(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘f A
International Bureau

(43) International Publication Date
24 August 2006 (24.08.2006)

(10) International Publication Number

WO 2006/088070 Al

(51) International Patent Classification:
BG60K 6/04 (2006.01)

(21) International Application Number:
PCT/IP2006/302685

(22) International Filing Date: 9 February 2006 (09.02.2006)
English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
2005-039126
2005-243952

16 February 2005 (16.02.2005) JP
25 August 2005 (25.08.2005) JP

Applicant: TOYOTA JIDOSHA KABUSHIKI
KAISHA [JP/JP]; 1, Toyota-cho, Toyota-shi, Aichi
471-8571 (JP).

Inventors: KAMICHI, Kensuke; c/o TOYOTA JI-
DOSHA KABUSHIKI KAISHA, 1, Toyota-cho, Toy-
ota-shi, Aichi 471-8571 (JP). UEOKA, Kiyoshiro;
c/o TOYOTA IJIDOSHA KABUSHIKI KAISHA, 1,
Toyota-cho, Toyota-shi, Aichi 471-8571 (JP). KAYA, Ya-
suhiro; c/o TOYOTA JIDOSHA KABUSHIKI KAISHA,
1, Toyota-cho, Toyota-shi, Aichi 471-8571 (JP). YA-
MAMOTO, Koji; c/o TOYOTA JIDOSHA KABUSHIKI
KAISHA, 1, Toyota-cho, Toyota-shi, Aichi 471-8571 (JP).

(71)

(72)

(74) Agent: ITEC INTERNATIONAL PATENT FIRM;
Uchisaiwaicho Dai Bldg., 3-3, Uchisaiwai-cho 1-chome,
Chiyoda-ku, Tokyo 100-0011 (JP).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, KE, KG,
KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC,
VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

[Continued on next page]

V4

(54) Title: HYBRIDE MOTOR VEHICLE WITH SEQUENTIAL GEARSHIFT LEVER

Vehicle Speed V. V3

v2

V1

1T

Gearshift Position SP.

Engine Rotation
Speed Ne

006/088070 A1 |1 0001 0 0 00 O 0 A

t1

t2 t3 t4 Time t

o (57) Abstract: In response to an upshift of a gearshift position SP in a sequential gearshift range, the drive control of the invention
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once lowers the rotation speed Ne of an engine. This variation in rotation speed of the engine enables the driver to have adequate
gear change feeling, which is similar to the familiar gear change feeling in a conventional motor vehicle equipped with a stepped
automatic transmission. Namely the drive control of the invention effectively prevents the driver from feeling something is wrong.
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Description

HYBRID MOTOR VEHICLE WITH SEQUENTIAL GEARSHIFT LEVER

Technical Field
[0001] The present invention relates to a motor vehicle and a

control method of the motor vehicle.

Background Art

[0002] One proposed structure of a motor vehicle has a planetary
gear mechanism connected to an engine, a first motor, and an
axle and a second motor connected to the axle (see, for example,
Japanese Patent Laid-Open Gazette No. H09-308012). In the
motor vehicle of this prior art structure, the power of the
engine driven at an efficient drive point is subjected to torque
conversion by the planetary gear mechanism and the two motors
and is output to the axle fo enhance the total energy efficiency

of the wvehicle.

Disclosure of the Invention

[0003] In a conventional motor vehicle equipped with a stepped
automatic transmission that converts the power of an engine at
a selected available speed and outputs the converted power to
an axle, the driving conditions of the engine are changed in
response to a speed change of the automatic transmission to give
the driver adequate gear change feeling. In the motor vehicle

of the prior art structure, the engine is driven at an arbitrary
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drive point regardless of the setting of the gearshift position.

- The engine may thus be driven with no change of the drive point

regardless of a change of the gearshift position. The driver
who is familiar with the gear change feeling in the stepped‘
automatic transmission accordingly feels something is wrong.
[0004] The motor vehicle and the motor vehicle control method
of the invention thus aim to enable the driver to have adequate
gear change feeling in response to a change of the gearshift
position. The motor vehicle and the motor vehicle control
method of the invention also aim to enable the driver to have
adequate gear‘change feeling in response to a change of the
gearshift position, while preventing an accumulator unit from
being charged or discharged excessively.

[0005] At least part of the above and the other related objects
is attained by a motor vehicle and a control method of the motor
vehicle of the invention‘ having the configurations discussed
below.

[0006] The present invention is directed to a motor vehicle
equipped with an internal combustion engine, a power
transmission assembly, and a motor, where the power
transmission assembly transmits at least part of output power
of the internal combustion engine, which is driven at an
arbitrary drive point regardless of a gearshift position, to
an axle and the motor is capable of outputting power to the axle.
The motor vehicle includes: a driving force demand setting

module that sets a driving force demand to be output to the axle;
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an effective drive point setting module that, in the case of
no change of the gearshift position, sets an effective drive
point to a specific drive point determined under a preset
restriction according to the driving force demand, and in the
case of a change of the gearshift position, sets the effective
drive point to an updated drive point with at least a change
of a rotation speed from the specific drive point determined
under the preset restriction according to the driving force
demand; and a control module that controls the internal
combustion engine, the power transmission assembly, and the
motor to drive the internal combustion engine at the set
effective drive point and to ensure output of a driving force
equivalent to the driving force demand to the axle.

[0007] Tn the case of no change of the gearshift position, the
motor vehicle of the invention sets the effective drive point
to a specific drive point determined under a preset restriction
according to a driving force demand specified as a requirement
to be output to the axle and controls the internal combustion
engine, the power transmission assembly, and the motor to drive
the internal combustion engine at the set effective drive point
and to ensure output of a driving force equivalent to the driving
forcé demand to the axle. in the case of a change of the
gearshift position, on the other hand, the motor vehicle of the
invention sets the effective drive point to an updated drive
point with at least a change of the rotation speed from the

specific drive point determined under the preset restriction
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according to the driving force demand and controls the internal

. combustion engine, ‘the power transmission assembly, and the

motor to drive the internal combustion engine at the set
effective drive point and to ensure output of the driving force
equivalent to the driving force demand to the axle. Inresponse
to a change of the gearshift position, the rotation speed of
the internal combustion engine is changed to give the driver
adequate gear change feeling. The driver naturally feels odd
when no gear change feeling is given by the driver's active
change of the gearshift position. The change of the rotation
speed desirably prevents the driver from feeling something is
wrong.

[0008] In one preferable embodiment of the invention, the motor
vehicle may further include a gearshift position change
mechanism that changes the gearshift position according to a
driver's depression amount of an accelerator pedal anda vehicle
speed. This arrangement desirably gives the driver adequate
gear change feeling, which is similar to the familiar feeling
in a conventional motor vehicle equipped with a stepped
automatic transmission. In this embodiment, the gearshift
position change mechanism may change the gearshift position
according to the vehicle speed when the driver depresses the
accelerator pedal to or over a preset first level.

[0009] In another preferable embodiment of the invention, the
motor vehicle may further include: a first gearshift position

change mechanism that changes the gearshift position by a
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driver's gearshift position change operation; and a second

- gearshift position change mechanism that changes the gearshift

position according to the driver's depression amount of an
accelerator pedal and a vehicle speed regardless of the driver's
gearshift position change operation. The effective drive
point setting module, in response to a change of the gearshift
position by the first gearshift position change mechanism, may
set the effective drive point to an updated drive point with
at least a change of the rotation speed to a first speed from
the specific drive point determined wunder the preset
restriction according to the driving force demand, and in
response to a change of the gearshift position by the second
gearshift position change mechanism, may set the effective
drive point to an updated drive point with at least a change
of the rotation speed to a second speed, which is different from
the first speed, from the.specific drive point determined under
the preset restriction according to the driving force demand.

The driver is accordingly given the adequate gear change feeling
corresponding to the cause of the change of the gearshift
position, that is, either the change of the gearshift position
by the driver's gearshift position change operation or the
changAe of the gearshift position according to the driver's
depression amount of the accelerator pedal and the vehicle speed.
In this case, the second speed may be lower than the first speed.

This arrangement enables the driver to have adequate gear change

feeling when the change of the gearshift position is triggered
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by the driver's gearshift position change operation. When the

- change of the gearshift position is triggered by the changes

of the accelerator opening and the vehicle speed, on the other
hand, this arrangement prevents the driver from feeling odd by
an unexpected speed change.

[0010] In one preferable application of the motor vehicle of
the invention, in response to a change of the gearshift position,
the effective drive point setting module may set the effective
drive point to an ﬁpdated drive point with at least a change
of the rotation speed corresponding to the changed gearshift
position from the specific drive point determined under the
preset restriction according to the driving force demand. This
arrangement enables the driver to have adequate gear change
feeling according to the changed gearshift position.

[0011] In another preferable application of the motor vehicle
of the invention, in resbonse to an upshift of the gearshift
positiop, the effective drive point setting module may set the
effective drive point to an updated drive point with a decrease
of the rotation speed from the specific drive point determined
under the preset restriction according to the driving force
demand. This arrangement enables the driver to have adequate
gear change feeling in response to an upshift of the gearshift
position. In this application, in response to the upshift of
the gearshift position, the effective drive point setting
module may limit a maximum rotation speed of the internal

combustion engine and set the effective drive point to an
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updated drive point with a decrease of the rotation speed within

. the restricted maximum zrotation speed of the internal

combustion engine from the specific drive point determined
under the preset restriction according to the driving forcte
demand.

[0012] InA still another preferable application of the motor
vehicle of the invention, in response to a downshift of the
gearshift position, the effective drive point setting module
may set the effective drive point to an updated drive point with
an increase of the rotation speed from the specific drive point
determined under the preset restriction according to the
driving force demand. This arrangement enables the driver to
have adequate gear change feeling in response to a downshift
of the gearshift position.

[0013] In another preferable application of the motor vehicle’
of the invention, the effective drive point setting module may
set the effective drive point to gradually approach to the
specific drive point determined under the preset restriction
according to the driving force demand, with elapse of time since
the change of the gearshift position. This arrangement enables
the drive point of the internal combustion engine to gradually
approach to the specific drive point determined under the preset
restriction with elapse of time since the change of the
gearshift position.

[0014] In another preferable embodiment of the invention, the

motor vehicle further includes an accumulator unit that is
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capable of inputting and outputting electric power from and to

- the power transmission assembly and the motor. The power

transmission assembly may be an electric power-mechanical power
input output mechanism that is connected to the internal
combustion engine and to the axle and outputs at least part of
the output power of the internal combustion engine to the axle
through input and outpﬁt of electric power and mechanical power.
In this embodiment, in response to an upshift of the gearshift
position, the effective drive point setting module may set the
effective drive point to an updated drive point with a decrease
of the rotation speed, which is lowered by a preset value
corresponding to a first variation level within an input limit
of the accumulator unit, from the specific drive point
determined under the preset restriction according to the
driving force demand. This arrangement effectively prevents
the accumulator unit frém being excessively charged in the
process of changing the drive point in response to an upshift
of the gearshiftposition. In this embodiment, in response to
a downshift of the gearshift position, the effective drive point
setting module may set the effective drive point to an updated
drive point with an increase of the rotation speed, which is
raised by a preset value corresponding to a second variation
level within an output limit of the accumulator unit, from the
specific drive point determined under the preset restriction
according to the driving force demand. This arrangement

effectively prevents the accumulator wunit from Dbeing
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excessively discharged in the process of changing the drive

. point in response to a downshift of the gearshift position.

[0015] In the motor vehicle of the invention, one preferablg
example of the power transmissign assembly may be a continuously
variable transmission.

[0016] The present invention is also directed to a control
method of a motor vehicle equipped with an internal combustion
engine, a power transmission assembly, and a motor, where the
power transmission assembly transmits at least part of output
power of the internal combustion engine, which is driven at an
arbitrary drive point regardless of a gearshift position, to
an axle and the motor is capable of outputting power to the axle.
The motor vehicle control method including the steps of: (a)
in the case of no change of the gearshift position, setting an
effective drive point to a specific drive point determined under
a preset restriction according to a driving force demand
specified as a requirement to be output to the axle and
controlling the internal combustion engine, the power
transmission assembly, and the motor to drive the internal
combustion engine at the set effective drive point and to ensure
output of a driving force equivalent to the driving force demand
to thé axle; and (b) in the case of a change of the gearshift
position, setting the effective drive point to an updated drive
point with at least a change of a rotation speed from the specific
drive point determined under the preset restriction according ‘

to the driving force demand and controlling the internal
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combustion engine, the power transmission assembly, and the
motor to drive the internal combustion engine at the set
effective drive point and to ensure output of a driving force
equivalent to the driving force demand to the axle.

[0017] In the case of no change of the gearshift position, the
control method of the motor vehicle of the invention sets the
effective drive point to a specific drive point determined under
a preset restriction according to a driving force demand
specified as a requirement to be output to the axle and controls
the internal combustion engine, the power transmission assembly,
and the motor to drive the internal combustion engine at the
set effective drive point and to ensure output of a driving force
equivalent to the driving force demand to the axle. In the case
of a change of the gearshift position, on the other hand, the
control method of the motor vehicle of the invention sets the
effective drive point to.an updated drive point with at least
a change of the rotation speed from the specific drive point
determined under the preset restriction according to the
driving force demand and controls the internal combustion
engine, the power transmission assembly, and the motor to drive
the internal combustion engine at the set effective drive point
and to ensure output of the driving force equivalent to the
driving force demand to the axle. In response to a change of
the gearshift position, the rotation speed of the internal
combustion engine is changed to give the driver adequate gear

change feeling. The driver naturally feels odd when no gear
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change feeling is given by the driver's active change of the

- gearshift position.. The change of the rotation speed desirably

prevents the driver from feeling something is wrong.

[0018] In the control method of the motor vehicle of the
invention, the step (b) , in response to a change of the gearshift
position by a driver's gearshift position change operation, may
set the effective drive point to an updated drive point with
at least a change of the rotation speed to a first speed from
the specific drive point determined under the preset
restriction according to the driving force demand, and in
response to a change of the gearshift position according to the
driver's depression amount of an accelerator pedal anda vehicle
spéed regardless of the driver's gearshift position change
operation, may set the effective drive point to an updated drive
point with at least a chahge of the rotation speed to a second
speed, which is differént from the first speed, from the
specific drive point determined under the preset restriction
according to the driving force demand. Also, the step (b), in
response to an upshift of the gearshift position, may set the
effective drive point to an updated drive point with a decrease
of the rotation speed from the specific drive point determined
undef the preset restriction according to the driving force
demand. Further, the step (b), in response to a downshift of
the gearshift position, may set the effective drive point to
an updated drive point with an increase of the rotation speed

from the specific drive point determined under the preset



10

15

20

25

WO 2006/088070 PCT/JP2006/302685

12

restriction according to the driving force demand. Furthermore,

- the step (b) may set the effective drive point to gradually

approach to the specific drive point determined under the preset
restriction according to the driving force demand, with elapse

of time since the change of the gearshift position.

Br{ief Description of the Drawings

Fig. 1 schematically illustrates the configuration of a
hybrid vehicle in one embodiment of the invention;

Fig. 2 is a flowchart showing a drive control routine
executed by a hybrid electronic control uﬁit included in the
hybrid vehicle of the 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 sbeed Ne* and a target torque Te*;

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

Fig. 6 is a flowchart showing the details of an upshift
target rotation speed updating process executed by the hybrid
electronic control unit at step S170 in the drive control
routine of Fig. 2;

Fig. 7 is a flowchart showing the details of a downshift

target rotation speed updating process executed by the hybrid
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electronic control unit at step S180 in the drive control
routine of Fig. 2;

Fig. 8 shows time variations in vehicle speed V, gearshift
position SP, and rotation speed Ne of an engine in response to
an upshift;

Fig. 9 is a flowchart showing a modified flow of the
upshift target rotation speed updating process executed by the
hybrid electronic control unit;

Fig. 10 is a flowchart showing another modified flow of
the upghift target rotation speed updating process executed by
the hybrid electronic control unit;

Fig. 11 is a flowchart showing a modified flow of the
downshift target rotation speed updating process executed by
the hybrid electronic control unit;

Fig. 12 shows time variations in wvehicle speed V,
gearshift position SP, and rotation speed Ne of the engine in
response to a downshift;

Fig. 13 is a flowchart showing still another modified flow
of the upshift target rotation speed updating process executed
by the hybrid electronic control unit;

Fig. 14 shows time variations in gearshift position SP
and rbtation speed Ne of the engine in response to an upshift;

Fig. 15 is a flowchart showing a modified flow of the drive
control routine executed by the hybrid electronic control unit;

Fig. 16 is a flowchart showing the details of an upshift

drive point updating process executed by the hybrid electronic
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control unit at step S170b in the modified drive control routine

. of Fig. 15;

Fig. 17 shows a change of a drive point of the engine in
response to an upshift;

Fig. 18 schematically illustrates the configuration of
another hybrid vehicle as one modified example;

Fig. 19 schematically illustrates the configuration of
still another hybrid vehicle as another modified example; and

Fig. 20 schematically illustrates the configuration of

another hybrid vehicle as still another modified example.

Best Modes of Carrying Out the Invention

[0019] One mode of carrying out the invention is discussed below
as a preferred embodiment. Fig. 1 schematically illustrates
the configuration of a hybrid vehicle 20 in one embodiment of
the invention. As illusfrated, the hybrid vehicle 20 of the
embodiment includes an engine 22, a three shaft-type power
distribution integration mechanism 30 that is linked to a
crankshaft 26 or an output shaft of the engine 22 via a damper
28, a motor MGl that is connected to the power distribution
integration mechanism 30 and has power generation capability,
a mofor MG2 that is connected to the power distribution
integration mechanism 30 via a reduction gear 35, and a hybrid
electronic control unit 70 that controls the operations of the
whole hybrid vehicle 20.

[0020] The engine 22 is an internal combustion engine that uses
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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
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.

[0021] 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 arranged 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
diffefential 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 39a and 39b via the gear
mechanism 37, the differential gear 38 and an axle 36 from ring
gear shaft 32a.

[0022] The motors MGl and MG2 are constructed as known
synchronous motor generators that may be actuated both as a
generator and as a motor. The motors MGl and MG2 transmit
electric powers to and ffom a battery 50 via inverters 41 and
42. Power lines 54 connecting the battery 50 with the inverters
41 and 42 are structured as common positive bus and negative
bus shared by the inverters 41 and 42. Such connection enables
electric power generated by one of the motors MGl and MG2 to
be consumed by the other motor MG2 or MGl. The battery 50 may
thus be charged with surplus electric power generated by either
of the motors MG1 and MG2, while being discharged to supplement
insufficient électric power. The battery 50 is neither charged
nor discharged, when the input and output of electric powers

are balanced between the motors MGl and MG2. Both the motors
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MGl and MG2 are driven and controlled by a motor electronic
control unit 40 (hereafter referred to as motor ECU 40) . The
motor ECU 40 inputs signals required for driving and controlling
the motors MGl and MG2, for example, signals representing
rotational positions of rotors in the motors MGl and MG2 from
rotational position detection sensors 43 and 44 and signals
representing phase currents to be applied to the motors MG1 and
MG2 from current sensors (not shown). The motor ECU 40 outputs
switching control signals to the inverters 41 and 42. The motor
E/CU 40 executes a rotation speed computation routine (not shown)
to calculate rotation speeds Nml and Nm2 of the rotors of the
motors MGl and MG2 from the input signals from the rotational
position detection sensors 43 and 44. The motor ECU 40
establishes communication with the hybrid electronic control
unit 70 to drive and control the motors MGl and MG2 in response
to control signals recei§ed.fron1the hybrid electronic control
unit 70, while outputting data regarding the driving conditions
of the motors MGl and MG2 to the hybrid electronic control unit
70 according to the requirements.

[0023] The battery 50 is under control of a battery electronic
control unit 52 (hereafter referred to as battery ECU52). The
batter ECU 52 inputs signals required for management of the
battery 50, for example, an ihter—terminal voltage Vb from a
voltage sensor (not shown) located between terminals of the
battery 50, a charge-discharge current from a current sensor

(not shown) located in the power line 54 connecting with an
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output terminal of the battery 50, and a battery temperature
Tb from a temperature sensor (not shown) attached to the battery
50. The battery ECU 52 outputs data regarding the conditions
of the battery 50 to the hybrid electroﬁic control unit170 by
communication accérding to the reguirements. For management
of the battery 50, the battery ECU 52 computes a remaining charge
level or current staté of charge (SOC) of the battery 50 from
an.integrétion.of the charge-discharge current measured by the
current sensor (not shown).

[0024] The hybridnelectronic 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,
input and output ports (not shown), and a communication port
(not shown). The hybrid electronic control unit 70 receilves,
via its input port, an ignition signal from an ignition switch
80, a gearshift position SP or a current setting position of
a gearshift lever 81 from a gearshift position sensor 82, an
accelerator opening Acc or the driver's depression amount of
an accelerator pedal 83 from an accelerator pedal position
sensor 84, a brake pedal position BP or the driver's depression
amount of a brake pedal 85 from a brake pedal position sensor
86, aﬁd.a vehicle speed V from a vehicle speed sensor 88. The
gearshift position SP of the gearshift lever 81 is selectable
among available gear positions, that is, a drive position for
general forward drive, a reverse position for reverse drive,

a braking position for applying a greater braking force in the
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accelerator-off state than the drive position, a parking

. position for parking lock, a neutral position for keeping the

gear neutral, and a sequential gearshift range. The sequential
gearshift range of this embodiment has five sequential gear
positions 'S1' to 'S5'. In response to the driver's operation
of the gearshift lever 81, the gear position is shifted up or
down in the sequential gearshift range. Under the condition
that the accelerator opening Acc reaches or exceeds a preset
upper limit, for example, 90%, the gear position is shifted up
in the sequential gearshift range with a variation in vehicle
speed V, regardless of the driver's operation of the gearshift
lever 81. Under the condition that the accelerator opening Acc
is not greater than a preset lower limit, for example, 10%, the
gear position is shifted down in the sequential gearshift range
with a variation in vehicle speed V, regardless of the driver's
operation of the gearshift lever 81. The hybrid electronic
control unit 70 establishes communication with the engine ECU
24, the motor ECU 40 , and the battery ECU 52 via its communication
port to receive and send the diversity of control signals and
data from and to the engine ECU 24, the motor ECU 40, and the
battery ECU 52 as mentioned above.

[0025] The hybrid vehicle 20 of the embodiment having the above
construction sets a torgue demand to be output to the ring gear
shaft 32a or the drive shaft linked to the drive wheels 39%a and
39b via the axle 36, based on the given vehicle speed V and the

given accelerator opening Acc (equivalent to the driver's
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depression amount of the accelerator pedal 83), and drives and

. controls the engine 22 and the motors MG1 and MG2 to ensure output

of a power demand equivalent to the preset torque demand to the
ring gear shaft 32a. There are several drive control modes of
the engine 22 and the motors MG1 and MG2. 1Ina torque conversion
drive mode, while the engine 22 is driven and controlled to
output a required level of power corresponding to the power
demand, the motors MGl and MG2 are driven and controlled to
enable all the output power of the engine 22 to be subjected
to torque conversion by the power distribution integration
mechanism 30 and the motors MGl and MG2 and té be output to the
ring gear shaft 32a. In a charge-discharge drive mode, the
engine 22 is driven and controlled to output a required level
of power corresponding to the sum of the power demand and
electric power used to charge the battery 50 or discharged from
the battery 50. The motors MGl and MG2 are driven and controlled
to enable all or part of the output power of the engine 22, which
is equivalent to the power demand with charge or discharge of
the battery 50, to be subjected to torque conversion by the power
distribgtion integration mechanism 30 and the motors MGl and
MG2 and to be output to the ring gear shaft 32a. In a motor
drive- mode, the motor MG2 is driven and controlled to ensure
output of a required level of power corresponding to the power
demand to the ring gear shaft 32a, while the engine 22 stops.
[0026] The description regards the operations of the hybrid

vehicle 20 of the embodiment having the configuration discussed
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above, especially a series of control in response Lo an upshift
or a downshift in the sequential gearshift range of the
gearshift position SP. Fig. 2 is a flowchart showing a drive
control routine executed by the hybrid electronic control unit
70. This drive control routine is carried out repeatedly at
preset time intervals, for example, at every several msec, in
the sequential gearshift range of the gearshift position SP.
[0027] 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, the gearshift position SP from the
gearshift position sensor 82, rotation speeds Nml and Nm2 of
the motors MGl and MG2, a charge-discharge power demand Pb* to
be charged into the battery 50 or to be discharged from 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 MGl and MG2 are computed from the rotatiomnal
positions of the respective rotors in the motors MGl and MG2
detected by the rotational position detéction sensors 43 and
44 and are received from the motor ECU 40 by communication. The
charée—discharge power demand Pb* of the battery 50 is set based
on the state of charge SOC of the battery 50 and is received
from the battery ECU 52 by communication. The input limit Win
and the output limit Wout of the battery 50 are set based on

the battery temperature Tb and the state of charge SOC and are
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received from the battery ECU 52 by communication.

[0028] After the data input, the CPU 72 sets a torque demand
Tr* to be oufput to the ring gear shaft 32a or the drive shaft
linked to the drive wheels 39a and 39b via the axle 36 and an
engine power demand Pe* to be output from the engine 22, based
on the input accelerator opening Acc and the input vehicle speed
V (step S110). A concrete procedure of setting the torque
demand Tr* in this 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 giveri vehicle speed V from the
map. One example of the torque demand setting map is shown in
Fig. 3. The engine power demand Pe* is calculated as the sum
of the product of the torqgue demand Tr* and a rotation speed
Nr of the ring gear shaft éza, the charge-discharge power demand
Pb* of the battery 50, and a potential loss. The rotation speed
Nr of the ring geér shaft 32a is obtained by dividing the rotation
speed Nm2 of the motor MG2 by a gear ratio Gr of the reduction
gear 35 or by multiplying the vehicle speed V by a conversion
factor k

[0025] The CPU 72 subsequently sets a target rotation speed Ne*
and a target torque Te* of the engine 22 corresponding to the
engine power demand Pe* (step $120). The target rotation speed
Ne* and the target torque Te* of the engine 2'2 are determined

according to an efficient operation line of ensuring efficient
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operations of the engine 22 and a curve of the engine power demand

. pe*. Fig. 4 shows an efficient operation line of the engine

22 to set the target rotation speed Ne* and the target torque
Te*. As clearly shown in f‘ig. 4, the target rotation speed Ne*
and the target toréue Te* are given as an intersection of the
efficient operation line and a curve of constant engine power
demand Pe* (= Ne* x Te*).

[0030] The CPU 72 then identifies the requirement for an upshift
target rotation speed updating process and the requirement for
a downshift target rotation speed updating process (steps S130
to §160). In order to identify the requirement for the upshift
target rotation speed updating process, the procedure of this
embodiment successively determines whether a flag F1l is equal
to '1l' (step S130) and whether the gear position has just been
shifted up in the sequential gearshift range (step S140). In
order to identify the réquirement for the downshift target
rotatiop. speed updating process, the procedure of this
embodiment succéssively determines whether a flag F2 is equal
to '1' (step S150) and whether the gear position has just been
shifted down in the sequential gearshift range (step S160) . The
flag F1 has an initial value of '0' and is set equal to '1' during
execufion of the upshift target rotation speed updating process.
Similarly the flag F2 has an initial value of '0' and is set
equal to 'l' during execution of the downshift target rotation
speed updating process. The upshift, for example, fromthe gear

position 'S3' to the gear position 'S4' or the downshift, for
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example, from the gear position 'S4' to the gear position 'S3'
is identified by comparison between a previous setting and a
current setting of the input gearshift position SP. When both
the flags F1 and F2 are equal to '0' and neither an upshift nor
a downshift is identified (steps S130 to S160), there are no
requirements for the upshift target rotation speed updating
process and for the downshift target rotation speed updating
process. In this case, the CPU 72 calculates a target rotation
speed Nml* of the motor MG1 froﬁ the target rotation speed Ne*
of the engine 22 set at step S120, 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 S190):

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

Tml* Previous Tml* + k1 (Nml*-Nml) + k2f(Nm1*—le)dt (2)

Equation (1) is a dynamic relational expression of the rotation
elements included in the power distribution integration
mechanism 30. Fig. 5 is an alignment chart showing
torque-rotation speed dynami’cs of the respective rotation
elements included in the power distribution integration

mechanism 30. The left axis 'S' represents the rotation speed
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of the sun gear 31 that is equivalent to the rotation speed Nml

. of the motor MG1l. 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 (ring gear shaft 32a). The target
rotation speed Nml* of the motor MGl is thus readily obtained
according to the torque-rotation speed dynamics of this
alignment chart. Drive control of the motor MGl with the
settings of the torgue command Tml* and the target rotation
speed Nml* enables rotation of the engine 22 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, 'kl'
in the second term and 'k2' in the third term on the right side
respectively denote a gain of the proportional and a gain of
the integral term. Two ﬁpward thick arrows on the axis 'R' in
Fig. 5 respectively show a torque that is directly 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 Nex* 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.

[0031] After calculation of thé target rotation speed Nml* and
the torque command Tml* of the motor MG1, the CPU 72 calculates

an upper torque restriction Tmax and a lower torque restriction
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Tmin as maximum and minimum torgques output from the motor MG2

according to Equations (3) and (4) given below (step S200):

Tmax (Wout - Tml*-Nml) / Nm2 (3)

1l

Tmin (Win — Tml*-Nml) / Nm2 (4)

The upper torque restriction Tmax and the 1lower torgue
restriction Tmin are respectively given by dividing a
difference between the input limit Win of the battery 50 and
power consumption (power generation) of the motor MG1, which
is the product of the torque command Tml* and the input current
rotation speed Nml of the motor MG1, and a difference between
the output limit Wout of the battery 50 and the power consumption
(power generation) of the motor MGl by the input current
rotation speed Nm2 of the motor MG2. The CPU 72 then calculates
a tentative motor torque Tm2tmp to be output from the motor MG2
from thg torque demand Tr*, the torque command Tml* 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 (5) given below (step S210):

Tm2tmp = (Tr* + Tml* / p) / Gr (5)

The CPU 72 limits the tentative motor torque Tm2tmp to the range
between the calculated lower torque restriction Tmin and upper

torque restriction Tmax to set a torque command Tm2* of the motor
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MG2 (step S220). Setting the tofque command Tm2* of the motor
MG2 in this manner restricts the torque demand "I‘r* to be output
to the ring gear shaft 32a within the range between the input
limit Win and the output limit Wout of the battery 50. EquationA
(5) is readily introduced from the alignment chart of Fig. 5.
[0032] The CPU 72 sends the target rotation speed Ne* and the
target torque Te* of the engine 22 to the engine ECU 24 and the
torque commands Tml* and Tm2* of the motors MGl and MG2 to the
motor ECU 40 (step S230), and then exits from this drive control
routine. The engine ECU 24 receives the target rotation speed
Ne* and the target torque Te* and performs fuel injection
control and ignition control 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 performs 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] In response to identification of an upshift at step S140,
thé CPU 72 executes the upshift target rotation speed updating
process (step S170) and then goes to the processing of and after
step 5190 described above. The details of the upshift target
rotation speed updating process of step S170 are described with
reference to the flowchart of Fig. 6. In the upshift target
rotation speed updating process, the CPU 72 first identifies

a flag G representing a change of the target rotation speed Ne*
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of the engine 22 (step $300). When the flag G is equal to '0'
at step $300, the CPU 72 sets a predetermined reference value
ol to a correction value o (step S310) and subtracts the

correction value o from the target rotation speed Ne* of the

engine 22 set at stép S120 in the drive control routine of Fig.
2 to update the target rotation speed Ne* of the engine 22 (step
S§320). The CPU 72 then sets both the flag G and the flag F1
equal to 'l' (steps S330 and $370) and terminates the upshift
target rotation speed updating process. The reference value
al represents a degree of decreasing the target rotation speed
Ne* of the engine 22 and depends upon the characteristics of
the engine 22. When the gear position is shifted up in the
sequential gearshift range, the target rotation speed Ne* of
the engine 22 is lowered than the engine rotation speed at the
drive point without a change of the gearshift position SP, that
is, the engine rotation épeed at the efficient drive point of
ensuring the efficient operation of the engine 22. Such a
decrease of the ‘target rotation speed Ne* of the engine 22 in
response to an upshift enables the driver to have adequate gear
change feeling and thus prevents the driver from feeling
something is wrong. Setting the value '1l' to the flag Fl gives
an affirmative answer, that is, execution of the upshift target
rotation speed updating process, at step S130 in a next cycle
of the drive control routine of Fig. 2.

[0034] When the flag G is equal to '1l' at step $300, on the other

hand, the CPU 72 subtracts a preset value Ao from a previous
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setting of the correction value a (previous a), which has been
set in the previous cycle of the upshift target rotation speed
updating process, to update the correction value o (step S340)
and checks the correction value o (step S$350). When the
correction value o is positive, the CPU 72 updates the target
rotation speed Ne* of the engine 22 (step 8360) by the
aubtraction in the same manner as step S320, sets the flag Fl
equal to 'l' (step S$370), and terminates the upshift target
rotation speed updating process. The preset value Aa
represents a degree of making the target rotation speed Ne* of
the engine 22 approach to the engine rotation speed at the
efficient drive point in every cycle of the upshift target
rotation speed updating process. The preset value Ao is

smaller than the reference value ol and depends upon the

characteristics of the engine 22. The repeated execution of
the upshift target rotation speed updating process gradually
decreases the correction value o and makes the target rotation
speed Ne* of the éngine 22 with the upshift gradually approach
to the engine rotation speed at the efficient drive point. When
the correction value a becomes equal to or less than '0' (step
$350), the CPU 72 sets the flag Fl equal to '0' (step S380) and
termiﬁates the upshift target rotation speed updating process
without updating the target rotation speed Ne* of the engine
22. Settingthe value '0' tothe flag Fl gives a negative answer,
that is, no execution of the upshift target rotation speed

updating process, at step $130 in the next cycle of the drive
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control routine of Fig. 2.

[0035] Referring back to the drive control routine of Fig. 2,
in response to identification of a downshift at step S160, the
CPU 72 executes the downshift target rotation speed updating
process (step S180) and then goes to the procesgsing of and after
step $190 described above. The details of t’he downshift target
rotation speed updating process of step S180 are described with
reference to the flowchart of Fig. 7. In the downshift target
rotation speed updating process, when the flag G is equal to
'0' (step S400), the CPU 72 sets a predetermined reference value
Bl to a correction value B (step S410) and adds the correction

value B to the target rotation speedANe* of the engine 22 set

at step 8120 in the drive control routine of Fig. 2 to update
the target rotation speed Ne* of the engine 22 (step S420). The
CPU 72 then éets both the flag G and the flag F2 equal to 'l
(steps S$430 and S470) and terminates the downshift target
rotation speed updating process. The reference value f1
represents a degree of increasing the target rotation speed Ne*
of the engine 22 and depends upon the characteristics of the
engine 22. When the gear position is shifted down in the
sequential gearshift range, the target rotation speed Ne* of
the engine 22 is raised to be higher than the engine rotation
speed at the efficient drive point of ensuring the efficient
operation of the engine 22. Such an increase of the target
rotation speed Ne* of the engine 22 in response to a downshift

enables the driver to have adequate gear change feeling and thus
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prevents the driver from feeling something is wrong. Setting
the value '1l' to the flag F2 gives an affirmative answer, that
is, executidn.of the downshift target rotation speed updating
process,atstepSlSOleanextcyclecﬁfthedrivecontrolroutine
of Fig. 2.

[0036] When the flag G is equal to '1' at step S400, on the other
hand, the CPU 72 subtracts a preset value AP from a previous
setting of the correction value B (previous B), which has been
set in the previous cycle of the downshift target rotation speed
updating process, to update the correction value B (step S440) .
When the updated correction value B is positive (step S450),
the CPU 72 updates the target rotation speed Ne* of the engine
22 (step S460) by the addition in the same manner as step 5420,
sets the flag F2 equal to 'l' (step S470), and terminates the
downshift target rotation speed updating process. The preset
value AP represents a degree of making the target rotation speed
Ne* of the engine 22 approach to the engine rotation speed at
the efficient drive point in every cycle of the downshift target
rotation speed updating process. The preset value AP is smaller
than the reference value Bl and depends upon the characteristics
of the engine 22. The repeated execution of the downshift
targef rotation speed updating process makes the target
rotation speed Ne* of the engine 22 with the downshift gradually
approach to the engine rotation speed at the efficient drive

point. When the correction value P becomes equal to or less

than '0' (step $450), the CPU 72 sets the flag F2 equal to '0'



10

15

20

25

WO 2006/088070 PCT/JP2006/302685

32

(step S480) and terminates the downshift target rotation speed

- updating process without updating the target rotation speed Ne*

of the engine 22. Setting the value '0' to the flag F2 gives‘
a negative answer, that is, no execution of the downshift target
rotation speed updéting process, at step S150 in the next cycle
of the drive control routine of Fig. 2.

[0037] Fig. 8 shows titﬁe variations of the vehicle speed V, the
gearshift position SP, and the rotation speed Ne of the engine
22 in response to an upshift. The curve of solid line shows
the drive control of this embodiment that makes a variation in
rotation speed Ne of the engine 22 in response to each change
of the gearshift position SP. The curve of broken line shows
the prior art drive control that makes no variation in rotation
speed Ne of the engine 22 in response to any change of the
gearshift position SP. Tt is assumed that the driver depresses
the accelerator pedal 83 to a relatively great depth to
accelerate the hybrid vehicle 20. The prior art drive control
does not vary the rotation speed Ne of the engine 22 in response
to an upshift of the gearshift position SP from 'S1' to S2' with
an increase in vehicle speed V to a preset level V1 at a time
t1l. Novariation in engine rotation speed makes the driver feel
something is wrong, since the driver is generally familiar with
gear change feeling in a conventional motor vehicle equipped
with a stepped automatic transmission that changes the gear to
convert the output power of an engine and transmits the

converted power to an axle. The drive control of this
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embodiment, on the other hand, once lowers the rotation speed
Ne of the engine 22 in response to the upshift of the gearshift
position SP from 'S1' to 'S2' with the increase in vehicle speed
V to the preset level V1 at the time t1 and then gradually raises
the rotation speed Ne of the engine 22 to approach to an expected
level of the engine rotation speed without a change of the
gearshift position SP. Such a variation in engine rotation
speed enables the driver to have adequate gear change feeling,

which is similar to the familiar gear change feeling in the
conventional motor vehicle equipped with the stepped automatic
transmission. Namely the drive control of the embodiment
effectively prevents the driver from feeling something is wrong.
In any upshift in the sequential gearshift range, for example,

from 'S2' to 'S3', the drive control of this embodiment once
lowers the rotation speed Ne of the engine 22 and then gradually
raises the rotation speed Ne to approach to the expected level
of engine rotation speed without a change of the gearshift
position SP. This enables the driver to have adequate gear
change feeling.

[0038] In the hybrid vehicle 20 of the embodiment described
above, in response to an upshift in the sequential gearshift
range-of the gearshift position SP, the drive control decreases
the target rotation speed Ne* of the engine 22 to be lower than
the engine rotation speed at the efficient drive point. 1In
response to a downshift in the sequential gearshift range, the

drive control increases the target rotation speed Ne* of the
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engine 22 to be higher than the engine rotation speed at the
efficient drive point. Such drive control enables the driver
to have adequate gear change feeling in response to an upshift
or a downshift. The driver is generally familiar with gear'
change feeling in the conventional motor vehicle equipped with
the stepped automatic transmission that changes the gear to
convert the output power of the engine and transmits the
converted power to the axle. This arrangement desirably
prevents the driver from feeling something is wrong.

[0039] The hybrid vehicle 20 of the embodiment has the
sequential gearshift range, where the gear position is shifted
up according to the vehicle speed V even without the driver's
upshift operation under the condition that the accelerator
opening Acc reaches or exceeds the preset upper limit. Such
drive control enables the driver to have adequate gear change
feeling, which is similaf to the familiar gear change feeling
in the conventional motor vehicle eqguipped with the stepped
automatic transmission.
[0040]Inlthehybridvehicle20<1Etheembodiment,thereference
values ol and Pl are set to the fixed values regardless of the
new gear position, for example, 'S3' or 'S4‘', after the gear
changé in the upshift target rotation speed updating process
of Fig. 6 and the downshift target rotation speed updating
process of Fig. 7. The reference values al and B1 may, however,
be varied according to the new gear position after the gear

change. For example, the reference values ol and Bl may have
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smaller values corresponding to the lower gear positions after

- the gear change.

[0041] In the hybrid vehicle 20 of the embodiment, the drive
control decreases the target rotation speed Ne* of the enginek
22 in response to an upshift and increases the target rotation
speed Ne* of the engine 22 in response to a downshift. One
possible modification of the drive control decreases the target
rotation speed Ne* in response to an upshift while keeping the
target rotation speed Ne* unchanged in resporise to a downshift.
Another possible modification of the drive control increases
the target rotation speed Ne* in response to a downshift while
keeping the target rotation speed Ne* ‘unchanged in response to
an upshift.

[0042] In the hybrid vehicle 20 of the embodiment, the upshift
target rotation speed updating process of Fig. 6 subtracts the
correction value o from the target rotation speed Ne* of the
engine 22, which has been set at step S120 in the drive control
routine of Fig. 2, to update the target rotation speed Ne* of
the engine 22. The target rotation speed Ne* of the engine 22
may be updated by another technique. For example, one modified
procedure may multiply the target rotation speed Ne* of the
engine 22, which has been set at step S120 in the drive control
routine of Fig. 2, by a preset correction coefficient k1 that
is smaller than 1, to update the target rotation speed Ne* of
the engine 22. Similarly one modified procedure of the

downshift target rotation speed updating process of Fig. 7 may
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multiply the target rotation speed Ne* of the engine 22, which

-has been set at step S120 in the drive control routine of Fig.

2, by a preset correction coefficient ¥2 that is greater than

1, to update the target rotation speed Ne* of the engine 22.
[0043] In the hybrid vehicle 20 of the embodiment, the upshift
target rotation speed updating process of Fig. 6 directly
corrects the target rotation speed Ne* of the engine 22. The
target rotation speed Ne* of the engine 22 may be restricted
to a maximum rotation speed Nemax as an upper limit of the
available rotation speed for driving the engine 22. One
modified flow of the upshift target rotation speed updating
process is shown in the flowchart of Fig. 9. In the modified
flow of the upshift target rotation speed updating process of
Fig. 9, when the flag G is equal to '0' at step 8500, the CPU
72 subtracts a specific value y from the preset maximum rotation
speed Nemax to set an upshift maximum rotation speed Nemaxl
(step SSlO). The target rotation speed Ne* of the engine 22,
which has been set at step S$120 in the drive control routine
of Fig. 2, is restricted to the upshift maximum rotation speed
Nemaxl (step S520). The modified flow successively sets the
flags G and F1 to 'l' (steps S530 and S570) and terminates the
upshift target rotation speed updating process of Fig. 9. The
specific value y is set to make the target rotation speed Ne*
of the engine 22 under an upshift lower than the target rotation
speed Ne* of the engine 22 without any gear change of the

gearshift position SP and depends upon the characteristics of
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the engine 22. When the flag G is equal to 'l' at step S500,

- on the other hand, the CPU 72 adds a preset value Ay, which is

smaller than the specific value v, to a previous setting of the

upshift maximum rotation speed Nemaxl (previous Nemaxl) set in
the previous cycle of the modified upshift target rotation speed
updating process of Fig. 9 to update the upshift maximum
rotation speed Nemaxl (step S540). When the updated upshift
maximum rotation speed Nemaxl is lower than the preset maximum
rotation speed Nemax (step S550), the CPU 72 restricts the
target rotation speed Ne* of the engine 22 to the upshift maximum
rotation speed Nemaxl (step S560) like step S520 and sets the
flag F1 to '1' (step S570). When the updated upshift maximum
rotation speed Nemax is not lower than the preset maximum
rotation speed Nemax (step S550), on the other hand, the CPU
72 sets the flag F1 to '0' and exits from the modified upshift
target rotation speed updating process of Fig. 9. This modified
drive control restricts the target rotation speed Ne* of the
engine 22 to the upshift maximum rotation speed Nemaxl and
thereby enables the driver to have adequate gear change feeling.
[0044] In the hybrid vehicle 20 of the embodiment, the upshift
target rotation speed updating process of Fig. 6 and the
downshift target rotation speed updating process of Fig. 7
changes the target rotation speed Ne* of the engine 22
regardless of the input and output limits Win and Wout of the
battery 50. One possible modification may change the target

rotation speed Ne* of the engine 22 in relation to the input
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and output limits Win and Wout of the battery 50. The flowcharts
of Fig. 10 and Fig. 11 respectively show modified flows of the
upshift target rotation speed updating process and the
downshift target rotation speed updating process with
consideration of the input and output limits Win and Wout of
the battery 50. The modified upshift target rotation speed
updating process of Fig. 10 is identical with the upshift target
rotation speed updating process of Fig. 6, except replacement
of steps $310 to $330 by steps S600 to S640. In the modified
upshifttargetrotatimnspeedupdatingprocesscﬁfFig.10,when
the flag G is equal to '0' (step S300), the CPU 72 adds a specific
value Aol to a previous settingof a correctionvalue a (previous
a) set in the previous cycle of the upshift target rotation
speed updating process to update the correction value o (step
S600). The CPU 72 then restricts the updated correction value
o to a maximum correction value omax as an upper limit (step
S610) and.subtracts the restricted correction value a from the
target rotation;speed.Ne* of the engine 22, which has been set
at step S120 in the drive control routine of Fig. 2, to update
thetargetrotationspeedNe*cﬁftheenginezz(stepSGZO). When
the correction valﬁe &‘is not equal to the maximum correction
valué(mnax (step $630), the CPU 72 sets the flag F1 to '1' (step
S370) and exits from the modified upshift target rotation speed
updating process of Fig. 10. The correction value a is set equal
to '0' as an initial value. The maximum correction value omax

is equivalent to the reference value al in the upshift target



10

15

20

25

WO 2006/088070 PCT/JP2006/302685

39

rotation speed updating process of Fig. 6. The specific value
Aol represents a degree of decreasing the target rotation speed
Ne* of the engine 22 in every cycle of the upshift target rotation
speed updating process and depends upon the input limit Win of
the battery 50. The specific value Aal is set by taking into
account the input limit Win of the battery 50, because of the
following reason. It.is assumed that the rotation speed Ne of
the engine 22 is lowered in the ordinary drive state of the hybrid
vehicle 20. The rotation speed Ne of the engine 22 decreases
with an increase in torgue Tml output from the motor MGl. The
increase in output torque Tml of the motor MGl increases the
electric power (TmLle) generated by the motor MGl. The
surplus electric power unconsumed by the motor MG2 is charged
into the battery 50. In order to prevent input of excess
electric power into the battery 50, the specific value Aal is
set by taking into account the input limit Win of the battery
50. Setting a maximum possible value to the specific value Aal
with consideration of the input limit Win of the battery 50
enables the driver to promptly have gear change feeling. Each
cycle of the upshift target rotation speed ﬁpdating process
gradually increases the correction value o and decreases the
targe£ rotation speed Ne* of the engine 22. The flag G is set
equal to 'l' (step S640) when the correction value o reaches
the maximum correction value amax at step S630. The processing
flow in the upshift target rotation speed updating process of

Fig. 10 under the condition that the flag G is equal to 'l' at
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step $300 is identical with the processing flow in the upshift
target rotation speed updating process of Fig. 6 and is not
specifically described here.

[0045] The modified downshift target rotation speed updating
process of Fig. 11 is identical with the downshift target
rotation speed updating process of Fig. 7, except replacement
of steps S410 to S430 by steps S700 to S740. In the modified
downshift target rotation speed updating process of Fig. 11,
when the flag G is equal to '0' (step S400), the CPU 72 adds
a specific value APl to a previous setting of a correction value
B (previous B) set in the previous cycle of the downshift target
rotation speed updating process to update the correction value
B (step S700) . The CPU 72 then restricts the updated correction
value P to a maximum correction value Pmax as an upper limit
(step 8710) and adds the restricted correction value B to the
target rotation speed Ne* of the engine 22, which has been set
at step S120 in the drive control routine of Fig. 2, to update
the target rotation speed Ne* of the engine 22 (step 8720) . When
the correction value B is not equal to the maximum correction
value Pmax (step S730), the CPU 72 sets the flag F2 to '1' (step
S470) and exits from the modified downshift target rotation
speed' updating process of Fig. 11. The correction value Bis
set equal to '0' as an initial value. The maximum correction
value Pmax is equivalent to the reference value Pl in the

downshift target rotation speed updating process of Fig. 7. The

specific value APl represents a degree of increasing the target
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rotation speed Ne* of the engine 22 in every cycle of the

.. downshift target rotation speed updating process and depends

upon the output limit Wout of the battery 50. The specificvalue
AB1 is set by taking into account the output limit Wout of the
battery 50, because of the following reason. It is assumed that
the rotation speed Ne of the engine 22 is raised in the ordinary
drive state of the hybrid vehicle 20. The rotation speed Ne
of the engine 22 increases with a decrease in torque Tml output
from the motor MG1l. The decrease in output torque Tml of the
motor MGl decreases the electric power (Tml-Nml) generated by
the motor MGl. Part of the electric power to be consumed by
the motor MG2 is thus discharged from the battery 50. In order
to prevent output of e}ﬁcess electric power from the battery 56,
the specific value APl is set by taking into account the output
limit Wout of the battery 50. Setting a maximum possible value
to the specific value AP1 with consideration of the output limit
Wout of the battery 50 enables the driver to promptly have gear
changé feeling. " Each cycle of the downshift target rotation
speed updating process gradually increases the correction value
B and increases the target roﬁation speed Ne* of the engine 22.
The flag G is set equal to 'l' (step S740) when the correction
value'B reaches the maximum correction value fmax at step S730.
The processing flow in the downshift target rotation speed
updating process of Fig. 11 under the condition that the flag
G is equal to '1' at step S400 is identical with the processing

flow in the downshift target rotation speed updating process
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of Fig. 7 and is not specifically described here. Fig. 12 shows
time variations of the vehicle speed V, the gearshift position
SP, and the rotation speed Ne of the engine 22 in response to
a downshift, for example, from 'S4' to 'S3'. The curve of solid
line shows'a variation in rotation speed Ne of the engine 22
with setting of the specific value APl with consideration of
the output limit Wout of the battery 50. The curve of broken
line shows a variation in rotation speed Ne of the engine 22
with setting of the specific value APl without consideration

of the output limit Wout of the battery 50. When a relatively

small value is set to the specific value APl in response to a
downshift at a time t5, the drive control gently varies the
targ)et rotation speed Ne* of the engine 22 as shown by the broken
line curve. Such drive control does not enable the driver to
promptly havel gear change feeling. When a maximum possible
value. is set to the specific value APl with consideration of
the output limit Wout of the battery 50 in response to the
downshift at the'time t5, on the other hand, the drive control
quickly varies the target rotation speed Ne* of the engine 22
as shown by the solid line curve, while preventing the battery
50 from being discharged excessively. This drive control
enableﬂas‘ the driver to promptly have gear change feeling.

[0046] In the hybrid vehicle 20 of the embodiment, the upshift
target rotation speed updating process of Fig. 6 changes the

target rotation speed Ne* of the engine 22 regardless of whether

an upshift is triggered by the driver's operation of the



10

15

20

25

WO 2006/088070 PCT/JP2006/302685

43

gearshift lever 81 or by changes of the accelerator opening Acc
and the vehicle speed V. Another possible modification may
change the target rotation speed Ne* of the engine 22 by taking
into account the cause of an upshift. The flowchart of Fig.
13 shows a modified flow of the upshift target rotation speed
updating process with such consideration. The modified
upshift target rotation speed updating process of Fig. 13 is
identical with the upshift target rotation speed updating
process of Fig. 6, except replacement of steps S310 to S330 by
steps 8750 to S764. In the modified upshift target rotation
speed updating process of Fig. 13, when the flag G is equal to
'0' (step S300), the CPU 72 determines whether an upshift is
triggered by the driver's operation of the gearshift lever 81
or by changes of the accelerator opening Acc and the vehicle
speed V (step S750). When the upshift is ascribed to the
driver's operation of thé gearshift lever 81 at step S750, the
CPU 72 sets a relatively large specific value 02 to a correction
gradient Ao2 (sﬁep 5752) and adds the correction gradient Aa2
to a previous setting of a correction value a (previous a) to
update the correction value o (step S756). The CPU 72 then
restricts the updated correction value o to a maximum correction
value omax as an upper limit (step S758) and subtracts the
restricted correction value o from the target rotation speed
Ne* of the engine 22, which has been set at step S$120 in the
drive control routine of Fig. 2, to update the target rotation

speed Ne* of the engine 22 (step S760). When the correction
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value o is not equal to the maximum correction value amax (step

S762), the CPU 72 sets the flag F1 to '1l' (step S370) and exits
from the modified upshift target rotation speed updating
process of Fig. 13. When the correction value a reaches the
maximum correction wvalue oamax (step S762), the CPU 72
successively sets the flags Gand F1 to '1' (steps S764 and S370)
and exits from the modified upshift target rotation speed
updating process of Fig. 13. The correction value a is set equal
to '0' as an initial value. The maximum.corfection‘value omax
is equivalent to the reference value al in the upshift target
rotation speed updating process of Fig. 6. When the upshift
is triggered by the driver's operation of the geafshift lever
81, the modified drive control lowers the target rotation speed
Ne* of the engine 22 with the correction value o updated by
addition of the relatively large correction gradient Aa2. This
arrangement abruptly decreases the rotation speed Ne of the
engine 22 and enables the driver to have adequate gear change
feeling. When the upshift is ascribed to the changes of the
accelerator opening Acc and the vehicle speed V at step S750,
on the other hand, the CPU 72 sets a specific value a3, which
is smaller than the specific value a2, to the correction

gradient Aa2 (step S$754) and executes the processing of and

after step $756 as described above. When the gear position is
shifted up in the sequential gearshift range according to the
accelerator opening Acc and the vehicle speed V without the

driver's operation of the gearshift lever 81, themodified drive
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control lowers the target rotation speed Ne* of the engine 22

with the correction value o updated by addition of the

relatively small correction gradient Aa2. This arrangement

moderately decreases the rotation speed Ne of the engine 22 and
prevents the driver from feeling odd by an unexpected upshift.
The specific value a3 set to the correction gradient Ao
represents such a degree that does not make the driver feel
something is wrong. The processing flow in the upshift target
rotation speed updating process of Fig. 13 under the condition
that the flag G is equal to 'l' at step S300 is identical with
the processing flow in the upshift target rotation speed
updating process of Fig. 6 and is not specifically described
here. Fig. 14 shows time variations of the gearshift position
SP and the rotation speed Ne of the engine 22 in response to
an upshift, for example, from 'S3' to 'S4'. The curve of solid
line shows a variation iﬁ rotation speed Ne of the engine 22
in response to an upshift triggered by the ‘driver' s operation
of the gearshift lever 81. The curve of broken line shows a
variation in rotation speed Ne of the engine 22 in response to
an upshift triggered by the changes of the accelerator opening
Acc and the vehicle speed V. The drive control rather abruptly
decréases the rotation speed Ne of the engine 22 in response
to an upshift triggered by the driver's operation of the
gearshift lever 81 at a time t6 as shown by the solid line curve.
This enables the driver to have adequate gear change feeling.

The drive control rather gently decreases the rotation speed
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Ne of the engine 22 in response to an upshift triggered by the
changes of the accelerator opening Acc and the vehicle speed
V at the time t6 without the driver's operation of the gearshift
lever 81 as shown by the broken line curve. This prevents the
driver from feeling odd by an unexpected upshift. The
modification described above with regard to the upshift is also
applicable to the downshift. The similar modified flow of the
downshift target rotation speed updating process changes the
target rotation speed Ne* of the engine 22 with consideration
of whether a downshift is triggered by the driver's operation
of the gearshift lever 81 or by the changes of the accelerator
opening Acc and the vehicle speed V.

[0047] In the hybrid vehicle 20 of the embodiment, in response
to a change of the gearshift position SP, the drive control
executes either the upshift target rotation speed updating
process of Fig. 6 or the downshift target rotation speed
updating process of Fig. 7 to change only the engine rotation
speed from the original engine rotation speed at the drive point
with the fixed gearshift position SP. One possible
modification may change both the engine rotation speed and the
engine torque in response to a change of the gearshift position ‘
SP. Aprocessing flow of the drive control routine with such
modification is shown in the flowchart of Fig. 15. Themodified
drive control routine of Fig. 15 is basically identical with
the drive control routine of Fig. 2, except replacement of the

upshift target rotation speed updating process (steps S170) and
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the downshift target rotation speed updating process (step

- 8180) with an upshift drive point updating process (step S170b)

and a downshift drive point updating process (step S180b). A
flag F3 at step S130b in the modified drive control routine of
Fig. 15 has an initial value of '0' and is set equal to '1" during
execution of the wupshift drive point updating process.
Similarly a flag F4 at step S150b has an initial value of '0'
and is set equal to 'l' during execution of the downshift drive
point updating process. In the modified drive control routine
of Fig. 15, in response to identification of an upshift at step
S140, the CPU 72 executes the upshift drive point updating
process (step S170b). A next cycle of the modified drive
control routine gives an affirmative answer at step S130b
representing execution of the upshift drive point updating
process and goes to step S170b for continued execution of the
upshift drive point updating process. In response to
identification of a downshift at step S160, on the other hand,
the CPU 72 executes the downshift drive point updating process
(step S180b). A next cycle of the modified drive control
routine gives an affirmative answer at step S150b representing
execution of the downshift drive point updating process and goes
to st‘ep S180b for continued execution of the downshift drive
point updating process. As an example, the details of the
upshift drive point updating process are described briefly with
reference to the flowchart of Fig. 16. In the upshift drive

point updating process of Fig. 16, the CPU 72 first identifies
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a flag G2 representing a change of the drive point of the engine

.22 (step S800). When the flag G2 is equal to '0' at step S800,

the CPU 72 sets a predetermined reference value €l to a
correction value & (step S$810) and subtracts the correction
value ¢ from the engine power demand Pe* set at step S110 in
the modified drive control routine of Fig. 15 to update the
engine power demand Pe* (step $820). The reference value gl
depends upon the characteristics of the engine 22. The CPU 72
then refers to an efficient operation line of the engine 22 and
a curve of the updated engine power demand Pe* to update the
target rotation speed Ne* and the target torque Te* of the engine
22 (step S830). The CPU 72 successively sets the flags G2 and
the flag F3 equal to 'l' (steps S840 and S890) and terminates
the upshift drive point updating process. Fig. 17 shows a
change of the drive point of the engine 22 in response to an
upshift. As illustrated, in response to an upshift, the drive
control decreases both the target rotation speed Ne* and the
target torque Te* of the engine 22 to change the drive point.
This enables the driver to have adequate gear change feeling.
The decreased target torque Te* of the engine 22 naturally
decreases a portion of the output torque Te* of the engine 22,
whichA is directly transmitted to the ring gear shaft 32a
(hereafter referred to as 'directly transmitted torque'). The
motor MG2 is controlled to compensate for the decrease of the
directly transmitted torque in the range of the output limit

Wout of the battery 50. Such compensation desirably relieves
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a potential shock due to the decrease in engine torgue output

. to the ring gear shaft 32a connected to the axle 36. In order

to give the ehhanced gear change feeling to the driver, however,
the motor MG2 may not compensate for the decrease in engine)
torque output to the ring gear shaft 32a. When the flag G2 is
equal to '1l' at step $800, on the other hand, the CPU 72 subtracts
a preset value Ae from a previous setting of the correction value
e (previous &), which has been set in the previous cycle of the
upshift drive point updating process, to update the correction
value e (step $850) and checks the correctionvaluee (step S860) .
When the correction vélue € is positive, the CPU 72 updates the
engine power demand Pe* and accordingly the target rotation
speed Ne* and the target torque Te* of the engine 22 (steps 8870
and S880) in the same manner as steps S820 and S830, sets the
flag F3 equal to 'l' (step S$890), and terminates the upshift
drive point updating process. The repeated execution of the
upshift drive point updating process graduaily decreases the
correction value & and makes the engine power demand Pe* with
the upshift gradually approach to the engine power demand Pe*
without a change of the gearshift position SP. When the
correction value € becomes equal to or less than '0' (step S860),
the CPU 72 sets the flag F3 equal to '0' (step S8900) and
terminates the upshift drive point updating process without
updating the target rotation speed Ne* and the target torque
Te* of the engine 22. In response to identification of a

downshift at step S160 in the modified drive control routine
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of Fig. 15, the engine power demand Pe* is increased to change

-the drive point. This also enables the driver to have adequate

gear change feeling.

[0048] In the hybrid vehicle 20 of the embodiment, the power
of the motor MG2 is output to the axle 36 linked with the drive
wheels 39a and 39b. The principle of the invention is also
applicable to a hybrid vehicle 120 of one modified example shown
in Fig. 18, where the power of the motor MG2 is output to an
axle 36b linked with drive wheels 39¢c and 39d, which are
different from the drive wheels 39a and 39Db.

[0049] In the hybrid vehicle 20 of the embodiment, the power
of the engine 22 is output via the power distribution
integration mechanism 30 to the axle 36 linked with the drive
wheels 39a and 39b. The principle of the invention is also
applicable to a hybrid vehicle 220 of another modified example
shown in Fig. 19, which is equipped with a pair-rotor motoxr 230.
The pair—rotor motor 230 includes an inner rotor 232 connected
to the crankshaf't 26 of the engine 22 and an outer rotor 234
connected to the axle 36 linked with the drive wheels 39a and
39b. The pair-rotor motor 230 transmits part of the output
power of the engine 22 to the drive wheels 39a and 39b, while
converting the residual engine output power into electric
power.

[0050] In the hybrid vehicle 20 of the embodiment, the power
of the engine 22 is output via the power distribution

integration mechanism 30 to the axle 36 linked with the drive
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wheels 39a and 39b. The principle of the invention is also

. applicable to a hybrid vehicle 320 of another modified example

shown in Fig. 20, where the power of the engine 22 is output
via a continuously variable transmission 330 to the axle 36
linked with the drive wheels 39%a and 39Db.

[0051] The embodiments and their modified examples discussed
above are to be considered in all aspects as illustrative and
not restrictive. There may be many other modifications,
changes, and alterations without departing from the scope or

spirit of the main characteristics of the present invention.

Industrial Applicability
The technique of the invention is preferably applied to

automobile industries and other manufacturing industries.
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Claims

1. A motor vehicle equipped with an internal combustion
engine, a power transmission assembly, and a motor, where the
power transmission assembly transmits at least part of output
power of the internal combustion engine, which is driven at an
arbitrary drive point regardless of a gearshift position, to
an axle and the motor is capable of outputting power to the axle,

said motor vehicle comprising:

a driving force demand setting module that sets a driving
force demand to be output to the axle;

an effective drive point setting module that, in the case
of no change of the gearshift position, sets an effective drive
point to a specific drive point determined under a preset
restriction according to the driving force demand, and in the
case of a change of the géarshift position, sets the effective
drive point to an updated drive point with at least a change
of a rotation spéed from the specific drive point determined
under the preset restriction according to the driving force
demand; and

a control module that controls the internal combustion
engine, the power transmission assembly, and the motor to drive
the internal combustion engine at the set effective drive point
and to ensure output of a driving force equivalent to the driving

force demand to the axle.
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2. A motor vehicle in accordance with claim 1, said motor

wvehicle further comprising:

a gearshift position change mechanism that changes the
gearshift position according to a driver's depression amount

of an accelerator pedal and a vehicle speed.

3. A motor vehicle in accordance with claim 2, wherein
the gearshift position change mechanism changes the gearshift
position according to the vehicle speed when the driver

depresses the accelerator pedal to or over a preset first level.

4. A motor vehicle in accordance with claim 1, said motor
vehicle further comprising:

a first gearshift position change mechanism that changes
the gearshift position by a driver's gearshift position changé
operation; and |

a second gearshift position change mechanism that changes
the gearshift poéition according to the driver's depression
amount of an accelerator pedal and a vehicle speed regardless
of the driver's gearshift position change operation,

wherein said effective drive point setting module, in
respoﬁse to a change of the gearshift position by the first
gearshift position change mechanism, sets the effective drive
point to an updated drive point with at least a change of the
rotation speed to a first speed from the specific drive point

determined under the preset restriction according to the
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driving force demand, and in response to a change of the

. gearshift position- by the second gearshift position change

mechanism, sets the effective drive point to an updated drive
point with at least a change of the rotation speed to a second
speed, which is different from the first speed, from the
specific drive point determined under the preset restriction

according to the driving force demand.

5. A motor vehicle in accordance with claim 4, wherein

the second speed is lower than the first speed.

6. A motor vehicle in accordance with claim 1, wherein
said effective drive point setting module, in response to a
change of the gearshift position, sets the effective drive point
to an updated drive point with at least a change of the rotation
speed corresponding to tﬁe changed gearshift position from the
specific drive point determined under the preset restriction

according to the driving force demand.

7. A motor vehicle in accordance with claim 1, wherein
said effective drive point setting module, in response to an
upshift of the gearshift position, sets the effective drive
point to an updated drive point with a decrease of the rotation
speed from the specific drive point determined under the preset

restriction according to the driving force demand.
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8. A motor vehicle in accordance with claim 7, wherein

- said effective drive point setting module, in response to the

upshift of the gearshift position, limits a maximum rotation
speed of the internal combustion engine and sets the effective
drive point to an updated drive point with a decrease of the
rotation speed within the restricted maximum rotation speed of
the internal combustion engine from the specific drive point
determined under the preset restriction according to the

driving force demand.

9. A motor vehicle in accordance with claim 1, wherein
said effective drive point setting module, in response to a
downshift of the gearshift position, sets the effective drive
point to an updated drive point with an increase of the rotation
speed from the specific drive point determined under the preset

restriction according to the driving force demand.

10. A motor vehicle in accordance with claim 1, wherein
said effective drive point setting module sets the effective
drive point to gradually approach to the specific drive point
determined under the preset restriction according to the
driving force demand, with elapse of time since the change of

the gearshift position.

11. A motor vehicle in accordance with claim 1, said motor

vehicle further comprising:
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an accumulator unit that is capable of inputting and
outputting electric power from and to the power transmission
assembly and the motor,

wherein the power transmission assembly comprises an
electric power-mechanical power input output mechanism that is
connected to the internal combustion engine and to the axle and
outputs at least parf of the output power of the internal
combustion engine to the axle through input and output éf

electric power and mechanical power.

12. A motor vehicle in accordance with claim 11, wherein
gsaid effective drive point setting module, in response to an
upshift of the gearshift position, sets the effective drive
point to an updated drive point with a decrease of the rotation
speed, which is lowered by a preset value corresponding to a
first variation level wit;_hin an input limit of the accumulator
unit, from the specific drive point determined under the preset

restriction according to the driving force demand.

13. A motor vehicle in accordance with claim 11, wherein
said effective drive point setting module, in response to a
downshift of the gearshift position, sets the effective drive
point to an updated drive point with an increase of the rotation
speed, which is raised by a preset value corresponding to a
second variation level within an output limit of the accumulator

unit, from the specific drive point determined under the preset
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restriction according to the driving force demand.

14. A motor vehicle in accordance with claim 1, wherein
the power transmission assembly is a continuously variable

transmission.

15. A motor vehicle control method of controlling a motor
vehicle equipped with an internal combustion engine, a power
transmission assembly, and a motor, where the power
transmission assembly transmits at least part of output power
of the internal combustion engine, which is driven at an
arbitrary drive point regardless of a gearshift position, to
an axle and the motor is capable of outputting power to the axle,

said motor vehicle control method comprising the steps
of:

(a) in the case of no change of the gearshift position,
setting‘ an effective drive point to a specific drive point
determined undef a preset restriction according to a driving
force demand specified as a requirement to be output to the axle
and controlling the internal combustion engine, the power
transmission assembly, and the motor to drive the internal
combuétion engine at the set effective drive point and to ensure
output of a driving force equivalent to the driving force demand
to the axle; and

(b) in the case of a change of the gearshift position,

setting the effective drive point to an updated drive point with
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at least a change of a rotation speed from the gpecific drive
point determined under the preset restriction according to the
driving force demand and controlling the internal combustion
engine, the power transmission assembly, and the motor to driveA
the internal combustion engine at the set effective drive point
and to ensure output of a driving force equivalent to the driving

force demand to the axle.

16. A motor vehicle control method in accordance with

‘claim 15, wherein said step (b), in response to a change of the

gearshift position by a driver's gearshift position change
operation, sets the effective drive point to an updated drive
point with at least a change of the rotation speed to a first
speed from the specific drive point determined under the preset
restriction according to the driving force demand, and in
response to a change of the gearshift position according to the
driver 's depression amount of an accelerator pedal anda vehicle
speed regardless of the driver's gearshift position change
operation, sets the effective drive point to an updated drive
point with at least a change of the rotation speed to a second
speed, which is different from the first speed, from the
specific drive point determined under the preset restriction

according to the driving force demand.

17. A motor vehicle control method in accordance with

claim 15, wherein said step (b), in response to an upshift of
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the gearshift position, sets the effective drive point to an
updated drive point with a decrease of the rotation speed from
the specific drive point determined under the preset

restriction according to the driving force demand.

18. A motor vehicle control method in accordance with
claim 15, wherein said step (b), in response to a downshift of
the gearshift position, sets the effective drive point to an
updated drive point with an increase of the rotation speed from
the specific drive point determined under the preset

restriction according to the driving force demand.

19. A motor vehicle control method in accordance with
claim 15, wherein said step (b) sets the effective drive point
to gradually approach to the specific drive point determined
under the preset restriétion according to the driving force
demand, with elapse of time since the change of the gearshift

position.
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FIG.2

@rive Control Routine )

I
Input Accelerator Opening Acc, Vehicle Speed V,
Motor Rotation Speeds Nm1 and Nm2, Gearshift
Position SP, Charge-Discharge Power Demand Pb¥, N\ 5100
and Battery Input and Output Limits Win and Wout

|
Set Torque Demand Tr*
and Engine Power Demand Pex*
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|
Set Target Rotation Speed Ne* S120
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Pex=Ne*Te*
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I I
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Command Tm1* of Motor MGt
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Tim1*=Previous Tm1*+PID(Nm1, Nm1%)
: I
Calculate Upper Torque Restriction Tmax and Lower
Torque Restriction Tmin
Tmax= (Wout—Tm1%-Nm1) /Nm2 > S200
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I

Calculate Tentative Motor Torque Tm2tmp
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I
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