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(57) Abstract: A selectable one-way clutch includes an engagement mechanism. The engagement mechanism is configured to be
switched between an engaged state and a disengaged state. The engaged state is a state in which relative rotation between a first and
a second members in one of a positive rotational direction and a reverse rotational direction is restricted. The disengaged state is a
state in which the relative rotation between the first member and the second member in both of the positive and the reverse rotational
direction is permitted. The electronic control unit is configured to apply torque to the one of the first member or the second member
by using a motor such that relative rotation in the other one of the positive or the reverse rotational direction is generated between
the first member and the second member when the engagement mechanism is switched from the engaged state to the disengaged

state.
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CONTROL SYSTEM FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Inventioh

[0001] The invention relates to a control system that controls a mechanism that
transmits power for a travel of a vehicle. Particularly, the invention relates to a control

system for a vehicle that includes a selectable one-way clutch.

2. Description of Related Art

[0002] - A\ vehicular transmission that includes a selectable one-way clutch
(hereinafter described as an SOWC) is described in US 2009/0084653 A. The SOWC has
pairéd rings that‘are arra;nged to face each other. One of the rings is provided with a strut
that is projected toward the other ring. The other ring is provided with a ‘pocket which a
tip of the strut enters and i$ engaged wi’th. The strut is housed iﬁ a through opening -
provided in the one ring. Tﬁe strut is configured to be pressed and projected toward the
pocket side by a projecting tooth via a spring, the projecting tooth being inserted in‘ the
through opening from a back surface side of the one ring (an opposite‘ side of a surface that
faces thé otﬁér ring). VIn addition, a selector plate is arranged between the'rings in a
manner to rotate by a specified angle, the selector plate inciuding a window through which
the strut is inserted. | |

[0003]  The selector plate rotates in a state that an elastic fofce of the spring
presses the strut to-the 6ther ring side. Accordingly, the window of the selector .plate
corresponds to the through opening (that is, the strut) iﬁ a rotational direction thereof. In

this way, the strut is projected to the other fing side and engaged with the‘pocket that is

formed in the other ring. Meanwhile, the selector plate is rotated by a frictional force that

is generated when contacting a front surface of the other ring. In addition, the projecting

tooth is retracted in a state that the strut is engaged with the pocket. Accordingly, the |

- strut is no longer pressed to the pocket side. However, due to a frictional force between
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the strut and the pocket, an engaged state of the strut with the pocket is maintained. The

retraction of the projecting tooth causes reduction of a load that presses the selector plate
against the other ring. Here, the spring for rotaiing the selector plate is arranged between

the- one ring and the sclector plate. Thus, when the projécting tooth is retracted, the |
selector plate is rotated by the elastic force, and the window is displaced from a pOSition of

the strut. In other words, the strut is pressed in the through opening by the selector plate

and is thus separated from the pocket. As a result, the SOWC is switched to a disengaged

state. .

_ \ 'SUMMARY OF THE INVENTION o
[0004] The SOWC describéd in US 2009/0084653 A is a so-called dog clutch.

. The frictional force acts between the strut and the pocket in a state that the strut is engaged

with the pocket, and thus movement of the strut is restricted. Accordingly, when the
SOWC is switched from an engaged state to the disengaged state, the retraction of the

projecting-tooth is not enough to remove the strut from the pocket, and the engaged state of

~ the strut with the pocket continues. Later on, a force of the selector plate to press the strut

into the through opening overcomes the frictional force between the strut and the pocket.

- Thus, the strut is removed and then disengaged from the pocket.

‘[0005] The frictional force between the strut and the pocket and the force of the
selector plate to press the strut to the through opening side in this case are determined by
various factors, such as torque that acts betWeen the rings, a friction coefficient between
the strut and the pocket, and the frictional force between the selector plat’e and the front

surface of the other ring, and thus are not necessarily constant. In addition, a device

- described in US 2009/0084653 A is not configured to actively control these types of the

_force;'the frictional force, and the like.

- [0006] . As described above, in the device described' in US 2009/0084653 A, in the
case where the SOWC is switched from the engagéd state to the disengaged state,
switching to the disengaged state is delayed. It is because the strut is not immediately

removed from the pocket even when the projecting tooth is retracted. In addition, it is .
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impossible to accurately detect or recognizé timing at which the strut is removed from the
pdcket and the SOWC is substantially brought into t_he. disengaged s'tate.. For this reason,
a long delayed time period (or a long wait time period) is necessary from the
disengagement of the SOWC to initiation of next control. In other words, if the next
control that foliows the ’disengageme-nt of the SOWC is initiated sooner, there. is a
possibility that the next control is initiated before the SOWC is switched to the diSengaged
state. Accordingly, an excessive load may be generated in a specified gear, shaft, or the
like, or a éhock may Occur. | a |

[0007]  The invention provides é control system for a vvehicle that bcan disengage a
selectable one-way clutch withou\t producing any particular delay. '

- [0008] A first aspect o.f the invention is a éontrol system for a vehicle. The
é‘onfrol system includes a selectable one-way clutch, a motof, and an electronic control unit.
The'selectalble one-way clutch includes an engagement mechanism. _.The engagement
mechanism includes a first member and a second ,r'nem‘ber. The second member is
configured to rotate relative to the first member. The engagement mechanism is
configured to switch between an engaged state and a disengaged state. The engaged state

is a state in which relative rotation between the first member and the second member in

. one of a positive rotational direction and a reverse rotational direction is restricted. The

disengaged state is a state in which (i) the relative rotation between the first member and

the second member in the one of a positive rotational direction and a reverse rotational

direction and (ii) relative rotation between the first member and the second member in the

other. one of the positive rotational direction and the reverse rotational direction are

~permitted. The motor is configured to rotate one of the first and second members. The

electronic control unit is configured to apply torque to the one of the first member and the
second mcmbef by using the motor such that the rotation relative in the one of the positive
rotational direction and .the reverse rotational direction is generated between the first -
member and the second member when the engagement mechanism is switéhed_ from the

engaged state to the disengaged state.
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‘[0009] In the above aspect, the electronic’ control unit may be configured to
switch ihe engagement mechanism from the engaged state to the disengaged state in a state
that the relative rotation in the other one of the positive rotational direction and the reverse
rot.ational direction is generated.

[0010] In the above aspect, the electronic control unit may be configured to

‘maintain a difference in rotational speed between the first member and the second member

at a predetermined target value in a state that the relative rotation in the other one of the
positive rotational direction and the reverse rotational direction is generated.
[0011] In the above aspect, the electronic control unit may be configured to

continue maintaining the difference in rotational speed at the target value until the

“engagement mechanism is switched from the engaged state to the disengalged state.

'[0012] In the above aspect, fhe electronic control unit may be configured to
switch the engngement mechanis’m te the disengaged state when a rotational speed of the
relative rotation in the other one of the positive rotational direction and the reverse
rotational direction reaches a predetermined reference rotational speed.

[0013] In the above :aspect, the en‘gagement mechanism may include an
engagement piec‘e, an actuator, and a sensor. The engagement piece may be supported by

one of the first member and the second member. The other one of the first member and-

the second member may have a recessed section. The recessed section may be configured

to fit a tip of the engaigement piece and the recessed section is engaged with the ‘
engagement piece. The actuator may be configured to operate the engagemen-t' piece to.an
engéged posiinn and a diseng‘aged position. The engaged position may be a p_osiﬁon at
which t‘he tip of the engagement piece is moved toward the other one of the first member
and the second member by the actuator and the tip of the engagement piece is engaged -
with the recessed seetion. The disengaged position may be a position at which the tip df
the engagement piece is separated from the recessed section by the actuator. The sensor
nd’ay be configufed to detect an operation amount. of the actuator. The electronic control

unit may be configured to determine that the engégement mechanism is switched't'o the
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disengaged state based on the operation amount of the actuator that is detected by the
Sensor. |
[0014] In the above aspect, the control System may further include an internal
combustion engine, un output member, and a power transmission mechanisnr. The power

transmission mechanism may include a fixed section and a first differential mechanism.

~ The fixed section may be coupled to the other one of the first member and the second
" member. The fixed section may be configured not to rotate and move. The first

~ differential mechanism may include a first rotary element, a second rotary element, and a

third rotary element, each of which performs a differential action with respect to each other.

The internal combustion engine may be coupled to the first rotary element. The motor

and the other one of the first member and the second member may be coupled to the
second rotary element. The firsr differential mechanism may be configured such‘ that
tordue is configured to output from the third rotary element to the output memb'er.. ”T‘he
first differential mechanism may be configured such that a speed of the internal
combustion engine may be reduced when a rotational speed of the second rotary element
that is in the same direction as a rotational direction of the internal combustion engine is
re'duced_ or when a rotational speed of the second rotary element fhat is in an opposite
direction from the rotational direction of the internal combustion_ engine is increased. |

[0015] In the above aspect, the control system may further include an internal

" combustion engine, an output member, and a power transmission mechanism. The power

transmission mechanism may include a fixed section, a first differential mechanism, and a

second differential mechanism. 'The fixed section may be coupled to the other one of the -

first member and the second member. The fixed section may be‘configured not to rotate
and move. The first differential mechanism may include a first rotary elernent, a second
rotary element, and a third rotary element, each of which performs a differential action

with respect to each other. The internal combustion engine may be coupled to the first

:rotary element. The motor may be coupled to the second rotary element. The first'

differential mechanism may be configured such that the torque is output from the third

rotary element to the output member. The second differential mechanism may include a



10

15

20

.25

WO 2015/145246 PCT/IB2015/000399

6

fourth rotary element, a fifth rotary element, and a sixth rotary element, each of which

performs a differential action with respect to each other. The first rotary element may be

' coupled to the fourth rotary element. The second rotary element may be coupled to the

fifth rotary element. The one of the first member and the éeco_n‘d‘ member may be coupled
to the sixth rotary element. The fiffh rotary element may be coﬁfigured- to rotate in an
opposite direction from a rotational direction of the fourth rotary element when the rotation
of the sixth rotary element Stops. The first- differential mechanism and the second
differential mechanism may be configured such that a speed of the internal combustion
engine is reduced when a rotational speed vof the second rotary element that is in the same

direction as the rotational direction of the internal combustion engine is reduced or when

~ the rotational speed of the second rotary element that is in the opposite direction from the

rotational direction of the internal combustion engine is increased.
[0016] In the above aspect, the rotational speed of the relative rotation in the other

one of the positive rotational direction and the reverse rotational direction may correspond

to a rotational speed of the motor that rotates the second rotary element in the opposite

direction. The rotational speed of the relative rotation in the other one of the positive
rotational direction and the reverse rotational direction may correspond to a rotational
speed that is at least equal to a minimum rotational spé'ed at which the internal combustion
engine rotates independently.

[0017] In the above aspect, the control system may further include an internal
combustion engine. The other one of the first member- and the second member may be
configured such that torque of the internal combustion éngine,‘ acts on the other one of the
first member and the second inember. ‘The target value may be a value at which an
absolute value of the rotational speed of the relative rotation in ‘the other one of the positive
rotational direction and the reverse 'rotational.direction is maintained to be larger thah "0"
éven when the torque of the interhal cbmbustion engine fluctuates in a process of switching
the engagement mcchénism from the engaged state to the disengaged state.

[0018] In the above aspect, the electronic control unit may be configured to

switch the engagement mechanism from the engaged state to-the disengaged state by
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generating the relative rotation in the other one of the positive rotational direction and the

reverse rotational direction in a state that control to switch the engagement mechanism

from the engaged state to the disengaged state is executed.

‘[0019] According to the above aspect, when torque acts between the first member

and the second member in a direction to restrict the relative rotation, a load is applied to

‘the engagement mechanism in the engaged state. However, when the engagement

mechanism is switched from the engaged state to the disengaged state, the relative rotation
that is in the onposite direction from the restricted direction is generated between the first
member and the second member. Accordingly, the load that is applied to the engagement
mechanisrn is canceled. ‘Thve relative rotation for disengaging the engagement mechanism
as described above is generated by the motor, and thus the load can reliably be canceled.
The disengaging cperation of the engagement mechanism is performed in a state that the
load is canceled as described above. Thus, the engagement mechanism can reliably and
rapidly be switched to the disengaged state. ,

[0020] Especially when the control to switch}to the disengaged state is executed
in a state that the relative rotation in the other one of the positive rotational direction and

the reverse rotational direction (a negative differential rotation) is generated, control for

- switching the engagement mechanism to the disengaged state is initiated in a state that the

‘above load acts on the engagement mechanism. Thus, the engagement mechanism is

switched‘to the disengaged state substantially at the same time as the initiation of the
control, and thus the engagement mechanism can reliably and rapidly rbe switched to the
disengaged state. | | |

[0021] ~In the case Wilere it is configured that the rotational speed of the negative
differential rotation is maintained at the target value, a state of the negative differential

rotation is maintained even When the torque in the restncted rotational direction acts

between the first member and the second member due to some disturbance factor. -

| Accordingly, even a temporal inhibition of the disengaging 'operation of the engagement

mechanism is av01ded As a result, the engagement mechanism can reliably and rapidly

be sw1tched to the dlsengaged state
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[0022]  Especially when the rotational speed of the negative differential rotation is

‘maintained at ‘the target value until the éngagement mechanism is switched to the

disengaged state‘, the engagement mechanism can reliably and ‘rapidly be switched to the
disengaged state. |

[0023] Acco_rding to the above aspect, the engagement mechanism is switched to
the disengaged state due fo the generation of the negative differential rotation. For this
reason, the rotational speed of the relative rotation between the first member- and the
second member in the_ other one of the positive rotatibnal direcﬁon and the reverse
rotational direction reaches a spécified reference rotational speed. Thus, the control for
switchiﬁg the engagement mechanism to the disengaged state is executed. As a result, the -

engagement miechanism can reliably be switched from the engaged state to the disengaged

state.

[0024]  According to the above aspect, when it is configured that the engagement
piece is operated by a specified actuator, it is possible to detect or determine that the
engagement mechanism has been switched from the engaged state to the disengaged state

on the basis of an operation amount of the actuator, the engagement piece constituting the

‘engagement mechanism.

[0025] The above aspect can be applied to a control device for 'the powef
tvransmis‘sio‘n mechanism in which the speed of the internal combustion engine can be
controlled by the motor via th¢ differential mechanism. In this case, the engagerﬁent
mechanism can restrict rotatién of any of the rotary elements of the differential mechanism
in a specified direction. Then, the engagement mechanism can reliaﬁly and rapidly be
switched from the engaged state to the disengaged state. |

[0026]  In this case, the rotational speed of the negative differential rotation is set

~ to the rotational speed' at which the internal combustion engine can rotate independently.

Thus, stalling of the internal combustion engine can be avoided or suppressed.
[0027] = According to the above aspect, in the case where it is configured that the
torque of the internal combustion engine acts on the engagement mechanism, the rotational

speed of the negative differential rotation is maintained at the rotational speed that is
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higher than "O;'. . Accordingly, such a situation where the load is applied to the
engagement mechanism-even with fluctuation in torque of the internal combustion engine
or where the disengaging operation is inhibited in coﬁjunction with the application of the
load does not occur. Thus, the engagement mechanism can reliably be switched to the
disengaged state.

[0028] According to the above aspeét, it can be configured that the negative
differential rotation is generated in a state that the cdntrol for disengaging the engagement
mechanism is initiated. "Even in this case, due to the generation of the negative

differential rotation, the engagement mechanism can reliably be switched to the disengaged

state.

BRIEF DESCRIPTION OF THE DRAWINGS

- [0029] Features, advantages, and technical - and industrial significance of

exemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a skeleton diégram of an example of a power transmission mechanism that _
can be a subject of the invention; |

| . FIG. 2 includes collinear diagrams on a plémefary gear mevchani'sm}that- constitutes a

power split mechanism of; . |

FIG. 3 is a skeleton diagram of another example of ‘thé p0W¢r transmission
mechanism that can be the subject of the invention;

FIG. 4 includes collinear diagrams of a compound planetary gear mechanism'that
constitutes the power spllit mechanism and an overdrive mé‘chanism; '
| FIG. 5 is a schematic crosSjsectional diagram of a configuration of an engagement
mechanism in a selectable one-way clutch that can be a subject of the invention;

FIG. 6 is a schematic partial diagrafn of a housing section and a pockét, the housing

section being formed in a first clutch plate and the pocket being formed in a second clutch

‘ plate of the selectable one-way clutch; |
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FIG. 7 is a ﬂowchart for illustrating an example of control that is executed by a

contrql‘devi'ce according to the in?entioh; | o

FIG. 8A includes time charts-that respectively show an example of a change in a
rotational speed of negative differential rdtation when the control in FIG. 7 is executed,;

FIG. 8B includes time charts that respectively show an example of a change in torque
of a first motor when the control in FIG. 7 is executed; |

FIG. 9 ié a flowchart for illustrating another example of control that is executed by
the control device according to the invention; | |

FIG. 10 is a skeleton diagram of a further éx'ample of the power transmission
mechanism that can be the subject of the invention; and |

FI1G. 11 includés collinear diagrams on. the planetary gear mechanism that constitutes

the power split mechanism.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] The invention can be applied to; a control device of w}hich‘ a power
transmiésion mechanism in a-hybfid vehicle is a subject. First,. an example of the power
transmission mechanism will be described. "FIG. 1 schematically shows the power
transmission meéhénism in the hybrid vehicle of two-motor of the multiple shaft-type.
The power transmission mechanism includes: an engine (Eng) 1 that, as a drive power
source, is an example of an internal combustion engine of the invention; a first motor
(MGI) 2 that is an example of a motér of the }nvcntion and has an electrical power
generating functior’x;’and a second motor (MGZ2) 3 that has an electrical power generating
funq‘tion. The firsi motor 2 mainly executes control ‘of‘ a speed of the engine 1 and
cranking of the engine 1. Together with the engine 1; the first rﬁotor 2 is cbupled to a
power split mechanism 4 that is an example of a first differential mechanism of the
invention. | | » | |

[0031] In the example shown in FIG. 1, the power split mechaniém 4 is
constructed of a planetary gear mechanism of single piﬁion type that includes a sun gear 5,

a carrier 6, and a ring gear 7 as rotary elements. A rotor of the first motor 2 is coupled to -
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* the sun gear 5 that is an example of a second rotary element of the invention. An output

shaft (a erankshaft) of the engine 1 is- coupled to the carrier 6 that is an example of a first
rotary element of th.e invention. The ring. gear 7 that is an example of a third -rotary
element of the invention is an output element. An output gear 8 as an output member is
attached to the ring gear 7. The output gear 8 rneshes with a counter driven gear 9. The
counter driven ‘gear 9is attached to a counter shaft 10. A counter drive gear 11 that has a

smaller diameter than the counter driven gear 9 is attached to the counter shaft 10. The

. counter drive gear 11 meshes with a ring gear 13 in a differential 12. = This differential 12

~ outputs drive torque to right and left drive wheels 14.

[0032] ‘/The second motor 3 mainly functions as a drive power source for a travel.
A drive gear 15 that is attached to’a‘rotor shaft of the second motor 3 meshes with the
counter driven gearv9. ‘, This drit/e gear 15 has a smaller diameter than the counter driven
gear 9. Thus, the drive gear 15 and the counter driven gear 9 constitute a speed reduction
mechanism. _ | o | | ,

[0033] A’selectable one-way clutch (hereinafter riescribed as an- SOWC) 17 is
provided between the sun gear 5, to which the first motor 2 is coupled, and a casing 16 that
is an example‘ of et fixed section of the invention. Tl_ris SOWC 17 is a clutch that is
configured to enable relative rotation in erther a positive direction or a negative direction
and to preventltorque transmission in a disengaged state. ~ This SOWC 17 is also a clutch
that is configured to restrict (or 1nh1b1t) relatlve rotation in one of the positive direction and.
the negative direction to transmit torque in a direction of the relative rotation and enable

relative rotation in an opposite direction to the d1rect10n of the relative rotation to prevent

‘the torque transmlssron in an engaged state Here, positive rotation refers to rotation in

the same direction as a rotational direction of the engine 1. Reverse rotation (or negative

rotation) refers to rotation in an opposite direction from the rotational direction of the

| engirre 1. Noted that thespecific confrguration of the SOWC 17 will be described below.

[0034] The first motor 2 and the second motor 3 are connected to én‘ unillustrated

_controller unit such as an electrical storage device and an inverter and are electrically

connected to each other to enable electrical power transfer therebetween. In addition, an
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electronic control unit (ECU) 18 is provided to control these electrical storage device and
controller unit, the SOWC 17, or the like. ~ This electronic control unit 18 is construc;ted of
a microcomputer as a main body. _This electronic control unit 18 is.configured to receive
detectioﬁ signals indicative of a ve‘hicle'speed, an accelerator operation amount, an engine
speed, estimated output torque, a rotational speed and torque of each of the motors 2,3, an

operating state of the SOWC 17.,_ and the like as data, to perform computation based on the

~ data, and to output command signalé for controlling each of the m‘otors 2, 3 and the SOWC

17. .

| [0035]  FIG. 2 includes collinear diagrams on a planetary gear mechanism that
constitutes the power split mechénism 4. A top diagram in FIG. 2 indicates a forward
traveling state in a hybrid mode (an HV mode or a power split mode). Since the engine 1
is drivén, the cafrier 6 makes the bdsitive rotation. - Due to the forward travel, the ring
gear 7 makes the 'bositiv'e r_otatibn. " At this time, the SOWC 17 is disengaged, and thus the
sun gear 5 and the first motor 2, which is connected to the sun gear 5, canb rotate ‘in. the.
positive or the reverse direction. - In a state shown ir; the t‘dp diagram in FIG. 2, the first
motor 2 functions as an electrical power generator while making the stitive rotation. In

other words, the first motor 2 butputs torque in a negative direction (a downward direction

~ in the top diagram in FIG. 2) and thereby controls the speed of the‘ engine 1 to a speed at

which excellent fuel efficiency can be realized. The electrical power generated in the first
motor 2 is supplied to the second motor 3. Then, the second motor 3 functions as the
motor and outputs drive power for travel.

[0036] A third diagram from the top in FIG. 2 indicates a state in which the

: SOWC 17 stops the positive rotation of the sun gear_S and the drive power of the engine 1

is used. for the forward travel. In other words, the ;hird diagram from vt'he.top in FIG. 2
indicates a forward traveling state (in a so-calied parallel mode) in which the drive power

of the second motor 3 is added to the drive power of the engine 1 while the SOWC>17

stops the positive rotation of the sun gear 5 and the drive power of the engine 1 is used for

the forward travel. In this state, a rotational speed of the ring gear 7 becomes higher than

'thé'en‘gine speed (a rotational speed of the carrier 6), and thus the torque is output from the
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~ ring gear 7; When the second motor 3 is operated as the motor, the drive power thereof is

added to the dnve power output from the r1ng gear 7 and transmitted to the drive wheels 14
via the d1fferent1al 12. Also in this case, the first motor 2 and the sun gear 5 are fixed,
and energlzatlon thereof is stopped (in an OFF state) Thus, the excellent fuel eff1c1ency
can be reahzed when the vehicle travels at a high speed.

[0037] A second diagram from the‘top,in FIG. 2 indicates a transient state (a

transition state) in which the SOWC 17 is switched between the state shown in the top

diagram in FIG. 2 and the state shown in the third diagram from the top in FIG. 2. In the
second diagram from the top in FIG. 2, the first motor 2 functions as the motor and rotates‘.
the sun gear 5 in a reverse rotatlonal direction. Thus, even when the SOWC 17 is
controlled to be engaged torque is not apphed to a strut of the SOWC 17, Wthh will be
described below. ' »

[0038] | FIG. 3 is a schematic diagrant of another example of the power
transmission mechanism that can be the subject vof. the invention. The example is

configured such that an overdrive (O/D) mechanism 19 is added to the above-described ;

.configuration shown in FIG. 1 and the overdrive mechanism 19 is selectively locked by the

SOWC 17. The overdrive. mechanism 19 is an example of a second differential

" mechanism - of the invention. In the example shown in the drawmg, the overdrive

mechanism 19 is constructed of a planetary gear mechanism of double pinion type that

includes a sun gear 20 a carrier 21, and a ring gear 22 as rotary elements The carrier 6

- in the above-described power split mechanlsm 4 is coupled to the carrier 21 that is an

examplé of a fourth rotary element of the invention. Accordingly, the output torque of .
the engine 1 is transmitted to these carriers 6,21. In addition, the sun gear 5 in the power
spllit mechanism 4 is coupled to the sun gear 20 that is an example of a fifth rotary element
of the invention. Accordingly, it is configured that the torqne .of the first motor 2 is

transmitted to these sun gears 5, ‘20. Fur_thefmote, the above-described SOWC 17 is

- arranged betWeen the casing 1'6van.d the ring gear 22 that is an example of a sixth rotary

elentent of the invention. It is configured that the SOWC 17 restricts (inhibits) rotation of

the ring gear 22 in a specified direction, so as to set an overdrive state. ~ Accordingly, the
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rOtar)'l elements of the planetary gear mechanism of the single pinion type that constitutes
the power split mechanism 4 and the rotary elements of the planetary gear mechanism of
the double pinion type that constitutes the overdrive mechanism 1§ are coupled as
described above. Thus, a compound planetary gear mechanism haviﬂg the four elements
is cohstruéted, ~Since the rest of the configuration of the power transmission mechanism
is the same as the configuration shown in FIG. 1, components shown in FIG. 3 are denoted
by the same reference numerals a§ those used in FIG. 1, and the description thereof will not
be made.

[0039] FIG. 4 includes collinear diagfams on the compound planetary gear
méchanism. A top diagram in FIG. 4 indicates a forward traveling state in the hybrid
mode (the HV mode or the power split mode).- Since the engine 1 is driven, the carrier 6
makes the positive rotation. In addition, due to the forward travel, the ring gear 7 \makes
the positive rotation. At this timé, the SOWC 17 is disengaged, and _'thu\S'the sun gear S or
the ring gear 22, "and the first motor 2, which can rotate the sun gear 5 and the ring gear 22,
can rotate in either positive or reverse direction. - In the state shown in tﬁe.top diagram in

FIG. 4, the first motor 2 functions as the electrical power generator while making the

positive rotation. In other words, the first motor 2 outputs torque in-the negative direction

(a downward direction in the top diagram in FIG. 4) and thereby controls the speed of the
engine 1 to the speed at which thé excellent fuel effictency can be realized. The electrical
power generated in the first motor 2 is supplied to the second motor 3: Then, the sécond
motor 3 functions as the motor and outputs the drive power for travel. | |

[0040] A third diagram from the top in. FIG. 4 indicates a state in which the
SOWC 17 stops the positive rotation of the ring gear 22 and the drive powef of the engine
1 is used for the forward travel. In ‘other words, the third diagram from the top in FIG. 4
indicates a forward traveliﬁg state in which the drive power of the second motor 3 is added
while the SOWC 17 stops the positive rotation of the ring gear 22 and thé drive poWér of
the engine 1 is used for the forward travel. In thé overdrive mec;hanism 19, torqﬁe’ in a

positive rotational direction is applied to the carrier 21 in a state that the ring gear 22 is

fixed so as to prevent rotation thereof in: the positive rotational direction. = Accordingly,
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the sun gear 20 makes the reverse rotation. In the power split mechanism 4, the sun gear

S is integrated with the sun gear 20 in the overdrive mechanism 19 and makes the reverse

rotation. Accordingly, in the power split mechanism 4, since the‘torque of the engine 1 is

applied to the carrier 6 in the state that the sun gear 5 makes the reverse rotation, the ring

- gear 7 as the output element rotates at the higher rotational speed than the carrier 6 (that is,

the engine 1). In other words, an overdrive state is produced. Noted that, when the
second motor 3 is operatect as the. motor in this state, the drive power thereof is added to
the drive power that is outpu.t‘ from the ring gear 7 and is transmitted to the drive wheels 14
via the differential 12." Noted that, in this overdrive state, the torque of the ‘engine 1 can
be received by the SOWC 17 instead of the first motor 2, and thus the first motor 2 is
controlled in an OFF state. Therefore, the excellent fuel efficiency cén be tealized when
the vehicle travels at the high speect. ‘
[0041] A second diagram from the top in FIG. 4 indicates a transient state (a

transition state) in which the SOWC 17 is switched between the state shown in the top

* diagram in FIG. 4 and the state shown in the th1rd diagram from the top in FIG. 4. In the

second dlagram from the top in FIG. 4, the first motor 2 functions as the motor and rotates
the sun gear 5 or the ring gear 22 in the reverse rotational direction. The rotational speed
of the first motor 2 when the first motor 2 functions as the motor corresponds to the
rotational speed of the rihg gear 22 at which the ring gear 22 makes the reverse rotation.

Thus, even when the SOWC 17 is controlled to be engaged, the torque is not applied to the ,

strut of the SOWC 17 which will be descrlbed below,

[0042] Here, the configuration of the SOWC 17 will be described. For the
power transmission mechanism that is the subject of the 1nventt0n, the SOWC that is |
described in above-described US 2009/0084653 A, an SOWC that is described ih Uus
2010/0.252384‘ A, or the like‘- can be adopted. Furthermore, the SOWC 17 that is
configured as schematically showh in FIG. 5 and FIG. 6 can be adopted. Thes‘e FIG; 5
and FIG. 6 show an engagemen_t mechanism 23 in the SOWC 17. A first clutch plate 24
is fofrhed in a disc shape as a whole, and a second clutch plate 25 that faces this first clutch

plate 24 and has a disc shape is arranged.  One of these clutch plates 24, 25 is an example
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of a first member in the invention, and the other clutch plate is an example of a secorrd
member in the invention. These clutch plates 24, 25 are retained to enable relatrve '

rotation. For example the one clutch plate 24 (25) is attached to the above- descrrbed |

casing 16, and the other clutch plate 25(24)is coupled to the sun gear 5 shown i in FIG.1 or

coupled to the ring gear 22 shown in FIG. 3.
~ [0043]  The first clutch plate 24 has a recessed section tlrat is elongated in a
rotational direction of the first clutch plate 24 at a position that is a front surface of the first

clutch plate 24 and shifted to a radially outer side from the center of rotation, that is, at a

- specified position on an outer peripheral side. This recessed section is a housing section

26. In addition, the aecond clutch plate 25 has a pocket 27 that is a recessed section in the
substantlally same vshapé as the housing section 26 at a radial position that is in a surface of
the second clutchplate 25 facing the first clutch plate 24 and corresponds to the position in
the housing section 26. A plate shaped engagement piece (heremafter referred to as a
strut) 28 whose cross section is substantlally the same as that of the housing section 26 is
housed in the housing section 26.  The strut 28 is arranged in the housmg section 26 in a
manner to swing with a support pin 29 being the center, the support pin 29 being provided
at the center in a longitudinal direction of the strut 28 and facing the radial direction of the |
first clutch plate 24. A depth of the housing section 26 is changed at the support pin 29.

An upper half of the housing section 26 in FIG. 5 has a thickness that is substantially equal

- to a thickness of the strut 28 or that is slightly larger than the thickness of the strut 28.  On

the contrary, a lower half thereof in FIG. 5 has a thickness that is larger than the thickness
of the strut 28. In this way, the strut 28 is COnfigured to be able to swing with the support
pin 29 being the center. | o

- [0044] | A spring 30 that causes an elastic force to act in a direction to push out one .
end side of the strut 28 frorrl the housing section 26 is arranged in a shallow portion of the

housing section 26. In addition, an actuator 31 that presses another end side of the strut

28 in a direction to push out from the housing section 26 is arranged in a deep portion of

- the housing section 26. This actuator 31 rrray be able to apply a pressing force to the

other end side of the strut 28: A hydraulic actuator such as a hydraulic piston or an
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electromagnetic actuator such as a‘ solenoid that generates thrust by using an
electromagﬁetié force can be adopted. Accofdingly, in a state that the actuator 31 does
not press the other end of the strut 28, the one end of the strut 28 is pressed by the spring
30 and is projected from the housing sectién 26. On the contrary, in a state that the
actuator 31 presses the other end of the strut 28, it is configured that the strut 28 rotates
about the support pin 29 ina direction to compreés the spring 30 and that the entire strut 28
is housed in the housing section 26. Noted that aniéppropr‘iatc elastic membcr,éuch as a

spring may be arranged between the actuator 31 and the one end of the strut 28 in order to

- relax the pressing force geherated by the actuator 31, to allow sWiﬁging of the strut 28 in

the state that the actuator 31 presses the one end of the strut 28, or the like. In addition,
the following description will be made on an example configured that, when the actuator

31is controlled to be OFF, the actuator 31 presses the other end of the strut 28 to bring the

“engagement mechanism 23 into a disengaged state. When the actuator 31 is controller to’

' be ON, the actuator 31 cancels pfessing-of the other end of the strut 28 to bring the

engégement mechanism 23 into an engaged state.
[0045]  As described above, the pocket 27 of the second clutch plate 25 is a

pbrtion which the one end of the strut 28 that is projected from the housing section 26

_enters and is engaged with. Accordingly, in the engagemehi mechanism 23, in the case

where torQue in an upWard direction of FIG. 5 acts on the first clutch plate 24 or torque in a

downward direction of FIG. 5 acts on the second clutch plate 25 in a state that the one end

of the strut 28 is projéctéd w(moved) to the second clutch plate 25 side, the strut 28 is

meshed between the housing section 26 and the pocket 27 ‘a'nd éouples the clutch plates 24,
25 integyally in the rotational direction. That is, the rotét,ion of the first clutch piate_24 in
the upward direction of FIG. 5 that is relative to the s;econd" clutch ﬂpllaie 25 is restricted.
In other words, the rotation of the second clutch plaie 25 in thé downward direction of FIG.
5 that v,is relative to the first clutch plate 24 is -festric’ted. This restricted rotatio.nal V
direction corresponds to the positive rotational direcﬁon in . the pbwer transmilss’ion
mechanisms shown iﬁ above-described FIG. 1 and FIG.- 3. Such a state that the positive

rotation of the above-described sun gear 5 or ring gear 22 is restricted (or inhibited)
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corresponds to the engaged state of the engagement mechanism 23 or the SOWC 17.
When the torque.in the reverse rotational direction (the negative rotational direction) acts
on one of the clutch plates 24, 25 in this state, a surface of the strut 28 is pushed by an edge |
portion at an opening end of the pocket 27 in the second clutch plate 25, and the strut 28
acts against the elastic force of the spring 30 and pushed in the housmg section 26 In-
other words, when the torque in the downward direction of FIG. 5 acts on the first clutch
plate 24 or the torque in the upward direction of FIG. 5 acts on the second clutch plate 25,
the surface‘ of the strut 28 is pushed by the vedge portion at the opening end of the pocket 27
in the second clutch plate 25, and the strut 28 acts against the elastio force of the spring 30
and pushed in the housing section‘ 26. In other words, the engagement by the strut 28 rs ‘
canceled, and the elutch plates 24, 25 can thus make the relative rotation. |

[0046] Then, when the actuator 31 presses the other en'dv of the strut 28, the strut

128 rotates in such a direction that the one end of the strut 28 enters the housing section_ 26

while compressing the spring 30, and the strut 28 is housed in the housing section 26.
Accordingly, the member that engages the clutch plates 24, 25 no longer exists, and thus
the clutch plates 24, 25 can ‘make the relatrve rotation in either the posmve or the negative"

direction. This state corresponds to the dlsengaged state of the engagement mechanism

23 or the SOWC 17.1

[0047] As described above, the engaged state and the disengaged state are |

switched by the operation of the actuator 31. Accordingly, by'detecting the Operati.ng

- state or an operation amount of the actuator 31, it is possible to determine the engaged state

or the disengaged state on the basis of the detection result. A stroke sensor 32 for-

performing such detection is provided. This stroke sensor 32 may be an appropriate :

- sensor that has conventionally been known. For example, the stroke sensor 32 may be a

type of sensor that detects a stroke by capacitance or electrical resistance that varies by the
operation amount of the actuator 31, a type of sensor that detects the stroke optically, or the
like: In addition, instead of detecting the stroke, a so-called ON/OFF sensot may output a

signal at an advanced end and a retracted end of the actuator 31.
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[0048] The abdve-desCrrbed' SOWC 17 is a so-called dog clutch. Accordingly,
in a state that the SOWC 17 is engaged and transmits the torque, the strut 28 is interposed
between the hou‘sing‘section 26 of the first clutch plate 24-and the pocket 27‘0f the second
clutch plate 25, and thus trre frictional force that inhibits the rotation or swinging of the
strut 28 is generated.' In view of this, the control device according to an embodiment of
the invention that has the above power transmission mechanism as the subject therer)f is.
configured to execute control, which will be described below. FIG. 7 is a ﬂewchart forr |
illustrating an example of such control. A routine showrl in the chart is repeatedly
exeeuted at-specified short time intervals in the -case where the vehicle travels in the
errgaged state of the SOWC 17 or in the case where the engine 1 is operated. In step S1,
it is determined whether a determination to disengage the SOWC 17 has been made. In
the case where the SOWC 17 is engaged and the positive rotation of the sun gear S is

stopped, the hybrid vehicle that includes the power transmission mechanism configured as

shown in FIG. 1 travels by using the drive power of the engine 1 or the drive power in

" which the drive power of the second motor 3 is added to the drive power of the engine 1.

On the contrary, a drive state in which the SOWC 17 is disengaged correspbnds to the HV
mode or the power split_mode shown rn the »above-descri‘b\ed top diagram in FIG. 2. In

this state, a substantial gear ratio becomes higher than that in the parallel mode in which |
the SOWC 17 ivs engaged. Acceleration performance or power berformance of the vehicle
differs in accordance with each of the travel modes, just as described., Thus, each of the
travel modes can be predetermined in accordance with.a requested drive amount that can
be represented by the -a,ceelerator dperation amount or the vehicle speed. Then, the
SOWC 17 is disengaged in the HV mode, but the SOWC 17 is engéged in the parallel
mode. Thus, the determination on the disengagement of the SOWC 17 can be substituted
by a determinatiorr on the travel mode or can be made on the basie of the determination on
the travel mode. The same can be applied to the vehicle that includes the power
transmission device shown in FIG. 3. Thus, the deterrnination in step S1 can be made on
the basis of the requested drive amount, the vehicle speed, a map that is prepared in;

adVance, or the like.
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[0049]7" ~If the travel state that is represenfed by the requested drive amount, the
vehicle speed, and the like is not changed enough to shift the travel mode, a ilegative ~
determination is made in step S1. - In this case, the piocess‘ returns without executing any
particular control. On the contrary, if the requested drive amount is increased such as by

depression of an accelerator pedal (not shown), a positive determination is made in step S1.

In this case, in order to switch the SOWC 17 or the above-described engagement

‘mechanism 23 to the disengaged state, control for generating negative differential rotation -

in the one enibodiment of the invention' (the relative rotation between the first clutch plate
24 and the second clutch plate 25 in the other one of the positive rotation and the reverse
rotation) is initiated. In ‘other words, torque transition control is initiated (step S2). This
torque transition control is control in which the torque generated (ieeeived) by the SOWC
17 -is generated (received) by the motor. In the above-described power transmission

mechanism shown in FIG. 1 or ,FIG.v‘3, the torque transition control is control to gradually’

~increase torque used to rotate the first motor 2 in the reverse rotational direction, and is

also control to gradually increase torque that is output by the first motor 2 as the motor

after the first motor 2 starts rotating reversely. »

[0050] An initial change rate of torque at the time t}iat this torque transition
control is initiated is set to be higil/er thari a change rate imrhediately before torque -change
is stopped. This is because torque is rapidly changed while the rotational speed of the

first motor 2 does not change in a process of gradually increasing the torque of the first

motor 2. The change rate is set to prevent a 'rapid change in a speed of a rotational

: member, such as the engine 1, that is caused by so-called overshoot of the control or
-generation of shock that is caused by the rapid change. The change rate can be computed

'in advance by an experiment, a simulation, or the like, for example,

[0051] Itis determined whether the torque of the first motor 2, which is changed |
as described above, has become substantially equal to torque that acts oii the sun éear Sor:
the ring gear 22 and tile first motor 2 on the basis of ihe torque output by the engine'l, that
is, reaction tor(iue generafed by the first motor 2 (step S3). -' ‘The torque of the engine 1 can

be estimated on the basis of a throttle opening degree or a fuel injection amount when the
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engine 1 is a gasoline engine or a diesel engine. In addition, as shown in above-described
FIG. 2 and FIG. 4, the torque in the positive rotational direction that is based on the engine
iorque and acts on the sun gear 5 or the ring gear 22 can be cemputed by a geometric

analysis based on a gear ratio of the planetary gear mechanism for constituting the power

split mechanism 4 or the overdrive mechanism 19.

[0052] A negative determination is made in step S3 if the torque of the first motor
2 does not'reaeh estimated engine reaction torque. In this case, the control in step S2 is
contiﬂued. On the contrary, a positive determination is made in step S3 if the terque of
the first motor 2 reaches the estimated engine reaetion torque. 'In this case, a torque

change rate for changing the torque of the first motor 2 is set to be lower than the change

 rate that is set in above step S2 (step S4). If the torque of the first motor 2 is changed

after becoming substantially equal to the estimated engine reaction'tofque‘, the speed of the
engine 1 starts changing. If the change is rapid, inertia is increased to cause discomfort
sueh as shock. For this re.ason., in step S4, in order to avoid or suppress such shock or
diseomfort, the torqﬁe change rate wov'f the first motor 2 is set to be low. Accordi_ngly‘, the
torque change rate can be predetermined by -an experiment, a simulation, or the like such
that the change in the speed of the rotational member, such as the engine 1, and the inertia .
in conjunction therewith do not cause any shock or disc'o‘mforbt. |

[0053] In cenjunction with the further change in the torque of the first motor 2,
the rotational speed of the sun gear 5 or the ring gear 22 in the positive rotational direction
is reduced, or the rotatioﬁal speed tﬁereof in the reverse rotational direction (the ﬁegative
rotational direction) is gradually increased. Such a change willvbe_ described as a ehange
in the SOWC 17. The torque that acts between the clutch plates 24; 25, which hold the
strut 28 therebetWeen and are coupled to each .other, (that is, the torque transmitted by the
SOWC 17) is gradually reduced to finally become “0”. vThen, the torque of the first motor
2 is further changed at‘tl‘vle small change rate, and thus the clutch plates 24, 25 starts
rotating relative to each other. ~The rot‘ational direction thereof is the direction ip which
the fi.rst clutch plate 24 rotates relative to the second clutch plate 25 in the downward

direction in FIG. 5. In other words, the rotational direction thereof is the direction in
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which the second clutch plate 25 rotates relative to the first clutch plate 24 in the upward
direction in FIG. 5. Such relative rotation is an example of the “negative differential

rotation” of the invention. A state in which this negative differential rotation is generated

| corresponds to the state shown in the second collinear diagram from the top in FIG. 2 and

the second _collihear diagram from the \top in FIG. 4, which are described above. Then, it

is determined whether this negative differential rotation is generated, that is, a rotational
’spéed of the relative rotation that is generated in the SOWC 17 is lower than “0” (whether

the relative rotation in the negative direction is generated) (step S5).

- [0054] The SOWC 17 that stops the rotation of the above-described sun gear 5 or
ring gear 22 is a so-called dog clutch mechanism. However, the SOWC 17 is also a

clutch mechanism that allows the so-called reverse rotation (the negative rotation) of the

- sun gear 5 or the ring gear 22. Accordingly, the SOWC 17 can generate the negative

differential rotation. Due to the generation of the negétivé differential rotation, the torque

is not applied to the SOWC 17 or the engagement méchanism— 23 (especially, "the strut 28)

‘thereof. Thus, if a negative determination is made in step S5, the control in step S4 is

céntinued. On the contrary, if. a positive determination is made in step S5, a
determination to cancel the restriction on the posiﬁve rotation of the sun gear 5 or the ring
gear 22 is made (a lock off determination) and the above-described actuator 31 is
controlled‘ to be OFF (Act. off) (step S6). Noted that the lock off determination is a
determination to initiate or permit control for disengaging the SOWC 17 or the
engagemént mechanism 23 a;ld isv control -for turning on a specified control flag, for
example.. More épecifically, from the change rate of the rotational speed of the negative
differential.rotation at the tiﬁle and a wasted time period (a delayed time period) until the
actuator 31 is actually operated to be off, a change,amouni of the rotational speed within
the wasted ’;ime period is computed. A rotation .sp‘c.ed thaf is obtained by subtracting the
change amount of vthe rotational speed from a target Valuev of the negative differential
rvotationv, which will be described below, is set as a threshold. The lock off determination
is made when the rotational speed of the‘negatiVe differential rotation reaches the threshold.

In addition, as described above, the OFF control of the actuator 31 is.control in which the
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actuator 31 presses the other end of the strut 28 to the second clutch plate 25 side. Thus,

" a rotational force that moves the one end of the strut 28 that is. projected to the second

clutch plate 25 side to the housing section 26 side acts on the strut 28.
[0055] Followmg the control in step S6 or in parallel with the control in step S6,
control is executed to mamtaln the rotatlonal speed of the negative d1fferent1al rotation

(that is, a lock off rotational speed) to the specified target value (step.S7). This control is

“control to balance between reliable switching of the engagement mechanism 23 to the

disengaged state and the other requests made for the vehicle. The target value is
determined in advance dn the basis' of an experiment, a simulation or the like in
consideration of any or all of the following conditions: that the engme speed is increased to
a speed at which independent rotation of the engine can be continued or hlgher that the
requested drive power can be obtained; that an NV characteristic is not particularly

degraded; that a factor to reduce strength, such as resonance, is not generated; that the fuel

cefficiency or electrical power consumption rate is not degraded; that there is no bad

influence on the hybrid drive system in terms of electrical power baldnce, heat generation,
the rotational speed, or the like; that the above-described rotational speed-of the negative
differential rotation stays in the negative state even when the rotational speed of the
negative differential rotation is shifted fo the pOSitipe_ side by disturbance; and the like. In
addition, the above target value may be defined in consideration of a case where the speed
at which the independent rotation of the engine 1 ,ca(n be continued can differ by a

temperature of the engine 1 (an engine coolant temperature) or an operation state of

N -t

auxiliary machinery. Furthermore, a time period for which the rotational Speed‘ of the
negative differential rotation is maintained at the target value corresponds fo a time period
within which the-strut 28 can reliably be removed. from the pocket 27 (that is, a time period
that is,long enough to allow switching from the engaged state to the disengaged state) even
when there is a disturbance factor such as ﬂuauat_ion in the rotational vspeed due to
fluctuation in engine torque, and can be predetermined in design.

10056] Then, it is deterrrﬁhed whether the operation amount of the actuator 31 ‘(a

-stroke amount, for example) has reached an operation amount that allows the engagement
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mechanism 23 to be completely diéen‘gaged, that is, whether the stroke has completed (step
S8).. This can ‘be determined on the basis Qf the detection signal output by the
above-described strok‘e‘ senso; 32. If a negative determination is made in this step S8, the
engagement mechanl:sm 23 is not switched to the disengaged state. Thus, the control in
step S7 is continued. On the contrary, if a positive determination is made in step S8, the
control of the i)ower transmission: mechanism is shifted to_control that is executed in the
dis’engaged state of the SOWC 17 (step S9). For example, the mode is switched to the
HV mode, and the control of the engine 1 and the motors 2, 3 is executed. Then,‘ the

rotational speed of the sun gear 5 or the ring g‘ear 22 and the rotational speed of the first

‘motor 2 are controlled to target rotational speeds that can be computed on the basis of the

vehicle speed or the accelerator operation amount at the time, the above-described gear

ratio of the each planetary gear mechanism, or the like.
[0057] Examples of changes in the rotational speed of the negative differential-
rotation and the torque of the first motor 2 (MG torque) are shown in FIG. 8A and FIG. 8B

when the abovefdescribed control shown in FIG. 7 is executed. If the determination is

-made fo switch the SOWC 17 to the disengaged state while the vehicle travels with the -

SOWC 17 being engaged (time t1), the above-described torque transition control is
initiated, and the torque of the first motor 2 is changed at the high change rate as described
above (time t2). Once the torque of the first motor 2 becomes substantially equal to the

estimated engine reaction torque, the torque change rate of the first motor 2 is changed to a.

low changé'rate (time t3). Noted that a specified torque range with the esfimated engiine

reaction toraue being the center is predetermined and this time t3 caﬁ be set as time at
which-the torque of the first motor 2 falls in the torque range.

[0058] When the torque of the first motor 2 exceeds the estimated engine reaction
forque, the first motor 2 and either one of the sun gear 5 or thé ring gear 22 start gradually
rofating in the rﬁx}erse rotational direction (the negative :rotafional direction). In the
SOWC 17, the clutch plates 24, 25 sfart rotating relative to each other in a direction to
cancel the coupling therebetween via the stfut 28. Then, when the rotational speed of the

SOWC 17 reaches the thig:shold for the above-described lock off determination (time t4),
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the actuator 31 is controlled to disengage the engagement mechanism 23, that is, the

"SOWC 17. Thereafter, when the rotational speed of the negative differential rotation -

reaches the above-described target value (the lock off maintenance target rotational speed),

the target value is maintained.

10059] The actuétor 31 keeps being operated in this state. Accordingly, the

‘ engagement mechanism 23 is gradually switched to the disengaged state.  As a result, if it 4

is determined on the basis of the detection signal of the stroke sensor 32 that the operation

(stroke) of the actuator 31-is completed (time t5), the control of the power transmission

~ mechanism is shifted to control that is executed in the disengaged state of the SOWC 17

(time t6). In other words, the control in the HV mode is initiated. More specifically, the
first motor 2 and either one of the sun gear 5 or the ring gear 22 rotate positively, and the
first motor 2 functions as the electrical power génerator and generates the negative torque.
[0060] As it has been described specifically so far, accordihg to the control device
of the inventioﬁ, the negative differential rotation in the direction to cancel interposition or .
meshing of the strut 28 is generated between the first clutch pléte 24 and the second clutch
plate 25 that constitute the SOWC 17, and thus the engagement mechanism 23 is switched

to the disengaged state. In other words, a state that the strut 28 does not mesh between

- the clutch plates 24, 25 or a state that a load for inhibiting the rotation or swinging of the

‘strut 28 does not act thereon is actively formed, so as to disengage the engagement

mechanjsm 23, "f Accordingly, even when the fluctuation in the engine torque or the like or
the fluctuation of the speed caused thereby occurs, the engagement mechanism 23 can
reliably and rapidly be switched to thé disengaged state.

[0061] Noted that the invention may be configured such '(that, as described
ébove, the so-called negative differential rotation i’s generated in the SOWC 17, so as to
switch the engagement mechanism 23 to the disengaged state. - Thus, in the invention, the
actuator 31 may be operated to switch the SOWC 17 to the disengagéd state, and the

above-described torque transition control (the torque control for generating the negative

‘differential rotation) may be executed in this state. FIG. 9 is a flowchart for illustrating

an example of such.control. The control example illustrated in the drawihg is configured
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that, of the control example illustrated in above-described FIG. 7, the operation of the

actuator 31 for switchihg the SOWC 17 to the disengaged state, that is, the control to turn
off the actuator 31 (Act. off) is executed prior to the torque transition control.

[0062] More specifically, as shown in FIG. 9, when a determination is made to
disengage the SOWC 17 (step S1) is made, the actuator 31 is switched to an off state (step
S$11), and ‘fcllowingvthis, the torque transition control is initiated (step S2). The control in

this step S2 is as described as above and is continued until the torque of the first motor 2

- becomes substantially equal to the reaction force that is based on the estimated engine

torque (until the positive determination is made in step S3). Then, after the positive
determination is made in stec S3, the negative differential rotation starts heing generated in
the SOWC 17, and the control is executed to maintain the rotational . epeed at the
above-described target value (step S7); ' This control is as described above with reference
to FIG. 7. With‘ such control, the ab_ovve-described load to interpose. the strut 28 in the
engagement mechanism 23 (or the meshing load) no longer acte thereon. Accordingly,
the strut 28 rotates in a manner to. be housed in the housing section 26 of vthe first clutch
plate 24, and the SOWC 17 is switched to the disengaged state. Then, when the stroke
sensor 32 detects that the operation (the stroke) of the actuator (Act) is completely
termmated (a positive determination is made in step 88) a determmauon that the SOWC
17 has been switched to the dlsengaged state is made, and control is shifted to control that
is executed after the SOWC 17 is disengaged (step S9).

| [0063] With such control, even when the pressing force genefated by the actuatcf
31 acts on the above- descrlbed strut 28, the friction force that is caused by the mterposmon'
of the strut 28 between the clutch plates 24 25 acts on the strut 28. Thus the strut 28 is
not operated immediately in a manner to be switched to the dlsengaged state. Then, the
negative differential rotation is generated thereafter, and thus the friction force that acts on
the strut 28 is reduced or canceled. Accordlngly, the strut 28 is rotated or swung by the

pressing force generated by the actuator 31.and housed in the above-described housmg

section 26, and the SOWC 17 is switched to the disengaged state. - Therefore, according to
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the control device of the invention, the SOWC 17 can reliably and rapidly be switched to
the‘dis‘er.lgaged state. . |

[0064] In the abdve-described specified example, the SOWC 17 is used as a brake
io selectively stop the rotation of the sun gear 5 or the ring gear 22. In the invention, the
SOWC 17 can be configured to be‘uéed as a clutch for selectiv;ly trahsmitting torque
between the two rotational membc:»rs;.» Such an éxample is schematically shown in FIG..10.
In the example shown in the dr'awing, the cbnfiguration shown in thé a‘bové-described FI1G.

1 is partially changed. Instead of the engine 1, the output gear 8 is cbupled to the carrier

6 in the planetary gear mechanism that constitutes the powér split mechanism 4. In

addition, fnstead pf the output gear 8, the engine 1 is coupled to the ring gear 7.
Furthermore, the SOWC 17 is configured such that the ring gear 7 (the engine 1) and the
sun gear 5 are selectively coupled thereto. = The engagement direction of the SOWC 17 is

a direction in which the torque is transmitted from the engine 1 to the sun gear 5 in the

‘positive rotational direction. = The rest of the configuration is the same as the

configuration shown in FIG. 1. Thus, the icomp'onents in FIG. 10 are dehoted by the same
reference numerals as those in FIG. 1, and the description thereof will not be made. -

[0065]  In the power transmission mechanism that is cdnfigured as shown in FIG.

10, the HV mode (or the power split mode) and a direct connection mode (or the parallel

mode) can be set. ‘In the HV mode, the power output by the engine 1 i_s_'divided by the
output gear 8 and the first motor 2. In the direct connection mode, a differential action of

the power split mechanism 4 is'stopped, and the entire power split mechanism 4 is

,integrate"d‘ for rotation. The SOWC 17 is engaged when the vehicle travels forward in the

direct connection mode.
[0066] FIG. 11 includes collinear diagrams on the planetary gear mechanism that

constitutes the power split mechanism 4 shown in FIG. 10, and a top diagram in FIG. 11

~ shows a state that the vehicle traVels'_ forward in the HV mode in which the SOWC 17 'is

disengaged. The torque of the engine 1 in the positive rotational direction is transmitted
to the ring gear 7. Meanwhile, the reaction torque in the reverse rotational direction that

is generated in conjunction with the travel of the vehicle acts on the carrier 6.
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Acc-ordingly,‘thevtorque in the reverse rotational direction acts on the sun gear 5. This
torque in the reverse rotational direction corresponds to the torque that is generated when
the engine 1 rotates positively with respect to-the sun- gear 5. ~H(’>weve_:r, due to the
disengagement of the SOWC 17, the sun gear 5 rotates reversely as shown in the top
diagram in FIG. 11, for example. The first motor 2 that is cdupled to this sun gear 5
functions aS the electrical power generator and applies the torque in the positive rotational
directioh (the upward direétidn in the top diagram in FIG. 11) as the reaction force to the
sun gear 5. As a result, the torque of the engine 1 is ainplified and transmitted to the

output gear 8, which is coupled to the carrier 6. In addition, the first motor 2 controls the

speed of the engine 1 to a speed at which the excellent fuel efficiency can be realized.

Furtherinore, the electrical power generated by the first motor 2 is supplied to the second

motor 3, and 'ghen the second motor 3 functions as the motor. The second motbr 3
converts some of the power of the engine 1 that’ has been converted to the electrical power
to the mechanical power again, and transmits the mechanical p(;wer to the drive wheels 14.

[00671 ~ A third diagram from the top in FIG. 11 indicates a state that the vehicle
travels forward in the direct connection mode. In a forward travel state, as described
above, the torque in the direction to cause the reverse rotation of the sun gear 5 acts
thereon, and the engine 1 atterﬁpts to make the positive rotation relative tb the sun gear 5.
Accordingly, when the SOWC 17 is controlled in the engaged state, the above-described
struf 28 is interposed (meshed) between the housing section 26 of the first clutch plate 24
and the pocket 27 of the spcond clutch plate 25, and thus the sun gear 5 énd the engine 1

are coupled to make integral rotation in the positive rotational directiVOnT As a result,

‘since the two rotary elements are integrated, the entire power split mechanism 4 rotates

integrally, and the engine 1 is direétly connected to the output gear 8.

[0068] When the SOWC 17 is switched from the engaged state to the disengaged

state, the torque generatedv.in the SOWC 17 is generated by the first motor 2, and the first

motor 2 causes the sun gear 5 to rotate relative to the engine 1 in the positive rotational
direction. In other words, the first motor 2 is controlled such that the engine 1 makes the ‘

reverse rotation (the negative rotation) relative to the sun gear 5. Such relative rotation is



10

WO 2015/145246 PCT/IB2015/000399

_ 29
an example of the negative differential rotation of the invention. This state is shown in a
second diagram from the top in FIG. 11. Thus, the direction of the negative differential

direction, the direction of the torque of the first motor 2, and the rotational direction of the

first motor 2 are opposite of those in the example shown in above-described FIG. 8A and

FIG. 8B. However, the same control as the control example shown in FIG. 7 is executed
to enable reliable and rapid disengagement of the SOWC 17.

[0069] = Noted that the invention can be applied to a control device for a power
trénsmission mechanism that includes a stepped transmiésion or a’continuously variable |
transmiésior; other than each of the above-descfibed power transmission mechanisms of
hybrid type. Thus, the motor in the invention may, be a motor for controlling the SOWC

only.
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CLAIMS

LA controi system for a vehicle, the control system comprising: /

a selectable one-way clutch including an engagement mechanism, the engagement
mechanism including a first member and a second member, the second member being
configured to rotate relative to the first member, the engagement mechanism being
cc_)nfignred’to be switched between an engaged state and a disengaged state, the engaged
sfate being‘a state in which relative rotation between the first member and the‘second-
member in one of a positive rotational direction and a reverse rotational’ direction is
" restricted, and the disengaged state being a state in which (i) the relative rotation between
| the first member and the second member in the one of a positive rotational direction and a

reverse rotational direction and (i) relative rotation between the first member and the
second member in the other one of the positive rotational d_irecti_on and the reverse
rotational direction are permitted;

a motor conflgured to rotate one of the first member and the second member; and

an electromc control unit conflgured to apply torque to the one of the first memberv
and the secondmervnber by using the motor such that the relative rotat10n in the othf;r one
of the positive rotational direction and the reverse rotational direction is generated between
the first member and the second member when the engagement mechanism is switched

~from the engaged state to the disengaged state.

2. The control system according to claim 1, wherein
the electronic control unit is configured to switch the engagement mechanism from
the enga'ged state to the disengaged state in a state that the relative rotation in the other one

of the positive rotational direction and the reverse rotational direction is generated;

3. The control system according to claim 1 or 2, wherein
the electronic control unit is configured to maintain a difference in rotational speed

between the first member and the second member at a predetermined target value in a state
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that the relative rotation in the other one of the positive rotational direction and the reverse

rotational direction is generated.:

* 4. The control system according to claim 3, wherein
the electronic control unit is configured to continue maintaining the difference in
rotational speed at the target value until the engagement mechanism is switched from the

engaged state to the disengaged state.

5. The control system aqcording to any one of claims 1 to 4, wherein
~ the electronic control unit is configured to switch the engagement mechanism to the
disengaged state when a rotational speed of the relative rotation in the othef one of the
positive rotational direction and the reverse rotational ‘direction reaches a predetermined

reference rotational speed.

6. .The control system according to any one of claims 1 to 4, wherein -
“the engagemént mechanism includes an cngagemént piece, an actuator, and a sensor,

the engagement piecev is supported by one of.the first member and the second
membér, | ‘ ‘ o

thé other oh.e of the first member ar\id the second member has a recessed section, the
recessed sectiqn is configu‘redto‘ fit a tip 6f the engagement piece and the recessed section |
is engaged with the engageménf piece,

the actuator is configured to operate the engagement piece to an. engaged position and
a disengaged stition, t_he‘ engaged position is"a position at Which the tip of the engagement
pivec,é is moved toward the other one of the first member and the second msrribér by the
actuator and the tip Qf the engagement piece is /engage'd with the recessed section, fhe
disengaged positién ‘is a position at wlhich the tip of the vengagément piece is separated
from the recessed section by the actuator, | l

the sensor is configured to detect an operation amount of the actuator, and
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the electronic cdntrol unit is configured to determine that the engagement mechanism
is switched to the disengaged state based on the operation amount of the actuator that is

detected by the sensor.

7. The control system according to any one of claims 1 to 6, further comprising;:
an internal combustion engine;

an output member; and é

a p‘ower transmission mechanism including a flixed'sectidn‘ and a first differential
mechanism, wher¢in .

the fixed section is coupled to the other‘one of the first member and the second
member, the fiXed»se‘ction is configured not to rotate and move,

the first differential mechanism includes a first rotary‘elemeht, a second rotary
element, and a third rotary element, each of which performs a differential action with
respect to each other, the internal combustion engine is éoupled to the first rotary element,
fhe motor and the other one of the first member and the sqéond member afé coupléd to the
second rotéry element, and the first differential mechanism is configured such that torque
is output frofn the third rotary element to thé output member, and |

the first differential mechanism is configured such that a speed of the internal
combustion engine is reduced by reducing a rotational speed of the second rotary element
that is in the same direction as a rotational direction of the internal combustion eﬁgine or
by inéreaéing, a rotational speed of the second rotary elément that is- in an oppbsite

direction from the rotational direction of the internal combustion engine.

8. The control system according to any one of claims 1 to 6, further comprising:

an ihternal combustion engine; - |

an output member; and

a power transmission mechanism including a fix_ed section, a first differential

mechanism, and a second differential mechanism, wherein
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the‘fixed section is -coupled to.the other one of the first member and thé second
member, the fi);ed section is cbn‘figured not to rotate and move,

the first differential r‘nechanismt includes a‘lﬁrst rotary elemeht, a second rotary
element, and a third rotary elenﬁent, each of which performs a differential action with
- respect to each other, the internal combustion engine is coupled to the first roiary element,
the motor is coupled to the second rotary element, and the first differential mechanism is
configured such that torque is output from the third rotary element to thgz output member, /

the second differential mechanism 'includés a fourth rotary element, a fifth rotary
element, and a sixth rotary element, .each of which performs a differential action with
respect to each other, the first rdtary element is coupled to the foﬁrth rotary element, the
second rotary elemént is coupled to the fifth rotary element, the one of the first member
and the second member is coupled to the sixth rotary élement? the fifth rotary element is
. configured to rotate in an opposite direction from a rotational direction of the fourth rotary
element when the rotatién of the sixth rotary element stops, and

the first differential mecha‘nism‘ and the second differential mechanism are configured
such that a speed of the internal combustion engine‘is reduced by reducing a rotational
speed of the second rotary element that is i’n the same di:ecti(;n as a rotational direction of
the internal combustion engine or by increasing.a rotatioﬁal speed of thé» second rotary
clement that is in the oppos\ibte dire;::tion from‘ the rotational direction'of the in-terna'lyv

combustion engine.

9. The control system according to claim 7, Wherein

the rotational speed of the relative rotation in the other ope"of the positive rotational
direction and the reverse rotational direction corresponds to a rotational speed of the motor
that rdtafes the second rotary ‘elemen.t in the bpposite dirccﬁon, and |

the rdiational speed of the relative rotétiQn in the other one of the positive rbtational
direction and the reverse rotational. direction cofrespbnds to a rotational speed that is at

least equal to a minimum rotational speed at which the internal combustion engine rotates

'independently.
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10. The control system according to claimA’S,‘wherein

the rotational speed of the relative rotation in the other one of the positive rotational
direction and‘ the reVefse rotational direction corresponds to a rot.ational speed of the sixth
rotary element, and | |

the rotational speed of the relativg rotation in the other 6ne of the _positiv-e rotationél
dvivrection and the ireverse rotational dircction corresponds to a rotational speed that is at

least equal to a minimum rotational speed at which the internal combustion engine rotates

independently.

11. vT.he céﬁtrol system according td claim 3 or 4, further comprising:

an internal combustion engine, wherein | |

the other one of the first memb_e'r‘and the second rhember is éonfigured suéh that
torque of the internal combustion engine acts on the other one of the first member and the
secohd member, and - |

the target value is a value at which an absolute value of the rotational speed of the
felative rotatipn in the other one of the positive rotational direction and the reverse
rétational direction is maintained‘t‘o' be larger than "0O" even when the torque of the internal
combustion engine fluctuates in a process of switching the engagement mechanism from

the engaged state to the disengaged state.

12. The control,syst‘em according to cléim 1, Whefein

the electronic control unit is configured to switch the engagement mechanism from
the engaged state to the disengaged state by generating the relative rdtatio’n in the other one
of thé pdsitiv’e‘rotational direction and the reverse rotational direction in a state that control
to switch the engagement meéhanism from the engaged state to thé disengaged state is |

executed.
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