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(57) Abstract: A hybrid drive apparatus (1) includes an input member (M) that is drivingly connected to a rotary electric machine
(12) and drivingly connected via an input clutch (CT) to an internal combustion engine (11), an output member (0) that is driving-
ly connected to the input member (M) and transmits rotation of the input member (M) to wheels (17), and a control device that
controls the rotary electric machine. The control device is capable of performing valve opening/closing phase control that ad-
vances or retards opening/closing phases of valve elements provided in the internal combustion engine (11) via a valve
opening/closing phase adjusting mechanism and, with the internal combustion engine in a stopped state before starting a vehicle,
advances the opening/closing phases of the valve elements to bring the opening/closing phases of the valve elements into an ad-
vanced phase state relative to predetermined reference phases, thus starting the vehicle with torque of the rotary electric machine
in the advanced phase state.
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1
DESCRIPTION

HYBRID DRIVE APPARATUS
- TECHNICAL FIELD

[0001] The pfesén_t invention relates to a hybrid drive apparatus provided with an
input member that is drivingly connected to a rotary electric machine and drivingly
connected via an input clutch to an internal corhbustion engine, an output member that is
drivingly connected to the input member and transmits rotation of the input member to

wheels, and a control device that controls at least the rotary electric machine.
BACKGROUND ART

[0002] As a hybrid drive apparatus provided with an input member that is
drivingly conhected to a rotary electric machine and drivingly connected' via an input
clutch to an internal combustion engine, an dutput member that is drivingly connected to
the input member and tranSmits rotation of the input member to wheels, and a control
device that controls at least the rotary electric machine, for example, an apparatus
disclosed in Patent Document 1 described below has already been known. This hybrid
drive apparatus 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 apparétus of Patent Document 1 is structured, in a
configuration thereof, as a so-called normally cloéed type clutch (refer to FIG. 1, etc. in
Patent Document 1).

[0003] Here, the input clutch provided in the apparatus of Patent Document 1 is
structured such that a plurality of friction materials (friction elements) are pressed against

each other by a pressing force of an elastic member (pléte sprihg 17) provided in the
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input clutch, which is thus brought into an engaged state in the steady state where the
clutch is not operated. The hybrid drive apparatus ef Patent Document 1 haé an
indeﬁendently operating electric oil pump, in addition to a mechanical oil pump provided
inside fhe hybrid drive apparatus. The elastic 'merhber is separated_from the plurality of
friction materiéls by ai first piston 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 engine can be
avoided when Starﬁng the vehicle‘ in the electric drive mode, thereby enabling

improvement of energy efficiency.

Related Art Document
Patent Document
[0004] Patent Document 1:  Japanese Patent Application Publication No.

JP-A-2006-137406
DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

[0005] However, manufacturing cost significantly increases when the apparatus is
structured to be separately provided with a hydraulic pressure source such as the electric
oil pump for disengaging 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 bpump driven by the input member is provided, and the input
member is driven by torque of the rotary electric machine while the normally closed type
input cluteh is engaged, thus disengaging the input clutch by hydraulic pressure of oil
discharged from the oil pump driven by the input membe_r. However, in this structure,
after the rotary electric machine has started to rotate, until a reeuired hydraulic pressure is

obtained by the oil pump, a part of the torque of the rotary electric machine is transmitted
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to the internal combustion engine side via the input clutch. In this case, if a torque
transmittable by the input clutch is greater than a driven torque of the internal combustion
engine while the input clutch is engaged, the infernal combustion engine is dragged to be
rotated by the torque tfansmitted to the internal combustion engine via the input clutch.
If the internal combustion engine rotates in this way, when the vehicle starts in the
electric drive mode, driveability (driving comfort and ease of driving) may de‘_cer’iorate
due to occurrence of vibration, and so forth. |

[0006] Therefore, it is desired to realize a hybrid drive apparatus that can

~ favorably maintain driveability when starting a vehicle in the electric drive mode.

Means for Solving the Problem

[0007] 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, an output member that is
drivingly connected to the input member and transmits rotation of the input member to a
wheel, and a control device that controls at least the rotary eléctric machine has a
structure characterized in that: the input clutch has a plurality of friction materials and an
elastic member pressing the plurality of friction materials against each other at a
predetermined urging force, and is structured so as to be capable of transmitting torque by
the urging force of the elastic member; and in that the control device is capable of
performing valve opening/closing phase control for advancing or retarding
opening/closing phases of valve elements provided in the internal combustion enginé {lia
a valve opening/closing phase adjusting mechanism, and with the internal combustion
engine in a stopped state before starting a vehicle, the control device advances the
opening/closing phases of the valve elements to bring the opening/closing phases of the
valve elements into an advanced phase state relative to predetermined reference phases,
thus starting the vehicle with torque of the rotary electric machine in the advanced phase
state.

[0008] Note that, in the present application, the term "drivingly connected" refers
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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 concept 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 transmitting members.

.Note also thét, in the presént application, the term "rotary electric machine" is used
as a concept including all of a motor (electric motor), a generator (electric generat_br), and
a motor-generator that serves as both a motor and a generator depending on the necessity.

[0009] In the present structure thus characterized, the input clutch has the
plurality of friction materials and the e_lasticv member pressing the plurality of friction
materials against each other at the predetermined urging force, and is structured so as to
be capable of transmitting torque by the urging force of the elastic membef. Therefore,
when starting the vehicle with the torque of the rotary electric machine, a part of the
torque of the rotary electric machine is also transmitted to the internal combustion engine
via the input clutch. In this case, based on the relation in magnitude between the torque
transmittable by the input clutch with the urging force of the elastic member aﬂd the
driven torque of the internal combustion engine, it is determined whether the internal

combustion engine is dragged to be rotated by the torque transmitted to the internal

“combustion engine via the input clutch, or the internal combustion engine in the stopped

state still remains in the stopped state.

In such a situation, according to the structure characterized as described above, the
control device brings the opening/closing phases of the valve elements provided in the
internal combustion engine into the predetermined advanced phase state, and then starts
the vehicle with the torque of the rotary electric machine. By bringing thé phase into
the advé.nced phase state, a pressure in a combustion chamber provided inside the internal
combustion engine can be increased during compression operation in‘ the combustion
chamber. Therefore, the driven torque of the internal combustion engine can be
increased, thereby making it easy to maintain the driven torque of the internal combustion

engine to be larger than the torque transmittable by the input clutch. As a result,. the
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‘internal combustion engine can be suppressed from being dragged to be rotated by the
torqué transmitted to the internal combustion engine via the input clutch, when starting
the vehicle in an electric drive mode.

Consequently, it is possible to provide the hybrid drive apparatus that can favorably
maintain driveability when starting the vehicle in the electric drive mode. |

[0010] Note that it is preferable to determine the "predeterminéd referenbe
phases" for the opening/élosing phases of the valve elements provided in the internal
combustion engine to be opening/closing phases of the valve elements when starting the
internal combustion engine. For example, in the hybrid drive apparatus to which the
présent application applies; the predetermined reference phases can be most retarded
phases in predetermined movable ranges that are generally set as opening/closing phases
for achieving a sb—called decompression function for purposes such as suppressing
vibration when starting the internal combustion engine. However, the present invention
is nét limited to this, any phase between the most retarded phase and a mbst advanced
phase (except the most advanced phase) can be the "predetermined reference phase."

Note also that the term "driven torque” bof the internal combustion engine refers to a
torque réquired to be supplied from outside in order to rotationally drive the output
member of the internal combustion engine.

[0011] Here, it is 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 and the opening/closing phases of the valve elements in the advanced phase state
are set so that the torque transmittable by the input clutch with the urging force of the
elastic mémber is smaller than the driven torque of the internal combustion engine in the
advanced phase state. |

[0012] According to this structure, the state can be surely maintained i’n'which the
driven torque of the internal combustion engine is greater than the torque transmittablé by
the input clutch, when starting the vehicle in the electric_: drive -mode. Therefore, the
internal combustion engine can almost surely be prevented fro.m being dragged to be

rotated by the torque transmitted to the internal combustion engine via the input clutch.
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[0013] It is also preferable that the hybrid drive apparatus according to the present

invention fuﬁher includes an oil pump dnven by the input member, and is structured such
that: the 1nput clutch has a plston that presses the plurality of friction materlals against
each other by bemg operated by the urging force of the elastic member and also by
hydraulic pressure, and is structured such that a circula’_ting oil pressure is supplied to an.
opposite-to-cylinder side of the piston; and the control device, when détecting a start
preliminary operation by a driver while the vehicle is stopped with the internal
combustion engine in the sfopped 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 elasﬁc member, and the control device retards the
opening/closing phases of the valve elements after.disengaging the input clutch.

[0014] According to this structure, when the start preliminafy operation by the
driver is detected while the vehicle is stopped with the internal combustion engine in the
stoppéd state, the control device rotates the rotary electric machine to drive the oil pump
via the input member. The oil pump thus driven produces the circulating oil pressure,
which is supplied to the oppdsite-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 structure can
be achieved in which the internal combustion engine can be cut off from the rotary
electric machine by usihg the oil pump driven by the input member. 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.

MoreoVe;r, by retarding the opening/closing phases of the valve elements after
disengaging the input clutch, the internal combustion engine in the stopped state can
appropriately.be made ready for the next start. That is, by retarding the opening/closing
phases of the valve elements, the pressure in the combustion chamber of the internal
combustion engine can be reduced during compression operation in the combustion

chamber. As a result, pressure fluctuation in the combustion chamber can be suppressed,
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thereby suppressing occurrence of vibration from the internal combustion engine when '
starting the internal combustion engine in the stopped state. Consequently, the
driveability can be favorably maintained when stanihg the internal combustion engine.

In addition, an amount of energy required to start the internal combustion engine can be

- reduced.

[0015] In this case, it is preferable that the hybﬁd drive apparatus according to the |
present invention is structured so as to be capable of obtaining information from at least
one of stroke position detecting means thét detects a stroke position of a brake pedal
included in a brake mechanism provided in the vehicle and operation pressure detecting
means that detects an operation pressure of the brake pedal, and structured such that the
control device detects the start preliminary operation based on at least one of the stroke
position and the operation preésure.

[0016] In the state in which the vehicle is stopped, the brake pedal included in the
brake mechanism provided in the vehicle is generally depressed by a large amount, and
the depressed amount.of the brake pedal is to be reduced before starting the vehicle.
With the reduction in the depressed amount of the brake pedal, each of the stroke position
and the operation pressure of the brake pedal also changes.

According to this structure, based on at least one of the stroke position of the 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.

[0017] Itis also preferable that the hybrid drive apparatus according to the present

invention is structured such that a disengagement threshold value is set in advance as a

“lower limit value of a rotational speed of the rotary electric machine required to

disengage the input clutch by the circulating oil pressure, and the control device retards

~ the opening/closing phases of the valve elements when a predetermined delay time has

further passed after the rotational speed of the rotary electric machine has increased to

reach the disengagement threshold value.
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[0018] | Accbrding to this structure, when the rotational speed of the rotary electric
machine has inéreaséd to reach the disengagement threshold value, it can be judged that
the input clutch has been disengaged. HoweVer, the timings of the those events do not
necessarily coincide completely With each other due to variations in the magnitude of the
urging - force of the elastic member, the circulating oil pressure, and so forth. For
example, there may be a case in which the input clutch is not actually completely
disengaged but partially capable of transmitting torque with the urging force of the elastic
member, even though the rotational speed of the rotary electric machine has increased to
reach ‘_the disengagement threshold value. If fhe opening/closing phases of the valve
elements are retarded in that state, the driven torque of the internal combustion engine is
reduced to cause the internal combustion engine to be easily dragged, thereby generating
a possibility of worsening the driveability. — Therefore, by waiting until the
predetermined delay time further passes after the rotational speed of the rotary electric -
machine has iﬁcreased to reach the disengagement threshold value as described above,
the opening/closing phases of the valve eleménts can be retarded after surely disengaging
the input ch_;tch. Consequently, the driveability caﬁ be favorably maintained, both when
starting the vehicle in thé electric drive mode and when starting the internal combustion
engine.

[0019] Itis also preferable that the hybrid drive apparatus according to the present

invention is structured such that a disengagement threshold value is set in advance as a

- lower limit value of the rotational speed of the rotary electric machine required to

disengage the input clutch by the circulating oil pressure, and the control device advances

the opening/closing phases of the valve elements to bring the opening/closing phases of

" the valve elements into the advanced phése state when the rotational speed of the rotary

electric machine has decreased to reach the disengagement threshold value, with the

internal combustion engine in the stopped state before stopping the vehicle.
[0020] According to this structure, when the rotational speed of the rotary electric
machine has decreased to reach the disengagement threshold value, the input clutch can

be judged, as a possibility, to have become capable of transmitting tofque with the urging
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force of the elastic member. Also in this case, the timings of those events do not
necessarily coincide completely with each other. However, for example, in the case in
which the input clutch actually maintains the disengaged state even though the rotational
speed of the rotary electric machine has decreased to reach the dlsengagement threshold
value, no partrcular problem occurs even if, in that state the opening/closing phases of
the valve elements are immediately advanced to be brought into the advanced phase state. '
That is, because the input clutch is in the disengaged state, the torque of the rotary
electric machine is not transmitted to the internal combustion engine, even if, for example, -
a vehicle acceleration request is issued in that state. Therefore,‘no vibration is generated
from the intemal combustion engine even if the opening/closing phases of the Valve
elements are advanced. Consequently, by promptly advancing the opening/closing
phases of the valve elements to bring the cpening/closing phases of the valve elements
into the advanced phase state when the rotational speed of the rotary electric machine has
decreased to reach the disengagement threshold value as described above, the vehicle can
appropriately be made ready for the next start in the electric drive mode. |

[0021] Tt is 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 internal combustion engine in the stopped state
is capable of still remaining in the stopped state even if the torque cf the rotary electric
machine is transmitted via the input clutch to the internal combustion engine in a most
retarded phase state in which the opening/closing phases of the valve elements are fully
retarded within predetermined movable ranges; and 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.

[0022] According to this structure, even in the most retarded phase state in which
the driven torque of the internal combustion engine is at a minimum, the internal
combustion engine in the stopped state can surely remain still in the stopp‘ed state, when

the torque of the rotary electric machine is transmitted to the internal combustion engine
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via the inpﬁt clutch in which the friction materials are pressed against each other by the
urging force of the elastic member. Therefore, in the advanced phase state in which the

driven torque of the internal combustion engine is larger, the internal combustion engine

in the stopped state can further surely remain still in the stopped state, when 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. Consequently, when starting the vehicle in the electric drive mode,
the internal combustion engine can be more surely :suppressed from being dragged by
rotation of the rotary electric machine, thereby enabling suppression of the occurrence of
vibration, etc. associated with rotation of the internal combustion engine so as to suppress
the driveability from deteriorating.

In addition, the oil pump can surely be driven from the stopped state by transmitting
the torque of the internal combustion engine via the input clutch to the oil pump.
Therefore, even if the rotary electric machine is in failure, the oil pump can produce
hydraulic pressure, and the input clutch. can be engaged by the hydraulic pressure thus

produced. Consequently, the vehicle can surely be started and driven.
BRIEF DESCRIPTION OF THE DRAWINGS

[0023] [FIG. 1] FIG. 1 is a schematic diagram showing a structure of a hybrid drive
apparatus according to a present embodiment. | v
[FIG. 2] FIG. 2 is a schematic diagram shbwing a structure of a speed change
mechanism accbrding to the present embodiment..

- [FIG. 3] FIG. 3 is an operation table showing operating states of a plurality of

“engagement elements at each shift speed 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. 5 is a block diagram showing a structure of a control unit

according to the present embodiment.
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[FIG. 6] FIG. 6 is a timing chart showing an example of starting operation

control during normal operation of a rotary electric machine according to the present
embodiment. | | |

[FIG. 7] F IG; 7 is a timing chart showing an example of the starting operation
control duriﬂg abnormal éperation of the rotary electric machine according to the present
embodiment. | o | |

[FIG. 8]> FIG. 8 is a flow chart showing a processing proéedure of vehicle
starting control according to the present émbodime_nt.

[FIG. 9] FIG. 9 is a flow chart sh;)wing. 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 sﬁowing a processing procedure of valve
opening/closing phase control according to the present embodiment.

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

embodiment.
BEST MODES FOR CARRYING OUT THE INVENTION

[0024] .An embodiment of a hybrid drive apparatus according to the present
invention will be described with reference to the aécompanying drawings. A hybrid
drive apparétus 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. |

[0025]  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
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drive transmission member T to an output shaft O at a changed speed, and a mechanical
oil pump 22 that is driven by the drive transmission member T. The hybrid drive
apparatus 1 is also provided w1th a control unit 30 (refer to FIG 5) that controls at least
the rotary electric machine 12. In the structure as descnbed above, the hybrid drive
apparatus 1 according to the present embodiment is characterlzed in the mode of torque
transmission in the input clutch CT and in the content of controlling an opening/closing
phase of an intake valve of the internal combustion engine 11 at the time of starting the
vehicle.

That is, the input clutch CT has a plurality of friction materials 45 and a coned disk
spring 44 serving as an elastic member pressing the friction materials 45 against each
other at a predetermined urging force (refer to FIG. 4), and is structured so as to be
capable of transmitting torque with the urging force of the coned disk spring 44. With
the internal combustion engine 11 in the stopped state before starting the vehicle, the
control unit 30 ad{/ances, via a valve opening/closing phase adjusting mechanism 28, the
opening/closing phases of the intake valve and an exhaust valve provided in the internal
combustion engine 11 to bring them into an advanced phase state relative to
predetermined reference phases, thus starting the vehicle with torque of the rotary electric
machine 12 in the advanced phase state. By combining these characteristic structures,
the hybrid drive apparatus 1 is realized that can favorably maintain the driveability when
starting the vehicle in an electric drive mode. The hybrid drive apparatus 1 according to
the present embodiment will be described below in detail.

[0026] 1. Overall Structure of Hybrid Drive Apparatus

First of all, an overall structure of the hybrid drive apparatus 1 according 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
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
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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. |

[0027]  The internal combustion engine 11 is a device to take out power by being
driven by combustion of fuel inside fhe engine. Vafious known engines, such as a
gasoline engine and av‘diesel engine, can be used as the internal combustion engine 11.
Although not shown here, the internal combustion engine 11 is provided with the intake
valve for introducing a mixture of fuel and air supplied through an intake path, to a
combustion chamber of the internal combustion engine 11, and the 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 embo'diment, tho intake valve
and the exhaust valve correspond to "valve elements" in the present invention. 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 damperl
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 clutch CT
is disengaged. - |

[0028] A starter 27 is provided adjacent to 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 devicve.v A capacitor or the like mayvalso 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-operation
(including failure) of the rotary electric.machine 12. v

[0029] In the present embodiment, the vehicle equibpéd with the hybrid drive
apparatus 1 is provided with the valve opening/closing 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 betwéen the
internal combustion engine output shaft Eo (crankshaft) and an intake vélve camshaft for
driving to open and close the intake valve. Here, the expressfon "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 locatidn on the intake valve camshaft corresponding to the particular
location. In the present embodiment, the valve opening/closing phase adjusting
rhechanism 28 adjusts, in the same way, the opening/closing phase of the exhaust vélve
by adjusting a phase difference between the internal combustion engine output shaft Eo
(crankshaft) and an exhaust valve bamshaft for driving to open and close the exhaust
valve.

[0030] The valve opening/closing phase adjusting mechanism 28 has a
driving-sidé rotational member synchronously rotating with the internal combustion
engine output shaft Eo and a driven-side rotational member synchronouély 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



10

15

20

25

WO 2011/108407 PCT/JP2011/053887
15

advancing the phase of the intake valve camshaft relative to the internal combustion
engine output shaft Eo. On the other hand, the opening phase and the closing phase of
the intake valve can be retarded by retarding the phase of the driven-side rotatioﬁal
‘member relative to the driving-side rotational member, ﬁnd consequently by retarding the
phase of the iﬁtake vélvé camshaft relative to the internal combustion engine output shaft
Eo. The valve dpening/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 synchronéusly
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 drivén-side rotétional
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.

[0031] 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 rotational
member and the driven-side rotational member of the valve opening/closingv phase
adjusting mechanism 28 according to the present embodiment are adjusted not by thé
hydraulic pressure produced by the oil pump 22, but by a driving force prbduced by an
electric motor 29. Thereforé, the electric- motor 29 is electrically connected to the
battery 21. The electric motor 29 is drivenbby electric power supplied from the battery

21 to adjust the phase differences between the driving-side rotational member and the



10

15

20

25

WO 2011/108407 ) PCT/JP2011/053887
16 '

driven-side rotational member. In the present embodiment, because of adopting the
electrically opérafed valve opening/closing phase adjusting mechanism 28 described
above, thé opening/closing phases of the intake valve and the exhaust valve can be
adjusted even in cases where the rotational speed of the drive trarismiséion member T is
too low to sufficiently obtain the hydraulic pressure by the oil pump 22. Note that, in
the present ‘example, the opening/closing phase of the intake valve and the
opening/closing phase of the exhaust valve are structured to be adjusted independently
from each other.

[0032] ‘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 machine 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 s.o 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 input 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.

[0033] The torque converter 14 composihg a part of the transmission device 13 is
a device that transmits the rotational speed of the drive transmission member T to an
intermediate shaft M at a changed speed, and converts the torque of the drive
transmission fnember T transmitted from one or both of the internal combustion ehgine

11 and the rotafy 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 thevr'otary electric méchine 12 and the drive transmission
member T so as to rotate as a unit therewifh, a turbine runner 14b dri\}ingly connected to
the intermediate shéft M so as to rotate as a unit therewith, and a stator 14c prdvided
between tﬁé pump impeller 14a and the turbine runner 14b. The torque converter 14 can
transmit, via oil filled therein, the’torque between the pump impeller 14a serving as a
driving-side rotational member and the turbine runner 14b serving as a driven-side
rotational membe.r. In that operation, the rotational speed of the drive transmission
membér T is reduced at a predeterminéd speed ratio, and the torque of the drive
transmission fnember T is amplified at a torque ratio corresponding to the speed ratio.
Thén, the rotational speed and the torque are transmitted to the inténnediate shaft M.
[0034] The torque converter 14 is provided with a lockup clutch CL. The
lockup clutch CL serves as a friction engagement device for locking up the torque
converter 14. The lockup clutch CL drivingly connects the pump impeller- 14a and the
turbine runner 14b so és to make them rotate as a unit, in order to ihcrease 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

converter 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.

[0035] 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 planetary gear mechanism PGl and a second planetary 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,

except the on¢-Way clutch F1, are friction engagcmenF elements such as wet-type
multi-plate clutches. In the present embodiment, as shown in FIG 3, by selectivély
engaging two of the plurality of engagement elements, a desired shift speed is established
among a total of seven shift speeds including 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 established 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 fhe present invention.

[0036] | The speed change mechanism 15 changes the rotational speed and
convérts 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 cpnverted
torque to the output shaft O. The torque transmitted from thé speed change mechanism
15 to the output shaft O is distributed and transmitted via thevoutput 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 trahsmission 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.

[0037] 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 apparatﬁs 1. For example, a gear pump or a vane pump
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can Suitably be used as the oil pump 22 as described above. In the present embodiment,
an internal ‘gear pump having an inner rotor 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
combustlon engine 11 by the 1nput clutch CT. The inner rotor of the 011 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 according to the present embodiment is
provided with no hydraulic pressure source, such as an electric pump, that is operable
independenﬂy from the sources of vehicle driving force.

[0038] The hydraulic control system is also provided with a hydraulic eontrol
device 23 for regulating the pressure of 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 predetermined pressure levels. The oil regulated to the pfedetermined
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.

[0039] Here, in fhe 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 C1, C2, C3, Bl, and B2 in
order to move, in the cylinders, pistons for pressing the plurality of friction materials
against each other se as to frictionally engége them with each other will be called
"hydraulic oil" 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-cylindef side) with respect to each of the pistons that are respectively
prdvided in the input clutch CT, the lockup clutch CL, and the plurality of engagement
elements C1, C2, C3, Bl1, and B2 in order to cool the plurality of friction materials or
lubricate various bearings and gear mechanisms will be called "circulating oil" for
cohvenience of description. Moreover; the hydraulic pressure of the hydraulic oil will
be called "hydraulic oil pressure," and the hydfaulic pressure of the circulating oil will be
called "circulating oil pressure." |

[0040] 3. Specific Structure of Hybrid Drive Apparatus

Next, 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 drivé 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. |

[0041] 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 ,lshaft 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 converter 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
positioh' radially overlapping the input clutch CT. Note that, here, the term
"overlapping" With respect 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 arrangerhent in the certain direction.
[0042] The rotary electric machine 12 has a rotor support member 61 that is
provided extending at least radially so as to support the rotor 12b. The rotor support

member 61 is structured to have a radially extending annular plate-shaped portion and a

vc’ylindrical portion 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 suppdrt member 61. In the
present exampl_é, a resolver is used as the rotor rotation sensor Sel thus provided.

[0043]  The torque converter 14 has a torque converter support member 63 that is
provided exteriding at least radially so as to support fhe 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 rotafe 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 are 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.

[0044] 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 cdned disk spring 44 serving
as an elastic member urging the first piston 43 at a predetermined urging ‘force in the
pressing direction, as shown in FIG. 4. Here, the term "pressiné direction" is a direction
in Which the first piston 43 operated by hydraulic pressure‘ acts so as to press the plurality
of friction materials 45 against each other. In the present examble, the pressing
direction coincides with the direction from the internal cbmbustion engine 11 toward the
tofque 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 4‘4 as an elastic member is disposed in the first hydraulic oil chamber 47, and the
ﬁfst piston 43 is urged in thé pressing direction by the urging force of the coned disk
spring 44 in the state in which the ﬁrét 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 each 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 (oﬂ the
opposite-to-cylinder side, or on the side of the friction materials 45) with respect to the
ﬁrst piston 43, a ﬁrsf circulating oil chamber 48 for allowing the circulating oil to flow is

formed.
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[0045] In the present embodiment, the magnitude of the urging fdrce 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 circuléting cﬁl 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 6r
more and a second limit threshold L2 or léss, to be described below.

[0046] 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 internal 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 pressure 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 the 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 impeller 14a of the torque converter 14 from a stopped state.
Thé 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 torqﬁe 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 temperature and so forth. The torque ripple by the rotary

electric machine 12 is an estimated pulsating component 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 specified as a magnitude of the urging
force (load) corresponding to a sum of the inértia 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.

[0047]° 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 sﬁpplied. Here, the second limit threshold L2 is particularly set as the upper

limit value in a étate (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 retarded 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 (éranking torque) required to be supplied from outside for cranking the internal

combustion engine output shaft Eo (crankshaft, etc.) of the internal combustion engine 11.
Here, the cranking torque is determined based on an inertia forque of the internal

combustion engine output shaft Eo, a slide resistance of rotation of the internal

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.

[0048] 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 such 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, ahd 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 fofmed in the -
intermediate shaft M. Moreover, on the side opposite to the second hydraulic oil
chamber 57 relative to the secoﬁd piston 53, a second circulating oil chamber 58 for
ailowing the éirculating 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 tﬁe friction materials 55 (toward the
cylinder side, or toward- thé side of the second hydraulic oil-chamber 57). Thén, 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 pressure,
thereby enabling torque transmission via the lockup clutch CL.

[0049] 4. Structure of Control Unit

Next, a structure of the control unit 30 according to the present embodiment will be
described. As shown in FIG. 5, the controli unit 30 functions as a core member to
control operations of various parts of the hybrid drive apparatus 1. The control unit 30
is provided with, as a core member, an arithmetic processing unit such as a CPU, and is
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)

: f_f_om which data can be read by the arithmetic processing unit, and so forth (not shown).

Functional units 31 to 38 of 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 cohtrol 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. Note that, in the
present 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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[0050]  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 eléctric machine 12. In the
present example, it is structured such that the rdtational speed of the rotor-12b is detected
based on the information of the rotational position of the rotor 12b detected by the rotor
rOtétion sensor Sel. I.nvthe present embodiment, because the rotor 12b of the rotary
electric machme 12 and the inner rotor of the oil pump 22 are drivingly connected 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 seh_sor 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. 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
ﬂﬁid 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 SeS is a sensor that detects a stroke position of the brake pedal 25. In
the presenf embodifnent, the - fluid pressure detecting sensor Se4 corresponds to
"operation pressure detecting means" in the present.invention, and the stroke position
detecting 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.

[0051] An internal combustion engine control unit 31 is a functional unit that
controls operations of the internal combustion engine 11. The intefnal combustion
engine control unit 31 functions as internal combustion engine control means. Thev
internal combustion engine control unit 31 determines an intemal combustion engine
of)erating point, and performs processing to control the ihtemal cbmbustidn engine 11 so

as to operate at the internal combustion engine operating point. Here, the internal
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combustion engine operaﬁng point is a control command value representing a control
target point of the internal combustion engine 11, and defined by the rotational speed and
the torque. More in detail, the internal combustion engine operating point is the
>cor‘n'mand value representing the control target point of the internal combustion engine 11
determined by considering a vehicle required output and an optimal fuel consumption
level, and is defined by a rotational 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.

[0052]  In the present embodiment, the internal combustion 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
internal combustion engine 11 is Brought into the stopped state in the state in which the
vehicle can run while the main source of electrical power is kept on. .Tha_t 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 vehicle 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 combustien engine 11 when the idle-stop condition has become
unsatisfied.

. [0053] 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. Therotary electric machine control
unit 32 determines a rotary electric machine operating point, and performs processing to
control the rotary electrie 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 the 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 rotary eIectric
machine 12 detcrminéd by considering the vehicle required butput and the internal
cofnbustion 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
speciﬁéd 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 startihg control unit 37 to be described later.

[0054] 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 ihformation 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 vthe accelerator operation amount and
the vehicle speed. The target shift speed deterrhination 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.

[0055] A switching control unit 34 is a functional unit that performs control for



10

15

20

25

WO 2011/108407 PCT/JP2011/053887

29

switching the shift speed established in the speed change mechanism 15, in the case of a
change in the target shift speed determined by the target shift speed determination unit 33.
The switching control unit 34 functions as switching control means. The switching
cdntrol unit 34 switches the shift speed established in the speéd change mechanism 15 by
controlling engagement and d_isengagement (release) of the engagement elements C1, C2, |
C3, B, and B2 based on the target shift speed determined by the target shift speed
determination unit 33. In the present embodiment, the switching confrol unit 34
performs control that supplies the hydraulic oil via the hydraulic control device 23 to two
engagement élements (refer to FIG. 3) corresponding té the determined target shift speed
to bring the engageméht 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, B1,
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 operétion control according
to a command frbm the starting control unit 37 to»be described later.

[0056] A valve opening/closing phase control unit 35 is a functional unit that
controls to adjust the opening/closing phases of the intake valve ahd the exhaust valve of
the internal combustion engine 11. The valve opening/closing phase control unit 35
functions as valve opéning/closing phase control means. The valve opening/closing
phase control unit 35 controls, via the valve opening/cldsing phase adjusting mechanism
28, the opening/closing phases of the intake valve and the exhaust valve of the internal
combustion engine li so as to be advanced or r\etarded within the predetermined movable
ranges. Here, to "advance the opening/closing phase" means to make the opening time
and the closing tfme of the intake valve (or exhaust 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/closing phase adjusting mechanism 28. The valve opening/closing

“phase control unit 35 also performs, during normal running of the vehicle, normal

running state phase control that adjusts the opening/closing phases of the intake valve and
the exhaust valvé so as to be appropriate phases within the movable ranges depending on
the state of the internal combustion engine 11.

[0057] 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 opening/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 i,sv
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 iﬁ the cylinder to a low level. Consequently, occurrence of vibration can be
suppressed when actually stopping the intemal 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.

[0058] A start preliminary operation detecting unit 36 is a functional unit that '
detects a predefined start preliminary operation by a driver while the {/ehicle is stopped.
The start preliminary operation detecting unit 36 functions as start preliminary operation
detecting means. Here, the term "start preliminary operation” méané a preliminary

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

operation detecting 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 fhe master cylinder
26 detected by the fluid pressure detecting sensor Sed. More specifically, the start
preliminary operation detecting unit 36 judges to have detectéd the start preliminary
operation when the master cylinder fluid pressuie has decreased by a predetermined
amount along with the releasing operaﬁon of the brake pédal 25. The "predetermined
amount" in this case can be, for example, a fluid pressure corresponding to 20% to 50%
of the master cylinde_; 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 rﬁaster 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 operatidn control to be described next. |

[0059] In the present embodiment, in addition to the start preliminary operation
by the driver, the start preliminary operation detecting unit 36 detects avpredeﬁned "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

releasing 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



10

15

20

25

WO 2011/108407 PCT/JP2011/053887
32

fluid pressure while the vehicle is stopped. In other words, 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 decreased to a
second fluid pressure P2 corresponding to 10% fo 30% of the master cylinder fluid
pressure while the vehicle is stopped. When having detected the start preliminary
operation or the time point immediately before end of start preliminary operation, the
start preliminary operation detecting unit 36 outputs the information indicating the
detection to the starting control unit 37, at any time.

[0060] The starting control unit 37 is a functional unit that controls the starting
operation of the véhicle by cooperative control of the rotary electric machine control unit
32, the switching control unit 34, the valve opening/closing phase cbﬁtrol 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 meahs. The starting control unit 37 starts
functioning by using as a trigger the detection of the start preliminary operation by ';he
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.

- [0061] 1A 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-operation of rotary electric
machine 12" means a state in which the rotary electric machine 12 produces no 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

electric machine 12 cannot produce a torque, and therefore, cannot rotate independently.
The failure judgment unit 38 can be structured so as to judge the n_on’-operation of the
rotary electric machine 12 as described above, based on, for example, a current detection
value by a current sensor (not shc_)wn) for detecting a current actually flowing through
electrical wiring between the rotary electricv 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 should 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.

[0062] 5. Details of Vehicle Starting Operaﬁon 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.

[0063] 5-1. Sfarting 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 speed, the accelerator operation améunt, 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, transfer torque 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 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 clutch CT,
and, after aisengaging the input clutch CT, engages the first clutch C1 provided in the
transmission device 13 (speed change mechanism 15). Detailed description will be
made below. |

[0064] 5-1-1. From Normal Running to Vehicle Stop

In the present example, the vehicle performs 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 1‘1, the rotary electric
machine 12, aﬁd the pump -impeller 14a and the turbine runner 14b of the torque
converter 14 rotate as a unit with each other (time T0O to T01). 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 thlis, the rotary electric machine 12 slightly generates electricity. The valve
opening/closing phase control unit 35 performs the normal running state phase control

that controls each of the opening/closing phases of the intake valve and the exhaust valve

S0 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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[0065] When the accelerator pedal is released and the brake ped_al 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 thaf a relatively large regenerative torque (negative
torque) is output, and thus, the rotary electric machine 12 performs regenerative braking
(time TO1 to T02). Note fhat the regene;rative braking as described above is performed
in cooperatio‘n with braking operation by wheél brakes. During this time, the 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 com‘bustion 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 opéning/closing phase control unit 35 adjusts the
opening/closing phase of the intake valve to the most retarded phase, before stbpping the
internal combustion engine 11. In the present embodiment, this most retarded phase is
the "predetermined reference phase" in the present invention.

[0066] 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 that time, the valve opening/closing phase control unit 35 advances the opening/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/c!osing 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 as 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 threshold 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 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. ,Thérefore, by maintaining
the rotational speed of the rotary electric machine 12 at the disengagement threshold
value Vs, the rotational speed of the inner rotor of the 6i1 pumﬁ 22 can be maintained at
the disengagement threshold value Vs aftef 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.

[0067] 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 T04. 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 of 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 the brake pedal 25 is depressed by
a large amount, thereby making the master cylinder fluid pressure at a maximum value
PO.

[0068] 5-1-2. From Vehicle Stop to Input Clutch Disengagement

While the vehicle is stopped, the start preliminary operation detecting unit 36 keeps
ménitoring 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 mastér cylinder
26 detected by the fluid préssure detecﬁng sensor Se4. In thé present example, the start
preliminary operation detecting unit 36 judges to have detected the start preliminary
operation by the driver, ét time TO5 when the master cylinder fluid pressure of the master
cylinder 26 has decreased to the first fluid pressure P1 (P1 = 0.5 * PO) corresponding to
50% of the master cylinder fluid pressure (P0) while the vehicle is stopped. When the
start preliminary operation by the ,drivler has been detected, the rotary electric machine
control unit 32 controls the rotational speed of the rotary electric mach_ine 12soastobea
first target speed Vti (time TO5 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).

[0069] 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 rofationally driving the rotary electric machine 12 at the first farget speed
Vtl, the inner rotor of the oil pump 22 can also be rotationally driven at the first target
speed 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.

[0070] In this case, in the present embodiment, the magnitude of the urging force
of the coned disk épring 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 intérnal 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 corﬁbustion engine output shaft Eo) of the internal
combustion ehgine 11 in the most retarded phasé state is larger than the torque
transmitted from the rotary electric machiﬁe 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 iﬁtemal combustion
engine 11 can basically be maintained still in the stopped state even if a part 6f the torque
of the rotary electric machine 12 is transmitted to the internal combustion engine 11 due
tb the urging force of the coned disk spring 44.

[0071] When taking into account that a certain amount of variations 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 12, 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 circulating oil pressure produced by the oil pump
22 as described above.. By establishing the most .advancedv 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 that in the most retarded phase state, and thus, the driven to:que of the
internal combustion éngine 11 in the most advaﬁced 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 ciutch CT by rotationally driving
the rotary 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.

[0072] | 5-1-3. From Input Clutch Disengagement to Vehicle Start

Then, after time TO06, 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 example, 300 to 800 [rpm], and
further preferably set to a rotational speed in the vicinity of an idle speed (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.Cl- 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.

[0073] 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 befo_ré the start preliminary éperation
ends. In the present embodiment, as described above, the start preliminary operation
detecting unit 36 detects the time point immediately before end of staﬁ 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 présent example, the start preliminary

operation detecting unit 36 judges to have detected thé time point immediatély before end
of start preliminary operation at time TO7 when the _rhaster cylinder fluid pressure of the
master cylindér 26 has decreased to the second fluid pressure P2 (P2 = 0.1 * PO)
corresponding to 10% of the master éylinder ﬂuid pressure (PO) while the vehicle is
stopped. When the time point immediately before end of start preliminary operation is
detected while the rotary electric machine 12 is producing 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 |
operation ends" means to start an engaging_operétion 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.

[0074] In the present embodiment, in the 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 machine 12, the first clutch C1 is engaged to
establish the first speed for starting, thereby starting the vehicle. Cénséquently, at time
TO08 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..

[0075] In addition, in the present embodiment, the valve opening/closing phase
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control unit 35 retards the opening/closing phase of the intake valve of the internal
combustion engine 11, after the disengagement of the input clutch CT. In the présent
example, fhe valve opening/élosing 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 pha.se level. More sbeciﬁcally, the valve opening/closing phase control unit 35
retards the opening/closing phase of the intake valve so as to reach the most retarded
phase, at a time point when a predetermined delay time Td has passed from the time point
(time T05) 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 phase of thé 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 transmiﬁable 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. Note that, in the present embodiment, the speed
equal to the first target speed Vtl (Vt1 = V1) corresponds to a "disengagement threshold
value" in the present invention at the upward stage of the rotational speed of the rotary
electric machine 12. Therefore, in the present embodiment, the disengagement
thresholds of the same value as each other are set for the downward stage and the upward
stage of the rotational speed of the rotary electric machine 12. |

[0076] 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 c'or.nbustion enginev
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
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as to correspond to a driving force required by the vehicle. Note that, the rotary electric

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
example, the internal combustion engine 11 is started by cranking the internal combustion
engine output shaft Eo at time T09. In this operation, the rotary electric machine control
unit 32 temporariiy adds a torque for cranking the internal combustion engine output
shaft Eo to the torque corresponding to the .drivingv force required 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 zero.

[0077] In this way, after the intemal 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 engine 11, and, if the required driving force is not satisfied by
only 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 TO09.
‘Thereafter, the valve opening/closing phase control unit 35 performs the normal running
state phase control.

[0078] 5-2. Starting Operation Control During Abnormai Operatioﬁ of Rotary
Electric Machine

Next, the starting operation control during the abnormal operation of the rotary
electric machine 12 will be described. FIG. 7 is a timing chart showing an example of
the starting operation éontrol 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
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opemng/closmg phase of the intake valve of the 1nterna1 combust1on engine 11 is ormtted

here. As shown in this chart, durlng the abnormal operatlon of the rotary electric

machme 12 the control unit 30 starts the internal cornbustlon engine 11, drives the oil
pump 22 by transmitting the torque of the internal combustion engine 11 to the oil pump
22 via fhe input clutch CT with fhe plurality of friction materials 45 pressed against each
other by the urging force of the cohed disk spring 44, and engages the input clutch CT
with the circulating oil pressure produced by the oil puinp 22. Detailed description will
be made below. o |

[0079] - In the: present example, the vehicle is stopped in the state in which both of
the internal combustion engine 11 and the rotary electric machine 12 are stopped (time
T10 to T11). All of the engagement elements including the lockup clutch CL and the
first clutch C1 in the speed change_mechénism 15 are in the disengaged state. The oil
pump 22 is also in the stopped state. Ac'cordin;gly, the oil pump 22 is not producing the
circulating oil pressuré, 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 intemal.
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 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 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 ciutch CT, the drive
transmission member T, and the pump impeller 14a of the torque converter 14.
Consequenﬂy, a part, within a transmittable range by the inpﬁt clutch CT (here, equal fq a
torque corresponding to the magnitude of the urging force of the coned disk spring 44), of
the torque produéed by the internal combustion engine 11 is transmitted to the side of the
rotary electric machine 12 and the oﬂ pump 22, and thereby, the rotational speed of the
rotary eleqtric machine 12 and the inner rotor of the oil pump 22 gradually rises toward
the idle speed (time T11 to T12).

[0080] In this way, by raising the rotational speed of the inner rotor of the oil
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pump 22 with the torque of the internal combustion engine 11, the oil pump 22 can
produce moré hydraﬁlic oil pressure. However, thé oil pump 22 also producés a
circﬁlating oil pressure at the same time. Therefore, if the circulating oill pressure is
supplied to the first circuléting oil chamber .48 on the oppdsite-to-cylinder side bf the
input clutch CT, the input clutch CT is brought into the disengaged state so that the torque
of the internal combustion engine 11 can not be transmitted to the side of the wheels 17.
Therefore, during the abnormal operation of the rotary electric machine 12, control is
pérfonned, by controlling the hydraulic control device 23, to suf)press the urging force of
the coned disk spring 44 from being cancel.ed out by the circulating oil pressure when
performing the disengaging operation of the input clutch CT. More specifically, in the
present embodiment, contro] is performed to reduce the circuiatihg 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, ahd
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 operation 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.

[0081] 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,
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~ engages the input clutch CT completely. After the input clutch CT is brdught into the

engaged state, the internal combustlon engme 11 is prohibited from being stopped unt11
the main source of Vehlcle electrical power is turned off. That is, the idle-stop functlon
is stopped. According to the starting operation control as described above, the vehicle
can -apprdpriately be staﬁed and driven even if the rotary electric machine 12 is in failure.

[0082] 6. Procedufe of Vehicle Driving Control

Next, the contents of control of the hybrid drive apparatus 1 according 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
operatioh of the rotary electric machine 12) of the hybrid dfive apparatus 1 according to
the present embodiment. FIG. 9 is a flow chart showing a processing pfocedure 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 executed 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 constituted by programs, the arithmetic processing unit provided in the
control unit 30 operates as a computer executing the programs conétituting the functional
units 31 to 38.

[0083]  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 béing not in abnormal opération. 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, B1, and B2 of the speed change mechanism 15 into the disengaged state (step #01).

The hydraulic control de_vice 23 precharges the first hydraulic oil chamber 47 of the input
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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 input clutch CT on the assumption that the

coned disk spring 44 is not provided (step #02). In this state, the start preliminary
operation detecting unit 36 keeps monitoring the predéﬁned start preliminary operation
by the driver (step #03). In the present example, the start preliminary operation

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 stopped.

[0084] 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
target speed Vtl (step #04). Thereby, the inner rotor of the oil pump 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 Vtl. With the inner rotor rotating at the first target speed Vt1, 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 machine 12 so
as to be the second target speed Vt2 (step #06). Theréby, the rotary electric machine 12
is brought into the state of producing the creep torque.

| [0085] After detecting the start preliminary operatiori, the start preliminary
operation detecting unit 36 keeps monitoring the predefined time point immediately
before end of staft preliminary operation coming béfore 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 béfofe end of start preliminary
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operation, when the master cylinder fluid pressure has decreased to the second fluid
pressure P2 cofresponding to 10% to 30% »of the.master cylinder ﬂuid'pressure while the
Véhicle ié stopped. When the master cyiinder fluid pressure detected by the fluid
pressure detecting sénsor Se4 decreases to the second fluid pressure P2, énd thus, the
tirﬁe point _immediatelyv before end of start preliminary operatioh is judged to be reached
(stép #07: Yes), the switching control unit 34 supplies the hydraulic oil to the first 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
intefnal combustion engine control unit 31 and the rotary electric. machine control unit 32

perform, in cooperation with each other, normal state 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 control ends.

[0086] In'the present embodiment, in the state, for example, in which the internal
combustivon 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 Vt1). Thereby,
the input clutch CT is maintained in the disengaged state until the vehicle stops
completely. |

[0087] 6-2. Procedure of Vehicle Driving Control During Abnormal State of
Rotary Electric Machine

Next,. the processing procedure of the vehicle driving contrél during the abnormal

state of the rotary electric machine (including the starting operation control during the
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abnormal opefation of the rotary electric machine 12, and hereinafter called "abnormal
state vehicle driving control") according to the present embodiment will be descr‘ibed.'
In the abnormal state vehicle driving control, as shown in FIG. 9, the failure judgment
unit 38 first judges whether or not the rotary electric machine 12 is in abnormal operation
(step #21). In fhe present example, the failure judgmént unit 38 particularly makes
| judgment as to non-operation 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 (step

#21: Yes), it is next judged whether or not the input clutch CT is in the disengaged state

| (step #22). Ifthe 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 state, and the internal combustion engine 11 is

prohibited from being stopped (step #35). If the internal combustion engine 11 is in the
stopped 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 combustion 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.

[0088] 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 enginé 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
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to the input clutch CT so as to Be lower than the circulating oil pressure dur_ing the normal
'operation of the roté;ry 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 trahsmitted Via the input clutch CT has reached a
value apprbximately equal to the idle speed of the internal combustion engine 11 (steb
#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 stopped (step #28); then, the abnormal state driving control is performed (step #36),
and the abnormal state vehicle driving control ends.

[0089] 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 pfessufe
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 tstep #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 rotafy electric machine 12 is approximately
equal to thé 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 abnormal state vehicle driving control ends.

[0090] 6-3. Procedure of Valve Opening/Closing Phase Control

Next, the processing procedure of the valve opening/closing phase control according

to the present embodiment will be described. In the valve opening/closing phase control,
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as shown in FIG:. 10, it is first judged whethef or not the internal combustion engine 11 is
stopped .(step #41). If the internal combustion engine 11 is. judged to maintain fhe
driving state (step #41: No), the valve opening/closing phase control unit 35 performs the
normal running state phase control that adjusts each of the opening/cio_sing phases of the
intake valve and the exhaust valve between the most advariced phase and the fnost
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 valve opening/closing phase
control unit 35 adjusts the opening/closing phase of the intake valve of the internal
combustion engihe 11 to the most retarded phase (step #42). If the rotétional speed of
the rotary electric machine 12 has decreaeed 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 combusﬁon engine 11
to the most advanced phase (step #44). _

[0091] In this state, the 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 unit 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
rising 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 ro'téry electric machine 12 is the first target speed Vt1 or more (step #46). In the
present example, the first target speed Vtl 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 bredetermined 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
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#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 phasé
(step #48), for preparing for the start of the internal combustfon erigine 11. Then, after
the internal combﬁstion éngiﬁe 11 has fuiﬁlled a predetermined starting condition (step
#49: Yes), the internal combustion engine 11 is started (step #50). Thereafter, the valve -
opening/closing phase control unit 35 performé th_e normal running state phase control
(step #51), and then, terminates the valve opening/closing phase control.

| [0092] [Other Embodiments]

Finally, other embodiments of the hybrid drive apparatus according to the present
invention will be described. Note that each characteristic structure disclosed in each
embodiment below is not applied only to that embodiment, but can be applied in
combination with characteristic structures disclosed in other embodiments, unless any.
inconsistency arises.

[0093] (1) 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
advances the opening/closing phase of the intake valve to the most advanced phase while
the vehicle is stopped. However, embodiments of the present invention are not limited
to this. That is, it may be structured such that the vélve opening/closing phase control
unit 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 than the fnost
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 machine 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.

[0094] (2) The above embodiment has been described by way of an example in

which, assuming the fully retarded phase (most retarded phase) within the movable range
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of the opening/closing phase of the intake valve of the internal combustion engine 11 as
the "reference phése," the Valx}e opening/closing phase contrbl unit 35 brings the
opening/closing_ phase ‘of the intake valve into the ad\‘fanced phase state relative to the
most retarded phase serVing as the reference phase, in the starting ‘operation control.
However, embodiments o_f the present ihventi_dn are not limited to this. That is, it is also
one of preferred embodiments of the présent invention to have a structure in which any
phase (except the most advanced phase) between the most retarded phase and the most
advanced phase can be set és the "reference phase," and, ih the starting_ operation control,
the valve opening/closing phase control unit 35 brings the opening/closing phase of the
intake valve into the advanced phase state relative to the reference phase thus set. In
this case, it is also one of preferred embodiments of the presenf invention, for example, to
set, as the reference phase, a phase (such as a phase in the vicinity of a top dead center of
the internal combustion enginé 11) in an intefmediate position between the most retarded
phase and the most advanced phase.

[0095] (3) The above embodiment has been described by way of an example in
which the valve opening/closing phase control unit 35 retards the opening/closing phase
of the intake valve, at the time point when the predetermined delay time Td has passed
from the time point when the rotational speed of the rotary electric machine 12 had
increased to reach the first target speed Vtl. 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 stfucture in which, for example, at the time when the
rotational speed of the rotary electric machine 12 has increased to reach the first target
speed th, the valve opening/closing phase control unit 35 immediately retards the
opening/closing phase of the intake valve without waiting for the delay time Td to pass.
For éxample, if factors such as the magnitude of the urging force of the coned disk spring
44 and the magnitude of the circulating oil preésure are highly controllable, and in an
ideal state with almost no variations, the input clutch CT can almost surely be judged to
be disengaged when the rotational speed of the rotary electric machine 12 has increased

to reach the first target spe_e‘d Vtl. Therefore, there is no particular problem even in a
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structure in which the delay time Td is not set.

[0096] (4) The above embodiment has been described by way of an example in

which the disengagement thresholds equal to each other are set for the downward stage

~and the upward stage of the rotational speed of the rotary electric machine 12 (the

dise_ngagement. threshold value Vs at the downward stage, and the speed equal to the first
target speed Vtl at the upward stage, that is, Vs= Vtl = V1). - 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 different
disengagement threshold values are set for the downward stage and the upward stage.of
the rotational speed of the rotary electric machine 12, provided that the rotational speed at
each of the stages is sufficient to rotaﬁonally drive the inner rotor of the oil pump 22 so-
as tb produce the circulating oil pressure for disengaging the input clutch CT.

| [0097] (5) The above embodiment has been described by way of an example iﬁ
which, in the starting ope_ration control, the rotary electric machine control unit 32
controls 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 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, for example,

the rotary electric machine 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 target speed V12, immediately after the start preliminary operation by the
driver is detected. Even in this case, at the time when the vehicle actually begins
starting, the input clufch 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.  Consequently, because. the torque transmiﬁed 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.

[0098] (6) The above embodiment has been described by Way of an example in
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which the rotary electric machine control unit 32 controls 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 s'pe'ed Vt2, before the vehicle actually starts in the starting.operation

control. However, embodiments of the presentvinventio_n are not limited to this. That
is, it is also. one of preferred embodiments of the present invention to have a structure in
which, in the starting operation control, the rotary electric machine 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 first target speed Vtl, and, after

the rotational speed of the rotary electric machine 12 is adjusted to the first target speed

~ Vtl, 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. FIG.
11 shows a timing chart in this case. As shown in FIG. 11, the structure as described
above is preferable for the starting operation control in the case in which the releasing
operation of the brake pedal 25 as the start preliminary operation by the driver is
completed in a very short time, and immediately thereafter (or in parallel with the
releasing operation of the brake pedal 25), a depressing operation of the accelerator pedal
is performed. Also in this case, by starting the vehicle with the torque of the rotary
electric machine 12 in the advanced phase state of the intake valve of the internal
combustion engine 11, the internal combustion engine 11 can be maintained still in the
stopped state when disengaging the input clutch CT by rotationally driving the rotary
eléctric machine 12. Accordingly, the driveability can favorably be maintained when
starting the vehicle. |

[0099] (7) 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 present
invention are not limited to this. That is, the start preliminary operation can be

structured to be detected based not necessarily on the master cylinder fluid pressure but
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on other operaiion pressure operating in conjunction with at least the brake pedal 25
included in the brake mechanism. 24. 1t is also one of preferred embodiments of the

present invention to have a structure in which, for example, the start preliminary

- operation detecting_ unit 36 detects the start preliminary operation based on the stroke

position of the 'Brake pedal 25 detected by  the stroke position detecting sénsor Se5. In
this case, the start preliminary operation detecting unit 36 can be structured, for example,
to judge to have detected the start preliminary operation when the stroke posifion 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 operatioh 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
efnbodiments of the present invention to have a structure in which the start preliminary
operation is detected based on a combination of two or more of the plurality of indicators
described above. |

[0100] (8) 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
35, and this single control unit 30 is structured to perform the operation control of the
internal combustion engine 11, the oper_ation 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 engine 11 via the valve opening/closing phase adjusting
mechanism 28. However, embodiménts 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 one or two or. more of these functional units are separated from the
control unit 30 in the above embodiment, and included in other control units that are
capable of operating in cdoperation With the control unit 30. For example, a structure

can be employed in which a control unit controlling the internal combustion engine 11, a
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control unit controlling the rotary electric machine 12, and a control unit controlling the

valve opening/closing phase adjusting mechanism 28 are éeparately 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] | (9) Regarding also other structures, the embodiments disclosed vherein 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 strucﬁlre 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 invention can preferably be used for a hybrid drive apparatus
provided 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, an output
member that is drivingly connected to the input member ’anc‘i transmits rotation of the
input member to wheels, and a control device that controls at least the rotary electric

machine.

Description of the Reference Numerals
[0103] 1 Hybrid drive apparatus
11  Internal combustion engine
12 Rotary electric machine
22 'Oil pump
28  Valve opening/closiﬁg phase adjusting mechanism
30 Control unit (control device)
43  First piston (piston)

44  Coned disk spring (elastic member)



WO 2011/108407
57
45  Friction materials
Drive _tranSmiss_ion member (input member)
0 Output shaﬁ (output member)
CT Inputcluch
Vs 'Disengageméntv threshold value | |
Vtl First target speed (disengagefnent tl.lreshold'value)

Td  Delay time

PCT/JP2011/053887
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CLAIMS

1.A hybrid drive apbaratus comprising:
an input member that is drivingly connected to a rotary electric machine and
5  drivingly éc_mnected via an input ciutch to an internal combustibn engine;
an output member that is.drivingly connected to the input member and transmits
rotation of the input member to a wheel; and |
a control device that controls at least the rotary electric machine, wherein
the input clutch has a plurality of friction materials and an elastic member
10  pressing the plurality of friction materials against each other at a predetermined urging
force, and is structured so as to be capable of trénsmitting torque by the urging force of
the elastic member, and
the control device is capable of performing valve opening/closing phase contfol
for advancing or retarding opening/closing phasés of valve elements provided in the
15 internal combustion engine via a valve opening/closing phase adjusting mechanism, and,
with the internal combustion engine in a stopped state before starting a vehicle, the
control device advances the opening/closing phases of the valve elements to bring the
opening/closing phases of the valve elements into an advanced phé.se state relative to
predetermined reference phases, thus starting the vehicle with torque of the rotary electric

20  machine in the advanced phase state.

2. The hybrid drive apparatus according to claim 1, wherein the magnitude of the
urging force of the elastic member and the opening/closing phases of the valve elements
in the advanced phase state are set so that the torque transmittable by the input clutch
25  with the urging force of the elastic member is smaller than the driven torque of the

internal combustion engine in the advanced phase state.

3. The hybrid drive apparatus according to claim 1 or 2, further comprising an oil

pump driven by the input member, wherein
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the input clutch has a piston that presses the plurality of friction materials against
each other by being operated by the urging force of the elastic member and aléo by
hydraulic pressure, and is structured such that a circulating oil pressure is supplied to an
dpposite-to-cylinder side of the p_istoﬂ, and |

the control device, when detecting a start preliminary operation by a driver while
the 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
retards the opening/closing phases of the valve elements after disengaging thé input

clutch.

4. The hybrid drive apparatus according to claim 3, wherein

a disengagement threshold value is set in advance as a lower limit value of a
rotational speed of the rotary. electric machine required. to disengage the input clutch by
the circulating oil pressure, and

the control device retards the opening/closing phases of the valve elements when -
a predetermined delay time has further passed after the rotational speed of the rotary

electric machine has increased to reach the disengagement threshold value.

5. The hybrid drive apparatus according to claim 3 or 4, wherein

a ‘disengagement threshold value is set in advance as a lower limit value of the
rotational speed of the rotary electric machine required to disengage the input clutch by
the circulating oil pressure, and

the controi device advances the opening/closing phases of the valve elements to
bring the opening/closing phases of the valQe elements into the advanced phase state
when the rotational speed of the rotary electric machine has decreased to reach the
disengagement threshold ‘value, with the internal combus_tion engine in the stopped state

before stopping the vehicle.
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6. The hybrid drive apparatus according to any one of claims 3 to 5, wherein the
magnitude of the urging fofce of the elastic member in the state of no hydraulic pressure
being vsupplie'd to the input clutch is set in advance to a magnitude within a range ih

~which the internal combustion ehgine in the stopped sfate_is capable of still refnaining in
the stopped state even if the torque of the rotary electric machine is 'tré:.nsmitt'edlvia the-.
input clutéh to the intéfnal combustion engine in a most retarded phaéé sté;te in whi_ch the
opening/closing phases of the valve elements are fully retarded within predetermined
movable ranges, and 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.



PCT/JP2011/053887

WO 2011/108407

1/10

GoS

1
|
[}
[}
(
¢
{
i
1
[
)
1
i
1
i
1
|
i
|
}
I
[}
L}
[}
)
[}
L}
|
|
|
1
1
|
t
I
|
(-
{
t
t

€enst

\

WSINVHOIW

3dONVHO d33dS

N

JATVA

TOHLNOOD LdIHS

dA

el - = e - ———

e

e

H31HVIS—~_r~

()]

J0IA3d 104.1NOD

Olr'iNvddA

¥oS

LA
€¢

9¢

0

v

-
e e e

@

EI

o
%

i .

;

¢l

T L o e 2 S— - — . — e e ——— e e



WO 2011/108407 PCT/JP2011/053887

2/10
FIG.2
_~15(13)
_ _ _ /L ,
o 2 o '
2 2 ~—2
PG2
i|E§B1 = |
SRE=I B2 /
| PGt | | C2 .
\_ L] _ L
C o
- (1
j | | F1
M - s O
V| oz [
{ {
H ) )
i _ _ _ -
FIG.3
C1 C2 C3 B1 B2 F1
1st o A
2nd o [ J
3d | @ ® |
4th o o
5th ® o
6th ° ®
Rev ' o o




WO 2011/108407 PCT/JP2011/053887

3/10

N
= \
l;, N
N
— N
©
; 7B
. P U
N 4( N
\ AT
A oo}
0 Lo
NN\ o
< 7 L~
. Y Te]
(@) 77 (// ¢ \@ A |
—r ’U\L '\?/
LL\ ¢ =\ f S R—
™ J 3 ¥~%,{8

=




WO 2011/108407

4/10

FIG.S

30

/

CONTROL UNIT 31

PCT/JP2011/053887

INTERNAL

32

COMBUSTION
ENGINE

ROTARY ELECTRICY
MACHINE

1
29

T
|
1
[
L

BATTERY

2
g

\ i

Sel —INTERNAL
/ COMBUSTION ENGINE
- CONTROL UNIT
ROTATION ’
~ [ ROTARY ELECTRIC
SENSOR MACHINE
. Se? CONTROL UNIT
TARGET SHIFT SPEED
VEHIS%',—\I%SEEED ~ [DETERMINATION UNIT
— Se3 __34
SWITCHING
ACCELERATOR CONTROL UNIT
AMOUNT - 39
DETECTING VALVE
SENSOR ~_[Se4| opeNING/CLOSING
PHASE CONTROL UNIT

FLUID PRESSURE

START PRELIMINARY

36

ELECTRIC MOTOR
- 28

! g
VALVE
OPENING/CLOSING
PHASE ADJUSTING :
MECHANISM 23

——

—

DETECTING -
“SENSOR OPERATION
—— Sed|| DETECTING UNIT
' | - — 37
STROKE
POSITION . STARTING
DETECTING " LCONIROL NI
SENSOR |
FAILURE
JUDGMENT UNIT

. _HYDRAULIG
CONTROL DEVICE

]

C1 || BT

CT||CL




PCT/JP2011/053887

5/10

WO 2011/108407

A 4 b A
|
L | -
|||||||||||||||| e ] e a2 2 e o e o e o e — D ———— I||IINIIII.—II L R
s i Eo5
(T} NME _ —
‘& /5Q &
o 17} R
B it IECEEE S SRR AR IR TR SRR ]
||||||||||||| Wuunu....u i P u»:nnn..nlnn_dsl e e e e u||;u||.|..J_....||.o\
| N e I i ey R iR Al R RN
A D R RN ST R A v
© B EXZ —_ |
| 24 _ “
O . Cn= b .
IRy by Bunht N R S 5 aiuuiuisiiuiiel L isiuiiuiuiuls Ay apaffsieteft e I S PRt
. _ !
H- 2 __ m
b - o _
R ! © |
I D R i N - _ : "
e _ .
b _ ! m
S S S WﬁO fO =) S o _ o
: pd |
| xOF w < —_o_ L L O,
“A JIOEZ oL ra Y- ZA>=>=% ) ] WMM MN%AWO@AHA
o8  Bez3 pogg T 2 g ge2 ¢ Edta
5 cEws 253 <5 5 3% 8 EES G



WO 2011/108407 PCT/JP2011/053887

6/10
FIG.

VEHICLE | | ‘
SPEED ! ; o

ACGEL- : ! |

ERATOR: : : /

OPERATION,, - - _
AMOUNT 5 ; -
MASTER ! !

CYLINDER : '.
FLUID ! : \ o

PRESSURE : ; .

| | i  oOMERNAEN

ROTATIONAL | : EI\ALEC();I-II-IRI:III(ED e

SPEED g e —
! ! INTERNAL .
! ' COMBUSTION= _ EreaqRIG
! ! ENGINE \ MACHINE
! ! —_———-—A L
TORQUE ————
! L _-C1
| 1 CT ! E o e ————— — -
! Y

TRANSFER i ﬁ »

CAPACTEY ? o |
0 __'.__:_——_' e —- = — e r————

o N

T1I0 Ti1 T12 T13 “CL



WO 2011/108407 PCT/JP2011/053887

7/10
FIG.S8
(START )
#01
[DISENGAGE ALL CLUTCHES AND BRAKES]
#02 |

[ PRECHARGE INPUT CLUTCH |

#03_—graRT NO
PRELIMINARY OPERATION

DETECTED?

#04

CONTROL ROTATIONAL SPEED OF
ROTARY ELECTRIC MACHINE TO BE
FIRST TARGET SPEED

#05

DISENGAGE INPUT CLUTCH BY
CIRCULATING OIL PRESSURE

#06

CONTROL ROTATIONAL SPEED OF
ROTARY ELECTRIC MACHINE TO BE
SECOND TARGET SPEED

PREDETERMINED
TIME BEFORE END OF START
PRELIMINARY
OPERATION?

#08

CONTROL TORQUE CAPACITY OF FIRST
CLUTCH TO AMOUNT CORRESPONDING
TO CREEP TORQUE OR MORE

#09
[ VEHICLE STARTS |

#10
NORMAL STATE DRIVING CONTROL

END



PCT/JP2011/053887

WO 2011/108407

8/10

dnN4d

[ 10OHINOD DNIAIMA mknkm 1VINHONEY _wm#

AG3dd0.LS DNIAE WOYd INIONT

[9IHOHd

NOLLSNEGNOD TYNHILNI 1.

d3ddO.1S ONIIg INOYA
ANIONT NOLLSNFGINOD
IVNYSANI LIFIHOH

]

8¢#

HO1N1O 1NdNI Ol JHNSS3Hd
10 OrNYHAAH A1ddNS

GE#

1VNOLLVLOY

INIONA

NOLLSAgA09 |

TTVNYILNI
14V1S

31dI 0L STvNO3 INIHOVIN
OlH10313 AYYLOH 40 d33dS

HOLM1Q 1NdNI OL JHNSSIHd

LCH

HOLM10 1NdNI OL 39Nss

34d 10

TI0 ONINYHAAH A1ddNS
SN CeH

S1YNOL INIHOVYIA

ONLLY1NJHIO 40 A1ddNS 440 11D

HOLM10 LNdNI OL 39Nss3dd 110
GiH HNLLY1NDYIO 40 ATddNS 340 1ND

SdA

3
INONI NOILSNEN0D IVNYILINI 19V.IS
SaX
ON PEINALS
T . G3ddO.LS NI INION3 NOLLSNgWO0D
JLV1S Q3ddOlS JVYNYIINI
NI INIDNI NOILSNSINOD
TVYNYILNI S SN

ON

LNdNI
S3aA
¢NOLLYHIdO

IVINHONGV NI INIHOVIA 01410313

AGVIOY

(LLuvis )

o
d3dVvONISId HOLNTO

1 0c#

1445

NOLLSNGNOD 1VNYILINI 118IHOHd

d3ddO.LS DNIFd WOdd INIONS

7

[44::

A 60#

ON
L #

6 OI4d



WO 2011/108407 PCT/JP2011/053887

9/10
FIG.10

START )

#41 INTERNAL

OMBUSTION ENGINE
STOPPED? -

C

#42 VES
ADJUST OPENING/CLOSING PHASE OF
INTAKE VALVE TO MOST RETARDED PHASE

#43 ROTATIONAL

SPEED OF ROTARY

ELECTRIC MACHINE AT DISENGAGEMENT
THRESHOLD OR

#44
ADJUST OPENING/CLOSING PHASE OF
INTAKE VALVE TO MOST ADVANCED PHASE

#45

START
PRELIMINARY OPERATION
DETECTED?

#46 ROTATIONAL
, SPEED OF ROTARY ELECTRIC
MAGCHINE IS FIRST TARGET SPEED
OR MORE?

DELAY .
TIME HA% PASSED

#48 | YES

ADJUST OPENING/CLOSING PHASE OF
INTAKE VALVE TO MOST RETARDED PHASE

#49 INTERNAL
COMBUSTION ENGINE HAS
FULFILLED STARTING

CONDITION?

#50
C START ENGINE ]

#51
NORMAL RUNNING STATE PHASE CONTROL

C END )




PCT/JP2011/053887

WO 2011/108407

10/10

FIG.

11

] | . | A
Ll L -
....................................... owl T = TV TTTTTIU R
Gz 20 S|
FOs =0 Z\. ||
oug o 2O 4
o= | o <i-w
| /Z= Z0Z |
™~ i .|N..O \RUG
- Wm= |- o
W.OE _ e ~
NN | I A W O I SN 1.1 s
| L . F
=TT SSITT) A | S ¢ A A RN
] =2’ | 5| - F
L O3 o _ m ,
N oS I S
I N | S < | RN 1| TSRS I S A ,
.............................. R I 1 St s SO SR W At UL
S Y * SPRTSERERRESE - - N | Attt p— N
! " _ ! : n .
B | m
[ 1 L |
. b O |
......................... SN 5 S WS N Mt ISR U ) S~
| [ _ { 1 T
| 1y i ]
L | |
[ 1 t o
1 | It - | 1 2
o o QO[O o (e ] o
= PPf < f o ﬂw_&\/ EﬂTD:_”_.
w Ok x Wa ZAT=Y-5T w W O, X L
a9 gorz  fwoEa Sm>">"> 3 L5 mmm ey tatat
2 = =55 L =0 a
Ty CAMO Smw$ MP o NRM AVn WOMN...N_MAP
& S8 S 5P s T 3 EESG
WA =5 o m = O < o© o g



INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2011/053887
A. CLASSIFICATION OF SUBJECT MATTER
INV. B60W30/18 B6OW10/06 B60W10/08 B60W20/00 B6OW10/02
B60K6/24 B60K6/48 B60OK6/387 FO2D13/02

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B6OW B6OK FO2D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 6 341 584 B1 (ITOYAMA HIROYUKI [JP] ET 1-6
AL) 29 January 2002 (2002-01-29)
claim 6
figure 1

A US 2005/066933 Al (KAITA KEIJI [JP] ET AL) 1-6

31 March 2005 (2005-03-31)
paragraphs [0007], [0008]
A DE 10 2004 033141 Al (BAYERISCHE MOTOREN 1-6
WERKE AG [DE])

9 February 2006 (2006-02-09)
paragraph [0003]

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . .
"T" later document published after the international filing date
or priority date and not in conflict with the application but

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

29 April 2011

Date of mailing of the international search report

11/05/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Nielles, Daniel

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2011/053887
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6341584 Bl 29-01-2002 DE 19953856 Al 18-05-2000
JP 3719339 B2 24-11-2005
JP 2000145487 A 26-05-2000
US 2005066933 Al 31-03-2005 JP 3894178 B2 14-03-2007
JP 2005105885 A 21-04-2005
DE 102004033141 Al 09-02-2006  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - wo-search-report
	Page 73 - wo-search-report

