maintained at a predeter-
mined target has been requested by a user;

a second step of determining whether or not said state
quantity 1s less than a first prescribed value when it
1s determined that the change to said second mode
has been requested;

a third step of changing said running mode to attain said
second mode when 1t 1s determined that said state

quantity 1s less than said first prescribed value; and
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a fourth step of maintaining said first mode when 1t 1s
determined that said state quantity 1s greater than or
equal to said first prescribed value.

15. The method for controlling a hybrid vehicle according
to claim 14, wherein when 1t 1s determined 1n said second
step that said state quantity 1s less than said first prescribed
value 1n the case where said first mode 1s maintained 1n said
fourth step, then, 1n said third step, said running mode 1is
changed to attain said second mode, and said predetermined
target 1s set at a value prescribed based on said first pre-
scribed value.

16. The method for controlling a hybrid vehicle according
to claim 14, further comprising a fifth step of forcefully
changing said running mode to attain said second mode
irrespective of the request to change said running mode
made by the user when said state quantity reaches a second
prescribed value less than said first prescribed value.

17. The method for controlling a hybrid vehicle according
to claim 16, wherein said predetermined target 1s set at a
value prescribed based on said second prescribed value in
said fifth step.

18. The method for controlling a hybrid vehicle according
to claim 14, wherein, 1n said third step, said running mode
1s changed to attain said second mode and said predeter-
mined target 1s set at a value prescribed based on said state
quantity at a moment of the request for the change to said
second mode, when it 1s determined that said state quantity
1s less than said first prescribed value.

19. A method for controlling a hybrid vehicle, wherein

said hybrid vehicle comprises:

a chargeable and dischargeable power storage device;

an internal combustion engine;

a power generation device configured to [be capable of
generating] generate electric power using kinetic
energy produced by said internal combustion engine
to charge said power storage device;

an electric motor for recerving a supply of electric
power from said power storage device to produce
driving force for the vehicle; and

a running-mode-change request switch configured to
allow a user to request a change 1n a runmng mode
including a first mode of running without maintain-
ing a state quantity indicative of a state of charge of
said power storage device and a second mode of
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that the change to said second mode has been
requested from said running-mode-change request
switch.

20. The method for controlling a hybrid vehicle according,

to claam 19, further comprising:

a sixth step of forcefully changing said runming mode to
attain said second mode irrespective of the operation
input from said running-mode-change request switch
when said state quantity reaches a second prescribed
value less than said first prescribed value; and

a seventh step of reporting to the user that said running
mode has been changed to attain said second mode
irrespective of the operation mput from said running-
mode-change request switch when said running mode
1s forcetully changed to attain said second mode 1n said

sixth step.
21. A control device for a hybrid vehicle including: (i) an

internal combustion engine, (ii) a chargeable and dis-
chargeable power storage device, and (iii) an electvic motor

for receiving a supply of electric power from the power

storage device to produce a driving force for the vehicle, the
control device comprising:
an electronic control unit programmed to:

change between a first mode in which a state of charge
(SOC) of the power storage device is not maintained
and a second mode in which the state of charge is
maintained at a predetermined target, and

each of the first and second modes having a state where
the internal combustion engine is operated and a
state whevre the internal combustion engine is shut
down; and

a storage medium that stoves:

a first threshold value indicative of a start threshold
value for starting the internal combustion engine in
the first mode, and

a second threshold value indicative of a start threshold
value for starting the internal combustion engine in
the second mode,

wherein the first threshold value is larger than the second
threshold value.

22. The control device for the hybrid vehicle according to

claim 21, wherein the electronic control unit is programmed

to change from the first mode to the second mode when the

running with said state quantity maintained at a 45 state of charge falls below a predetermined value during the

predetermined target,

said method comprising:

a first step of executing control of changing said
running mode based on an operation input from said
running-mode-change request switch;

a second step of reporting to the user a [history] current
state of the operation input from said running-mode-

change request switch irrespective of the control of

changing said runmng mode;

a third step of determining whether or not the change to
saild second mode has been requested from said
running-mode-change request switch during said
first mode;

a Tourth step of determiming whether or not said state
quantity 1s greater than or equal to a first prescribed
value when 1t 1s determined 1n said third step that the

change to said second mode has been requested; and

a fifth step of maintaining said first mode when 1t 1s
determined in said fourth step that said state quantity
1s greater than or equal to said first prescribed value,
wherein even 11 said first mode 1s maintained 1n said
fifth step, 1t 1s reported to the user in said second step
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first mode.

23. The control device for the hybrid vehicle according to
claim 21, wherein the hybrid vehicle further includes a
charging device configured to receive a supply of electric
power from a power source outside the vehicle to charge the
power storage device.

24. The control device for the hybrid vehicle according to
claim 22, wherein the hybrid vehicle further includes a
charging device configured to receive a supply of electric
power from a power source outside the vehicle to charge the
power storage device.

25. The control device for the hybrid vehicle according to
claim 21, wherein the first and second threshold values
relate to a power demanded by the hybrid vehicle.

26. The control device for the hybrid vehicle according to
claim 21, wherein the first and second threshold values
relate to a torque demanded by the hybrid vehicle.

27. The control device for the hvbrid vehicle according to
claim 21, wherein the first and second threshold values
relate to an accelerator pedal position.

28. The control device for the hybrid vehicle according to
claim 21, further comprising:
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a running-mode-change rvequest switch configured to
allow a user to request a change between the first mode
and the second mode.

29. A control device for a hyvbrid vehicle including: (i) an
internal combustion engine, (ii) a chargeable and dis-
chargeable power storage device, and (iii) an electric motor
for receiving a supply of electric power from the power

storage device to produce a driving force for the vehicle, the
control device comprising:

an electronic control unit programmed to:

change between a first condition in which a state of

charge (SOC) of the power storage device is not
maintained and a second condition in which the state
of charge is maintained at a predetermined target,
and

each of the first and second conditions having a state
where the internal combustion engine is operated
and a state wheve the internal combustion engine is
shut down; and

a storage medium that storves.:

a first start threshold value for starting the internal
combustion engine in the first condition, and
a second start threshold value for starting the internal
combustion engine in the second condition,
whevrein the first start threshold value is lavger than the
second start threshold value.

30. The control device according to claim 29, wherein the
first and second start threshold values relate to a power
demanded by the hybrid vehicle.

31. The control device according to claim 29, wherein the
first and second start threshold values relate to a torque
demanded by the hybrid vehicle.

32. The control device according to claim 29, whevrein the
first and second start threshold values velate to an accel-
erator pedal position.

33. The control device according to claim 29, further
COMpPrising:

a running-mode-change request switch configured to
allow a user to request a change between the first
condition and the second condition.

34. A hvbrid vehicle comprising:

a chargeable and dischargeable battery;

22

an internal combustion engine;

a charging device configured to be capable of receiving a
supply of electric power from a power source outside
the vehicle to charge the battery,

d an electric motor for receiving a supply of electric power
from the battery to produce driving force for the
vehicle; and

an electronic control unit configured to control a running
mode of the vehicle to switch between at least a first
mode of running without maintaining a state quantity
indicative of a state of charge of the battery and a
second mode of running with the state quantity main-
tained at a predetermined target, each of the first and
second modes having a state where the internal com-
bustion engine is opervated and a state where the
internal combustion engine is shut down, wherein the
electronic control unit uses a first start threshold value
for starting the internal combustion engine in the first
mode, and a second start threshold value for starting
the internal combustion engine in the second mode, the
second start threshold value being smaller than the first
start threshold value.

35. The hvbrid vehicle according to claim 34, further

COmprising.

a memory in which the first and second start thresholds
are storved.

36. The hybrid vehicle according to claim 34, further

COmMprising:

a running-mode-change request switch configured to
allow a user to request a change between the first mode
and the second mode.

37. The hybrid vehicle according to claim 34, wherein the
first and second start threshold values velate to a power
s demanded by the hybrid vehicle.

38. The hyvbrid vehicle according to claim 34, wherein the
first and second start threshold values velate to a torque
demanded by the hybrid vehicle.

39. The hyvbrid vehicle according to claim 34, wherein the
first and second start threshold values velate to an accel-
erator pedal position.
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