WO 2006/025543 A1 |0 |00 000 000 D 00 A

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

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

(43) International Publication Date
9 March 2006 (09.03.2006)

IR
23|I OO OO0 1 R OO O

(10) International Publication Number

WO 2006/025543 A1l

(51) International Patent Classification : B60K 6/04

(21) International Application Number:
PCT/IP2005/016160

(22) International Filing Date: 29 August 2005 (29.08.2005)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
2004-254351 1 September 2004 (01.09.2004) JP

(71) Applicant (for all designated States except US): TOY-
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1, Toy-
ota-cho, Toyota-shi, Aichi 4718571 (JP).

(72) Inventors; and

(75) Inventors/Applicants (for US only): OSHIMA, Keijiro
[JP/JP]; clo Toyota Jidosha Kabushiki Kaisha, 1, Toy-
ota-cho, Toyota-shi, Aichi 4718571 (JP). WATANABE,

(74)

(81)

(84)

Hiedeto [JP/JP]; c/o Toyota Jidosha Kabushiki Kaisha, 1,
Toyota-cho, Toyota-shi, Aichi 4718571 (JP).

Agent: ITEC INTERNATIONAL PATENT FIRM;
Uchisaiwaicho Dai Bldg., 3-3, Uchisaiwai-cho 1-chome,
Chiyoda-ku, Tokyo, 1000011 (JP).

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, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 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, US, UZ, VC, VN,
YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: MOTOR VEHICLE AND CONTROL METHOD OF THE SAME

CONTROL ROUTINE AT GEAR
CHANGE FROM P POSITION

INPUT BRAKE PEDAL POSITION BP,
CANCELLATION SIGNAL OF
GEARSHIFT CANGELLATION

BUTTON, AND ROAD SURFACE [N
GRADIENT 9 $100

NO

GEAR CHANGE FROM

P POSITION IS PREDIGTED? s110

COMPUTE VEHICLE WEIGHT FORCE
COMPONENT FM

s150 F*=FM- &

5180
S160
SRTOR GTORTORQU
COMMAND Tm2x COMMAND Trm2x
o — Tm2¥=F1-kl
T
SET MOTOR TORGUE SET MOTOR TORGUE
GOMMAND Tmax COMMAND Tm3+
Tm3+=0 Tm=(FF1)-k2
f¢
$170 [DRIVE AND TOR
AND MG3 5200 $190

INPUT CURRENT GEARSHIFT
POSITION SP, BRAKE PEDAL
POSITION BP, AND CANCELLATION p~~_, $210

SIGNAL OF GEARSHIFT
CANCELLATION BUTTON $220

PREDICTION OF
GEAR CHANGE FROM P POSITION
1S CANCELLED?
0
ES

CANCEL TORQUE COMMANDS OF CANCEL TORQUE COMMANDS OF
MOTORS MG2 AND MG3 MOTORS MG2 AND MG3

e T

$250

(57) Abstract: A gear change from a parking position (P position)
is predicted, in response to an ON operation of a gearshift cancella-
tion button concurrently with the driver’s depression of a brake pedal
(step S110). The control procedure of the invention sets an auxiliary
driving force F* in a direction of canceling a force, which acts in a
longitudinal direction of a motor vehicle based on a road surface gra-
dient (steps S120 to S140). When the auxiliary driving force F* is
less than a preset driving force F1, a motor MG2 is controlled to out-
$120 put the auxiliary driving force F* (steps S160, S170, S200). When

FMM-g5in 6 the auxiliary driving force F* is not less than the preset driving force
SET COEFFICIENT & I~_ S130 F1, on the other hand, motors MG2 and MG3 are controlled to coop-
a=f6) . s .
eratively output the auxiliary driving force F* (step S180 to S200).
CALCULATE AUXILIARY DRIVING . . . . .
FORCE Fx S140 This arrangement effectively reduces the force in the longitudinal

direction of the motor vehicle applied to a parking mechanism and
ensures a smooth gearshift operation of a gearshift lever from the P
position to another gear position.
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Description

Motor Vehicle and Control Method of the Same

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

control method of the motor wvehicle.

Background Art

[0002]One proposed motor vehicle is equipped with a mechanical
parking lock unit that mechanically locks wheels in response
to the driver's gearshift operation of a gearshift lever to a
parking position and with a motor that is mechanically linked
to the wheels (see, for example, Japanese Patent Laid-Open
Gazette No. H9-286312). In this prior art motor vehicle, in
response to a gearshift operation of the gearshift lever from
the parking position to another gear position, the motor is
controlled to output a torque in a direction of canceling a force
acting in a longitudinal direction of the vehicle based on a
road surface gradient. Such torque output causes the load
applied to the mechanicai parking lock unit to be substantially
equal to zero and accordingly facilitates the gearshift
operation of the gearshift lever from the parking position to

another gear position (out-of-parting-position operation).

Disclosure of the Invention

[0003]In a motor vehicle that has a motor and another driving
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force source and runs with driving force. from an engine and the
driving force source, the out-of-parking-position operation
may not be performed smoothly. Thismotor vehicle equippedwith
the motor and another driving force source runs with the driving
force from both the motor and the driving force source. The
motor mounted on this motor vehicle has a lower required power
capacity, compared with the motor mounted on the prior art motor
vehicle of the cited reference. On a relatively steep gradient
of the road surface, the low-capacity motor can not output a
sufficient driving force to cancel the force acting in the
longitudinal direction of the vehicle. This leads to an
unsmooth out-of-parking-position operation.
[0004] The motor vehicle and the control method of the motor
vehicle of the invention thus aim to ensure a smooth gearshift
operation of a gearshift lever from a parking position to
another gear position.
[0005] In order to attain at least part of the above and the other
related objects, the configurations and arrangements discussed
below are applied to the motor vehicle and the control method
of the motor vehicle of the invention.
[0006] The present invention is directed to a motor vehicle
including: a first motor that outputs driving force to drive
the motor vehicle; a driving force source that outputs driving
force to drive the motor vehicle; a locking structure that locks
an axle of the motor vehicle in a non-rotatable manner, in

response to a driver's gearshift operation of a gearshift lever
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to a parking position; an out—of—parking—position operation
prediction module that predicts a gear change operation from
the parking position or an out-of-parking-position operation,
Afor example, a gearshift operation of the gearshift lever from
the parking position to another gear position; an auxiliary
driving force setting module that sets an auxiliary driving
force in a direction of canceling a vehicle weight force
component or a force component of a vehicle weight in a
longitudinal direction of the motor vehicle based on a road
surface gradient; and a control module that, in response to
prediction of the out-of-parking-position operation by the
out-of-parking-position operation prediction module, controls
the first motor to output the set auxiliary driving force when
the auxiliary driving force is less than a preset driving force,
while controlling the first motor and the driving force source
to cooperatively output the set auxiliary driving force when
the auxiliary driving force is not less than the preset driving
force.
[0007]In the motor vehicle of the invention, in response to
prediction of an out-of-parking-position operation, for
example, a gearshift operation of the gearshift lever from the
parking position to another gear position, the first motor is
controlled to output the auxiliary driving force when the
auxiliary driving force is less than the preset driving force.
The auxiliary driving force is applied in the direction of

canceling the vehicle weight force component or the force
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component of the vehicle weight acting in the longitudinal
direction of the motor vehicle based on the road surface
gradient. The first motor and the driving force source are
controlled to cooperatively output the auxiliary driving force
when the auxiliary driving force is not less than the preset
driving force. Namely when the auxiliary driving force is less
than the preset driving force, only the first motor is used to
output the auxiliary driving force. When the auxiliary driving
force is not less than the preset driving force, on the other
hand, both the first motor and the driving force source are used
to cooperatively output the auxiliary driving force. This
arrangement effectively reduces the force iﬁ the longitudinal
direction of the motor vehicle applied to the locking structure
and thus ensures a smooth gearshift operation of the gearshift
lever from the parking position to another gear position.
[0008] In one preferable embodiment of the motor vehicle of the
invention, the out-of-parking-position operation 1is a
combination of multiple operations, and the
out-of-parking-position operation prediction module predicts
the out-of-parking-position operation in response to execution
of at 1least part of the multiple operations of the
out-of-parking-position operation. For example, the
out-of-parking-position operation may be a combination of the
driver's depression of a brake pedal, an ON operation of a
gearshift cancellation button to cancel prohibition of a gear

change of the gearshift lever from the parking position to
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another gear position, and a gearshift operation of the
gearshift lever from the parking position to another gear
position. In this structure, the out-of-parking-position
operation is predicted in response to the driver's depression
of the brake pedal or in response to an ON operation of the
gearshift cancellation button.
[0009] In the motor vehicle of the invention, the auxiliary
driving force setting module may measure the road surface
gradient and set the auxiliary driving force to increase with
an increase in measurgd road surface gradient. The auxiliary
driving force setting module may alternatively measure the
vehicle weight force component and set the auxiliary driving
force to increase with an increase in measured vehicle weight
force component. These arrangements enable adequate setting
of the auxiliary driving force and thus ensure a smooth
gearshift operatign of the gearshift lever from the parking
position to another gear position.
[0010] In another preferable embodiment of the motor vehicle
of the invention, the driving force source includes a second
motor that outputs driving force to a different axle from the
axle receiving the driving force output from the first motor,
and the control module controls the first motor and the driving
force source to ensure output of at least part of the auxiliary
driving force from the second motor, when the aqxiliary'driving
force is not less than the preset driving force. The driving

force source may include an internal combustion engine that
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outputs driving force to drive the motor vehicle, and the
control module may control the first motor and the driving
force source to make the output driving force of the internal
combustion engine supplement at least part of the auxiliary
driving force, when the auxiliary driving force is not less than
the preset driving force. In this structure, the driving force
source may include: a three shaft-type power input output module
that is linked to three shafts, that is, an output shaft of the
internal combustion engine, a drive shaft linked to the axle,
and a third shaft, and automatically determines power input from
and output to a residual one shaft based on powers input from
and output to any two shafts among the three shafts; and a
generator that inputs and outputs power from and to the third
shaft. The driving force sourcé may alternatively include a
pair-rotor motor that has a first rotor connected to an output
shaft of the internal combustion engine and a second rotor
connected to a drive shaft linked to the axle and is driven
through relative rotation of the first rotor to the second
rotor.
[0011] In the motor vehicle of the invention, the control module
may control the locking structure to cancel locking of the axle,
in response to the driver's out-of-parking-position operation.
The locking structure may lock the axle in the non-rotatable
state by gear engagement.
[0012] The present invention is directed to a control method

of a motor vehicle having: a first motor that outputs driving
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force to drive the motor vehicle; a driving force source that
outputs driving force to drive the motor vehicle; and a locking
structure _that locks an axle of the motor vehicle in a
non-rotatable manner, in response to a driver's gearshift
operation of a gearshift lever to a parking position, and the
control method includes the steps of: a) predicting a gear
change operation from the parking position or an
out-of-parking-position operation, for example, a gearshift
operation of the gearshift lever from the parking position to
another gear position; b) setting én auxiliary driving force
in a direction of canceling a vehicle weight force component
or a force component of a vehicle weight in a longitudinal
direction of the motor vehicle based on a road surface gradient;
and c) in response to prediction of the out-of-parking-position
operation by the step a), controlling the first motor to output
theéetauxiliarydrivingforcewhentheauxiliarydrivingforce
is less than a preset driving force, while controlling the first
motor and the driving force source to cooperatively output the
set auxiliary driving force when the auxiliary driving force
is not less than the preset driving force.
[0013] In the control method of the motor vehicle of the
invention, in response to prediction of an
out-of-parking-position operation, for example, a gearshift
operation of the gearshift lever from the parking position to
another gear position, the first motor is controlled to output

the auxiliary driving force when the auxiliary driving force
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is less than the preset driving force. The auxiliary driving
force is applied in the direction of canceling the vehicle
weight force component or the force component of the vehicle
weight acting in the longitudinal direction of the motor vehicle
based on the road surface gradient. The first motor and the
driving force source are controlled to cooperatively output the
auxiliary driving force when the auxiliary driving force is not
less than the preset driving force. Namely when the auxiliary
driving force is less than the preset driving force, only the
first motor is used to output the auxiliary driving force. When
the auxiliary driving force is not less than the preset driving
force, on the other hand, both the first motor and the driving
force source are used to cooperatively output the auxiliary
driving force. This arrangement effectively reduces the force
in the longitudinal direction of the motor vehicle applied to
the locking structure and thus ensures a smooth gearshift
operation of the gearshift lever from the parking position to
another gear position.
[0014] In one preferable embodiment of the control method of
the motor vehicle of the invention, the out-of-parking-position
operation is a combination of multiple operations, and the step
a) predicts the out-of-parking-position operation in response
to execution of at least part of the multiple operations of the
out-of-parking-position operation. For example, the
out-of-parking-position operation may be a combination of the

driver's depression of a brake pedal, an ON operation of a
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gearshift cancellation button to cancel prohibition of a gear
change of the gearshift lever from the parking position to
another gear position, and a gearshift operation of the
gearshift lever from the parking position to another gear
position. In this structure, the out-of-parking-position
operation is predicted in response to the driver's depression
of the brake pedal or in response to an ON operation of the
gearshift cancellation button.
[0015] In the control method of the motor vehicle of the
invention, the step b) may measure the road surface gradient
and set the auxiliary driving force to increase with an increase
in measured road surface gradient. The step b)
may alternatively measure the vehicle weight force component
and set the auxiliary driving force to increase with an increase
in measured vehicle weight force component. These

arrangements enable adequate setting of the auxiliary driving

. force and thus ensure a smooth gearshift operation of the

gearshift lever from the parking position to another gear
position.

[0016] In another preferable embodiment of the control method
of a motor vehicle of the invention, the driving force source
include a second motor that outputs driving force to a different
axle from the axle receiving the driving force output from the
first motor, and the step c¢) controls the first motor and the
driving force source to ensure output of at least part of the

auxiliary driving force from the second motor, when the
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auxiliary driving force is not less than the preset driving

force. The driving force source may include an internal
combustion engine that outputs driving force to drive the motor
vehicle, and the step ¢) may control the first motor and the
driving force source to make the output driving force of the
internal'combustion engine supplement at least part of the
auxiliary driving force, when the auxiliary driving force is
not less than the preset driving force. The step ¢) may control
the locking structure to cancel locking of.the axle, in response

to the driver's out-of-parking-position operation.

Brief 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 control routine at gear
change from a parking position (P pos ition‘) executed by a hybrid
electronic control unit mounted on the hybrid vehicle of the
embodiment ;

Fig. 3 shows a coefficient setting map;

Fig. 4 shows a relation between a vehicle weight force
component FM and an auxiliary driving force F* at a road surface
gradient 0;

Fig. 5 is a flowchart showing a modified control routine
at gear change from the P position; and

Fig. 6 schematically illustrates the configuration of

another hybrid vehicle in one modified example.
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Best Modes of Carrying Out the Invention

[0017] One mode of carrying out the invention is described below
as a preferred embodiment. Fig. 1 schematically illustrates
the configuration of a hybrid vehicle 20 in one embodiment of
the invention. As shown in Fig. 1, the hybrid vehicle 20 of
the embodiment includes an engine 22, a three shaft-type power
distribution integration mechanism 30 that is connected 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 is capable of generating electric
power, a motor MG2 that is connected to the power distribution
integration mechanism 30 and to a ring gear shaft 32a linked
to front wheels 63a and 63b via a differential gear 62, a motor
MG3 that is linked to rear wheels 66a and 66b via a differential
gear 65, and a hybrid electronic control unit 70 that controls
the operations of the whole hybrid vehicle 20.

[0018] The engine 22 is an internal combustion engine that uses
a hydrocarbon fuel, such as gasoline or light oil, to output
power. An engine electronic control unit (hereafter referred
to as engine ECU) 24 receives signals from diverse sensors that
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



10

15

20

25

WO 2006/025543 PCT/JP2005/016160
12

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.
[0019] 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
differential motions of the sun gear 31, the ring gear 32, and
the carrier 34 as rotational elements. The carrier 34, the sun
gear 31, and the ring gear 32 in the power distribution and
integration meéhanism 30 are respectively coupled with the
crankshaft 26 of the engine 22, the motor MG1l, and the reduction
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
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32. The power output to the ring gear 32 is thus finally
transmitted to the driving wheels 63a and 63b via the gear
mechanism 60, and the differential gear 62 from ring gear shaft
32a.
[0020] The gear mechanism 60 is joined with a parking lock
mechanism 90, which includes a parking gear 92 that is attached
to a final gear 60a, and a parking lock pole 94 that engages
with the parking gear 92 to lock the parking gear 92 in a
non-rotatable state. The parking lock pole 94 is activated by
transmission of a gearshift operation of a gearshift lever 81
from another gear position to a parking position (P position)
or a gearshift operation from the P position to another gear
position via a shift cable 96. The parking lock pole 94 engages
with and disengages from the parking gear 92 to activate and
release the parking lock. The final gear 60a is mechanically
linked to the. front wheels 63a and 63b. The parking lock
mechanism 90 thus indirectly locks the front wheels 63a and 63b.
[0021] The motors MG1l, MG2, and MG3 are all constructed as known
synchronous motor generators that may be actuated both as a
generator and as a motor. The motors MG1l, MG2, and MG3 transmit
electric powers to and from a battery 50 via inverters 41, 42,
and 43. DPower lines 54 connecting the battery 50 with the
inverters 41, 42, and 43 are structured as common positive bus
and negative bus shared by the inverters 41, 42, and 43. Such
connection enables electric power generated by any one of the

motors MG1l, MG2, and MG3 to be consumed by another motor. The
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battery 50 may thus be charged with surplus electric power

generated by any one of the motors MGl,'MGZ, and MG3, while
being discharged to supplement insufficient electric power.
The battery 50 is neither charged nor discharged, while the
input and output of electric powers are balanced among the
motors MG1l, MG2, and MG3. All the motors MGl, MG2, and MG3 are
driven and controlled by a motor electronic control unit
(hereafterreferredtoaénwtorECU)40. The motor ECU 40 inputs
signais required for driving and controlling the motors MG1,
MG2, and MG3, for example, signals representing rotational
positions of rotors in the motors MGl, MG2, and MG3 from
rotational position detection sensors 44, 45, and 46 and signals
representing phase currents to.be applied to the motors MG1,
MG2, and MG3 from current sensors (not shown). The motor ECU
40 outputs switching control signals to the inverters 41, 42,
and 43. The motor ECU 40 executes a _rotation speed computation
routine (not shown) to calculate rotation speeds Nml, Nm2, and
Nm3 of the rotors of the motors MG1l, MG2, and MG3 and a rotation
speed Nr of the ring gear shaft 32a from the input signals from
the rotational position detection sensors 44, 45, and 46. The
motor ECU 40 establishes communication with the hybrid
electronic control unit 70 to drive and control the motors MG1,
MG2, and MG3 in response to control signals received from the
hybrid electronic control unit 70, while outputting data
regarding the driving conditions of the motors MG1l, MG2, and

MG3 to the hybrid electronic control unit 70 according to the



10

15

20

25

WO 2006/025543 PCT/JP2005/016160
15

requirements.

[0022] The battery 50 is under control of a battery electronic
control unit (hereafter referred to as battery ECU) 52. The
batter ECU 52 inputs signals required for management of the
battery 50, for example, an inter-terminal voltage Vb from a
voltage sensor (not shown) located between terminals of the
battery 50, a charge-discharge current Ib from a current sensor
(not shown) located in the power line 54 connecting with an
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 electronic control uﬁit 70 by
communication according to the requirements. For management
of the battery 50, the battery ECU 52 computes a remaining charge
level or current state of charge (SOC) of the battery 50 from
an integration of the charge-discharge current measured by the
current sensor (not shown).

[0023] The hybrid electronic control unit 70 is constructed as
a microprocessor including a CPU 72, a ROM 74 that stores
processing programs, a RAM 76 that temporarily stores data,
input and output ports (not shown), and a communication port
(not shown). The hybrid electronic control unit 70 receives,
via its input port, an ignition signal from an ignition switch
80, a gearshift position SP currently set by the gearshift lever
81 from a gearshift position sensor 82, a cancellation signal

from a gearshift cancellation button 8la to cancel prohibition
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of a gearshift operation of the gearshift lever 81 from the
parking position (P position) to another gear position, 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, a vehicle speed V of the hybrid vehicle 20 from a vehicle
speed sensor 88, and a road surface gradient 06 in the
longitudinal direction of the hybrid vehicle 20 from a slope
sensor 89. 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 méntioned
above.
[0024] The following description regards the operations of the
hybrid vehicle 20 of the embodiment configured as discussed
above, especially a series of control in response to a gearshift
operation of the gearshift lever from the P position to another
gear position. Fig. 2 is a flowchart showing a control routine
at gear change from the]?poéition. This routine is repeatedly
executed when the gearshift position SP is at the P position.
[0025] In the control routine at gear change from the P position,
the CPU 72 of the hybrid electronic control unit 70 first inputs
the brake pedal position BP from the brake pedal position sensor

86, the cancellation signal from the gearshift cancellation
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button 8la to cancel prohibition of the gearshift operation of
the gearshift lever 81 from the P position to another gear
position, and the road surface gradient 0 in the longitudinal
direction of the hybrid vehicle 20 from the slope sensor 89 (step
S100) . The CPﬁ 72 then determines whether a gear change from
the P position is predicted, based on the input brake pedal
position BP and the input cancellation signal (step S110). The
gear change fromthe Pposition represents a gearshift operation
of the gearshift lever 81 from the P position to another gear
position in the ON state of the gearshift cancellation button
8la during the driver's depression of the brake pedal 85. The
gear change from the P position is predicted in response to an
ON operation of the gearshift cancellation button 81la
concurrently with the driver's depression of the brake pedal
85. This control routine is immediately terminated in the case
of no prediction of the gear change from the P position.
[0026]In the case of prediction of the gear change from the P
position, on the other hand, the CPU 72 computes a vehicle weight
force component FM (= M-g-sinf), which is a force component of
a vehicle weight M in the longitudinal direction of the hybrid
vehicle 20, from the input road surface gradient 6 and the

gravity acceleration g (step S120). The . CPU 72 set a

coefficient o based on the road surface gradient 6 (step $S130)
and multiples the vehicle weight force component FM by the
coefficient o to calculate an auxiliary driving force F* to

be output to the hybrid vehicle 20 (step S140). 1In this
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embodiment, the vehicle weight M represents the total weight

of the hybrid vehicle 20 with a driver. The coefficient a is
used to determine the reduction degree of the force applied to
the parking lock mechani.sm 90 corresponding to the vehicle
weight force component FM. The procedure of this embodiment
stores in advance a variation in coefficient o against the road
surface gradient 6 as a coefficient setting map in the ROM 74
and reads the coefficient a corresponding to the given road
surface gradient 6 from the coefficient setting map. Fig. 3
shows one example of the coefficient setting map. The
coefficient o is set to increase in a range of 0 to 1 with an

increase in road surface gradient 6. Such setting interferes

with an increase in force in the longitudinal direction of the
vehicle applied to the parking lock mechanism 80 according to
the vehicle weight force component FM and the auxiliary driving
force F* with an increase in road surface gradient 6. Fig. 4
shows the relation between the vehicle weight force component
FM and the auxiliary driving force F* at the road surface
gradient 6.

[0027] The auxiliary driving force F* is compared with a preset
driving force F1 (step S150). The driving force F1 is used as
acriterion for d.etermining whether the auxiliary driving force
F* is to be output from only the motor MG2 or to be output from
both the motors MG2 and MG3, and is set to be smaller than a
maximum rated torque of the motor MG2. When the auxiliary

driving force F* is less than the preset driving force F1, the
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CPU 72 multiplies the auxiliary driving force F* by a conversion

factor k1l to set a torque command Tm2* of the motor MG2 and
sets a torque command Tm3* of the motor MG3 to 0 (steps S160
and S170) . When the auxiliary driving force F* is not less than
the preset driving force F1l, on the other hand, the CPU 72
multiplies the preset driving force F1 by the conversion factor
k1l to set the torque command Tm2* of the motor MG2 and multiplies
the difference between the auxiliary driving force F* and the
preset driving force F1l by a conversion coefficient k2 to set
the torque command Tm3* of the motor MG3 (steps S180 and S190) .
The motors MG2 ahdbMG3 are driven and controlled with the
settings of the torque commands Tm2* and Tm3* (step S200). The
conversion factors k1l and k2 are used to convert the driving
force into torques of the motors MG2 and MG3. The concrete
procedure of the drive control of the motors MG2 and MG3 sends
the settings of thé torque commands Tm2* and Tm3* to the motor
ECU 40. The motor ECU 40 then executes switching control of
switching elements in the inverters 42 and 43 to drive the motors
MG2 and MG3 with the received settings of the torque commands
Tm2* and Tm3*. The gear change from the P position is predicted
in response to an ON operation of the gearshift cancellation
button 8la concurrently with the driver's depression of the
brake pedal 85. In this case, when the auxiliary driving force
F* ig less than the preset driving force F1l, the motor MG2 is
controlled to output a torque corresponding to the auxiliary

driving' force F*. When the auxiliary driving force F* is not
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less than the preset driving force F1, on the other hand, the
motors MG2 and MG3 are controlled to cooperatively output a
torque corresponding to the auxiliary driving force F*. This
arrangement thus effectively reduces the force in the
longitudinal direction of the hybrid vehicle 20 acting between
the parking gear 92 and the parking lock pdle 94 in the parking
lock mechanism 90 that indirectly locks the front wheels 63a
and 63b. The reduced force enables the driver to smoothly
change the position of the gearshift lever 81 from the P position
to another gear position.
[0028] The CPU 72 subsequently inputs the current gearshift
position SP from the gearshift position sensor 82, the brake
pedal position BP from the brake pedal position sensor 86, and
the cancellation signal from the gearshift cancellation button
8la (step S210) and determines whether the input current
gearshift position SP is at the gear position other than the
P position, in order to detect completion of the gear change
from the P position (step $220). In the case of no completion
of the gear change‘from the P position, the CPU 72 detects a
release of the brake pedal 85 or an OFF operation of the gearshift
cancellation button 8la to determine whether prediction of the
gear change from the P position is cancelled kstep S230). In
the case of no cancellation of prediction of the gear change
from the P position prior to completion of the gear change from
the P position, the control routine returns to step S210. The

processing of steps S$S210 to S230 is repeated to wait for
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completion of the gear change from the P position. The CPU 72
then cancels the torque commands Tm2* and Tm3* of the motors
MG2 and MG3 (step S250) and exits from this control routine.
After completion of the gear change from the P position, this
control routine is not executed subsequently. 1In the case of
cancellation of prediction of the gear change from the P
position by release of the brake pedal 85 or the OFF operation
of the gearshift cancellation button 8la, prior to completion
of the gear change from the P position, the CPU 72 cancels the
torque commands Tm2* and Tm3* of the motors MG2 and MG3 (step
S240) and exits from this control routine.
[0029])In the hybrid vehicle 20 of the embodiment described above,
in the case of prediction of a gear change from the P position,
when the auxiliary driving force F* applied in the direction
of canceling the vehicle weight force component FM based on the
road surface gradient 0 is less than a preset driving force F1,
the motor MG2 is controlled to oufput the torque corresponding
to the auxiliary driving force F*. When the auxiliary driving
force F* is not less than the preset driving force F1, on the
other hand, the motors MG2 and MG3 are controlled to
cooperatively output the torque corresponding to the auxiliary
driving force F*. This arrangement effectively reduces the
force in the longitudinal direction of the hybrid wvehicle 20
applied to the parking lock mechanism 90. The reduced force
enables the driver to smoothly change the position of the

gearshift lever 81 from the P position to another gear position.
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[0030]In the hybrid vehicle 20 of the embodiment, the gear
change from the P position is predicted in response to an ON
operation of the gearshift cancellationbutton 8la concurrently
with the driver's depression of the brake pedal 85. The gear
change from the P position may otherwise be predicted in
response to either of the driver's depression of the brake pedal
85 or an ON operation of the gearshift cancellation button 81a.
[0031]1The hybrid vehicle 20 of the embodiment computes the
vehicle weight force component FM from the road surface gradient
0 detected by the slope sensor 89. The hybrid vehicle 20 may
be provided with a G sensor for detecting the acceleration in
the longitudinal direction of the vehicle, in place of or in
addition to the slope sensor 89, and may compute the vehicle
weight‘ force component FM from the measured value of the G
sensor.
[0032]The hybrid vehicle 20 of the embodiment sets the torque
commands Tm2* and Tm3* of the motor MG2 and MG3, based on the
vehicle weight force component FM computed from the road surface
gradient 8. One modified procedure may not compute the vehicle
weight force component FM, but may compute the force in the
longitudinal direction of the vehicle applied to the parking
lock mechanism 90, from the road surface gradient 6. The torque
commands Tm2* and Tm3* of the motors MG3 and MG3 are set based

on this computed force.
[0033]In the hybrid wvehicle 20 of the embodiment, the

coefficient a is set to increase with an increase in road surface
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gradient 6 as shown in the coefficient setting map of Fig. 3.
The coefficient a may be fixed to a preset value in the range
of 0 to 1.
[0034] In the hybrid vehicle 20 of the embodiment, the auxiliary
driving force F* is calculated by multiplying the vehicle weight
force component FM by the coefficient a. One modified
procedure may subtract a preset value from the vehicle weight
force component FM to set the auxiliary driving force F*. The
auxiliary driving force F* may otherwise be set to make the
difference between the auxiliary driving. force F* and the
vehicle weight force component FM equal to a preset value.
[0035] In the hybrid vehicle 20 of the embodiment, the ideﬁtical
driving force F1 is used to be compared with the auxiliary
driving force F* at step S150 and to set the torque command Tm2*
of the motor MG2 at step S180. Different driving forces may
be used for the comparison and for the setting of the torque
command Tm2*. For example, when the auxiliary driving force
F* is not less than the preset driving force F1 (step S150),
the modified procedure sets the torque command Tm2* (= F2-kl)
of the motor MG2 corresponding to a driving force F2 that is
smaller than the preset driving force F1 (S180), and sets the
torque command Tm3* (= (F*-F2)-k2) of the motor MG3 (step S190) .
[0036]In the hybrid vehicle 20 of the embodiment, when the
auxiliary driving force F* is not less than the preset driving
force F1, the control routine sets the torque command Tm2* of

the motor MG2 based on the preset driving force F1 (step S180)
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and sets the torque command Tm3* of the motor MG3 based on the
residual driving force (F*-F1) (step S190). Another method
may be adopted to set the torque commands Tm2* and Tm3* of the
motors MG2 and MG3, in order to cooperatively output the torque
corresponding to the auxiliary driving force F*. One modified
procedure multiplies the auxiliary driving force F* by a preset
ratio x (O<x<l) to set the torque command Tm2* (= F*.x) of the
motor MG2, while setting the torque command Tm3* of the motor
MG3 based on the residual driving force (F*-(1-x).
[0037]1The hybrid wvehicle 20 of the embodiment controls the
motors MG2 and MG3 to cooperatively output the torque
corresponding to the auxiliary driving force F*, when the
auxiliary driving force F* is not less than the ﬁ)reset driving
force F1. One modifiedAprocedure may control the engine 22 and
the motors MGl and MG2 to cooperatively output the auxiliary
driving force F* upon satisfaction of a preset condition. A
control routine at gear change from the P position according
to this modified procedure is partly shown in the flowchart of
Fig. 5. 1In this modified control routine at gear change from
the P position, when it is determined at step S150 that the
auxiliary driving force F* is not less than the preset driving
force F1, the modified control routine determines whether the
current position of the vehicle is on a down slope according
to the input road surface gradient 6 (step S300). When the
vehicle is on the down slope, the modified control routine sets

the torque commands Tm2* and Tm3* of the motors MG2 and MG3 (steps
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S180 and S190) and drives and controls the motors MG2 and MG3

with the settings of the torque commands Tm2* and Tm3* (step
S200) as described ébove. The modified control routine then
executes the processing of and after step S210. When the
vehicle is not on the down slope, on the other hand, the modified
control routine sets the torque command Tm2* of the motor MG2
(step S8310) in the same manner as step S180. The modified
control routine then sets a target torgue Te* of the engine 22
based on the difference (F*-F1l) between the auxiliary driving
force F* and the preset driving force Fl and a gear ratio p of
the power distribution integration mechanism 30 according to

Equation (1) given below (step S320):

Te* = (F*-F1)-(1+p) k3 | (1)

The modified control routine controls the engine 22 to be driven
an efficient drive point with the target torque Te*, controls
the motor MGl to output a reactive force to the output of the
engine 22, and controls the motor MG2 to be driven with the torque
command Tm2* (step S330). The modified control routine
subsequently executes the processing of and after step S210.
Inequation (1) given above, 'k3' represents a conversion factor
for converting the driving force into a torque of the engine
22. When the auxiliary driving force F* is not less than the
preset driving force F1 and the vehicle is not on the down slope,

the engine 22 and the motors MGl and MG2 are controlled to
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cooperatively output the torque corresponding to the auxiliary
driving force F*. This control effectively reduces the force
in the longitudinal direction of the vehicle applied to the
parking lock mechanism 90.
[0038]In the hybrid vehicle 20 of the embodiment, the output
power of the engine 22 is transmitted to the front wheels 63a
and 63b via the power distribution integration mechanism 30.
The technique of the invention is applicable to a hybrid vehicle
220 of amodified structure shown in Fig. 6.. The hybrid vehicle
220 is equipped with é pair rotor motor 130, which includes an
inner rotor 132 connected to the crankshaft 26 of the engine
22 and an outer rotor 134 mechanically linked to the front wheels
63a and 63Db. The. pair rotor motor 130 transmits part of the
output power of the engine 22 to the front wheels 63 and 63D,
while converting the residual engine power into electric power.
[0039] In the hybrid vehicle 20 of the embodiment, at least part
of the driving force output from the engine 22 is transmitted
to the front wheels 63a and 63b via the power distribution
integration mechanism 30. The driving force output from the
engine 22 may be transmitted directly or through speed change
to the front wheels 63a and 63b or to the rear wheels 66a and
66b. In this modified structure, the motor MG3 may be omitted
from the hybrid vehicle 20 of the embodiment.
[0040] The embodiment regards the hybrid vehicle where the
driving force of the internal combustion engine and the driving

force of the first motor are output to the first axle, while



10

15

WO 2006/025543 PCT/JP2005/016160
27

the driving force of the second motor is output to the second
axle. The technique of the invention is not restricted to the
hybrid vehicles but is also applicable to electric vehicles
withoutanintefnalcombustionengine. In the electric vehicle,
the driving force of the first motor is output to the first axle,
while the driving force of the second motor is output to the
second axle.
[0041] The embodiment discussed above is to be considered in all
aspects as illustrative and not restrictive. There may be many
modifications,changes,andalterationswithoutdeparfingfrom
the scope or spirit of the main characteristics of the present
invention. The scope and spirit of the present invention are
indicated by the appended claims, rather than by the foregoing

description.

Industrial Applicability
The present invention is preferably applicable to

automobile manufacturing industries.
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Claims:

1. A motor vehicle, comprising:

a first motor that outputs driving force to drive said
motor vehicle;

a driving force source that outputs driving force to drive
said motor vehicle;

a locking structure that locks an axle of said motor
vehicle in a non-rotatable manner, in response to a driver's
gearshift operation of a gearshift lever to a parking position;

an out-of-parking-position operation prediction module
that predicts a gear change operation from the parking position
or an out-of-parking-position operation, for example, a
gearshift operation of the gearshift lever from the parking
position to another gear position;

an auxiliary driving force setting module that sets an
auxiliary driving force in a direction of canceling a vehicle
weilght force component or a force component of a vehicle weight
in a longitudinal direction of said motor vehicle bésed on a
road surface gradient; and

a control module that, in response to prediction of the
out-of-parking-position operation by said
out-of-parking-position operation prediction module, controls
the first motor to output the set auxiliary driving force when
the auxiliary driving force is less than a preset driving force,

while controlling the first motor and the driving force source
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to cooperatively output the set auxiliary driving force when
the auxiliary driving force is not less than the preset driving

force.

2. A motor vehicle in accordance with claim 1, wherein
the out-of-parking-position operation is a combination of
multiple operations, and

said out-of-parking-position operation prediction
module predicts the out-of-parking-position operation in
response to execution of at least part of the multiple

operations of the out-of-parking-position operation.

3. A motor vehicle in accordance with claim 1, wherein
said auxiliary driving force setting module measures the road
surface gradient and sets the auxiliary driving force to

increase with an increase in measured road surface gradient.

4. A motor vehicle in accordance with élaim 1, wherein
said auxiliary driving force setting module measures the
vehicle weight force component and sets the auxiliary driving
force to increase with an increase in measured vehicle weight

force component.

5. A motor vehicle in accordance with claim 1, wherein
the driving force source comprises a second motor that outputs

driving force to a different axle from the axle receiving the
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driving force output from the first motor, and

said control module controls the first motor and the
driving force source to ensure output of at least part of the
auxiliary driving force from the second motor, when the
auxiliary driving force is not less than the preset driving

force.

6. A motor vehicle in accordance with claim 1, wherein
the driving force source comprises an internal combustion
engine that outputs driving force to drive said motor vehicle,
and

said control module controls the first motor and the
driving force source to make the output driving force of the
internal combustion engine supplement at least part of the
auxiliary driving force, when the auxiliary driving force is

not less than the preset driving force.

7. A motor vehicle in accordance with claim 6, wherein
the driving force source comprises:

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

a generator that inputs and outputs power from and to the
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third shaft.

8. A motor vehicle in accordance with claim 6, wherein
the driving force source comprises a pair-rotor motor that has
a first rotor connected to an output shaft of the internal
combustion engine and a second rotor connected to a drive shaft
linked to the axle and is driven through relative rotation of

the first rotor to the second rotor.

9. A motor vehicle in accordance with claim 1, wherein
said control module controls the locking structure to cancel
locking of the axle, in response to the driver's

out-of-parking-position operation.

10. A motor vehicle in accordance with claim 1, wherein
the locking structure locks the axle in the non-rotatable state

by gear engagement.

11. A conﬁrol method of a motor vehicle including: a first
motor that outputs driving force to drive said motor vehicle;
a driving force source that outputs driving force to drive said
motor vehicle; and a locking structure that locks an axle of
said motor vehicle in a non-rotatable manner, in response to
adriver's gearshift operation of a gearshift lever to a parking
position, said control method comprising the steps of:

a) predicting a gear change operation from the parking
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position or an out-of-parking-position operation, for example,
a gearshift operation of the gearshift lever from the parking
position to another gear position;

b) setting an auxiliary driving force in a direction of
canceling a vehicle weight force component or a force component
of a vehicle weight in a longitudinal direction of said motor
vehicle based on a road surface gradient; and

c) in response to prediction of the
out-of-parking-position operation by said step a), controlling
the first motor to output the set auxiliary driving force when
the auxiliary driving force is less than a preset driving force,
while controlling the first motor and the driving force source
to cooperatively output the set auxiliary driving force when
the auxiliary driving force is not less than the preset driving

force.

12. A control method of a motor vehicle in accordance with
claim 11, wherein the out-of-parking-position operation is a
combination of multiple operations, and

said step a) predicts the out-of-parking-position
operation in response to execution of at least part of the

multiple operations of the out-of-parking-position operation.

13. A control method of a motor vehicle in accordance with
claim 11, wherein said step b) measures the road surface

gradient and sets the auxiliary driving force to increase with
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an increase in measured road surface gradient.

14. A control method of a motor vehicle in accordance with
claim 11, wherein said step b) measures the vehicle weight force
component and sets the auxiliary driving force to increase with

an increase in measured vehicle weight force component.

15. A control method of a motor vehicle in accordance with
claim 11, wherein the driving force source comprises a second
motor that outputs driving force to a different axle from the
axle receiving the driving force output from the first motor,
and

said step c¢) controls the first motor and the driving force
source to ensure output of at least part of the auxiliary driving
force from the second motor, when the auxiliary driving force

is not less than the preset driving force.

1l6. A control method of a motor vehicle in accordance with
claim 11, wherein the driving force source comprises an internal
combustion engine that outputs driviﬁg force todrive said motor
vehicle, and

said step c) controls the first motor and the driving force
source to make the output driving force of the internal
combustion engine supplement at least part of the auxiliary
driving force, when the auxiliary driving force is not less than

the preset driving force.
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17. A control method of a motor vehicle in accordance
with claim 11, wherein said step c¢) controls the locking
structure to cancel locking of the axle, in response to the

driver's out-of-parking-position operation.
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