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(57) Abstract:  When the combination of
measured accelerator opening Acc and measured
vehicle speed V is in an ordinary acceleration
area, the vehicle of the invention sets a torque
demand Tr* to decrease with an increase in
measured vehicle speed V at a specific reduction
rate that ensures the substantially constant output
power to the drive shaft corresponding to the
accelerator opening Acc. When the combination
of the measured accelerator opening Acc and the
measured vehicle speed V is in an acceleration
feel improvement area, on the other hand,
the vehicle of the invention sets the torque
demand Tr* to an extent of or below a maximum
allowable value of the torque demand Tr*to
decrease with an increase in measured vehicle
speed V at a lower reduction rate than the specific
reduction rate. The lower reduction rate decreases
against the accelerator opening Acc closer to a
center opening Acen.
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Description
Vehicle and Control Method of the Same

Technical Field
[0001] The present invention relates to a vehicle driven with
power from a power output apparatus and a control method of such

a vehicle..

Background Art

[0002] In one proposed vehicle, a sun gear, a carrier, and a ring
gear of a planetary gear mechanism are respectively éonnected
to a first motor, to an engine, and to a second motor and a drive
shaft linked with drive wheels (see, for example, Japanese
Patent Laid-Open Gazette No. H09-308012). The proposed
vehicle sets a torque command required to output to the drive
shaft according to a forque command setting map, which decreases
the torque command with an increase in rotation speed of the
drive shaft (vehicle speed), in order to ensure a substantially
constant power level output to the drive shaft against the
driver's depression amount of an accelerator pedal. The output
power of the engine goes through torque conversion by the

planetary gear mechanism and the first and the second motors.
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Such torque conversion enables a power equivalent to the torque
command to be output to the drive shaft. The engine may be
driven at any drive point that ensures output of the power

equivalent to the torque command to the drive shaft. Driving
the engine at a possible most efficient drive point enables the

enhanced energy efficiency.

Disclosure of the Invention

[0003]In the prior art vehicle discussed above, the torque
command setting map is designed to decrease the torque command
with an increase in rotation speed of the drive shaft, in order
to ensure the substantially constant power level output to the
drive shaft against the driver's depression amount of the
accelerator pedal. Namely the acceleration of the vehicle
decreases with an increase in vehicle speed under the condition
of a fixed depression amount of the accelerator pedal to
accelerate the vehicle. When the variation in torque command
against the rotation speed of the drive shaft is determined to
ensure output of the substantially constant power against the
fixed depression amount of the accelerator pedal, the engine
is generally driven at the drive point of the highest efficiency
to ensure the required output power. The vehicle isaccordingly

accelerated at the substantially constant engine drive point
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(substantiallyuniformenginesound)undarthecondithﬁlofthe
fixed depression amount of the accelerator pedal. This state
may lead to the poor acceleration feel. One possible measure
to improve the driver's acceleration feel uses a
high-performance engine and high-performance motors. The use
of the power source having excess performances, however,
undesirably expands the overall size of the vehicle and raises
the total manufacturing cost.

[0004] The vehicle and the vehicle control method of the
invention aim to improve the driver's acceleration feel. The
vehicle and the vehicle control method of the invention
especially aim to improve the driver's acceleration feel
without a power source of excess performances.

[0005] In order to attain at least part of the above and the other
related objects, the vehicle and the vehicle control method of
the invention have the configurations and the arrangements
discussed below.

[0006] The present invention is directed to a vehicle drivenwith
output power of a power output apparatus and including: an
accelerator depression amount measurement unit that measures
a driver's depression amount of an accelerator pedal or an
accelerator depression amount; a vehicle speed measurement unit

‘that measures a speed of said vehicle or a vehicle speed; a first
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driving power demand setting module that sets a driving power
demand required for said vehicle to decrease at a first
reduction rate with an increase in measured vehicle speed
against the measured accelerator depression amount; a second
driving power demand setting module that is activated, instead
of said first driving power demand setting module, at least when
the measured accelerator depression amount is in a preset
accelerator depression range of less than a maximum accelerator
depression amount, said second driving power demand setting
module setting the driving power demand to decrease at a second
reduction rate, which is at least lower than the first reduction
rate, with an increase in measured vehicle speed to an extent
of or below a maximum allowable driving power output from said
power output apparatus; and a drive control module that drives
and controls said power output apparatus to drive said vehicle
with a driving power equivalent to the set driving power demand.
[0007] The vehicle of the invention sets the driving power demand
required for the vehicle to decrease at the first reduction rate
with an increase in measured vehicle speed against the driver's
depression amount of the accelerator pedal or the accelerator
depression amount. At least when the accelerator depression
amount is in the preset accelerator depression range of less

than the maximum accelerator depression amount, the vehicle
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sets the driving power demand to decrease at the second
reduction rate, which is at least lower than the first reduction
rate, with an increase in measured vehicle speed to the extent
of or below the maximum allowable driving power output from the
power output apparatus. The power output apparatus is driven
and controlled to drive the vehicle with a driving power
equivalent to the set driving power demand. This arrangement
effectively ensures the driver's acceleration feel in the
preset accelerator depression range. The driving power demand
is set to the extent of or below the maximum allowable driving
power output from the powér output apparatus to decrease with
an increase in vehicle speed at the second reduction rate that
is at least lower than the first reduction rate, when the
accelerator depression amount is in the preset accelerator
depression range of less than the maximum accelerator
depression amount. The vehicle is thus not required to have
a power source of excess performances. Here the terminology
'the second reduction rate that is at least lower than the first
reduction rate' is not restrictedtoa deqrease in driving power
demand with an increase in vehicle speed but includes an
increase in driving power demand with an increase in vehicle
speed.

[0008] In the vehicle of the invention, said second driving power
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demand setting module may set the driving power demand to ensure
a greater output power of said power output apparatus with an
increase in measured vehicle speed against the measured
accelerator depression amount, compared with said first driving
power setting module.
[OOOQ]Inthevehicleoftheinvention,saidseconddrivingpower
demand setting module may set the lower driving power demand
at the second reduction rate, which decreases against the
measured accelerator depression amount closer to a specific
depression level in the preset accelerator depression range.
[0010] In the vehicle of the invention, the second driving power
demand setting module may set the driving power demand to
increase with an increase in measured vehicle speed, at least
when the measured accelerator depression amount is
substantially equal to a specific depression level in the preset
accelerator depression range. This arrangement ensures the
driver's better acceleration feel, at least when the
accelerator depression amount is practically equal to the
specific depression level.

[0011]In the vehicle of the invention, the second driving power
demand setting module may set the driving power demand to
accelerate the vehicle at a substantially constant acceleration

against the measured accelerator depression amount regardless
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of the measured vehicle speed in a preset vehicle speed range,
at least when the measured accelerator depression amount is
substantiallyequaltx>aspecificdepressionlevelinthepmeset
accelerator depression range. This arrangement enables the
vehicle to be accelerated at the substantially constant
acceleration, at least when the accelerator depression amount
is practically equal to the specific depression level.
[0012]In one preferable embodimeﬁt of the vehicle of the
invention, the second driving power demand setting module
corrects the driving power demand set by the first driving power
demand setting module to an increased value and sets the
increased value to the driving power demand. In the vehicle
of this embodiment, it is preferable that the second driving
power demand setting module corrects the driving power demand
set by the first driving power demand setting module to the
increased value, based on a reduction of the driving power
demand set by the first driving power demand setting module
under acceleratioﬁ of the vehicle for a time period between a
start of acceleration and a present moment. This arrangement
effectively prevents a fall of the driving power to accelerate
the vehicle in the preset accelerator depression range. The
second driving power demand setting module may correct the

driving power demand set by the first driving power demand
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setting module to the increased value, which becomes greater
with an increase in reduction of the driving power demand set
by the first driving power demand setting module. 1In one
preferable structure, the vehicle of this embodiment further
includes a driving resigtance measurement unit that measures
a driving resistance. The second driving power demand setting
module corrects the driving power demand set by the first
driving power demand setting module to the increased value,
based on the measured driving resistance. This arrangement
ensures the driver's better acceleration feel, regardless of
1l:he driving resistance. The second driving power demand setting
module may correct the driving power demand set by said first
driving power demand setting module to the increased value,
which becomes greater with an increase in measured driving
resistance. In another preferable embodiment of the vehicle of
the invention, the second driving power demand setting module
corrects the driving power demand set by said first driving
power demand setting module to the increased value, based on
the measured accelerator depression amount. In the vehicle of
this embodiment, it is preferable that the second driving power
demand setting module corrects the driving power demand set by
said first driving power demand setting module to the increased

value, which becomes greater against the measured accelerator
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depression amount closer to a specific depression level in the
preset accelerator depression range.

[0013]In the vehicle of the invention, said power output
apparatus may include: an internal combustion engine; and a
continuously variable transmission mechanism that converts
power of the internal combustion engine by continuously
variable torque conversion and outputs the converted power.
[0014]In another preferable embodiment of the vehicle of the
invention, said power output apparatus includes: an internal
combustion engine; an electric power-mechanical power input
output mechanism that is connected to an output shaft of the
internal combustion engine and to a drive shaft linked with
drive wheels of said vehicle and outputs at least part of output
power of the internal combustion engine to the drive shaft; and
a motor that is capable of inputting and outputting power from
and to the drive shaft. In this embodiment, it is preferable
that the electric power-mechanical power input output mechanism
include: a three shaft-type power input output module that is
linked to three shafts, that is, the output shaft of the internal
combustion engine, the drive shaft, and a third rotating shaft,
and automatically determines power input from and output to a
residual one shaft based on powers input from and output to any

two shafts among the three shafts; and a generator that is
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capable of inputting and outputting power from and to the third
rotating shaft. It is also preferable that the electric
power-mechanical power input output mechanism includes a
pair-rotor motor that has a first rotor connected to the output
shaft of the internal combustion engine and a second rotor
connected té the drive shaft, and outputs at least part of the
output power of the internal combustion engine to the drive
shaft with input and output of electric power and mechanical
power by electromagnetic function of the first rotor relative
to the second rotor.

[0015] The present invention is directed to a control method of
a vehicle that is driven with output power of a power output
apparatus and including the steps of: (a) setting a driving
power demand required for said vehicle to decrease at a first
reduction rate with an increase in measured vehicle speed
against a driver's depression amount of an accelerator pedal
or accelerator depression amount; (b) at least when the
accelerator depression amount is in a preset accelerator
depression range of less than a maximum accelerator depression
amount, instead of said step (a), setting the driving power
demand to decrease at a second.reduction rate, which is at least
lower than the first reduction rate, with an increase in

measured vehicle speed to an extent of or below a maximum
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allowable driving power output from said power output
apparatus; and (c¢) driving and controlling said power output
apparatus to drive said vehicle with a driving power equivalent
to the set driving power demand.

[0016]) The control method of the vehicle of the invention sets
the driving power demand required for the vehicle to decrease
at the first reduction rate with an increase in measured vehicle
speed against the driver's depression amount of the accelerator
pedal or the accelerator depression amount. At least when the
accelerator depression amount is in the preset accelerator
depression range of less than the maximum accelerator
depression amount, the control method of the vehicle of the
invention sets the driving power demand to decrease at the
second reduction rate, which is at least lower than the first
reduction rate, with an increase in measured vehicle speed to
the extent of or below the maximum allowable driving power
output from the power output apparatus. The power output
apparatus is driven and controlled to drive the vehicle with
a driving power equivalent to the set driving power demand.
This arrangement effectively ensures the driver's acceleration
feel in the preset accelerator depression range. The driving
power demand is set to the extent of or below the maximum

allowable driving power output from the power output apparatus
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to decrease with an increase in vehicle speed at the second
reduction rate that is at least lower than the first reduction
rate, when the accelerator depression amount is in the preset
accelerator depression range of less than the maximum
accelerator depression amount. The vehicle is thus not
required to have a power source of excess performances. Here
the terminology 'the second reduction rate that is at least
lower than the first reduction rate' is not restricted to a
decrease in driving power demand with an increase in vehicle
speed but includes an increase in driving power demand with an

increase in vehicle speed.

Brief Description of the Drawings

Fig. 1 schematically illuétrates the configuration of a
hybrid vehicle equipped with a power output apparatus in a first
embodiment of the invention;

Fig. 2 is a flowchart showing a drive control routine
executed by a hybrid electronic control unit in the hybrid
vehicle of the first embodiment;

Fig. 3 shows one example of a torque demand setting map;

Fig. 4 shows an efficient operation line of an engine to

set a target rotation speed Ne* and a target torque Te*;

Fig. 5 is an alignment chart showing torque-rotation
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speed dynamics of respective rotational elements of a power
distribution integration mechanism included in the hybrid
vehicle of Fig. 1;

Fig. 6 shows time variations in torque demand Tr* and
acceleration a of the hybrid vehicle in response to the driver's
depression of an accelerator pedal under the condition of an
accelerator opening Acc of 50%;

Fig. 7 is a flowchart showing a drive control routine
executed by a hybrid electronic control unit in a hybrid vehicle
of a second embodiment;

Fig. 8 shows a process of setting a torque demand reduction
rate TD;

Fig. 9 shows one example of a drive resistance setting
map ;

Fig. 10 shows one example of a correction factor setting
map ;

Fig. 11 schematically illustrates the configuration of
another hybrid vehicle in one modified example;

Fig. 12 schematically illustrates the configuration of
still another hybrid vehicle in another modified example; and

Fig. 13 schematically illustrates the configuration of

another hybrid vehicle in still another modified example.
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Best Modes of Carrying Out the Invention
[0017] Some modes of carrying out the invention are described
below as preferred embodiments.

[First Embodiment]

[0018] One mode of carrying out the invention is discussed below
as a preferred embodiment. Fig. 1 schematically illustrates
the construction of a hybrid vehicle 20 with a power output
apparatus mounted thereon in one embodiment of the invention.
As illustrated, the hybrid vehicle 20 of the first embodiment
includes an engine 22, a three shaft-type power distribution
integration mechanism 30 that is linked with a crankshaft 26
functioning as an output shaft of the engine 22 via a damper
28, a motor MGl that is linked with the power distribution
integration mechanism 30 and is capable of generating electric
power, a reduction gear 35 that is attached to a ring gear shaft
32a functioning as a drive shaft connected with the power
distribution integration mechanism 30, another motor MG2 that
is linked with the reduction gear 35, and a hybrid electronic
control unit 70 that controls the whole power output apparatus.
[0019] The engine 22 is an internal combustion engine that uses
a hydrocarbon fuel, such as gasoline or light oil, to output
power. An engine electronic control unit (hereafter referred

to as engine ECU) 24 receives signals from diverse sensors that
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detect operating conditions of the engine 22, and takes charge
of operation control of the engine 22, for example, fuel
injection control, ignition control, and intake air flow
regulation. The engine ECU 24 communicates with the hybrid
electronic control unit 70 to control operations of the engine
22 in response to control signals transmitted from the hybrid
electronic control unit 70 while outputting data relating to
the operating conditions of the engine 22 to the hybrid
electronic control unit 70 according to the requirements.
[0020] The power distribution and integration mechanism 30 has
a sun gear 31 that is an external gear, a ring gear 32 that is
an internal gear and is érranged concentrically with the sun
gear 31, multiple pinion gears 33 that engage with the sun gear
31 and with the ring gear 32, and a carrier 34 that holds the
multiple pinion gears 33 in such a manner as to allow free
revolution thereof and free rotation thereof on the respective
axes. Namely the power distribution and integration mechanism
30 is constructed as a planetary gear mechanism that allows for
differential motions of the sun gear 31, the ring gear 32, and
the carrier 34 as rotational elements. The carrier 34, the sun
gear 31, and the ring gear 32 in the power distribution and
integration mechanism 30 are respectively coupled with the

crankshaft 26 of the engine 22, the motor MG1, and the reduction
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gear 35 via ring gear shaft 32a. While the motor MGl functions
as a generator, the power output from the engine 22 and input
through the carrier 34 is distributed into the sun gear 31 and
the ring gear 32 according to the gear ratio. While the motor
MGl functions as a motor, on the other hand, the power output
from the engine 22 and input through the carrier 34 is combined
with the power output from the motor MGl and input through the
sun gear 31 and the composite power is output to the ring gear
32. The power output to the ring gear 32 is thus finally
transmitted to the driving wheels 63a and 63b via the gear
mechanism 60, and the differential gear 62 from ring gear shaft
32a.

[0021]Both the motors MGl and MG2 are known synchronous motor
generators that are driven as a generator and as a motor. The
motors MG1 and MG2 transmit electric power to and from a battery
50 via inverters 41 and 42. Power lines 54 that connect the
inverters 41 and 42 with the battery 50 are constructed as a
positive electrode bus line and a negative electrode bus line
shared by the inverters 41 and 42. This arrangement enables
the electric power generated by one of the motors MGl and MG2
to be consumed by the other motor. The battery 50 is charged
with a surplus of the electric power generated by the motor MG1

or MG2 and is discharged to supplement an insufficiency of the
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electric power. When the power balance is attained between the
motors MGl and MG2, the battery 50 is neither charged nor
discharged. Operations of both the motors MGl and MG2 are
controlled by a motor electronic control unit (hereafter
referred to as motor ECU) 40. The motor ECU 40 receives diverse
signals required for controlling the operations of the motors
MGl and MG2, for example, signals from rotational position
detection sensors 43 and 44 that detect the rotational positions
of rotors in the motors MG1l and MG2 and phase currents applied
to the motors MGl and MG2 and measured by current sensors (not
shown). The motor ECU 40 outputs switching control signals to
the inverters 41 and 42. The motor ECU 40 communicates with
the hybrid electronic control unit 70 to control operations of
the motors MGl and MG2 in response to control signals
transmitted from the hybrid electronic control unit 70 while
outputting data relating to the operating conditions of the
motors MGl and MG2 to the hybrid electronic control unit 70
according to the requirements.

[0022] The battery 50 is under control of a battery electronic
control unit (hereafter referred to as battery ECU) 52. The
battery ECU 52 receives diverse signals required for control
of the battery 50, for example, an inter-terminal voltage

measured by a voltage sensor (not shown) disposed between
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terminals of the battery 50, a charge-discharge current
measured by a current sensor (not shown) attached to the power
line 54 connected with the output terminal of the battery 50,
and a battery temperature measured by a temperature sensor (not
shown) attached to the battery 50. The battery ECU 52 outputs
data relating to the state of the battery 50 to the hybrid
electronic control unit 70 via communication according to the
requirements. The battery ECU 52 calculates a state of charge
(SOC) of the battery 50, based on the accumulated
charge-discharge current measured by the current sensor, for
control of the battery 50.

[0023] The hybrid electronic control unit 70 is constructed as
a microprocessor including a CPU 72, a ROM 74 that stores
processing programs, a RAM 76 that temporarily stores data, and
a non-illustrated input-output port, and a non-illustrated
communication port. The hybrid electronic control unit 70
receives various inputs via the input port: an ignition signal
from an ignition switch 80, a gearshift position SP from a
gearshift position sensor 82 that detects the current position
of a gearshift lever 81, an accelerator opening Acc from an
accelerator pedal position sensor 84 that measures a step-on
amount of an accelerator pedal 83, a brake pedal position BP

from a brake pedal position sensor 86 that measures a step-on
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amount of a brake pedal 85, and a vehicle speed V from a vehicle
speed sensor 88. The hybrid electronic control unit 70
communicates with the engine ECU 24, the motor ECU 40, and the
battery ECU 52 via the communication port to transmit diverse
control signals and data to and from the engine ECU 24, the motor
ECU 40, and the battery ECU 52, as mentioned previously.
said motor.

[0024] The hybrid vehicle 20 of the embodiment thus constructed
calculates a torgque demand to be output to the ring gear shaft
32a functioning as the drive shaft, based on observed values
of a vehicle speed V and an accelerator opening Acc, which
correspondstoeadriver'sstep—onamountofeulacceleratorpedal
83. The engine 22 and the motors MGl and MG2 are subjected to
operation control to output a required level of power
corresponding to the calculated torque demand to the ring gear
shaft 32a. The operation control of the engine 22 and the motors
MG1 and MG2 selectively effectuates one of a torque conversion
drive mode, a charge-discharge drive mode, and a motor drive
mode. The torque conversion drive mode controls the operations
of the engine 22 to output a quantity of power equivalent to
the required level of power, while driving and controlling the
motors MG1 and MG2 to cause all the power output from the engine

22 to be subjected to torque conversion by means of the power
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distribution integration mechanism 30 and the motors MGl and
MG2 and output to the ring gear shaft 32a. The charge-discharge
drive mode controls the operations of the engine 22 to output
a quantity of power equivalent to the sum of the required level
of power and a quantity of electric power consumed by charging
the battery 50 or supplied by discharging the battery 50, while
driving and éontrolling the motors MGl and MG2 to cause all or
part of the power output from the engine 22 equivalent to the
required level of power to be subjected to torque conversion
by means of the power distribution integration mechanism 30 and
the motors MGl and MG2 and output to the ring gear shaft 32a,
simultaneously with charge or discharge of the battery 50. The
motor drive mode stops the operations of the engine 22 and drives
and controls the motor MG2 to output a gquantity of power
equivalent to the required level of power to the ring gear shaft
32a.

[0025] The description now regards the operations of the hybrid
vehicle 20 of the first embodiment having the configuration
discussed above. Fig. 2 is a flowchart showing a drive control
routine executed by the hybrid electronic control unit 70 in
the hybrid vehicle 20 of the first embodiment. This drive
control routine is carried out repeatedly at preset time

intervals (for example, at every 8 msec).
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[0026] In the drive control routine, the CPU 72 of the hybrid
electronic control unit 70 first inputs various data required
for control, that is, the accelerator opening Acc from the
accelerator pedal position sensor 84, the vehicle speed V from
the vehicle speed sensor 88, rotation speeds Nml and Nm2 of the
motors MGl and MG2, the state of charge (SOC) of the battery
50, and an input limit Win and an output limit Wout of the battery
50 (step S100). The rotation speeds Nml and Nm2 of the motors
MG1 and MG2 are computed from the rotational positions of the
respective rotors in the motors MGl and MG2 detected by the
rotational position detection sensors 43 and 44 and are received
from the motor ECU 40 by communication. The input limit Win
and the output limit Wout of the battery 50 are set based on
the measured temperature Tb of the battery 50 and the observed
current state of charge (SOC) of the battery 50 according to
an input-output limit setting routine (not shown) and are
received from the battery ECU 52 by communication.
[0027]After the data input, the CPU 72 sets a torque demand Tr*
to be output to the ring gear shaft 32a or the drive shaft with
the driver's better acceleration feel in an acceleration feel
improvement area, based on the input accelerator opening Acc
and the input vehicle speed V (step S$110). The concrete

procedure of setting the torque demand Tr* in the first
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embodiment stores in advance variations in torque demand Tr*
against the accelerator opening Acc and the vehicle speed V as
a torque demand setting map in the ROM 74 and reads the torque
demand Tr* corresponding to the given accelerator opening Acc
and the given vehicle speed V from the torque demand setting
map. In the torque demand setting map, the torque demand Tr*
is set to decrease with an increase in vehicle speed V at a
specific reduction rate that ensures the sub-stantial ly constant
output power to the ring gear shaft 32a corresponding to the
accelerator opening Acc, when the combination of the
accelerator opening Acc and the vehicle speed V is in an ordinary
accelerationarea. Inthe torque demand settingmap, the torque
demand Tr* is set to an extent of or below a maximum allowable
value of the torgque demand Tr* (the torque demand Tr* at the
accelerator opening Acc of 100%) to decrease with an increase
in vehicle speed V at a lower reduction rate than the specific
reduction rate, when the combination of the accelerator opening
Acc and the vehicle speed V is in an acceleration feel
improvement area. The lower reduction rate decreases against
the accelerator opening Acc closer to a center opening Acen,
for example, 50%. In the torque demand setting map, the torque
demand Tr* in the acceleration feel improvement area is also

set to increase with an increase in vehicle speed V with regard
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to the accelerator opening Acc practically equal to the center
opening Acen. The acceleration feel improvement area is
defined by the combination of the accelerator opening Acc
between a preset first opening Al, for example, 30%, and a preset
second opening A2, for example, 70% and the vehicle speed V
between a preset first speed V1, for example, 60 km/h, and a
preset second speed V2, for example, 120 km/h. One example of
the torque demand setting map adopted in this embodiment is
shown in Fig. 3(a). For the purpose of comparison, Fig. 3(b)
shows variations in torque demand Tr* against the accelerator
opening Acc and the vehicle speed V as a conventional torque
demand settingmap. The conventional torque demand setting map
is designed to decrease the torque demand Tr* with an increase
in vehicle speed V at the specific reduction rate that ensures
‘the substantially constant output power to the ring gear shaft
32a corresponding to the accelerator opening Acc, over the whole
acceleration area with any combination of.the accelerator
opening Acc and the vehicle speed V. The torque demand setting
map adopted in this embodiment gives the larger torque demand
Tr* against the higher vehicle speed V to attain the
substantially constant acceleration of the hybrid vehicle 20
in the range of the vehicle speed V between the preset first

level V1 and the preset second level V2 under the condition of
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the accelerator opening Acc practically equal to the center
opening Acen. The variations in torque demand Tr* against the
accelerator opening Acc and the vehicle speed V are set to have
at least the lower reduction rate in the acceleration feel

improvement area than the specific reduction rate that ensures
output of the substantially constant power to the ring gear
shaft 32a corresponding to the accelerator opening Acc. Namely
the output power to the ring gear shaft 32a increases with an
increase invehicle speed Vagainst the accelerator opening Acc.
[0028] After setting the torque demand Tr*, the CPU 72 calculates
an engine power demand Pe* to be output from the engine 22 as
the sum of the product of the torque demand Tr* and the rotation
speed Nr of the ring gear shaft 32a, a charge-discharge power
demand Pb* of the battery 50, and a potential loss (step S120) .
The charge-discharge power demand Pb* of the battery 50 is set
based on the current state of charge (SOC) of the battery 50
and the accelerator opening Acc. The rotation speed Nr of the
ring gear shaft 32a is obtained by multiplying the vehicle speed
\Y by a predetermined conversion coefficient or by dividing the
rotation speed Nm2 of the motor MG2 by a gear ratio Gr of the
reduction gear 35.

[0029] The CPU 72 sets a target rotation speed Ne* and a target

torque Te* of the engine 22, based on the engine power demand
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Pe* (step S130). The target rotation speed Ne* and the target
torque Te* of the engine 22 are determined according to an

efficient operation line of ensuring efficient operations of
the engine 22 and the power demand P*. Fig. 4 shows anefficient
operation line of the engine 22 to set the target rotation speed
Ne* and the target torque Te*. The target rotation speed Nex*
and the target torque Te* are given at an intersection of the
efficient operation line and a line of constant power demand
Pe* (= Ne* x Te*). 1Inone example, it is assumed that the driver
depresses the accelerator pedal 83 to accelerate the hybrid
vehicle 20 under the condition of the accelerator opening Acc
in the acceleration feel improvement area. Inthe acceleration
feel improvement area, the torque demand Tr* is set to increase
the output power to the ring gear shaft 32a with an increase
in vehicle speed V, as described above. The greater value is
thus basically set to the target rotation speed Né* of the engine
22 with an increase in vehicle speed V. During acceleration
of the hybrid vehicle 20 in the acceleration feel improvement
area, the engine 22 is driven at the driver's expected rotation
speed (engine sound) corresponding to the vehicle speedV. This
arrangement ensures the driver's better acceleration feel.

[0030]The CPU 72 subsequently calculates a target rotation

speed Nml* of the motor MGl from the target rotation speed Ne*
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of the engine 22, the rotation speed Nr (= Nm2/Gr) of the ring
gear shaft 32a, and a gear ratio p of the power distribution
integration mechanism 30 according to Equation (1) given below,
while calculating a torque command Tml* of the motor MGl from
the calculated target rotation speed Nml* and the current
rotation speed Nml of the motor MGl according to Equation (2)
given below (step S140):

Nml* (Ne*- (1+p) - Nm2/(Gr) /p (1)

Tml* Previous Tml* + KP (Nml*-Nml) + KIHle*—le)dt (2)

Fig. 5 is an alignment chart showing torque-rotation speed
dynamics of the respective rotation elements included in the
power distribution integration mechanism 30. The left axis 'S'
represents the rotation speed of the sun gear 31 that is

equivalent to the rotation speed Nml of the motor MGl. The
middle axis 'C' represents the rotation speed of the carrier
34 that is equivalent to the rotation speed Ne of the engine
22. The right axis 'R' represents the rotation speed Nr of the
ring gear 32 (the ring gear shaft 32a). The target rotation
speed Nml1* of the motor MGl is accordingly calculated from the
rotation speed Nr of the ring gear shaft 32a, the target rotation

speed Ne* of the engine 22, and the gear ratio p of the power
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distribution integration mechanism 30 according to Equation (1)
given above. The torque command Tml* of the motor MGl is set
to ensure rotation of the motor MG1 at the target rotation speed
Nml*. Such drive control of the motor MGl enables the engine
22 to be rotated at the target rotation speed Ne*. Equation
(2) is a relational expression of feedback control to drive and
rotate the motor MGl at the target rotation speed Nml*. In
Equation (2) given above, 'KP' in the second term and 'KI' in
the third term on the right side respectively denote a gain of
the proportional and a gain of the integral term. Two thick
arrows on the axis 'R' in the alignment chart of Fig. 5
respectively show a torque that is transmitted to the ring gear
shaft 32a when the torque Te* is output from the engine 22 in
steady operation at a specific drive point of the target
rotation speed Ne* and the target torque Te*, and a torque that
is applied to the ring gear shaft 32a via the reduction gear
35 when a torque Tm2* is output from the motor MG2.
[OO31]A£ter calculation of the target rotation speed Nml* and
the torque command Tml* of the motor MG1l, the CPU 72 calculates
a tentative motor torque Tm2tmp to be output from the motor MG2
for application of the torque demand Tr* to the ring géar shaft
32a (step S150). The tentative motor torque Tm2tmp is

calculated from the torque demand Tr*, the torque command Tml*



10

15

20

WO 2006/043574 PCT/JP2005/019159

28

of the motor MGl, the gear ratio p of the power distribution
integration mechanism 30, and the gear ratio Gr of the reduction

gear 35 according to Equation (3) given below:

Tm2tmp = (Tr* + Tml* / p) / Gr (3)

Equation (3) depends upon the torque balance in the alignment
chart of Fig. 5. The CPU 72 calculates a lower torque
restriction Tm2min and an upper torque restriction Tm2max as
minimum and maximum torques output from the motor MG2 from the
input limit Win and the output limit Wout of the battery 50,
the torque command Tml* of the motor MG1l, the current rotation
speed Nml of the motor MG1l, and the rotation speed Nm2 of the
motor MG2 according to Equations (4) and (5) given below (step
5160) :

Tm2min (Win - Tml*-Nml) / Nm2 (4)

Tm2max

(Wout - Tml*-Nml) / Nm2 (5)

The upper torque restriction Tm2max is compared with the greater
between the calculated tentative motor torque Tm2tmp and the
calculated lower torque restriction Tm2min. The smaller

torque as a result of the comparison is set to the torque command
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Tm2* of the motor MG2 (step S170). The torque command Tm2* of
the motor MG2 is accordingly set as a limited torque in the range
of the input limit Win and the output limit Wout of the battery
50.

[0032] The CPU 72 sends the target rotation speed Ne* and the
target torque Te* of the engine 22 to the engine ECU 24, while
sending the torque commands Tml* and Tm2* of the motors MGl and
MG2 to the motor ECU 40 (step S180), before exiting from the
drive control routine. The engine ECU 24 receives the target
rotation speed Ne* and the target torque Te* and executes fuel
injection control and ignition control of the engine 22 to drive
the engine 22 at the specified drive point of the target rotation
speed Ne* and the target torque Te*. The motor ECU 40 receives
the torque commands Tml* and Tm2* and executes switching control
of the switching elements included in the respective inverters
41 and 42 to drive the motor MGl with the torque command Tml*
and the motor MG2 with the torque command Tm2*.

[0033]Fig. 6 shows time variations in torque demand Tr* and
acceleration o of the hybrid vehicle 20 in response to the
driver's depression of the accelerator pedal 83 under the
condition of the accelerator opening Acc equal to the center
opening Acen. Fig. 6(a) shows the time variations in the

application of the torque demand setting map of Fig. 3(a) to
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set the torque demand Tr*. Fig. 6 (b) shows the time variations
in the application of the torque demand setting map of Fig. 3 (b)
to set the torque demand Tr*. As clearly shown by the comparison
between Fig. 6(a) and Fig. 6(b), the reduction rate of the
acceleration of the hybrid vehicle 20 in the application of the
torque demand setting map of Fig. 3(a) to set the torque demand
Tr* is controlled to be lower than that in the application of
the conventional torque demand setting map of Fig. 3(b).
[0034] The hybrid vehicle 20 of the first embodiment described
above prepares and stores in advance the torque demand setting
map. In the torque demand setting map, when the combination
of the accelerator opening Acc and the vehicle speed V is in
the acceleration feel improvement area, the torque demand Tr*
is set to decrease with an increase in vehicle speed V at the
lower reduction rate than the specific reduction rate that
ensures the substantially constant output power to the ring gear
shaft 32a or the drive shaft corresponding to the accelerator
opening Acc. The hybrid vehicle 20 reads the torgque demand Tr*
corresponding to the given accelerator opening Acc and the given
vehicle speed V from the torque demand setting map and controls
the engine 22 and the motors MGl and MG2 to output a torque
equivalent to the torque demand Tr* to the ring gear shaft 32a

or the drive shaft. This arrangement effectively ensures the
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driver's better acceleration feel in the acceleration feel

improvement area. The torque demand Tr* is set to the extent
of or below the maximum éllowable value of the torque demand
Tr*. The hybrid vehicle 20 is thus not required to have a power
source of excess performances. The torque demand Tr* in the
acceleration feel improvement area is also set to increase the
output power to the ring gear shaft 32a with an increase in
vehicle speed V with regard to the accelerator opening Acc

practically equal to the center opening Acen. This arrangement
enables the engine 22 to be driven at the driver's expected
rotation speed (engine sound) corresponding to the vehicle

speed V, thus ensuring the driver's better acceleration feel.

[Second Embodiment]

[0035]A hybrid vehicle 20B is described below as a second
embodiment of the invention. The hybrid vehicle 20B of the
second embodiment has the identical hardware configurationwith
that of the hybrid vehicle 20 of the first embodiment. The
constituents and elements of the hybrid vehicle 20B of the
second embodiment identical with those of the hybrid vehicle
20 of the first embodiment are thus expressed by the like
numerals and symbols and are not specifically described here.

Fig. 7 is a flowchart showing a drive control routine executed
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by the hybrid electronic control unit 70 included in the hybrid
vehicle 20B of the second embodiment. This drive control
routine is carried out repeatedly at preset time intervals (for
example, at every 8 msec).

[0036]In the drive control routine, the CPU 72 of the hybrid
electronic control unit 70 first inputs various data required
for control, that is, the accelerator opening Acc, the vehicle
speed V, the rotation speeds Nml and Nm2 of the motors MGl and
MG2, the state of charge (SOC) of the battery 50, the input limit
Win and the output limit Wout of the battery 50, and an
acceleration a of the hybrid vehicle 20B measured by an
acceleration sensor (not shown) (step S200). The CPU 72 sets
the torque demand Tr*, based on the input accelerator opening
Acc and the input vehicle speed V (step S210). The concrete
procedure of setting the torque demand Tr* in the second
embodiment stores in advance variations in torque demand Tr*
against the accelerator opening Acc and the vehicle speed V as
a torque demand setting map in the ROM 74 and reads the torque
demand Tr* corresponding to the given accelerator opening Acc
and the given vehicle speed V from the torque demand setting
map. The torque demand setting map used in the second
embodiment is designed to decrease the torque demand Tr* with

an increase in vehicle speed V at the specific reduction rate
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that ensures the substantially constant output power to the ring
gear shaft 32a corresponding to the accelerator opening Acc,
as shown in Fig. 3(b).

[0037]The CPU 72 sequentially determines whether the input
vehicle speed V is in a range between a preset first speed V1
and a preset second speed V2 (step S220) and whether the input
acceleration a is higher than 0, that is, whether the hybrid
vehicle 20B is driven at an accelerating speed (step S$S230).
When the input vehicle speed V is out of the range between the
preset speeds V1 and V2 at step S220 or when the acceleration
o is not higher than 0 at step S230, that is, when the hybrid
vehicle 20B is driven at a cruising speed or a reducing speed,
the processing of steps S120 to S180 in the drive control routine
of Fig. 2 is executed to output a torque equivalent to the torque
demand Tr* set at step S210 to the ring gear shaft 32a or the
drive shaft. The drive control routine of Fig. 7 is then
terminated.

[0038]When it is determined at step S220 and S230 that the input
vehicle speed V is in the range between the preset speeds V1
and V2 and that the acceleration a is higher than 0, the CPU
72 determines whether the previous acceleration (brevious a)
input at step $S200 in a previous cycle of this routine is not

higher than 0 (step S240). When the previous a is not higher
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than 0, it is determined that the current state of the vehicle
is immediately after a start of acceleration. The CPU 72
accordingly sets the input vehicle speed V to an acceleration
start vehicle VO (step S250). When the previous o is higher
than 0, the drive control routine skips the processing of step
S250 and goes to step S260. This series of processing sets the
current vehicle speed V to the acceleration start vehicle speed
V0 at a start of acceleration and keeps the value of the
acceleration start vehicle speed VO until the hybrid vehicle
20B starts acceleration after being driven at a cruising speed
or at a reducing speed.

[0039] The CPU 72 refers to the torque demand setting map of Fig.
3(b) to read the torque demand Tr* corresponding to the input
accelerator opening Acc and the set acceleration start vehicle
speed V0 and to read the torque demand Tr* corresponding to the
input accelerator opening Acc and the input vehicle speed V,
and sets the difference between the torque demands Tr* to a
torque demand reduction rate TD as a reduction rate of the torque
demand Tr* for a time period between a start of acceleration
of the vehicle and the present moment (step S260). The process
of setting the torque demand reduction rate TD is shown in Fig.
8.

[0040] The CPU 72 subsequently sets a driving resistance RL
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corresponding to the vehicle speed V (step S270) . The concrete
procedure of setting the driving resistance RL in this
embodiment stores in advance a variation in driving resistance
RL against the vehicle speed V as a driving resistance setting
map in the ROM 74 and reads the driving resistance RL
corresponding to the given vehicle speed V from the driving
resistance setting map. One example of the driving resistance
setting map is shown in Fig. 9.

[0041]After setting the torque demand reduction rate TD and the
driving resistance RL, the CPU 72 specifies a correction factor
K as a function of the accelerator opening Acc (step S280) and
computes an amount of torque demand correction ATr‘by
multiplying the sum of the torque demand reduction rate TD and
the driving resistance RL by the specified correction factor
K (step S290). The torque demand Tr* is updated by adding the
computed amount of torgque demand correction ATr to the torque
demand Tr* set at step S210 (step S300). The processingof steps
S120 to S180 in the drive control routine of Fig. 2 is executed
to output a torque equivalent to the updated torque demand Tr*
to the ring gear shaft 32a or the drive shaft. The drive control
routine of Fig. 7 is then terminated. The concrete procedure
of specifying the correction factor K stores in advance a

variation in correction factor K against the accelerator
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opening Acc as a correction factor setting map in the ROM 74
and reads the correction factor K corresponding to the given
accelerator opening Acc from the correction factor setting map.
One example of the correction factor setting map is shown in
Fig. 10. The correction factor K increases from0 to 1.0 against
the accelerator opening Acc closer to the center opening Acen
in the acceleration feel improvement area defined by the

combination of the vehicle speed V between the preset speeds
V1l and V2 and the accelerator opening Acc between the preset
openings Al and A2. Thecorrecfionfactorsettingtableadopted
in this embodiment sets the correction factor K to 1.0 against
the accelerator opening Acc equal to the center opening Acen.
In this state, the sum of the torque demand reduction rate TD
and the driving resistance RL is directly added to the torque
demand Tr* set at step S210. The hybrid vehicle 20B is thus
accelerated at a substantially constant acceleration in

response to the driver's depression of the accelerator pedal
83 with the accelerator opening Acc substantially equal to the
center opening Acen in the acceleration feel improvement area.
It is not essential to set the correction factor Kto 1.0 against
the center opening Acen. The correction factor K at the center
opening Acen may be set arbitrarily in the range of 0 to 1.0.

The correction factor K is naturally set to prevent the torque
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demand Tr* updated at step S290 from exceeding its maximum

allowable value.

[0042]As described above, the hybrid vehicle 20B of the second
embodiment updates the torque demand Tr* by addition of the
amount of torque demand correction ATr during acceleration in
the acceleration feel improvement area. The amount of torque
demand correction ATr is computed by multiplying the sum of the
torque demand reduction rate TD, which represents the reduction
rate of the torque demand Tr* for the time period between the
start of acceleration of the vehicle and the present moment,
and the driving resistance RL, which varies with a variation
in vehicle speed V, by the correction factor K, which is set
to increase against the accelerator opening Acc closer to the
center opening Acen. The engine 22 and the motors MGl and MG2
are controlled to output a torque equivalent to the updated
torque demand Tr* to the ring gear shaft 32a or the drive shaft.
The hybrid vehicle 20B of the second embodiment thus achieves
the similar effects to those of the hybrid vehicle 20 of the
first embodiment described above.

[0043] The hybrid vehicle 20B of the second embodiment updates
the torque demand Tr*, based on both the torque demand reduction
rate TD and the driving resistance RL. One possible

modification may update the torque demand Tr*, based on only
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either of the torque demand reduction rate TD and the driving
resistance RL.

[0044] The hybrid vehicle 20B of the second embodiment sets the
driving resistance RL corresponding to the input vehicle speed
V. One possible modification may set the driving resistance
RL, based on a road surface slope measured by a slope sensor,
in addition to the vehicle speed V. In this modified drive
control, the driving resistance RL is set to increase with an
increase in rising gradient of the measured road surface slope.
[0045]In the hybrid vehicie 20 of the first and the hybrid
vehicle 20B of the second embodiment, the power of the motor
MG2 is subjected to gear change by the reduction gear 35 and
is output to the ring gear shaft 32a. In one possible
modification shown as a hybrid vehicle 120 of Fig. 11, the power
of the motor MG2 may be output to another axle (that is, an axle
linked with wheels 64a and 64b), which is different from an axle
connected with the ring gear shaft 32a (that is, an axle linked
with the wheels 63a and 63b).

[0046]In the hybrid vehicle 20 of the first embodiment and the
hybrid vehicle of the second embodiment, the power of the engine
22 is output via the power distribution integration mechanism
30 to the ring gear shaft 32a functioning as the drive shaft

linked with the drive wheels 63a and 63b. In another possible .
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modification of Fig. 12, a hybrid vehicle 220 may have a
pair-rotor motor 230, which has an inner rotor 232 connected
with the crankshaft 26 of the engine 22 and an outer rotor 234
connected with the drive shaft for outputting the power to the
drive wheels 63a, 63b and transmits part of the power output
from the engine 22 to the drive shaft while converting the
residual part of the power into electric power.

[0047]The technique of the invention is also applicable to
another hybrid vehicle 320 of another modified example shown
inFig. 13. The hybridvehicle 320 has a motor 340 that is linked
to the engine 22 via a clutch CL and outputs power via a
continuously variable transmission 330 to an axle connecting
with drive wheels 63a and 63b.

[0048] The embodiment discussed above is to be considered in all
aspects as illustrative and not restrictive. There may be many
modifications, changes, and alterations without departing from
the scope or spirit of the main characteristics of the present
invention. The scope and spirit of the present invention are
indicated by the appended claims, rather than by the foregoing

description.

Industrial Applicability

[0049] The technique of the invention is preferably applied to
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automobile industries.
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Claims:

1. A vehicle driven with output power of a power output
apparatus, said vehicle comprising:

an accelerator depression amount measurement unit that
measures a driver's depression amount of an accelerator pedal
or an accelerator depression amount;

a vehicle speed measurement unit that measures a speed
of said vehicle or a vehicle speed;

a first driving power demand setting module that sets a
driving power demand required for said vehicle to decrease at
a first reduction rate with an increase in measured vehicle
speed against the measured accelerator depression amount;

a second driving power demand setting module that is
activated, instead of said first driving power demand setting
module, at least when the measured accelerator depression
amount is in a preset accelerator depression range of less than
a maximum accelerator depression amount, said second driving
power demand setting module setting the driving power demand
to decrease at a second reduction rate, which is at least lower
than the first reduction rate, with an increase in measured

vehicle speed to an extent of or below a maximum allowable

driving power output from said power output apparatus; and
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a drive control module that drives and controls said power
output apparatus to drive said vehicle with a driving power

equivalent to the set driving power demand.

2. A vehicle in accordance with claim 1, wherein said
second driving power demand setting module sets the driving
power demand to ensure a greater output power of said power
output apparatus with an increase in measured vehicle speed
against the measured accelerator depression amount, compared

with said first driving power setting module.

3. A vehicle in accordance with either one of claims 1
and 2, wherein said second driving power demand setting module
sets the lower driving power demand at the second reduction rate,
which decreases against the measured accelerator depression
amount closer to a specific depression level in the preset

accelerator depression range.

4. Avehicle in accordance with any one of claims 1 through
3, wherein said second driving power demand setting module sets
the driving power demand to increase with an increase in
measured vehicle speed, at least when the measured accelerator

depression amount is substantially equal to a specific
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depression level in the preset accelerator depression range.

5. Avehicle in accordance with any one of claims 1 through
4, wherein.said.second.drivingfpower'demand.settingwnodule sets
the driving power demand to accelerate said vehicle at a
substantially constant acceleration against the measured
accelerator depression amount regardless of the measured
vehicle speed in a preset vehicle speed range, at least when
the measured accelerator depression amount is substantially
equal to a specific depression level in the preset accelerator

depression range.

6. Avehicle in accordance with any one of claims 1 through
5, wherein said second driving power demand setting module
corrects the driving power demand set by said first driving
power demand setting module to an increased value and sets the

increased value to the driving power demand.

7. A vehicle in accordance with claim 6, wherein said
second driving power demand setting module corrects the driving
power demand set by said first driving power demand setting
module to the increased value, based on a reduction of the

driving power demand set by said first driving power demand
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setting module under acceleration of said vehicle for a time

period between a start of acceleration and a present moment.

8. A vehicle in accordance with claim 7, wherein said
second driving power demand setting module corrects the driving
power demand set by said first driving power demand setting
module to the increased value, which becomes greater with an
increase in reduction of the driving power demand set by said

first driving power demand setting module.

9. Avehicle in accordance with any one of claims 6 through
8, said vehicle further comprising:

a driving resistance measurement unit that measures a
driving resistance,

wherein said second driving power demand setting module
corrects the driving power demand set by said first driving
power demand setting module, to the increased value, based on

the measured driving resistance.

10. A vehicle in accordance with claim 9, wherein said
second driving power demand setting module corrects the driving
power demand set by said first driving power demand setting

module to the increased value, which becomes greater with an
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increase in measured driving resistance.

11. A vehicle in accordance with any one of claims 6
through 10, wherein said second driving power demand setting
module corrects the driving power demand set by said first
driving power demand setting module to the increased value,

based on the measured accelerator depression amount.

12. A vehicle in accordance with claim 11, wherein said
second driving power demand setting module corrects the driving
power demand set by said first driving power demand setting
module to the increased value, which becomes greater against
the measured accelerator depression amount closer to a specific

depression level in the preset accelerator depression range.

13. A vehicle in accordance with any one of claims 1
through 12, wherein said power output apparatus comprises:

an internal combustion engine; and

a continuously variable transmission mechanism that
converts power of the internal combustion engine by
continuously variable torque conversion and outputs the

converted power.
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14. A vehicle in accordance with any one of claims 1
through 12, wherein said power output apparatus comprises:

an internal combustion engine;

an electric power-mechanical power input output
mechanism that is connected to an output shaft of the internal
combustion engine and to a drive shaft linked with drive wheels
of said vehicle and outpﬁts at least part of output power of
the internal combustion engine to the drive shaft; and

a motor that is capable of inputting and outputting power

from and to the drive shaft.

15. A vehicle in accordance with claim 14, wherein the
electric power-mechanical power input output mechanism
comprises:

a three shaft-type power input output module that is
linked to three shafts, the output shaft of the internal
combustion engine, the drive shaft, and a third rotating shaft,
and automatically determines power input from and output to a
residual one shaft based on powers input from and output to any
two shafts among the three shafts; and

a generator that is capable of inputting and outputting

power from and to the third rotating shaft,
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16. A vehicle in accordance with claim 14, wherein the
electric power-mechanical power input output mechanism
comprises a pair-rotor motor that has a first rotor connected
to the output shaft of the internal combustion engine and a
second rotor connected to the drive shaft, and outputs at least
part of the output power of the internal combﬁstion engine to
the drive shaft with input and output of electric power and
mechanical power by electromagnetic function of the first rotor

relative to the second rotor.

17. A control method of a vehicle that is driven with
output power of a power output apparatus, said control method
comprising the steps.of:

(a) setting a driving power demand required for said
vehicle to decrease at a first reduction rate with an increase
in measured vehicle speed against a driver's depression amount
of an accelerator pedal or accelerator depression amount;

(b) at least when the accelerator depression amount is
in a preset accelerator depression range of less than a maximum
accelerator depression amount, instead of said step (a),
setting the driving power demand to decrease at a second
reduction rate, which is at least lower than the first reduction

rate, with an increase in measured vehicle speed to an extent
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of or below a maximum allowable driving power output from said
power output apparatus; and

(¢) driving and controlling said power output apparatus
to drive said vehicle with a driving power equivalent to the

set driving power demand.
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FIG.2

Grive Control RoutinD

Input Accelerator Opening Acc, Vehicle Speed V, Rotation
Speeds Nm1 and Nm2 of Motors MG1 and MG2, and State
of Charge and Input and Output Limits Win and Wout of

Battery - S100
1
Set Torque Demand Tr¥ According to Torque Demand
Setting Map Designed to Ensure Driver's Better
Acceleration Feel in Specific Area of Combination of
Accelerator Opening between A1% and A2% and Vehicle - S110
Speed V between V1 and V2
Tr* =f1(Acc, V)
1

Set Engine Power Demand Pex f 3120
Pe* =Tr* *Nm2,”Gr+Pb * +Loss

Set Target Rotation Speed Ne* and Target 130
Torque Te* of Engine f S13
Pe* =Ne* XTe %
—

Set Target Roatation Speed Nm1%* and Torque S140
Command Tm1%* of Motor MG1 L./_
Nm1*=f2 (Ne*, Nm2/Gr)

Tm1*=Previous Tm1*+PID(Nm1*, Nm1)
I

Calculate Tentative Motor Torque Tm2tmp L_\/ $150
Tm2tmp=(Tr* +Tm1* ./ p0)./Gr

—
Set Lower and Upper Torque Restrictions

Tm2min and Tm2max
S160
Tm2min= (Win—-Tm1%-Nm1)/Nm2 M\
Tm2max= (Wout—=Tm1%**Nm1)/Nm2
|
Set Torque Command Tm2%* of Motor MG2
Tm2*= min (Tm2max,max( Tm2tmp,Tm2min)) N S170

Send Target Torque Re* to Engine ECU and Send
Torque Commands Tm1* and Tm2% to Motor k" S180
ECU
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FIG.3

(a)

* A
} .
|._.
o Acc=100%
3]
£
[+}]
% Acc=75%
% Acceleration Feel
2 Acc=50% Improvement Area
A2
Acc=25% % ~
w
v,
./
Drive Resistence /
0 V1 V2 >
Vehicle Speed V
(b)
* A
} -
|_
T Acc=100%
£
a
@ Acc=75%
&
S
Acc=50%
Acc=25% \
0 —

Vehicle Speed V



WO 2006/043574

4/10

FIG4

Torque Te
S~
”

\ /‘/
\
Te * 3

PCT/JP2005/019159

Pe * = Constant

Ne *

~

Rotation Spegd Ne



WO 2006/043574 PCT/JP2005/019159

5/10
FIG.5
S C R
A A N
Tm1 *
w\/ Trx”
Nm1 % Ne %
Nr
Te* /-\./ T N
m1 %
Ter=————
0 o)
Tm2 * -Gr




PCT/JP2005/019159

WO 2006/043574
6/10

FIG.6
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FIG.7

@ve Control Routi@

PCT/JP2005/019159

Input Accelerator Opening Acc,
Vehicle Speed V, Roatation Speeds
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FIG.8
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