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ABSTRACT

In a clutch driving device that supplies an assist force for disengagement and
engagement of a clutch to the clutch, a configuration that can obtain desired assist
characteristics and further reduce a device size from a device having a conventional
configuration. A clutch driving device 14 includes: a spring 71 that deforms in a
circumferential direction when seen in an axial direction to thereby generate an elastic
restoring force in the circumferential direction; a first projection 71b disposed at one end of
the spring 71; an output gear 65 that rotates in an disengaging direction or an engaging
direction of the clutch 13; and a pin 72 that is provided to the output gear 65 to be rotatable
together with the output gear 65 and contacts the first projection 71b to thereby transfer the
elastic restoring force to the output gear 65. A contact point T between the first projection
71b and the pin 72 moves toward an axis Q at least once when seen in the axial direction of
the spring 71 in a case where the output gear 65 rotates in a direction in which the elastic

restoring force of the spring 71 decreases.
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CLJTCH DRIVE DEVICE AND VEHICLE

TECHNICAL FIELD
[0001] The present teaching relates to a clutch driving device that supplies an assist force

for assisting each of operations of disengagement and engagement of a clutch.

BACKGROUND ART

[0002] A known clutch driving device supplies an assist force for assisting each of
operations of disengagement and engagement of a clutch.  As such a clutch driving device,
Patent Document 1 discloses a known configuration, for example. The configuration
disclosed in Patent Document 1 controls engagement and disengagement of a clutch by
operating a push rod using a hydraulic mechanism including a master cylinder and a clutch
release cylinder. Patent Document 1 discloses a mechanism that generates an assist force for
assisting operation of the push rod.

[0003] In the configuration disclosed in Patent Document 1 described above, a clutch disc
is pushed against a friction disc by a biasing force of a clutch spring.  Thus, in a normal state
(while only a biasing force of the clutch spring is exerted on the clutch disc and the friction
disc), the clutch is in an engaged state. The clutch is disengaged by moving the push rod
under a hydraulic pressure in such a manner that the clutch disc and the friction disc are
separated away from each other.

[0004] In the configuration disclosed in Patent Document 1 described above, a piston push
rod that pushes a piston in the master cylinder is rotatably supported on a rotating member by
a rotating shaft (hereinafter referred to as a first rotating shaft). An auxiliary spring member
is attached to the rotating member by a rotating shaft (hereinafter referred to as a second

rotating shaft) different from the first rotating shaft. The rotating member rotates about a
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still another rotating shaft (hereinafter referred to as a third rotating shaft) different from the
first rotating shaft and the second rotating shaft. A worm wheel that meshes with a worm
gear connected to a rotating shaft of a motor is attached to the third rotating shaft. In this
manner, the rotating member is rotated by the motor.

[0005] One end of the auxiliary spring member i1s supported on the inner wall of an
actuator case. The other end of the auxiliary spring member pushes the second rotating shaft
for attaching the auxiliary spring member to the rotating member. The auxiliary spring
member is swingable at the other end about the one end thereof.

[0006]  The auxiliary spring member incorporates a spring that is compressed into a state of
being shorter than its natural length and acts to extend by itself. This elastic force of the
spring exerts a push force on the second rotating shaft so that an auxiliary torque (rotation
torque) is applied to the third rotating shaft. When the rotating member is at a rotation
position corresponding to a disengaged state of the clutch, this rotation torque is applied to the
rotating member in a direction in which the piston is pushed into the master cylinder by the
piston push rod, that is, in a disengagement direction of the clutch.

[0007] With the structure described above, in the configuration disclosed in Patent
Document 1, when the rotating member rotates by the motor in a clutch disengagement
direction, the spring applies an auxiliary torque in the clutch disengagement direction to the
rotating member.

[0008] In the configuration disclosed in Patent Document 1, the first rotating shaft, the
third rotating shaft, and the second rotating shaft are arranged in this order in a radial
direction in the rotating member. In a case where the rotation position of the rotating
member corresponds to an engaged state of the clutch, a composite torque of a torque input
from the piston push rod to the rotating member through the first rotating shaft and a torque

input from the spring to the rotating member through the second rotating shaft is a torque that
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rotates the rotating member in a direction in which the clutch is engaged. Accordingly, the
clutch can be stabilized in the engaged state.

[0009] In the configuration disclosed in Patent Document 1, the spring and the piston push
rod are connected to the rotating member and the spring is caused to swing depending on the
rotation position of the rotating member so that the direction of a torque applied to the
rotating member can be changed. That is, in the configuration described in Patent Document
1, a biasing force of the spring can be used as an assist force for engagement and
disengagement of the clutch.

[0010]  With the foregoing structure, the configuration described in Patent Document 1 can

reduce the size of the motor for a clutch actuator. As a result, the size of the clutch actuator

can be reduced.

CITATION LIST
PATENT DOCUMENT

[0011] Patent Document 1: Japanese Patent Application Publication No. 2006-170227

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0012] In the configuration disclosed in Patent Document 1, to enable a change of the
direction of a torque to be applied from the spring to the rotating member rotatable depending
on the rotation position of the rotating member, the spring is attached to an actuator such that
the spring is swingable about one end of the spring. This requires space in the actuator
casing for allowing the spring to swing.

[0013]  On the other hand, there has been a demand for further reducing device size from

the size in the configuration disclosed in Patent Document 1. A configuration in which a
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spring swings as in the configuration disclosed in Patent Document 1, however, requires
space for allowing the spring to swing, and thus, further reduction of the device size has been
difficult.

[0014] The present teaching has an object of obtaining a configuration that enables further
device size reduction from device size of a known configuration while obtaining desired assist
characteristics in a clutch driving device that supplies a clutch with an assist force for

engagement and disengagement of the clutch.

SOLUTION TO PROBLEM

[0015] Inventors of the present teaching have intensively studied a configuration capable of
changing the direction of a force obtained from a spring without swinging the spring in order
to further reduce device size from the configuration disclosed in Patent Document 1.

[0016] Consequently, the inventors found that a torsion spring capable of obtaining an
elastic restoring force for circumferential deformation can change a force obtained from the
torsion spring without moving the torsion spring.

[0017] That is, the inventors found that the direction of a force obtained from the torsion
spring can be changed with further reduction of device size by deforming the torsion spring
circumferentially and receiving an elastic restoring force of the torsion spring with radial
displacement of the torsion spring being restricted and by changing the distance from an axis
at the center of the torsion spring.

[0018] Based on the foregoing findings, the inventors arrived at the configuration as
follows.

[0019] A clutch driving device according to one embodiment of the present teaching is a
clutch driving device that supplies an assist force for assisting operations of disengagement

and engagement of a clutch. The clutch driving device includes: a spring that extends
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helically about an axis and deforms in a circumferential direction when seen in an axial
direction to thereby generate an elastic restoring force in the circumferential direction; an
output portion that is disposed at one end of the spring and outputs the elastic restoring force
from the spring; a movement restricting portion that restricts movement of the spring in a
radial direction when the spring deforms in the circumferential direction; a rotary body that
rotates in a disengaging direction in disconnecting the clutch and rotates in an engaging
direction in engaging the clutch, using, as a rotation center, a rotating shaft extending at a
position different from the axis of the spring and in parallel with the axis; and a transfer
portion that is provided to the rotary body to be rotatable together with the rotary body and
contacts the output portion to transfer the elastic restoring force to the rotary body, wherein
the rotary body receives, as a torque, a reaction force generated by operations of
disengagement and engagement of the clutch, and receives, as the assist force, the elastic
restoring force generated by deformation of the spring in the circumferential direction
through the output portion and the transfer portion, and in a case where the rotary body
rotates at a position different from the rotating shaft of the rotary body and the axis of the
spring and in a direction in which the elastic restoring force of the spring decreases, a contact
point between the output portion and the transfer portion moves toward the axis at least once
when seen in the axial direction of the spring.

[0020] The movement restricting portion restricts radial movement of the spring that
extends helically about the axis and deforms in the circumferential direction when seen in the
axial direction to thereby generate an elastic restoring force in the circumferential direction.
Accordingly, the elastic restoring force of the spring can be applied as an assist force to the
rotation body, and necessity for space for movement of the spring can be eliminated in the
device. As aresult, the size of the clutch driving device can be reduced.

[0021] In addition to the configuration described above, in the case where the rotary body
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rotates at a position different from the rotating shaft of the rotary body and the axis of the
spring and in the direction in which the elastic restoring force of the spring decreases, the
contact point between the output portion provided on one end of the spring and the transfer
portion provided on the rotary body is caused to move toward the axis at least once when seen
in the axial direction of the spring. Accordingly, the elastic restoring force generated in the
spring can be transferred to the rotary body as an assist force in a direction in which the
output portion moves away from the other end of the spring. At this time, the elastic
restoring force of the spring is transferred to the rotary body as a torque through the output
portion and the transfer portion.

[0022] The configuration described above can further reduce the size of the device as
compared to a device with a conventional configuration while supplying a desired assist force
to the clutch.

[0023] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. The rotating shaft of the rotary body is
located outside the spring when seen in the axial direction.

[0024] In a case where the rotating shaft of the rotary body is located inside the spring
when seen in the axial direction of the spring, the spring needs to have such a diameter that
includes the output portion and the transfer portion. On the other hand, the above-described
configuration in which the rotating shaft is located outside the spring when seen in the axial
direction can reduce the size of the spring. Accordingly, the size of the spring can be
reduced.

[0025] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. The contact point is located outside the
spring when seen in the axial direction.

[0026]  Accordingly, the size of the spring can be reduced when seen in the axial direction
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of the spring, as compared to a case where the contact point is located radially inside the
spring.

[0027] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. A distance between the rotating shaft of
the rotary body and the contact point is smaller than a distance between the rotating shaft of
the rotary body and the axis of the spring.

[0028]  Accordingly, a range where the contact point at which the output portion provided
on the spring and the transfer portion provided on the rotary body contact each other moves
about the rotating shaft of the rotary body can be formed between the rotating shaft of the
rotary body and the axis of the spring. Thus, the movement range of the contact point can be
reduced, as compared to a case where the distance between the rotating shaft and the contact
point is greater than or equal to the distance between the rotating shaft and the axis. As a
result, the size of the clutch driving device can be reduced.

[0029] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. In a case where the contact point is
located on an imaginary line connecting the axis of the spring and the rotating shaft of the
rotary body, a distance between the axis of the spring and the contact point is smaller than
the distance between the rotating shaft of the rotary body and the axis of the spring.

[0030]  Accordingly, each of the distance between the axis of the spring and the contact
point between the output portion and the transfer portion and the distance between the contact
point and the rotating shaft can be made smaller than the distance between the rotating shaft
and the axis. Thus, the rotary body and the spring can be disposed in a compact size. Asa
result, the size of the clutch driving device can be reduced.

[0031] In another aspect, the clutch driving device according to the present teaching

preferably includes the following configurations. The output portion is integrally provided
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to the spring.

[0032] Accordingly, the number of components of the clutch driving device can be
reduced.

[0033] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. The transfer portion moves relative to the
output portion while contacting the output portion by rotation of the rotary body and
deformation of the spring in the circumferential direction caused by the rotation.

[0034]  Accordingly, the distance between the contact point at which the output portion
provided on the spring and the transfer portion provided on the rotary body and the axis of the
spring can be varied in accordance with rotation of the rotary body. Thus, it is possible to
obtain a simple configuration in which the contact point approaches the axis of the spring at
least once when seen in the axial direction of the spring when the rotary body rotates.

[0035] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. The output portion includes a link that
rotates relatively in accordance with rotation of the rotary body and deformation of the
spring in the circumferential direction.

[0036]  This can enhance flexibility in designing the clutch driving device.

[0037] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. The clutch driving device further includes
an actuator that applies a rotation torque to the rotary body.

[0038] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. The clutch driving device further
includes: a transfer mechanism that transfers the rotation torque from the actuator to the
rotary body, wherein the transfer mechanism includes an input shaft that receives the rotation

torque from the actuator, and the input shaft is disposed inside the spring and extends in
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parallel with the axis.

[0039]  Accordingly, the input shaft can be disposed with space inside the spring being
effectively utilized. As a result, the clutch driving device 14 including a motor 50 can be
made compact.

[0040] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. The actuator is a motor.

[0041] In another aspect, the clutch driving device according to the present teaching
preferably includes the following configurations. The contact point between the output
portion and the transfer portion moves to pass through an imaginary line connecting the axis
of the spring and the rotating shaft of the rotary body when the rotary body rotates.

[0042]  Accordingly, an elastic restoring force generated by deformation of the spring in the
circumferential direction can be obtained in a wider range in the circumferential direction.
Thus, a driving range of the clutch where the clutch can be driven with a relatively low load
by an assist force can be enlarged. As a result, flexibility in driving the clutch can be
enhanced.

[0043] In addition, with the configuration described above, a force exerted on the transfer
portion is at maximum when the rotary body rotates so that the contact point between the
output portion and the transfer portion passes through the imaginary line connecting the axis
of the spring and the rotating shaft of the rotary body. Accordingly, a desired assist force
can be obtained even in a configuration in which a shaft torque generated by a clutch reaction
force is at maximum at a predetermined rotation position of the rotary body.

[0044] A vehicle according to one embodiment of the present teaching includes a clutch
unit including any one of the configurations described above.

[0045] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting to the invention.
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[0046]  As used herein, the term “and/or” includes any and all combinations of one or more

of the associated listed items.

Y

[0047] It will be further understood that the terms “including,” “comprising” or “having”
and variations thereof when used in this specification, specify the presence of stated features,
steps, operations, elements, components, and/or their equivalents but do not preclude the
presence or addition of one or more other features, steps, operations, elements, components,
and/or groups thereof.

[0048] It will be further understood that the terms “mounted,” “connected,” “coupled,”
and/or their equivalents are used broadly and encompass both direct and indirect mounting,
connecting and coupling. Further, “connected” and “coupled” are not restricted to physical
or mechanical connections or couplings, and can include electrical connections or couplings,
whether direct or indirect.

[0049]  Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one having ordinary skill in the art
to which this invention belongs.

[0050] It will be further understood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is consistent with their meaning
in the context of the relevant art and the present disclosure and will not be interpreted in an
idealized or overly formal sense unless expressly so defined herein.

[0051] In describing the invention, it will be understood that a number of techniques and
steps are disclosed. Each of these has individual benefit and each can also be used in
conjunction with one or more, or in some cases all, of the other disclosed techniques.

[0052)  Accordingly, for the sake of clarity, this description will refrain from repeating

every possible combination of the individual steps in an unnecessary fashion. Nevertheless,

the specification and claims should be read with the understanding that such combinations are

10



10

15

20

25

CA 03047906 2019-06-20

entirely within the scope of the invention and the claims.

[0053] Embodiments of a clutch driving device and a vehicle according to present teaching
are discussed herein.

[0054] In the following description, for purposes of explanation, numerous specific details
are set forth in order to provide a thorough understanding of the present invention. It will be
evident, however, to one skilled in the art that the present invention may be practiced without
these specific details.

[0055]) The present disclosure is to be considered as an exemplification of the invention,

and is not intended to limit the invention to the specific embodiments illustrated by the figures

or description below.

ADVANTAGEOUS EFFECTS OF INVENTION
[0056] A clutch driving device according to one embodiment of the present teaching can

obtain desired assist characteristics and further reduce device size from that of a device with

a conventional configuration.

BRIEF DESCRIPTION OF DRAWINGS

[0057] FIG. 1 is a side view of a vehicle including a clutch driving device according to a

first embodiment of the present teaching.

FIG. 2 is a partial cross-sectional view illustrating a schematic configuration of a

clutch unit.

FIG. 3 is a partial cross-sectional view illustrating the clutch driving device in an

enlarged manner.

FIG. 4 is a disassembled perspective view of an assist mechanism and a friction

mechanism in the clutch driving device.
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FIG. 5 is a view of the assist mechanism when seen in an axial direction of an

output shaft.

FIG. 6 illustrates regions X and Y in the assist mechanism and corresponds to FIG.

FIG. 7 schematically illustrates examples of operation of the assist mechanism.

FIG. 8 is a graph schematically showing an example of relationship between an
actuator rotation angle and a shaft torque.

FIG. 9 is a view of an engine and the clutch unit when seen from above a vehicle.

FIG. 10 is a view of the engine and the clutch unit when seen from a side of the

vehicle.

FIG. 11 is a cross-sectional view illustrating a friction mechanism in an enlarged
manner.

FIG. 12 is a perspective view illustrating a configuration of a rotation transfer
portion and a rotation plate.

FIG. 13 illustrates a clutch driving device according to a second embodiment and
corresponds to FIG. 7.

FIG. 14 illustrates a clutch driving device according to a third embodiment and
corresponds to FIG. 7.

FIG. 15 illustrates a clutch driving device according to a fourth embodiment and
corresponds to FIG. 7.

FIG. 16 illustrates a clutch driving device according to a fifth embodiment and
corresponds to FIG. 7.

FIG. 17 illustrates a clutch driving device according to a sixth embodiment and
corresponds to FIG. 7.

FIG. 18 illustrates a clutch driving device according to a seventh embodiment and
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corresponds to FIG. 7.

FIG. 19 is a graph of the clutch driving device according to the seventh embodiment

and corresponds to FI1G. 8.

FIG. 20 illustrates a clutch driving device according to another embodiment and

corresponds to FI1G. 7.

FIG. 21 is a view of the clutch driving device according to the other embodiment

and corresponds to FIG. 8.

DESCRIPTION OF EMBODIMENT
[0058] Embodiments of the present teaching will be described hereinafter with reference to
the drawings. The dimensions of components in the drawings do not strictly represent actual
dimensions of the components and dimensional proportions of the components.
[0059] First Embodiment
<Overall Configuration>

FIG. 1 is a schematic view of a vehicle 1 including a clutch driving device 14
according to a first embodiment of the present teaching. The vehicle 1 is, for example, a
motorcycle and includes a vehicle body 2, a front wheel 3, and a rear wheel 4. The vehicle
body 2 includes an unillustrated frame. An engine unit 10 for supplying a rotation driving
force to the rear wheel 4 is attached to the frame of the vehicle body 2.
[0060] The engine unit 10 includes an engine 11, a transmission 12, and a clutch unit 17.
The clutch unit 17 includes a clutch 13 and a clutch driving device 14. The clutch 13 is
configured to enable transfer of rotation of an unillustrated crank shaft of the engine 11 to the
transmission 12. That is, the clutch 13 is configured to be switchable between transfer and
non-transfer of rotation of the crank shaft to the transmission 12.

[0061] FIG. 2 is a partial cross-sectional view illustrating a schematic configuration of the
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clutch unit 17.  As illustrated in FIG. 2, the clutch 13 is disposed on a main shaft 15. The
main shaft 15 is, for example, an input shaft of the transmission 12.  The clutch 13 includes a
clutch housing 21 and a clutch inner 25 disposed inside the clutch housing 21.

[0062]  The clutch housing 21 has a bottomed cylindrical shape including a bottom portion
21a through which the main shaft 15 penetrates and a cylindrical peripheral wall portion 21b
disposed at the outer periphery of the bottom portion 21a. The bottom portion 21a and the
peripheral wall portion 21b are integrally formed. The clutch housing 21 is disposed
coaxially with the main shaft 15. The clutch inner 25 is disposed inside the peripheral wall
portion 21b of the clutch housing 21.

[0063]  The bottom portion 21a of the clutch housing 21 is connected to a speed-reducing
gear 22. The speed-reducing gear 22 is meshed with a gear (not shown) of the crank shaft to
thereby rotate together with the gear. The clutch housing 21 and the speed-reducing gear 22
rotate in accordance with rotation of the crank shaft, and are capable of rotating relative to the
main shaft 15.

[0064]  The clutch inner 25 includes a clutch boss 26, a pressure member 27, and a clutch
spring 28. The clutch boss 26 has a columnar shape, and the main shaft 15 penetrates the
center of the columnar shape. The clutch boss 26 is spline-coupled to the outer peripheral
surface of the main shaft 15. Accordingly, the clutch boss 26 rotates together with the main
shaft 15.

[0065]  The clutch housing 21, the clutch boss 26, and the pressure member 27 are arranged
in this order relative to the main shaft 15 along the axial direction of the main shaft 15 from
one end thereof. The pressure member 27 is disposed outside the main shaft 15 in the axial
direction to face the clutch boss 26 in the axial direction of the main shaft 15. A plurality of
clutch plates 23 and a plurality of friction plates 24 are alternately arranged in the axial

direction between the clutch boss 26 and the pressure member 27.
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[0066] The friction plates 24 are provided to the inner peripheral surface of the clutch
housing 21 to be rotatable together with the clutch housing 21.  The friction plates 24 are
rotatable with respect to the clutch boss 26 and the pressure member 27.

[0067] The clutch plates 23 are provided to the outer peripheral surface of the clutch boss
26 to be rotatable together with the clutch boss 26. The pressure member 27 is rotatable
together with the clutch boss 26. Accordingly, the clutch plates 23 are rotatable together
with the pressure member 27. The clutch plates 23 are rotatable with respect to the clutch
housing 21.

[0068] The pressure member 27 is movable in the axial direction with respect to the clutch
boss 26. The clutch spring 28 is disposed to push the pressure member 27 toward the clutch
boss 26 in the axial direction. Accordingly, the clutch plates 23 and the friction plates 24
disposed between the clutch boss 26 and the pressure member 27 are pushed against with
each other. That is, the clutch spring 28 connects the clutch plates 23 and the friction plates
24 to each other. In the state where the clutch plates 23 and the friction plates 24 described
above, friction between the clutch plates 23 and the friction plates 24 causes the clutch boss
26 and the clutch housing 21 to rotate together. This state is an engaged state of the clutch
13.

[0069] A push rod 29 penetrates a center portion in the axial direction of the pressure
member 27 when seen in the axial direction. The push rod 29 is oriented to extend in the
axial direction. An end in the axial direction of push rod 29 is provided with a flange
portion 29a. The other end of the push rod 29 in the axial direction 1s connected to the
clutch driving device 14 through a link mechanism 16 described later. The push rod 29 is
configured to be movable in the axial direction by an output of the clutch driving device 14.
In a case where the push rod 29 moves in a direction away from the main shaft 15 (rightward

in FIG. 3) in the axial direction, the flange portion 29a of the push rod 29 exerts a force on the
15
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pressure member 27 in a direction away from the clutch boss 26 in the axial direction.
Accordingly, the clutch spring 28 deforms to be compressed so that a force with which the
pressure member 27 presses the clutch plates 23 and the friction plates 24 decreases.
[0070] Consequently, a contact pressure between the friction plates 24 and the clutch plates
23 decreases.  As a result, engagement between the friction plates 24 and the clutch plates 23
is canceled, and the clutch boss 26 and the clutch housing 21 rotate relative to each other.
This state is a disengaged state of the clutch 13.
[0071] That is, the clutch 13 is switched between the engaged state and the disengaged
state by movement of the push rod 29 in the axial direction.
[0072] The pressure member 27 is rotatable with respect to the push rod 29 with a bearing
27a interposed therebetween. Accordingly, in the engaged state of the clutch 13, the
pressure member 27 rotates together with the clutch housing 21 and the clutch boss 26.
[0073] <Link Mechanism>

As illustrated in FIG. 2, the link mechanism 16 includes a rotating shaft 31 and an
arm portion 32. The link mechanism 16 transfers an output of the clutch driving device 14
described later to the push rod 29 of the clutch 13.
[0074] One end of the rotating shaft 31 in the axial direction is connected to the other end
of the push rod 29 in the axial direction. Specifically, this other end of the push rod 29 in the
axial direction is provided with a rack portion 29b having a plurality of teeth arranged in the
axial direction. The rotating shaft 31 has a gear 31a that meshes with the rack portion 29b.
[0075]  With the foregoing configuration, rotation of the rotating shaft 31 causes the push
rod 29 to move in the axial direction. That is, the push rod 29 reciprocates in the axial
direction in accordance with the rotation direction of the rotating shaft 31.
[0076] The rotating shaft 31 is rotatably supported on a casing 20 housing the clutch 13

and the transmission 12, for example.

16



10

15

20

25

CA 03047906 2019-06-20

[0077] The arm portion 32 includes a first arm 33, a second arm 34, and an adjustment
mechanism 35. Each of the first arm 33 and the second arm 34 is formed in a plate shape
elongated in one direction. The first arm 33 is connected to the rotating shaft 31 to be
rotatable together with the rotating shaft 31. The second arm 34 is connected to the output
shaft 63 of the clutch driving device 14 to be rotatable together with the output shaft 63. The
first arm 33 and the second arm 34 are connected to each other through the adjustment
mechanism 35.

[0078] The arm portion 32 transfers rotation of the output shaft 63 of the clutch driving
device 14 to the rotating shaft 31. The arm portion 32 transfers a driving force output from
the output shaft 63 of the clutch driving device 14 to the clutch 13, and transfers a reaction
force generated by, for example, the clutch spring 28 in the clutch 13 (hereinafter referred to
as a clutch reaction force) to the output shaft 63 of the clutch driving device 14. That is, the
output shaft 63 receives an output of the clutch driving device 14 and a clutch reaction force
generated in the clutch 13.

[0079] The adjustment mechanism 35 connects the first arm 33 and the second arm 34 to
each other such that the distance between these arms is adjustable. Specifically, the
adjustment mechanism 35 includes a first adjustment member 91, a second adjustment
member 92, and an adjustment bolt 93.

[0080] The first adjustment member 91 is rotatably connected to the first arm 33. The
second adjustment member 92 is rotatably connected to the second arm 34. That is, the first
adjustment member 91 and the second adjustment member 92 are rotatably connected to the
first arm 33 and the second arm 34, respectively, by rod-shaped connection members 94 and
95 each having a spherical portion at one end.

[0081] The spherical portions of the connection members 94 and 95 are located inside the

first adjustment member 91 and the second adjustment member 92.  The connection member

17



10

15

20

25

CA 03047906 2019-06-20

94 extends from the first adjustment member 91 toward the first arm 33, and is fixed to the
first arm 33 while penetrating the first arm 33.  The connection member 95 extends from the
second adjustment member 92 toward the second arm 34, and is fixed to the second arm 34
while penetrating the second arm 34.

[0082] The adjustment bolt 93 has a columnar shape elongated in the axial direction. The
adjustment bolt 93 has screw portions 93a and 93b at both ends of the adjustment bolt 93 in
the axial direction, and the screw portions 93a and 93b have helical grooves. When seen
from the screw front end of the screw portion 93b, the direction in which the screw groove
extends from the screw front end in the screw portion 93b is opposite to the direction in which
the screw groove extends from the screw front end in the screw portion 93a.  The adjustment
bolt 93 includes a large-diameter portion 93c in a center portion of the adjustment bolt 93 in
the axial direction, and the large-diameter portion 93¢ has a diameter larger than that of the
other portion. The large-diameter portion 93c serves as a holding portion in rotating the
adjustment bolt 93 as described later.

[0083]  The first adjustment member 91 and the second adjustment member 92 have screw
holes 91a and 92a. When seen from an opening end of the screw hole 92a, the direction in
which the screw groove extends from the opening end in the screw hole 92a is opposite to the
direction in which the screw groove extends from the opening end in the screw hole 91a. A
screw portion 93a provided at one end of the adjustment bolt 93 in the axial direction is
screwed to the screw hole 9la. A screw portion 93b provided at the other end of the
adjustment bolt 93 in the axial direction is screwed to the screw hole 92a.  Thus, the first
adjustment member 91 and the second adjustment member 92 are connected to each other by
the adjustment bolt 93.

[0084]  As described above, the screw grooves in the screw portion 93b and the screw hole

92a extend in the direction opposite to that in the screw portion 93a and the screw hole 91a.
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Thus, rotation of the adjustment bolt 93 with respect to the first adjustment member 91 and
the second adjustment member 92 in one way increases a fitting length of the adjustment bolt
93 relative to the first adjustment member 91 and the second adjustment member 92.  On the
other hand, rotation of the adjustment bolt 93 with respect to the first adjustment member 91
and the second adjustment member 92 in the opposite way reduces the fitting length of the
adjustment bolt 93 relative to the first adjustment member 91 and the second adjustment
member 92.  Accordingly, the positions of the screw portions 93a and 93b of the adjustment
bolt 93 relative to the screw holes 91a and 92a of the first adjustment member 91 and the
second adjustment member 92 can be adjusted. That is, the first adjustment member 91 and
the second adjustment member 92 are connected to each other such that the distance between
the first adjustment member 91 and the second adjustment member 92 is adjustable by the
adjustment bolt 93.
[0085]  The first adjustment member 91 and the second adjustment member 92 can be fixed
to the adjustment bolt 93 by fastening nuts 96 and 97 to the screw portions 93a and 93b of the
adjustment bolt 93 with the distance between the first adjustment member 91 and the second
adjustment member 92 adjusted by the adjustment bolt 93.
[0086] The configuration of the adjustment mechanism 35 as described above enables
adjustment of the distance between the first adjustment member 91 and the second adjustment
member 92, that is, between the first arm 33 and the second arm 34.
[0087] <Configuration of Clutch Driving Device>

A configuration of the clutch driving device 14 will now be described with
reference to FIGS. 2 through 12. The clutch driving device 14 according to this embodiment
outputs, to the clutch 13, a driving force obtained by adding an assist force of an assist
mechanism 70 to an output of the motor 50 (actuator).

[0088] FIG. 3 illustrates a schematic configuration of the clutch driving device 14 in an
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enlarged manner. As illustrated in FIGS. 2 and 3, the clutch driving device 14 includes the
casing 40, the motor 50, a transfer mechanism 60, the assist mechanism 70, and a friction
mechanism 80.

[0089]  The casing 40 includes a casing body 41, a cover 42, and a motor compartment 45.
FI1G. 4 is a disassembled perspective view illustrating a part of the clutch driving device 14 in
a disassembled state.  As illustrated in FIG. 4, the casing body 41 has a bottomed cylindrical
shape extending in a cylinder axial direction. That is, the casing body 41 has an opening
4la. As illustrated in FIGS. 2 and 3, the casing body 41 accommodates the transfer
mechanism 60 and the assist mechanism 70. As illustrated in FIG. 4, a protrusion 46 is
integrally formed on the bottom of the casing body 41.

[0090]  As illustrated in FIG. 3, the cover 42 covers the opening 41a of the casing body 41.
The cover 42 has storage space V therein. The friction mechanism 80 is disposed in the
storage space V. The cover 42 includes a cover body 43 and a storage cover portion 44.
The cover body 43 has a first recess 43a constituting a part of the storage space V. The
storage cover portion 44 has a second recess 44a constituting the storage space V. The first
recess 43a and the second recess 44a constitute the storage space V with the cover body 43
combined with the storage cover portion 44.

[0091] The output shaft 63 of the transfer mechanism 60 described later penetrates a
portion of the cover 42 different from the portion where the storage space V is formed. The
output shaft 63 extends in the cylinder axial direction of the casing body 41 and outward of
the casing 40. That is, the axial direction of the output shaft 63 coincides with the cylinder
axial direction of the casing body 41.

[0092]  As illustrated in FIGS. 2 and 3, the motor compartment 45 is connected to the
bottom of the casing body 41. Specifically, the motor compartment 45 is attached to the

casing body 41 at a position that does not overlap the output shaft 63 when seen in the axial
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direction of the output shaft 63.

[0093] The motor 50 generates an actuation driving force for actuating the clutch 13.  The
motor 50 is disposed in the motor compartment 45 such that an unillustrated rotating shaft
extends along the axial direction of the output shaft.

[0094]  The transfer mechanism 60 includes an input shaft 61, an intermediate shaft 62, and
the output shaft 63. The input shaft 61, the intermediate shaft 62, and the output shaft 63 are
disposed in parallel. The input shaft 61 is an output shaft of the motor 50. Thus, the
intermediate shaft 62 and the output shaft 63 are disposed in parallel with the output shaft of
the motor 50. That is, the input shaft 61 and the intermediate shaft 62 extend along the axial
direction of the output shaft 63.

[0095] One end of the input shaft 61 in the axial direction is Jocated in the motor
compartment 45 housing the motor 50. The other end of the input shaft 61 in the axial
direction is located in space defined by the casing body 41 and the cover 42. The other end
of the input shaft 61 in the axial direction is provided with a gear 61a having a plurality of
teeth arranged in the circumferential direction. In this embodiment, the gear 61a is a spur
gear.

[0096] One end of the intermediate shaft 62 in the axial direction is rotatably supported on
the casing body 41. An intermediate gear 64, which is a spur gear, is provided to the
intermediate shaft 62 to be rotatable together with the intermediate shaft 62. The
intermediate gear 64 meshes with the gear 61a of the input shaft 61. Accordingly, rotation
of the input shaft 61 is transferred to the intermediate shaft 62 through the intermediate gear
64. That is, the intermediate shaft 62 rotates in accordance with rotation of the input shaft
61.

[0097] The intermediate shaft 62 is provided with a gear 62a having a plurality of teeth

arranged in the circumferential direction at a position closer to a center in the axial direction
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than the one end of the intermediate shaft 62 rotatably supported on the casing body 41. AIn’
this embodiment, the gear 62a is a spur gear closer to one side in the axial direction of the
intermediate shaft 62 than the intermediate gear 64 is.

[0098] The other end of the intermediate shaft 62 in the axial direction is rotatably
supported on the cover 42. This other end of the intermediate shaft 62 in the axial direction
is provided with a rotation transfer portion 83 of the friction mechanism 80 described later.
Specifically, the other end of the intermediate shaft 62 in the axial direction is provided with
the rotation transfer portion 83 having a rectangular shape in cross section (see FIG. 12). A
part of the intermediate shaft 62 including the rotation transfer portion 83 (the other end of the
intermediate shaft 62 in the axial direction) projects outward of the casing body 41. The
rotation transfer portion 83 is inserted in a through hole 81a of a rotation plate 81 of the
friction mechanism 80 described later (see FIGS. 11 and 12). As described above, by
projecting the part of the intermediate shaft 62 including the rotation transfer portion 83
outward of the casing body 41, the friction mechanism 80 can be easily positioned in
assembling the friction mechanism 80 to the intermediate shaft 62. Thus, assembly of the
clutch driving device 14 can be performed easily. In a case where a torque in the rotation
direction exerted on the intermediate shaft 62 is less than or equal to a predetermined value
(e.g., a case where an output of the motor 50 is stopped), the friction mechanism 80 reduces
rotation of the intermediate shaft 62 by a friction force.

[0099] As illustrated in FIG. 3, one end of the output shaft 63 in the axial direction is
rotatably supported on the casing body 41, and a center portion of the output shaft 63 in the
axial direction is rotatably supported on the cover 42. The other end of the output shaft 63 in
the axial direction projects outward of the cover 42.  This other end of the output shaft 63 in
the axial direction is connected to the second arm 34 of the link mechanism 16 to be rotatable

together with the second arm 34. Accordingly, rotation of the output shaft 63 is transferred
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to the clutch 13 through the link mechanism 16, and a clutch reaction force generated in the
clutch 13 is input to the output shaft 63 through the link mechanism 16.

[0100] An output gear 65 (rotary body) having a sector shape in plan view is provided on
the output shaft 63 to be rotatable together with the output shaft 63.  The output gear 65 is a
spur gear and meshes with the gear 62a of the intermediate shaft 62. Accordingly. rotation
of the intermediate shaft 62 is transferred to the output shaft 63 through the output gear 65.
That is, the output shaft 63 rotates in accordance with rotation of the intermediate shaft 62.
The output gear 65 serves as a rotary body that rotates in a disengaging direction in
disengaging the clutch 13 and rotates in an engaging direction in engaging the clutch 13,
using the shaft axis (rotation axis) of the output shaft 63 as a rotation center.

[0101] As described above, the output shaft 63 receives rotation of the intermediate shaft
62 of the clutch driving device 14 and also receives the clutch reaction force generated in the
clutch 13.

[0102] An end of the output gear 65 in the thickness direction is provided with a columnar
pin 72 (transfer portion) projecting in the thickness direction. That is, the pin 72 extends in
the axial direction of the output shaft 63. In this embodiment, as illustrated in FIGS. 3 and 4,
the pin 72 is provided on one of the surfaces of the output gear 65 in the thickness direction at
one side of the output shaft 63 in the axial direction. That is, the pin 72 is provided on the
output gear 65 such that the pin 72 extends toward the bottom of the casing body 41 with the
output shaft 63 and the output gear 65 disposed in the casing 40. Thus, the pin 72 rotates
about the output shaft 63 with rotation of the output gear 65 that rotates together with the
output shaft 63. The pin 72 is disposed at a position shifted counterclockwise from the
center of the output gear 65 in the circumferential direction of the output gear 65 when the
output shaft 63 is seen from the opening of the casing body 41 (hereinafter referred to as seen

from above the output shaft 63 in the axial direction) (see FIG. 5). The pin 72 contacts a
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first projection 71b of a spring 71 of the assist mechanism 70 described later. The pin 72 is
rotatable with respect to the output gear 65. Thus, when the pin 72 moves while contacting
the first projection 71b of the spring 71 as described later, the pin 72 moves relative to the
first projection 71b while rotating.

[0103]  As illustrated in FIG. 3, the assist mechanism 70 includes the coil spring 71 and the
pin 72 described above. The spring 71 includes a wire material extending helically about an
axis. The spring 71 has a cylindrical shape extending in the axial direction. The spring 71
is a so-called torsion spring that generates an elastic restoring force in a circumferential
direction by twisting one end of the wire material relative to the other end of the wire material
in the circumferential direction. In this embodiment, the wire material for the spring 71 is
wound clockwise from a winding start end (first projection 71b) that is one end of the wire
material, as illustrated in FIG. 5.

[0104] The spring 71 is disposed in the casing body 41 to surround the input shaft 61 and
the intermediate shaft 62 when seen in the axial direction of the output shaft 63. The input
shaft 61 is inserted in the spring 71. One end of the intermediate shaft 62 in the axial
direction is rotatably supported on a part of the casing body 41 (projection 46 described later)
located inside the spring 71. The axis of the spring 71 is oriented in parallel with the output
shaft 63. One end of the wire material constituting the spring 71 extends toward the output
shaft 63.

[0105] FIG. 5 is a view of a schematic configuration of the assist mechanism 70 when seen
in the axial direction of the output shaft 63. As illustrated in in FIG. 5, the columnar
projection 46 (movement restricting portion) disposed on the inner surface of the casing body
41 is located inside the spring 71. The protrusion 46 has an outer diameter smaller than the
inner diameter of the spring 71. The protrusion 46 functions as a movement restricting

portion that restricts radial movement of the spring 71 when the spring 71 deforms as
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described later. The protrusion 46 has a through opening 46a in which the input shaft 61 is
inserted and an opening portion 46b in which one end of the intermediate shaft 62 in the axial
direction is inserted.

[0106] The spring 71 contacts a portion of the protrusion 46 close to the output shaft 63.
A circumferential part of the protrusion 46 including the portion contacting with the spring 71
is provided with a metal contact plate 47 having an arc shape when seen in the axial direction
of the output shaft 63. Both ends of the contact plate 47 are fixed to the projection 46¢ of
the protrusion 46. The spring 71 contacts the contact plate 47. The contact plate 47
provided on the protrusion 46 can reduce damage of the protrusion 46 by the spring 71 when
the spring 71 operates as described later.

[0107] One end of the wire material constituting the spring 71 extends toward the output
shaft 63 as described above. That is, one end of the wire material extends radially outward
of the spring 71.  The other end of the wire material of the spring 71 also extends radially
outward of the spring 71. That is, the spring 71 includes a cylindrical coil portion 71a, a first
projection 71b (output portion) including one end of the wire material and extending radially
outward from the coil portion 71a, and a second projection 71c¢ including the other end of the
wire material and extending radially outward from the coil portion 71a. In this embodiment,
the first projection 71b and the second projection 71c¢ extend toward the output shaft 63 when
seen in the axial direction of the output shaft 63.

[0108]  The first projection 71b contacts the pin 72 provided on the output gear 65 of the
output shaft 63. The second projection 71c¢ contacts the inner surface of the casing body 41.
As illustrated in FIG. 6, suppose internal space of the casing body 41 is divided into two
regions X and Y by an imaginary line M connecting the shaft center of the output shaft 63
(rotation center, rotating axis) P and an axis Q of the spring 71 when seen in the axial

direction of the output shaft 63 with the output gear 65 located at a position of a clutch
25



10

15

20

25

CA 03047906 2019-06-20

disengaged state as described later, the first projection 71b and the second projecAtivon 71c are
located in different regions in the two regions X and Y. That is, as illustrated in FIG. 6, in
the state where the output gear 65 is located at a position of the clutch disengaged state, the
first projection 71b of the spring 71 is located in the region X, whereas the second projection
71c is located in the region Y. The shaft center P of the output shaft 63 is located outside the
spring 71 when seen in the axial direction of the spring 71. FIG. 6 is a schematic view
corresponding to FIG. 5 and hatching the regions X and Y for description.

[0109] Accordingly, in the spring 71, in a case where one end of the wire material in the
first projection 71b rotates in the circumferential direction of the spring 71 with the second
projection 71c¢ being in contact with the inner surface of the casing body 41, an elastic
restoring force is generated in a direction in which the first projection 71b moves away from
the second projection 71c. That is, in a case where the pin 72 rotates around the axis of the
output shaft 63 with rotation of the output shaft 63 in such a manner that the clutch 13
changes from the clutch disengaged state to the engaged state, the first projection 71b of the
spring 71 is pushed by the pin 72 in the circumferential direction of the spring 71.
Accordingly, one end of the wire material of the spring 71 rotates about the axis Q of the
spring 71 to approach the other end of the wire material in the second projection 71c. Such
deformation of the spring 71 generates an elastic restoring force in the spring 71 in the
circumferential direction of the spring 71 in a way in which the first projection 71b moves
away from the second projection 71c. Since the pin 72 provided on the output gear 65 is in
contact with the first projection 71b of the spring 71, the elastic restoring force generated in
the spring 71 is transferred to the output gear 65 through the first projection 71b and the pin
72. Thus, the first projection 71b functions as an output portion that outputs an elastic
restoring force from the spring 71. The pin 72 functions as a transfer portion that transfers

the elastic restoring force to the output gear 65 when contacting the first projection 71b.
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[0110] FIGS. 7(a) through 7(c) are schematic views illustrating relationship between the
rotation position of the output gear 65 and deformation of the spring 71. In these views, the
output shaft 63 and the output gear 65 are represented by dot-dot-dash lines, and only the pin
72 and the spring 71 are represented by continuous lines, for description. In these views, the
regions X and Y are hatched for description, in a manner similar to FIG. 6. FIGS. 7(a)
through 7(c) schematically illustrate regions X and Y defined by the imaginary line M for
simplifying the drawings.

[0111]  As illustrated in FIGS. 7(a) through 7(c), in a case where the pin 72 rotates about
the axis of the output shaft 63 with rotation of the output gear 65, one end of the wire material
of the spring 71 contacting the pin 72 is displaced in the circumferential direction of the
spring 71 relative to the other end of the wire material. In this case, a contact point T
between the pin 72 and the first projection 71b including one end of the wire material of the
spring 71 reciprocates with respect to the first projection 71b along the first projection 71b.
The contact point T is located radially outside the spring 71 when seen in the axial direction
of the spring 71.

[0112] FIG. 7(a) illustrates a rotation position of the output gear 65 when the clutch 13 is in
the disengaged state. FIG. 7(b) illustrates a rotation position of the output gear 65 when the
clutch 13 is in a half-clutch state (a state where sliding occurs between the clutch plates 23
and the friction plates 24 but a force in the rotation direction is transferred). FIG. 7(c) is a
rotation position of the output gear 65 when the clutch 13 is in the engaged state.

[0113] Specifically, in a case where the output gear 65 is at the rotation position illustrated
in FIG. 7(a) when seen in the axial direction of the output shaft 63, that is, in a case where the
pin 72 provided on the output gear 65 is located in the region X in the two regions X and Y
obtained by dividing the internal space of the casing body 41 into two by the imaginary line

M connecting the shaft center P of the output shaft 63 and the axis Q of the spring 71, the pin
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72 is in contact with the first projection 71b of the spring 71 in a portion close to the front
end.

[0114]  Accordingly, as illustrated in FIG. 7(a), a force exerted on the pin 72 by an elastic
restoring force of the spring 71 is a force that causes the output gear 65 to rotate in a
predetermined direction (also referred to as a rotation direction for clutch disengagement: a
rotation direction indicated by an arrow of a dot-dot-dash line in FIG. 7(a)) such that the
clutch 13 is disengaged. That is, the spring 71 applies a torque to the output gear 65 through
the pin 72 in the rotation direction for clutch disengagement.

[0115] In the case of FIG. 7(a), the first projection 71b of the spring 71 is not significantly
displaced by the pin 72 in the circumferential direction of the spring 71. Thus, a force
exerted on the pin 72 by the elastic restoring force of the spring 71 is smaller than those in the
case of FIGS. 7(b) and 7(c) described later. For example, the pin 72 receives a force in a
direction with a magnitude indicated by a solid arrow in FIG. 7(a) from the first projection
71b of the spring 71.

[0116] In a case where the output gear 65 is at the rotation position illustrated in FIG. 7(b),
that is, a case where the pin 72 moves closer to the imaginary line M than the position
illustrated in FIG. 7(a), the first projection 71b of the spring 71 is displaced such that one end
of the wire material is located in the region Y, that is, one end of the wire material in the first
projection 71b approaches the other end of the wire material in the second projection 7lc.
For example, in a case where the output gear 65 changes from the position illustrated in FIG.
7(a) to the position illustrated in FIG. 7(b), the pin 72 approaches the coil portion 71a while
contacting the first projection 71b of the spring 71.

[0117)  Accordingly, the spring 71 is twisted in the -circumferential direction.
Consequently, the spring 71 generates an elastic restoring force in a direction in which the

first projection 71b moves away from the second projection 71c.  The elastic restoring force
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of the spring 71 is exerted on the pin 72 as indicated by the solid arrow in FIG. 7(b). That is,
the elastic restoring force of the spring 71 is transferred to the output gear 65 through the pin
72 as a torque in the rotation direction for clutch disengagement (the rotation direction
indicated by the dot-dot-dash arrow in FIG. 7(b)). Accordingly, a force of assisting in the
rotation direction for clutch disengagement is transferred from the spring 71 to the output gear
65 through the pin 72. At this time, a force exerted on the pin 72 from the first projection
71b of the spring 71 is larger than that in the case of FIG. 7(a).

[0118]) In acase where the output gear 65 is located at a rotation position illustrated in FIG.
7(c), that is, in a case where the pin 72 is located in the region Y in the two regions X and Y,
the first projection 71b of the spring 71 is displaced by the pin 72 to further approach the
other end of the wire material in the second projection 71c. At this time, the pin 72 is
located at a position closer to one end of the wire material than the position illustrated in FIG.
7(b) relative to the first projection 71b of the spring 71.

[0119]  Accordingly, the spring 71 is further twisted in the circumferential direction. An
elastic restoring force of the spring 71 is exerted on the pin 72 as indicated by the solid arrow
in FIG. 7(c). That is, the elastic restoring force of the spring 71 is exerted on the output gear
65 through the pin 72 in a direction in which the output gear 65 rotates to engage the clutch
13 (hereinafter referred to as a rotation direction for clutch engagement: the rotation direction
indicated by a dot-dot-dash arrow in FIG. 7(c)). Accordingly, a force of assisting in the
rotation direction for clutch engagement is transferred from the spring 71 to the output gear
65 through the pin 72.

[0120] The contact point T between the pin 72 and the first projection 71b of the spring 71
straddles the imaginary line M connecting the shaft center P of the output shaft 63 and the
axis Q of the spring 71 when seen in the axial direction of the output shaft 63, in accordance

with rotation of the output gear 65. The contact point T between the pin 72 and the first
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projection 71b moves toward the axis Q of the spring 71 at least once when seen in the axial
direction of the spring 71 when the output gear 65 rotates at a position different from the shaft
center P of the output shaft 63 and the axis Q of the spring 71 and in a direction in which the
elastic restoring force of the spring 71 decreases (in the examples of FIG. 7, when the output
gear 65 rotates in the order of FIGS. 7(c), 7(b), and 7(a)). Accordingly, the elastic restoring
force generated in the spring 71 can be transferred to the output gear 65 as an assist force in a
direction in which the first projection 71b moves away from the second projection 71c. At
this time, the elastic restoring force of the spring 71 is transferred to the output gear 65 as a
torque through the first projection 71b and the pin 72.

[0121] A distance D between the contact point T and the axis Q of the spring 71 varies in
accordance with rotation of the output gear 65. That is, when seen in the axial direction of
the output shaft 63, the distance D is smallest when the contact point T straddles the
imaginary line M and increases as the distance to the contact point T from the imaginary line
M increases.

[0122] The distance between the shaft center P of the output shaft 63 and the contact point
T between the first projection 71b and the pin 72 is smaller than the distance between the
shaft center P and the axis Q of the spring 71. By disposing the output shaft 63 in the
manner described above, the size of the clutch driving device 14 can be reduced. The
distance between the axis Q of the spring 71 and the contact point T is smaller than the
distance between the shaft center P of the output shaft 63 and the axis Q of the spring 71.
By disposing the spring 71 in the manner described above, the size of the clutch driving
device 14 can be reduced.

[0123] FIG. 8 shows relationships between a rotation angle (actuator rotation angle) of the
output gear 65 and shaft torques: a torque in a rotation direction in which the torque is exerted

on the output shaft 63 by a load in operating the clutch 13 (clutch load) (hereinafter referred
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to as a shaft torque); a shaft torque exerted on the output shaft 63 by an assist force of the
assist mechanism 70; and the sum of a shaft torque generated on the output shaft 63 by a
clutch load (clutch reaction force) and a shaft torque generated on the output shaft 63 by an
assist force. In FIG. 8, the actuator rotation angle refers to a rotation angle of the output gear
65 with respect to an initial rotation position (the position illustrated in in FIG. 7(c)) when
seen in the axial direction of the output shaft 63 in a case where the output gear 65 rotates
counterclockwise from the initial rotation position.

[0124] A rotation range of the output gear 65 is defined by the inner surface of the casing
body 41. That is, a position at which the output gear 65 contacts the inner surface of the
casing body 41 when the output gear 65 rotates in the rotation direction for clutch engagement
is a limit rotation position of the output gear 65 in the rotation direction for clutch
engagement. A position at which the output gear 65 contacts the inner surface of the casing
body 41 when the output gear 65 rotates in the rotation direction for clutch disengagement is a
limit rotation position of the output gear 65 in the rotation direction for clutch disengagement.
[0125] In the case of this embodiment, the actuator rotation angle increases in a case where
the output gear 65 rotates in the order from FIG. 7(c), FIG. 7(b), and FIG. 7(a) when seen in
the axial direction of the output shaft 63.

[0126] The clutch load is equal to a reaction force (clutch reaction force) exerted on the
clutch driving device 14 from the clutch spring 28 of the clutch 13, for example, while the

clutch 13 operates.

[0127]  The clutch reaction force increases with an increase in the actuator rotation angle
when the clutch 13 switches from the engaged state to the disengaged state. On the other
hand, a shaft torque exerted on the output shaft 63 by the clutch reaction force varies to be at
maximum at a predetermined actuator rotation angle as indicated by the solid line (solid line

with “generated by clutch reaction force” in the drawing) in FIG. 8, depending on a lever ratio
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determined based on relationship in the position and length between the first arm 33 and the
second arm 34 in the link mechanism 16.

[0128]  The lever ratio will be described below. The lever ratio refers to a ratio between a
shaft torque exerted on the output shaft 63 of the clutch driving device 14 and a shaft torque
exerted on the rotating shaft 31. In this embodiment, the clutch driving device 14 is
disposed relative to the engine 11 and the clutch 13 as illustrated in FIGS. 9 and 10. FIG. 9
is a view schematically illustrating the engine 11, the clutch 13, and the clutch driving device
14 when seen from above the vehicle 1. FIG. 10 is a view schematically illustrating the
engine 11, the clutch 13, and the clutch driving device 14 when seen from a side of the
vehicle 1. In FIGS. 9 and 10, other components are not shown for description of positional
relationship among the engine 11, the clutch 13, and the clutch driving device 14, and the
engine 11, the clutch 13, and the clutch driving device 14 are simplified in the illustration.
[0129] In FIGS. 9 and 10, arrow L represents a leftward direction of the vehicle 1.  Arrow
R in the drawings represents a rightward direction of the vehicle 1. Arrow RR in the
drawings represents a rearward direction of the vehicle 1. Arrow U in the drawings
represents an upward direction of the vehicle 1. The front, the rear, the left, and the right
respectively refer to the front, the rear, the left, and the right when seen from a rider driving
the vehicle 1.

[0130]  As illustrated in FIGS. 9 and 10, the clutch driving device 14 is disposed above the
clutch 13 and behind the engine 11. The clutch driving device 14 is disposed above the
clutch 13 and at the right of the clutch 13 when seen from above the vehicle 1. The clutch
driving device 14 is disposed such that the axial direction of the output shaft 63 extends along
the left-right direction (lateral direction) of the vehicle 1. The clutch 13 is disposed such that

the axial direction of the rotating shaft 31 extends along the top-bottom direction (vertical

direction) of the vehicle 1.
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[0131] The clutch driving device 14 is connected to the clutch 13 through the link
mechanism 16. Specifically, one end of the first arm 33 of the link mechanism 16 is
connected to the rotating shaft 31 and extends toward the left of the vehicle 1. One end of
the second arm 34 of the link mechanism 16 is connected to the output shaft 63 of the clutch
driving device 14 and extends toward the bottom of the vehicle 1. The adjustment
mechanism 35 of the link mechanism 16 connects the first arm 33 and the second arm 34 to
each other such that the first arm 33 and the second arm 34 are rotatable. The first
adjustment member 91 and the second adjustment member 92 of the adjustment mechanism
35 are respectively connected to the plate-shaped first arm 33 and the plate-shaped second
arm 34 in the thickness direction. Accordingly, the first adjustment member 91 and the
second adjustment member 92 are disposed such that the axes of the rod-shaped connection
members 94 and 95 are skewed to each other. In FIGS. 9 and 10, the configuration of the
link mechanism 16 is simplified.

[0132] In the arrangement of the link mechanism 16 as described above, a lever ratio rt that
is a ratio between a shaft torque exerted on the output shaft 63 of the clutch driving device 14
and a shaft torque exerted on the rotating shaft 31 is obtained by the equation below. In the
equation, the lever ratio rt is obtained on the assumption that a tilt of the adjustment
mechanism 35 does not change when the link mechanism 16 operates.

[0133]  rt=cos02/cosOl x L2/L1 (1)

[0134]  Where 61 is an angle formed by the second arm 34 with respect to a reference line
parallel to the axis of the rotating shaft 31 when the link mechanism 16 is seen from a side of
the vehicle 1 (see FIG. 10), and 02 is an angle formed by the first arm 33 with respect to a
reference line parallel to the axis of the output shaft 63 when the link mechanism 16 is seen

from above the vehicle 1 (see FIG. 9). In addition, L1 is a length of the second arm 34, and

L2 is a length of the first arm 33.
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[0135] In Equation (1), as the angle 61 of the second arm 34 increases, cosfl decreases,
and thus, the lever ratio rt increases. Accordingly, when the rotation angle of the output
shaft 63 of the clutch driving device 14 increases, the lever ratio rt increases. That is, when
the rotation angle (actuator rotation angle) of the output gear 65 that rotates together with the
output shaft 63 increases, the lever ratio rt increases.

[0136]  The clutch reaction force increases as the actuator rotation angle increases, and in a
case where the actuator rotation angle is large, the amount of increase in a clutch reaction
force with respect to the amount of increase in the actuator rotation angle is small as
compared to a case where the actuator rotation angle is small. On the other hand, a shaft
torque generated on the output shaft 63 when the clutch reaction force is exerted on the output
shaft 63 decreases as the lever ratio rt increases. Thus, the shaft torque decreases as the
actuator rotation angle increases.

[0137] For the foregoing reasons, as illustrated in FIG. 8, the shaft torque generated on the
output shaft 63 by the clutch reaction force increases with an increase in the actuator rotation
angle in the case where the actuator rotation angle is small, whereas when the actuator
rotation angle exceeds a predetermined actuator rotation angle, the shaft torque decreases with
an increase in the actuator rotation angle. That is, the shaft torque varies and is at maximum
at the predetermined actuator rotation angle.

[0138] In this embodiment, in FIG. 8, in a case where the actuator rotation angle is smaller
than S, the clutch 13 is in the engaged state. On the other hand, in FIG. 8, when the actuator
rotation angle exceeds S, the clutch 13 shifts from the engaged state to the disengaged state.
In FIG. 8, S denotes an actuator rotation angle at which the clutch 13 starts disengagement in
a case where the actuator rotation angle increases and also denotes an actuator rotation angle
at which engagement of the clutch plates 23 of the clutch 13 and the friction plates 24 finish

engagement in a case where the actuator rotation angle decreases.
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[0139] In FIG. 8, a range where the shaft torque exerted on the output shaft 63 is positive
(larger than zero in FIG. 8) is a shaft torque range where the clutch 13 is engaged, and a range
where the shaft torque exerted on the output shaft 63 is negative (smaller than zero in FIG. 8)
is a shaft torque range where the clutch 13 is disengaged.

[0140] In the assist mechanism 70, rotation (actuation driving force) of the motor 50 causes
the rotation position of the output gear 65 to change such that the actuator rotation angle
increases, that is, changes the rotation position in the order of FIG. 7(c), FIG. 7(b), and FIG.
7(a). Accordingly, a force exerted on the pin 72 of the output gear 65 from the spring 71
changes parabolically and is at maximum at a predetermined actuator rotation angle.
Consequently, a shaft torque exerted on the output shaft 63 by an assist force of the clutch
driving device 14 (indicated by the solid line represented as “generated by assist force” in
FIG. 8) changes parabolically and is also at maximum at the predetermined actuator rotation
angle.

[0141] As described above, the magnitude of the elastic restoring force of the spring 71
exerted on the pin 72 of the output gear 65 as an assist force in the rotation direction for
clutch disengagement varies depending on the rotation position of the output gear 65. This
is because a change of the contact point T between the first projection 71b of the spring 71
and the pin 72 along the first projection 71b in accordance with the rotation position of the
output gear 65 causes the direction of a force exerted on the pin 72 from the first projection
71b to vary, and also causes the distance D between the contact point T between the pin 72
and the first projection 71b of the spring 71 and the axis Q of the spring 71 to vary.

[0142] In this embodiment, as illustrated in FIG. 8, the shaft torque exerted on the output
shaft 63 by driving of the motor 50 and the assist mechanism 70, that is, the assist force of the

clutch driving device 14, is mainly a shaft torque that disengages the clutch 13 (shaft torque in

the negative region in FIG. §).
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[0143] In the case where the actuator rotation angle increases, the shaft torque exerted on
the output shaft 63 by a clutch reaction force generated in operating the clutch 13 starts being
generated at an actuator rotation angle at which the clutch 13 starts shifting from the engaged
state to the disengaged state (S in FIG. 8). The shaft torque exerted on the output shaft 63 by
the clutch reaction force is generated by a force that causes the output shaft 63 to rotate in a
predetermined direction (hereinafter referred to as a rotation direction for clutch engagement)
so as to engage the clutch 13. The clutch reaction force is generated by, for example, an
elastic restoring force of the clutch spring 28 of the clutch 13.

[0144] A shaft torque exerted on the output shaft 63 by the clutch reaction force also varies
parabolically at the lever ratio described above and is at maximum at an intended actuator
rotation angle, as illustrated in FIG. 8.

[0145] Accordingly, a shaft torque as the sum of the shaft torque exerted on the output
shaft 63 by the assist mechanism 70 and the shaft torque exerted on the output shaft 63 by the
clutch reaction force generated in the clutch 13 has a relatively small value relative to an
actuator rotation angle, as indicated by the bold line in FIG. 8. That is, the sum of the shaft
torques is within a certain range in a half-clutch region illustrated in FIG. 8 (the range of the
actuator rotation angle in the half-clutch state). Accordingly, the half-clutch state of the
clutch 13 can be obtained in the output shaft 63 by a relatively small and stable shaft torque.
The sum of the shaft torques is an actuation driving force of the motor 50 necessary for
actuating the clutch 13.

[0146] That is, as described above, with an assist force generated by the assist mechanism
70, the clutch 13 can be easily switched from the engaged state to the disengaged state, and a
stable half-clutch state can be obtained.

[0147]  <Friction Mechanism>

Next, a configuration of the friction mechanism 80 will be described with reference
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to FIGS. 2 through 4, 11, and 12. FIG. 11 is a view illustrating the friction mechanism 80 in
an enlarged manner. FIG. 12 is a perspective view illustrating a configuration of the rotation
transfer portion and the rotation plate. In a case where a torque exerted on the intermediate
shaft 62 of the transfer mechanism 60 in the rotation direction is a predetermined value or
less, the friction mechanism 80 holds the intermediate shaft 62 in a stationary state by friction
between the rotation plate 81 and a pair of friction plates 82. Accordingly, even when
driving of the motor 50 is stopped while the vehicle is stopped, for example, the friction
mechanism 80 can hold a disengaged state of the clutch 13.

[0148]  Specifically, the friction mechanism 80 includes the rotation plate 81, the pair of
friction plates 82, the rotation transfer portion 83 provided at one end of the intermediate shaft
62, and a spring 84. The friction mechanism 80 is disposed in the storage space V defined in
the cover 42 of the clutch driving device 14. Specifically, as also illustrated in FIG. 3, the
friction mechanism 80 is disposed between the cover body 43 and the storage cover portion
44. Thus, in this embodiment, as illustrated in FIGS. 2 and 3, the friction mechanism 80 is
disposed such that the transfer mechanism 60 is located between the friction mechanism 80
and the motor 50 in the axial direction of the output shaft 63. Accordingly, the friction
mechanism 80 can be made compact without interference with the motor 50.

[0149]  As illustrated in FIGS. 2 through 4 and 11, the pair of friction plates 82 is disposed
at both sides in the thickness direction of the rotation plate 81. That is, the pair of friction
plates 82 and the rotation plate 81 are stacked in the order of the friction plate 82, the rotation
plate 81, and the friction plate 82 in the thickness direction of the friction plates 82. Each of
the friction plates 82 is a hollow disc member. At least one of both surfaces in the thickness
of this hollow disc member contacting the rotation plate 81 has a friction coefficient with
which a predetermined friction force is obtained when the surface contacts the rotation plate

81. Specifically, each of the friction plates 82 is made of, for example, a stainless plate
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member whose surfaces are polished. The pair of friction plates 82 and the rotation plate 81
are disposed in the first recess 43a provided in the cover body 43.  One of the pair of friction
plates 82 is in contact with the inner surface of the first recess 43a of the cover body 43.
[0150] As illustrated in FIG. 4, each of the pair of friction plates 82 has a plurality of
positioning protrusions 82a on an outer peripheral portion thereof. The positioning
protrusions 82a are disposed in positioning recesses 43b formed in the inner surface of the
first recess 43a with the pair of friction plates 82 disposed in the first recess 43a of the cover
body 43. This configuration can reduce rotation of the pair of friction plates 82 together
with the rotation plate 81.

[0151]  The rotation plate 81 is a disc-shaped metal member. As illustrated in FIG. 12, the
rotation plate 81 has a through hole 81a (opening portion) formed in a center portion (rotation
center) of the rotation plate 81 and penetrating the rotation plate 81 in the thickness direction.
The through hole 81a is rectangular when seen in the thickness direction of the rotation plate
81. The rotation transfer portion 83 disposed at one end of the intermediate shaft 62
penetrates the through hole §1a.

[0152]  The rotation plate 81 has a contact portion 81b located in an outer peripheral portion
of the disc-shaped rotation plate 81 when seen in the thickness direction, and the contact
portion 81b contacts the pair of friction plates 82. The contact portion 81b has a thickness
larger than the thickness of a center portion of the rotation plate 81. That is, the contact
portion 81b projects from the center portion of the rotation plate 81 in the thickness direction
of the rotation plate 81. Accordingly, the contact portion 81b of the rotation plate 81
contacts the pair of friction plates 82 with the rotation plate 81 disposed between the pair of
friction plates 82.

[0153]  As described above, the rotation transfer portion 83 is disposed at an end of the

intermediate shaft 62 in the axial direction. The rotation transfer portion 83 has a columnar
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shape that is rectangular in cross section. The rotation transfer portion 83 ié formed to be
insertable in the through hole 81a of the rotation plate 81. Accordingly, in a case where the
intermediate shaft 62 rotates with the rotation transfer portion 83 inserted in the through hole
81a of the rotation plate 81, rotation of the intermediate shaft 62 is transferred to the rotation
plate 81 through the rotation transfer portion 83. Thus, the friction mechanism 80 generates
a friction force in a direction opposite to the rotation direction of rotation transferred by the
transfer mechanism 60.

[0154] In FIG. 12, character Z is an axis of the intermediate shaft 62. The axial direction
in which this axis Z extends is the same direction as the axial direction of the output shaft 63.
The expression that the direction of the axis (axial direction) of the intermediate shaft 62 is
the same as the axial direction of the output shaft 63 includes a case where these the axial
direction of the intermediate shaft 62 is not completely the same as the axial direction of the
output shaft 63 as long as rotation can be transferred between the intermediate shaft 62 and
the output shaft 63.

[0155] The rotation transfer portion 83 provided in the intermediate shaft 62 is inserted in
the through hole 81a of the rotation plate 81 described above so that friction mechanism 80 is
thereby separated from a transfer path of power from the input shaft 61 to the output shaft 63
in the transfer mechanism 60. That is, the friction mechanism 80 is not included in the
transfer mechanism 60, but is separated from the transfer mechanism 60.

[0156]  With the configuration described above, movement of the rotation plate 81 relative
to the rotation transfer portion 83 in the axial direction of the intermediate shaft 62 can be
permitted while rotation of the intermediate shaft 62 is transferred to the rotation plate 81
through the rotation transfer portion 83. Accordingly, even in a case where the rotation plate
81 is tilted or displaced in the axial direction of the intermediate shaft 62, for example, the

rotation plate 81 can be relatively displaced from the rotation transfer portion 83.
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[0157] The spring 84 includes a wire material extending helically about the axis. The
spring 84 has a cylindrical shape extending in the axial direction. The spring 84 is a
compression spring that generates an elastic restoring force when being compressed in the
axial direction. The spring 84 is disposed in the storage cover portion 44 such that the axial
direction coincides with the axial direction of intermediate shaft 62. That is, the axis of the
spring 84 extends in the same direction as the axial direction of the output shaft 63.

[0158] The spring 84 is disposed with respect to the pair of friction plates 82 and the
rotation plate 81 such that the axis of the spring 84 coincides with the thickness direction of
the pair of friction plates 82 and the rotation plate 81. One end toward one direction along
the axis of the spring 84 contacts one of the pair of friction plates 82 toward the other end in
the axial direction. That is, the pair of friction plates 82 and the rotation plate 81 are located
closer to the rotation transfer portion 83 than the spring 84 is. In addition, one of the pair of
friction plates 82 toward the one direction along the axis contacts the inner surface of the first
recess 43a of the cover body 43. Accordingly, the spring 84 applies a force on the pair of
friction plates 82 and the rotation plate 81 in the thickness direction. Thus, the pair of
friction plates 82 and the rotation plate 81 are pressed in the thickness direction between the
spring 84 and the inner surface of the first recess 43a of the cover body 43.

[0159] With the foregoing configuration, a friction force is generated between the pair of
friction plates 82 and the rotation plate 81 pressed by the spring 84 in the thickness direction.
Accordingly, a force that suppresses rotation is exerted on the rotation plate 81 rotating
together with the intermediate shaft 62, by a friction force between the rotation plate 81 and
the pair of friction plates 82. Thus, in a case where a force in the rotation direction exerted
on the intermediate shaft 62 is less than or equal to the friction force between the rotation

plate 81 and the pair of friction plates 82, the friction force suppresses rotation of the rotation

plate 81 and the intermediate shaft 62.
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[0160]  As described above, in FIG. 8, the sum of the shaft torque generated by an assist
force of the clutch driving device 14 and the shaft torque generated by a clutch reaction force
of the clutch 13 (indicated by the bold solid line in FIG. 8) is a shaft torque exerted on the
output shaft 63 of the clutch driving device 14. In FIG. 8, a range of a shaft torque with
which rotation of the rotation plate 81 and the intermediate shaft 62 stops by the friction force
between the rotation plate 81 and the pair of friction plates 82 is indicated by dot-dot-dash
lines. That is, in the shaft torque exerted on the output shaft 63, rotation of the rotation plate
81 and the intermediate shaft 62 is suppressed by the friction force between the rotation plate
81 and the pair of friction plates 82 in the range indicated by the dot-dot-dash lines (less than
or equal to a predetermined value).

[0161] In a case where driving of the motor 50 is stopped, the clutch plates 23 and the
friction plates 24 are subjected to a force with which the clutch plates 23 and the friction
plates 24 are pushed against each other by the clutch spring 28 such that the clutch 13 is
engaged. On the other hand, the friction mechanism 80 with the configuration described
above provided in the clutch driving device 14 stops operation of the transfer mechanism 60
of the clutch driving device 14 even while driving of the motor 50 is stopped. Accordingly,
the clutch 13 does not operate. Thus, with the configuration described above, a self-lock
mechanism capable maintaining an operation state (the half-clutch state or the disengaged
state) of the clutch 13 without change can be obtained.

[0162] In other words, the self-lock mechanism as described above can be obtained by
setting a clutch reaction force and an assist force to be input to the output shaft 63 of the
clutch driving device 14 such that the sum of the shaft torques generated on the output shaft
63 is the predetermined value or less as illustrated in FIG. 8. That 1s, the assist force input
from the spring 71 to the output shaft 63 in switching the clutch 13 from the engaged state to

the disengaged state becomes maximum after the clutch reaction force is input to the output
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shaft 63 from the clutch 13, or the assist force input from the spring 71 to the output shaft 63
in switching the clutch 13 from the disengaged state to the engaged state becomes maximum
before the clutch reaction force input to the output shaft 63 from the clutch 13 becomes zero,
so that the sum of the shaft torques generated on the output shaft 63 can be thereby the
predetermined value or less, and the self-lock mechanism as described above can be obtained.
[0163] In addition, as described above, insertion of the rotation transfer portion 83 of the
intermediate shaft 62 into the through hole 81a of the rotation plate 81 allows displacement of
the rotation plate 81 relative to the intermediate shaft 62 in directions except the rotation
direction. Accordingly, even in a case where the intermediate shaft 62 tilts, for example,
rotation of the intermediate shaft 62 can be transferred to the rotation plate 81 with a tilt of the
rotation plate 81 prevented. In this manner, it is possible to rotate the rotation plate 81 by
the intermediate shaft 62 while ensuring contact of the rotation plate 81 with the pair of
friction plates 82.

[0164]  Furthermore, with the configuration described above, the rotation plate 81, the
friction plates 82, and the spring 84 of the friction mechanism 80 assembled in the cover 42
can be attached to the inside of the casing body 41. As a result, workability in assembly of
the friction mechanism 80 can be enhanced.

[0165] Moreover, the casing housing the friction mechanism 80 is constituted by a part of
the cover 42 of the clutch driving device 14. This makes the entire configuration of the
clutch driving device 14 compact.

[0166] The clutch driving device 14 according to this embodiment is a clutch driving
device that supplies an assist force for assisting operations of disengagement and engagement
of the clutch 13.  The clutch driving device 14 according to this embodiment includes: the
spring 71 that extends helically about the axis Q and deforms in a circumferential direction

when seen in an axial direction to thereby generate an elastic restoring force in the
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circumferential direction; the first projection 71b that is disposed at one end of the spring 71
and outputs the elastic restoring force from the spring 71; the protrusion 46 that restricts radial
movement of the spring 71 when the spring 71 deforms in the circumferential direction; the
output gear 65 that rotates in a disengaging direction in disengaging the clutch and rotates in
an engaging direction in engaging the clutch, about a rotation axis that is the shaft center P of
the output shaft 63 located at a position different from the axis Q of the spring 71 and
extending in parallel with the axis Q; and the pin 72 that is provided to the output gear 65 to
be rotatable together with the output gear 65 and contacts the first projection 71b to thereby
transfer the elastic restoring force to the output gear 65. The output gear 65 receives a
reaction force generated by operations of engagement and disengagement of the clutch 13 as a
torque, and receives the elastic restoring force generated by deformation of the spring 71 in
the circumferential direction as the assist force through the first projection 71b and the pin 72.
When the output gear 65 rotates at a position different from the shaft center P of the output
shaft 63 and the axis Q of the spring 71 and in a direction in which the elastic restoring force
of the spring 71 decreases, the contact point T between the first projection 71b and the pin 72
approaches the axis Q at least once when seen in the axial direction of the spring 71.

[0167] For the spring 71 that extends helically about the axis Q and deforms in the
circumferential direction when seen along the axis Q to thereby generate an elastic restoring
force, the protrusion 46 restricts radial movement of the spring 71 so that the elastic restoring
force of the spring 71 can be applied to the output gear 65 as an assist force and space for
movement of the spring 71 is not necessary in the device. As a result, the size of the clutch
driving device can be reduced.

[0168] In addition to the configuration described above, when the output gear 65 rotates at
a position different from the shaft center P of the output shaft 63 and the axis Q of the spring

71 and in a direction in which the elastic restoring force of the spring 71 decreases, the
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contact point T between the first projection 71b at one end of the spring 71 and the pin 72
disposed on the output gear 65 is caused to approach the axis Q at least once when seen in the
axial direction of the spring 71. Accordingly, the elastic restoring force generated in the
spring 71 can be transferred to the output gear 65 as an assist force in a direction in which the
first projection 71b moves away from the second projection 71c. At this time, the elastic
restoring force of the spring 71 is transferred to the output gear 65 as a torque through the first
projection 71b and the pin 72.

[0169] The configuration described above can further reduce the size of the device as
compared to a device with a conventional configuration while supplying a desired assist force
to the clutch 13.

[0170] In this embodiment, the shaft center P of the output shaft 63 is located outside the
spring 71 when seen in the axial direction of the spring 71. In a case where the shaft center
P of the output shaft 63 is located inside the spring 71 when seen in the axial direction of the
spring 71, the spring 71 needs to have such a diameter that includes the output shaft, the first
projection, and the pin. On the other hand, the above-described configuration in which the
shaft center P of the output shaft 63 is located outside the spring 71 when seen in the axial
direction can reduce the size of the spring 71.  As a result, the size of the spring 71 can be
reduced.

[0171] In this embodiment, the contact point T between the first projection 71b of the
spring 71 and the pin 72 is located radially outside the spring 71 when seen in the axial
direction. Accordingly, the size of the spring 71 can be reduced, as compared to a case
where the contact point T is located radially inside the spring 71 when seen in the axial
direction of the spring 71.

(0172]  In this embodiment, the distance between the shaft center P of the output shaft 63

and the contact point T between the first projection 71b and the pin 72 is smaller than the
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distance between the shaft center P and the axis Q of the spring 71.

[0173] Accordingly, a range where the contact point T at which the first projection 71b
provided on the spring 71 and the pin 72 provided on the output gear 65 contact each other
moves about the shaft center P of the output shaft 63 can be formed between the shaft center P
and the axis Q of the spring 71. Thus, as compared to a case where the distance between the
shaft center P of the output shaft 63 and the contact point T 1s greater than or equal to the
distance between the shaft center P and the axis Q, the range of movement of the contact point
T can be reduced. Thus, the size of the clutch driving device 14 can be reduced.

[0174] In this embodiment, in a case where the contact point T is located on the imaginary
line M, the distance between the axis Q of the spring 71 and the contact point T is smaller
than the distance between the shaft center P of the output shaft 63 and the axis Q of the spring
71.

[0175] Accordingly, each of the distance from the axis Q of the spring 71 to the contact
point T between the first projection 71b and the pin 72 and the distance between the contact
point T and the shaft center P of the output shaft 63 can be made smaller than the distance
between the shaft center P and the axis Q. Thus, the output gear 65 and the spring 71 can be
disposed in a compact size. As a result, the size of the clutch driving device 14 can be
reduced.

[0176] In this embodiment, the first projection 71b is integrally provided to the spring 71.
Accordingly, the number of components of the clutch driving device 14 can be reduced.
[0177] In this embodiment, rotation of the output gear 65 and deformation of the spring 71
in the circumferential direction caused by the rotation causes the pin 72 to move relative to
the first projection 71b while bringing the pin 72 into contact with the first projection 71b.
[0178]  Accordingly, the distance from the axis Q of the spring 71 to the contact point T at

which the first projection 71b provided in the spring 71 contacts the pin 72 provided on the
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output gear 65 can be caused to vary depending on rotation of the output gear 65. Thus, it is
possible to obtain a simple configuration in which the contact point T approaches the axis Q
of the spring 71 at least once when seen in the axial direction of the spring 71 when the output
gear 65 rotates.

[0179] In this embodiment, the clutch driving device 14 further includes the transfer
mechanism 60 that transfers a rotation torque from the motor 50 to the output gear 65. The
transfer mechanism 60 includes the input shaft 61 that receives the rotation torque from the
motor 50. The input shaft 61 is disposed inside the spring 71 and extends in parallel with the
axis Q.

[0180] Accordingly, the input shaft 61 can be disposed with space inside the spring 71
being effectively utilized. As a result, the clutch driving device 14 including the motor 50
can be made compact.

[0181] In this embodiment, when the output gear 65 rotates, the contact point T between
the first projection 71b of the spring 71 and the pin 72 moves so as to pass through the
imaginary line M connecting the axis Q of the spring 71 and the shaft center P of the output
shaft 63.

[0182] Accordingly, an elastic restoring force generated by deformation of the spring 71 in
the circumferential direction can be obtained in a wider range in the circumferential direction.
Thus, a driving range of the clutch 13 where the clutch 13 can be driven with a relatively low
load by an assist force can be enlarged. As a result, flexibility in driving the clutch 13 can

be enhanced.

[0183] In addition, with the configuration described above, a force exerted on the pin 72
becomes maximum when the output gear 65 rotates to cause the contact point T between the
first projection 71b and the pin 72 to pass through the imaginary line M connecting the axis Q

of the spring 71 and the shaft center P of the output shaft 63. Accordingly, a desired assist
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force can be obtained even in a configuration in which a shaft torque generated by é clﬁtéﬁ
reaction force is at maximum at a predetermined rotation position of the output gear 65.
[0184] Second Embodiment

FIGS. 13(a) through 13(c) illustrate schematic configurations of a spring 171 in an
assist mechanism 170 of a clutch driving device according to a second embodiment. The
spring 171 is different from that in the configuration of the first embodiment in that a first
projection 171b is located radially inside a coil portion 171a. In the following description,
components similar to those of the first embodiment are denoted by the same reference
characters and will not be described again, and only components different from those of the
first embodiment will be described.
[0185]  As illustrated in FIGS. 13(a) through 13(c), in the spring 171, the first projection
171b extends from the coil portion 171a radially inward of the coil portion 171a such that one
end of a wire material is located radially inward of the cylindrical coil portion 171a. That is,
the first projection 171b is formed by bending the wire material such that one end of the wire
material of the spring 171 is located inside the coil portion 171a. By disposing the first
projection 171b as described above, when seen in the axial direction of the spring 171, a bent
portion 171d is formed between the first projection 171b and the coil portion 171a continuous
to the first projection 171b. In the examples of FIGS. 13(a) through 13(¢), when seen in the
axial direction (the direction of the axis Q) of the spring 171, one end of the wire material
constituting the spring 171, that is, the front end of the first projection 171b, is located at the
center of the coil portion 171a.
[0186] When seen in the axial direction of an output shaft 63, a pin 172 is located at the
center of the output gear 65 in the circumferential direction of an output gear 65.
[0187] The output gear 65 is disposed such that the pin 172 is located between the first

projection 171b and the coil portion 171a and contacts the first projection 171b, when seen in
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the axial direction of the spring 171. That is, the pin 172 of the output gear 65 is located to
be hooked on the first projection 171b. Accordingly, when the output gear 65 rotates such
that the clutch 13 changes from a clutch disengaged state to an engaged state, the pin 172
causes the spring 171 to deform such that the first projection 171b approaches the second
projection 171c.

[0188] As illustrated in FIGS. 13(a) through 13(c), in the spring 171, in a case where the
pin 172 rotates about the axis of the output shaft 63 with rotation of the output gear 65, a bent
portion 171d of the first projection 171b contacting the pin 172 is displaced in the
circumferential direction of the spring 171 about an axis Q of the spring 171. At this time, a
contact point T between the pin 172 and the first projection 171b of the spring 171
reciprocates with respect to the first projection 171b along the first projection 171b. The
contact point T is located radially inside the spring 171 when seen in the axial direction of the
spring 171.

[0189] FIG. 13(a) illustrates a rotation position of the output gear 65 while the clutch 13 is
in a disengaged state. FIG. 13(b) illustrates a rotation position of the output gear 65 while
the clutch 13 is in a half-clutch state. FIG. 13(c) illustrates a rotation position of the output
gear 65 while the clutch 13 is in an engaged state.

[0190] Specifically, in a case where the output gear 65 is at the rotation position illustrated
in FIG. 13(a) when seen in the axial direction of the output shaft 63, that is, a case where the
pin 172 provided on the output gear 65 is located in a region X in two regions X and Y
obtained by dividing the internal space of the casing body 41 into two by the imaginary line
M connecting the shaft center P of the output shaft 63 and the axis Q of the spring 71, the pin
172 contacts the first projection 171b of the spring 171 at a position close to a proximal end
portion (portion connected to the coil portion 171a).

[0191]  Accordingly, as illustrated in FIG. 13(a), a force exerted on the pin 172 by an elastic
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restoring force of the spring 171 is a force that causes the output gear 65 to rotate in a rotation
direction for clutch disengagement (rotation direction of rotation indicated by an arrow of a
dot-dot-dash line in FIG. 13(a)). That is, the spring 171 applies a torque to the output gear
65 through the pin 172 in the rotation direction for clutch disengagement.

[0192] In the case of FIG. 13(a), the first projection 171b of the spring 171 is not
significantly displaced by the pin 172 in the circumferential direction of the spring 171.
Thus, a force exerted on the pin 172 by the elastic restoring force of the spring 171 is smaller
than those in the case of FIGS. 13(b) and 13(c) described later. For example, the pin 172
receives a force in a direction with a magnitude indicated by the solid arrow in FIG. 13(a)
from the first projection 171b of the spring 171.

[0193] In a case where the output gear 65 is at the rotation position illustrated in FIG.
13(b), that is, a case where the pin 172 is located on the imaginary line M, the first projection
171b of the spring 171 is displaced such that the proximal end portion is located in the region
Y, that is, the proximal end portion of the first projection 171b approaches the other end of
the wire material in the second projection 171c. For example, in a case where the output
gear 65 changes from the position illustrated in FIG. 13(a) to the position illustrated in FIG.
13(b), the pin 172 moves toward the front end while contacting the first projection 171b of the
spring 171.

[0194]  Accordingly, the spring 171 is twisted in the circumferential direction.
Consequently, the spring 171 generates an elastic restoring force in a direction in which the
first projection 171b moves away from the second projection 17lc. The elastic restoring
force of the spring 171 is exerted on the pin 172 as indicated by the solid arrow in FIG. 13(b).
That is, the elastic restoring force of the spring 171 is transferred to the output gear 65
through the pin 172 as a torque in the rotation direction for clutch disengagement (the rotation

direction indicated by the dot-dot-dash arrow in FIG. 13(b)). Accordingly, a force of
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assisting in the rotation direction for clutch disengagement is transferred from the sprmg 171
to the output gear 65 through the pin 172. At this time, a force exerted on the pin 172 from
the first projection 171b of the spring 171 is larger than that in the case of FIG. 13(a).

[0195] In a case where the output gear 65 is located at the rotation position illustrated in
FIG. 13(c), that is, in a case where the pin 172 is located in the region Y in the two regions X
and Y, the first projection 171b of the spring 171 is displaced by the pin 172 to further
approach the other end of the wire material in the second projection 171c. At this time, the
pin 172 is located at a position closer to the proximal end portion than the position illustrated
in FIG. 13(b) relative to the first projection 171b of the spring 171.

[0196]  Accordingly, the spring 171 is further twisted in the circumferential direction. An
elastic restoring force of the spring 171 is exerted on the pin 172 as indicated by the solid
arrow in FIG. 13(c). That is, the elastic restoring force of the spring 171 is exerted on the
output gear 65 through the pin 172 in the rotation direction for clutch engagement (the
rotation direction indicated by the dot-dot-dash arrow in FIG. 13(c)). Accordingly, a force
of assisting in the rotation direction for clutch engagement is transferred from the spring 171
to the output gear 65 through the pin 172.

[0197] The contact point T between the pin 172 and the first projection 171b of the spring
171 straddles the imaginary line M connecting the shaft center P of the output shaft 63 and the
axis Q of the spring 171 when seen in the axial direction of the output shaft 63, in accordance
with rotation of the output gear 65. The contact point T between the pin 172 and the first
projection 171b moves toward the axis Q of the spring 171 at least once when seen in the
axial direction of the spring 171 when the output gear 65 rotates at a position different from
the shaft center P of the output shaft 63 and the axis Q of the spring 171 and in a direction in
which the elastic restoring force of the spring 171 decreases (in the examples of FIG. 13,

when the output gear 65 rotates in the order of FIGS. 13(c), 13(b), and 13(a)). Accordingly,
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the elastic restoring force generated in the spring 171 can be transferred to the output gear 65
as an assist force in a direction in which the first projection 171b moves away from the
second projection 171c. At this time, the elastic restoring force of the spring 171 is
transferred to the output gear 65 as a torque through the first projection 171b and the pin 172.
[0198] A distance D between the contact point T and the axis Q of the spring 171 varies in
accordance with rotation of the output gear 65. That is, when seen in the axial direction of
the output shaft 63, the distance D is smallest when the contact point T straddles the
imaginary line M and increases as the distance to the contact point T from the imaginary line
M increases.
[0199]  The distance between the shaft center P of the output shaft 63 and the contact point
T between the first projection 171b and the pin 72 is smaller than the distance between the
shaft center P and the axis Q of the spring 171. The distance between the axis Q of the
spring 171 and the contact point T is smaller than the distance between the shaft center P of
the output shaft 63 and the axis Q of the spring 171.
[0200] In a manner similar to the configuration of the first embodiment, in the assist
mechanism 170, rotation (actuation driving force) of the motor 50 causes the rotation position
of the output gear 65 to change such that the actuator rotation angle increases, that is, to
change in the order of FIG. 13(c), FIG. 13(b), and FIG. 13(a). Accordingly, a force exerted
on the pin 172 of the output gear 65 from the spring 171 changes parabolically and is at
maximum at a predetermined actuator rotation angle. Consequently, a shaft torque exerted
on the output shaft 63 by an assist force of the assist mechanism 170 also changes
parabolically and is at maximum at the predetermined actuator rotation angle.
[0201]  Third Embodiment

FIGS. 14(a) through 14(c) illustrate a schematic configuration of a spring 271 in an

assist mechanism 270 of a clutch driving device according to a third embodiment. The
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configuration of the third embodiment is different from the configuration of the second
embodiment in that an output shaft 63 is located inside the spring 271 when seen in the axial
direction of the spring 271. In the following description, components similar to those of the
second embodiment are denoted by the same reference characters and will not be described
again, and only components different from those of the second embodiment will be described.
[0202]  Asillustrated in FIGS. 14(a) through 14(c), in the spring 271, a first projection 271b
extends from a coil portion 271a radially inward of the coil portion 271a such that one end of
a wire material is located radially inward of the cylindrical coil portion 271a. That is, the
first projection 271b is formed by bending the wire material such that one end of the wire
material of the spring 271 is located inside the coil portion 271a. By disposing the first
projection 271b as described above, when seen in the axial direction of the spring 271, a bent
portion 271d is formed between the first projection 271b and the coil portion 271a continuous
to the first projection 271b. In the examples of FIGS. 14(a) through 14(c), when seen in the
axial direction of the spring 271, one end of the wire material constituting the spring 271, that
is, the front end of the first projection 271b, is located at the center of the coil portion 271a.
[0203]  An output shaft 63 is located inside the spring 271 when seen in the axial direction
of the spring 271. When seen in the axial direction of the output shaft 63, a pin 272 is
located at a position shifted clockwise from the center of an output gear 65 in the
circumferential direction of the output gear 65.

[0204] The output gear 65 is disposed such that the pin 272 is located between the first
projection 271b and the coil portion 271a when seen in the axial direction of the spring 271,
and contacts the first projection 271b. That is, the pin 272 of the output gear 65 is located to
be hooked on the first projection 271b. Accordingly, when the output gear 65 rotates, the

pin 272 causes the spring 271 to deform such that the first projection 271b approaches a

second projection 27lc.
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[0205]  As illustrated in FIGS. 14(a) through 14(c), in the spring 271, in a case where the
pin 272 rotates about the axis of the output shaft 63 with rotation of the output gear 65, the
bent portion 271d of the first projection 271b contacting the pin 272 is displaced in the
circumferential direction of the spring 271 about the axis Q of the spring 271. At this time, a
contact point T between the pin 272 and the first projection 271b of the spring 271
reciprocates with respect to the first projection 271b along the first projection 271b. The
contact point T is located radially inside the spring 271 when seen in the axial direction of the
spring 271.

[0206] FIG. 14(a) illustrates a rotation position of the output gear 65 while the clutch 13 is
in a disengaged state. FIG. 14(b) illustrates a rotation position of the output gear 65 while
the clutch 13 is in a half-clutch state. FIG. 14(c) illustrates a rotation position of the output
gear 65 while the clutch 13 is in an engaged state.

[(0207]  Specifically, in a case where the output gear 65 is at the rotation position illustrated
in FIG. 14(a) when seen in the axial direction of the output shaft 63, that is, in a case where
the pin 272 provided on the output gear 65 is located in a region X in two regions X and Y
obtained by dividing the internal space of a casing body 41 into two by an imaginary line M
connecting a shaft center P of the output shaft 63 and an axis Q of the spring 271, the pin 272
is contacts the first projection 271b of the spring 271 in a portion close to the front end.

[0208] Accordingly, as illustrated in FIG. 14(a), a force exerted on the pin 272 by an elastic
restoring force of the spring 271 is a force that causes the output gear 65 to rotate in a rotation
direction for clutch disengagement (rotation direction of rotation indicated by an arrow of a
dot-dot-dash line in FIG. 14(a)). That is, the spring 271 applies a torque to the output gear
65 through the pin 272 in the rotation direction for clutch disengagement.

[0209] In the case of FIG. 14(a), the first projection 271b of the spring 271 is not

significantly displaced by the pin 272 in the circumferential direction of the spring 271.
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Thus, a force exerted on the pin 272 by the elastic restoring force of the spring 271 is smaller
than those in the case of FIGS. 14(b) and 14(c) described later. For example, the pin 272
receives a force in a direction with a magnitude indicated by a solid arrow in FIG. 14(a) from
the first projection 271b of the spring 271.

[0210] In a case where the output gear 65 is at the rotation position illustrated in FIG.
14(b), that is, in a case where the pin 272 is located on the imaginary line M, the bent portion
271d of the first projection 271b is displaced to approach the other end of the wire material in
the second projection 271c.  For example, in a case where the output gear 65 changes from
the position illustrated in FIG. 14(a) to the position illustrated in FIG. 14(b), the pin 272
moves toward the bent portion 271d while contacting the first projection 271b of the spring
271.

[0211] Accordingly, the spring 271 is twisted in the circumferential direction.
Consequently, the spring 271 generates an elastic restoring force in a direction in which the
first projection 271b moves away from the second projection 271c. The elastic restoring
force of the spring 271 is exerted on the pin 272 as indicated by the solid arrow in FIG. 14(b).
That is, the elastic restoring force of the spring 271 is transferred to the output gear 65
through the pin 272 as a torque in the rotation direction for clutch disengagement (the rotation
direction indicated by the dot-dot-dash arrow in FIG. 14(b)). Accordingly, a force of
assisting in the rotation direction for clutch disengagement is transferred from the spring 271
to the output gear 65 through the pin 272. At this time, a force exerted on the pin 272 from
the first projection 271b of the spring 271 is larger than that in the case of FIG. 14(a).

[0212] In a case where the output gear 65 is located at a rotation position illustrated in FIG.
14(c), that is, in a case where the pin 272 is located in the region Y in the two regions X and
Y, the bent portion 271d of the first projection 271b of the spring 271 is displaced by the pin

272 to further approach the other end of the wire material in the second projection 271c. At
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this time, the pin 272 is located at a position closer to the bent portion 271d than the position
illustrated in FIG. 14(b) relative to the first projection 271b of the spring 271.

[0213]  Accordingly, the spring 271 is further twisted in the circumferential direction. An
elastic restoring force of the spring 271 is exerted on the pin 272 as indicated by the solid
arrow in FIG. 14(c). That is, the elastic restoring force of the spring 271 is exerted on the
output gear 65 through the pin 272 in the rotation direction for clutch engagement (the
rotation direction indicated by a dot-dot-dash arrow in FIG. 14(c)). Accordingly, a force of
assisting in the rotation direction for clutch engagement is transferred from the spring 271 to
the output gear 65 through the pin 272.

[0214] The contact point T between the pin 272 and the first projection 271b of the spring
271 straddles the imaginary line M connecting the shaft center P of the output shaft 63 and the
axis Q of the spring 271 when seen in the axial direction of the output shaft 63, in accordance
with rotation of the output gear 65. The contact point T between the pin 272 and the first
projection 271b moves toward the axis Q of the spring 271 at least once when seen in the
axial direction of the spring 271 when the output gear 65 rotates at a position different from
the shaft center P of the output shaft 63 and the axis Q of the spring 271 and in a direction in
which the elastic restoring force of the spring 271 decreases (in the examples of FIG. 14,
when the output gear 65 rotates in the order of FIGS. 14(c), 14(b), and 14(a)). Accordingly,
the elastic restoring force generated in the spring 271 can be transferred to the output gear 65
as an assist force in a direction in which the first projection 271b moves away from the
second projection 271c. At this time, the elastic restoring force of the spring 271 is
transferred to the output gear 65 as a torque through the first projection 271b and the pin 272.
[0215] A distance D between the contact point T and the axis Q of the spring 271 varies in
accordance with rotation of the output gear 65. That is, when seen in the axial direction of

the output shaft 63, the distance D is smallest when the contact point T straddles the
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imaginary line M and increases as the distance to the contact point T from the‘irmraginary line
M increases.
[0216]  The distance between the shaft center P of the output shaft 63 and the contact point
T between the first projection 271b and the pin 272 is smaller than the distance between the
shaft center P and the axis Q of the spring 271. The distance between the axis Q of the
spring 271 and the contact point T is smaller than the distance between the shaft center P of
the output shaft 63 and the axis Q of the spring 271, in a case where the contact point T is
located on the imaginary line M.
[0217] In a manner similar to the configuration of the first embodiment, in the assist
mechanism 270, rotation (actuation driving force) of the motor 50 changes the rotation
position of the output gear 65 such that the actuator rotation angle increases, that is, changes
the rotation position in the order of FIG. 14(c), FIG. 14(b), and FIG. 14(a). Accordingly, a
force exerted on the pin 272 of the output gear 65 from the spring 271 changes parabolically
and is at maximum at a predetermined actuator rotation angle. Accordingly, a shaft torque
exerted on the output shaft 63 by an assist force of the assist mechanism 270 also changes
parabolically and is at maximum at the predetermined actuator rotation angle.
[0218]  Fourth Embodiment

FIGS. 15(a) through 15(c) illustrate a schematic configuration of an assist
mechanism 370 of a clutch driving device according to a fourth embodiment. This
configuration is different from the configuration of the first embodiment in that a link 375 is
provided between a pin 372 provided on an output gear 65 and a spring 371. In the
following description, components similar to those of the first embodiment are denoted by the
same reference characters and will not be described again, and only components different
from those of the first embodiment will be described.

[0219]  As illustrated in FIGS. 15(a) through 15(c), the assist mechanism 370 includes the
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pin 372 provided on the output gear 65, the spring 371, and the link 375 connecting the pin
372 and the spring 371 to each other.

[0220] In the spring 371, one end of a wire material is bent in a U shape when seen in the
axial direction. That is, a first projection 371b is formed in a U shape when seen in the axial
direction. The pin 372 is disposed at a position shifted counterclockwise from the center of
the output gear 65 in the circumferential direction of the output gear 65 when seen from above
an output shaft 63 in the axial direction.

[0221]  The link 375 is a flat-plate member formed in an L shape in plan view. That is, the
link 375 includes a bent portion 375a. One end of the link 375 is rotatably connected to the
center of a protrusion 46. The link 375 has an oval slide hole 375b elongated from the bent
portion 375a to the other end of the link 375 and located between the bent portion 375a and
the other end. The pin 372 provided on the output gear 65 is slidably disposed in the slide
hole 375b of the link 375. Accordingly, the link 375 is connected to the pin 372 provided on
the output gear 65 and slidable in one way. FIGS. 15(a) through 15(c) simplify the
protrusion 46.

[0222] The bent portion 375a of the link 375 is provided with a connection pin 378
projecting in the thickness direction of the link 375. The connection pin 378 is located
inside the first projection 371b of the spring 371 to be thereby connected to the first projection
371b.

[0223] In the foregoing configuration, as illustrated in FIGS. 15(a) through 15(c), when the
pin 372 provided on the output gear 65 rotates about the output shaft 63, the link 375 rotates
about one end of the link 375 rotatably connected to the protrusion 46. At this time, the pin
372 slides relative to the slide hole 375b of the link 375. That is, the contact point T
between the pin 372 and a peripheral portion of the slide hole 375b of the link 375 moves

along the slide hole 375b. The contact point T is located radially outside the spring 371
57



10

15

20

25

CA 03047906 2019-06-20

when seen in the axial direction of the spring 371.

[0224]  The spring 371 deforms in accordance with rotation of the pin 372 about the output
shaft 63 as described above such that the first projection 371b moves in the circumferential
direction relative to the second projection 371c. Such deformation of the spring 371 causes
elastic deformation in the spring 371. The elastic restoring force generated in the spring 371
is exerted on the pin 372 through the link 375. [n this embodiment, the link 375 and the first
projection 371b of the spring 371 are included in an output portion 379 that outputs an elastic
restoring force from the spring 371.

[0225]  FIG. 15(a) illustrates a rotation position of the output gear 65 while the clutch 13 is
in a disengaged state. FIG. 15(b) illustrates a rotation position of the output gear 65 while
the clutch 13 is in a half-clutch state. FIG. 15(c) illustrates a rotation position of the output
gear 65 while the clutch 13 is in an engaged state.

[0226]  Specifically, in a case where the output gear 65 is at the rotation position illustrated
in FIG. 15(a) when seen in the axial direction of the output shaft 63, that is, in a case where
the pin 372 provided on the output gear 65 is located in a region X in two regions X and Y
obtained by dividing the internal space of a casing body 41 into two by an imaginary line M
connecting a shaft center P of the output shaft 63 and an axis Q of the spring 371, the first
projection 371b is also located in the region X. At this time, the position of the pin 372
relative to the slide hole 375b of the link 375 is a position close to the other end of the link
375 in the slide hole 375b. Thus, the contact point T between the pin 372 and the peripheral
portion of the slide hole 375b of the link 375 is also at a position close to the other end of the
link 375 in the slide hole 375b.

[0227]  Accordingly, as illustrated in FIG. 15(a), a force exerted on the pin 372 by an elastic
restoring force of the spring 371 is a force that causes the output gear 635 to rotate in a rotation

direction for clutch disengagement (rotation direction of rotation indicated by an arrow of a
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dot-dot-dash line in FIG. 15(a)). That is, the spring 371 applies a torque to the output gear
65 through the pin 372 in the rotation direction for clutch disengagement.

[0228] In the case of FIG. 15(a), the first projection 371b of the spring 371 is not
significantly displaced by the pin 372 in the circumferential direction of the spring 371.
Thus, a force exerted on the pin 372 by the elastic restoring force of the spring 371 is smaller
than those in the case of FIGS. 15(b) and 15(c) described later. For example, the pin 372
receives a force in a direction with a magnitude indicated by a solid arrow in FIG. 15(a) from
the first projection 371b of the spring 371 through the link 375.

[0229] 1In a case where the output gear 65 is at the rotation position illustrated in FIG.
15(b), that is, in a case where the pin 372 is located on the imaginary line M, the first
projection 371b is closer to the imaginary line M than the position illustrated in FIG. 15(a).
At this time, the position of the pin 372 relative to the slide hole 375b of the link 375 is a
position close to the bent portion 375a in the slide hole 375b.  Thus, the contact point T
between the pin 372 and the peripheral portion of the slide hole 375b of the link 375 is also at
a position close to the bent portion 375a in the slide hole 375b.

[0230]  Accordingly, the spring 371 is twisted in the circumferential direction such that the
first projection 371b approaches the second projection 371c. Consequently, the spring 371
generates an elastic restoring force in a direction in which the first projection 371b moves
away from the second projection 371c. The elastic restoring force of the spring 371 is
exerted on the pin 372 as indicated by the solid arrow in FIG. 15(b). That is, the elastic
restoring force of the spring 371 is transferred to the output gear 65 through the pin 372 as a
torque in the rotation direction for clutch disengagement (the rotation direction indicated by
the dot-dot-dash arrow in FIG. 15(b)). Accordingly, a force of assisting in the rotation
direction for clutch disengagement is transferred from the spring 371 to the output gear 65

through the pin 372. At this time, a force exerted on the pin 372 from the first projection
59



10

15

20

25

CA 03047906 2019-06-20

371b of the spring 371 through the link 375 is larger than that in the case of FIG. 15(a).

[0231] In a case where the output gear 65 is Jocated at the rotation position illustrated in
FIG. 15(c), that is, a case where the pin 372 is located in the region Y in the two regions X
and Y, the first projection 371b approaches the second projection 371¢ as compared to the
case of FIG. 15(b). At this time, the position of the pin 372 relative to the slide hole 375b of
the link 375 is a position close to the center of the slide hole 375b in the longitudinal
direction. Thus, the contact point T between the pin 372 and the peripheral portion of the
slide hole 375b of the link 375 is also at a position close to the center of the slide hole 375b in
the longitudinal direction.

[0232]  Accordingly, the elastic restoring force generated in the spring 371 is exerted on the
pin 372 as indicated by the solid arrow in FIG. 15(c). That is, the elastic restoring force of
the spring 371 is exerted on the output gear 65 through the pin 372 in the rotation direction for
clutch engagement (the rotation direction indicated by the dot-dot-dash arrow in FIG. 15(c)).
Accordingly, a force of assisting in the rotation direction for clutch engagement is transferred
from the spring 371 to the output gear 65 through the pin 372.

[0233] The pin 372 straddles the imaginary line M connecting the shaft center P of the
output shaft 63 and the axis Q of the spring 371 when seen in the axial direction of the output
shaft 63, in accordance with rotation of the output gear 65. The contact point T between the
pin 372 and the peripheral portion of the slide hole 375b moves toward the axis Q of the
spring 371 at least once when seen in the axial direction of the spring 371 in a case where the
output gear 65 rotates at a position different from the shaft center P of the output shaft 63 and
the axis Q of the spring 371 and in a direction in which the elastic restoring force of the spring
371 decreases (in the examples of FIG. 15, when the output gear 65 rotates in the order of
FIGS. 15(c), 15(b), and 15(a)). Accordingly, the elastic restoring force generated in the

spring 371 can be transferred to the output gear 65 as an assist force in a direction in which
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the first projection 371b moves away from the second projection 371c. At this time, the
elastic restoring force of the spring 371 is transferred to the output gear 65 as a torque through
the first projection 371b and the pin 372.

[0234] A distance D between the contact point T and the axis Q of the spring 371 varies in
accordance with rotation of the output gear 65. That is, when seen in the axial direction of
the output shaft 63, the distance D is smallest when the contact point T straddles the
imaginary line M and increases as the distance to the contact point T from the imaginary line
M increases.

[0235] The distance between the shaft center P of the output shaft 63 and the contact point
T between the first projection 371b and the pin 72 is smaller than the distance between the
shaft center P and the axis Q of the spring 371. The distance between the axis Q of the
spring 371 and the contact point T is smaller than the distance between the shaft center P of
the output shaft 63 and the axis Q of the spring 371, in a case where the contact point T is
located on the imaginary line M.

[0236] In a manner similar to the configuration of the first embodiment, in the assist
mechanism 370, rotation (actuation driving force) of the motor 50 changes the rotation
position of the output gear 65 such that the actuator rotation angle increases, that is, changes
in the order of FIG. 15(c), FIG. 15(b), and FIG. 15(a). Accordingly, a force exerted on the
pin 372 of the output gear 65 from the spring 371 changes parabolically and is at maximum at
a predetermined actuator rotation angle. Accordingly, a shaft torque exerted on the output
shaft 63 by an assist force of the assist mechanism 370 also changes parabolically and is at
maximum at the predetermined actuator rotation angle.

[0237] In this embodiment, the output portion 379 includes the link 375 that relatively
rotates in accordance with rotation of the output gear 65 and deformation of the spring 371 in

the circumferential direction. This can enhance flexibility in designing the clutch driving
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device 14.
[0238] Fifth Embodiment

FIGS. 16(a) through 16(c) illustrate a schematic configuration of an assist
mechanism 470 of a clutch driving device according to a fifth embodiment. In this
embodiment, a configuration of a link 475 disposed between a pin 472 provided on an output
gear 65 and a spring 371 is different from the configuration of the link 375 in the fourth
embodiment. In the following description, components similar to those of the fourth
embodiment are denoted by the same reference characters and will not be described again,
and only components different from those of the fourth embodiment will be described.
[0239]  As illustrated in FIGS. 16(a) through 16(c), the assist mechanism 470 includes the
pin 472 provided on the output gear 65, a spring 371, and the link 475 connecting the pin 472
and the spring 371 to each other. The pin 472 is disposed at a position shifted clockwise
from the center of the output gear 65 in the circumferential direction of the output gear 65
when seen from above the output shaft 63 in the axial direction.
[0240]  The link 475 includes a first link portion 476 and a second link portion 477.  Each
of the first link portion 476 and the second link portion 477 is formed in a flat-plate shape
clongated in one way. The first link portion 476 is bent in the width direction (lateral
direction) in a center portion in the longitudinal direction and has a V shape in plan view.
The center portion in the longitudinal direction of the first link portion 476 is provided with a
connection pin 478 projecting in the thickness direction. The connection pin 478 is located
inside a first projection 371b of the spring 371 to be thereby connected to the first projection
371b.
[0241] One longitudinal end of the first link portion 476 is rotatably supported on the
center of a protrusion 46.  The other longitudinal end of the first link portion 476 is rotatably

connected to one longitudinal end of the second link portion 477.  The other longitudinal end
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of the second link portion 477 is rotatably connected to the pin 472 of the output gear 65.
[0242]  Accordingly, as illustrated in FIGS. 16(a) through 16(c), in the link 475, when the
pin 472 provided on the output gear 65 rotates about the output shaft 63, the first link portion
476 rotates about one longitudinal end and the second link portion 477 rotates with respect to
the first link portion 476 about one longitudinal end thereof. Consequently, the spring 371
deforms such that the first projection 371b approaches the second projection 371c. The
elastic restoring force generated in the spring 371 is exerted on the pin 472 through the link
475. In this embodiment, the link 475 and the first projection 371b of the spring 371 are
included in an output portion 479 that outputs the elastic restoring force from the spring 371.
[0243]  FIG. 16(a) illustrates a rotation position of the output gear 65 while the clutch 13 is
in a disengaged state. FIG. 16(b) illustrates a rotation position of the output gear 65 while
the clutch 13 is in a half-clutch state. FIG. 16(c) illustrates a rotation position of the output
gear 65 while the clutch 13 is in an engaged state.

[0244]  Specifically, in a case where the output gear 65 is at the rotation position illustrated
in FIG. 16(a) when seen in the axial direction of the output shaft 63, that is, the pin 472
provided on the output gear 65 is located in a region X in two regions X and Y obtained by
dividing the internal space of a casing body 41 into two by an imaginary line M connecting a
shaft center P of the output shaft 63 and an axis Q of the spring 371.

[0245]  Accordingly, as illustrated in FIG. 16(a), a force exerted on the pin 472 by an elastic
restoring force of the spring 371 is a force that causes the output gear 65 to rotate in a rotation
direction for clutch disengagement (rotation direction of rotation indicated by an arrow of a
dot-dot-dash line in FIG. 16(a). That is, the spring 371 applies a torque to the output gear 65
through the pin 472 in the rotation direction for clutch disengagement. As illustrated in FIG.
16, the direction of a force exerted on the pin 472 by the elastic restoring force of the spring

371 coincides with the longitudinal direction of the second link portion 477.
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[0246] In the case of FIG. 16(a), the first projection 371b of the spring 371 is not
significantly displaced by the pin 472 in the circumferential direction of the spring 371.
Thus, a force exerted on the pin 472 by the elastic restoring force of the spring 371 through
the link 475 is smaller than those in the case of FIGS. 16(b) and 16(c) described later. For
example, the pin 472 receives a force in a direction with a magnitude indicated by a solid
arrow in FIG. 16(a) from the first projection 371b of the spring 371.

[0247] In a case where the output gear 65 is at the rotation position illustrated in FIG.
16(b), that is, in a case where the link 475 straddles the imaginary line M and the pin 472 is
close to the imaginary line M, the first projection 371b is closer to the imaginary line M than
the position illustrated in FIG. 16(a). Accordingly, the spring 371 is twisted in the
circumferential direction such that the first projection 371b approaches the second projection
371c. Consequently, the spring 371 generates a larger elastic restoring force in a direction in
which the first projection 371b moves away from the second projection 371c. The elastic
restoring force of the spring 371 is exerted on the pin 472 as indicated by the solid arrow in
FIG. 16(b). That is, the elastic restoring force of the spring 371 is transferred to the output
gear 65 through the pin 472 as a torque in the rotation direction for clutch disengagement (the
rotation direction indicated by the dot-dot-dash arrow in FIG. 16(b)). Accordingly, a force
of assisting in the rotation direction for clutch disengagement is transferred from the spring
371 to the output gear 65 through the pin 472. At this time, a force exerted on the pin 472
from the first projection 371b of the spring 371 is larger than that in the case of FIG. 16(a).
[0248] In a case where the output gear 65 is located at the rotation position illustrated in
FIG. 16(c), that is, a case where the pin 472 is located in the region Y in the two regions X
and Y, the second link portion 477 rotates with respect to the first link portion 476 about one

longitudinal end thereof. At this time, the second link portion 477 rotates together with the

output gear 65.
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[0249]  Accordingly, the elastic restoring force generated in the spring 371 is exerted on the
pin 472 as indicated by the solid arrow in FIG. 16(c). That is, the elastic restoring force of
the spring 371 is exerted on the output gear 65 through the pin 472 in the rotation direction for
clutch engagement (the rotation direction indicated by the dot-dot-dash arrow in FIG. 16(c)).
Accordingly, a force of assisting in the rotation direction for clutch engagement is transferred
from the spring 371 to the output gear 65 through the pin 472,
[0250] The pin 472 straddles the imaginary line M connecting the shaft center P of the
output shaft 63 and the axis Q of the spring 371 when seen in the axial direction of the output
shaft 63, in accordance with rotation of the output gear 65.
[0251] In a manner similar to the configuration of the first embodiment, in the assist
mechanism 470, rotation (actuation driving force) of the motor 50 changes the rotation
position of the output gear 65 such that the actuator rotation angle increases, that is, changes
the rotation position in the order of FIG. 16(c), FIG. 16(b), and FIG. 16(a). Accordingly, a
force exerted on the pin 472 of the output gear 65 from the spring 371 changes parabolically
and is at maximum at a predetermined actuator rotation angle. Accordingly, a shaft torque
exerted on the output shaft 63 by an assist force of the assist mechanism 470 also changes
parabolically and is at maximum at the predetermined actuator rotation angle.
[0252]  Although not specifically shown, in this embodiment, a contact point between the
pin 472 and the second link portion 477 of the link 475 corresponds to a contact point
between a transfer portion and a output portion.
[0253] Sixth Embodiment

FIGS. 17(a) through 17(c) illustrate a schematic configuration of an assist
mechanism 570 of a clutch driving device according to a sixth embodiment. In the assist
mechanism 570 according to this embodiment, a configuration of a pin 572 that contacts a

first projection 71b of a spring 71 is different from the configuration of the first embodiment.
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In the following description, components similar to those of the first embodiment are denoted
by the same reference characters and will not be described again, and only components
different from those of the first embodiment will be described.

[0254]  As illustrated in FIGS. 17(a) through 17(c), a pin 572 disposed on an output gear 65
has a projection 572a projecting in the radial direction. The projection 572a is formed to
have an acute front end when seen in the axial direction of an output shaft 63. The pin 572
has a semicircular columnar portion 572b at a side opposite to the projection 572a, when seen
in the axial direction. That is, the pin 572 has a shape with which the projection 572a is
integrally provided to the columnar member. The pin 572 is disposed at a position shifted
clockwise from the center of the output gear 65 in the circumferential direction of the output
gear 65 when seen from above the output shaft 63 in the axial direction.

[0255] The pin 572 is in contact the first projection 71b of the spring 71. Thus, when an
output gear 65 rotates, the pin 572 moves with respect to the first projection 71b while
contacting the first projection 71b. At this time, the position at which the pin 572 contacts
the first projection 71b moves in the circumferential direction of the pin 572 in accordance
with rotation of the output gear 65. As described above, since the pin 572 is a member in
which the projection 572a is provided on the columnar member, the projection 572a or the
columnar portion 572b of the pin 572 contacts the first projection 71b in accordance with
rotation of the output gear 65.

[0256]  As illustrated in FIGS. 17(a) through 17(c), in the spring 71, when the pin 572
rotates about the axis of the output shaft 63 with rotation of the output gear 65, the first
projection 71b contacting the pin 572 is displaced relative to a second projection 71c in the
circumferential direction of the spring 71. At this time, a contact point T between the pin
572 and the first projection 71b of the spring 71 reciprocates with respect to the first

projection 71b along the first projection 71b.  The contact point T is located radially outside
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the spring 71 when seen in the axial direction of the spring 71.

[0257]  FIG. 17(a) illustrates a rotation position of the output gear 65 while the clutch 13 is
in a disengaged state. FIG. 17(b) illustrates a rotation position of the output gear 65 while
the clutch 13 is in a half-clutch state. FIG. 17(c) illustrates a rotation position of the output
gear 65 while the clutch 13 is in an engaged state.

[0258]  Specifically, in a case where the output gear 65 is located at the rotation position
illustrated in FIG. 17(a) when seen in the axial direction of the output shaft 63, that is, in a
case where a contact point T between the pin 572 provided on the output gear 65 and the first
projection 71b of the spring 71 is located near an imaginary line M connecting a shaft center
P of the output shaft 63 and an axis Q of the spring 71, the pin 572 contacts a portion of the
first projection 71b of the spring 71 near the center in the projection direction. At this time,
the front end of the projection 572a of the pin 572 is in contact with the first projection 71b.
[0259]  Accordingly, as illustrated in FIG. 17(a), a force exerted on the pin 572 by an elastic
restoring force of the spring 71 is a force that causes the output gear 65 to rotate in a rotation
direction for clutch disengagement (rotation direction of rotation indicated by an arrow of a
dot-dot-dash line in FIG. 17(a)). That is, the spring 71 applies a torque to the output gear 65
through the pin 572 in the rotation direction for clutch disengagement.

[0260] In the case of FIG. 17(a), the contact point T between the pin 572 and the first
projection 71b is located in a region Y in two regions X and Y obtained by dividing the
internal space of a casing body 41 into two by the imaginary line M. On the other hand,
since the projection 572a of the pin 572 contacts the first projection 71b of the spring 71, the
columnar portion 572b of the pin 572 is located in the region X in the two regions X and Y.
For example, the pin 572 receives a force in a direction with a magnitude indicated by a solid
arrow in FIG. 17(a) from the first projection 71b of the spring 71.

[0261] In a case where the output gear 65 is located at the rotation position illustrated in
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FIG. 17(b), that is, in a case where the columnar portion 572b of the pin 572 is iocated on the
imaginary line M, a connection portion between the projection 572a and the columnar portion
572b in the pin 572 contacts the first projection 71b of the spring 71. At this time, the
contact point T between the pin 572 and the first projection 71b of the spring 71 is a position
close to a proximal end portion of the first projection 71b (portion connected to the coil
portion 71a). For example, in a case where the output gear 65 changes from the position
illustrated in FIG. 17(a) to the position illustrated in FIG. 17(b), the contact point T moves
toward the proximal end portion of the first projection 71b of the spring 71 and the first
projection 71b is displaced toward the second projection 71¢.

[0262] Accordingly, the spring 71 is twisted in the circumferential direction.
Consequently, the spring 71 generates an elastic restoring force in a direction in which the
first projection 71b moves away from the second projection 71¢.  The elastic restoring force
of the spring 71 is exerted on the pin 572 as indicated by the solid arrow in FIG. 17(b). That
is, the elastic restoring force of the spring 71 is transferred to the output gear 65 through the
pin 572 as a torque in the rotation direction for clutch disengagement (the rotation direction
indicated by the dot-dot-dash arrow in FIG. 17(b)). Accordingly, a force of assisting in the
rotation direction for clutch disengagement is transferred from the spring 71 to the output gear
65 through the pin 572. At this time, a force exerted on the pin 572 from the first projection
71b of the spring 71 is larger than that in the case of FIG. 17(a).

[0263] In a case where the output gear 65 is at the rotation position illustrated in FIG.
17(c), that is, in a case where the pin 572 is located in the region Y in the two regions X and
Y, the first projection 71b of the spring 71 is displaced by the pin 572 to further approach the
second projection 71c. At this time, the pin 572 is located at a position closer to a distal end

portion than the position illustrated in FIG. 17(b) relative to the first projection 71b of the

spring 71.
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[0264]  Accordingly, the spring 71 is further twisted in the circumferential direction. The
elastic restoring force of the spring 71 is exerted on the pin 572 as indicated by the solid
arrow in FIG. 17(¢). That is, the elastic restoring force of the spring 71 is exerted on the
output gear 65 through the pin 572 in the rotation direction for clutch engagement (the
rotation direction indicated by a dot-dot-dash arrow in FIG. 17(c)). Accordingly, a force of
assisting in the rotation direction for clutch engagement is transferred from the spring 71 to
the output gear 65 through the pin 572.

[0265] In the configuration of the assist mechanism 570 according to this embodiment, the
contact point T between the pin 572 and the first projection 71b of the spring 71 does not
straddle the imaginary line M connecting the shaft center P of the output shaft 63 and the axis
Q of the spring 71 when seen in the axial direction of the output shaft 63, in accordance with
rotation of the output gear 65. That is, the contact point T moves only in the region Y in the
two regions X and Y in accordance with rotation of the output gear 65. In this manner, in
the case the contact point T does not straddle the imaginary line M, the contact point T
between the pin 572 and the first projection 71b also approaches the axis Q of the spring 71 at
least once when seen in the axial direction of the spring 71 when the output gear 65 rotates at
a position different from the shaft center P of the output shaft 63 and the axis Q of the spring
71 and in a direction in which the elastic restoring force of the spring 71 decreases (in the
examples of FIG. 17, when the output gear 65 rotates in the order of FIGS. 17(c), 17(b), and
17(a)). Accordingly, the elastic restoring force generated in the spring 71 can be transferred
to the output gear 65 as an assist force in a direction in which the first projection 71b moves
away from the second projection 71c. At this time, the elastic restoring force of the spring
71 is transferred to the output gear 65 as a torque through the first projection 71b and the pin
572.

[0266] A distance D between the contact point T and the axis Q of the spring 71 varies in
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accordance with rotation of the output gear 65. For example, in the examples illustrated ir;
FIGS. 17(a) through 17(c), the distance D is at minimum when the contact point T between
the pin 572 and the first projection 71b of the spring 71 is located on the imaginary line M
when seen in the axial direction of the output shaft 63, and increases as the contact point T
moves away from the imaginary line M.
[0267] The distance D can be changed by changing the shape of the pin 572. Thus, an
assist force obtained by the assist mechanism 570 can be changed depending on the shape of
the pin 572. Consequently, a desired assist force can be obtained.
[0268] The distance between the shaft center P of the output shaft 63 and the contact point
T between the first projection 71b and the pin 572 is smaller than the distance between the
shaft center P and the axis Q of the spring 71. The distance between the axis Q of the spring
71 and the contact point T is smaller than the distance between the shaft center P of the output
shaft 63 and the axis Q of the spring 71, in a case where the contact point T is located on the
imaginary line M.
[0269] In a manner similar to the configuration of the first embodiment, in the assist
mechanism 570, rotation (actuation driving force) of the motor 50 changes the rotation
position of the output gear 65 such that the actuator rotation angle increases, that is, changes
the rotation position in the order of FIG. 17(c), FIG. 17(b), and FIG. 17(a). Accordingly, a
force exerted on the pin 572 of the output gear 65 from the spring 71 changes parabolically
and is at maximum at a predetermined actuator rotation angle. Accordingly, a shaft torque
exerted on the output shaft 63 by an assist force of the assist mechanism 570 also changes
parabolically and is at maximum at the predetermined actuator rotation angle.
[0270]  Seventh Embodiment

FIGS. 18(a) through 18(c) illustrate a schematic configuration of an assist

mechanism 670 of a clutch driving device according to a seventh embodiment. In the assist
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mechanism 670 according to this embodiment, the position of a pin 672 in an output gear 65
is different from that in the first embodiment. In the following description, components
similar to those of the first embodiment are denoted by the same reference characters and will
not be described again, and only components different from those of the first embodiment will
be described.

[0271] In a manner similar to the pin 72 in the first embodiment, the pin 672 is a columnar
member and projects from the output gear 65 in the thickness direction of the output gear 63.
[0272]  As illustrated in FIGS. 18(a) through 18(c), the pin 672 is shifted clockwise from
the center of the output gear 65 in the circumferential direction of the output gear 65 when
seen from above the output gear 65 in the axial direction. Accordingly, when the output gear
65 rotates clockwise when seen from above the output gear 65 in the axial direction, the pin
672 contacts a first projection 71b of a spring 71.

[0273]  As illustrated in FIGS. 18(a) through 18(c), in a case where the pin 672 rotates
about the axis of an output shaft 63 with rotation of the output gear 65, one end of a wire
material of the spring 71 contacting the pin 672 is displaced in the circumferential direction of
the spring 71 relative to the other end of the wire material. In this case, a contact point T
between the pin 672 and the first projection 71b including one end of the wire material of the
spring 71 reciprocates with respect to the first projection 71b along the first projection 71b.
The contact point T is located radially outside the spring when seen in the axial direction of
the spring 71.

[0274] FIG. 18(a) illustrates a rotation position of the output gear 65 while the clutch 13 is
in a disengaged state. FIG. 18(b) illustrates a rotation position of the output gear 65 while
the clutch 13 is in a half-clutch state. FIG. 18(c) illustrates a rotation position of the output
gear 65 while the clutch 13 is in an engaged state.

[0275]  Specifically, in a case where the output gear 65 is located at a rotation position
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illustrated in FIG. 18(a) when seen in the axial direction of the output shaft 63, that is, in a
case where the pin 672 provided on the output gear 65 is located on an imaginary line M
connecting a shaft center P of the output shaft 63 and an axis Q of the spring 71, the pin 672 is
located near the proximal end portion of the first projection 71b of the spring 71.

[0276]  Accordingly, as illustrated in FIG. 18(a), a force exerted on the pin 672 by an elastic
restoring force of the spring 71 is a force that causes the output gear 65 to rotate in a rotation
direction for clutch disengagement (rotation direction of rotation indicated by an arrow of a
dot-dot-dash line in FIG. 18(a)). That is, the spring 71 applies a torque to the output gear 65
through the pin 672 in the rotation direction for clutch disengagement.

[0277] In the case of FIG. 18(a), the contact point T between the pin 672 and the first
projection 71b is located in a region Y in two regions X and Y obtained by dividing the
internal space of a casing body 41 into two by the imaginary line M.  For example, the pin
672 receives a force in a direction with a magnitude indicated by a solid arrow in FIG. 18(a)
from the first projection 71b of the spring 71.

[0278] In a case where the output gear 65 is located at a rotation position illustrated in FIG.
18(b), that is, in a case where the pin 672 is located in the region Y in the two regions X and
Y and the center of the output gear 65 in the circumferential direction is located on the
imaginary line M, the pin 672 contacts the first projection 71b of the spring 71 near the center

in the projection direction.

[0279]  Accordingly, the spring 71 is twisted in the circumferential direction.
Consequently, the spring 71 generates an elastic restoring force in a direction in which the
first projection 71b moves away from a second projection 7lc. The elastic restoring force of
the spring 71 is exerted on the pin 672 as indicated by the solid arrow in FIG. 18(b). That is,
the elastic restoring force of the spring 71 is transferred to the output gear 65 through the pin

672 as a torque in the rotation direction for clutch disengagement (the rotation direction
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indicated by the dot-dot-dash arrow in FIG. 18(b)). Accordingly, a force of assisting in the
rotation direction for clutch disengagement is transferred from the spring 71 to the output gear
65 through the pin 672.

[0280] In a case where the output gear 65 is located at a rotation position illustrated in FIG.
18(c), that is, in a case where the pin 672 is located in the region Y in the two regions X and
Y and a half of the output gear 65 or more is located in the region Y, the pin 672 is located at
a position closer to the front end of the first projection 71b of the spring 71 than the position
illustrated in FIG. 18(b).

[0281]  Accordingly, the elastic restoring force of the spring 71 is exerted on the pin 672 as
indicated by the solid arrow in FIG. 18(c). That is, the elastic restoring force of the spring
71 is exerted on the output gear 65 through the pin 672 in the rotation direction for clutch
engagement (the rotation direction indicated by a dot-dot-dash arrow in FIG. 18(c)).
Accordingly, a force of assisting in the rotation direction for clutch engagement is transferred
from the spring 71 to the output gear 65 through the pin 672.

[0282] In the configuration of the assist mechanism 670 according to this embodiment, the
contact point T between the pin 672 and the spring 71 does not straddle the imaginary line M
connecting the shaft center P of the output shaft 63 and the axis Q of the spring 71 when seen
in the axial direction of the output shaft 63, in accordance with rotation of the output gear 65.
That is, the contact point T moves only in the region Y in the two regions X and Y in
accordance with rotation of the output gear 65. When the output gear 65 rotates at a position
different from the shaft center P of the output shaft 63 and the axis Q of the spring 71 and in a
direction in which the elastic restoring force of the spring 71 decreases, the contact point T
between the pin 672 and the first projection 71b approaches the axis Q of the spring 71 at
least once when seen in the axial direction of the spring 71. Accordingly, the elastic

restoring force generated in the spring 71 can be transferred to the output gear 65 as an assist

73



10

15

20

25

CA 03047906 2019-06-20

force in a direction in which the first projection 71b moves away from the second projection
71c. At this time, the elastic restoring force of the spring 71 is transferred to the output gear
65 as a torque through the first projection 71b and the pin 672.

[0283] In the configuration of the assist mechanism 670 according to this embodiment, a
distance D between the contact point T and the axis Q of the spring 71 also varies in
accordance with rotation of the output gear 65. The distance D i1s at minimum when the
contact point T between the pin 672 and the first projection 71b is located on the imaginary
line M when seen in the axial direction of the output shaft 63, and increases as the contact
point T moves away from the imaginary line M. In this embodiment, the distance D is at
minimum when the clutch 13 is in the disengaged state (FIG. 18(a)). Thus, the distance D
increases when the clutch 13 switches from the disengaged state to the engaged state.

[0284]  The distance between the shaft center P of the output shaft 63 and the contact point
T between the first projection 71b and the pin 672 is smaller than the distance between the
shaft center P and the axis Q of the spring 71. The distance between the axis Q of the spring
71 and the contact point T is smaller than the distance between the shaft center P of the output
shaft 63 and the axis Q of the spring 71, in a case where the contact point T is located on the
imaginary line M.

[0285]  With the foregoing configuration, in the assist mechanism 670, the rotation position
of the motor 50 (actuation driving force) changes the rotation position of the output gear 65
such that the actuator rotation angle increases, that is, changes the rotation position in the
order of FIG. 18(¢c), FIG. 18(b), and FIG. 18(a). Accordingly, a force exerted on the pin 672
of the output gear 65 from the spring 71 gradually increases in the direction in which the
clutch 13 is disengaged. Accordingly, as illustrated in FIG. 19, a shaft torque exerted on the
output shaft 63 by an assist force of the assist mechanism 670 changes such that as the

actuator rotation angle increases, a torque exerted in the rotation direction in which the clutch
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13 is disengaged increases.

[0286]  Thus, as illustrated in FIG. 19, even in the configuration in which the shaft torque
generated on the output shaft 63 by a clutch reaction force when the actuator rotation angle
increases in switching the clutch from the engaged state to the disengaged state, this shaft
torque can be canceled by using the shaft torque exerted on the output shaft 63 by the assist
force of the assist mechanism 670. Consequently, in the configuration in which the clutch
reaction force changes as described above, in a case where the clutch unit is configured such
that the output shaft 63 of the clutch driving device 14 and the rotating shaft 31 rotate in
synchronization with each other without interposition of the link mechanism, for example, a
driving force in driving the clutch 13 can be reduced by using an assist force of the assist
mechanism 670. As a result, an actuation driving force of the motor 50 can be reduced.
[0287] In FIG. 19, S denotes an actuator rotation angle at which the clutch 13 starts
disengagement in a case where the actuator rotation angle increases and an actuator rotation
angle at which engagement of the clutch plates 23 of the clutch 13 and the friction plates 24
finish engagement in a case where the actuator rotation angle decreases.

[0288]  (Other Embodiments)

The embodiments of the present teaching have been described above, but the above

embodiments are merely examples for carrying out the invention. Thus, the invention is not
limited to the embodiments, and the embodiments may be modified as necessary within a
range not departing from the gist of the invention.
[0289] In the embodiments, an elastic restoring force obtained by displacing the first
projection 71b, 171b, 271b, 371b toward the second projection 71c, 171¢, 271¢, 371c in the
circumferential direction of the spring 71, 171, 271, 371 is transferred to the pin 72, 572, 672
to be thereby used as an assist force.

[0290] As illustrated in FIGS. 20(a) through 20(c), however, an elastic restoring force
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obtained by moving the first projection 771b away from the second projection 771c in the
circumferential direction of the spring 771 may be transferred to the pin 772 to be thereby
used as an assist force.

[0291]  Specifically, as illustrated in FIGS. 20(a) through 20(c), the spring 771 includes a
coil portion 771a, a first projection 771b, and a second projection 771c. In the spring 771,
the first projection 771b is disposed at a position shifted counterclockwise from the second
projection 771c¢ in the circumferential direction of the spring 771 when seen from above the
output shaft 63 in the axial direction. Suppose the first projection 771b is a winding start
end of the spring 771, the wire material is wound counterclockwise when the spring 771 is
seen from the first projection 771b in the axial direction. That is, the spring 771 is a spring
wound in the opposite direction to the springs 71, 171, 271, and 371 of the embodiments.
The second projection 771c is fixed to, for example, the casing body 41 so as not to move
relative to the casing body 41.

[0292]  The first projection 771b deforms to move away from the second projection 771¢ in
the circumferential direction of the spring 771 so that an elastic restoring force is thereby
generated in the spring 771.  When the first projection 771b is moved away from the second
projection 771c¢ in the circumferential direction, the spring 771 deforms to have its diameter
increase.

[0293]  The pin 772 is disposed at a position shifted clockwise from the center of the output
gear 65 in the circumferential direction of the output gear 65 when seen from above the output
shaft 63 in the axial direction.

[0294]  As illustrated in FIGS. 20(a) through 20(c), in the spring 771, when the pin 772
rotates about the axis of the output shaft 63 with rotation of the output gear 65, the first
projection 771b contacting the pin 772 is displaced in the circumferential direction of the

spring 771. At this time, a contact point T between the pin 772 and the first projection 771b
76



10

15

20

25

CA 03047906 2019-06-20

of the spring 771 reciprocates with respect to the first projection 771b along the first
projection 771b.

[0295] FIG. 20(a) illustrates a rotation position of the output gear 65 while the clutch 13 is
in a disengaged state. FIG. 20(b) illustrates a rotation position of the output gear 65 while
the clutch 13 is in a half-clutch state. FIG. 20(c) illustrates a rotation position of the output
gear 65 while the clutch 13 is in an engaged state.

[0296]  Specifically, in a case where the output gear 65 is at the rotation position illustrated
in FIG. 20(a) when seen in the axial direction of the output shaft 63, that is, a case where the
pin 772 provided on the output gear 65 is located in a region X in two regions X and Y
obtained by dividing the internal space of the casing body 41 into two by the imaginary line
M connecting the shaft center P of the output shaft 63 and the axis Q of the spring 771, the
pin 772 contacts the first projection 771b of the spring 771 at a position between the center in
the projection direction and a proximal end portion (portion connected to the coil portion
771a).

[0297]  Accordingly, as illustrated in FIG. 20(a), a force exerted on the pin 772 by an elastic
restoring force of the spring 771 is a force that causes the output gear 65 to rotate in a rotation
direction for clutch disengagement (rotation direction of rotation indicated by an arrow of a
dot-dot-dash line in FIG. 20(a)). That is, the spring 771 applies a torque to the output gear
65 through the pin 772 in the rotation direction for clutch disengagement.

[0298] In the case of FIG. 20(a), the first projection 771b of the spring 771 is not
significantly displaced by the pin 772 in the circumferential direction of the spring 771.
Thus, a force exerted on the pin 772 by the elastic restoring force of the spring 771 is smaller
than those in the case of FIGS. 20(b) and 20(c) described later. For example, the pin 772

receives a force in a direction with a magnitude indicated by a solid arrow in FIG. 20(a) from

the first projection 771b of the spring 771.
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[0299] In a case where the output gear 65 is at the rotation position illustrated in FIG.
20(b), that is, in a case where the pin 772 is located on the imaginary line M, the pin 772
contacts the first projection 771b at a position of the proximal end portion. At this time, the
first projection 771b of the spring 771 is displaced such that the proximal end portion is
located in the region Y, that is, a case where the proximal end portion of the first projection
771b is located away from the second projection 771c. For example, in a case where the
output gear 65 changes from the position illustrated in FIG. 20(a) to the position illustrated in
FIG. 20(b), the pin 772 moves toward the bent proximal end portion while contacting the first
projection 771b of the spring 771.

[0300] Accordingly, the spring 771 1is twisted in the circumferential direction.
Consequently, the spring 771 generates an elastic restoring force in a direction in which the
first projection 771b approaches the second projection 771c. The elastic restoring force of
the spring 771 is exerted on the pin 772 as indicated by the solid arrow in FIG. 20(b). That
is, the elastic restoring force of the spring 771 is transferred to the output gear 65 through the
pin 772 as a torque in the rotation direction for clutch disengagement (the rotation direction
indicated by the dot-dot-dash arrow in FIG. 20(b)). Accordingly, a force of assisting in the
rotation direction for clutch disengagement is transferred from the spring 771 to the output
gear 65 through the pin 772. At this time, a force exerted on the pin 772 from the first
projection 771b of the spring 771 is larger than that in the case of FIG. 20(a).

[0301] In a case where the output gear 65 is located at the rotation position illustrated in
FIG. 20(c), that is, in a case where the pin 772 is located in the region Y in the two regions X
and Y, the first projection 771b of the spring 771 is displaced by the pin 772 to further move
away from the second projection 771c. At this time, the pin 772 is located at a position

closer to the distal end than the position illustrated in FIG. 20(b) relative to the first projection

771b of the spring 771.
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[0302]  Accordingly, the spring 771 is further twisted in the circumferential dire;:tion. The
elastic restoring force of the spring 771 is exerted on the pin 772 as indicated by the solid
arrow in FIG. 20(c). That is, the elastic restoring force of the spring 771 is exerted on the
output gear 65 through the pin 772 in the rotation direction for clutch engagement (the
rotation direction indicated by a dot-dot-dash arrow in FIG. 20(c)). Accordingly, a force of
assisting in the rotation direction for clutch engagement is transferred from the spring 771 to
the output gear 65 through the pin 772.

[0303] The contact point T between the pin 772 and the first projection 771b of the spring
771 straddles an imaginary line M connecting a shaft center P of the output shaft 63 and an
axis Q of the spring 771 when seen in the axial direction of the output shaft 63, in accordance
with rotation of the output gear 65. The contact point T between the pin 772 and the first
projection 771b approaches the axis Q of the spring 771 at least once when seen in the axial
direction of the spring 771 when the output gear 65 rotates at a position different from the
shaft center P of the output shaft 63 and the axis Q of the spring 771 and in a direction in
which the elastic restoring force of the spring 771 decreases (in the examples of FIG. 20,
when the output gear 65 rotates in the order of FIGS. 20(c), 20(b), and 20(a)). Accordingly.
the elastic restoring force generated in the spring 771 can be transferred to the output gear 65
as an assist force in a direction in which the first projection 771b approaches the second
projection 771c. At this time, the elastic restoring force of the spring 771 is transferred to
the output gear 65 as a torque through the first projection 771b and the pin 772.

[0304] A distance D between the contact point T and the axis Q of the spring 771 varies in
accordance with rotation of the output gear 65. That is, when seen in the axial direction of
the output shaft 63, the distance D is smallest when the contact point T straddles the

imaginary line M and increases as the distance to the contact point T from the imaginary line

M increases.
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[0305] The distance between the shaft center P of the output shaft 63 and the contact point
T between the first projection 771b and the pin 772 is smaller than the distance between the
shaft center P and the axis Q of the spring 771. The distance between the axis Q of the
spring 771 and the contact point T is smaller than the distance between the shaft center P of
the output shaft 63 and the axis Q of the spring 771, in a case where the contact point T is
located on the imaginary line M.

[0306] In a manner similar to the configuration of the first embodiment and other
embodiments, in the assist mechanism, rotation (actuation driving force) of the motor 50
changes the rotation position of the output gear 65 such that the actuator rotation angle
increases, that is, changes the rotation position in the order of FIG. 20(c), FIG. 20(b), and
FIG. 20(a). Accordingly, a force exerted on the pin 772 of the output gear 65 from the
spring 771 changes parabolically and is at maximum at a predetermined actuator rotation
angle. Accordingly, a shaft torque exerted on the output shaft 63 by a driving force of the
clutch driving device also changes parabolically and is at maximum at the predetermined
actuator rotation angle.

[0307] The spring 771 having the configuration as described above may be applied to the
configurations of the embodiments.

[0308] In the embodiments, the clutch 13 has a so-called normally closed configuration in
which the clutch 13 is in an engaged state in a case where an assist force output from the
clutch driving device is zero. The clutch 13, however, may have a so-called normally
opened configuration in which the clutch 13 is in a disengaged state in the case where the
assist force output from the clutch driving device is zero.

[0309]  Specifically, as illustrated in FIG. 21, the clutch 13 and the clutch driving device
may be configured such that when the actuator rotation angle increases, the clutch reaction

force decreases in the clutch 13 and an assist force generated by the clutch driving device also
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decreases. That is, in the case of FIG. 21, when the actuator rotation anglé is large, the
clutch 13 is in a disengaged state, whereas when the actuator rotation angle decreases, the
clutch 13 switches from the disengaged state to the engaged state. In FIG. 21, the clutch 13
is in the engaged state while the actuator rotation angle is zero. In FIG. 21, S denotes an
actuator rotation angle at which the clutch 13 starts engagement in a case where the actuator
rotation angle decreases and an actuator rotation angle at which disengagement of the clutch
13 finishes in a case where the actuator rotation angle increases.

[0310] In this configuration, an actuation driving force of the motor 50 necessary for clutch
switching operation can be reduced by using an assist force generated by the clutch driving
device.

[0311] Inthe embodiments, the pin 72, 172, 272, 372, 472, 672 provided on the output gear
65 has the columnar shape. Alternatively, the pin may have any shape as long as an
actuation driving force necessary for switching operation of the clutch 13 can be reduced by
transferring an elastic restoring force generated in the spring 71, 171, 271, 371. Similarly,
the spring 71, 171, 271, 371 in each embodiment may have any shape as long as an elastic
restoring force that can reduce an actuation driving force necessary for switching operation of
the clutch 13 can be generated.

[0312] In the embodiments, the pin 72, 172, 272, 572, 672 directly contacts the first
projection 71b, 171b, 271b, 371b of the spring 71, 171, 271, 371. Alternatively, another
member may be provided on the first projection 71b, 171b, 271b, 371b of the spring 71, 171,
271, 371 to contact the pin 72, 172,272, 572, 672.

[0313] In the fifth embodiment, the link 475 includes the first link portion 476 and the
second link portion 477. However, the link may be constituted by three or more link

members as long as the link can transfer an elastic restoring force of the spring 371 to the

output gear 65.
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[0314] In the first embodiment, the push rod 29 of the clutch 13 moves in the axial
direction of the main shaft 15 by the rotating shaft 31 connected to the link mechanism 16.
Alternatively, an output of the clutch driving device 14 may be directly transferred to the
rotating shaft 31 without using the link mechanism 16.

[0315] In the first embodiment, the output shaft 63 is used as an example of a transfer
member that receives an output of the clutch driving device 14 and a clutch reaction force
generated in the clutch 13. The transfer portion member, however, may be a component
except the output shaft 63 as long as the component receives outputs of the motor 50 and the
assist mechanism 70 and a clutch reaction force generated in the clutch 13, as exemplified by
the output gear 65 and the rotating shaft 31.

[0316] In the first embodiment, the clutch driving device 14 transfers rotation from the
input shaft 61 to the output shaft 63 through the intermediate shaft 62. Alternatively, the
input shaft 61 and the output shaft 63 may be configured to transfer rotation directly by a
gear.

[0317] In the first embodiment, the clutch driving device 14 includes the friction
mechanism 80 as an example of a self-lock mechanism. However, functions of the self-lock
may be achieved by another configuration. The clutch driving device 14 may not include a
self-lock mechanism such as the friction mechanism 80.

[0318] In the first embodiment, the clutch driving device 14 includes the motor 50 that
generates an actuation driving force for actuating the clutch 13.  Alternatively, the clutch
driving device 14 may include another driving source capable of generating the actuation
driving force.

[0319] In the first embodiment, in the clutch driving device 14, the gears 61a and 62a, the
intermediate gear 64, and the output gear 65 that transfer rotation of the input shaft 61 to the

output shaft 63 are spur gears. Alternatively, at least one of the gears may be a spur gear and
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the other may be gears of other shapes.  All the gears may be gears except spur gears.

[0320] In the first embodiment, the input shaft 61 is provided with the gear 61a, and the
intermediate shaft 62 is also provided with the gear 62a. The gear 61a may be integrally
provided to the input shaft 61 or may be a member separated from the input shaft 61. The
gear 62a may be integrally provided to the intermediate shaft 62 or may be member separated
from the intermediate shaft 62.

[0321] In the first embodiment, the cylinder axial direction of the casing 40, the axial
direction of the input shaft 61, the intermediate shaft 62, and the output shaft 63, and the axial
direction of the spring 71 are the same. Alternatively, the cylinder axial direction of the
casing 40, the axial direction of the input shaft 61 and the output shaft 63, and the axial
direction of the spring 71 may be different from one another.

[0322] In the embodiments, the clutch driving device includes the spring 71, 171, 271, 371
as a torsion spring. However, the clutch driving device may have a configuration except a
torsion spring such as a spring constituted by a leaf spring as long as the clutch driving device
can output an assist force for driving of the clutch 13.

[0323] The embodiments have been directed to motorcycles as an example of the vehicle 1,
but the vehicle 1 may have any configuration such as a three-wheeled vehicle or a four-
wheeled vehicle as long as the configuration includes a clutch driving device for driving a

clutch.

DESCRIPTION OF REFERENCE CHARACTERS
[0324] 1 vehicle

13 clutch

14 clutch driving device

16 link mechanism
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50 motor (actuator)

63 output shaft

65 output gear (rotary body)

70, 170, 270, 370, 470, 570, 670 assist mechanism

71, 171,271,371, 771 spring

71b, 171b, 271b, 371b, 771b first projection (output portion)
71¢c, 171¢, 271¢, 371c, 771c¢ second projection
72,172,272,372,472, 572, 672, 772 pin (transfer portion)
375, 475 link

379, 479 output portion

476 first link portion

477 second link portion

P shaft center of output shaft (rotating shaft)

Q axis of spring

D distance between contact point and axis of spring

T contact point
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CLAIMS

1. A clutch driving device that supplies an assist force for assisting operations of
engagement and disengagement of a clutch, the clutch driving device comprising:

a spring that extends helically about an axis and deforms in a circumferential
direction when seen in an axial direction to thereby generate an elastic restoring force in the

circumferential direction;

an output portion that is disposed at one end of the spring and outputs the elastic
restoring force from the spring;

a movement restricting portion that restricts movement of the spring in a radial
direction when the spring deforms in the circumferential direction;

a rotary body that rotates in a disengaging direction in disconnecting the clutch and
rotates in an engaging direction in engaging the clutch, using, as a rotation center, a rotating
shaft extending at a position different from the axis of the spring and in parallel with the
axis; and

a transfer portion that is provided to the rotary body to be rotatable together with
the rotary body and contacts the output portion to transfer the elastic restoring force to the
rotary body, wherein

the rotary body receives, as a torque, a reaction force generated by operations of
disengagement and engagement of the clutch, and receives, as the assist force, the elastic
restoring force generated by deformation of the spring in the circumferential direction
through the output portion and the transfer portion, and

in a case where the rotary body rotates at a position different from the rotating
shaft of the rotary body and the axis of the spring and in a direction in which the elastic

restoring force of the spring decreases, a contact point between the output portion and the
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transfer portion moves toward the axis at least once when seen in the axial direction of the

spring.

2. The clutch driving device according to claim 1, wherein

5 the rotating shaft of the rotary body is located outside the spring when seen in the

axial direction.

3. The clutch driving device according to claim 1 or 2, wherein

the contact point is located outside the spring when seen in the axial direction.

10
4. The clutch driving device according to any one of claims 1 to 3, wherein
a distance between the rotating shaft of the rotary body and the contact point is
smaller than a distance between the rotating shaft of the rotary body and the axis of the
spring.
15

5. The clutch driving device according to claim 4, wherein

in a case where the contact point is located on an imaginary line connecting the
axis of the spring and the rotating shaft of the rotary body, a distance between the axis of the
spring and the contact point is smaller than the distance between the rotating shaft of the

20 rotary body and the axis of the spring.

6. The clutch driving device according to any one of claims 1 to 5, wherein

the output portion is integrally provided to the spring.

25 7. The clutch driving device according to any one of claims 1 to 6, wherein
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the transfer portion moves relative to the output portion while contacting the output
portion by rotation of the rotary body and deformation of the spring in the circumferential

direction caused by the rotation.

S 8. The clutch driving device according to any one of claims | to 6, wherein
the output portion includes a link that rotates relatively in accordance with rotation

of the rotary body and deformation of the spring in the circumferential direction.

9. The clutch driving device according to any one of claims 1 to 8, further
10 comprising:

an actuator that applies a rotation torque to the rotary body.

10. The clutch driving device according to claim 9, further comprising:

a transfer mechanism that transfers the rotation torque from the actuator to the

15 rotary body, wherein

the transfer mechanism includes an input shaft that receives the rotation torque

from the actuator, and

the input shaft is disposed inside the spring and extends in parallel with the axis.

20 11.  The clutch driving device according to claim 9 or 10, wherein

the actuator is a motor.

12.  The clutch driving device according to any one of claims 1 to 11, wherein
the contact point between the output portion and the transfer portion moves to pass

25  through an imaginary line connecting the axis of the spring and the rotating shaft of the
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rotary body when the rotary body rotates.

13. A vehicle comprising the clutch driving device according to any one of

claims 1 to 12.
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