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(57) Abstract: A hybrid drive apparatus (1) includes an input member (M) that is drivingly connected via a rotary electric ma-
chine (12) and an input clutch (CT) to an internal combustion engine (11), an oil pump (22) that is driven by the input member
(M), a transmission device (15) that has an engagement element (CI) for transmitting and starting, and that transmits rotation of
the input member (M) to an output member (0) at a changed speed. The input clutch (CT) has a plurality of friction materials and
an elastic member urging the plurality of friction materials in the pressing direction. The control device (23), when detecting a
start preliminary operation by a driver, rotates the rotary electric machine (12) to cause the oil pump (22) to produce the circulat-
ing oil pressure that disengages the input clutch (CT) by cancelling out the urging force of the elastic member, and engages the en-
gagement element (CI) for starting, after disengaging the input clutch (CT).
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DESCRIPTION

HYBRID DRIVE APPARATUS
TECHNICAL FIELD

[0001] The present invention relates to a hybrid drive apparatus provided with an
input memﬁér that is drivingly connected to a rotary electric machine and drivingly
connected via an input clutch to an internal combustion engine, a transmission device that
transmits rotation of the iﬂput member to an output member at a changed speed, an oil
pump that is driven by the input member, and a control device that controls at least the

rotary electric machine and the transmission device.
BACKGROUND ART

[0002] As a hybrid drive apparatus pfovided with an input member that is
drivingly connected to a rotary electric machine and drivingly connected via an input
clutch to an internal combustion engine, a transmission device that transmits rotation of
the input member to an output member at a changed speed, an oil pump that is driven by
the input member, and a control device that controls at least the rotary electric machine
and the transmission device, for example, an apparatus disclosed in Patent Document 1
described below has already been known. This hybrid drive apparétus is structured as a
so-called one-motor parallel type hybrid drive apparatus, being provided with the input
clutch (clutch mechanism 16) on a power transmission path between the internal
combustion engine (engine) and the rotary electric machine (motor). Here, the input
clutch provided in the apparatus of Patent Document 1 is structured, in a configuration
thereof, as a so-called normally closed type clutch (refer to FIG. 1, etc. in Patent
Document 1), and, in another configuration thereof, as a so-called normally open type

clutch (refer to FIG. 2, etc. in Patent Document 1).
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[0003] 'Here, the firstly-mentioned normally closed type input clutch is structured

such that a plurality of friction materials (friction elements) are pressed against each other
by a pressing fbrce of an elastic member (plate spring 17) provided in the input clutch,

which is thus brought into an engaged state in the steady state where the clutch is not

operated. The hybrid drive apparatus of Patent Document 1 has an independently

operating electric oil pump, in addition to a mechanical oil pump provided. inside the
hybrid drive apparatus. The elastic member is separated from the plurality of friction
materials by a ﬁfst pistdn 20 and a second piston 22 that are operated by hydraulic
pressure of oil discharged from the electric oil pump, thereby disengaging the input
clutch. Then, in the disengaged state of the input clutch, a vehicle can be started in an
electric drive mode. As a result, drag of the internal combustion enginé can be avoided
when starting the vehicle in the electric drive mode, thereby enabling improvement of
energy efficiency.

[0004] On the other hand, the secondly-mentioned normally open type input
clutch is structured so as to be brought into the disengaged state in the steady state where
the clutch is not operated. Then, the plurality of friction materials are pressed to contact
with each other by the first piston 20 and the second piston 22 that are operated by
hydraulic pressure of oil discharged from the same electric oil pump as described above,
thereby engaging the input clutch. In the case of using the normally open type input
clutch, the vehicle can be started in the electric drive mode in the steady state Where the

clutch is not operated.

Related Art Document
Patent Document

[0005]  Patent Document 1:  Japanese Patent Application Publication No.
JP-A-2006-137406

DISCLOSURE OF THE INVENTION
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Problem to be Solved by the Invention

[0006] - However, manufacturing cost significantly increases When. the apparatus is
structured to be separately prdvided with a hydraulic pressure source such as the electric
oil pump for disengaging or engaging the input clutch as in the apparatus of Patent
Document 1; Therefore, in order to reduce cost, it can be considered} to adopt, for
example, a structure in which a mechanical oil purﬁp driven by the input member is
provided, and the input member is driven by torque of the rotary electric machine,'thu_s

disengaging or engaging the input clutch by hydraulic pressure of oil discharged from the

oil pump driven by the input member. However, in this case, in the normally open type

input clutch, the only source of driving force for driving the oil pump is the rotary electric
machine, while the hydraulic pressure isbnot supplied to the input clutch. Therefore, for
example, if the_rotary electric machine stops operating due to a failure, torque of the
internal combustion engine cannot be transmitted to the output member side because the
input clutch cannot be engaged, thereby disabling to start the vehicle. In addition, in the
case of the normally closed type input clutch, driveability (driving comfort and ease of
driving) may deteriorate when the rotary electric machine starts the vehicle by producing
the torque, and simultaneously, by using the torque to drive the oil pump, switches the
input clutch from the engaged state to the disengaged state for electric driving. That is,
during thé running of the vehicle, at the time when the engaged state of the input clutch in
which a part of the torque of the rotary electric machine is transmitted to the output
member side while the other part of the torque is transmitted to the internal combustion
engine via the input clutch is shifted to the disengaged state of the input clutch in which
all of the torque of the rotary electric machine is transmitted to the output member side,
the torque transmitted to the output member si.de may fluctuate to genérate a shock.
[0007] Therefore, it is desired to realize a hybrid drive apparatus that can
appropriately start a vehicle even during a failure of a rotary electric machine while
enabling, at a low cost, avoidance éf drag of an internal combustion engine when starting
the vehicle in the electric drive mode, and that can also favorably maintain driveability

when starting the vehicle.
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Means fdr Solving the Problem

[OOOS] A hybrid drive apparatus according to the present invention including an
input member that. is drivingly connected to a rotary electric machine and drivingly
connected via an input clutch to an internal combustion engine, a transmission device that
transmits rotation of the input member to an output member at a changed speed, an oil
pump that is driven by the input member, and a control device that controls at least the
rotary electric machine and the transmission device has a structure characterized in that
the transmission device has a plurality of engagement elements including an engagement
element for starting that establishes a starting shift speed in the engaged state; the input
cluf[ch has a plurality of friction materials, a piston that presses the plurality of friction
materials against each other by being operated by hydraulic pressure, and an elastic
member that urges the piston in the pressing direction at a predetermined urging force,
and is structured such that a circulating oil pressure is suppli'ed to an opposite-to-cylinder
side of the piston; and the control dévice, when detecting a start preliminary operation by
a driver while a vehicle is stopped with the internal combustion engine in the stopped
state, rotates the rotary electric machine to cause the oil pump to produce the circulating
oil pressure that disengages the input clutch by canceling out the urging force of the
elastic member, and engages the engagement element for starting, after disengaging the
input clutch.

[0009] Note that, in the present application, the terrh "drivingly connected" refers
to a state in which two rotational elements are connected so as to be capable of
transmitting a driving force, and is used as a concepf including a state in which the two
rotational elements are connected so .as to rotate as a unit, or a state in which the two
rotational elements are connected so as to be capable of transmitting the driving force via
one or two or more trénsmitting members. |

Note also that, in the present épplicatiOn, the term ;'rotary electric machine" is used
as a concept including all of a motor (electric motor), a genérator (electric generator), and

a motor-generator that serves as both a motor and a generator depending on the necessity.
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[0010] In the present structure thus characterized, the input clutch has the

plurality of friction materials, the piston pressing the 'plurality of friction materialé against
each orher by being operated by hydraulic pressure, and the elastic member urging the
piston in the pressing directicn at the predetermined rrrging force. Therefore, erfen in
the etate of no hydraulic pressure being supplied to the inplrt clutch, the input clutch
transmits torque with the urging force of the elastic member.

According to the structure characterized as described above, when the start
preliminary operation by rhe drrver is detected while the vehicle is stopped with the
internal combustion engine in the stopped state, the control device rotates the rotary
electric machine to drive the oil purrrp via the input member. The oil pump thus driven
produces the circulating oil pressure, which is supplied to the opposite-to-cylinder side of
the piston provided in the input clutch. Because the circulating oil pressure supplied to
the opposite-to-cylinder side of the piston‘ of the input clutch disengages the input clutch
by canceling out the urging force of the elastic member in the pressing direction against
the piston, the drag of the internal combustion engine can be avoided by using the oil
pump driven by the input member when starting the vehicle in the electric drive mode.
In addition, because it is not necessary to separately provide another hydraulic pressure
source such as an electric oil pump, manufacturing cost can be reduced.

[0011] Moreover, in the structure characterized as described above, the control
device performs such a disengaging operation of the input clutch before engaging the
engagement element for starting provided in the transmission device. Therefore, at the
time when the starting shift speed has been established by engaging the engagement
element for starting in the transmission device and the vehicle actually begins starting,
the input clutch is already.in the disengaged state, and thus, all of the torque produced by
the rotary electric machine is to be transmitted to the cutput member side. Consequently,
the torque transmitted to the output member side after the start of the vehicle in the
electric drive mode does not fluctuate, and thus, the driveability can favorably be
maintained.

[0012] Furthermore, according to the structure characterized as described above,
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because the input clutch transmits the torque with the urging force of the elastic member
éven in the state of no hydraulic pressuré being supplied to the input clutch, the input
member can be driven via the inpﬁt clutch not only by rotation of the rotary eleétric
machine but also by rotation of thé internal combustion engine. Therefore, even if the‘
rotary electric machine is in failure, the rotation of the internal combustion engine can be
transmitted via the input clutch to the input member, and also to the oil pump, the output
member, and so forth. Consequently, the vehicle can be started appropriately even if the
rotary electric machine is in failure.

[0013] Accordingly, it is possible to provide the hybrid drive apparatus that can
appropriately start the vehicle even if the rotary electric machine is in failure, while
enabling, at a low cost, avoidance of the drag of the internal combustion engine when
starting the vehicle in the electric drive mode, and that can also favorably maintain the
driveability when starting the vehicle.

[0014] Here, it is preferable that the hybrid drive apparatus according to the
presént invention is structured such that the control device controls the rotary electric
machine so as to increase in a stepwise manner a rotational speed of the rotary electric
machine to a first target speed required to produce the circulating: oil pressure and then a
second target speed required to produce a creep torque output when starting the vehicle,
and engages the engagement element for starting, after adjusting the rotational speed of
the rotary electric machine to the second target speed.

[0015] According to this structure, by controlling the rotary electric machine so as
to adjust the rotational speed of the rotary electric machine to the first target speed, the oil
pump can produce the circulating oil pressure appropriately, whereby the input clufch can
be disengaged appropriately by canceling out the urging force of the elastic member in
the pressing direction against the piston. Thereafter, by controlling the rotary electric
machine so as to adjust the rotational speed of the rotary electric machine to the second
target speed, the rotary electric machine can produce the creep torque output, whereby the
vehicle can be started appropriately when the starting shift speed is established.

In addition, according to this structure, the rotational speed of the rotary electric
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machine is maintained for a predetermined time at the first target speed that is lower than
the second target speed. Therefore, for example, even if the start preliminary operation

by the driver that has been detected is canceled before the vehicle actually starts, the

' rotational speed of the'rotary electric machine can be suppressed from rising more than

necessary. Consequently, occurrence of energy loss and deterioration in the driveability
can be suppressed. | |

[0016] It is also preferable that the hybrid drive apparatus according to the present
invention further includes failure judgment means that judges an abnormal operation of
the rotary electric machine, and is structured such that, if the abnormal operation of the
rotary electric machine is judged to have occurred, the control device starts the internal
combustion engine, and drives the oil pump by transmitting torque of the internal |
combustion engine to the oil pump via the input clutch with the plurality of friction
materials pressed against each other by the urging force of the elastic member so as to
produce hydraulic pressure to engage the input clutch.

[0017] According to this structure, if the abnormal operation of the rotary electric
machine represented by, for example, a failure of the rotary electric machine is judged to
have occurred, the oil pump can be driven by the rotation of the internal combustionr
engine via the input clutch and the input member by starting the internal combustion
engine. After the oil pump has stérted to be driVen, the input clutch can be brought into
the engaged state by supplying oil discharged by the oil pump to the .input cltltch, and
operatir_lg the piston by the hydraulic pressure of the oil to press the plurality of friction
materials against each other. Consequently, the vehicle can appropriately be started and
driven even if the rotary electric machine is in failure.

| [0018] TItis also preferable that the hybrid drive apparatus according to the present
invention is structured such that the control device engages the engagement element for
starting, after the input clutch is disengaged and before the start preliminary operation
ends.

[0019] According to this structure, the starting shift speed canrbe established early

by engaging the engagement element for starting, before the start preliminary operation
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after the start preliminary operatiori has ended.
[0020] Itis also preferable that the hybrid drive apparatus according to the present

invention is structured such that the magnitude of the urging force of the elastic member

in the state of no hydraulic pressure being supplied to the input clutch is set in advance to

a magnitude within a range in which the torque of the internal combustion engine is
capable of being transmitted via the input clutch to the oil pump to drive the oil pump
from a stopped state, and the internal combustion engine in the stopped state is capable of
still remaining in the stopped state even if the torque of the rotary electric machine is
transmitted via the input clutch to the internal combustion engine.

[0021]  According to this structure, because the torque of the internal combustion
engine can be transmitted via the input clutch to the oil.pump to surely drive the oil pump
from a stopped state, the oil pump can produce the hydraulic pressure, and the hydraulic
pressure thus produced can bring the input clutch into the engaged state, even if the rotary
electric machine is in failure. Consequently, the vehicle can surely be started and
driven.

In addition, because the intérnal combustion engine in the stopped state can surely
remain still in the stopped state even if the torque of the rotary electric machine is
transmitted to the internal combustion engine via the input clutch in which the friction
materials are pressed against each other by the urging force of the elastic member, the
internal combustion engine can be suppressed from being dragged by the rotation of the
rotary electric machine, when starting' the vehicle in the electric drive mode.
Consequently, occurrence of vibration, etc. associated with the rotation of the internal
combustion engine can be suppressed, thereby enabling suppression of the driveability
from deteriorating.

[0022] Itis also preferable that the ﬁybrid drive apparatus according to the present
invenﬁon is structured to be capable of obtaining information from at least one of stroke
position detecting means that detects a stroke position of a brake pedal included in a

brake mechanism provided in the vehicle, and operation pressure detecting means that
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detects an operation pressure of the Brake pedal, and structured such that the control
device detects the start preliminary operafion based on at least one of the stroke position |
and the operétion pressure. | v |

[0023]  In the state in which tllle.\./vehiclev is stopped, thevbr}ake pedal included in the
brake mecharﬁsm provided in the vehicle is generally depréssed by a large amount, and
the depressed amount of the brake pedél is to be reduced before starting the vehicle.
With the redu‘ctioh in thé depressed amount of the brake pedal, each of the stroke position
and the operation pressu_re of the bréke pedal also éhariges.

According to this structure; based on at least one of the stroke position of thé brake
pedal detected by the stroke position detecting means and the operation pressure of the
brake pedal detected by the operation pressure detecting means, the reduction in the
depressed amount of the brake pedal can be detected, thereby enabling appropriate

detection of the start preliminary operation.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] [FIG. 1] FIG. 1 is a schematic diagram showing a structure of a hybrid drive

apparatus according to a present embodiment. |

[FIG. 2] FIG. 2 is a schematic diagram showing a structure of a speed change
mechanism according to the present embbdiment. |

[FIG. 3] FIG. 3 is an operation table showing operating states of a plurality of
engagement elements at each shift sf)eed according to the present embodiment.

[FIG. 4] FIG. 4 is a partial cross sectional view of the hybrid drive apparatus
according to the present embodiment.

[FIG. 5] FIG S is a block diagram showing a structure of a control unit
accvording to the present embodiment. |

[FIG. 6] FIG. 6 is a fiming chart showing an example of starting operation

-control during normal operation of a rotary electric machine according to the present

embodiment.
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[FIG. 7] FIG. 7 is a timing chart showing an example of the starting operation

‘control during abnormal operation of the rotary electric machine according to the present

embodiment.
~[FIG. 8] FIG. 8 is a ﬂe_w chart showirig a i)rocessing procedure of vehicle

starting control aceording to the present embodiment.
| [FIG. 9] FIG. 9 is a flow chart showing a. processing procedure of vehicle
driving control during abnormal state of the rotary electric machine according to the
present embodiment.

[FIG. 10] FIG. 10 is a flow chart showing a processing procedure of valve
opening/closing phase control according to the present embodiment.

[FIG. 11] FIG. 11 is a timing chart showing an example of starting operation
centrol during normal operation of the rotary electric machine according to another

embodiment.

BEST MODES FOR CARRYING OUT THE INVENTION
| [0025] An embodiment of a hybrid drive apparatus according to the present
invention will be described with reference to the accompanying drawings. A hybrid
drive apparatus 1 is a drive apparatus for a hybrid vehicle that uses, as a source of vehicle
driving force, one or both of an internal combustion engine 11 and a rotary electric
machine 12. The hybrid drive apparatus 1 is structured as a so-called one-motor parallel
type hybrid drive apparatus.

[0026]  As shown in FIG. 1, the hybrid drive apparatus 1 according to the present
embodiment is provided with a drive transmission member T that is drivingly connected
to the rotary electric machine 12 and drivingly connected via an input clutch CT to the
internal combustion engine 11, a transmission device 13 that transmits rotation of the
drive transmission member T to an output shaft O at a changed speed, and a mechanical
oil pump 22 that is driQen by the drive transmission member T. The hybrid drive

apparatus 1 is also provided with a control unit 30 (refer to FIG. 5,) that controls at least
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the rotary electric machine 12 and the transmission device 13. In the structure as
described above, the hybrid drive apparatus 1 according to the p‘resentr embodiment is
characterized in the mode of torque transmission in the input clutch CT and in the
contents of éontrblling the input clutch CT and the transmission device 13 at the time of
starting the vehiclé. |

[0027] That is, as shown in FIG. 4, the input clutch CT has a plurality of friction
materials 45, a first piston 43 that presses the plurality of friction materials 45 against
each other by being operated by hydraulic pressure, and a coned disk spring 44 serving as
an elastic member urging the first piston 43 in the pressing direction at a p?edetermined
urging force, and is structured such that a circulating oil pressure is supplied to a first
circulating oil chamber 48 on the opposite-to-cylinder side .of the first piston 43. When
héving detected a start preliminary operation by a driver while th/e vehicle is stopped with
the internal combustion engine 11 in the stopped state, the control unit 30 rotates the
rotary electric machine 12 to cause the oil pump 22 to produce the circulating oil pressure
that cancels out the urging force of the coned disk spring 44 so as to disengage the input
clutcﬁ CT, and, after disengaging the input clutch CT, engages a first clutch C1 provided
in the transmission device 13 (a speed change mechanism 15) (refer to VFIG. 6). By
combining these characteristic structures, the hybrid drive apparatus 1 is realized that can
appropriately start the vehicle even if the rotary electric machine 12 is in failure, while
enabling, at a low cost, avoidance of the drag of the internal combustion engine 11 when
starting the vehicle in an electric drive mode, and that can also favorably maintain
driveability when starting the vehicle. The hybrid drive apparatus 1 according to the
present embodiment will be described below in detéil.

[0028] 1. Overall Structure of Hybrid Drive Apparatus

First of all, an overall structure of the hybrid drive apparatus 1 éccording to the
present embodiment will be described. As shown in FIG. 1, the’hybrid drive apparatus 1
is provided with an input shaft I drivingly connected to the internal combustion engine 11
serving as a first source of driving force of the vehicle, the output shaft O drivingly

connected to wheels 17, the rotary electric machine 12 serving as a second source of
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driving force of the vehicle, a torque converter 14 and a speed change mechanism 15
serving as the transmission device 13, and an output differential gear unit 16. The

hybrid drive apparatus 1 is also provided with the drive transmission member T that

transmits driving forces of the rotary electric machine 12 and the internal combustion

engine 11 to the torque converter 14, and the ‘input clutch CT that connects and
disconnects the driving force betWeen the internal combustion engine 11 and the rotary
electric machine 12. These structures are housed in a case 2. In the present
embodiment, the drive transmission member T corresponds to an "input member" in the
present invention, and the output shaft O corresponds to an "output member" in the
present invention.

[0029] The internal combustion engine 11 is a device to take out power by being
driven by combustion of fuel inside the engine. Various known engines, such as a
gasoline engine and a diesel engine, can be used as the internal combustion engine 11.
Although not shown here, the internal combustion engine 11 is provided with an intake
valve for introducing a mixture of fuél and air supplied through an intake path to a
combustion chamber of the internal combustion engine 11, and an exhaust valve for
discharging burned gas and unburned gas after the air-fuel mixture is burned from the
combustion chamber to an exhaust path. In the present example, an internal combustion
engine output shaft Eo such as a crankshaft of the internal combustion engine 11 is
drivingly connected to the input shaft I via a damper D. The input shaft I is drivingly
connected to the drive transmission member T via the input clutch CT, thus being
selectively drivingly connected to the drive transmission member T by the input clutch
CT. That is, the internal combustion engine 11 is drivingly connected to the drive
transmission member T while the input clutch CT is engaged, and separated from the
drive transmission member T while the input ciutch CT is disengaged.

[0030] A starter 27 is provided adjacent tb the internal combustion engine 11.
The starter 27 is composed of a direct-current motor, etc., and electrically connected to a
battery 21 serving as an electrical storage device. A capacitor or the like may also be

suitably used as an electrical storage device. The starter 27 is structured to be able to
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start the internal combustion engine 11 by rotating the internal combustion engine output
shaft Eo by being driven by electric power supplied from the battery 21 while the internal
combustion engine 11 is in the stopped' state, for example, during. non-operatioh
(including failure) of the rotary electric miachine 12

[0031] In the preSent _embddiment, the vehicle equippéd with the hybrid dfive
apparétus 1 is provided with the valve opening/c.losing phase adjusting mechanism 28

(represented as "VVT" in FIG. 1) for adjusting the opening/closing phase or phases of one

or both of the intake valve and the exhaust valve provided in the internal combustion

engine 11. The valve opening/closing phase adjusting mechanism 28 adjusts the
opening/closing phase of the intake valve by adjusting a phase difference between the
interhal combustion engine output shaft Eo (crankshaft) and an intake valve camshaft for
driving to open and close the intake valve. Here, the expression "phase difference
between the internal combustion engine output shaft Eo and the intake valve camshaft”
means a phase difference between the rotational phase of a particular location in the
circumferential direction of the internal combustion engine output shaft Eo and the
rotational phase of a location on the intake valve camshaft corresponding to the particular
location. In the present embodiment, the valve opening/closing phase adjusting
mechanism 28 adjusts, in the same way, the opening/closing phase of the exhaust valve
by adjusting a phase difference between the internal combuétion engine output shaft Eo
(crankshaft) and an exhaust valve camshaft for driving to open and close the exhaust
valve.

[0032] The valve opening/closing phase adjusting mechanism 28 has a
driving-side rotational member synchronoust rotating with the internal combustion
engine output shaft Eo and a driven-side rotational member synchronously rotating with
the intake valve camshaft, and is structured so as to be capable of adjusting the phase
difference between the driving-side rotational member and the driven-side rotational
member within a predetermined movable range. The opening phase and the closing
phase of the intake valve can be advanced by advancing the phase of the driven-side

rotational member relative to the driving-side rotational member, and consequently by
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advancing the phase of the intake valve camshaft relative to the ihtemal combustion
engine outplit shaft Eo. On the other hand, the opening phase and the closing phase of
the intake valve can be retarded by retarding the phase bf the driven-side rotational
merribef re.latiye to the driving-side rotational member, and consequently by retarding the
phase of the intake valve camshaft relative to the internal combustion engine output shaft
Eo. The valve opening/closing phase adjusting mechanism 28 is also structured so as to
have the driving-side rotational member synchronously rotating with the internal
combustion engine output shaft Eo and a driven-side rotational member synchronously
rotating with the exhaust valve camshaft, and so as to be capable of adjusting the phase
difference between the driving-side rotational member and the driven-side rotational
member within a predetermined movable range. The opening phase and the closing
phase of the exhaust valve can be advanced by advancing the phase of the driven-side
rotational member relative to the driving-side rotational member, and consequently by
advancing the phase of the exhaust valve camshaft relative to the internal combustion
engine output shaft Eo. On the other hand, the opening phase and the closing phase of
the exhaust valve can be retarded by retarding the phase of the driven-side rotational
member relative to the driving-side rotational member, and consequently by retarding the
phase of the exhaust valve camshaft relative to the internal combustion engine output
shaft Eo. Here, the term "advance" means to displace a phase in the advancing direction,
and the term "retard" means to displace a phase in the retarding direction.

[0033] In the present embodiment, the valve opening/closing phase adjusting
mechanism 28 as described above is an electrically operated valve opening/closing phase
adjusting mechanism. That is, the phase differences between the driving-side rofational
member and the driven-side rotational member of the valve opening/closiné phase
adjusting mechénism 28 according to the present embodiment are adjusted not by the
hydraulic pressure produced by the oil pump 22, but by a driving force produced by an
electric motor 29. Therefore, the electric motor 29 is electrically connected to the
battery 21. The electric motor 29 is driven by electric power supplied from the battery

21 to adjust the phase differences between the driving-side rotational member and the
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driven-side rotational member.b In the present embodimént, because of adopting the
electrically operated valve opening/closing phase adjusting mechanism 28 described
above, the opening/closing phaseé of the intake valve and the exhaust valve can be
adjusted evén_in cases where the rotational speed of the drive transmission member T is
too low to sufficiently obtain the hydrauiic preésure by the oii pump 22. Note that, in
the present example, thé opening/closing phase of the intake valve ahd the
opening/closing phase of the exhaust valve are structured to be adjusted independently
from each other. _

[0034] The rotary electric machine 12 has a stator 12a fixed to‘the case 2, and a
rotor 12b rotatably supported on the radially inside of the stator 12a. The rotary electric
machine 12 can serve as a motor (electric motor) producing mechanical power by
receiving electric power, and as a generator (electric generator) producing electric power
by receiving mechanical power. Therefore, the rotary electric machine 12 is electrically
connected with the battery 21. The rotary electric machiﬁe 12 operates in a power
running mode by receiving electric power supplied from the battery 21, or charges the
battery 21 by .supplying thereto the electric power generated by driving force transmitted
from the internal combustion engine 11 and the wheels 17. The rotor 12b of the rotary
electric machine 12 is drivingly connected via the drive transmission member T to a
pump impeller 14a of the torque converter 14 so as to rotate as a unit therewith. The
rotor 12b of the rotary electric machine 12 is also drivingly connected via the drive
transmission member T and the input clutch CT to the inpuf shaft I and the internal
combustion engine 11. The drive transmission member T is a cylindrical rotational
member disposed between the rotary electric machine 12 and the torque converter 14 in
the axial direction of the input shaft I. |

[0035] The torque convérter 14 composing a part of the fransmission device 13 is
a device that transmits the rotational speed of the drive transmission merhber T to an
intermediate shaft M at a changed speed, and converts the torque of the drive
transmission member T transmitted from one or both of the internal combustidn engine

11 and the rotary electric machine 12 into a torque that is transmitted to the intermediate
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shaft M. The torque converter 14 is structured to have the pump impeller 14a drivingly

connected to the rotor 12b of the rotary electric machine 12 and the drive transmission

member T so as to rotate as a unit therewith, a turbine runner 14b drivingly connected to

~ the intermediate shaft M so as to rotate as a unit therewith, and a stator 14c provided

between the pump ifnpeller 14a and the turbine runner 14b.  The torque converter 14 can
transfnit, via oil filled therein, the torquev between the pump impeller 14a serving as a
driving-side rotational member and the turbine runner 14b serving as a driven-side |
rotational member. In that operation, the rotational speed of the drive transmission

member T is reduced at a predetermined speed ratio, and the torque of the drive

transmission member T is amplified at a torque ratio corresponding to the speed ratio.

Then, the rotational speed and th¢ torque are transmitted to the intermediate shaft M.

[0036] -The torque converter 14 is provided with a lockup clutch CL. Thé
lockup clutch CL serves as a friction engagement device for locking up the torque
converter 14. The lockup clutch CL drivingly connects thé pump impeller 14a and the
turbine runner 14b so as to make them rotate as a unit, in order to increase power
transmission efficiency by eliminating slip between the pump impeller 14a and the
turbine runner 14b. That is, in the engaged state of the lockup clutch CL, the torque
convertef 14 transmits, without involving the oil inside thereof, the torque of one or both
of the internal combustion engine 11 and the rotary electric machine 12 directly to the
speed change mechanism 15 via only the drive _transmission member T and the
intermediate shaft M.

[0037] The speed change mechanism 15 composing another part of the
transmission device 13 is a device that changes the rotational speed of the intermediate
shaft M at a predetermined speed ratio and transmits it to the output shaft O. In the
present embodiment, as the speed change mechanism 15 as described above, a stepped
automatic transmission is used that is structured to have a plurality of planetary gear
mechanisms (a first plénetary gear mechanism PGl and a second planetéry gear

mechanism PG2) and a plurality of engagement elements (a first clutch C1, a second

~clutch C2, a third clutch C3, a first brake B1, a second brake B2, and a one-way clutch
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F1), as shown in FIG. 2. Here, in the present example, the clutches and the'brakes,

excepf the one-way clutch F1, are friction engagement elements such as wet-type
mulﬁ-plate clutches. In the present embodiment, és shown in FIG. 3>, by selectively
engaging two of the plurality of engagement elements; a desired shift speed is estabiished
among a total of seven shift speeds in(;,luding six forward speeds and one reverse speed
provided in a switchable manner in the speed change mechanism 15.  Although detailed
description will be omitted here because the structure of the speed change mechanism 15
as described above has conventionally been known, in the present embodiment, as shown
in FIG. 3, a first speed (1st) is established in the engaged state of the first clutch C1 and
the one-way clutch F1. Note that the first speed (Ist) is assumed as a shift speed for
starting (starting shift speed) that is establishéd when the vehicle in the stopped state
starts. Therefore, in the present embodiment, the first clutch C1 corresponds to an
"engagement element for starting" in the present invention.

[0038] The speed change mechanism 15 changes the rotational speed and
converts the torque of the intermediate shaft M at the speed ratio of a shift »speed
established at each point of time, and transmits the changed speed and the converted
torque to the output shaft O. The torque transmitted from the speed change mechanism
15 fo the output shaft O is distributed and transmitted via the output differential gear unit
16 to the two right and left wheels 17. In the present embodiment, the input shaft I, the
intermediate shaft M, and the output shaft O are coaxially arranged to form a single-axis
structure. The drive transmission member T is arranged on the radially outside of the
input shaft I, the intermediate shaft M, and the output shaft O in a coaxial manner
therewith. |

[0039] 2. Structure of Hydraulic Control System

A hydraulic control system of the hybrid drive apparatus 1 will be described. As
shown in FIG. 1, the hydraulic control system is provided with the mechanical oil pump
22 mechanically drivingly connected to the source of vehicle driving force as a hydraulic
pressure source for sucking oil accumulated in an oil pan (not shown) to supply the oil to

various parts of the hybrid drive apparatus 1. For example, a gear pump or a vane pump



10

15

20

25

WO 2011/108406 PCT/JP2011/053886
18

can suitably be used as the oil pump 22 as described above. In the present embodiment,
an internal gear pump having an inner fotor and an outer rotor is used as the oil pump 22.

In the present embodiment, the oil pump 22 is drivingly connected to the rotary electric

- machine 12 via the pump impeller 14a of the torque converter 14 and the drive

transmission member T, and moreover, selectively drivingly connected to the internal
combustion engine 11 by the input clutch CT. The inner rotor of the oil pump 22 is
driven via the drive transmission member T by driving force of one or both of the internal

combustion engine 11 and the rotary electric machine 12 serving as the sources of vehicle

- driving force, whereby the oil pump 22 discharges the oil. In order to reduce

manufacturing cost, the hybrid drive apparatus 1 accord.ing to the present embodiment is
provided with no hydraulic pressure source, such as an electric pump, that is operable
independently from the sources of vehicle driving force.

[0040] The hydraulic control system is also provided with a hydraulic control
device 23 for regulating the pressure o‘f the oil supplied from the oil pump 22 to a
predetermined pressure. Although detailed description is omitted here, the hydraulic
control device 23 adjusts opening of one or two or more regulating valves based on signal
pressures from . linear solenoid valves for pressure regulation, thereby adjusting the
amount of oil drained from the regulating valves to regulate the pressure of the oil to one
or two or more predétermined pressure levels. The oil regulated to the predetermined
pressure levels is supplied to the input clutch CT, the lockup clutch CL, the torque
converter 14, and the plurality of engagement elements C1, C2, C3, B1, and B2 of the
speed change mechanism 15, at respectively required pressure levels. |

[0041]  Here, in the present embodiment, the oil that is supplied from the
hydraulic control device 23 into each of the cylinders provided in the input clutch CT, the
lockup clutch CL, and the plurality of engagement elements Cl, C2, C3,Bl, and B2 in
order to move, in the cylinders, pistons for pressing the plurality of friction materials
against each other so as to frictionally engage them with each other will be called
"hydraulic o0il" for convenience of description. In addition, the oil that flows between

the plurality of friction materials disposed on the side opposite to the cylinder
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(opposite-to-cylinder side) with respeét to each of the pistons that are respectively
provided in the input clutch CT, the lockup clutch CL, and the plurality of engagemenf
elements C1, C2, C3, B1, and B2 in order to coél the plurality of friction materials or
lubricate various bearings and geér_rhechanisms will be called "circulating oil" for |
convenience of description. Moreover, the hydraulic pressure of the hydraulic oil will
be called "hydraulic oil pressure," and the hydraulic pressure of the circulating oil will be
called '.‘circulating oil pressure."

[0042] 3. Specific Structure of Hybrid Drive Apparatus

Néxt, a specific structure of the hybrid drive apparatus 1 will be described. Here,
the structure will be described, particularly focusing on various parts disposed on the
power transmission path between the input shaft I and the intermediate shaft M. As
shown in FIG. 4, the case 2 houses at least the input shaft I, the drive transmission |
member T, the rotary electric machine 12, the torque converter 14, the input clutch CT,
the lockup clutch CL, and the intermediate shaft M.

[0043]. The input shaft I and the intermediate shaft M are arranged side by side in
the axial direction. The rotary electric machine 12 and the input clutch CT are disposed
on the radially outside of the input shaft I that is on the internal combustion engine 11
side in the axial direction. The input clutch CT is disposed in a position radially inside
and axially overlapping the rotary electric machine 12. In the present example, the
whole of the input clutch CT is disposed so as to axially overlap the rotary electric

machine 12. The torque conver_tef 14 is disposed on the axially opposite side of the

_internal combustion engine 11 with respect to the rotary electric machine 12 and the input

clutch CT. The torque converter 14 is disposed in a position radially outside of the
intermediate shaft M and radially overlapping the rotary electric machine 12. The
lockup clutch CL is disposed axially between: the rotary electric machine 12 and the
input clutch CT; and the torque converter 14. The lockup clutch CL is disposed in a
position radially overlapping the input clutch CT. Note that, here, the term
"overlapping" with respecf to two members in a certain direction means that each of the

two members has, at least partially, a portion located in the same position as each other,
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with respect to arrahgement in the certain direction.

[0044] The rotary elecfric machine 12 has a rotor support member 61 that is
provided extending at least fadialiy so as to support the rotor 12b. The fotor support
member 61 is struct.ured to have a radially extending annular plate-shaped portion and a
cylindrical portioﬁ integrally formed on the radially outside of the annular plate-shaped
portion. The rotor 12b is rotatably supported to- the case 2 via a support bearing 65
disposed on the radially inside of the rotor support member 61. A rotor rotation sensor
Sel is provided axially between the case 2 and the rotor support member 61. In the
present example, a resolver is used as the rotor rotation sensor Sel thus provided.

[0045] The torque converter 14 has a torque converter support member 63 that is
provided extending at least radially so as to support the torque converter 14. The torque
converter support member 63 is a bowl-shaped member formed so as to cover the side
axially closer to the internal combustion engine 11 than the torque converter 14, and, in
the present example, structured as a stepped bowl-shaped member having a step in the
radially central portion. The torque converter support member 63 is drivingly connected,
at the end on the radially outside thereof, to the pump impeller 14a so as to rotate as a
unit therewith. The rotor support member 61 and the torque converter support member
63 are drivingly connected via a connecting member 62 so as to rotate as a unit with each
other. In the present example, fastening members 64 such as bolts are used for fixedly
fastening both between the rotor support member 61 and the connecting member 62, and
between the torque converter support member 63 and the connecting member 62,
whereby these members ére integrated into a unit. In the present embodiment, the
"drive transmission member T" is structured by the rotor support member 61, the
connecting member 62, the torque converter support member 63, and the fastening
members 64. |

[0046] The input clutch CT is a friction engagement device that selectively
drivingly connects the internal combustion engine 11 and the rotary electric machine 12.
In order to achieve such a function, the input clutch CT is structured to have the plurality

of friction materials 45, a first piston 43 operated by hydraulic pressure to press the
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- plurality of friction materials 45 against each other, and the coned disk spring 44 serving

as an elastic member urging the first piston 43 at a predetermihed urging force in the .
pressing direction, as shown in FIG. 4. Here, the term "pressing direction” is a direction
in which the first piston 43 operated by hydraulic pressure acts so .as to press the plurality
of frictioﬁ materials 45 against each other. In the present example, the pressing
direction coincides with the direction from the interﬁal combustion éngine 11 toward the
torque converter 14 in the axial direction of the input shaft I and the intermediate shaft M.
The input clutch CT is provided with a first hub 42 that is connected to the input shaft I
so as to rotate as a unit therewith, and a first drum 41 that is structured as a part of the
connecting member 62 and drivingly connected to the rotary electric machine 12 and the
pump impeller 14a so as to rotate as a unit therewith. The first drum 41 has a
cylindrically formed portion, and is structured such that the first piston 43 can move in
the cylindrical portion. The plurality of friction materials 45 are retained so as to be

restricted in rotation and to be axially slidable relative to each of the first drum 41 and the

* first hub 42. In addition, a liquid-tight first hydraulic oil chamber 47 is formed between

the first drum 41 and the first piston 43, and the first hydraulic oil chamber 47 is supplied
with hydraulic oil via a first supply oil passage 46 formed in the case 2. The coned disk
spring 44 as an elastic member is disposed in the first hydraulic oil chamber 47, and the
first piston 43 is urged in the pressing direction by the urging force of the coned disk
spring 44 in the state in which the first hydraulic oil chamber 47 is supplied with no
hydraulic oil. Therefore, the input clutch CT can transmit torque between the input
shaft I and the drive transmission member T due to the urging force of the coned disk
spring 44. Note that, also by supplying the hydraulic oil to the first hydraulic oil
chamber 47, the plurality of friction materials 45 are frictionally engaged with éach other
by the hydraulic oil pressure,» thereby enabling torque transmission via the input clutch
CT. Moreover, on the side opposite to the first hydraulic oil chamber 47 (on the
opposite-to-cylinderl side, or on the side of the friction materials 45) with respect to the
first piston 43, a first circulating oil chamber 48 for allowing the circulating oil to flow is

formed.
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[0047] In the present embodiment, the magnitude of the urging force of the coned

disk spring 44 is set in advance so as to be within a predetermined range, in the state in
which no hydraulic oil is supplied to the first hydraulic oil chamber 47 of the input clutch

CT, and no circulating oil is supplied to the first circulating oil chamber 48. Here, the

"magnitude within a predetermined range" refers to a range of a first limit threshold L1 or

more and a second limit threshold L2 or less, to be described below.

[0048] In the present example, the first limit threshold L1 is defined as a lower
limit value of the urging force (load) with which the torque of the intérnal combustion
engine 11 can be transmitted to the oil pump 22 via the input clutch CT to drive the oil
pump 22 from a stopped state, in the state in which neither the hydraulic oil pressufe nor

the circulating oil pressure is supplied. In the present embodiment, the first limit

‘threshold L1 as described above is set based on an inertia torque of the rotary electric

machine 12 and the torque converter 14, a .loss torque by the oil pump 22, and a torque
ripple by the rotary electric machine 12. The inertia torque of fhe rotary electric
machine 12 and the torque converter 14 is a torque required to be supplied from outside
for rotating, at a predetermined rotational speed, the rotor 12b of the rotary electric
machine 12 and the pump irn'peHer 14a of the torque converter 14 from a stopp'ed state.
The inertia torque is determined based. on the inertia of the rotor 12b and the pump
impeller 14a, a rotational speed thereof, and a drag time‘.of the input clutch CT set in
advance. The loss torque by the oil pump 22 is a torque required to be supplied from
outside for driving the oil pump 22 against viscous resistance of oil filled therein. The
loss torque changes with oil tempefature and so forth. The torque ripple by the rotary
electric machine 12 is an estimated pulsating corhponent of a regenerative torque (load
torque) by the rotary electric machine 12 driven by torque of the internal combustion
engine 11. Then, the first limit threshold L1 is speciﬁéd as a magnitﬁde of the urging
force (load) corresponding to a sum of the inertia torque of the rotary electric machine 12
and the torque converter 14, the loss torque by the oil pump 22, and the torque ripple by
the rotary electric machine 12.

'[0049] On the other hand, the second limit threshold L2 is defined as an upper
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limit value of the urging force (load) with which the internal combustion engine 11 in the
stopped state can be maintained still in the stopped state even if the torque of the rotary

electric machine 12 is transmitted to the internal combustion engine 11 via the input

~ clutch CT, in the state in which neither the hydraulic oil pressure nor the circulating oil

pressure is supplied. Here, the second limit threshold L2 is particularly set’aé the upper
limit value in a state (most retarded phase state) in which the opening/closing phases of
the intake valve and an exhaust valve provided in the internal combustion engine 11 are
fully retardedv within predetermined movable ranges. In the present embodiment, the
second limit threshold L2 as described above is set based on a lower limit value of a
torque (cranking torque) required to be supplied from outside for cranking the internal
combustion engine output shaft Eo (crankshatft, etc.) of the internal combustion engine 11.
Here, the cranking torque is determined based on an inertia torque of the internal
combustion engine output shaft Eo, a slide resistance of rotation of the intemai
combustion engine output shaft Eo, and so forth. Then, the second limit threshold L2 is
specified as a magnitude of the urging force (load) corresponding to the magnitude of the
cranking torque.

[0050] The lockup clutch CL is a friction engagement device that selectively
drivingly connects the pump impeller 14a and the turbine runner 14b of the torque
converter 14. In order to achieve sucﬁ a function, the lockup clutch CL is provided with
a second drum 52 connected to the turbine runner 14b so as to rotate as a unit therewith, a
second hub 51 connected to the torque converter support member 63 and the pump
impeller 14a so as to rotate as a unit therewith, and a second piston 53, as shown in FIG. 4.
The torque converter support member 63 connected to the second hub 51 has a
cylindrically formed portion, and is structured such that the second piston 53 can move in
the cylindrical portion. The lockup clutch CL is also provided with a plurality of
friction materials 55 that are retained so as to be restricted in rotation and to be axially

slidable relative to each of the second hub 51 and the second drum 52. In addition, a

liquid-tight second'hydraulic oil chamber 57 is formed between the torque converter

_ support member 63 and the second piston 53, and the second hydraulic oil chamber 57 is
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supplied with the hydraulic oil via a second supply oil passage 56 formed in the

intermediate shaft M. Moreover, on the side opposite to the second hydraﬁlic oil
chamber 57 relative to the second piston 53, a second circulating oil chamber 58 for
allowiﬁg the circulating oil to flow is formed. A return spring 54 is disposed in the
second circulating oil chamber 58. In the state in which no hydraulic oil is supplied to
the second hydraulic oil chamber 57, the second piston 53 is urged by an urging force of
the return spring 54 toward the opposite side of the friction materials 55 (toward the
cylinder éide, or toward the side of the second hydraulic oil chamber 57). Then, by
supplying the hydraulic oil to the second hydraulic oil chamber 57, the plurality of
friction materials 55 are frictionally engaged with each other by the hydraulic oil pfessure,
thereby enabling torque transmission via the lockup clutch CL.

[0051] 4. Structure of Control Unit |

Next, a structure of the control unit 30 according to the preseni embodiment will be
described. As shown in FIG. 5, the control unit 30 functions as a core member to
control operations of various parts of the hybrid drive apparatus 1. The éontrol unit 30
is provided with, as a core member, an arithmetic processing unit such as a CPU, and
structured to have storage units such as a RAM (random access memory) from/to which
data can be read/written by the arithmetic processing unit, a ROM (read-only memory)
from which data can be read by the arithmetic processing unit, and so forth (not shown).
Functional units 31 to 38 6f the control unit 30 are structured by software (programs)
stored in the ROM, etc., or hardware such as separately provided operational circuits, or
the both. The functional units 31 to 38 are structured so as to be able to send/receive
information to/from each other. In order to enable the functions by the functional units
31 to 38 to be appropriately achieved, the control unit 30 is also structured so as to be
capable of obtaining information from a plurality of sensors Sel to Se5 provided at
various parts of the vehicle equipped with the hybrid drive apparatus 1. The functional
units 31 to 38 of the control unit 30 will be described below in detail. the that, in the
presént embodiment, the functional units 31 to 38 of the control unit 30 cooperate with

each other to compose a "control device" in the present invention.
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[0052] The rotor rotation sensor Sel is a sensor that detects a rotational position
of the rotor 12b relative to the stator 12a of the rotary electric machine 12. In the
present example, it is structured such that the rotational speed of the rotor 12b is detected

based on the information of the rotational poéition of the rotor 12b detected by the rotor

- rotation sensor Sel. In the present embodiment, because the rotor 12b of the rotary

electric machine 12 and the inner rotor of the oil pump 22 are drivingly connécted SO as
to rotate as a unit with each other via the drive transmission member T and the pump
impeller 14a, the rotational speed detected by the rotor rotation sensor Sel equals to the
rotational speed of the inner rotor of the oil pump 22. A vehicle speed sensor Se2 is a
sensor that detects a vehicle speed that is detected, in the present embodiment, by
detecting a rotational speed of the output shaft O.v An accelerator operation amount
detecting sensor Se3 is a sensor that detects an accelerator operation amount by detecting
an operation amount of an accelerator pedal (not shown). A fluid pressure detecting
sensor Se4 is a sensor that detects a master cylinder fluid pressure obtained by a master
cylinder 26 that operates in conjunction with a brake pedal 25, where the master cylinder
fluid pressure can be assumed as an operation pressure of the brake pedal 25 included in a
brake mechanism 24 (refer to FIG. 1) proVided in the vehicle. A stroke position
detecting sensor Se5 is a sensor that detects a stroke position of the brake pedal 25. In
the present embodiment, the fluid pressure detecting sensor Se4 corresponds to
"operation pressure detectihg méans" in the presént invention, and the stroke position
defecting sensor Se5 corresponds to "stroke position detecting means" in the present
invention. The information indicating the results of detection by the sensors Sel to Se5
is output to the control unit 30.

[0053] An internal combustion engine control unit 31 is a functional unit that
controls operations of the internal combustion engine. 11. The internal combustion
engine control unit 31 functions as internal combustion engine control means. The
internal combustion engine control unit 31 determines an internal combustion engine
operating point, and performs processing to control the internal combustion engine 11 so -

as to operate at the internal combustion engine operating point. Here, the internal
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combﬁstion éngine operating point is a control command value représenting a control
target point of the internal combustion engine 11, and defined by the rotational speed and
the torque. More ih detail, the internal combustion engine operating point is the
cémmand value representiﬁg the control target point of the internal combustion engine 11 |
determined by considering a vehicle requiréd output and an optimal fuel consumption
level, and is defined by a rdtational speed command value and a torque command value.
Then, the internal combustion engine control unit 31 controls the internal combustion
engine 11 so as to operate at the torque and the rotational speed specified at the internal
combustion engine operating point.

[0054]  In the present embodiment, the internal éombustion engine control unit 31 -
is structured so as to be capable of achieving a so-called idle-stop function that stops the
internal combustion engine 11 By stopping fuel supply to the internal combustion engine
11 when a predetermined idle-stop condition is satisfied. During the idle stop, the
ihternal combustion engine 11 is brought into the stopped state in the state in which the
Vehiéle can run while the main source of electrical power is kept on. That is, the
internal combustion engine 11 is brought into the stopped state while the vehicle is
running, or the internal combustion engine 11 is brought into the stopped state while the
vehicle is stopped. Here, the idle-stop condition is determined in advance based on the
rotational speed of the internal combustion engine 11, the accelerator operation amount,
the vehiéle speed, and so forth. The internal combustion engine control unit 31 also
performs control to start the internal combustion engine 11 by starting again the fuel
supply to the internal combustion engine 11 when the idle-stop condition has become
unsatisfied.

[0055] A rotary electric machine control unit 32 is a functional unit that controls
‘operations of the rotary electric machine 12. The rotary electric machine control unit 32
functions as rotary electric machine control means. The rotary electric machine control
unit 32 determines a rotary electric machine operating point, and performs processing to
control the rotary electric machine 12 so as to operate at the rotary electric machine

operating point. Here, the rotary electric machine operating point is a control command
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value representing a control target point of vthe rotary electric machine 12, and defined by
the rotational speed and the torque. More in detail, the rotary electric machine operating -
point is the command value representing the control target point of the rotairy electric
machine 12 determined by considering the vehicle required output and the internal
combustion engine operating point, and is defined by a rotational speed command value
and a torque command value. Then, the rotary electric machine control unit 32 controls
the rotary electric machine 12 so as to operate at the torque and the rotational speed
specified at the rotary electric machine operating point. The rotary electric machine
control unit 32 also performs control for switching between the state in which the rotary
electric machine 12 produces the driving force with electric power supplied from the
battery 21 and the state in which the rotary electric machine 12 generates electric power
with the rotational driving force of the internal combustion engine 11. Moreover, the
rotary electric machine control unit 32 plays a part in vehicle starting operation control
according to a command from a starting control unit 37 to be described later.

[0056] A target shift speed determination unit 33 is a functional unit that
determines a target shift speed in the speed change mechanism 15. The target shift
speed determination unit 33 functions as target shift speed determination means. The
target shift speed determination unit 33 determines the target shift speed based on the
accelerator operation amount of the vehicle and the vehicle speed. Here, the
information of the accelerator operation amount is obtained by detecting with the
accelerator operation amount detecting sensor Se3, and the information of the vehicle
speed is obtained by detecting with the vehicle speed sensor Se2. The control unit 30
has a predefined shift map stored in the memory (not shown) or the like. The shift map
is a map in which shift schedules are set based on the accelerator operation amount and
the vehicle speed. The target shift speed determination unit 33 determines the target
shift speed to be established in the speed change mechanism 15 at each point of time,
based on the shift map and on the accelerator operation amount and the speed of the
vehicle. |

[0057] A switching control unit 34 is a functional unit that performs control for -
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switching the shift speed established in the speed change mechanism 15, in the case of a
change in fhe target shift speed determined by the target shift speed determina'tion unit 33.
The switching control unit 34 functions as switching control means. The switching
control unit 34 switches ;he shift speed established in the speed change mechanism 15 by
controlling engagement and disengagerhent (release) of the engagement elements C1, C2,
C3, Bl, and B2 based on the target shift speed determined by the target shift speed
determination unit 33. In the present embodiment, the switching control unit 34
performs control that supplies the hydraulic oil via the hydraulic control device 23 to two
engagement elements (refer to FIG. 3) corresponding to the determined target shift speed
to bring the engagement elements into an engaged state, thereby establishing the target
shift speed. If the vehicle speed and the accelerator operation amount change, and thus,
if the target shift speed determination unit 33 changes the target shift speed, the switching
control unit 34 supplies the hydraulic oil to two engagement elements corresponding to
the newly determined target shift speed to bring the engagement elements into an
engaged state, thereby establishing the new target shift speed. The switching control
unit 34 also performs control to disengage all of the engagement elements C1, C2, C3, Bl,
and B2 of the speed change mechanism 15 during the idle stop. Moreover, the
switching control unit 34 plays a part in the vehicle starting operation control according
to a command from the starting control unit 37 to be described later.

| [0058] A valve opening/closing phase control unit 35 is a functional unit that
controls to adjust the opening/closing phases of the intake valve and the exhaust valve of
the internal combustion engine 11. The valve opening/closing phase control unit 35
functions as valve opening/cloéing phase control means. The valve opening/closing
phase control unit 35 controls, via the valve opening/closing phase adjusting mechanism
28, the opening/closing phases of the intake valve and the exhaust valve of the internal
combustion engine 11 so as to be advanced or retarded within the prgdetermined movable
ranges. Here, to "advance the opening/closing phase" means to make the opening time
and the closing time of the intake valve (or exhéust valve) earlier by advancing the phase

of the driven-side rotational member relative to the driving-side rotational member
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‘provided in the valve opening/closing phase adjusting mechanism 28. On the other

hand, to "retard the opening/closing phase” means to make the opening time and the
closing time of the intake valve (or exhaust valve) later by retarding the phase of the

driven-side rotational member relative to the driving-side rotational member provided in

~ the valve opening/cldsihg phase adjusting mechanism 28. The valve opening/closing

phase control unit 35 also performs, during normal funning of the vehicle, normal
running state phase control that adjusts the opening/closing phases of the intake valve and
the exhaust valve so as to be appropriate phases within the mbvable ranges depending on
the state of the internal combustion engine 11.

[0059] In the present embodiment, when the idle-stop condition is satisfied, the
valve opening/closing phase control unit 35 controls the opening/closing phase of the -
intake valve of the internal combustion engine 11 so as to be a fully retarded phase (most
retarded phase) within the movable range, via the valve openi'ng/closing phase adjusting
mechanism 28. As a result, a so-called decompression function is achieved by the valve
opening/closing phase adjusting mechanism 28. When the decompression function is
achieved, the pressure in a cylinder is relieved to be prevented from rising during
compression stroke of the internal combustion engine 11, thereby suppressing pressure
fluctuation in the cylinder to a low level. Consequently, occurrence of vibration can be
suppressed when actually stopping the internal combustion engine 11 at the idle-stop time,
or when starting again the internal combustion engine 11 from the stopped state thereof.
In addition, an amount of energy required to start the internal combustion engine 11 can
be reduced. Moreover, the valve opening/closing phase control unit 35 plays a part in
the vehicle starting operation control according to a command from the starting control
unit 37 to be described later.

[0060] A start preliminary operation detecting unit 36 is a functional unit that
detects a predefined start preliminary operation by a driver while the vehicle is stopped.
The start preliminary operation detecting unit 36 functions as start preliminary operation
detecting means. Here, the term "start preliminary operation" means a preliminary

operation conducted by the vehicle driver for staring the vehicle in the stopped state,
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before actually starting the vehicle. In the present embodiment, the start preliminary

operation deteéting unit 36 detects, as the start preliminary operation, a releasing
operation of the brake pedal 25 conducted by the driver before staring the vehicle in the
stopped state. The start preliminary operation detecting unit 36 detects the start
preliminary operation based on the master cylinder fluid pressure of the master cylinder
26 detected by the fluid pressure detecting sénsor Se4. More specifically, the start
preliminary operation detecting unit 36 judges to have detected the start preliminary
opgration when the master cylinder fluid pressure has decreased by a predetermined
amount along FWith the releasing operation of the brake pedal 25. The "predetermined
amount" in this case can be, for example, a fluid pressure corresponding to 20% to 5>0%
of the master cylinder fluid pressure while the vehicle is stopped. In other words, the
start preliminary operation detecting unit 36 judges to have detected the start preliminary
operation, when the master cylinder fluid pressure has decreased to a first fluid pressure
P1 corresponding to 50% to 80% of the master cylinder fluid pressure while the vehicle is
stopped. The detection of the start preliminary operation serves as a trigger for the
vehicle starting operation control to be described next. |
[0061] In the present embodiment, in addition to the start preliminary operation
by the driver, the start preliminary operation detecting unit 36 detects a predefined "time
point immediately before end of start preliminary operation” that comes before the end of
the start preliminary operation. In the present embodiment, in the same way as the
detection of the start preliminary operation, the start preliminary operation detecting unit
36 detects the time point immediately before end of start preliminary operation based on
the master cylinder fluid pressure of the master cylinder 26 detected by the fluid pressure
detecting sensor Se4. More speciﬁcally, the start preliminary operation detecting unit
36 judges to have detected the time point immediately before end of start preliminary
operation, when the master cylinder fluid pressure has further decreased by a
predetermined amount after the detection of the start preliminary operation along with the
releasihg operation of the brake pedal 25. The "predetermined amount" in this case can

be, for example, a fluid pressure corresponding to 70% to 90% of the master cylinder
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fluid pressure while the vehicle is stopped. In other words, the start preliminary

operation detecting uﬁit 36 judges to have detected the time point irhmediately before end
of start preliminary operation, when the master cylinder fluid pressure has decreased to a
second fluid pressure P2 corresponding to 10% to 30% of the master cylinder fluid
pressure while the vehicle is stopped. When having detected the start prelimindry
operation or the time point immediately before end of start preiiminary operation, the
sfart preliminary operation detecting unit 36 outputs the information indicatiﬁg the
detection to the starting control unit 37; at any time.

[0062] The starﬁng control unit 37 is a functional unit that controls the starting
operation of the vehicle by cooperative control of the rotary electric machine control unit
32, the switching control unit 34, the valve opening/closing phase control unit 35, and so
forth, when the start preliminary operation by the driver has been detected. The starting
control unit 37 functions as starting control means. The starting control unit 37 starts
functioning by using as a trigger the detection of the start preliminary operation by the
start preliminary operation detecting unit 36. That is, the starting control unit 37 does
not function during normal running of the vehicle, and starts functioning only after
receiving the information from the start preliminary operation detecting unit 36 indicating
that the start preliminary operation has been detected. Note that, in the present
embodiment, the starting control unit 37 is structured so as to control the starting
operation of the vehicle in different modes depending on whether the rotary electric
machine 12 is in normal operation or abnormal operation. Details of the vehicle starting
operation control by the starting control unit 37 will be described later.

[0063] A failure judgment unit 38 is a functional unit that judges the abnormal
operation of the rotary electric machine 12. The failure judgment unit 38 functions as
failure judgment means. The failure judgment unit 38 judges that the rotary electric
machine 12 is in abnormal operation, if the rotary electric machine 12 is not actually
driven according to the rotary electric machine operating point determined by the rotary
electric machine control unit 32. In the present embodiment, the failure judgment unit

38 particularly makes judgment as to non-operation of the rotary'electric machine 12 as
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the abnormal operation thereof. Here, the expression "non-operatibn of rotary electric
machine 12" means a state in which the rotary electric machine 12 produées ﬁo output
even if the rotary electric machine control unit 32 has determined a certain rotary electric
machine operating point. That is, the expression means a state in which the rotary
eléctric machine 12 cannot produce a torque, and therefore, cannot rotate independently.

The failure judgment unit 38 can be structured so as to judge the non-operation of the

rotary electric machine 12 as described above, based on, for example, a current detection

value by a current sensor (not shown) for detecting a current actually flowing through
electrical wiring between the rotary electric machine 12 and an inverter device (not
shown) electrically connected to the rotary electric machine 12. That is, the failure
judgment unit 38 judges the rotary electric machine 12 to be in non-operation, if the
current detection value shquld normally be a predetermined value (except zero) but is
actually always zero. When having judged the rotary electric machine 12 to be in
non-operation, the failure judgment unit 38 outputs the information indicating the
judgment to the starting control unit 37.

[0064] 5. Details of Vehicle Starting Operation Control

Next, detailed description will be made of the vehicle starting operation control
performed mainly by the starting control unit 37 with cooperation of the rotary electric
machine control unit 32, the switching control unit 34, the valve opening/closing phase
control unit 35, and so forth in the control unit 30, with reference to the accompanying
drawings. As described above, in the present embodiment, the starting operation control
is performed in different modes depending on whether the rotary electric machine 12 is in
normal operation or abnormal operation. The starting operation control during normal

operation of the rotary electric machine 12 and the starting operation control during

~ abnormal operation of the rotary electric machine 12 will be described below in this

order.
[0065] 5-1. Starting Operation Control During Normal ‘Operation of Rotary
Electric Machine '

First of all, the starting operation control during the normal operation of the rotary
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electric machine 12 will be described. FIG. 6 is a timing chart showing an example of
the starting operation control during the normal operation of the rotary electric machine
12. FIG. 6 shows the. vehicle spéed, the accelerator operation amount, the master.
cylinder fluid pressure, the rotational speeds of the internal combustion engine 11 and the
rotary electric machine 12, the torques of the internal combustion engine 11 and the
rotafy electric machine 12, transfer tbrqne capacities of the clutches (input clutch CT,
lockup clutch CL, and first clutch C1), and the opening/closing phase of the intake valve
of the internal combustion engine 11, in this order from the top. As shown in this chart,
during the normal operation of the rotary electric machine 12, when the start preliminary
operation by the driver is detected while the vehicle is stopped with the internal
combustion engine 11 in the stopped state, the control unit 30 rotates the rotary electric
machine 12 to cause the oil pump 2.2 to produce the circulating oil pressure that cancels
out the urging force of the coned disk spring 44 so as to disengage the input clutch CT,
and, after disengaging the input clutch CT, engagés the first clutch C1 provided in the
transmission device 13 (speed change mechanism 15).. Detailed description will be
made below.

[0066] 5-1-1. Frnm Normal Running to Vehicle Stop

In the present example, the vehicle perfofms normal running by the torque of the
internal combustion engine 11, in the state in which both of the input clutch CT and the
lockup clutch CL are engaged, and the internal combustion engine 11, the rotary electric
machine 12, and the pump impeller 14a and the turbine runner 14b of the torque
converter 14 rotate as a unit with each other (time T00 to TO1). In the present example,
the rotary electric machine control unit 32 controls the torque of the rotary electric
machine 12 such that a relatively small regenerative torque (negative torque) is output,
and thus, the rotary electric machine 12 slightly generates electricity. The valve
opening/closing phase control unit 35 performé the normal running state phase control
that controls each of the opening/closing phases of the intake valve and the exhaust valve
so as to be an appropriate phase between the most advanced phase and the most retarded

phase depending on the state of the internal combustion engine 11.
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[0067] When the accelerator pedal is released and the brake pedal 25 (refer to FIG.

1) is depressed at time T01, the rotary electric machine control unit 32 controls the torque

of the rotary electric machine 12 such that a relatively large regenerative torque (negative

torqué) is output, and thus, the rotary electric machine 12 performs regenerative braking

(time TO1 to T02). Note that the regenerative braking as described above is performed
in. cooperation with braking operation by wheel brakes. During this time, fhe hydraulic
control device 23 stops supplying the hydraulic oil pressure to the input clutch CT, and,
as a result, the input clutch CT is brought into the disengaged state by the circulating oil
pressure. -In addition, the internal combustion engine control unit 31 stops supplying

fuel to the internal combustion engine 11 to stop the internal combustion engine 11. In

- that operation, the valve opening/closing phase control unit 35 adjusts the

opening/closing phase of the intake valve to the most retarded phase, before stopping the
intemal combustion engine 11. In the present example, the most retarded phase is
referred to as a "predetermined reference phase."

[0068] As the vehicle speed decreases, the rotational speed of the rotary electric
machine 12 decreases to reach a disengagement threshold value Vs at time T02. Then,
at thaf time, the valve opening/closing phase control unit 35 advances the opehing/closing
phase of the intake valve relative to the most retarded phase so as to be brought into the
advanced phase state. . In the present example, the valve opening/closing phase control
unit 35 advances the opening/closing phase of the intake valve to the most advanced
phase. Accordingly, the "advanced phase state" in the present example is a state in
which the opening/closing phase of the intake valve is advanced to the most advanced
phase. Here, the disengagement threshold value Vs és described above is set to a
rotational speed of the inner rotor of the oil pump 22 required to produce the circulating
oil pressure. The disengagement thre‘shold value Vs as described above is set to, for
example, 50 to 250 [rpm]. The rotary electric machine control unit 32 controls the
rotational speed of the rotary electric machine 12 so as to be maintained at the
disengagement threshold value Vs after time T02 (time T02 to T04). In the present

embodiment, the inner rotor of the oil pump 22 is drivingly connected to the rotary
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electric machine v12 S0 as to rotate as a unit therewith via the pump impeller 14a of the
torque convefter 14 and the drive transmission member T. _Therefore, by maintaining
the rotational speed of the rotary electric machiné 12 at the disengagement threshold
value Vs, the rofational speed of the inner rotor of the oil pump 22 can bev maintained at
the disengagement threshold value Vs after time T02, thereby enabling to maintain the
input clutch CT in the disengaged state with the circulating oil pressure produced by the
oil pump 22. Note that the lockup clutch CL is disengaged at time T02.

[0069] When the vehicle stops completely at time T03, the switching control unit
34 stops supplying the hydraulic oil to all of the engagement elements including the first
clutch C1 in the speed change mechanism 15 so as to bring all of the engagement
elements into the disengaged state. In addition, the rotary electric machine control unit
32 controls the rotational speed of the rotary electric machine 12 to be zero, so as to stop
the rotary electric machine 12 completely at time TO4. Thereby, the vehicle is brought
into the stopped state in the state in which the internal combustion engine 11 and the
rotary electric machine 12 are stopped. In this state, the inner rotor of the oil pump 22
stops rotating, and thereby, the oil pump 22 stops discharging the oil. Consequently, in
this state, with the plurality bf friction materials 45 frictionally engaged with each other
at the predetermined engaging pressure by only the urging force of the coned disk spring
44, the input clutch CT becomes capable of transmitting the torque. Note that, at this
time, the hydraulic control device 23 supplies, to the first hydraulic oil chamber 47 of the
input clutch CT, a hydraulic oil pressure that is approximately equal to and less than a
stroke-end pressure of the first piston 43 of the input clutch CT on the assumption that the
coned disk spring 44 is not provided. Note also that thé brake 'pedal 25 is depressed by
a large amount, thereby making the master cylinder fluid pressure at a maximum value
PO.

[0070] 5-1-2. From Vehicle Stop to Input Clutch Disengagement

While the vehicle is stopped, the start prelirhinary operation detecting unit 36 keeps
monitoring the start preliminary operation by the driver. In _the present embodiment, as

described above, the start preliminary operation detecting unit 36 detects the start
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preliminary operation based on the master cylinder fluid pressure of the master cylinder
26 detected by the fluid pressure detecting sensor Se4. In the present example, the start
preliminary operation detecting unit 36 judges to have detected the sfart preliminary
opération by the driver, at time T05 when the master cylinder fluid pressuré of the master
cylinder 26 has decreased to the first fluid pressure P1 (P1 = 0.5 * P0) corresponding to
50% of the master cylinder ﬂuid pressure (P0) while the vehicle is stopped. When the
start preliminary operation by the driver has been detected, the rotary electric machine
control unit 32 controls the rotational speed of the rotary electric machine 12 so as to be a
first target speed Vtl (time TOS to T06). Here, the first target speed Vtl has been set to
the rotational speed of the inner rotor of the oil pump 22 required to produce the
circulating oil pressure. The first target speed Vtl as described above is set to, for
example, 50 to 250 [rpm)], in the same way as the disengagement threshold value Vs. In
the present embodiment, the first target speed Vtl and the disengagement threshold value
Vs are set to the same value (V1) (Vs=Vtl =V1).

[0071] In the present embodiment, the inner rotor of the oil pump 22 is drivingly
connected to the rotary electric machine 12 so as to rotate as a unit therewith via the
pump impeller 14a of the torque converter 14 and the drive transmission member T.
Therefore, by rotationally driving the rotary electric machine 12 at the first target speed
Vtl, the inner rotor of the 6il pump 22 can also be rotationally driven at the first target
épeed Vtl. Consequently, with the circulating oil pressure produced by the oil pump 22
and supplied to the first circulating oil chamber 48 on the opposite-to-cylinder side of the
input clutch CT, the input clutch CT can be disengaged by canceling out the urging force
of the coned disk spring 44 that is disposed in the first hydraulic oil chamber 47 so as to
press the plurality of friction materials 45 against each other.

[0072] In this case, in the present embodiment, the magnitude of the urging force
of the coned disk spring 44 in the state in which the first hydraulic oil chamber 47 of the
input clutch CT is supplied with no hydraulic oil is set to an amount with which, in the
most retarded phase state, the internal combustion engine 11 in the stopped state can be

maintained still in the stopped state even if the torque of the rotary electric machine 12 is
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transmitted to the internal combustion engine 11 via the input clutch CT. That is, the
magnitude of the urging force of the coned disk spring 44 is set so that the driven torque

(such as the inertia torque of the internal combustion engine output shaft Eo, and the slide

resistance of rotation of the internal combustion engine output shaft Eo) of the internal

~ combustion engine 11 in the most retarded phase state is larger than the torque

transmitted from the rotary electric machine 12 to the internal combustion engine 11 via
the input clutch CT. Accordingly, when disengaging the input clutch CT by rotationally
driving the rotary electric machine 12 to drive the oil pump 22, the internal combustion

engine 11 can basically be maintained still in the stopped state even if a part of the torque

.of the rotary electric machine 12 is transmitted to the internal combustion engine 11 due

to the urging force of the coned disk spﬁng 44.

[0073] When taking into account that a certain amount of vafiations cannot be
prevented from occurring in such factors as quality of the coned disk spring 44 and the
driven torque of the drivingly connected internal combustion engine 11, it is not
absolutely impossible that the internal combustion engine 11 is dragged to be rotated
because the torque transmitted from the rotary electric machine 12 to the internal
combustion engine 11 via the input clutch CT is larger than the driven torque of the
internal combustion engine 11 when disengaging the input clutch CT by rotationally
driving the rotary electric machine v12, even if the magnitude of the urging force of the
coned disk spring 44 is set as described above. Therefore, in the present embodiment,
after time T02 when the rotational speed of the rotary electric machine 12 has decreased
to the disengagement threshold value Vs or less, the most advanced phase state is
established in which the opening/closing phase of the intake valve is advanced to the
most advanced phase, and in the most advanced phase state, the disengaging operation of
the input clutch CT is performed by the circulaﬁﬁg oil pressure produced by the oil pump
22 as described above. By establishing the most advanced phase state as described
above, a pressure in the combustion chamber of the internal combustion engine 11 can be
increased during compression operation in the combustion chamber. Therefore, the

driven torque of the internal combustion engine 11 can be increased by a large amount
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compared with _ihat in the most retarded phase state, and thus, the driven torque of the
internal combustion engine 11 in the most advanced phase state can be surely larger than »
the torque transmittable by the input clutch CT with the urging force of the coned disk -
spring 44. Consequently,' when disengaging the input clutch CT by rotationally driving
the rotaryv electric machine 12, the internal combustion engine 11 can surely be
maintained still in the stopped state while taking into account the variations in such
factors as the quality of the coned disk spring 44 and the driven torque of the drivingly
connected internal combustion engine 11.

[0074]  5-1-3. From Input Clutch Disengagement to Vehicle Start

Then, after time T06, the rotary electric machine control unit 32 controls the
rotational speed of the rotary electric machine 12 so as to be a second target speed Vt2
that is set to a larger value than the first target speed Vtl (time T06 to T07). Here, the
second target speed Vt2 is set to a rotational speed of the rotary electric machine 12
required for producing a creep torque when starting the vehicle. The second target
speed Vt2 as described above is preferably set to, for exafnple, 300 to 800 [rpm], and
further preferably set to a rotational speed in the vicinity of an idle spéed (V2) of the
internal combustion engine 11. By rotationally driving the rotary electric machine 12 at
the second target speed Vt2, the rotary electric machine 12 is brought into the state of
producing the creep torque. However, at time T06, the brake pedal 25 is in the .
depressed state by the driver, and all of the engagement elements including the first
clutch C1 in the speed change mechanism 15 are in the disengaged state. Therefore, the
vehicle remains in the stopped state even though the rotary electric machine 12 produces
the creep torque.

[0075]  After detecting the start preliminary operation by the driver, the start
preliminary operation detecting unit 36 keeps monitoring the time point immediately
before end of start preliminary operation coming before the start preliminary operation
ends. In the present embodiment, as described above, the start preliminary operation
detecting unit 36 détects the time point immediately before end of start preliminary

operation based on the master cylinder fluid pressure of the master cylinder 26 detected
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by the fluid pressure detecting sensor Se4. In the present example, the start preliminary

operation detecting unit 36 judges to have detected the time point immediately before end
of start preliminary operation at time TO7 when the master cylinder fluid pressure of the
master cylinder | 26 has decreased to the second fluid pressure P2 (P2 = 0.1 * PO)
corresponding to 10% of the master cylinder fluid pressure (PO) while the vehicle is
stopped. When the tirﬁe point immediately before end of start preliminary operation is
detected while the rotary electric machine 12 is préducing the creep torque, the switching
control unit 34 supplies the hydraulic oil to the first clutch C1 to engage the first clutch
C1 before the start preliminary operation ends so as to bring the first clutch C1 into the
engaged state. Note that, here, to "engage the first clutch C1 before the start preliminary
opération ends" means to start an engaging operation of the first clutch C1 so as to start to
have a torque capacity before the start preliminary operation ends, but does not
necessarily mean to engage the first clutch C1 completely. In this operation, the
switching control unit 34 controls the amount of the hydraulic oil pressure supplied to the
first clutch C1 so that the torque capacity of the first clutch C1 is equal to or more than
the amount of the creep torque produced by the rotary electric machine 12. Thereby, the
creep torque produced by the rotary electric machine 12 can appropriately be transmitted
to the side of the wheels 17 so as to start the vehicle appropriately.

[0076] In the present embodimeht, in thé state in which the input clutch CT is
disengaged by the circulating oil pressure produced by the oil pump 22 that is driven by
rotationally driving the rotary electric machineb 12, the first clutch C1 is éngaged to
establish the first speed fdr starting, thereby starting the vehicle. Consequently, at time
TO8 when the vehicle actually begins starting, the input clutch CT is already in the
disengaged state so that all of the creep torque produced by the rotary electric machine 12
is transmitted to the side of the wheels 17. Therefore, the torque transmitted to the side
of the wheels 17 after the start of the vehicle is kept constant without changing by a large
amount. Accordingly, the driveability can favorably be maintained when starting the
vehicle.

[0077] In addition, in the present embodiment, the valve opening/closing phase
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control unit 35 retards the opening/closiﬁg phase of the intake valve of the internal
combustion engine 11, after the disengagement of the input clutch CT. In the present
example, the valve opening/closing phase control unit 35 retards the opening/closing
phase of the intake valve that is at the most advanced phase level until reaching the most
retarded phase level. More specifically, the valve opening/closing phase control unit 35
retards the opening/closing phase of the intake valve so as to reach the ﬁlost retarded
phase, at a time point when a predetermined delay time Td has passed from the time point
(time TO5) when the rotational speed of the rotary electric machine 12 detected by the
rotor rotation sensor Sel had increased to reach the first target speed Vtl. In this way,
by waiting until the delay-time Td further passes after the rotational speed of the rotary
electric machine 12 has increased to reach the first target speed Vtl, the time when the
opening/closing phaée of the intake valve reaches the most retarded phase can be made to
come after the input clutch CT has surely been brought into the disengaged state.
Consequently, the disengaging operation of the input clutch CT can be performed in the
state in which the driven torque of the internal combustion engine 11 is surely larger than
the torque transmittable by the input clutch CT, and, after the disengagement of the input
clutch CT, the decompression function is- made achievable so as to be able to
appropriately prepare for suppressing occurrence of vibration during the next starting of
the internal combustion engine 11.

[0078] 5-1-4. From Vehicle Start to Normal Running

In the present embodiment, the vehicle is started in the electric drive mode in which
only the rotary electric machine 12 produces torque while the internal combustion engine
11 is in the stopped state. In this operation, in the present example, the rotary electric
machine control unit 32 controls the torque produced by the rotary electric machine 12 so
as to correspond to a driving force required by the vehicle. Note that, the rotary e}ectric
machine control unit 32 can be structured to run the vehicle by appropriately switching
between the stage to control the torque of the rotary electric machine 12 and the stage to
control the rotational speed of the rotary electric machine 12, depending on the situation

during the normal running after the start of the vehicle. Moreover, in the present
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example, the internal combustion engine 11 is started by crahking the internal combustion
engine output shaft Eo at time T09. In this operation, the rotafy electric machine control
unit 32 temporarily adds a torque for cranking the internal combustion engine output
shaft Eo to the torque corresponding to the driving force réquired by the vehicle, and,
after the internal combustion engine 11 is started, controls the torque of the rotary electric
machine 12 so as to be zéro.

[0079] In this way, after the internal combustion engine 11 is started, the vehicle
is driven in a parallel drive mode in which the vehicle is basically driven by the torque of
the internal combustion enginé 11, and, if the required driving force is not satisfied by
onl}" the torque of the internal combustion engine 11, the rotary electric machine 12
produces an assist torque. In the present example, the lockup clutch CL is brought into
the engaged state after the internal combustion engine 11 is started at time T09.
Thereafter, the valve opening/closing phase control unit 35 performs the normal running
state phase control. |

[0080] 5-2. Starting Operation Control During Abnormal Operation of Rotary
Electric Machine

Next the starting operation control during the abnormal operation of the rotary
electric machine 12 will be described. FIG. 7 ié a timing chart showing an example of
the starting operation control during the abnormal operation of the rotary electric machine
12. FIG. 7 \shows the vehicle speed, the accelerator operation amount, the master
cylinder fluid pressure, the rotational speeds of the internal combustion engine 11 and the
rotary electric machine 12, the torques of the internal combustion engine 11 and the
rotary electric machine 12, and the transfer torque capacities of the clutches (input clutch
CT, lockup clutch CL, and first clutch C1), in this order from the top. The
opening/closing phase of the intake valve of the internal combustion engine 11 is omitted
here. As shown in this chart, during the abnormal operation of the rotary electric
machine 12, the control unit 30 starts the internal combustion engine 11, drives the oil
pump 22 by transmitting the torque of the internal combustion engine 11 to the oil pump

22 via the input clutch CT with the plurality of friction materials 45 pressed against each
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“other by the urging force of the coned disk spring 44, and engages the input clutch CT

with the ‘circulating oil pressure produced by the oﬂ pump 22. Detailed description will
be made below. ,

[0081] - In the present example, the vehicle is stopped while both of the internal
combustion engine 11 and the rotary electric machine 12 are in the stopped state (time
T10 to T11). | All of the engagement elements including the lockup clutch CL and the
first clutch Cl1 in the speed change mechanism 15 are in the disengaged state. The oil
pump 22 is also in the stopped state. Accordingly, the oil pump 22 is not producing the -
circulating oil pressure, and therefore, the input clutch CT is capable of transmitting
torque -with the urging force of the coned disk spring 44. In this state, the internal
combustion engine 11 is started by the starter 27 (refer to FIG. 1) at time T11, thereby
starting to rotate at the idle speed and produce torque. Here, in the preéent embodiment,
the magnitude of the urging force of the coned disk spring 44 in the state in which the
first hydraulic oil chamber 47 of the input clutch CT is supplied with no hydraulic oil is
set to a magnitude with which the torque of the internal combustion engine 11 can be
transmitted to the inner rotor of the oil pump 22 via the input clutch CT, the drive
transmission member T, and the pump impeller 14a of the torque converter 14.
Consequently, a part, within a transmittable range by the input clutch CT (here, equal to a
torque corresponding to the magnitude of the urging force of the coned disk spring 44), of
the torque produced by the internal combustion engine 11 is transmitted to the side of the
rotary electric machine 12 and the oil pump 22, and thereby, the rotational speed of the
rotary electric machine 12 and the inner rotor .of the oil pump 22 gradually rises toward
the idle speed (time T11 to T12).

[0082] In this way, by raising the rotational speed of the inner rotor of the oil
pump 22 with the torque of the internal combustion engine 11, the oil pump 22 can
produce moré hydraulic oil pressure. However, the oil pump 22 also produces a
circulating oil pressure at the same time. Therefore, if the circulating oil pressure is
supplied to the first circulating oil chamber 48 on the opposite-to-cylinder side of the

input clutch CT, the input clutch CT is brought into the disengaged state, so that the
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torque of the internal combustion engine 11 can not be transmitted fo the side of the
wheels 17. Therefore, during the abnormal operation of the rotary electric machine 12,
control is performed, by controlling the hydraulic control device 23, to suppress the
urging force of the coned disk spring 44 from being canceled out by the circulating oil
pressure when performing the disengaging operation of the input clufch CT. More
specifically, in the present embodiment, control is performed to reduce the circulating oil
pressure supplied to the input clutch CT so as to be lower than the circulating oil pressure
during the normal operation of the rotary electric machine 12. It may also be structured
such that control is performed to supply the normal circulating oil pressure to the input
clutch CT, and supply, to the first hydraulic oil chamber 47, a hydraulic oil pressure to
cancel out the circulating oil pressure, or, in other Words, a hydraulic oil pressure to assist
the urging force of the coned disk spring 44. It may furthermore be structured such that
control is performed in both of the above-described ways. _Thus, the disengaging
opf_aration of the input clutch CT by the circulating oil pressure can be made to occur at
least later than in the case of the normal operation of the rotary electric machine 12.
[0083] Thereafter, the internal combustion engine 11 and the rotary electric
machine 12 are brought into the state of rotating at the same speed (here, the idle speed)
at time T12, and then, at time T13, the hydraulic oil pressure produced by the oil pump 22
is supplied to the first hydraulic oil chamber 47 of the input clutch CT to bring the input
clutch CT into the engaged state by the hydraulic oil pressure. That is, the input clutch |
CT is brought into the engaged state by the hydraulic oil pressure before it is brought into
the disengaged state by the circulating oil pressure. Here, the oil pump 22 produces an
oil pressure that engages the plurality of friction materials 45 of the input clutch CT so as
to rotate completely as a unit with each other without mutually sliding, and thereby,
engages the input clutch CT completely. After the input clutch CT is brought into the
engaged state, the internal combustion engine 11 is prohibited from being stopped until
the main source of vehicle electrical power is turned off. That is, the idle-stop function
is stopped. According to the starting operation control as described above, the vehicle

can appropriately be started and driven even if the rotary electric machine 12 is in failure.
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[0084] 6. Procedure of Vehicle Driving Control

Next, the contents of control of the hybrid drive apparatus 1 acéording to the present
embodiment will be described. FIG. 8 is a flow chart showing a processing procedure of
the vehicle starting control (the starting operation control of the vehicle during the normal
operation of the rotary electric machine 12) of the hybrid drive apparatus 1 acéording to
the present embodimeﬁt. FIG. 9 is a flow chart shoWing ‘a processing procedure of the
vehicle driving control (including the starting operation control) during abnormal state of
the rotary electric machine according to the present embodiment. FIG. 10 is a flow chart
showing a processing procedure of the valve opening/closing phase control that is
performed in parallel with the vehicle starting control shown in FIG. 8. The control
processing procedures of the hybrid drive apparatus 1 described below are executéd by
the functional units 31 to 38 of the control unit 30. - If the functional units 31 to 38 of the
control unit 30 are constitutéd by programs, the arithmetic processing unit provided in the
control unit 30 operates as a computer executing the programs constituting the functional
units 31 to 38.

[0085]  6-1. Procedure of Vehicle Starting Control

First of all, the processing procedure of the vehicle starting control according to the
present embodiment will be described. The vehicle starting control is basically
performed in the state in which the vehicle is stopped while the internal combustion
engine 11 and the rotary electric machine 12 are stopped, in the case of the rotary electric
machine 12 being not in abnormal operation. In the vehicle starting control, as shown in
FIG. 8, the switching control unit 34 first brings all of the engagement elements C1, C2,
C3, Bl, and B2 of the speed change mechanism 15 into the disengaged state (step #01).
The hydraulic control device 23 precharges the first hydraulic oil chamber 47 of the input
clutch CT with the hydraulic oil pressure that is approximately equal to and less than the
stroke-end pressure of the first piston 43 of the iﬁput clutch CT on the assumption that the
coned disk spring 44 is not provided (step #02). In this state, the start preliminary
operétion detecting unit 36 keeps monitoring the pfedeﬁned start preliminary operation

by the driver (step #03). In the present example, the start preliminary operation
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detecting unit 36 judges to have detected the start preliminary operation, When the master
cylinder fluid pressure has decreased to the first fluid pressure P1 corresponding to 50%
to 80% of the master cylinder fluid pressure while the vehicle is s‘iopped.

[0086] When the master cylinder fluid pressure detected by the fluid ‘pressure
detecting sensor Se4 decreases to the first fluid pressure P1, and thus, the start
preliminary operation is detected (step #03: Yes), the rotary electric machine control unit
32 controls the rotational speed of the rotary electric machine 12 so as to be the first
targei speed Vtl (step #04). Thereby, the inner rotor of thé oil piimp 22 drivingly
connected via the drive transmission member T and the pump impeller 14a to the rotary
electric machine 12 so as to rotate as a unit therewith is also rotationally driven at the first
target speed th. With the inner rotor rotating at the first target speed Vtl, the oil pump
22 produces the circulating oil pressure. The circulating oil pressure is supplied to the
first circulating oil chamber 48 on the opposite-to-cylinder side of the input clutch CT,
and disengages the input clutch CT by canceling out the urging force of the coned disk
spring 44 disposed in the first hydraulic oil chamber 47 so as to press the plurality of
friction materials 45 against each other (step #05). Thereafter, the rotary electric
machine control unit 32 controls the rotational speed of the rotary electric mai:hine 12 so
as to be the second target speed Vt2 (step #06). Thereby, the rotary electric machine 12
is brought into the state of producing the creep torque.

[0087] After detecting the start preliminary operation, the start preliminary
operation detecting unit 36 keeps monitoring the predefined time point immediately
before end of start preliminary operation coming before the start preliminary operation
ends (step #07). In the present example, the start preliminary operation detecting unit
36 judges to have reached the time point immediately before end of start preliminary
operation, when the master cylinder fluid pressure has decreased to the second fluid
pressure P2 corresponding to 10% to 30% of the master cylinder fluid pressure whiie the
vehicle is stopped. When'the master cylinder fluid pressure detected by the fluid
pressure detécting sensor Se4 decreases to the second fluid pressure P2, and thus, the

time point immediately before end of start preliminary operation is judged to be reached
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(step #07: Yes), the switching control unit 34 supplies the hydraulic oil to the'ﬁrs’_t clutch

Cl1 to bring the first clutch C1 into the engaged state. At this time, the torque capacity

of the first clutch C1 is controlled so as to be equal to or more than the amount of the

~creep torque produced by the rotary electric machine 12 (step #08). When the brake

operation is released in that state, the vehicle makes a start (step #09). Thereafter, the
internal combustion engine control unit 31 and the rotary electric machine control unit 32
perform, in cooperation with each other, normal sta‘ie driving control that drives the
vehicle by controlling one or both of the internal combustion engine 11 and the rotary
electric machine 12 depending on the vehicle running state (step #10). Thus, the vehicle
starting contiol ende. |

[0088] In the present embodiment, in the state, for example, in which the internal
combustion engine 11 is stopped by the idle-stop function, and the vehicle is at a stage
before stopping (at a stage earlier than the step #01), it is judged whether or not the
rotational speed of the rotary electric machine 12 is less than the disengagement threshold
value Vs. Then, if the rotational speed of the rotary electric machine 12 is judged to be
less than the disengagement threshold value Vs, the rotary electric machine control unit
32 controls the rotational speed of the rotary electric machine 12 so as to be the
disengagement threshold value Vs (here, equal to the first target speed Vtl). Thereby,
the input clutch CT is maintained in the disengaged state until the vehicle stops
completely. ,

[0089] 6-2. Procedure of Vehicle Driving Control During Abnormal State of
Rotary Electric Machine | |

Nexi, the processing procedure of the vehicle driving control during the abnormal
state of the rotary electric machine (including the starting opeiation control during the
abnormal operation of the rotary electric machine 12, and hereinafter called "abnormal
state vehicle driving control") according to the present embodiment will be described.
In the abnormal state vehicle driving control, as shown in FIG. 9, the failure judgment
unit 38 first judges whether oi not the rotary electric machine 12 is in abnormal operaition

(step #21). In the present example, the failure judgment unit 38 particularly makes
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judgment as to non-operétion of the rotary electric machine 12 as the abnormal operation
thereof. If the rotary electric machine 12 is judged to be operating normally (step #21:
No), the abnormal state vehicle driving control ends without further execution. On the
other hand, if the rotary electric machine 12 is judged to be in abnormal operation (stép _
#21: Yes); it is next judge_d whether or not the input clutch CT is in the disengaged state
(step #22). If the input clutch CT is in the engaged state (step #22: No), it is then judged
whether or not the internal combustion engine _11 is in the stopped state (step #33). If
the internal combustion engine 11 is judged to be in the driving state (step #33: No), the
idle-stop function is stopped in that stéte, and the internal combustion engine 11 is
prohibited from being stopped (step #35). If the internal combustion engine 11 is in the
stdpped state (step #33: Yes), the internal combustion engine 11 is started by the starter
27 (step #34); then, the idle-stop function is stopped, and the internal combustion engine
11 is prohibited from being stopped (step #35). Thereafter, the internal combustion
engine control unit 31 performs abnormal state driving control that drives the vehicle by
controlling the internal combustiqn engine 11 depending on the vehicle running state
(step #36), and then, the abnormal state vehicle driving control ends. Note that the
abnormal state driving control described above is the same control as that of an internal
combustion engine in a so-called common engine vehicle provided with only the internal
combustion engine as a source of vehicle driving force.

[0090] - In the judgment in the step #22, if the input clutch CT is in the disengaged
state (step #22: Yes), it is then judged whether or not the internal combustion engine 11 is
in the stopped state (step #23). If the internal combustion engine 11 is in the stopped
state (step #23: Yes), the internal combustion engine 11 is started by the starter 27 (step
#24). Next, the hydraulic control device 23 reduces the circulating .oil pressure supplied
to the input clutch CT so as to be lower than the circulating oil pressure during the normal
operation of the rotary electric machine 12 (step #25). Next, it is judged whether or not
the rotational speed of the rotor 12b of the rotary electric machine 12 driven by the torque
of the internal combustion engine 11 transmitted via the input'clutch CT has reached a

value approximately equal to the idle speed of the internal combustion engine 11 (step
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#26). If the rotational speed of the rotary electric machine 12 is approximately equal to
the idle speed (step #26: Yes), the hydraulic control device 23 supplies the hydraulic'oil
to the first hydraulic oil chamber 47 of the input clutch CT (step #27), thus bringing the

input clutch CT into the engaged state by the hydraulic oil pressure. Thereafter, the

| idle-stop function is stopped, and the internal combustion engine 11 is prohibited from

being»sfopped (step #28); then, the abnormal state driving control is performed (step #36),
and the abnormal state vehicle driving control ends. _

[0091] In the judgment in the step #23, if the internal combustion engine 11 is
judged to be in the driving state (step #23: No), first of all, the idle-stop function is
stopped, and the internal combustion engine 11 is prohibited from being‘ stopped (step
#29). Thereafter, the hydraulic control device 23 reduces the circulating oil préssure
éupplied to ‘the input clutch CT so as to be lower than the circulatiﬁg oil pressure during
the normal operation of the rotary electric machine 12 (step #30). Next, it is judged
whether or not the rotational speed of the rotor 12b of the rotary electric machine 12
driven by the torque of the internal combustion engine 11 via the input clutch CT has
reached a value approximately equal to the idle speed of the internal combustion engine
11 (step #31). If the rotational speed of the rotary electric machihe 12 is approximately
equal to the idle speed (step #31: Yes), the hydraulic oil is supplied to the first hydraulic
oil chamber 47 of the input clutch CT (step #32), thus bringing the input clutch CT into
the engaged state by the hydraulic oil pressure. Thereafter, the abnormal state driving -
control is performed (step #36), and then, the abnoﬁnal state vehicle driving control ends.

[0092] 6-3. Procedure of Valve Opening/Closing Phase Control

Next, the proce.ssing procedure of the valve opening/closing phase control according
to the present embodiment will be described. In the valve opening/closing phase control,
as shown in FIG. 10, it is first judged whether or not the internal combustion engine 11 is
stopped (step #41). _If the internal combustion engine 11 ié judged to maintain the
driving state (sfep #41: No), the valve opening/cvlosing phase control unit 35 performs the
normal running state phase control that adjusts each of the opening/closing phases of the

intake valve and the exhaust valve between the most advanced phase and the most



10

15

20

25

WO 2011/108406 v PCT/JP2011/053886
49

retarded phase depending on the state of the internal combustion engine 11 (step #51),
and then, terminates the valve opening/closing phase control. On the other hand, if the
internal combustion engine 11 stops (step #41: Yes), the vaive opening/closing phase
control unit 35 adjusts the opening/closing phase of the intake valve of the internal
combustion engine 11 to the most retarded phase (step #42). If the rotational speed of
the rotary electric machine 12 has decreased and then reaches the disengagement
threshold value Vs or less (step #43: Yes), the valve opening/closing phase control unit 35
adjusts the opening/closing phase of the intake valve of the internal combustion vengine 1
to the most advanced phase (step #44).

[0093] In this state, thé above-described vehicle starting control according to the
present embodiment is performed. That is, the control is performed such that the
predefined start preliminary operation by the driver is monitored by the start preliminary
operation detecting ﬁnit 36 (step #45), and using as a trigger the detection of the start
preliminary operation by the driver (step #45: Yes), the rotary electric machine 12 is
rotated to disengage the input clutch CT by canceling out the urging force of the coned
disk spring 44 with the circulating oil pressure produced by the oil pump 22. During
riéing of the rotational speed of the rotary electric machine 12 associated with the
execution of the vehicle starting control, it is judged whether or not the rotational speed
of the rotary electric machine 12 is the first target speed Vtl or more (step #46). In the
present example, the first target speed th' is set to the same value as the disengagement
threshold value Vs (Vtl = Vs = V1). When the rotational speed of the rotary electric
machine 12 reaches the first target speed Vtl or more (step #46: Yes), it is judged whether
or not the predetermined delay time Td has passed from the time point when the first
target speed Vtl is reached (step #47). Then, after the delay time Td has passed (step
#47: Yes), the valve opening/closing phase control unit 35 adjusts the opening/closing
phase of the intake valve of the internal combustion engine 11 to the most retarded phase
(step #48), for preparing for the start of the internal combustion engine 11. Then, after
the internal combustion engine 11 has fulfilled a predetermined starting condition (step

#49: Yes), the internal combustion engine 11 is started (step #50). Thereafter, the valve
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opening/closing phase control unit 35 performs the normal ninning state phase control
(stepv #51), and then, terminates the valve opening/closing phase control.

[0094]  [Other Embodiments]

Finally, other embodiments of the hybrid drive apparatus according to the present
invention will be descﬁbed. Note that each.characteristic structure disclosed in each
er-nbodim.ent below . is. not applied only to that embodiment, but can be applied in
combination with charaéterisﬁc structures disclosed iﬁ other embodiments, unless anyv
inconsistency arises. |

[0095] (1) The above embodiment has been described by way of an example in
which, in the starting operation control, the rotary electric machine control unit 32
coritrolsv the rotational speed of the rotary electric machine 12 so as to increase the

rotational speed of the rotary electric machine 12 in a stepwise manner to speeds in the

order of the first target speed Vtl and the second target speed Vt2. However,

embodiments of the presentuinvention are not limited to this. That is, it is also vone of
preferred embodiments of the present invention to have a structure in which, for example,
the rotary electric machiné control unit 32 controls the rotational speed of the rotary
electric machine 12 so as to adjust the rotational speed of the rotary electric machine 12
to the second tafget speed Vt2, iinmediately after the start preliminary operation by the
driver is detected. FIG. 11 shows a timing chart in this case. The timing chart in FIG.
11 shows a situation in which the rotational speed of the rotary electric machine 12 is
rapidly raised to the second target speed Vt2 during time T25 to T26. Even in the case
of this example, at time T28 when the vehicle actually begins starting, the input clutch
CT is already in the disengaged state, and thus, all of the creep torque produced by the
rotary electric machine 12 is transmittable to the side _of the wheels 17. Conséquently,
because the torque transmitted to the side of the wheels 17 after the start of the vehicle is
kept constant without changing by a large amount, the driveability can favorably be
maintained when starting the vehicle.

[0096] (2) The above embodiment has been described by way of an example in

which, in the starting operation control, the valve opening/closing phase control unit 35
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advances the opening/closing phase of the intake valve to the most advanced phase while
the vehicle is stopped. However, embodirhents of the present invention are not limited
to this. That is, it may be structured such that the valve opening/closing phase control
urﬁt 35 advances the opening/closing phase of the intake valve to an arbitrary phase
between the most retarded phase and the most advanced phase, provided that the
opening/closing phase of the intake valve is at least more advanced fhan the most
retarded phase serving as the predetermined reference phase. Even in this case, the
driven torque of the internal combustion engine 11 can be at least larger than the driven
torque at the most retarded phase. Therefore, when disengaging the input clutch CT by
rotationally driving the rotary electric maéhine 12, the internal combustion engine 11 can
more surely be maintained still in the stopped state. Accordingly, the driveability can
favorably be maintained when starting the vehicle. It can also be structured, as shown
in the timing chart of FIG. 11, such that the valve opening/closing phase control is not
performed at all in the starting operation control.

[0097] (3) The above embodiment has been described by way of an example in
which the transmission device 13 is structured to have the torque converter 14 and the
speed change mechanism 15. However, embodiments of the present invention are not
limited to this. That is, the transmission device 13 is only necessary to have the
plurality of engagement elements including the engagement element for stérting that
establishes the starting shift speed in the engaged state, and therefore, it is also one of
preferred embodiments of the present invention to structure the hybrid drive apparatus
such that the drive transmission member T serving as the input member is diréctly
drivingly connected to the speed change mechanism 15 without passing through the
torque converter 14. |

| [00‘98] (4) The above embodiment has been described by way of an example in
which the start preliminary operation detecting unit 36 detects the start preliminary
operation based on the master cylinder fluid pressure of the master cylinder 26 detected
by the fluid pressure detecting sensor Se4. However, embodiments of the presént

invention are not limited to this. That is, the start preliminary operation can be detected
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based not necessarily on the master cylinder fluid pressure but on other operation
pressure that operatés at least in conjunction with the brake pedal 25 included in the
brake mechanism 24. It is also one of preferred embodiments of the present invention to
have a structure in which, for example, the start preliminary operation détecting unit 36
detects the start preliminary operation based on the stroke position of the brake pedal 25
detected by the stroke position detecting sensor Se5. In this case, the start prelimiriary
operation detecting unit 36 can be structured, for example, to judge to have detected the
start preliminary operation when the stroke position of the brake pedal 25 has reached a
predetermined position along with the releasing operation of the brake pedal 25. The
start preliminary operation detecting unit 36 can also be structured, for example, to derive
an amount of change in stroke associated with the releasing operation of the brake pedal
25 from the stroke position of the brake pedal 25 detected by the stroke position detecting
sensor Se5, and then detect the start preliminary operation based on the amount of change
in stroke. .Moreover, it is also one of preferred embodimenté of the present invention to
have a structure in which the start preliminary operation is detected based on a
corﬁbination of two or more of the plurality of indicators described above.

[0099] (5) The above embodiment has been' described by way of an example in
which the first target speed Vtl and the disengagement threshold value Vs are set to the
same value because both of Vtl and Vs are set as the rotational speed of the inner rotor of
the oil pump 22 required to produce the circulvating oil pressure. However,
embodiments of the present invention are not limited to this. That is, it is also one of
preferred embodiments of the present invention to have a structure in which the first
target speed Vtl and the disengagement threshold value Vs are set to different values
from each other, provided that each of Vtl and Vs is sufficient to rotationally drive the
inner rotor of the oil pump 22 so as to produce the circulating oil pressure for disengaging
the input clutch CT. |

[0100] (6) The above embodiment has been described by way of an example in
which the control unit 30 includes the internal combustion engine control unit 31, the

rotary electric machine control unit 32, and the valve opening/closing phase control unit
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35, and this single control unit 30 is structured to perform the operatién control of the
internal combustion .engine 11, the operation control of the rotary electric machine 12,
and the opening/closing phase adjustment control of the intake valve and the exhaust
valve of the internal combustion eﬁgine 11 via the valve opening/closing phase adjusting
mechanism 28. However, embodiments of the present invention are not limited to this.
That is, it is also one of preferréd embodiments of the present invéntion to have a
structure in which one or two or more of these functional units are separated from the
control unit 30 in the above embodiment, and included in othér control units that are:
capable of operating in cooperation with fhe control unit 30. For example, a structure
can be employed in which a control unit controlling the internal combustion engine 11, a
control unit controlling the rotary electric machine 12, and a control unit controlling the
valve opening/closing phase adjusting mechanism 28 are separately provided and operate
in cooperation with each other. In this case, these control units cooperate with each
other to compose the "control device" in the present invention.

[0101] (7) Regarding also other structures, the embodiments disclosed herein are
examples in all respects, and embodiments of the present invention are not limited to
these examples. That is, as far as including a structure described in the claims of the
present application or a structure equivalent thereto, a structure obtained by appropriately
changing a part of a structure not described in the claims also belongs to the technical

scope of the present invention as a matter of course.
INDUSTRIAL APPLICABILITY

[0102] The present in\}ention can preferably be used for a hybrid drive apparatﬁs
provided with an input member that is drivingly connected to a rotary electric machine
and drivingly connected vié an input clutch to an internal combustion engine, a
transmission device that transmits rotation of the input member to an output member at a
changed speed, an oil pump that is driven by the input member, and a control device that

controls at least the rotary electric machine and the transmission device.
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Description of the Reference Numerals

11
12
13
22
24
25
26
30
38
43
44
45

O
CT
C1
Sed
Ses

- Vitl

[0103] 1  Hybrid drive apparatus

Internal combustion engine
Rotary electric machine
Transmission device
Oil pump
Brake mechanism
Brake pedal
Master cylinder |
Cd_ntrol unit (controi device)
Failure judgment unit (failure judgment means)
First piston (piston)
Coned disk spring (elastic member) .
Friction materials
Drive transmission member (ihput member)
Output shaft (output member)
Input clutch
First clutch
Fluid pressure detecting sensor
Stroke position detecting sensor

First target speed .

VT2 Second target speed

PCT/JP2011/053886
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CLAIMS

‘1. A hybrid drive apparatus comprising:

an input member that is drivingly connected to a rotary -electric machine and
drivingly connected via an input clutch to an internal combustion engine,

a tfansmission device that transmits rotation of the input member to an output
member at a changed speed, |

an oil pump that is driven by the input member, and |

a control device that controls at least the rotary electric machine and the
transmission device, wherein

the transmission device has a plurality of engagement elements including an
engagement element for starting that establishes a starting shift speed in the engaged
state,

the input clutch has a plurality of friction materials, a piston that presses the -

- plurality of friction materials against each other by being operated by hydraulic pressure,

and an elastic member that urges the piston in the pressing direction at a predetermined
urging force, and is structured such that a circulating oil pressure is supplied to an
opposite-to-cylinder side of the piston, and

the control device, when detecting a start preliminary operation by a driver while

a vehicle is stopped with the internal combustion engine in the stopped state, rotates the

rotary electric machine to cause the oil pump to produce the circulating oil pressure that
disengages the input clutch by canceling out the urging force of the elastic member, and

engages the engagement element for starting, after disengaging the input clutch.

2. The hybrid drive apparatus according to claim 1, wherein the control device
controls the rotary electric machine so as to inérease in a stepwise manner a rotational
speed of the rotary electric machine to a first target speed required to produce the
circulating oil pressure and then a Second target speed required to produce a creep torque

output when starting the vehicle, and engages the engagement element for starting, after
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adjusting the rotational speed of the rotary electric machine to the second target speed.

3. The hybrid drive apparatué according to claim 1 or 2, further comprising failure
judgment means that judges an abnormal operation of the rotary electric machine,
wherein | - |

the control device, if the abnormal Qpefation of the rotary electric machine is
judged to have occurred, starts the internal combustion engine, and drives the oil pump
by transmitting torque of the internal combustion engine to the oil pump via the input
clutch with the plurality of friction materials pressed against each other by the urging
force of the elastic member so as to produce hydraulic pressure to engage the input

clutch.

4. The hybrid drive apparatus according to any one of claims 1 to 3, wherein the
control device engages the engagement element for starting, after the input clutch is

disengaged and before the start preliminary operation ends.

5. The ‘hybrid drive apparatus according to any one of claims 1 to 4, wherein the
magnitude of the urging force of the elastic member in the state of no hydraulic pressure
being supplied to the input clutch is set in advance to an amount within a range in which

the torque of the internal combustion engine is capable of being transmitted via the input

- clutch to the oil pump to drive the oil pump from a stopped state, and the internal

combustion engine in the stopped state is capable of still remaining in the stopped state
even if the torque of the rotary electric machine is transmitted via the input clutch to the

internal combustion engine.

6. The hybrid drive apparatus according to.any one of claims 1 to 5, wherein

the apparatus is structured to be capable of obtaining information from at least one

of stroke position detecting means that detects a stroke position of a brake pedal included

in a brake mechanism provided in the vehicle, and operation pressure detecting means
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that detects an operation pressure of the brake pedal, and
the control device detects the start preliminary operation based on at least one of

the stroke position and the operation pressure.
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