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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
2 November 2006 (02.11.2006)

2| ) R
2} |00 00O A0 A

(10) International Publication Number

WO 2006/115009 A1l

(51) International Patent Classification:

FOIM 5/00 (2006.01) FOIM 5/02 (2006.01)

B60K 17/35 (2006.01)
(21) International Application Number:

PCT/IP2006/307419

(22) International Filing Date: 31 March 2006 (31.03.2006)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

2005-107425 4 April 2005 (04.04.2005) JP

(71) Applicants (for all designated States except US): TOY-
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1,
Toyota-cho, Toyota-shi, Aichi, 4718571 (JP). AISIN AW
CO., LTD. [JP/JP]; 10, Takane, Fujii-cho, Anjo-shi, Aichi,
4441192 (JP).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MOTOIKE, Kazu-
toshi [JP/JP]; c/o TOYOTA JIDOSHA KABUSHIKI
KAISHA, 1, Toyota-cho, Toyota-shi, Aichi, 4718571 (JP).
ADACHI, Masatoshi [JP/JP]; c/o TOYOTA JIDOSHA
KABUSHIKI KAISHA, 1, Toyota-cho, Toyota-shi,
Aichi, 4718571 (JP). IRAHA, Yumi [JP/JP]; c/o TOY-
OTA JIDOSHA KABUSHIKI KAISHA, 1, Toyota-cho,

Toyota-shi, Aichi, 4718571 (JP). ICHIYANAGI, Jun
[JP/JP]; c/o AISIN AW CO., LTD., 10, Takane, Fujii-cho,
Anjo-shi, Aichi, 4441192 (JP). WAKUTA, Satoru [JP/JP];
c/o AISIN AW CO., LTD., 10, Takane, Fujii-cho, Anjo-shi,
Aichi, 4441192 (JP). OMOTE, Kenji [JP/JP]; c/o AISIN
AW CO., LTD., 10, Takane, Fujii-cho, Anjo-shi, Aichi,
4441192 (JP). ONODA, Masanori [JP/JP]; c/o AISIN
AW CO., LTD., 10, Takane, Fujii-cho, Anjo-shi, Aichi,
4441192 (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, 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, 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, ZM,

[Continued on next page]

DRIVING DEVICE AND MOTOR VEHICLE

(54) Title: DRIVING DEVICE, MOTOR VEHICLE EQUIPPED WITH DRIVING DEVICE, AND CONTROL METHODS OF

20
70 —
cPU72 ] :
40 52 W
....... Battery Engine
ROM74 ;l Motor ECU i(
56 B 64 ; i 250 7}
a8 Vehicle Speed |-3 fa atter E
Sensor - §
89 i }
F‘. i 30 i
W | 6 Lol M2
Display a4 Yo gfzz
43 [§ f >
b
- Engine
_'Kaz
26

Mechanical
Oil Pump

Electric
il Pump

/93

I\ N
38 3

06/115009 A 1 IR 0 OO OO0

90
91— 92—1_1/905—

49a g 49b

(57) Abstract: In setting of an oil temperature increasing process mode, the drive control technique of the invention starts an engine

& to actuate a mechanical oil pump that pressure feeds a flow of lubricating oil for lubricating the mechanical parts of a transmission
N and other relevant parts (step S100), actuates an electric oil pump that pressure feeds the flow of lubricating oil (step S110), and
makes a brake B1 included in the transmission in a semi-engagement state (step S120). A motor arranged adjacent to the transmission
is then driven with lowered output efficiency (steps S130 to S170). This arrangement effectively accelerates heat generation by the

motor and ensures a quick temperature rise of the lubricating oil.
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Description '

Driving Device, Motor Vehicle Equipped with Driving Device, and

~ Control Methods of Driving Device and Motor Vehicle

Technical Field
[0001] The. present invention relates'to a driving device, a
motor4vehic1e equipped with the driving device, and control

methods of the driving device and the motor vehicle.

Background Art

[0002] bﬁe proposed driviﬂg devi‘ce uses a first motor generator
and a power distribution 'plahetarly,‘ gfe‘ar mechanism to output
power of an engine to'a dri“veshaft; while converting power. of

a second motor generator by .gear change of a transmission. and

'_trahsmitt'ing: the converted power to. the ,driyeshaft (see; for

example, Japahese Patent Laid-Open. Gazette No. 2002:225578)

[0003] In a driving device with a transmiseion, a lubriCating‘

'meditim (lubricating oil) is geherally'tiéed:to lubricate a‘power

transmission mechanism, for example, a gear mechanism, -of the
transmission. For the purpose of maintenance of a motor yehiele
equippe‘d,' with. .sueh a- dri,ving device, a certain amount'..of
lubricating oil ‘may be inj‘ected‘into the motor vehicle. The _
volume and the v1sc081ty of the lubrlcatlng oil is affected by,

a temperature varlatlon It is accordlngly des:Lrable to ralse !
the temperature of the lubrlcatlng oil to a preset temperature "

range “,'pri‘or t,o~ the l'Ilj'eC,thIl: A qu‘lc*k temperature. rise of the
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lubricating oil to the preset temperature range is demanded for
the better working ability. Heat exchange means is thus
required to enable a quick temperature rise of the lubricating
oil through heat exchange with the lubricating oil in the
transmission. In conventional gasoline engine vehicles that
convert the power of an engine by gear change in a transmission
and output the converted;pqwer‘to a driveshaft, the heat of the
engine and the heat generated by rotation of a torque converter
attached fo an output shaft of the engine are utilized to
increase the temperature of the lubricating oil. 1In the
conventional gééoline engine vehicles, the operation of the
engine is also used to circulate the flow of lubricating oil

and accelerate the temperature rise of the 1ubricaiting oil.

Disclosure of the Invention

[0004] In motor vehicles without an engine, for example,
electric vehicles equipped with a transmission, the heat of the
engine and the heat generated by the rotation of the toque
converter are unusable for the temperature rise of the
lubricating oil. In hybrid vehicles that use a first motor
generator and a planetary gear mechanism to output the power
of an engine to a driveshaft while outputting the power of a‘
second motor generator to the driveshaft via a transmission,
the engine generally stops during a vehicle stop. The engine
is thus unusable to circulate the flow of lubricating oil and

to accelerate the temperature rise of the lubricating oil.
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[0005] The technique of the invention is applicable to a driving
device including a transmission, a motor vehicle equipped with
such a driving device, and control methods of the driving device
and the motor vehicle to quickly increase the temperature of
a lubricating medium, which is used for lubrication of the
transmigsion, to a preset temperature range.

[0006] In order to attain at least part of the above and the
othefrelatedobjects,thedrivingdevicecﬁftheinvention,the
motor vehicle equipped with the driving device, and the control
methods of the driving device and the motor vehicle have the
configurations discussed below.

[0007] The present invention is directed to a driving device
that is equipped with a motor having power input and output
capabilities, and the driving device includes: a gear change
transmission assembly that has a power transmission mechanism
and converts the output power of the motor by gear change and
transmits the converted power to a driveshaft; a 1ubricatioﬁ
structure that stores and uses a lubricating medium to lubricate
at least the power transmission mechanism of the gear change
transmission assembly and is arranged to enable heat exchange
between at least part of the lubricating medium with the motor;
and an upon-request control module‘that drives and controls the
motor upon a éertain request to enhance the heat exchange
between the lubricating medium and the motor and thereby
accelerate a temperature rise of the lubricating medium.

[0008] The first driving device of the invention drives and
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controls the motor upon a certain request to enhance the heat
exchange between the lubricating medium and the motor and
thereby accelerate the temperature rise of the lubricating
medium. The 'certain request' may be the operator's specific
operation for setting a maintenance mode. Such drive control
of the motor may be performed in the process of injecting a
certain amount of a lubricating medium into the driving device
for the purpose of maintenance of the driving device. This
arrangement of the first driving device enhances the heat

exchange with the motor, which is driven to generate heat, and

- thereby ensures a quick temperature rise of the lubricating

medium.

[0009] In one preferable embodiment of the invention, the first
driving device further includes an accumulator unit that
transmits electric power to and from the motor. The
upon-request control module drives and controls the motor
within -an output 1limit of the accumulator unit. This
arrangement effectively prevents over discharge of the
accumulator unit.

[0010] In the first driving device of the invention, the
upon-request control module may drive and control the motor to
accelerate heat generation by the motor. This ensﬁres a quick
temperature rise of the lubricating medium.

[0011] In another preferable embodiment of the invention, the
first driving device further includes a locking mechanism that

locks the driveshaft in a non-rotatable state. The
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upon-request control module controls the motor and the locking
mechanism to heat up the lubricating medium through the heat
exchange with the motor in the locked driveshaft in the
non-rotatable state. This arrangement desirably prevents
unexpected power output from the driveshaft by the operation
of the motor.

[0012] In one preferable structure of the first driving device
of the invention, the gear change transmission assembly has a
movable section that moves with rotation of the motor and an
engagement section that applies a friction-based engagement
force to the movable section. The upon-request control module
controls the motor and the gear change transmission assembly
to drive the motor and make the engagement section of the gear
change transmission assembly in a semi-engagement state. The
heat generation caused by the semi-engagement of the engagement
section of the gear change transmission assembly is utilized
to attain a quicker temperature rise of the lubricating medium.
Compared with a non-engagement state of the engagement section
of the gear change transmission assembly, the semi-engagement
state of the engagement section enables application of a
reactive force to the motor. This further accelerates heat
generation by the motor and ensures a quicker temperature rise
of the lubricating medium.

[0013] The present invention is directed to a second driving
device that is used in combination with an internal combustion

engine and is equipped with a motor having power input and output
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capabilities. The second driving device includes: a gear change
transmission assembly that has a power transmission mechanism
and converts the output power of the motor by gear change and
transmits the converted power to a driveshaft; a lubrication
structure that stores and uses a lubricating medium to lubricate
at least the power transmission mechanism of the gear change
transmission assembly, 1s arranged to enable heat exchange
between at least part of the lubricating medium with the motor,
and receives output power of the internal combustion engine to
circulate the lubricating medium; and an upon-request control
module that, upon a certain request, drives and controls the
motorlto enhance the heat exchange between the lubricating
medium and the motor and thereby accelerate a temperature rise
of the lubricating medium, while starting the internal
combustion engine to circulate the lubricating medium.

[0014] Upon a certain request, the second driving device of the
invention drives and controls the motor to enhance the heat
exchange between the lubricating medium and the motor and
thereby accelerate the temperature rise of the lubricating
medium, while starting the internal combustion engine as the
power source to circulate the lubricating medium. The 'certain
request' may be the operator's specific operation for setting
a maintenance mode. Such drive control of the motor may be
performed in the process of injecting a certain amount of a
lubricating medium into the driving device for the purpose of

maintenance of the drivihg device. This arrangement of the
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second driving device enhances the heat.exchange with the motor,
which is driven to generate heat, and thereby ensures a quick
temperature rise of the lubricating medium, while utilizing the
output power of the internal combustion engine to circulate the
lubricating medium. The circulation of the lubricating medium
enables an efficient and even temperature rise of the
lubricating medium.

[0015] The second driving device may further include a locking
mechanism that locks the driveshaft in a non-rotatable state.
In the second driving device, the upon-request control module
may control the motor and the locking mechanism to heat up the
lubricating medium through the heat exchange with the motor in
the locked driveshaft in .the non-rotatable state. This
arrangement desirably prevents unexpected power output from the
driveshaft by the operation of the motor.

[0016] Inonepreferable structure of the second driving device
of the invention, the gear change transmission assembly has a
movable section that moves with rotation of the motor and an
engagement section that applies a friction-based engagement
force to the movable section. The upon-request control module
controls the motor énd the gear change transmission assembly
to drive the motor and make the engagement section of the gear
change transmission assemblif in a semi-engagement state. The
heat generation caused by the semi-engagement of the engagement
section of the gear change transmission assembly is utilized

to attain a quicker temperature rise of the lubricating medium.
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Compared with a non-engagement state of the engagement section
of the gear change transmission assembly, the semi-engagement
state of the engagement section enables application of a
reactive force to the motor. This. further accelerates heat
generation by the motor and ensures a quicker temperature rise
of the lubricating medium.

[0017] The second driving device may further include: an
electric power-mechanical power input output mechanism that is
connected to an output shaft of the internal combustion engine
and to the driveshaft and outputs at least part of the output
power of the internal combustion engine to the driveshaft
through input and output of electric power and mechanical power;
and an accumulator unit that transmits electric powers to and
from the electric power-mechanical power input output mechanism
and the motor. In the second driving device, the upon-request
control module may drive the electric power-mechanical power
input output mechanism and the motor within an output limit of
the accumulator unit.

[0018] The present invention is directed to a first motor
vehicle including: a motor that is capable of inputting and
outputting power; a gear change transmission assembly that has
a power transmission mechanism and converts the output power
of the motor by gear change and transmits the converted power
to an axle; a lubrication structure that stores and uses a
lubricating medium to lubricate at least the power transmission

mechanism of the gear change transmission assembly and is
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arranged to enable heat exchange between at least part of the
lubricating medium with the motor; and an upon-request control
module that drives and controls the motor upon a certain request
to enhance the heat exchange between the lubricating medium and
the motor and thereby accelerate a temperature rise of the
lubricating medium.

[0019] The first motor vehicle of the invention drives and
controls the motor upon a certain request to enhance the heat
exchange between the lubricating medium and the motor and
thereby accelerate the temperature rise of the lubricating
medium. The 'certain request' may be the operator's specific
operation for setting a maintenance mode. Such drive control
of the motor may be performed in the process of injecting a
certain amount of a lubricating medium into the driving device
for the purpose of maintenance of the driving device. This
arrangemént of the first driving device enhances the heat
exchange with the motor, which is driven to generate heat, and
thereby ensures a quick temperature rise of the lubricating
medium.

[0020] The present invention is also directed to a second motor
vehicle including: an internal combustion engine; a motor that
is capable of inputting and outputting power; a gear change
transmission assembly that has a power transmission mechanism
and converts the output power of the motor by gear change and
transmits the converted power to a driveshaft; a lubrication

structure that stores and Uses a lubricating medium to lubricate
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at least thé power transmission mechanism of the gear change
transmission assembly, is arranged to enable heat exchange
between at least part of the lubricating medium with the motor,
and receives output power of the internal combustion engine to
circulate the lubricating medium; and an upon-request control
module that, upon a certain request, drives and controls the
motor to enhance the heat exchange between the lubricating
medium and the motor and thereby accelerate a temperature rise
of the 1lubricating medium, while starting the internal
combustion engine to circulate the lubricating medium.

[0021] Upon a certain request, the second motor vehicle of the
invention drives and controls the motor to enhance the heat
exchange between the lubricating medium and the motor and
thereby accelerate the temperature rise of the lubricating
medium, while starting the internal combus’i:ion engine as the
power source to circulate the lubricatingmedium. The 'certain
request' may be the operator's specific operation for setting
a maintenance mode. Such drive control of the motor may be
performed in the process of injecting a certain amount of a
lubricating medium into the driving device for the purpose of
maintenance of the driving device. This arrangement of the
second vehicle motor enhances the heat exchange with the motor,
which is driven to generate heat, and thereby ensures a quick
temperature rise of the lubricating medium, while utilizing the
output power of the internal combustion engine to circulate the

lubricating medium. The t¢irculation of the lubricating medium
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enables an efficient and even temperature rise of the
lubricating medium.

[0022] The present invention is directed to a control method
of a driving device equipped with a motor that is capable of
inputting and outputting power, a gear change transmission
assembly that has a power transmission mechanism and converts
the output power of the motor by gear change and transmits the
converted power to a driveshaft, and a lubrication structure
that stores and uses a lubricating medium to lubricate at least
the power transmission mechanism of the gear change
transmission assembly and is arranged to enable heat exchange
between at least part of the lubricating medium with the motor.
Upon a certain request, the control method drives and controls
the motor to enhance the heat exchange between the lubricating
medium and the motor and thereby accelerate a temperature rise
of the lubricating medium. |
[0023] The control method of the driving device of the invention
drives and controls the motor upon a certain request to enhance
the heat exchange between the lubricating medium and the motor
and thereby accelerate the temperature rise of the lubricating
medium. The 'certain request' may be the operator's specific
operation for setting a maintenance mode. Such drive control
of the motor may be performed in the process of injecting a
certain amount of a lubricating medium into the driving device
for the purpose of maintenance of the driving device. This

arrangement of the control method of the driving device enhances
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the heat exchange with the motor, which is driven to generate
heat, and thereby ensures a quick temperature rise of the
lubricating medium.

[0024] The present invention is directed to a control method
of a motor vehicle equipped with an internal combustion engine,
a motor that is capable of inputting and outputting power, a
gear change transmission assembly that has a power transmission
mechanism and converts the output power of the motor by gear
change and transmits the converted power to an axle, and a
lubrication sﬁructure that stores and uses a lubricating medium
to lubricate at least the power transmission mechanism of the
gear change transmission assembly, is arranged to enable heat
exchange between at least part of the lubricating medium with
the motor, and receives output power of the internal combustion
engine to circulate the lubricating medium. Upon a certain
request, the control method of the motor vehicle drives and
controls the motor to enhance the heat exchange between the
lubricating medium and the motor and thereby accelerate a
temperature rise of the lubricating medium, while starting the
internal combustion engine to circulate the lubricating medium.
[0025] Upon a certain request, the control method of the motor
vehicle of the invention drives and controls the motor to
enhance the heat exchange between the lubricating medium and
the motor and thereby accelerate the temperature rise of the
lubricating medium, while starting the internal combustion

engine as the power source'to circulate the lubricating medium.
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The 'certain request' may be the operator's specific operation
for setting a maintenance mode. Such drive control of the motor
may be performed in the process of injecting a certain amount
of a lubricating medium into the driving device for the purpose
of maintenance of the driving device. This arrangement of the
control method of the motor vehicle enhances the heat exchange
with the motor, which is driven to generate heat, and thereby
ensures a quick temperature rise of the lubricating medium,
while utilizing the output power of the internal combustion
engine to circulate the lubricating medium. The circulation
of the lubricating medium enables an efficient and even

temperature rise of the lubricating medium.

Brief Description of the Drawings

Fig. 1 schematically illustrates the configuration of a
hybrid vehicle equipped with a driving device in one embodiment
of the invention; |

Fig. 2 shows the structure of a transmission mounted on
the hybfid vehicle of the embodiment;

Fig. 3 1is a flowchart showing an oil temperature
increasing process routine executed by an electronic control
unit mounted on the hybrid vehicle of the embodiment;

Fig. 4 schematically illustrates the configuration of
another hybrid vehicle in one modified example;

Fig. 5 schematically illustrates the configuration of

still another hybrid vehicle in another modified example; and
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Fig. 6 schematically illustrates the configuration of an

electric vehicle as another modification.

Best Modes of Carrying Out the Invention

[0026] One mode of carrying out the invention is described below
as a preferred embodiment with reference to the accompanied
drawings. Fig. 1 schematically illustrates the configuration
of a hybrid vehicle 20 equipped with a driving device in one
embodiment of the invention. As illustrated, the hybrid
vehicle 20 of the embodiment includes an engine 22 that consumes
a fuel, such as gasoline, to output power, an engine electronic
control unit 24 (hereafter referred to as engine ECU 24) that
operates and controls the engine 22, a three shaft-type power

distribution integration mechanism 30 that is linked to a

- crankshaft 26 or an output shaft of the engirie 22 via a damper

28, a motor MGl that is linked to the power distribution
integration mechanism 30 and has power generation capability,
a motor MG2 that is linked to the power distribution integration
mechanism 30 via a transmission 60, a mechanical oil pump 35
and an electric oil pump 36 that feed supplies of lubricating
oil for lubricating and cooling down the mechanical parts of
the power distribution integration mechanism 30, the motors MG1
and MG2, and the transmission 60, an electronic control unit
70 that controls the operations of the whole hybrid vehicle 20,
and a multi-display 89 that displays various pieces of

information related to the hybrid vehicle 20 and allows and
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receives the operator's various entries. The thick arrows in
Fig. 1 show the flows of lubricating oil supplied by the
mechanical oil pump 35 and the electric oil pump 36. The driving
device of this embodiment mainly consists of the power
distribution integration mechanism 30, the motors MGl and MG2,
the transmission 60, the mechanical oil pump 35, the electric
oil pump 36, the electronic control wunit 70, and the
multi-display 89.

[0027] The power distribution integration mechanism 30 includes
a sun gear 31 as an external gear, a ring gear 32 as an internal
gear arranged concentrically with the sun gear 31, multiple
pinion gears 33 engaging with the sun gear 31' and with the ring
gear 32, and a carrier 34 holding the multiple pinion gears 33
to allow both their revolutions and their rotations on their
axes. The power distribution integration mechanism 30 is thus
constructed as a planetary gear mechanism including the sun gear
31, the ring gear 32, and the carrier 34 as rotational elements
of differential motions. The carrier 34, the sun gear 31, and
the ring gear 32 of the power distribution integration mechanism
30 are respectively linked to the crankshaft 26 of the engine
22 , to the motor MG1, and to the transmission 60 via a ring gear
shaft 32a or a driveshaft. When the motor MGl functions as a
generator, the power of the engine 22 input via the carrier 34
is distributed into the sun gear 31 and the ring gear 32
corresponding to their gear ratio. When the motor MG1 functions

as a motor, on the other h:'md, the power of the engine 22 input
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via the carrier 34 is integrated with the power of the motor
MGl input via the sun gear 31 and is output to the ring gear
32. The power output to the ring gear shaft 32a is eventually
transmitted to drive wheels 49a and 49b of the hybrid vehicle
20 via a gear mechanism 90. The gear mechanism 90 is coupled
with a parking lock mechanism 91. The parking lock mechanism
91 includes a parking gear 92 that is attached to a final gear
90a of the gear mechanism 90 and a parking lock pole 93 that
engages with the parking gear 92 to lock and stop the rotation
of the parking gear 92. The parking lock pole 93 moves up and
down along its vertical axis by a command sent from a CPU 72,
for example, in response to the driver's gearshift operation
of a gearshift lever 81 to a parking (P) position. The vertical
motions of the parking lock pole 93 engage and disengage the
parking lock pole 93 with and from the parking gear 92 to enable
and rerlease the parking lock. The final gear 90a of the gear
mechanism 90 is mechanically connected to the ring gear shaft
32a or the driveshaft. The parking lock mechanism 91 thus
indirectly locks the ring gear shaft 32a or the driveshaft.
[0028] The mechanical oil pump 35 has a rotating shaft connected
with the carrier 34 linked to the crankshaft 26. The mechanical
o0il pump 35 is driven by the rotation of the carrier 34 to supply
the lubricating oil stored in an oil pan 37 to the power
distribution integration mechanism 30 and the other relevant
constituents. The electric oil pump 36 is driven with electric

power supplied from an auxiliary machinery battery (not shown)
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to supply the lubricating oil storecﬁ in the oil pan 37 to the
power distribution integration mechanism 30 and the other
relevant constituents. The electric oil pump 36 is driven and
controlled by the electronic control unit 70.

[0029] 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 from 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. Both the motors MG1
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 various 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 electric current sensors (not shown). The motor ECU
40 outputs switching control signals to the inverters 41 and
42. The motor ECU 40 establishes communication with the
electronic control uﬁit 70.

[0030] The battery 50 is under management and control of a

battery electronic control unit 52 (hereafter referred to as
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battery ECU 52). The battery ECU 52 inputs various signals
required for managing and controlling the battery 50 and
establishes communication with the electronic control unit 70.
The battery ECU 52 also computes a state of charge (SOC) of the
battery 50 from an accumulated value of charge-discharge
electric current measured by an electric current sensor (not
shown) for the purpose of management and control of the battery
50.

[0031] The transmission 60 is designed to connect and disconnect
a hollow rotating shaft 48 of the motor MG2 with and from the
ring gear shaft 32a. In the connection state, the transmission
60 reduces the rotatioﬁ speed of the rotating shaft 48 of the
motor MG2 at two different reduction gear ratios and transmits
the reduced rotation speed to the ring gear shaft 32a. One
typical structure of the transmission 60 is shown in Fig. 2.
The transmission 60 shown in Fig. 2 has a double-pinion
planetary gear mechanism 60a, a single-pinion planetary gear
mechanism 60b, and two brakes Bl and B2 that apply
friction-based coupling force. The double-pinion planetary
gear mechanism 60a includes a sun gear 61 as an external gear,
a ring gear 62 as an internal gear arranged concentrically with
the sun gear 61, multiple first pinion gears 63a engaging with
the sun gear 61, multiple second pinion gears 63b engaging with
the multiple first pinion gears 63a and with the ring gear 62,
and a carrier 64 coupling the multiple first pinion gears 63a

to the multiple second pinion gears 63b to allow both their
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revolutions and their rotations on their axes. The engagement
and the release of the brake Bl stop and allow the rotation of
the sun gear 61. The single-pinion planetary gear mechanism
60b includes a sun ‘gear 65 as an external gear, a ring gear 66
as an internal gear arranged concentrically with the sun gear
65, multiple pinion gears 67 engaging with the sun gear 65 and
with the ring gear 66, and a carrier 68 holding the multiple
pinion gears 67 to allow both their revolutions and their
rotations on their axes. The sun gear 65 and the carrier 68
are respectively connected to the rotating shaft 48 of the motor
MG2 and to the ring gear shaft 32a. The engagement and the
release of the brake B2 stop and allow the rotation of the ring
gear 66. The double-pinion planetary gear mechanism 60a and
the single-pinion planetary gear mechanism 60b are coupled with
each other via linkage of the respective ring gears 62 and 66
and linkage of the respective carriers 64 and 68. In the
transmission 60, the combination of the released brakes Bl and
B2 disconnects the rotating shaft 48 of the motor MG2 from the
ring gear shaft 32a. The combination of the released brake Bl
and the engaged brake B2 reduces the rotation of the rotating
shaft 48 of the motor MG2 at a relatively high reduction gear
ratic>and;transmits the reduced rotation to the ring gear shaft
32a. This state is expressed as Lo gear position. The
combination of the engaged brake Bl and the released brake B2
reduces the rotation of the rotating shaft 48 of the motor MG2

at a relatively low reduction gear ratio and transmits the
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reduced rotation to the ring gear shaft 32a. This state is
expressed as Hi gear position. The combination of the engaged
brakes Bl and B2 prohibits the rotations of the rotating shaft
48 and the ring gear shaft 32a. The brakes Bl and B2 are actuated
by a hydraulic circuit (not shown).

[0032] The 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 electronic control unit 70 receives, via its
input port, an oil temperature TO or temperature of the
lubricating oil from a temperature sensor 38 attached to the
oil pan 37, anoil level HO or level of the lubricating oil stored
in the oil pan 37 from a level sensor 39, an ignition signal
from an ignition switch 80, a gearshift position SP or a current
setting position of the gearshift lever 81 from a gearshift
position sensor 82, an accelerator opening Acc or the driver's
depression amount of an accelerator pedal 83 froman 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 from a vehicle speed sensor
88, and various operation signals from the multi-display 89.
The electronic control unit 70 outputs, via its output port,
driving signals to the electric oil pump 36, gear change sighals
to the transmission 60, and screen display signals to the

multi-display 89. The eléctronic control unit 70 establishes
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communication with the engine ECU 24, the motor ECU 40, and the
battery ECU 52 wvia its communication port as mentioned
previously.

[0033] The description regards the operations of the hybrid
vehicle 20 of the embodiment having the configuration discussed
above, especially a series of control to raiée thé temperature
of the lubricating oil to a preset temperature range in the
process of injecting a certain amount of the lubriéating oil
into the hybrid vehicle 20 for the purpose of maintenance. The
temperature of the lubricating oil affects the volume and the
viscosity of the lubricating oil. The lubricating oil is thus
heated to the preset temperature range. Fig. 3 is a flowchart
showing an oil temperature increasing process routine executed
by the electronic control unit 70. This routine is triggered
by the operator's manipulation of the multi-display 89 to set
an oil temperature increasing process mode. The hybridvehicle
20 of this embodiment allows setting of the oil temperature
increasing process mode only when the gearshift position SP is
set in the parking (P) position, that is, only when the parking
lock is enabled by the parking lock mechanism 91. Namely the
hybrid vehicle 20 is kept in a stop during execution of this
oil temperature increasing process routine.

[0034] In the oil temperature increasing process routine, the
CPU 72 of the electronic control unit 70 first instructs the
motor ECU 40 and the engine ECU 24 to start and operate the engine

22 at an actuation rotation speed Nd for actuation of the
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mechanical oil pump 35 (step S100) and actuates the electric
oil pump 36 (step S110). The actuation rotation speed Nd
represents a rotation speed required for actuation of the
mechanical oil pump 35 and is set to or slightly over an idling
rotation speed of the engine 22, for example, in a range of 600
rpm to 1000 rpm. The actuation of the mechanical oil pump 35
and the electric oil pump 36 circulates the flow of lubricating
o0il and enhances the heat exchange efficiency of the lubricating
0il. The enhanced heat exchange efficiency of the lubricating
0il quickly and evenly raises the temperature of the lubricating
o0il. The engine 22 is motored by the motor MGl under drive
control of the motor ECU 40. When rotation speed Ne of the
engine 22 reaches a preset reference value Nref, for example,
800 rpm or 1000 rpm, the engine ECU 24 performs fuel injection
control and ignition control to start the engine 22. The engine
22 is then subjected to air intake flow regulation, fuel
injection control, and ignition control by the engine ECU 24
to be driven independently at the actuation rotation speed Nd.
In the course of motoring the engine 22 by the motor MG1l, a
certain level of torque is output to the ring gear shaft 32a
via the power distribution integration meéhanism 30. The
enabled parking lock by the parking lock mechanism 91, however,
keeps the hybrid vehicle 20 in a stop, regardless of the torque
output to the ring gear shaft 32a.

[0035] The CPU 72 then controls the hydraulic circuit to prevent

fixation of the sun gear 61 to the casing by operation of the
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motor MG2 and to make the brake Bl in a semi—enga‘gement state
(step S120). The semi-engagement state of the brake Bl
increases the output torque from the motor MG2 to accelerate
heat generation by the motor MG2 and accelerates frictional heat
generation by the brake Bl.

[0036] The CPU 72 subsegquently inputs various data required for
control, that is, the oil temperature TO from the temperature
sensor 38, a rotation speed Nm2 of the motor MG2, and an output
limit Wout of the battery 50 (step S130) and.detérmines whether
the input oil temperature TO reaches or exceeds a preset
reference temperature Tref (step S140). The rotation speed Nm2
of the motor MG2 is computed by the motor ECU 40 from the
rotational position of the rotor in the motor MG2 detected by
the rotational position detection sensor 44 and is received from
the motor ECU 40 by communication. The output limit Wout of
the battery 50 is set corresponding to the state of charge SOC
of the battery 50 and other relevant data and is received from
the battery ECU 52 by communication. The reference temperature
Tref 1is used as a criterion of determining whether the
temperature of the lubricating oil increases to a preset
temperature range, for example, a temperature range of 40°C to
50°C, and is set to a value exceeding a lower limit of the preset

temperature range, for example, 43°C or 45°C.

[0037] When the oil temperature TO is still lower than the preset
reference temperature Tref (step S140: No), the CPU 72 sets a

predetermined heat generhtion rotation speed Nh to a target
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rotation speed Nm2* of the motor MG2 (step S150), and sets a
torque command Tm2* of the motor MG2 within the output limit
Wout of the battery 50 to drive the motor MG2 at the set target
rotation speed Nm2* (step S160). The oil temperature rising
process routine sends the torque command Tm2* of the motor MG2
to the motor ECU 40 (step S170) and returns to step S130. The
heat generation rotation speed Nh represents a rotation speed
of interfering with the concentrated flow of electric current
in only one phase of the motor MG2 and is set, for example, in
a range of 500 rpm to 1500 rpm. A concrete procedure of setting
the torque command Tm2* of the motor MG2 calculates a tentative
motor torgque Tm2tmp of the motor MG2 from the target rotation
speed Nm2*, the current rotation speed Nm2, and a previous
torque command Tm2* set in a previous cycle of this routine
according to Equation (1) givenbelowas a relational expression

of feedback control:

Tm2tmp = Previous Tm2* + k1 (Nm2* — Nm2 ) + kzhnma* - Nm2)dt

(1)

The procedure then restricts the calculated motor torgque Tm2tmp
of the motor MG2 to a maximum torgue restriction Tmax, which
is obtained by dividing the output limit Wout of the battery
50 by the rotation speed Nm2 of the motor MG2, and accordingly
sets the torque command Tm2* of the motor MG2. In Equation (1)

given above, k1l and k2 ‘denote constants. In response to
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reception of the torque command Tm2* of the motor MG2 sent from
the electronic control unit 70, the motor ECU 40 increases the
flow of electric current through a 'd' axis as an electric
current component having no torque contribution in the known
vector control and accordingly lowers the output efficiency of
the motor MG2 relative to the applied electric current than the
output efficiency in the staﬁdard.driving control. The motor
ECU 40 also performs switching control of switching elements
included in the inverter 42 to ensure output of a torque
equivalent to the set torque command Tm2* from the motor MG2.
The increased electric current through the 'd' axis accelerates
heat generation by the motor MG2 without causing output of an
excessive torque from the motor MG2. The accelerated heat
generation by the motor MG2 enables a guick temperature rise
of the lubricating oil. The operation of the motor MG2 outputs
the torgue to the ring gear shaft 32a. The enabled parking lock
by the parking lock mechanism 91, however, keeps$ the hybrid
vehicle 20 in a stop, regardless of the torque output to the
ring gear shaft 32a. |

[0038] The oil temperature TO gradually increases to or over
the preset reference temperature Tref during repeated execution
of steps S130 to 8170. When the o0il temperature TO reaches or
exceeds the preset reference temperature (step S140: Yes), it
is determined that the temperature of the lubricating oil is
increased to the preset temperature range. The CPU 72

accordingly instructs thé engine ECU 24 and the motor ECU 40
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to stop the operations of the engine 22 and the motors MGl and
MG2, stops actuation of the electric oil pump 36, and releases
the semi-engagement of the brake Bl (step 5180); The oil
temperature rising process routine is then terminated.
[0039] As described above, the driving device mounted on the
hybrid vehicle 20 of the embodiment utilizes the heat generated
by the operation of the motor MG2 to quickly raise the
temperature of the lubricating oil. The operation of the motor
MG2 with the lowered output efficiency accelerates heat
generation by the motor MG2 and thus ensures a quick temperature
rise of the lubricating oil. The operation of the motor MG2
in the semi-engagement state of the brake Bl further accelerates
heat generation by the motor MG2 and by the transmission 60 and
enables a quicker temperature rise of the lubricating oil. The
driving device of the embodiment starts the engine 22 for
actuation of the mechanical oil pump 35 and actuates the
electric oil pump 36 to circulate the flow of lubricating oil.
This enhances the heat exchange efficiency of the lubricating
o0il and thus attains a quick and even temperature rise of the
lubricating oil.

[0040] In the driving device mounted on the hybrid vehicle 20
of the embodiment, the drive control sets the heat generation
rotation speed Nh, for example, in the range of 500 rpm to 1500
rpm, to the target rotation speed Nm2* of the motor MG2. Such
setting is, however, not restrictive, but the target rotation

speed Nm2* of thélmotor M@2 may be set to a rotation speed of

t
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lower than 500 rpm or to a rotation speed of higher than 1500
rpm.

[0041] The driving device mounted on the hybrid vehicle 20 of
the embodiment increases the flow of electric current through
the 'd' axis as the electric current component having no torque
contribution in the vector control and accordingly lowers the
output efficiency of the motor MG2 relative to the applied
electric current than the output efficiency in the standard
driving control. The degree of lowering the output efficiency
is not restricted but may be ‘determined arbitrarily. The
electric current component may be regulated in the wvector
control to keep a relatively high output efficiency of the motor
MG2, which is equivalent to the output efficiency in the
standard driving control.

[0042] The driving device mounted on the hybrid vehicle 20 of
the embodiment sets the torque command Tm2* of the motor MG2
within the output limit Wout of the battery 50. The torque
command Tm2* of the motor MG2 may be restricted in advance to
a limit value, which is lower than the output limit Wout of the
battery 50. 'The drive control may not take into account the
output limit Wout of the battery 50 when the rated value of the
motor MG2 is lower than the output limit Wout of the battery
50.

[0043] The driving device mounted on the hybrid vehicle 20 of
the embodiment drives the motor MG2 after setting the brake Bl

in the semi-engagement state. One possible modification of the
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drive control may drive the motor MG2 after setting the brake
B2 in the semi-engagement state. Another possible
modification may drive the motor MG2 without application of any
engagement force to either of the brakes Bl and B2.

[0044] The driving device mounted on the hybrid vehicle 20 of
the embodiment actuétes both the mechanical oil pump 35 and the
electric .oil pump 36 for circulation of the lubricating oil.
This is, however, not essential, and only one of the mechanical
oil pump 35 and the electric oil pump 36 may be actuated for
circulation of the lubricatingoil. The driving device may have
énly one of the mechanical oil pump 35 and the electric oil pump
36. The operation of the engine 22 is not required for
circulation of the lubricating oil under the condition of no
actuation of the mechanical oil pump 35 or in the structure
without the mechanical oil pump 35.

[0045] In the hybrid vehicle 20 of the embodiment described
above, the power of the motor MG2 ié converted by the gear change
in the transmission 60 and is output to the ring gear shaft 32a
or the driveshaft. The technique of the invention is, however,
not restricted to this configuration but may be adopted in a
hybrid vehicle 220 of a modified configuration shown in Fig.
4, where the power of the motor MG2 is converted by the gear
change in the transmission 60 and is transmitted to a different
axle (an axle linked to wheels 49c and 49d) from the axle
connecting with the ring gear shaft 32a (the axle linked to the

drive wheels 49a and 49b‘).
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[0046] In the hybrid vehicle 20 of the embodiment, the power
of the engine 22 1s output wvia the power distribution
integration mechanism 30 to the ring gear shaft 32a or the
driveshaft connected to the drive wheels 49a and 49b. The
technique of the invention is, however, not restricted to this
configuration but may also be applicable to a hybrid vehicle
320 of another modified configuration shown in Fig. 5. The
hybrid vehicle 320 of Fig. 5 has a pair-rotor motor 330 including
an inner rotor 332 connected to the crankshaft 26 of the engine
22 and an outer rotor 334 connected to a driveshaft for output
of the power to the drive wheels 49a and 49b. The pair-rotor
motor 330 transmits part of the output power of the engine 22
to the driveshaft, while converting the residual engine output
power into electric power.

[0047] The hybrid vehicle éo of the embodiment has the engine
22,”the two motors MGl and MG2, the power distribution
integration mechanism 30, and the transmission 60. The
technique of the invention is also applicable to the
configuration of an electric vehicle 420 without an engine as
shown in Fig. 6 as another possible modification.

[0048] The embodiment and its modifications discussed above are
to be considered in all aspects asg 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. All changes

within the meaning and range of equivalency of the claims are
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intended to be embraced therein. The scope and spirit of the
present invention are indicated by the appended claims, rather

than by the foregoing description.

Industrial Applicability

[0049] The technique of the invention is preferably applied to
the manufacﬁuring industries of driving devices and motor
vehicles, the maintenance and service industries of driving

devices and motor vehicle, and other relevant industries.
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Claims:

1. A driving device that is equipped with a motor having
power input and output capabilities,

said driving device comprising:

a gear change transmission assembly that has a power
transmission mechanism and converts the outpﬁt power of the
motor by gear change and transmits the converted power to a
driveshaft;

a lubrication structure that stores and uses a
lubricating medium to lubricate at least the power transmission
mechanism of the gear change transmission assembly and is
arranged.to enable heat exchange between at least part of the
lubricating medium with the motor; and

an upon-request control module that drives and controls
the motor upon a certain request to enhance the heat exchange
between the lubricating medium and the motor and thereby

accelerate a temperature rise of the lubricating medium.

2. A driving device in accordance with claim 1, said
driving device further comprising:

an accumulator unit that transmits electric power to and
from the motor,

wherein said upon-request control module drives and
controls the motor within an output limit of the accumulator

unit.
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3. A driving device in accordance with claim 1, wherein
said upon-request control module drives and controls the motor

to accelerate heat generation by the motor.

4. A driving device in accordance with claim 1, said
driving device further comprising:

a locking mechanism that locks the driveshaft in a
non-rotatable state,

wherein said upon-request control module controls the
motor and the locking mechanism to heat up the lubricating
medium through the heat exchange with the motor in the locked

driveshaft in the non-rotatable state.

5. A driving device in accordance with claim 1, wherein
the gear change transmission assembly has a movable section that
moves with rotation of thelnotox‘and.ah.engagement section that
applies a friction-based engagement force to the movable
section,

wherein said upon-request control module controls the
motor and the gear change transmission assembly to drive the
motor and make the engagement section of the gear change

transmission assembly in a semi-engagement state.

6. A driving device that is used in combination with an

internal combustion_enginé and is equipped with a motor having
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power input and output capabilities,

said driving'device‘comprising:

a gear change transmission assembly that has a power
transmission mechanism and converts the output power of the
motor by gear change and transmits the converted power to a
driveshaft;

a lubrication structure that stores and uses a
lubricating medium to lubricate at least the power transmission
mechanism of the gear change transmission assembly, is arranged
to enable heat exchange between at least part of the lubricating
medium with the motor, and receives output power of the internal
combustion engine to circulate the lubricating medium; and

an upon-request control module that, upon a certain
request, drives and controls the motor to enhance the heat
exchange between the lubricating medium and the motor and
thereby accelerate a temperature rise of the lubricating medium,
while starting'the internal combustion engine to circulate the

lubricating medium.

7. A driving device in accordance with claim 6, said
driving device further comprising:

a locking mechanism that locks the driveshaft in a
non-rotatable state,

wherein said upon-request control module controls the
motor and the locking mechanism to heat up the lubricating

medium through the heat exchange with the motor in the locked
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driveshaft in the non-rotatable state.

8. A driving device in accordance with claim 6, wherein
the gear change transmission assembly has a movable section that
moves with rotation of the motor and an engagement section that
applies a friction-based engagement force to the movable
section,

wherein said upon-request control module controls the
motor and the gear change transmission assembly to drive the

motor and make the engagement section of the gear change

transmission assembly in a semi-engagement state.

9. A driving device in accordance with claim 6, said
driving device further comprising:

an electric power-mechanical power input output
mechanism that is connected to an output shaft of the internal
combustion engine and to the driveshaft and outputs at least
part of the output power of the internal combustion engine to
the driveshaft through input and output of electric power and
mechanical power; and

an accumulator unit that transmits electric powers to and
from the electric power-mechanical power input output mechanism
and the motor,

wherein said upon-request control module drives the
electric power-mechanical power input output mechanism and the

motor within an output limit of the accumulator unit.
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10. A motor vehicle, comprising:

amotor that is capable of inputting and outputting power;

a gear change transmission assembly that has a power
transmission mechanism and converts the output power of the

motor by gear change and transmits the converted power to an

axle;

a lubrication structure that stores and uses a
lubricating medium to lubricate at least the power transmission
mechanism of the gear change transmission assembly and is
arranged to enable heat exchange between at least part of the
lubricating medium with the motor; and

an upon-request control module that drives and controls
the motor upon a certain request to enhance the heat exchange
between the lubricating medium and the motor and thereby

accelerate a temperature rise of the lubricating medium.

11. A motor vehicle, comprising:

an internal combustion engine;

a motor that is capable of inputting and outputting power;

a gear change transmission assembly that has a power
transmission mechanism and converts the output power of the
motor by gear change and transmits the converted power to a
driveshaft;

a lubrication structure that stores and uses a

1ubricatingmediwnto1ubficabeat1eastthepowertransmission



10

15

20

25

WO 2006/115009 PCT/JP2006/307419

36

mechanism of the gear change transmission assembly, is arranged
to enable heat exchange between at least part of the lubricating
medium with the motor, and receives output power of the internal
combustion engine to circulate the lubricating medium; and
an upon-request control module that, upon a certain
reqguest, drives and controls the motor to enhance the heat
exchange between the lubricating medium and the motor and
thereby accelerate a temperature rise of the lubricating medium,
while starting the internal combustion engine to circulate the

lubricating medium.

12. A control method of a driving device equipped with
a motor that is capable of inputting and outputting power, a
gear change transmission assembly that has a power transmission
mechanism and converts the output power of the motor by gear
change and transmits the converted power to a driveshaft, and
a lubrication structure that stores and uses a lubricating
medium to lubricate at least the power transmission mechanism
of the gear change transmission assembly and is arranged to
enable heat exchange between at least part of the lubricating
medium with the motor;

upon a certain request, said control method drives and
controls the motor to enhance the heat exchange between the
lubricating medium and the motor and thereby accelerate a

temperature rise of the lubricating medium.
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13. A control method of a motor vehicle equipped with an
internal combustion engine, a motor that is capable of inputting
and outputting power, a gear change transmission assembly that
has a power transmission mechanismand converts the output power
of the motor by gear change and transmits the converted power
to an axle, and a lubrication structure that stores and uses
a lubricating medium to lubricate at 1least the power
tfansmission mechanism of the gear change transmission assembly,
is arranged to enable heat exchange between at least part of
the lubricating medium with the motor, and receives output power
of the internal combustion engine to circuléte the lubricating
medium,

upon a certain request, said control method drives and
controls the motor to enhance the heat exchange between the
lubricating medium and the motor and thereby accelerate a
temperature rise of the lubricating medium, while starting the

internal combustion engine to circulate the lubricating medium.
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