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HYBRID VEHICLE AND CONTROL METHOD FOR SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a hybrid vehicle and a control method for the
same and, more particularly, a hybrid vehicle that is configured to be capable of executing
rotation speed increase control for controlling the rotation speed of an internal combustion
engine so that the sound pressure of the internal combustion engine is increased in

response to an increase in the vehicle speed, and a control method for the same.

2. Description of Related Art

[0002] Engine sound pressure is known as a factor that gives a driver a sense of
acceleration during the acceleréﬁon of a vehicle. If engine sound pressure corresponding
to an increment in the vehicle speed is not generated, the driver may not feel the vehicle is
sufficiently accelerated.  Accordingly, techniques for giving a driver a sense of
acceleration corresponding to an increment in the vehicle speed by controlling an engine
rotation speed so that engine sound pressure is increased in response to an increase in the
vehicle speed have been proposed.

[0003] For example, in a vehicle traveling control device that is disclosed in
Japanese Patent Application Publication No. 2009-210045 (JP 2009-210045 A), an internal
combustion engine and a continuously variable transmission are controlled so as to realize
a target rotation speed, which is a target value of the rotation speed of the .intemal
combustion engine, in a vehicle on which the continuously variable transmission is
mounted. In a case where the vehicle is in an accelerating state, the target rotation speed
is set so that an increment in the sound pressure of the internal combustion engine is
proportional to an increment in the vehicle speed.

[0004]  The control of the engine rotation speed for increasing the engine sound

pressure in response to an increase in the vehicle speed as described above will be referred

CONFIRMATION COPY



10

15

20

25

WO 2015/181595 PCT/IB2015/000595

2
to as rotation speed increase control in this specification. Application of the rotation
speed increase control to a hybrid vehicle has been examined so as to realize a sense of
acceleration in the hybrid vehicle.

[0005] The rotation speed increase control will be described in detail later. It is
desirable to set a target operating point for an engine to be positioned on an optimal fuel
efficiency line regardless of whether or not the rotation speed increase control is executed.
In a case where the rotation speed increase control is executed, a target operating point
with a low engine rotation speed is set on the opbtimal fuel efficiency line compared to a
case where the rotation speed increase control is not executed. Power (engine output
power) that is output from the engine when the engine is driven so as to realize the target
operating point is less than engine output power for a case where the rotation speed
increase control is not executed. Accordingly, the engine output power may fall short of a
power demand for the vehicle (vehicle power demand). In the hybrid vehicle, the power
shortfall 1s supplemented by power output from a motor (motor output power).

[0006] Some hybrid vehicles have a charge depleting (CD) mode in which the
state of charge (SOC) of the electric power storage device is consumed and a charge
sustaining (CS) mode in which the SOC is maintained in a predetermined range as
traveling modes. In the CD mode, EV traveling (traveling in a state where the engine is
stopped) is mainly performed, and the engine is started in a case where the vehicle power
demand cannot be satisfied by the motor output power. In other words, discharging
electric powef from the electric power storage device (battery) during the start of the
engine in the CD mode has a value close to a discharging electric power upper limit value
in many cases. Accordingly, if a target operating point with a lower engine rotation speed
is set so as to execute the rotation speed increase control, electric power for supplementing
the shortfall is unlikely to be supplied from the battery to the motor in a case where the
engine output power falls short of the vehicle power demand. As a result, a situation may

occur in which it is impossible to satisfy the vehicle power demand.

SUMMARY OF THE INVENTION
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[0007] The invention has been made in viéw of the problems described above,
and an object thereof is to provide a hybrid vehicle with which the probability of being
capable of ensuring the output power required for satisfying a vehicle power demand can
be increased in the hybrid vehicle having a charge depleting mode and a charge sustaining
mode and configured to be capable of executing rotation speed increase control, and a
control method for the same.

[0008] According to a first aspect of the invention, there is provided a hybrid
vehicle including an internal combustion engine, an electric power storage device, a rotary
electric machine, and an electronic control unit. The rotary electric machine is configured
to generate a driving force by using electric power of the electric power storage device.
The electronic control unit is configured to control the internal combustion engine and the
rotary electric machine. The electronic control unit is configured to execute rotation
speed increase control for controlling a rotation speed of the internal combustion engine so
as to increase a sound pressure of the internal combustion engine in response to an increase
in a vehicle speed of the hybrid vehicle. In addition, the electronic control unit is
configured to limit the execution of the rotation speed increase control in a charge
depleting mode compared to a charge sustaining mode. In the charge depleting mode, a
state of charge of the electric power storage device is consumed, and in the charge
sustaining mode the state of charge of the electric power storage device is maintained in a
predetermined range.

[0009] According to a second aspect of the invention, there is provided a control
method for a hybrid vehicle. The hybrid vehicle includes an internal combustion engine,
an electric power storage device, and a rotary electric machine generating a driving force
by using electric power of the electric power storage device. In the control method, a
rotation Speed of the internal combustion engine is controlled so as to increase a sound
pressure of the internal combustion engine in response to an increase in a vehicle speed of
the hybrid vehicle, that is rotation speed increase control is executed. In the control
method, the execution of the rotation speed increase control is limited in a charge depleting

mode compared to a charge sustaining mode. In the charge depleting mode, a state of
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charge of the electric pdwer storage device is consumed. In the charge sustaining mode,
the state of charge of the electric power storage device is maintained in a predetermined
range.

[0010] According to the hybrid vehicle having the configuration described above
and the control method for the hybrid vehicle, the execution of the rotation speed increase
control is limited in the charge depleting mode compared to the charge sustaining mode.
Accordingly, a reduction in the rotation speed of the internal combustion engine is limited
in the charge depleting mode, and thus a situation is unlikely to occur in which a shortfall
of output power from the internal combustion engine is supplemented by using discharging
electric power from the electric power storage device. | Accordingly, the probability of
being capable of ensuring the output power required for satisfying a vehicle power demand
in the charge depleting mode (sum of the output power from the internal combustion
engine and output power from the rotary electric machine) can be increased.

[0011] In the hybrid vehicle, the electronic control unit may be configured to (i)
allow the execution of the rotation speed increase control in the charge sustaining mode,
and (ii) prohibit the execution of the rotation speed increase control in the charge depleting
mode.

[0012] According to the hybrid vehicle having the configuration described above,
the execution of the rotation speed increase control is prohibited in the charge depleting
mode, and thus a reduction in the rotation speed of the internal combustion engine is
prevented. In this manner, a situation in which the output power from the internal
combustion engine falls short is even less likely to occur. Accordingly, ensuring of the
output power required for satisfying the vehicle power demand can be realized with the
maximum reliability possible. In the charge sustaining mode, the execution of the
rotation speed increase control is allowed. Accordingly, a driver can be given a sense of
acceleration corresponding to an increment in the vehicle speed, and thus drivability can be
improved.

[0013] In the hybrid vehicle, the electronic control unit may be configured to

limit the prohibition of the execution of the rotation speed increase control in the charge
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depleting mode to a range in which the internal combustion engine and the sound pressure
have a specific relationship.

[0014]  According to the hybrid vehicle having the configuration described above,
the execution of the rotation speed increase control is prohibited only in a range in which
the internal combustion engine and the sound pressure have a specific relationship in the
charge depleting mode, and thus an unnecessary reduction in the rotation speed of the
internal combustion engine can be prevented. Accordingly, a situation in which the
output power from the internal combustion engine falls short is even less likely to occur.

[0015] In the hybrid vehicle, the electronic control unit may be configured to
prohibit the rotation speed increase control regardless of the charge sustaining mode or the
charge depleting mode in a case where an upper limit value of discharging electric power
of the electric power storage device is less than a predetermined value.

[0016] According to the hybrid vehicle having the configuration described abo{/e,
the rotation speed increase control is prohibited regardless of the charge sustaining mode
or the charge depleting mode in a case where the upper limit value of the discharging
electric power of the electric power storage device is exceeded by a predetermined value,
that is, in a case where the dischargeable electric power of the electric power storage
device is decreased not to reach a normal upper limit value. Accordingly, an unnecessary
reduction in the rotation speed of the internal combustion engine can be prevented.
Accordingly, a situation in which the output power from the internal combustion engine
falls short is even less likely to occur.

[0017]  In the hybrid vehicle, the electronic control unit may be configured to
reduce the ratio of power output from the internal combustion engine to a power demand
for the hybrid vehicle and increase the ratio of power output from the rotary electric
machine to the power demand, by reducing the rotation speed in a case where the rotation
speed increase control is executed compared to a case where the rotation speed increase
control is not executed. The electronic control unit furthermore may be configured to
suppress a reduction in the ratio of the power output from the internal combustion engine,

by setting a decrement in the rotation speed to be small in the charge depleting mode
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compared to the charge sustaining mode, as a limitation on the execution of the rotation
speed increase control. |

[0018] According to the hybrid vehicle having the configuration described above,
the decrement in the rotation speed of the internal combustion engine is set to be small in
the charge depleting mode compared to the charge sustaining mode, and thus a reduction in
the ratio of the power output from the internal combustion engine can be suppressed. In
this manner, the shortfall of the output power from the internal combustion engine
becomes smaller in the charge depleting mode than in the charge sustaining mode, and thus
the shortfall is likely to be supplemented by using the electric power supplied from the
electric power storage device. Accordingly, the probability of being capable of ensuring
the output power required for satisfying the vehicle power demand can be increased. In
addition, the drivability can be improved since the rotation speed increase control is
executed even in the charge depleting mode although the decrement in the rotation speed
of the internal combustion engine is limited.

[0019] In the hybrid vehicle, the electronic control unit may be configured to
relax the limitation on the execution of the rotation speed increase control even in the
charge depleting mode when the internal combustion engine is started in response to a start
request for the internal combustion engine, the start request being not associated with the
power demand for the hybrid vehicle. In addition, in the hybrid vehicle, the hybrid
vehicle may further include an air-conditioner performing air conditioning in a passenger
compartment of the hybrid vehicle. The start request may include at least one of a
warm-up request for the internal combustion engine and a heating request for the
air-conditioner.

[0020] According to the hybrid vehicle having the configuration described above,
examples of the start request for the internal combustion engine not associated with the
power demand for the hybrid vehicle include the warm-up request for the internal
combustion engine and the heating request for the air-conditioner. If the étart request is to
be satisfied, the internal combustion engine is started even if the power demand for the

vehicle does not reach a start threshold for the internal combustion engine. When the
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internal combustion engine is started in this manner, the discharging electric power from
the electric power storage device does not have a value close to the discharging electric
power upper limit value, and a margin for increasing the discharging electric power is
present to some extent. Accordingly, in a case where the rotation speed of the internal
combustion engine is reduced by the execution of the rotation speed increase control, the
shortfall of the output power of the internal combustion engine can be supplemented by
using the discharging electric power from the electric power storage device.

[0021]  Accordingly, even in the charge depleting mode, the limitation on the
execution of the rotation speed increase control is relaxed when the internal combustion
engine is started in response to the start request for the internal combustion engine not
associated with the power for the hybrid vehicle. More specifically, the prohibition of the
execution of the rotation speed increase control is released (that is, the execution is allowed
or the decrerhent in the rotation speed of the internal combﬁstion engine is set to be greater
than before the relaxation). Accordingly, even in the charge depleting mode, the
drivability can be imprdved by using the rotation speed increase control.

[0022]  According to the hybrid vehicle having the configuration described above
and the control method for the hybrid vehicle, the probability of being capable of ensuring
the output power required for satisfying a vehicle power demand can be increased in the
hybrid vehicle having a charge depleting mode and a charge sustaining mode and

configured to be capable of executing rotation speed increase control.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic block diagram illustrating the overall configuration of a vehicle
according to a first embodiment;

- FIG. 2 is a diagram illustrating an example of the sound pressure characteristic of an

engine that is illustrated in FIG. 1;
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FIG 3 is a diagram for showing the state of the engine during the execution of
rotation speed increase control in an area R1 that is illustrated in FIG. 2;

FIG. 4 is a diagram for showing the state of the engine during the execution of the
rotation speed increase control in an area R2 that is illustrated in FIG. 2;

FIG 5 is a functional block diagram for showing the functional configuration of an
ECU that is illustrated in FIG. 1;

FIG. 6 is a flowchart for showing the rotation speed increase control according to the
first embodiment;

FIG. 7 is a flowchart for showing rotation speed increase control according to a
second embodiment;

FIG. 8 is a diagram illustrating an example of the temperature dependence of a
discharging electric power upper limit value of an electric power storage device;

FIG. 9 is a diagram illustrating an example of the SOC dependence of the discharging
electric power upper limit value of the electric power storage device;

FIG. 10 is a flowchart for showing rotation speed increase control according to a third
embodiment; and

FIG 11 is a flowchart for showing rotation speed increase control according to a

fourth embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, embodiments of the invention will be described in detail with
reference to the accompanying drawings. In the drawings, like reference numerals will be
used to refer to like or corresponding elements and description thereof will not be repeated.

[0025] In the following description of the embodiments, a plug-in hybrid vehicle
that is configured to be capable of supplying electric power from the outside of the vehicle
to an electric power storage device (hereinafter, referred to as a battery) mounted on the
vehicle will be described as an exemplary form of a hybrid vehicle. However, the hybrid
vehicle to which the invention can be applied is not limited thereto. The invention can

also be applied to hybrid vehicles in general that do not assume electric power supply from
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[0026] A first embodiment of the invention will be described first. FIG. 1 is a
schematic block diagram illustrating the overall configuration of a vehicle according to the
first embodiment. Referring to FIG. 1, a vehicle 1 is provided with an engine 100, a first
motor generator 10 (MG1), a second motor generator 20 (MG2), a power split mechanism
30, a power control unit (PCU) 250, a battery 150, an electronic control unit (ECU) 300,
and a drive wheel 350.

[0027] The engine 100 is, for example, an internal combustion engine such as a
gasoline engine and a diesel engine. A crank position sensor 102 and a liquid temperature
sensor 104 are disposed in the engine 100.

[0028] The crank position sensor 102 detects the rotation speed (engine rotation
speed) Ne of a crankshaft (not illustrated) of the engine 100. The liquid temperature
sensor 104 detects the temperature (liquid temperature) Tw of a coolant that flows in a
cooling system (not illustrated) of the engine 100. Each of the sensors outputs a signal
that shows the result of the detection to the ECU 300.

[0029]  Both of the first motor generator 10 and the second motor generator 20 are,
for example, three-phase AC rotary electric machines in which permanent magnets are
embedded in rotors (none of which is illustrated). The first motor generator 10 and the
second motor generator 20 are driven by the PCU 250.

[0030]  The first motor generator 10 is connected to the crankshaft of the engine
100 via the power split mechanism 30. The first motor generator 10 rotates the crankshaft
of the engine 100 by using electric power of the battery 150 when the engine 100 is started.
In addition, the first motor generator 10 can generate electric power by using power of the
engine 100. AC electric power that is generated by the first motor generator 10 is
converted into DC electric power by the PCU 250 and the battery 150 is charged therewith.
In addition, the AC electric power that is generated by the first motor generator 10 is
supplied to the second motor generator 20 in some cases.

[0031] The second motor generator 20 rotates a drive shaft by using at least one

of the electric power from the battery 150 and the electric power that is generated by the
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first motor generator 10. In addition, the second motor generator 20 can generate electric
power by regenerative braking. AC electric power that is generated by the second motor
generator 20 is converted into DC electric power by the PCU 250 and the battery 150 is
charged therewith.

[0032] The power split mechanism 30 is, for example, a planetary gear
mechanism that includes a sun gear, a pinion, a carrier, and a ring gear (none of which is
illustrated). The power split mechanism 30 splits the power that is generated by the
engine 100 into power transmitted to the drive wheel 350 and power transmitted to the first
motor generator 10.

[0033] The PCU 250 converts the DC electric power that is stored in the battery
150 into AC electric power and supplies the AC electric power to the first motor generator
10 and the second motor generator 20. In addition, the PCU 250 converts the AC electric
power generated by the first motor generator 10 and the second motor generator 20 into
DC electric power and supplies the DC electric power to the battery 150. The PCU 250 is
controlled in accordance with a control signal from the ECU 300.

[0034) The battery 150 is a DC power supply that is configured to be chargeable
and dischargeable. A secondary battery such as a lithium-ion battery, a nickel-hydrogen
battery, and a lead storage battery or a capacitor such as an electric double layer capacitor
can be used as the battery 150. The battery 150 supplies electric power for generating a
driving force of the vehicle 1 to the PCU 250. In addition, the battery 150 stores the
electric power that is generated by the first motor generator 10.

[0035] The battery 150 includes a battery sensor 152. The battery sensor 152
comprehensively represents a voltage sensor, a current sensor, and a temperature sensor
(none of which is illustrated). The voltage sensor detects the voltage VB of the battery
150. The current sensor detects the /O current IB of the battery 150. The temperature
sensor detects the temperature (battery temperature) TB of the battery 150. Each of the
sensors outputs a signal that shows the result of the detection to the ECU 300. The ECU
300 calculates the SOC of the battery 150 based on the voltage VB, the I/O current IB, and

the battery temperature TB.
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[0036] A rotation sensor 352 is disposed in a hub or a knuckle (none of which is
illustrated) of the drive wheel 350. The rotation sensor 352 detects the rotation speed
(drive wheel rotation speed) Nw of the drive wheel 350 and outputs a signal that shows the
result of the detection to the ECU 300. The ECU 300 calculates a vehicle speed V based
on the drive wheel rotation speed Nw.

[0037] A pedal stroke sensor 162 is disposed in an accelerator pedal 160. The
pedal stroke sensor 162 detects a stroke amount AP of the accelerator pedal 160 and
outputs a signal that shows the result of the detection to the ECU 300. The ECU 300
calculates a power demand for the vehicle 1 (vehicle power demand) based on the stroke
amount AP and the vehicle speed V.

[0038] An air-conditioner 130 performs air conditioning in a passenger
compartment based on the control signal from the ECU 300. This control signal is output
in a case where, for example, an air conditioning request (heating request or cooling
request) for the air-conditioner 130 is present by a driver’s operation of an operation panel
(not illustrated). In a case where the heating request is present, the air-conditioner 130
drives the engine 100 and performs heating in the passenger compartment by using heat of
the engine 100.

[0039] The vehicle 1 is also provided with an electric power conversion device
200 and an inlet 220 so that electric power is supplied thereto via an electric power cable
400 from an external electric power supply 500. The external electric power supply 500
is, for example, a system electric power supply such as a commercial electric power supply.
The electric power cable 400 includes a connector 410, a plug 420, and an electric wire
portion 430. The plug 420 is connected to an outlet 510 of the external electric power
supply 500. The electric wire portion 430 electrically connects the connector 410 and the
plug 420 to each other.

[0040] The inlet 220 is disposed on, for example, an outer surface of the vehicle 1.
The connector 410 of the electric power cable 400 is electrically connected to the inlet 220.
The electric power conversion device 200 is electrically connected to the inlet 220 and the

battery 150. The electric power conversion device 200 converts AC electric power that is
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supplied from the inlet 220 into DC electric power. The battery 150 is charged with the
DC electric power from the electric power conversion device 200.

[0041] The electronic control unit (ECU) 300 includes a central processing unit
(CPU), a memory, and a buffer (none of which is illustrated). The ECU 300 outputs the
control signal based on the input of the signal from each of the sensors and a map and a
program stored in the memory and controls each instrument so that the vehicle 1 is in a
desired state. As an example, the ECU 300 controls each instrument so that the vehicle
power demand is realized by the engine 100, the first motér generator 10, and the second
motor generator 20 sharing the vehicle power demand.

[0042] Next, traveling modes will be described. The vehicle 1 has a charge
depleting mode (hereinafter "charge depleting mode" is also called as "CD mode") and a
charge sustaining mode (hereinafter "charge sustaining mode" is also called as "CS mode")
as the traveling modes. Basically, the CD mode is a mode in which the electric power
that is stored in the battery 150 is consumed. During traveling in the CD mode, engine
start for maintaining the SOC is not performed. However, even in the CD mode, the
engine 100 is started if the vehicle power demand exceeds a predetermined start threshold.
In contrast, the CS mode is a mode in which the SOC is maintained within a predetermined
range. In the CS mode, the engine 100 is started so that the SOC is maintained.

[0043] <Rotation Speed Increase Control>

Engine sound pressure is knoWn as a factor that gives a driver a sense of acceleration
during the acceleration of a vehicle. The engine sound pressure is a sound pressure (unit:
dB) that is obtained by measuring the sound resulting from the driving of an engine in a
passenger compartment. The engine sound pressure corresponds to the loudness of the
sound the driver actually feels during driving. It is desirable to generate an engine sound
pressure corresponding to a vehicle speed increment in order to improve drivability
relating to the sense of acceleration.

[0044] For each engine, a predetermined relationship (hereinafter, referred to as
the sound pressure characteristic of the engine in some cases) is satisfied between the

engine sound pressure and the engine rotation speed. FIG. 2 is a diagram illustrating an
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example of the sound pressure characteristic of the engine 100 that is illustrated in FIG. 1.
The horizontal axis in FIG. 2 represents the engine rotation speed Ne and the vertical axis
in FIG. 2 represents the engine sound pressure.

[0045]  Basically, the engine 100 is controlled so that the engine rotation speed Ne
is proportional to the vehicle speed V during the acceleration of the vehicle 1 referring to
FIG 2. However, as illustrated in FIG. 2, an area R1 is present in which the engine sound
pressure rarely increases despite the increase in the engine rotation speed Ne and an area
R2 is also present in which the engine sound pressure rapidly increases despite the little
increase in the engine rotation speed Ne. Accordingly, even if the engine rotation speed
Ne is proportionally increased across the board with respect to the vehicle speed V, the
driver may feel an engine sound pressure corresponding to the increment in the vehicle
speed V is not generated.

[0046] Accordingly, rotation speed increase control is executed in the vehicle 1
according to this embodiment. When the rotation speed increase control is executed, the

increment in the engine rotation speed Ne with respect to the increase in the vehicle speed

-V is set to be large in the area R1 and the increment in the engine rotation speed Ne with

respect to the increase in the vehicle speed V is set to be small in the area R2 compared to
a case where the rotation speed increase control is not executed. Hereinafter, the rotation
speed increase control will be described in more detail.

[0047] FIG. 3 is a diagram for showing the state of the engine 100 during the
execution of the rotation speed increase control in the area R1 that is illustrated in FIG. 2.
FIG. 4 is a diagram for showing the state of the engine 100 during the execution of the
rotation speed increase control in the area R2 that is illustrated in FIG. 2. The horizontal
axes in FIGS. 3 and 4 represent the engine rotation speed Ne and the vertical axes in FIGS.
3 and 4 represent a torque (engine output torque) Te output from the engine 100.

[0048] Referring to FIGS. 3 and 4, an optimal fuel efficiency line C shows a set
of operating points (combination of engine rotation speed Ne and engine output torque Te)
that are determined for the fuel efficiency of the engine 100 to be optimal. In order to

improve fuel efficiency, it is preferable that a target operating point of the engine 100 is
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positioned close to the optimal fuel efficiency line C regardless of whether or not the
rotation speed increase control is executed. In FIGS. 3 and 4, both a target operating
point P1 for a case where the rotation speed increase control is not executed and a target
operating point P2 for a case where the rotation speed increase control is executed are
shown on the optimal fuel efficiency line C.

[0049] Hereinafter, a case where an operating point PO and both of the targét
operating points P1, P2 are positioned in the area R1 (refer to FIG. 3) and a case where the
operating point PO and both of the target operating points P1, P2 are positioned in the area
R2 (refer to FIG. 4) will be described in relation to control during the acceleration of the
vehicle 1 for realizing the target operating point P1 or P2 from the operating point PO.

[0050] Referring to FIG. 3 first, the engine 100 is controlled so that the target
operating point P1 is realized, as illustrated by the arrow AR1, in a case where the rotation
speed increase control is not executed. As described above, in the area R1, the engine
sound pressure rarely increases even if the engine rotation speed Ne is increased.
Accordingly, even if the engine rotation speed Ne is increased to the target operating point
P1, an engine sound pressure corresponding to the increment in the vehicle speed V cannot
be generated. Accordingly, in a case where the rotation speed increase control is executed,
the target operating point P2 at which the engine rotation speed Ne is higher than at the
target operating point P1 is set as illustrated by the arrow AR2. In this manner, the
increment in the engine rotation speed Ne increases, and thus an engine sound pressure
corresponding to the increment in the vehicle speed V can be generated.

[0051]  Next, referring to FIG. 4, each of equal power lines L1, L2 represents a set
of operating points for outputting power having a certain constant value from the engine
100.

[0052] In a case where the rotation speed increase control is not executed, the
engine 100 is controlled so that the target operating point P1 is realized as illustrated by the
arrow AR1. In the area R2, the engine sound pressure rapidly increases as the engine
rotation speed Ne is increased. Accordingly, if the engine rotation speed Ne is increased

to the target operating point P1, the increment in the engine sound pressure excessively
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increases with respect to the increment in the vehicle speed V. Accordingly, in a case
where the rotation speed increase control is executed, the target operating point P2 at
which the engine rotation speed Ne is lower than at the target operating point P1 is set as
illustrated by the arrow AR2. In other words, in a case where the rotation speed increase
control is executed, the engine rotation speed Ne of the target operating point is reduced
compared to a case where the rotation speed increase control is not executed. In this
manner, an increase in the engine sound pressure can be suppressed.

[0053] In the area R2, power (engine output power) Pe that is output from the
enginé 100 may fall short of the power demand for the vehicle 1 (vehicle power demand)
as the increment in the engine rotation speed Ne is set to be small. In the example that is
illustrated in FIG. 4, the engine output power Pe corresponding to the difference between
the power that is represented by the equal power line L1 and the power that is represented
by the equal power line L2 may fall short. This shortfall is supplemented by motor output
power Pm by using discharging electric power from the battery 150.

[0054] As described above, in a case where the rotation speed increase control is
executed, the ratio of the engine output power Pe to the vehicle power demand is reduced
compared to a case where the rotation speed increase control is not executed.
Accordingly, the ratio of the motor output power Pm to the vehicle power demand needs to
be raised.

[0055] In the CD mode, EV traveling is mainly performed, and the engine 100 is
started in a case where the vehicle power demand cannot be satisfied by the motor output
power Pm alone. In other words, the discharging electric power from the battery 150
during the start of the engine 100 in the CD mode often has a value close to a discharging
electric power upper limit value Wout. Accordingly, in a case where the target operating
point P2 at which the engine rotation speed Ne is lower than at the target operating point
P1 is set and the engine output power Pe falls short of the vehicle power demand, it is
likely that electric power for supplementing the shortfall cannot be supplied from the
battery 150 to the second motor generator 20. As a result, a situation may occur in which

the vehicle power demand cannot be satisfied.
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[0056] The execution of the rotation speed increase control is limited in the CD
mode, compared to the CS mode, according to this embodiment. More specifically, the
execution of the rotation speed increase control is allowed in the CS mode whereas the
execution of the rotation speed increase control is prohibited in the CD mode. In this‘
manner, a situation is unlikely to occur in which the shortfall of the engine output power Pe
is supplemented by using the output power from the battery 150 in the CD mode.
Accordingly, the probability of being capable of ensuring the output power required for
satisfying the vehicle power demand in the CD mode (sum of engine output power Pe and
motor output power Pm) can be increased.

[0057] FIG 5 is a functional block diagram for showing the functional
configuration of the ECU 300 that is illustrated in FIG. 1. Referring to FIG. 5, the ECU
300 includes a storage unit 302, a target operating point calculation unit 304, an SOC
calculation unit 306, a traveling mode selection unit 308, a determination unit 310, and a
driving control unit 312.

[0058] The optimal fuel efficiency line C (refer to FIGS. 2 and 3) for executing
the rotation speed increase control is stored in advance in the storage unit 302.
Information relating to the optimal fuel efficiency line C is read by the target operating
point calculation unit 304.

[0059] The target operating point calculation unit 304 calculates the target
operating point P1 that is used in a case where the rotation speed increase control is not
executed and the target operating point P2 that is used in a case where the rotation speed
increase control is executed (refer to FIGS. 3 and 4). More specifically, the target
operating point calculation unit 304 calculates an accelerator opening based on the stroke
amount AP from the pedal stroke sensor 162 and calculates the vehicle speed V based on
the drive wheel rotation speed Nw from the rotation sensor 352. Then, the target
operating point calculation unit 304 calculates a target driving force of the vehicle 1 from
the accelerator opening and the vehicle speed V in accordance with a map that showé a
relationship between the accelerator opening, the vehicle speed V, and the target driving

force. In addition, the target operating point calculation unit 304 calculates the target
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operating points P1, P2 based on the target driving force and the vehicle speed V. The
values of the target operating points P1, P2 are output to the determination unit 310.  Still,
a method for calculating the target operating points P1, P2 is not limited thereto.

[0060] The SOC calculation unit 306 calculates the SOC of the battery 150 based
on the detected values of the voltage VB, the I/O current IB, and the battery temperature
TB from the battery sensor 152. The calculated SOC value is output to the traveling
mode selection unit 308.

[0061] The traveling mode selection unit 308 selects one of the CS mode and the
CD mode based on the SOC from the SOC calculation unit 306 and outputs the selected
mode to the determination unit 310. A technique for selecting the traveling mode is not
limited to what is based on the SOC. For example, with a switch (not illustrated) that
accepts the driver’s operation for traveling mode selection disposed in the vehicle 1, the
traveling mode selection unit 308 may output a mode that is accepted by the switch.

[0062]  Based on the traveling mode output from the traveling mode selection unit
308, the determination unit 310 determines whether or not to limit the execution of the
rotation speed increase control and outputs the target operating point (P1 or P2) in
accordance with the result of the determination to the driving control unit 312. In other
words, the determination unit 310 outputs the target operating point P1 in a case where the
rotation speed increase control is not executed (case where the execution of target speed
increase control is prohibited) and outputs the target operating point P2 in a case where the
rotation speed increase control is executed (refer to FIG. 4). This determination technique
will be described in detail later.

[0063]  The driving control unit 312 controls the engine 100 and the PCU 250
based on the target operating points P1, P2 from the determination unit 310. In other
words, the driving control unit 312 controls the engine 100 and the PCU 250 so as to
realize the target operating point P1 in a case where the rotation speed increase control is
not executed and controls the engine 100 and the PCU 250 so as to realize the target
operating point P2 in a case where the rotation speed increase control is executed.

[0064) FIG. 6 is a flowchart for showing the rotation speed increase control
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according to the first embodiment. Referring to FIG. 6, this flowchart is called from a
main routine and executed when a predetermined condition is satisfied or whenever a
predetermined period of time elapses. Basically, each of the Steps in this flowchart is
realized by software processing by the ECU 300. Each c;f the Steps in this flowchart may
also be realized by hardware (electronic circuit) manufactured in the ECU 300.

[0065] In Step (hereinafter, simply referred to as S) 10, the ECU 300 determines
whether or not an engine start request is present (or whether or not the engine 100 is
already in a driving state). More specifically, the ECU 300 determines whether or not the
engine start request is present based on whether or not the vehicle power demand exceeds a
predetermined start threshold. In a case where the engine start request is present or in a
case where the engine 100 is in the driving state (YES in S10), the processing proceeds to
S20.

[0066] In S20, the ECU 300 determines whether or not the traveling mode of the
vehicle 1 is the CD mode. In a case where the traveling mode is the CS mode (NO in
S20), the processing proceeds to S50, and the ECU 300 allows the execution of the rotation
speed increase control. In a case where the traveling mode is the CD mode (YES in S20),
the processing proceeds to S30.

[0067] In S30, the ECU 300 determines whether or not the engine rotation speed
Ne is positioned in the area R2 (refer to FIG. 2). In'a case where the engine rotation
speed Ne is not positioned in the area R2 (NO in S30), the processing proceeds to S50, and
the ECU 300 allows the execution of the rotation speed increase control. In a case where -
the engine rotation speed Ne is positioned in the area R2, the processing proceeds to S40.

[0068] In S40, the ECU 300 limits the execution of the rotation speed increase
control. In the first embodiment, the execution of the rotation speed increase control is
prohibited as a form of the limitation on the execution of the rotation speed increase
control.

[0069]  The processing returns to the main routine in a case where the engine start
request is absent (case where the engine 100 is in a stopped state, NO in S10) or when the

processing of S40 or S50 is terminated.
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[0070]  According to the first embodiment described above, the execution of the
rotation speed increase control is prohibited in the CD mode, and thus a reduction in the
engine rotation speed Ne is prevented. Accordingly, a situation is unlikely to occur in
which the engine output power Pe falls short of the vehicle power demand. Accordingly,
the output power required for satisfying the vehicle power demand can be ensured.

[0071] In the CS mode, the execution of the rotation speed increase control is
allowed. Accordingly, the driver is given the sense of acceleration corresponding to the
increment in the vehicle speed V, and thus drivability can be improved.

[0072] Next, a second embodiment will be described. In the first embodiment,
an example in which the rotation speed increase control is prohibited in the case of the CD
mode has been described. In the second embodiment, a configuration will be described in
which a decrement in the engine rotation speed Ne in the CD mode is less than a
decrement in the engine rotation speed Ne in the CS mode although the execution of the
rotation speed increase control is allowed even in the CD mode. The configuration of the
vehicle according to the second embodiment is identical to the configuration of the vehicle
1 that is illustrated in FIG. 1, and thus detailed description thereof will not be repeated.

[0073]  FIG. 7 is a flowchart for showing rotation speed increase control according
to the second embodiment. Referring to FIG. 7, this flowchart is different from the
flowchart that is illustrated in FIG. 6 in that the processing of S42 is executed instead of the
prohibition of the rotation speed increase control (refer to S40 in FIG. 6). The processing
other than S42 is identical to the corresponding processing in the flowchart that is
illustrated in FIG. 6, and thus detailed description thereof will not be repeated.

[0074] In S42, the rotation speed increase control is executed even in the CD
mode. Still, the decrement in the engine rotation speed Ne is set to be less than in the CS
mode.

[0075] If the execution of the rotation speed increase control is prohibited in the
CD mode as in the first embodiment, drivability relating to the sense of acceleration cannot
be improved in the CD mode. However, if the discharging electric power does not reach

the discharging electric power upper limit value Wout even in the CD mode, the
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supplementation of the shortfall of the engine output power Pe by using the discharging
electric power may be possible. In other words, in the second embodiment, the rotation
speed increase control is executed within a range in which the shortfall of the engine
output power Pe with respect to the vehicle power demand can be supplemented by the
motor output power Pm by using the discharging electric power from the battery 150.

[0076] In this manner, the output power required for satisfying the vehicle power
demand can be ensured. In addition, since the rotation speed increase control is executed
even in the CD mode, the driver can be given the sense of acceleration corresponding to
the increment in the vehicle speed V. In other words, according to the second
embodiment, the output power required for satisfying the vehicle power demand can be
ensured and the drivability can be improved at the same time.

[0077] Next, a third embodiment will be described. As described in the second
embodiment, the rotation speed increase control can be executed if the discharging electric
power does not reach the discharging electric ‘power upper limit value Wout. It is known
that the discharging electric power upper limit value Wout has temperature dependence and
SOC dependence, and discharging from the battery may be increasingly limited depending
on the battery temperature or the SOC. In the third embodiment, a case will be described
where whether or not to prohibit the execution of the rotation speed increase control is
determined in accordance with the size of the discharging electric power upper limit value
Wout. The configuration of the vehicle according to the third embodiment is identical to
the configuration of the vehicle 1 that is illustrated in FIG. 1, and thus detailed description
thereof will not be repeated.

[0078]  FIG. 8 is a diagram illustrating an example of the temperature dependence
of the discharging electric power upper limit value Wout. The horizontal axis in FIG. 8
represents the battery temperature TB and the vertical axis in FIG. 8 represents the
discharging electric power upper limit value Wout. FIG. 9 is a diagram illustrating an
example of the SOC dependence of the discharging electric power upper limit value. The
horizontal axis in FIG. 9 represents the SOC of the battery 150 and the vertical axis in FIG

9 represents the discharging electric power upper limit value Wout.
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[0079] Referring to FIGS. 8 and 9, the discharging electric power upper limit
value Wout is zero in a case where the battery temperature TB is equal to or less than T1 or
equal to or greater than T4 in FIG. 8 (TB<T1, T4<TB) or in a case where the SOC is equal
to or less than Scl in FIG 9 (SOC<Scl). In other words, the discharging of the battery
150 is prohibited. Accordingly, even if the engine output power Pe falls short, the
shortfall cannot be supplemented by the motor output power Pm.

[0080] In a case where the battery temperature TB exceeds T1 and is exceeded by
T2 (T1<TB<T2) or in a case where the battery temperature TB exceeds T3 and is exceeded
by T4 (T3<TB<T4), the discharging electric power upper limit value Wout is less thén ina
case where the battery temperature TB is equal to or higher than T2 and is equal to or less
than T3 (T2<TB<T3). In addition, in a case where the SOC exceeds Scl and is exceeded
by Sc2 (Sc1<SOC<Sc2), the discharging electric power upper limit value Wout is less than
in a case where the SOC is at least Sc2 (SOC>Sc2). As the discharging electric power
upper limit value Wout decreases, the discharging from the battery 150 is increasingly
limited, and thus it becomes more unlikely that the shortfall of the engine output power Pe
can be supplemented by the motor output power Pm.

[0081]  According to the third embodiment, the execution of the rotation speed
increase control is prohibited, regardless of the traveling mode, in a case where the
discharging from the battery 150 is increasingly limited in accordance with the battery
temperature TB or the SOC and the discharging electric power upper limit value Wout is
exceeded by a predetermined value. A maximum value WO is used as an example of the
predetermined value.  Still, the predetermined value is not limited thereto. The
predetermined value can be appropriately determined in accordance with the configuration
of the vehicle 1 (for example, the characteristic of the discharging electric power upper
limit value Wout of the battery 150).

[0082] FIG. 10 is a flowchart for showing the rotation speed increase control
accordi_ng to the third embodiment. Referring to FIG. 10, this flowchart is different from
the flowchart that is illustrated in FIG. 6 in that the processing of $12 is further provided.

Description of the Steps common to FIG. 6 will not be repeated.
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[0083] In S12, the ECU 300 determines whether or not the discharging electric
power upper limit value Wout of the battery 150 is less than the maximum value WO. In
the example that is illustrated in FIGS. 8 and 9, the ECU 300 determines that the
discharging electric power upper limit value Wout is less than the maximum value WO in a
case where the battery temperature TB is less than T2 (TB<T2) or in a case where the
battery temperature TB exceeds T3 (TB>T3) in FIG. 8 or in a case where the SOC is less
than Sc2 in FIG. 9 (SOC<Sc2).

[0084] In a case where the discharging electric power upper limit value Wout is
less than the maximum value WO (YES in S12), the processing skips S20 and S30 and
proceeds to S40, and the execution of the rotation speed increase control is prohibited
regardless of the traveling mode.

[0085] In a case where the discharging electric power upper limit value Wout is
equal to the maximum value WO (NO in S12), the processing proceeds to S20. The
processing of S20 and the subsequent processing are identical to the corresponding
processing illustrated in FIG. 6, and thus detailed description thereof will not be repeated.
The execution of the rotation speed increase control is prohibited in the CD mode (S40)
and the execution of the rotation speed increase control is allowed in the CS mode (S50).
The procedure of the processing is not limited to the example that is illustrated in FIG. 10.
The processing of S12 may be executed after the processing of S20.

[0086] According to the third embodiment described above, the execution of the
rotation speed increase control is prohibited, in view of the temperature dependence and
the SOC dependence of the discharging electric péwer upper limit value Wout of the
battery 150, in a case where the discharging electric power upper limit value Wout is
exceeded by a predetermined value (maximum value WO in the example described above)
and a situation occurs in which the shortfall of the engine output power Pe cannot be
supplemented by the motor output power Pm. In this manner, the probabiliiy of being
capable of ensuring the output power required for satisfying the vehicle power demand can
be further increased.

[0087]  Next, a fourth embodiment will be described. In a case where, for
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example, a warm-up request for the engine, a heating request for the air-conditioner, or the
like is present, the engine can be started even if the vehicle power demand does not reach
the start threshold. In this case, the discharging electric power from the battery does not
have a value close to the discharging electric power upper limit value, and thus the
shortfall of the engine output power can be supplemented even in the CD mode. In the
fourth embodimént, control for a case where the engine is started in accordance with an
engine start request not associated with the vehicle power demand as described above will
be described. The configuration of the vehicle according to the fourth embodiment is
identical to the configuration of the vehicle 1 that is illustrated in FIG. 1, and thus detailed
description thereof will not be repeated.

[0088] FIG 11 is a flowchart for showing rotation speed increase control
according to the fourth embodiment. Referring to FIG. 11, this flowchart is different from
the flowchart that is illustrated in FIG. 6 in that the processing of S14 is further provided.

[0089] In S14, the ECU 300 determines whether or not the engine start request in
S10 is not associated with the vehicle power demand.

[0090]  In a case where the engine 100 is started in response to the engine start
request not associated with the vehicle power demand (YES in S14), that is, in a case
where the engine 100 is started by the warm-up request for the engine 100 or the heating
request for the air-conditioner 130, the stopping of the engine 100 (including intermittent
stopping) is prohibited regardless of the vehicle power demand and the engine 100 is
maintained in the driving state.

[0091] This case does not mean that the engine 100 is started with the vehicle
power demand reaching the start threshold, and thus the discharging electric power from
the battery does not have a value close to the discharging electric power upper limit value
Wout and the discharging electric power éan be increased. Accordingly, in a case where
the rotation speed increase control is executed, the shortfall of the engine output power Pe
can be supplemented by the motor output power Pm. Accordingly, the processing
proceeds to S50 and the execution of the rotation speed increase control is allowed. In

other words, in the fourth embodiment, the limitation on the execution of the rotation speed
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increase control is relaxed compared to the flowchart that is illustrated in FIG. 6.

[0092] In a case where the engine 100 is started with the vehicle power demand
reaching the start threshold (NO in S14), the processing proceeds to S20. The processing
of S20 and the subsequent processing are identical to the corresponding processing
illustrated in FIG. 6, and thus detailed description thereof will not be repeated.

[0093]  An example in which the engine 100 is started by the warm-up request for
the engine 100 or the heating request for the air-conditioner 130 has been described.
However, other engine start requests not associated with the vehicle power demand are
also present in addition thereto.

[0094] One of the examples thereof is a case where the engine 100 is started so as
to prevent overspeed of the pinion (not illustrated) in the power split mechanism 30. In
some cases, the rotation speed of the pinion may excessively increase depending on the
rotation speeds of the first motor generator 10 and the second motor generator 20. An
upper limit value is defined for the rotation speed of the pinion in order to prevent the
seizure of the pinion in this case. The engine 100 is started if the rotation speed of the
pinion approaches the upper limit value.

[0095]  Another one of the examples thereof is a case where the battery 150
cannot be charged with the electric power regenerated by the second motor generator 20 in
a case where the battery 150 is in a fully-charged state. In this case, the first motor
generator 10 may be driven by using the electric power regenerated by the second motor
generator 20 and the engine 100 may be started by the first motor generator 10 so as to
prevent overcharging of the battery 150.

[0096]  The control that has been described in the first to fourth embodiménts can
be appropriately combined. For example, the processing for limiting the execution of the
rotation speed increase control (S42 in FIG 7) may be executed instead of the processing
for prohibiting the execution of the rotation speed increase control (S40) in the flowchart
for the third embodiment that is illustrated in FIG. 10. Alternatively, the processing for
determining whether or not the discharging electric power upper limit value Wout of the

battery 150 is less than the maximum value WO (S12 in FIG 10) may be added to the
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flowchart for the fourth embodiment that is illustrated in FIG. 11.

[0097] Lastly, this embodiment will be summarized referring back to FIG 1.
The vehicle 1 is provided with the engine 100, the battery 150, the second motor generator
20 that generates the driving force by using the electric power of the battery 150, and the
ECU 300 that controls the engine 100 and the second motor generator 20. The ECU 300
is configured to be capable of executing the rotation speed increase control for controlling
the engine rotation speed Ne so that the engine sound pressure is increased in response to
an increase in the vehicle speed V of the vehicle 1. In the CD mode in which the SOC of
the battery 150 is consumed, the ECU 300 limits the execution of the rotation speed
increase control compared to the CS mode in which the SOC is maintained in_ a
predetermined range.

[0098] The ECU 300 may allow the execution of the rotation speed increase
control in the CS mode and prohibit the execution of the rotation speed increase control in
the CD mode.

[0099] In addition, the prohibition of the execution of the rotation speed increase
control by the ECU 300 in the CD mode may be limited to a range in which the internal
combustion engine and the sound pressure have a specific relationship.

[0100) In addition, in a case where the upper limit value of the discharging
electric power of the electric power storage device is exceeded by a predetermined value,
the ECU 300 may prohibit the rotation speed increase control regardless of the CS mode or
the CD mode.

[0101] In addition, in a case where the rotation speed increase control is executed,
the ECU 300 may reduce the engine rotation speed Ne compared to a case where the
rotation speed increase control is not executed so that the ratio of the engine output power
Pe to the vehicle pow.er demand is reduced and the ratio of the motor output power Pm to
the vehicle power demand is increased. In the CD mode, the ECU 300 may set the
decrement in the engine rotation speed Ne to be small compared to the CS mode, as a
limitation on the execution of the rotation speed increase control, so as to suppress a

reduction in the ratio of the engine output power Pe.
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[0102] In addition, when the engine 100 is started in response to the engine start
request not associated with the vehicle power demand, the ECU 300 may relax the
limitation on the execution of the rotation speed increase control even in the CD mode.

[0103] In addition, the vehicle 1 may also be provided with the air-conditioner
130 that performs air conditioning in the passenger compartment. The engine start
request may include at least one of the warm-up request for the engine 100 and the heating
request for the air-conditioner 130.

[0104] In a control method for the vehicle 1, the vehicle 1 includes the engine 100,
the battery 150, and the second motor generator 20 that generates the driving force by
using the electric power of the battery 150. The vehicle 1 is configured to be capable of
executing the rotation speed increase control for controlling the engine rotation speed Ne
so that the engine sound pressure is increased in response to an increase in the vehicle
speed V of the vehicle 1. The control method is provided with the Step (S50) for
executing the rotation speed increase control and the step (S40) for limiting the execution
of the rotation speed increase control in the CD mode in which the SOC of the battery 150
is consumed compared to the CS mode in which the SOC is maintained in a predetermined
range.

[0105] It should be noted that the embodiments disclosed herein are exemplary in
every aspect and do not limit the invention. The scope of the invention is clarified by the
claims, not the description above, and the invention includes any change within the

meaning and range equivalent to the claims.
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CLAIMS:

1. A hybrid vehicle comprising:

an internal combustion engine;

an electric power storage device;

a rotary electric machine configured to generate a driving force by using electric
power of the electric power storage device; and

an electronic control unit configured to

(i) control the internal combustion engine and the rotary electric machine,

(ii) execute rotation speed increase control for controlling a rotation speed of the
internal combustion engine so as to increase a sound pressure of the internal combustion
engine in responée to an increase in a vehicle speed of the hybrid vehicle, and

(iii) limit the execution of the rotation speed increase control in a charge depleting
mode compared to a charge sustaining mode, in the charge depleting mode a state of
charge of the electric power storage device being consumed, and in the charge sustaining
mode the state of charge of the electric power storage device being maintained in a-

predetermined range.

2. The hybrid vehicle according to Claim 1,

wherein the electronic control unit is configured to

(i) allow the execution of the rotation speed increase control in the charge sustaining
mode, and

(ii) prohibit the execution of the rotation speed increase control in the charge

depleting mode.

3. The hybrid vehicle according to Claim 2,
wherein the electronic control unit is configured to limit the prohibition of the
execution of the rotation speed increase control in the charge depleting mode to a range in

which the internal combustion engine and the sound pressure have a specific relationship.



WO 2015/181595 PCT/IB2015/000595

28

4. The hybrid vehicle according to Claim 1,

wherein the electronic control unit is configured to prohibit the rotation speed
‘increase control regardless of the charge sustaining mode or the charge depleting mode in a
case where an upper limit value of discharging electric power of the electric power storage

device is less than a predetermined value.

5. The hybrid vehicle according to Claim 1,

wherein the electronic control unit is configured to

(i) reduce the ratio of power output from the internal combustion engine to a power
demand for the hybrid vehicle and increase the ratio of power output from the rotary
electric machine to the power demand, by reducing the rotation speed in a case where the
rotation speed increase control is executed compared to a case where the rotation speed
increase control is not executed, and

(i1) suppress a reduction in the ratio of the power output from the internal combustion
engine, by setting a decrement in the rotation speed to be small in the charge depleting
mode compared to the charge sustaining mode, as a limitation on the execution of the

rotation speed increase control.

6. The hybrid vehicle according to any one of Claims 1 through 5,

wherein the electronic control unit is configured to relax the limitation on the
execution of the rotation speed increase control even in the charge depleting mode, when
the internal combustion engine is started in response to a start request for the internal
combustion engine, the start request being not associated with the power demand for the

hybrid vehicle.

7. The hybrid vehicle according to Claim 6, further comprising:
an air-conditioner configured to perform air conditioning in a passenger compartment

of the hybrid vehicle,
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wherein the start request includes at least one of a warm-up request for the internal

combustion engine or a heating request for the air-conditioner.

8. A control method for a hybrid vehicle, the hybrid vehicle including an internal
combustion engine, an electric power storage device, and a rotary electric machine
generating a driving force by using electric power of the electric power storage device, the
control method comprising:

executing rotation speed increase control for controlling a rotation speed of the
internal combustion engine so as to increase a sound pressure of the internal combustion
engine in response to an increase in a vehicle speed of the hybrid vehicle; and

limiting the execution of the rotation speed increase control in a charge depleting
mode compared to a charge sustaining mode, in the charge depleting mode a state of
charge of the electric power storage device being consumed, and in the charge sustaining
mode the state of charge of the electric power storage device being maintained in a

predetermined range.
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FIG. 4
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