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(57) Abstract: A vehicle (1) 1s provided with a continuously variable transmission device (20, 40) and an electric control unit (200)
controlling an engine (10), a motor generator (30), and the continuously variable transmission device (20, 40). The electric control
unit (200) selects any one of a plurality of operation modes, having different correlations between a driver' accelerator operation
amount and a control throttle opening, to suit driver's requests, and performs a number-of-revolutions increase control for increasing
an engine rotation speed according to at least one of elapsed time from a time point of a vehicle speed mcrease and elapsed time
from a time point of an acceleration request in a case where the control throttle opening exceeds a predetermined threshold. The
electric control unit (200) controls the engine (10) to suppress the engine rotation speed change due to a change of the operation
mode 1n a case where the control throttle opening 1s changed across the predetermined threshold 1n response to the change of the op-
eration mode.
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'VEHICLE PROVIDED WITH CONTINUOUSLY
VARIABLE TRANSMISSION DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a vehicle that 1s provided with a continuously

variable transmission device and, more particularly, to a hybrid vehicle that is provided

with a continuously variable transmission device.

2. Description of Related Art
[0002] Japanese Patent Application Publication No. 2002-243031 (JP

12002-243031 A) discloses a shift control device for an automatic transmission. The

control device obtains a shift target value frbm an operational point that 1s determined by a
throttle opening and a vehicle speed, and executes continuously variable gear ratio control
for controlliﬂg an automatic transmission gear ratio.

[0003] Techniques for determining whether to perform fixed gear ratio control or
optimum fuel efficiency control depending on whether a control throttle opening is equal
to or higher than a predetermined threshold have been studied for a vehicle that is provided
with a continuously variable transmission (hereinafter, also referred to as a “continuously
variable transmission device”). |

[0004]  Also, techniques for controlling a vehicle having a plurality of modes,
such as a power mode and an eco mode, present for a relationship between the amount of
an accelerator operation by a driver and a control throttle opening and allowing mode
switch by the driver have been known. -

[0005] A Vehiclgz in which these controls are executed in combination is studied.
The mode switch by the driver causes the relationship between the accelerator operation
amount and the control throttle opening to be switched. Then, the control throttle opening
1s changed across a predetermined threshold by the mode switching operation, even if the
amount of the accelerator operation by the driver 1s not changed. In this case, control
switching may occur between the fixed gear ratio control and the optimum fuel efficiency
control. |

[0006]  In this case, an éngine rotation speed may fluctuate and the driver may feel
a sense of discomfort i1f the control switching occurs between the fixed gear ratio control
and the optimum fuel efficiency control in a state where the engine rotation speed of the
fixed gear ratio control and the engine rotation speed of the optimum fuel efﬁciency

'control deviate from each other.
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SUMMARY OF THE INVENTION

[0007] The invention, which has been made in view of the above, provides a

vehicle that is provided with a continuously variable transmission device which suppresses
a sense of discomfort of a driver during a mode switching Operation.

[0008] The invention provides a vehicle traveling by using power of at least any
one of an engine and a motor generator. The vehicle 1s provided with continuously
variable transmission devices and an electronic control unit. The continuously variable
transmission device are provided between the engine and drive wheels of the vehicle.
The electronic control unit 1s configured to control the engine, the motor generator, and the
continuously variable transmission device. The electronic control unit is configured to
select any one of a phirality of operation modes to suit driver’s requests, the plurality of
operation modes having different correlations between a driver' accelerator operation
amount for the vehicle and a control throttle opening of the vehicle. The electronic
control' unit is configured to perform a number—of—revolutions increase control for
Increasing an engine rotation speed according to one or each of passage of time from time
points of a vehicle speed increase and an acceleration request, in a case where the control

throttle opening exceeds a predetermined threshold. The electronic control unit is

configured to control the engine so as to suppress a change in the engine rotation speed due

to a change of the operation mode, in a case where the control throttle opening is changed
across the predetermined threshold in response to the change of the operation mode.

]0009] According to the vehicle having the configuration described above, the
sense of discomfort such as a sudden change 1n the engine rotation speed can be
suppressed when the mode switching operation is performed by the driver in the vehicle
which allows the execution of the numbér-of—revolutions increase control.

[0010] In this vehicle, the electronic control unit may be conﬁgcred to execute a
fuel efficiency-priority engine control for focusing on fuel efficiency improvement more
than the number-of-revolutions increase control, in a case where thc control throttle
opening does not exceed the predetermined threshold. The electronic control unit may be
configured to put control switching between the number-of-revolutions increase control
and the fuel efficiency-priority engine control on hold, in a case where the control throttlc
opening 1s changed across the threshold in response to the change of the operation mode.
The electronic control unit may be configured to execute the control switching when the
engine rotation speed determined by the number-of-revolutions increase control and the
engine rotation speed determined by the fuel efficiency-priority engine control are identical
to each other, in a case where the control throttle opening is changed across the threshold

in response to the change of the operation mode.
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[0011] When the mode switching operation 1s performed by the driver 1n the
vehicle allowing the execution of the ‘number-of-revolutions increase control, the engine
rotation speed can be smoothly changed, despite the mode change, according to the vehicle
having the confi guration described above since the switch is performed after a state where
the engine rotation speed 1s not suddenly changed. In other words, the control switching
between the number-of-revolutions increase control and the fuel efficiency-priority engine
control can be performed without the driver feeling the sense of discomfort.

[0012] 'The plurality of operation modes may include a fuel efficiency-priority
mode. The electronic control unit may be configured to select the engine rotation speed
determined by the number-of-revolutions increase control as an engine rotation speed
command value for the engine, in a case where the control throttle opening 1s changed
across the predetermined threshold in response to the change of the operation mode to the
fuel efﬁc1ency-pnor1ty mode in a state where the engine rotation speed during the
execution of the number-of-revolutions increase control is lower than the engine rotation
speed determined by the fuel efficiency-priority engine. control.

[0013] For example, a normal mode and an eco mode in comparison to a power
mode correspond to the tuel efficiency- prioritymode and the eco mode in comparison to
the normal mode corresponds to the fuel efficiency-priority mode. According to the
vehicle having the configuration described above, the engine rotation speed change is
suppressed and the dniver can avoid the sense of discomfort in a case where the engine
rotation speed may be suddenly increased by the mode switch by the driver to the fuel
efficiency-priority mode. '

[00'14] The plurality of operation modes may include a fuel efficiency-priority
mode. The electronic control unit may be configured to select the engine rotation speed
determined by the fuel efficiency-priority engine control as an engine rotation speed
command value for the engine, in a case where the control throttle Opehing 1S changed
across the predetermined threshold by the cancel of the fuel efﬁéiency—priority mode 1n a
state where the engine rotation speed during the execution of the fuel efficiency-priority
engine control is higher than the engine rotation speed determined by the
number-of-revolutions increase control. . .

[0015] For example, the normal mode and the eco mode in comparison to the

power mode correspond to the tuel etficiency-priority mode and the eco mode 1n

‘ comparison to the normal mode corresponds to the fuel efficiency-priority mode.

According to the conﬁgurat1on described above? the engine rotation speed change 1s

suppressed and the driver can avoid the sense of discomfort in a case where the engine

~ rotation speed may be suddenly decreased by the mode switch by the driver for releasing

the fuel efficiency-priority mode.
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10016} In the vehicle descnibed above, the continuously variable transmission
device may include another motor generator other than the motor generator. The
electronic control unit rnay be configured to execute control for satisfying the power
demand by power absorption or output by the another motor generator, in a case where an
excess or a shortfall i1s produced with respect to a dniver’s power demand during the
number-of-revolutions increase control. | |

[0017] According .tlo the vehicle having the configuration described above, the
driver’s power demand can be satisfied by the power absorption or output by the another
motor generator in a case where the excess or the shorttall 1s produced with respect to the
driver’s power demand during the number-of-revolutions increase control. |

[0018] In the vehicle described above, each of the motor generator and the
another motor generator may be provided with a temperature detection sensor. The
electronic control unit may be configured to limit loads on the motor generator and the
another motor generator when temperatures ot the motor generator or the another motor
generator detected by at least one of the temperature detection sensors exceeds a
predetermined threshold temperature. |

[0019] According to the vehicle having the configuration described above, the
loads on the motor generator and the another motor generator are limited when the
temperatures of the motor generator and the another motor generator exceed a
predetermined threshold temperature, and thus overheating of the motor generator and the
another motor generator can be suppressed. :

[0020] Acco-rding, to the invention, the sense of discomfort of the dnver
attributabl-e to the change in the engine rotation speed of the vehicle during the mode
switching operation performed by the driver can be suppressed in the vehicle allowing the

execution of the number-of-revolutions increase control.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] F eatures, advantages, and technical and industrial significance of

exemplary embodiments of the mvention will be described below with reference to the-

“accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 1s a diagram 1llustrating an overall configuration of a vehicle according to an
embodiment; | | '
 FIG. 2 is a waveform chart that is used to describe optimum fuel efficiency control
and acceleration feeling production control for the vehicie; |
FIG. 3 is a flowchart illustrating a flow of processing that is executed in a case where
an electronic control unit according to this embodiment controls a vehicle driving force;

FIG. 4 1s a flowchart 1llustrating the processing in Step S1 in FIG. 3 in detail;
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FIG. 5 1s a flowchart 1llustrating a part of the processing in Step S2 1n FIG 3 (part

~where an engine rotation speed 1s calculated 1in a case where the optimum fuel efficiency

control for the vehicle is executed: referred to as Step S2A) in detail;

FIG. 6 1s a schematic diagram 1illustrating techniques for calculating an optimum fuel
efficiency rotation speed and an optimum fuel efficiency torque by the optimum fuel
efficiency control for the vehicle;

FIG. 7 is a flowchart illustrating another part of the processing in Step S2 in FIG 3
(part where the engine rotation speed is calculated in a case where the acceleration feeling
production control for the vehicle is executed: referred to as Step S2B) in detail; .

FIG 8 1s a schematic diagram 1illustrating techniques for setting a command engine
rotation speed and a command engine torque by the accel.eration feeling production
control; ' |

FIG. 9 1s a flowchart that 1s used to describe a part of the processing 1n Step S3 in FIG.
3 (during the execution of the acceleration feeling production control: referred to as Step
S3A); |

FIG. 10 1s a diagram that is used to describe a state where a control throttle opening is
changed to exceed a predetermined threshold and the acceleration feeling production
control 1s canceled by an operation of a mode-switching switch according .to this
embodiment: '

FIG. 11 1s a waveform chart that 1s used to describe an engine rotation speed change
in a case where an eco mode is set by an eco-switch according to this embodiment;

FIG. 12 1s a wavetorm chart that is used to describe an engine rotation speed change
in a case where power mode setting is canceled by a power switch according to this
embodiment; '

FIG. 13 is a flowchart that is used to describe another part of the processing in Step
S3 in FIG. 3 (during non-execution of the acceleration feeling production control: referred
to as Step S3B); _

FIG. 14 1s a diagram that 1s used to describe a state where the control throttle opening

is changed to exceed the predetermined threshold and the acceleration feeling production

‘control is executed by an operation of a mode-switching switch according to this

embodiment;

FIG 15 1s a waveform chart that 1s used to describe an engine rotation spe_ed.charige
in a case where a power mode 1s set by the power switch according to this embodiment;

and
FIG. 16 is a flowchart illustrating the processing in Step S4 in FIG. 3 in detail.

DETAILED DESCRIPTION OF EMBODIMENTS
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[0022] Hereinafter, an embodiment of the invention will be described with
reference to accompanying drawings. In the following description, the same reference
numerals will be attached to the same components.  This is the same regarding
designations and functions thereof. Accordingly, detailed description thereof will not be
repeated.

[0023] In this specification, the term of “electric power” means narrowly-defined
electric power (power) 1in some cases and means broadly-deﬁned electric power, which 1is
energy (amount of work) or electric energy, in other cases. = The term will be interpreted
flexibly depending on situations in which the term 1s used.

[0024]  An overall configuration of a vehicle will be described. FIG 1 1s a
diagram 1llustrating an overall configuration ot a vehicle 1 according to this embodiment.
The vehicle 1 includes an engine 10, a drive shaft 16, a first motor generator (hereinafter,
referred to as “MG1”, the same applied hereinbelow) 20, a second motor generator '
(hereinafter, referred to as “MG2”, the same applied h'ereinbelow) 30, a power splitting
device 40, a decelerator 58, a power' control unit (PCU) 60, a battery 70, drive wheels 80,
an eco-switch 201, a power switch 202, an accelerator operation amount sensor 203, a
vehicle speed sensor 3, and an electronic control unit (ECU) 200. .

[0025] The vehicle 1 1s a hybrid vehicle that 1s capable of traveling by using
powér of at least one of the engine 10 and the MG2 30. ,

[0026]  The power that 1s generated by the engine 10 is split by the power splitting
device 40 to a path of transmission to the drive shaft 16 (drive wheels 80) and a path of
transmission to the MG1 20.

[0027] The MG1 20 and the MG2 30 are three-phase AC rotary electric machines
that are driven by the PCU 60. The MG1 20 1s capable of generating electric power by
using the power of the engine 10 that is split by the power splitting device 40. The MG2
30 1s capable of generating power by using at least any one of electric power that 1s stored
on the battery 70 and the electric power that 1s generated by the MG1 20. The power that
is generated by the MG2 30 is transmitted to the drive wheels 80 via the drive shaft 16.
The MG2 30 also generates electric power by using rotational energy of the drive shaft 16,
and thus functions also as a regenerative brake. The electric power that 1s generated by
the MG2 30 charges the battery 70 through the PCU 60.

[0028]  The power splhitting device 40 1s a planetary gear mechanism that includes
a sun geaf, a ring gear, a pinion, and a carrier. The sun gear is connected to the MG1 20.
The ring gear is connected to the MG2 30 and the drive wheels 80 via the drive shaft 16.
The pinion 1s engaged with each of the sun gear and the ring gear. The carrier supports

the pinion to be rotatable and 1s connected to a crankshaft of the engine 10.
[0029]  The engine 10, the MG1 20, and the MG2 30 are connected via the power
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sphitting device 40 that has a planetary gear, and thus an engine rotation speed NE, an MG1
rotation speed NM1, and an MG?2 rotation speed NM2 have a relationship of straight-line
connection (relationship in which determination of any two of the values result in unique
determination of the other value) in a nomogram of the power splitting device 40.

[0030] - For example, the engihe rotation speed NE 1s uniquely determined when
the MG1 rotation speed NM1 and the MG2 rotation speed NM?2 are determined. In other
words, the engine rotation speed NE can be changed freely, even if the MG2 rotation speed
NM2 1s constant, by adjusting the first motor rotation speed NM1. Since the second
motor 30 1s connected to the drive wheels 80, the second motor rotation speed NM2 is a
value corresponding to a vehicle speed V. Accordingly, a ratio of the engine rotation
speed NE to the vehicle speed V can be steplessly switched when the first motor rotation

speed NM1 1s adjusted. In the vehicle 1, the first motor 20 and the power Splitting device

-~ 40 tfunction as an electric continuously variable transmission device that can steplessly

switch the ratio of the engine rotation speed NE to the vehicle speed V. Vehicles to which
the invention can be applied are not limited to vehicles that are provided with an electric

continuously variable transmission device. The invention can also be applied to vehicles

‘that are provided with a mechanical (for example, belt-type) continuously variable

transmission.

10031} The PCU 60 1s an electric power conversion device that performs electric
power conversion between the battery 70, the first motor 20, and the second motor 30
based on a control signal from the ECU 200.

[0032] The battery 70 1s a rechargeable battery that i1s configured to include, for
example, a nickel-hydrogen battery, a lithium-ion battery, and the like. The battery 70 has
a voltage of, for example, apprdximately 200 V. As described above, the battery 70 is
charged by using the electric power that is generated by the first motor 20 and/or the
second motor 30. The battery 70 may be an electric storage device that is capable of
inputting/outputting electric power between the first motor 20 and the second motor 30.
For 'exampl‘e, the battery 70 may be replaced with a large-capacity capacitor.

[0033] The accelerator operati'on‘ amount sensor 203 detects an accelerator
operation amount A (amount ot accelerator pedal operation by a user), and transmits a
result of the detection to the ECU 200. The vehicle speed sensor 3 detects the vehicle
speéd V (wheel speed can be used as the vehicle speed V or the vehicle speed V may be the
second motor rotation speed NM2 or the like), and transmits a result of the detection to the
ECU 200. The eco-switch 201 and the power switch 202 transmit an instruction for
switching a relationship between the accelerator operation amount Au and a control throttle
opening A as illustrated in FIG. 10 (described ldter) to the ECU 200.

'[0034] A plurality of sensors (not illustrated) are disposed in the vehicle 1 so as to
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detect various physical quantities that are required to control the vehicle 1 such as the
engine rotation speed NE, the first motor rotation speed NM1, the second motor rotation
speed NM2, a temperature of the second motor 30, and a state (current, voltage, and
temperature) of the battery 70. These sensors transmit results of the detection to the ECU

200.
[0035] The ECU 200 1s an electronic control unit into which a central processing

unit (CPU, not illustrated) and a memory are built. The ECU 200 executes predetermined

computation processing based on information from the sensors and information stored on
the memory, and controls each of equipment of the vehicle 1 based on a result of the
computation. The ECU 200 controls a vehicle driving force by controlling the engine 10,
the PCU 60, and the like.

[0036] A description of an optimum fuel efficiency control and an acceleration
feeling production control will be described. In the hybrid wvehicle, the engine 1is
controlled to be Operated at a high-efficiency operation point for fuel efficiency
improvement. If the engine 1s controlled 1n this manner, the engine rotation speed reacts
not very sensitively to the accelerator pedal operation by a user, an increase in the vehicle
speed, and passage of accelerator—stepping time. Users have various preferences,; and
some of the users pursue acceleration feeling during the operation of the vehicle. '

[0037] In the hybnid vehicle that 1s provided with the confinuously vanable
transmission device, the acceleration feeling. can be produced (the user can have the
acceleration feeling) by increasing the engine rotation speed when an acceleration request

is made by the user and the vehicle speed is increased. In this specification, the control

described above will be referred to as number-of-revolutions increase control or

acceleration feeling production control. When an engine output becomes short of or
exceeds a vehicle power demand due to the production of the acceleration feeling, a motor
output (powering power or regenerative power of the motor) can be adjusted so as to
remove the excess or the shortfall.

[0038] FIG. 2 1s a waveform chart that 1s used to déscribe-the optimum fuel
efficiency control and the acceleration feeling production control. The vertical axis in
FIG. 2 represents the engine rotation speed NE, and the horizontal axis in FIG. 2 repre'sents
the elapsed time. The dashed line in FIG. 2 represents an engine rotation speed NEef in a
case where the optimum fuel efficiency control 1s executed. The solid line 1n FIG. 2
represents an engine rotation speed NEac in a case where the acceleration feeling
production control 1s executed. | '

[0039] At time t1, the number of revolutions of the engine rises as the accelerator
pedal operation amount exceeds a predetermined threshold. If the acceleration feeling

production control 1s executed 1n this case, the engine rotation speed NEac increases with



10

15

20

30

39

CA 02936161 2016-07-07

WO 2015/107381 PCT/IB2014/002899

time while the engine rotation speed NEac is controlled to have a higher rate of increase
than the engine rotation speed NEef.
[0040] In this case, the user i1s likely to feel an engine sound change, and can feel
more acceleration feeling trom the vehicle speed and passage of time. | I
[0041] When the acceleration feeling production control is performéd, the engine
rotation speed NEac deviates from the optimum fuel efficiency rotation speed NEef at

which the engine is capable of outputting the vehicle power demand with a maximum

~ efficiency. The excess or shortfall of the engine output is corrected by the motor output.

[0042]  From times tl to t2, the engine output is short, the shortfall is compensated
by the motor output, and battery discharge increases. From times t2 to t3, the engine
output excess 1s regenerated by the motor and battery charging 1s performed.

[0043]  The vehicle driving force control will be described. FIG. 3 is a flowchart
illustrating a flow of processing that is executed in a case where the vehicle driving force is
controlled by the ECU 200. This processing 1s executed with this flowchart being
repeated at a predetermined computation cycle' AT.

[0044] In Step S1, vehicle power demand calculation processing is executed. In
Step S2, processing 1s performed for engine rotation speed command value candidate
calculation. As engine rotation speed command value candidates, the engine rotation
speed NEet during the execution of the optimum fuel efficiency control and the rotation
speed NEac during the execution of the acceleration feeling production control are
calculated. |

[0045] In Step S3, processing 1s executed for engine rotation speed determination.
In Step S3, any one of the rotation speed NEef and the rotation speed NEac 1s selected.

[0046] In Step S4, processing is executed for calculating a motor control

- command value that corresponds to the engine rotation speed which is determined in Step

S3. |

[0047]  FIG 4 1s a flowchart illustrating the processing in Step S1 in FIG. 3 in
detaill. Reterring to FIGS. 1 and 4, the ECU 200 calculates a user-requested vehicle
driving force (hereinafter, referred to as a “user power demand”) Preq in Step S10 based on
the control throttle opening A and the vehicle speed V.

[0048] In Step- S11, the ECU 200 calculates power PBreq that is required for
charging or discharging of the battery 70 (hereinafter, referred to as a “battery power
demand”) based on an electric power storage amount of the battery 70 (hereinafter, also
referred to as a “battery SOC”). In this embodiment, the battery power demand PBreq is
a posifive value in a case where the battery 70 has to be charged and i1s a negative value in
a case where the battery 70 has to be discharged. The battery S‘OC 1s calculated by the
ECU 200 based on the state of the battery 70.
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[0049] In Step S12, the ECU 200 sets the sum of the user power demand Preq and
the battery power demand PBreq (total power required for the vehicle 1, that 1s, a “vehicle
power demand”) to an engine power demand PEreq. Then, the control returns to the
flowchart 1n FIG. 3 1n Step S13. o

[0050] Then, the processing 1n Step S2 1s executed. In Step S2, the rotation
speed NEet during the execution of the optimum fuel efficiency control and the rotation
speed NEac during the execution of the acceleration feeling production control are
calculated as the engine rotation speed command value candidates. '

[0051] FIG. 5 is a flowchart illustrating a part of the processing in Step S2 in FIG.
3 (part where the rotation speed NEef is calculated: referred to as Step S2A) in detail.

- [0052] Referring to FIGS. 1 and 5, the ECU 200 sets a command engine
operating pbint through the optimum fuel efficiency control illustrated in Step S50. In
this embodiment, the‘Optimum fuel efficiency control is processing in which the command
engine operating point 1s set for the englne 10 to output the engine power demand PEreq

with a maximum efﬁmency
[0053] Spec1ﬁcally, the ECU 200 calculates an optimum engine operating point
(the optimum fuel efficiency rotation speed NEef and an optimum fuel efficiency torque
TEef) by using the engine power demand PEreq and a fuel efficiency line. |
[0054] FIG. 6 1s a schematic diagram illustrating techniques for calculating the
optimum fuel efficiency rotation Speed NEef and the 0p£imum fuel efficiency torque TEef

by the optimum fuel efficiency control. The fuel efficiency line that 1s illustrated in FIG.

-6 1s an operatiOn line 1n which operating points, at which the engine 10 can be operated

with a maximum efficiency (that 1s, with an optimum fuel efficiency), are connected by
using the engine rotation Speed NE and an engine torque TE as parameters. When the
horizontal axis in FIG. 6 is the engine rotation speed NE and the vertical axis in FIG. 6 is
the engine torque TE, the fuel efficiency line is a curve that 1s illustrated in FIG. 6.
Engine power PE is obtained by multiplying the engine rotation speed NE by the engine
torque TE (PE=NEXTE). A curve where the PE equals to the PEreq (constant) is an
inversely proportional curve that is illustrated in FIG. 6. |

[0055] The ECU 200 calculates the optimum fuel efficiency rotation speed NEef
and the optimum fuel efficiency torque TEef from a point of intersection between the curve
that shows the fuel efficiency line and the inversely proportional curve where the PE
equals to the PEreq. The optimum fuel efficiency rotation speed NEef and the optimum
fuel efficiency torque TEef that are calculated in this manner are set to the command
engine operating point, and thus the engine 10 can output the engine power demand PEreq
with a maximum efficiency.

[0056] FIG. 7 1s a flowchart illustrating another part of the prOcessing in Stép S2
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in FIG. 3 (part where the rotation speed NEac 1s calculated: referred to as Step S2B) 1n
detail. Referning to FIGS. 1 and 7, the ECU 200 sets the command engine operating point
through the acceleration feeling production control that is illustrated in Steps S60 to S67.
In this embodiment, the acceleration feeling produétion control 1s processing for increasing
the eﬁgine rotation speed NE according to one or each of the passage of time from time
points of vehicle speed increase and the acceleration request so as to give the user the
acceleration feeling stmilar to an acceleration feeling of a stepped transmission.

[0057] Specifically, the ECU 200 determines in Step S60 whether or not a current
cycle is an initial acceleration feeling production control. For example, the ECU 200
determines that the current cycle is the initial acceleration teeling production control in a
case where the control throttle opening A of the previous cycle is lower than a
predetermined threshold Ath. |

. [0058] In a case where the current cycle 1s the initial acceleration feeling
production control (YES 1n Step S60), the ECU 200 calculates an initial value NEini1 of the
engine rotation speed in Step S61. The initial value NEini1 1s calculated as a value that 1s
lower than the optimum fuel efficiency rotation speed NEef which is described in Step S50
in FIG. 5. A technique for calculating the initial value NEini will be described in detail
later. In Step S62, the ECU 200 sets the initial value NEin1 to the command engine
rotation speed NEac during the execution of the acceleration teeling production control.

[0059] In a case where the current cycle is the second or subsequent acceleration
feeling production control (NO 1n Step S60), the ECU 200 calculates the rate of engine
rotation speed increase (engine rotation speed increment for elapsed time AT) ANE 1n Step
S63 based on vehicle speed increment AV and the elapsed time (that 1s, the computation
cycle) AT between the previous cycle and the current cycle. A technique for calculating
the rate of increase ANE will be described 1n detail later. ‘ |

[0060] In Step S64, the ECU 200 calculates a value that 1s obtained by adding the
rate of increase ANE, which 1s calculated in Step S63 to the command engine rotation
speed NEac of the previous cycle as the command engine rotation speed NEac of the
current cycle as shown by the following formula (a):

NEac=Previous-cycle NEac+ANE (a)

Accordingly, the command engine rotation speed NEac gradually increases at the rate
of increase ANE during the acceleration feeling production control, and the user can have
the acceleratlon feeling. '

[0061]  After the calculation of the command engine rotation speed NEac in Step
S62 or in Step S64, the ECU 200 calculates a lower limit value NEmin and an upper limit
value NEmax of the engine rotation speed in Step S65. The lower limit value NEmin and

the upper limit value NEmax are values that are used to limit a range of fluctuation of the
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engine rotation speed NE so as to prevent excessive rotations of the first motor 20 and the
power splitting device 40 or prevent excessive charge and excessive discharge of the
battery 70. .

[0062] In Step S66, the ECU 200 performs processing for limiting the command
engine rotation speed NEac that 1s calculated 1n Step S62 or in Step S64 (hereinafter, also

referred to as “upper/lower limit guard processing™) by using the lower limit value NEmin

‘and the upper limit value NEmax calculated in Step S65. In the upper/lower limit guard

processing, the command engine rotation speed NEac is updated to the lower limit value
NEmin in a case where the command engine rotation speed NEac is below the lower limit

value NEmin. In a case where the command engine rotation speed NEac exceeds the

upper limit value NEmax, the command engine rotation speed NEac is updated to the

upper limit value NEmax. In a case where the command engine rotation speed NEac is a
value between the lower limit value NEmin and the upper limit value NEmax, an
command engine rotation speed NEcom 1s maintained without any change.

[0063] In Step S67, the ECU 200 calculates a command engine torque TEac by
using the command engine rotation speed NEac and the fuel efficiency line after the
upper/lower limit guard processing. ' '

[0064] In Step S68, the control returns to the flowchart in FIG 3, and the

processing in Step S4 1s performed. |
[0065] FIG. 8 is a schematic diagram illustrating the techniques for setting the

command engine rotation speed NEac and the command engine torque TEac by the

acceleration feeling production control.

[0066] In the inihal acceleration feeling production control, the command engine
rotation speed NEac 1s set to the initial value NEini1 that 1s lower than the optimum fuel
efficiency rotation speed NEef and the command engine torque TEac corresponding to the
nitial va_lueNEihi 1s calculated by using the fuel efficiency line. Accordingly, the engine
power PE for‘the initial acceleration feeling production control 1s a value that 1s smaller
than the engine power demand PEreq. ' '

[0067] In the second or subsequent acceleration feeling production control, the
command engine rotation speed NEac is increased at the rate of increase ANE, and the
command engine torque TEac is determined by the command engine rotation speed NEac
after the increase and the fuel efficiency line. Accordingly, the engine power PE also
gradually increases.

[0068]  When the command engine rotation speed NEac reaches the optimum fuel
efficiency rotation speed NEef, the engine power PE is equal to the engine power demand
PEreq.
- [0069] Then, the command engine rotation speed NEac further increases to
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exceed the optimum fuel efficiency rotation speed NEef. In this case, the engine power
PE 1s a value that 1s higher than the engine power demand PEreq. '

[0070] As the acceleration feeling production control is performed in this manner,
the engine power PE may become short ot or exceed the engine power demand PEreq.
This excess or shortfall is corrected by the output of the second motor 30 in the processing
in Step S70 in FIG. 14 (described later), and thus the user-requested vehicle driving force
can be achieved.

[0071] After the calculation of the engine rotation speed command value

- candidates NEet and NEac in Step S2 in FIG. 3, the command value is determined as any

one of the command value candidates 1n Step S3. o

[0072] FIG. 9 is a flowchart that is used to describe a part of the processing in
Step S3 (during the execution of the acceleration teeling production control). Referring
to FIGS. 1 and 9, 1t 1s determined 1n Step S101 whether or not a flag F 1s in an ON state
during the execution of the acceleration feeling production control. The flag F during the
execution of the acceleration feeling production control 1s one of control flags that are
stored within the ECU 200. The F 1s set ON during the execution of the acceleration
feeling production control and the I 1s set OFF during non-execution of the acceleration
feeling production control. '

[0073] In a case where the F is OFF in Step S101, the processing proceeds to Step
S108. In a case where the F is ON in Step S101, the processing proceeds to Step S102.
In 'Stelp S102, a comparison 1s performed between the control throttle opening A and the
predetermined threshold Ath determined to execute the acceleration feeling production
control. In a case where A<Ath 1s not satisfied in Step S102, the state during the
execution of the acceleration feeling production control is maintained, and the processing
proceeds to Step S108. In a case where A<Ath 1s satistied in Step S102, a possibility of
transition from the acceleration feeling production control to the optimum fuel efficiency
control 18 present,'and the processing proceeds to Step S103.

[0074] In Step S103, 1t 1s determined whether or not the eco-switch 201 is in an
ON state or the power switch 202 1s 1n an OFF state. ‘

[0075] FIG 10 1s a diagram that 1s used to describe a state where the control
throttle opening A 1s changed to exceed the predetenﬁined threshold Ath and the
acceleration feeling production control 1s canceled by an operation of a mode-switching
switch. Referring to FIG. 10, the horizontal axis in FIG. 10 represents a user’s accelerator
operation amount Au and the vertical axis in FIG. 10 represents the control throttle opening
A. The user’s accelerator operation amount Au 1s the accelerator pedal operation by the
user detected by'the accelerator operation amount sensor 203. In contrast, the control

throttle_opening-A is a parameter that is used by the ECU 200 for vehicle power calculation.
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The control throttle opening A 1s set to the dashed-line characteristics illustrated as NORM
in a normal mode, 1s set to the solid-line characteristics 1llustrated as ECO 1n an eco mode,
and 1s set to the solid-line characteristics illustrated as POWER 1n a power mode.

[0076]  As illustrated by the arrow in the drawing, the control throttle opening A
may be changed from above the predetermined threshold Ath to below the predetermined
threshold Ath when the eco mode is set by the eco-switch 201 or the power mode is
canceled by the power switch 202.

[0077]  FIG. 11 1s a waveform chart that 1s used to describe the engine rotation

speed change 1n a case where the eco mode 1s set by the eco-switch. FIG 12 is a

~waveform chart that is used to describe the engine rotation speed change in a case where

the power mode setting 1s canceled by the power switch. '

[0078] As 1llustrated by times t12 and t22 in FIGS. 11 and 12, the engine rotation
speed suddenly increases immediately after the cancel of the acceleration feeling
production control and the transition to the optimum fuel efficiency control in response to
the change of the control throttle opening A across the predetermined threshold Ath. In a
case where the eco mode is set-or the power mode 1s canceled, the user feels a sense of
discomfort after the engine rotation speed rises. In this embodiment, the ﬂag F 1s not
immediately set OFF during the execution of the acceleration feeling production control
even 1f A>Ath 1s satisfied in Step S102 1n FIG. 9.

[0079] Referring back to FIG. 9, the processing proceeds to Step S104 in a case
where the ECO switch 1s 1n an ON state or the power switch 1s 1n.an OFF state in Step

S103. In Step S104, 1t 1s determined whether or not the engine rotation speed rises when

‘the transition is made from the acceleration feeling production control to the optimum fuel

efficiency control. Specifically, it 1s determined whether or not NEef>NEac is satisfied
between the engine rotation speed command value candidates NEef and NEac that are
calculated in Step S2 in FIG. 3. | '

[0080] The processing proceeds to Step S105 1f NEef>NEac is satisfied in.St'ep
S104. Then, the NEac is selected as the engine rotation speed command value NEcom.

[0081] In a case where the NEet>NEac 1s not satisfied in Step S104, that is, in a |
case where the NEac reaches the NEef in Step S104, the processing proceeds to Step S106.
Then, the NEet 1s selected as the engine rotation speed command value NEcom, |

[0082] Then, the flag F 1s set OFF during the execution of the acceleration feeling
productiori control 1in Step S107.

[0083]  Through the control described above, any sudden rise in the engine
rotation speed command value NEcom 1s prevented at times t12 and t22 as in an NEcomref
of a study example as illustrated in FIGS. 11 and 12. Accordingly, the transition from the

acceleration feeling production control to the optimum fuel efficiency control can be
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performed, without the user feeling the sense of discomfort, even when the control throttle
openming A 1s changed across the predetermined threshold Ath by the operations of the
eco-switch 201 and the power switch 202. '

[0084] FIG. 13 1s a tlowchart that 1s used to describe another part of the
processing in Step S3 (during the non-execution of the acceleration teeling production
control). Referring to FIGS. 1 and 13, 1t 1s determined 1n Step S121 whether or not the
flag F 1s in an OFF state during the execution of the acceleration feeling production
control.

[0085] In a case where the F 1s ON 1n Step S121, the processing proceeds to Step
S128. In a case where the F 1s OFF 1n Step S121, the processing proceeds to Step S122.

In Step S122, a comparison is performed between the control throttle opening A and the

predetermined threshold Ath determined to execute the acceleration feeling production
control. In a case where A>Ath is not satisfied in Step S122, the state during the
non-execution of the acceleration feeling production control is ‘maintained, and the
processing proceeds to Step S128. In a case where A>Ath is satisfied in Step S122, a
possibility of transition from the optimum fuel efﬁcienéy control to the acceleration feeling
production control 1s present, and the processing proceeds to Step S123.

[0086] In Step S123, it is determined whether or not the power switch 202 1s 1n an
ON state. FIG 14 is a diagram that 1s used to describe a state where the control throttle
opening 1s changed to exceed the predetermined threshold and the acceleration feeling
production control 1s executed by the operation of the mode-switching switch. Referring
to FIG. 14, the horizontal axis in FIG. 14 represents the user’s accelerator operation amount
Au and the verfical axis in FIG. 14 represents the control throttle opening A. The control
throttle opening A is set to the dashed-line characteristics illustrated as NORM in the
normal mode, and 1s set to the solid-line characteristics 1llustrated as POWER i1n the power
mode. J |

[0087] As 1llustrated by the arrow 1n the drawing, the control throttle opening A
may be changed from below the predetermined threshold Ath to above the predetermined
threshold Ath when the power mode is set by the power switch 202.

[0088] " FIG. 15 is a waveform chart that 1s used to describe the engine rotation
speed change in a case where the power mode 1s set by the power switch.

[0089]  As illustrated by time t32 in FIG. 15, the engine rotation speed suddenly
decreases immediately after the transition from the optimum fuel efficiency control to the
acceleration feeling production control in response to the change of the control throttle

opening A across the predetermined threshold Ath. In a case where the power mode 1s set,

‘the user feels the sense of discomfort after the engine rotation speed decreases. In this

embodiment, the flag F 1s not immediately set ON during the execution of the acceleration
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feeling producﬁon control even if A>Ath is satisfied in Step S122 in FIG. 13.

[0090] Reterring back to FIG. 13, the processing proceeds to Step S124 in a case
where the power switch 1s 1n an ON state in Step S123. In Step S124, it 1s determined
whether or not the engine rotation speed decreases when the transition is made from the
optimum fuel efficiency control to the acceleration feeling production control.
Spectfically, it 1s determined whether or not NEef>NEac is satisfied between the engine
rotation speed command value candidates NEef and NEac that are calculated in Step S2 in
FIG. 3. |

[0091]  The processing proceeds to Step 8125 1t NEef>NEac is satisfied in Step
S124. Then, the NEef 1s selected as the engine rotation speed command value NEcom.

[0092] In a case where the NEetf>NEac is not satisfied in Step S124, that is, in a
case where the NEac reaches the NEet in Step S124, the processing proceeds to Step S126.
Then, the NEac is selected as the engine rotation speed command value NEcom. |

[0093] Then, the flag F 1s set ON during the execution of the acceleration feeling
production control in Step S127.

[0094] Through the control described above, any sudden decrease in the engine
rotation Speed command value NEcom 1s prevented at time t32 as in the NEcomref of the
study example as illustrated in FIG. 15. Accordingly, the transition from the optimum
fuel efficiency control to the acceleration feeling production control can be performed,
without the user feeling the sense of discomfort, even when the control throttle opening A
1s changed across the predetermined threshold Ath by the operation of the power switch
202.

[0095] After the command engine operating point is set through the processing in
Step S3 in FIG. 3 as described above, the ECU 200 executes motor control command value
calculation processing in Step S4. |

0096} FIG. 16 1s a flowchart illustrating the 'procegsi11g in Step S4 1n FIG 3 1in
detail. The engine power PE is the engine powef demand PEreq during the optimum fuel
efficiency control (refer to FIG. 8). The engine power PE 1s may be short of or exceed the
engine 'power demand PEreq during the acceleration feeling production control (refer to
FIG. 8). In the processing in Step S70 in FIG. 16, a second motor command torque
TMZ2com 1is calculated so that the excess or the shortfall is corrected by the second motor
output (powering power or regenefative pOWEr).

[0097] In Step S71, the ECU 200 determines whether or not temperatures
detected by temperature detection sensors of the MG1 and MG2 exceed a predetermined
threshold temperature Tth. The ECU 200 limits loads on the MG1 and MG2 when

- temperature of the MG1 or the MG2 exceeds a predetermined threshold temperature Tth.

Thas processing 1s a load factor limiting processing that 1s executed to prevent overheating
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of the first motor 20 and the second motor 30. In Step S71, a TM1com and the TM2com
are limited if necessary. Then, the ECU 200 allows the processing to proceed to Step
S80.

[0098] In Step S80, the ECU 200 controls an intake air amount, a fuel injection
amount, an ignition timing, an intake valve opening/closing timing, and the like for the
engine 10 so that the engine 10 is operated at the operating point having the command
engine rotation speed NEcom and the command engine torque TEcom. Also, the ECU
200 controls the PCU 60 so 'Ehét the first motor 20 outputs the first motor command torque
TMIcom and the second motor 30 outputs the second motor command torque TM2com.

[0099]  When the control that 1s described in this embodiment is performed as
described above, the engine rotation speed change 1s suppressed and the driver can avoid
the sense of discomfort in a case where the command engine rotation speed for the
acceleration feeling production control and the command engine rotation speed for the
optimum fuel efficiency control deviate from each other. '

(0100] An example in which both the processing (processing in the flowchart in
FIG. 9) for suppressing the sudden rise 1n the engine rotation speed during the transition
from the acceleration feeling production control to the optimum fuel efficiency control and
the processing (processing in the flowchart in FIG. 13) for suppressing the sudden decrease
in the engine rotation speed during the transition from the optimum fuel efficiency control
to- the acceleration feeling production control are executed has been described in this
embodiment. However, only one ot the processing may be applied as well.

[0101] This embodiment will be summarized referring back to FIG. 1. The
vehicle 1 according to this embodiment 1s a vehicle that i1s capable of traveling by using the
power of at least any one of the engine 10 and the motor 30, and is provided with the
continuously variable transmission device (realized by the first motor 20 and the power
splitting device 40) which are disposed between the engine 10 and the drive wheels 80 and
the electric control umit 200 which 1s configured as the electronic control unit (ECU)
controlling the enginé 10, the motor 30, and the continuously variable transmission device.
The electric control unit 200 selects any one of a plurality of operation modes (FIG. 10: eco
mode, normal mode, and power mode), which have different correlations between the
driver' accelerator operation amount Au and the control throttle opening A, to suit driver’s
requests. In a case where the control throttle opening A exceeds the predetermined
threshold Ath, the electric control unit 200 performs the number-of-revolutions increase
control for increasing the engine rotation speed according to one or each of the passage of
time from the time points (t1 in FIG. 2) of the vehicle speed increase and the acceleration
request. In a case where the control throttle opening A 1s changed across the

predetermined threshold Ath due to a change of the operation mode, the electric control
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unit 200 controls the engine 10 so as to suppress the engine rotation speed change
attributable to the operation mode change. '
[0102] According to this configuration, the sense of discomfort, such as the

sudden change in the engine rotation speed, 1s suppressed when the mode switching

‘operation is performed by the driver in the vehicle which allows the execution of the

number-of-revolutions increase control.

[0103] In a case where the control throttle opening A does not exceed the
predetermined threshold Ath in the above-described vehicle, the electric control unit 200
executes a fuel efficiency-priority engine control for focusing on fuel efficiency
improvement more than the number-of-revolutions increase control. In a case where the
control throttle opening A 1s changed across the predetermined threshold Ath in response to
the change of the operation mode, the electric control unit may put control switching
between the number-of-revolutions increase control and the fuel etficiency-priority engine
control on hold and execute the control switching in a case where the engine rotation speed
which 1s determined by the number-of-revolutions increase control and the engine rotation
speed which is determined by the fuel efficiency-priority engine control are identical to
each other (FIG. 11, t13; FIG. 12, t23; FIG. 15; t33).

[0104] When the mode switching operation 1s performed by the driver in the

vehicle allowing the execution of the number-of-revolutions increase control, the engine

rotation speed can be smoothly changed, despite the mode change, according to this
configuration since the switch 1s performed after a state where the engine rotation speed 1s
not suddenly changed. In other words, the control switching between the
number-of-revolutions increase control and the fuel efficiency-priority engine control can
be performed without the driver feeling the sense of discomfort. . '

[0105]  The plurality of operation modes may include a fuel efficiency-priority
mode. In the above-described vehicle, the electric control unit may select the engine
rotation speed that i1s determined by the number-of-revolutions increase control as the
engine rotation speed command value in a case where the control throttle opening A is
changed across the predetermined threshold Ath in response to the change of the operation
mode to the fuel efficiency-priority mode in a state where the engine rotation speed during
the execution of the number-of-revolutions increase control 1s lower than the engine
rotation speed determined by the fuel efﬁciency-pl‘idrity engine control (FIG. 11, t12 to
t13; FIG. 12, t22 to t23). ’

[0106]  For example, the normal mode and the eco mode in comparison to the
power mode correspond to the fuel efficiency-priority mode and the eco mode 1n
comparison to the normal mode corresponds to the fuel efficiency-priority mode.

According to this configuration, the engine rotation speed change is suppressed and the
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driver can avoid the sense of discomfort in a case where the engine rotation speed may be
suddenly increased by the mode switch by the driver to the fuel efficiency-priority mode.

[0107]  The plurality of operation modes may include the fuel efficiency-priority
mode. In the above-described vehicle, the electric control unit may select the engine
rotation speed that is determined by the fuel efficiency-priority engine control as the
engine rotation speed command value in a case where the control throttle opening A is
changed across the predetermined threshold Ath by the cancel of the fuel
efficiency-priority mode in a state where the engine rotation speed during the execution of
the fuel efficiency-priority engine control 1s higher than the engine rotation speed
determined by the number-of-revolutions increase control (FIG. 15, t32 to t33).

[0108] It should be noted that the embodiment disclosed herein is 1llustrative and
not limiting in any aspect. The scope of the invention is clarified not by the above

description but by the scope of claims, and the invention is intended to include any

“modification within the meaning and scope equal to the scope of claims.
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CLAIMS:

l. A vehicle comprising an engine and a motor generator, the vehicle capable of
traveling by using power of at least any one of the engine and the motor generator, the
vehicle further comprising:

a continuously variablc transmission device provided between the engine and
drive wheels of the vehicle; and

an electronic control unit contigured to:

(a) control the engine, the motor generator, and the continuously variable
transmission device,

(b) select any one of a plurality of operation modes to suit driver’s requests,
the plurality of operation modes having difterent correlations between a driver's
accelerator operation amount for the vehicle and a control throttle opening of the

vehicie,

(c) perform a number-of-revolutions increase control for increasing a
rotation speed of the engine according to at least one of elapsed time trom a time
point of a vehicle speed increase or elapsed time from a time point of an acceleration
request, in a case where the control throttle opening exceeds a predetermined
threshold, and

(d) control the engine to suppress a change in the rotation speed of the

engine due to a change of the operation mode, in a case where the control throttle
opening 1s changed across the predetermined threshold in response to the change of

the operation mode.

2. The vehicle according to claim 1, wherein
the electronic control unit is configured to execute a fuel efficiency-priority
engine control for focusing on fuel efficiency improvement more than the

number-of-revolutions increase control, in a case where the control throttle opening

does not exceed the predetermined threshold,

the electronic control unit 1s configured to put control switching between the
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number-of-revolutions increase control and the fuel efficiency-priority engine control
on hold, in a case where the control throttle opening is changed across the
predetermined threshold in response to the change of the operation mode, and

the electronic control unit is configured to execute the control switching when
the rotation speed of the engine determined by the number-of-revolutions increase
control and the rotation speed of the engine determined by the fuel efficiency-priority
engine control are identical to each other, in a case where the control throttle opening
is changed across the predetermined threshold in response to the change of the

opcration mode.

3. The vehicle according to claim 2, wherein

the plurality of operation modes include a fuel efficiency-priority mode, and

the electronic control unit is configured to select the rotation speed of the engine
determined by the number-of-revolutions increasc control as a rotation speed
command value for the engine, in a case where the control throttle opening is changed
across the predetermined threshold in response to the change of the operation mode to
the fuel efficiency-priority modc in a state where the rotation speed of the engine
during the execution of the number-of-revolutions increase control is lower than the

rotation speed of the engine determined by the fuel efficiency-priority engine control.

4. The vehicle according to claim 2, wherein

the plurality of operation modes include a fuel efficiency-priority mode, and

the electronic control unit is configured to select the rotation speed of the engine
determined by the fuel efficiency-priority engine control as a rotation speed command
value for the engine, in a case where the control throttle opening is changed across the
predetermined threshold by cancel of the fucl efticiency-priority mode in a state
where the rotation speed of the engine during the execution of the fuel
etficiency-priority engine control is higher than the rotation speed of the engine

determined by the number-of-revolutions increase control.
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5. The vehicle according to claim 1, wherein

the continuously variable transmission device includes another motor generator

other than the motor generator, and

the electronic control unit is configured to execute control for satisfying a power

demand by power absorption or output by the another motor generator, in a case

where an excess or a shortfall is produced with respect to a driver’s power demand

during the number-of-revolutions increase control.

6. The vehicle according to claim 5, wherein
each of the motor generator and the another motor generator is provided with a

temperature detection sensor, and

the electronic control unit is configured to limit loads on the motor generator
and the another motor generator when temperature of the motor generator or the
another motor generator detected by at least one of the temperature detection sensors

exceeds a predetermined threshold temperature.
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FIG.16
<FLOWCHART SHOWING PROCESSING IN S4 IN DETAIL>
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