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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to a clutch device provid-
ed in a torque transmission path for transmitting a torque
generated by a drive source to a drive wheel and config-
ured to switch the transmission and cut-off of the torque
and a straddle-type vehicle and a vehicle equipped with
the clutch device.

2. Description of the Related Art

[0002] During normal travel of a straddle-type vehicle
such as a motorcycle or a vehicle such as an ATV (All
Terrain Vehicle), a torque (power) generated by an en-
gine (drive source) is transmitted as an input torque T1
to a rear wheel (drive wheel) 200 via a torque transmis-
sion path 100, for example, as shown in a field (a) of FIG.
6. A clutch 300 is provided in the torque transmission
path 100, and the input torque T1 is transmitted to the
rear wheel side via the clutch 300. At this time, a torque
T2 is transmitted as a transmission torque from the clutch
300 to the rear wheel side and applied to the rear wheel
200. The rear wheel 200 rotates by receiving this trans-
mission torque T2. At that time, a load torque T4 is directly
applied as a load torque T3 to the torque transmission
path 100 to face the transmission torque T2 as shown
by a dotted line arrow in FIG. 6. When the vehicle travels
at a constant speed, the transmission torque T2 and the
load torque T3 are balanced and a torsion of the torque
transmission path 100 (chain double-dashed line in FIG.
6) falls within a range by the torque generated by an
engine output.
[0003] Here, if a direction of a load (torsion) generated
in the torque transmission path 100 when the rear wheel
200 is accelerated in a forward direction by the engine
is a "forward driving direction", a shock torque may be
generated in the forward driving direction according to
an operating state of the straddle-type vehicle. For ex-
ample, an excessive shock torque may be generated in
the forward driving direction when jump landing is made.
That is, in a jumping state, the rear wheel 200 departs
from the ground surface or road, the load torque T3 be-
comes substantially zero and a crankshaft rotational
speed of the engine increases. At the time of jump land-
ing, a sudden deceleration torque T4 is input as an input
torque to the rear wheel 200 as shown in a field (b) of
FIG. 6. Due to this input torque T4, the load torque T3
becomes excessive and acts as a drive system load
torque serving as a factor of sudden deceleration on the
side of the engine, and this becomes a shock torque.
This excessive shock torque may become several times
as large as a torque generated by an engine output. If
this is directly applied to the torque transmission path
100, components constituting the torque transmission

path 100, e.g. the clutch 300 may be possibly broken.
Accordingly, to solve this problem, it is being studied to
damp an excessive torque by adding a cam damper de-
scribed in Japanese Patents No. 4744417 and 4872289
and the like to the torque transmission path 100.
[0004] WO 98/40638 A1 discloses a clutch device ac-
cording to the preamble of independent claim 1.
[0005] US 2 587 712 A relates to couplings that release
in response to torque, and discloses a couplings that in-
cludes a clutch with clutch discs. The coupling is config-
ured so that when a torque reaches a predetermined val-
ue, a cam action relieves a pressure of a spring on the
clutch discs to disconnect the clutch. The coupling is con-
figured so that the clutch will then not re-engage until the
torque has been reduced to a value substantially lower
than that required to disengage it.
[0006] EP 2 799 734 A1 proposes to provide a power
transmitting apparatus which can suppress the rotational
vibrations by suppressing rotation of a pressure member
relative to a clutch member. A power transmitting appa-
ratus is disclosed that comprises a clutch housing rotat-
able together with an input member and mounted thereon
a plurality of driving-side clutch discs; a clutch member
mounted thereon a plurality of driven-side clutch discs
arranged between the driving-side clutch discs alternate-
ly therewith and connected to an output member; and a
pressure member mounted on the clutch member axially
movably relative to the clutch member so that the driving-
side clutch discs and the driven-side cutch discs are
forced to be press-contacted each other and the press-
contacting force acting on them are released in accord-
ance with axial approach and separation of the pressure
member relative to the clutch member in order to transmit
a rotational driving force inputted to the input member to
the output member or cut off the rotational driving force
from the output member. The power transmitting appa-
ratus further comprises a press-contact assisting cam for
increasing the press-contacting force acting on the driv-
ing-side clutch discs and the driven-side clutch discs by
causing relative rotation of the pressure member and the
clutch member and bringing them close to each other
when a condition in which the rotational driving power
inputted to the input member can be transmitted to the
output member is attained, and a back-torque limiting
cam for releasing the press-contacting force acting on
the driving-side clutch discs and the driven-side clutch
discs by causing relative rotation of the pressure member
and the clutch member and separating them from each
other when a rotational speed of the output member has
exceeded that of the input member.
[0007] US 2011/0061985 A1 proposes to provide a
multiple disc clutch in which the engagement/disengage-
ment timing of the clutch can be adjusted to a fixed value,
and an assembling method for the multiple disc clutch.
Two kinds of clutch discs different at least in thickness
are combined, and the clutch disc or discs are replaced
with the clutch disc or discs of other thickness so that the
total thickness of a required number of the combined
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clutch discs when a predetermined pressure is applied
thereto will be equal to a predetermined size, whereby
the total thickness is adjusted.
[0008] JP 2005 098454 A proposes to provide a back
torque reducing device with a contact cam structure be-
tween two members, stabilizing operating torque while
maintaining a suitable lubricating condition. The back
torque reducing device is provided on a clutch device
which makes/breaks power transmission between a
crank shaft and a counter shaft for reducing the clutch
capacity of the clutch device when back torque is trans-
mitted from the counter shaft. It comprises a clutch cam
inner to be rotated integrally with the counter shaft, a
clutch cam outer arranged on the outer periphery of the
clutch cam inner and linked to a clutch spring which im-
parts energizing force in the direction of pressing plates
thereagainst, and contact cam faces formed on the clutch
cam inner and the clutch cam outer, respectively.

SUMMARY OF THE INVENTION

[0009] However, the cam damper damps a sudden var-
iation of an input torque by combining a cam mechanism
and a spring mechanism as known and has a character-
istic as shown in FIG. 7. That is, in the cam damper, the
above damping effect is effectively exhibited until the var-
ying torque reaches an upper limit value Tmax, but there
is no more damping effect and a shock torque directly
becomes a drive system load torque after a transmission
torque jumps to a value Tw corresponding to the upper
limit value Tmax if the shock torque exceeding the upper
limit value Tmax is input as shown in FIG. 7. As just de-
scribed, there has been an upper limit to the torque value
at which the shock torque in the forward driving direction
can be reduced by the additional equipment of the cam
damper. Further, the addition of the cam damper be-
comes one of main factors of the enlargement of a strad-
dle-type vehicle and a cost increase. Furthermore, it is
also a countermeasure to configure various devices pro-
vided in the torque transmission path to be able to with-
stand an excessive shock torque. However, this case
also leads to the enlargement of the straddle-type vehicle
and a cost increase.
[0010] Accordingly, it is desired to additionally give a
function of solving the above shock torque to some of
the various devices provided in the torque transmission
path, but no device having this function has convention-
ally existed.
[0011] This invention was developed in view of the
above problem and aims to provide a technology capable
of effectively reducing a drive system load torque in re-
sponse to a shock torque generated in a forward driving
direction and avoiding the enlargement of a straddle-type
vehicle and a cost increase.
[0012] The invention provides a clutch device as de-
fined in independent claim 1.
[0013] Further, another aspect of present disclosure is
directed to a straddle-type vehicle such as a motorcycle

or a vehicle such as an ATV including the clutch device.
[0014] In the above described aspects, the forward
driving direction torque limiter is equipped in the clutch
device provided in the torque transmission path. If a
shock torque is generated in a forward driving direction,
the transmission torque is going to exceed the upper limit
value, but the forward driving direction torque limiter op-
erates in response to that increase of the transmission
torque. Specifically, the forward driving direction torque
limiter limits an excess of the transmission torque beyond
the upper limit value and reduces a drive system load
torque in response to the shock torque by moving the
driving-side frictional member and the driven-side fric-
tional member in the directions away from each other.
[0015] Since an excess of the transmission torque be-
yond the upper limit value is limited by the forward driving
direction torque limiter in this aspect, a shock torque in
the forward driving direction can be effectively reduced.
Further, since this forward driving direction torque limiter
is provided in the clutch device, it is no longer necessary
to increase a transmission torque capacity of a device
provided in the torque transmission path to withstand a
shock torque. As a result, the enlargement of a straddle-
type vehicle and a cost increase can be avoided.
[0016] The above and further objects and novel fea-
tures of the invention will more fully appear from the fol-
lowing detailed description when the same is read in con-
nection with the accompanying drawing. It is to be ex-
pressly understood, however, that the drawing is for pur-
pose of illustration only and is not intended as a definition
of the limits of the Invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a side view showing a motorcycle as an
example of a straddle-type vehicle equipped with a
clutch device according to the invention.
FIG. 2 is a sectional view showing one embodiment
of the clutch device according to the invention.
FIG. 3 is a view showing a clutch boss and a pressure
section of the clutch device.
FIG. 4 is a view schematically showing the configu-
rations and operations of the cam mechanisms.
FIG. 5 is a graph showing a transmission torque char-
acteristic in relation to an input torque in the clutch
device according to this embodiment.
FIG. 6 is a view schematically showing transmission
states of a torque among a clutch, a torque trans-
mission path and a rear wheel.
FIG. 7 is a graph showing a characteristic of the
transmission torque in response to a varying input
torque in the cam damper.
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DETAILED DESCRIPTION OF THE PREFFERED EM-
BODIMENTS

[0018] FIG. 1 is a side view showing a motorcycle as
an example of a straddle-type vehicle equipped with a
clutch device according to the invention. The motorcycle
1 shown in FIG. 1 is of a so-called on-road type, but strad-
dle-type vehicles also include motorcycles of an off-road
type, a scooter type or a so-called moped type beside
the above form. Further, the clutch device according to
the invention is applicable not only to straddle-type ve-
hicles, but also to vehicles such as ATVs and four-wheel
buggies. Further, in this specification, front, rear, left and
right sides respectively mean front, rear, left and right
sides viewed from a passenger seated on a seat 9 to be
described later. Further, F, Re in FIG. 1 respectively de-
note front and rear sides.
[0019] The motorcycle 1 includes a front wheel 2 and
a rear wheel 3. The front wheel 2 is supported on a lower
end of a front suspension 4. A steering handle 5 is at-
tached to an upper part of the front suspension 4. A grip
6 and a clutch lever 7 are attached to one end of this
handle 5. The passenger disconnects and connects a
clutch 30 via a drive unit 40 by operating the clutch lever
7. On the other hand, unillustrated accelerator grip and
brake lever are attached to the other end of the handle
5. Note that the front suspension 4 is rotatable about a
steering shaft (not shown).
[0020] The rear wheel 3 is supported on the rear end
of a rear arm 8. The front end of the rear arm 8 is sup-
ported on a pivot shaft (not shown) provided on a vehicle
body frame. Thus, the rear wheel 3 is movable upward
and downward about the pivot shaft.
[0021] Further, the seat 9 on which the passenger is
seated is arranged in an upper part of the vehicle body
frame. A fuel tank 10 is arranged forwardly of this seat 9
so that gasoline can be supplied to an engine unit 11.
[0022] The engine unit 11 is arranged between the
front wheel 2 and the rear wheel 3. The engine unit 11
includes a piston 11a and a crankshaft 11b coupled to
the piston 11a. Although the engine unit 11 is an internal
combustion engine using gasoline as fuel as described
above in this embodiment, the engine unit 11 may be an
electric motor or the like without being limited to an inter-
nal combustion engine such as a gasoline engine. Fur-
ther, the engine unit 11 may be a combination of a gaso-
line engine and an electric motor.
[0023] A transmission (not shown) and a clutch 30 for
transmitting a torque of the crankshaft 11b to the trans-
mission are arranged behind the engine unit 11. This
clutch 30 is a constituent element of the clutch device 20
and operated by a driving unit 40. That is, the clutch de-
vice 20 is composed of the clutch 30 and the driving unit
40.
[0024] The clutch 30 is arranged on a main shaft 39.
The clutch 30 includes a driving section integrally rotat-
able with the crankshaft 11b and a driven section config-
ured to integrally rotate with the main shaft 39. The driving

section is configured to be freely rotatable relative to the
main shaft 30 as described in detail later. Further, the
clutch 30 also includes a pressure member for pressing
a frictional member so that the driving section and the
driven section are engaged through the frictional mem-
ber. On the other hand, the driving unit 40 includes a link
mechanism configured to operate according to the oper-
ation of the clutch lever 7. This link mechanism is coupled
to the pressure member. The configurations of these are
described in detail below with reference to FIG. 2.
[0025] FIG. 2 is a sectional view showing one embod-
iment of the clutch device according to the invention. Fur-
ther, FIG. 3 is a view showing a clutch boss and a pres-
sure section of the clutch device. The clutch 30 consti-
tuting the clutch device 20 includes a clutch housing 31
(driving section) and a clutch boss 32 (driven section)
arranged inside the clutch housing 31. A reduction gear
31a is provided in the clutch housing 31 and rotates in-
tegrally with a gear (not shown) mounted on the crank-
shaft 11b. In this embodiment, the clutch 30 is a multi-
disc clutch. Specifically, the clutch 30 includes a plurality
of friction plates 34 (driving-side frictional member) con-
figured to rotate integrally with the clutch housing 31 and
a plurality of clutch plates 35 (driven-side frictional mem-
ber) configured to rotate integrally with the clutch boss
32. The clutch 30 may be a dry-type clutch or may be a
wet-type clutch.
[0026] The clutch boss 32 is rotationally symmetrical
about an axis of rotation AX2 extending in parallel to an
axial direction of the main shaft 39 and finished into such
a shape as to be arrangeable inside the clutch housing
31. A fitting hole 321 to which a tip part of the main shaft
39 can be spline-connected and coupled is formed sub-
stantially in a center of the clutch boss 32. In this way, if
the clutch boss 32 rotates, the main shaft 39 also inte-
grally rotates.
[0027] The clutch boss 32 is provided with a plurality
of (three in this embodiment) boss sections 322 project-
ing toward the pressure section 33 to be described next
and cam follower pairs 52 (three pairs in this embodi-
ment) of cam mechanisms 50A, 50B. Note that only one
of the three cam follower pairs 52 is shown in FIG. 3.
[0028] The pressure section 33 is shaped to be rota-
tionally symmetrical about an axis of symmetry AX3 ex-
tending in parallel to the axial direction as shown in FIG.
3. The pressure section 33 is provided with a plurality of
(three in this embodiment) hollow cylindrical sections 331
and cams 51 (three in this embodiment) of the cam mech-
anisms. The configurations and operations of the cams
and the cam follower pairs constituting the cam mecha-
nisms 50A, 50B are described in detail later.
[0029] The hollow cylindrical sections 331 are fitted in
a one-to-one correspondence to the boss sections 322
of the clutch boss 32. The hollow cylindrical sections 331
of the pressure section 33 have a hole-shaped cross-
section long in a circumferential direction about the axis
of symmetry AX3 of the pressure section 33, and the
pressure section 33 is slidable in the axial direction rel-
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ative to the clutch boss 32 and relatively rotatable within
an operation range of the cam mechanisms. As shown
in FIG. 2, a clutch spring 36 is disposed between the
pressure section 33 and the clutch boss 32 to press the
pressure section 33 toward the clutch boss 32. Thus, in
a state where the driving unit 40 is not actuated, the pres-
sure section 33 is arranged at an engaging position by
receiving a spring force of the clutch spring 36 to press
the friction plates 34 and the clutch plates 35 toward the
clutch boss 32. A torque transmission capacity by the
clutch 30, i.e. a torque capacity (engagement degree)
changes according to the position of the pressure section
33 at this time. That is, the pressure section 33 is movable
between the engaging position where the pressure sec-
tion 33 is pressed against the plates 34, 35 and a com-
pletely open position where the pressure section 33 is
not in contact with the plates 34, 35. When the pressure
section 33 is at the engaging position, the clutch 30 is in
an engaged state (i.e. the torque capacity of the clutch
30 is largest). When the pressure section 33 is at the
completely open position, the clutch 30 is in a non-en-
gaged state (i.e. the torque capacity of the clutch 30 is
substantially zero).
[0030] The driving unit 40 is provided to move the pres-
sure section 33 in the axial direction. The driving unit 40
includes a link mechanism 41 for transmitting the oper-
ation of the clutch lever 7 to the pressure section 33. An
arm member 411 configured to turn about one of constit-
uent components of the link mechanism 41, i.e. a rotary
shaft 412, the rotary shaft 412 provided rotatably relative
to a supporting member while being restrained from ro-
tating relative to a boss section of the arm member 411
and a rack-and-pinion mechanism configured to translate
a rotational motion of the rotary shaft 412 into a linear
motion to linearly move a movable member 37 are shown
in FIG. 2.
[0031] Denoted by 414 in FIG. 2 is a gear formed on
a lower part of the rotary shaft 412 and meshed with a
rack 37a formed on the movable member 37. A rack sec-
tion of the movable member 37 is supported by the same
member as a supporting member of the rotary shaft 412
to be meshed with the gear of the rotary shaft 412 and
arranged movably in the axial direction. This movable
member 37 is in contact with the pressure section 33 via
a bearing 33a mounted in a central part of the pressure
section 33 and relatively rotatable with respect to the
pressure section 33. Thus, by the rotation of the rotary
shaft 412 according to the operation of the clutch lever
7, the movable member 37 and the pressure section 33
are moved in a direction away from the clutch boss 32
and the clutch 30 is set in the non-engaged state. On the
contrary, if the operation of the clutch lever 7 is released,
the movable member 37 and the pressure section 33 are
moved in a direction toward the clutch boss 32 by the
spring force of the clutch spring 36 and the clutch 30 is
set in the engaged state. Although the clutch 30 is oper-
ated by a so-called outer pull method in this embodiment,
another method such as an inner push method or an

outer push method may be used.
[0032] Next, the cam mechanisms 50A, 50B provided
in the clutch device 20 are described with reference to
FIGS. 3 to 5. FIG. 4 is a view schematically showing the
configurations and operations of the cam mechanisms.
FIG. 5 is a graph showing a transmission torque charac-
teristic in relation to an input torque in the clutch device
according to this embodiment. The clutch device 20 ac-
cording to this embodiment includes two types of cam
mechanisms, i.e. the cam mechanisms 50A functioning
as forward driving direction torque limiters to effectively
reduce a shock torque generated in the forward driving
direction and the cam mechanisms 50B functioning as
reverse driving direction torque limiters to reduce a back
torque from the main shaft 39.
[0033] In this embodiment, three cams 51 project from
the pressure section 33 toward the clutch boss 32 as
shown in FIG. 3. These three cams 51 are integrally mold-
ed to the pressure section 33 at equal angular intervals
about the axis of symmetry AX3. These three cams 51
have the same shape. Each cam 51 has a tapered shape
in a projecting direction X from the pressure section 33
toward the clutch boss 32, an inclined surface 511 on an
upstream side in the forward driving direction (right side
in FIG. 4) is formed as a forward driving direction cam
surface and an inclined surface 512 on an upstream side
in a reverse driving direction (left side in FIG. 4) is formed
as a reverse driving direction cam surface. An angle of
inclination θ1 of the forward driving direction cam surface
511 to the projecting direction X of the cam 51 and an
angle of inclination 02 of the reverse driving direction cam
surface 512 to the projecting direction X are respectively
arbitrary, but the angles of inclination θ1, θ2 are positive
and satisfy the following relationship in view of charac-
teristics of the shock torque and the back torque in this
embodiment: 

 That is, the forward driving direction cam surface 511 is
formed to be steeper than the reverse driving direction
cam surface 512 with respect to the projecting direction
X of the cam 51. As described next, the capacity of the
torque in the forward driving direction acting in response
to the shock torque is set larger than that of the torque
in the reverse driving direction acting in response to the
back torque so that slippage is unlikely to occur at an
engine output torque during normal travel.
[0034] Further, the cam follower pairs 52 are integrally
provided to the clutch boss 32 to face each cam 51. Each
cam follower pair 52 includes a forward driving direction
cam follower 53 provided on an upstream side in the for-
ward driving direction (right side in FIG. 4) and a reverse
driving direction cam follower 54 provided on an up-
stream side in the reverse driving direction (left side in
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FIG. 4). The forward driving direction cam follower 53
and the reverse driving direction cam follower 54 are sep-
arated from each other. Out of the surface of the forward
driving direction cam follower 53, an inclined surface 531
facing the forward driving direction cam surface 511 has
the same angle of inclination as the forward driving di-
rection cam surface 511. Thus, as shown in a field (b) of
FIG. 4, if a force is applied in the forward driving direction,
each cam 51 slides along the forward driving direction
cam follower 53 to move the pressure section 33 in a
direction opposite to the projecting direction X. In this
way, the friction plates 34 and the clutch plates 35 are
moved in directions away from each other. This move-
ment amount is less than a movement amount by the
driving unit 40 and the state of the friction plates 34 and
the clutch plates 35 transitions from the engaged state
to a semi-engaged state, i.e. such a state where slippage
is caused between the plates 34 and 35.
[0035] As just described, the cam mechanism 50A is
constituted by the cam 51 and the forward driving direc-
tion cam follower 53. That is, as shown in FIG. 5, a trans-
mission torque transmitted by the clutch 30 proportionally
increases as an input torque increases, but the friction
plates 34 and the clutch plates 35 slip on each other by
the action of the cam mechanisms 50A when the trans-
mission torque reaches an upper limit value Tmax. As a
result, even if the input torque further increases after
reaching the upper limit value Tmax, a drive system load
torque is suppressed to the upper limit value Tmax. Thus,
even if jump landing or the like is made, e.g. even if an
excessive input torque T4 exceeding the upper limit value
Tmax is generated in the forward driving direction as
schematically shown in a field (c) of FIG. 6, the drive
system load torque T3 can be limited. That is, the drive
system load torque can be effectively reduced in re-
sponse to the shock torque generated in the forward driv-
ing direction.
[0036] The reverse driving direction cam follower 54 is
provided to face the forward driving direction cam follow-
er 53 while being separated from the forward driving di-
rection cam follower 53. A separation distance W be-
tween the forward driving direction cam follower 53 and
the reverse driving direction cam follower 54 is set to
correspond to the tapered shape of the cam 51. More
specifically, as shown in a field (a) of FIG. 4, the sepa-
ration distance W becomes shorter along the projecting
direction X of the cam 51. If a force in the reverse driving
direction (back torque) is applied as shown in a field (c)
of FIG. 4, each cam 51 slides along an inclined surface
541 of the reverse driving direction cam follower 54 to
move the pressure section 33 in the direction opposite
to the projecting direction X. In this way, an impact on
the motorcycle 1 by the back torque can be alleviated.
In this way, the cam mechanism 50B functioning as a
reverse driving direction torque limiter is constituted by
the cam 51 and the reverse driving direction cam follower
54.
[0037] As described above, according to this embodi-

ment, the cam mechanisms 50A are provided in the
clutch device 20 provided in the torque transmission path
for transmitting a torque generated by the engine unit 11
to the rear wheel 3 and caused to function as forward
driving direction torque limiters. Thus, as shown in FIG.
5, even if a shock torque is generated in the forward driv-
ing direction, an excess of the transmission torque be-
yond the upper limit value Tmax can be limited by the
clutch device 20 and the drive system load torque can
be effectively reduced in response to the shock torque
generated in the forward driving direction by a simple
configuration.
[0038] Further, it is also conceivable to add a cam
damper for damping a shock torque, but the motorcycle
1 equipped with the clutch device 20 according to this
embodiment has better functions and effects than a mo-
torcycle equipped with a cam damper. This point is de-
scribed with reference to FIGS. 5 and 7.
[0039] FIG. 7 is a graph showing a characteristic of the
transmission torque in response to a varying input torque
in the cam damper. As is clear from comparison of FIGS.
7 and 5, if the varying torque exceeds the upper limit
value Tmax in the cam damper, a damping effect is lost
and the excessive torque directly becomes a drive sys-
tem load torque. As a result, the breakage of components
constituting the torque transmission path may be caused.
Contrary to this, in this embodiment, the transmission of
the torque exceeding the upper limit value Tmax can be
effectively prevented by causing slippage between the
plates 34, 35 even if the input torque increases to or
above upper limit value Tmax. Thus, it can be reliably
prevented that the drive system load torque becomes
excessive.
[0040] Further, the above functions and effects are ob-
tained only by providing the cam mechanism 50A in the
clutch device 20, and a countermeasure to increase the
transmission torque capacities of various devices provid-
ed in the torque transmission path and additional instal-
lation of a cam damper become unnecessary. Thus, ac-
cording to this embodiment, the enlargement of the mo-
torcycle 1 and a cost increase can be avoided while a
shock torque is effectively reduced.
[0041] Further, in this embodiment, the cam 51 is
shared in juxtaposing the cam mechanisms 50A, 50B.
Thus, it is possible to reduce the number of components
and simplify the device configuration. Further, the for-
ward driving direction cam surface 511 and the reverse
driving direction cam surface 512 are inclined surfaces,
and the interval between the forward driving direction
cam surface 511 and the reverse driving direction cam
surface 512 becomes narrower along the projecting di-
rection X of the cam 51. By adopting such a configuration,
the cam mechanism 50A (forward driving direction torque
limiter) and the cam mechanism 50B (reverse driving di-
rection torque limiter) can be reduced in size.
[0042] Furthermore, in this embodiment, the cam
mechanisms 50B are provided in the clutch device 20 to
limit not only a force in the forward driving direction, but
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also a back torque, which is a force in the reverse driving
direction. Thus, an impact on the motorcycle 1 due to the
back torque can be effectively alleviated. In addition, the
angles of inclination θ1, θ2 of the forward driving direction
cam surface 511 and the reverse driving direction cam
surface 512 can be set independently of each other.
Thus, a torque limit by the cam mechanisms 50A, 50B
can be made proper.
[0043] As just described, in this embodiment, the en-
gine unit 11 and the rear wheel 3 respectively correspond
to examples of a "drive source" and a "drive wheel" of
the invention, and the torque transmission path is pro-
vided to transmit a torque generated by the engine unit
11 to the rear wheel 3. The clutch housing 31 and the
clutch boss 32 of the clutch device 20 provided in the
torque transmission path respectively correspond to ex-
amples of a "driving section" and a "driven section" of the
invention. Further, the friction plates 34 and the clutch
plates 35 respectively correspond to examples of a "driv-
ing-side frictional member" and a "driven-side frictional
member" of the invention. Further, the main shaft 39 cor-
responds to an example of an "output shaft" of the inven-
tion, Further, the pressure section 33 and the clutch boss
32 respectively correspond to examples of a "cam mount-
ing section" and a "cam follower mounting section" of the
invention.
[0044] Note that the invention is not limited to the above
embodiment and various changes other than those de-
scribed above can be made without departing from the
gist of the invention. For example, the cams 51 may be
provided in the clutch boss 32 and the cam followers 53,
54 may be provided in the pressure section 33. In this
case, the pressure section 33 and the clutch boss 32
respectively correspond to examples of the "cam follower
mounting section" and the "cam mounting section" of the
invention.
[0045] Further, although the cam mechanisms 50A
(forward driving direction torque limiters) and the cam
mechanisms 50B (reverse driving direction torque limit-
ers) are provided in the clutch device 20 in the above
embodiment, only the cam mechanisms 50A may be pro-
vided in the clutch device 20.
[0046] As the specific embodiment has been illustrated
and described above, the forward driving direction torque
limiter may be, for example, constituted by the cam mech-
anism provided between the pressure section and the
driven section in the present invention. A shock torque
in the forward driving direction can be effectively reduced
by a simple configuration.
[0047] Further, the clutch device is provided in the
torque transmission path and a back torque in a direction
to accelerate a crankshaft rotational speed of the engine
may be transmitted to the clutch device from the engine.
Thus, it is preferable to further provide a reverse driving
direction torque limiter for moving the driving-side fric-
tional member and the driven-side frictional member in
directions away from each other. That is, by adding the
reverse driving direction torque limiter, it is not only pos-

sible to effectively reduce the shock torque in the forward
driving direction, but also to reduce the back torque acting
in the reverse driving direction to accelerate the crank-
shaft rotational speed of the engine from the drive wheel.
Also in this case, the driving-side torque limiter and the
reverse driving direction torque limiter may be constituted
by the cam mechanism provided between the pressure
section and the driven section and the shock torque in
the forward driving direction and the back torque acting
in the reverse driving direction can be effectively reduced
by a simple configuration.
[0048] Further, in constituting the forward driving di-
rection torque limiter and the reverse driving direction
torque limiter by the cam mechanism, one of the pressure
section and the driven section may be the cam mounting
section and the other may be the cam follower mounting
section, and the forward driving direction cam surface
and the reverse driving direction cam surface of the cam
provided in the cam mounting section may be configured
to slide along the forward driving direction cam follower
and the reverse driving direction cam follower provided
in the cam follower mounting section. By sharing one
cam in this way, the device configuration can be simpli-
fied. In this case, preferably, the cam projects from the
cam mounting section toward the cam follower mounting
section, the forward driving direction cam surface and
the reverse driving direction cam surface are inclined sur-
faces and an interval between the forward driving direc-
tion cam surface and the reverse driving direction cam
surface becomes narrower along a projecting direction
of the cam. By adopting such a configuration, the forward
driving direction torque limiter and the reverse driving
direction torque limiter can be reduced in size.
[0049] Note that angles of inclination of the forward
driving direction cam surface and the reverse driving di-
rection cam surface to the projecting direction of the cam
are arbitrary and the cam surfaces both on the driving
side and on the driven side can be optimized by setting
the angle of inclination for each cam surface. For exam-
ple, considering characteristics of a shock torque in the
forward driving direction and a back torque acting in the
reverse driving direction, an absolute value of the angle
of inclination of the forward driving direction cam surface
is preferably set smaller than that of the angle of inclina-
tion of the reverse driving direction cam surface. By such
a configuration, a shock torque in the forward driving di-
rection can be reduced with excellent responsiveness.
[0050] This invention can be applied to a clutch device
provided in a torque transmission path for transmitting a
torque generated by a drive source to a drive wheel and
configured to switch the transmission and cut-off of the
torque and straddle-type vehicles in general equipped
with this clutch device.
[0051] Although the invention has been described with
reference to specific embodiments, this description is not
meant to be construed in a limiting sense. Various mod-
ifications of the disclosed embodiment, as well as other
embodiments of the present invention, will become ap-

11 12 



EP 3 401 564 B1

8

5

10

15

20

25

30

35

40

45

50

55

parent to persons skilled in the art upon reference to the
scope of the claims

Claims

1. A clutch device (20) provided in a torque transmis-
sion path for transmitting a torque generated by a
drive source to a drive wheel and configured to switch
the transmission and cut-off of the torque, the clutch
device consisting of a clutch (30) and a driving unit
(40) for operating the clutch (30), wherein the clutch
comprises:

a driving section (31) configured to rotate by re-
ceiving the torque;
a driven section (32) configured to rotate inte-
grally with an output shaft (39);
a driving-side frictional member (34) held in the
driving section (31);
a driven-side frictional member (35) held in the
driven section (32);
a pressure section (33) configured to press the
driving-side frictional member (34) and the driv-
en-side frictional member (35) into contact with
each other, and
a forward driving direction torque limiter (50A)
configured to limit an excess of a transmission
torque to be transmitted in a direction to accel-
erate the output shaft (39) beyond an upper limit
value by moving the driving-side frictional mem-
ber (34) and the driven-side frictional member
(35) in directions away from each other in re-
sponse to an increase of the transmission
torque,
wherein the driving unit (40) is configured to
move the pressure section (33) in the axial di-
rection and includes a link mechanism (41) for
transmitting an operation of a clutch lever (7) to
the pressure section (33),
characterized in that
the forward driving direction torque limiter (50A)
is a cam mechanism provided between the pres-
sure section (33) and the driven section (32).

2. The clutch device (20) according to claim 1, wherein
the clutch further comprises a reverse driving direc-
tion torque limiter (50B) configured to move the driv-
ing-side frictional member (34) and the driven-side
frictional member (35) in the directions away from
each other when a back torque is transmitted from
the output shaft (39).

3. The clutch device (20) according to claim 2, wherein:

one of the pressure section (33) and the driven
section (32) is a cam mounting section (33) and
the other is a cam follower mounting section

(32); and
the cam mechanism is a torque limiter having a
cam (51) provided in the cam mounting section
(33), having a forward driving direction cam fol-
lower (53) and a reverse driving direction cam
follower (54) provided in the cam follower mount-
ing section (32), and configured to move the driv-
ing-side frictional member (34) and the driven-
side frictional member (35) in the directions
away from each other by a forward driving di-
rection cam surface (511) and a reverse driving
direction cam surface (512) of the cam (51) re-
spectively sliding along the forward driving di-
rection cam follower (53) and the reverse driving
direction cam follower (54).

4. The clutch device (20) according to claim 3, wherein:

the cam (51) projects from the cam mounting
section (33) toward the cam follower mounting
section (32);
the forward driving direction cam surface (511)
and the reverse driving direction cam surface
(512) are inclined surfaces; and
an interval between the forward driving direction
cam surface (511) and the reverse driving direc-
tion cam surface (512) becomes narrower along
a projecting direction of the cam (51).

5. The clutch device (20) according to claim 4, wherein
an angle of inclination (θ1) of the forward driving di-
rection cam surface (511) to the projecting direction
of the cam (51) is smaller than an angle of inclination
(θ2) of the reverse driving direction cam surface
(512) to the projecting direction of the cam (51).

6. A straddle-type vehicle (1), comprising the clutch de-
vice (20) according to any one of claims 1 to 5.

7. A vehicle, comprising the clutch device (20) accord-
ing to any one of claims 1 to 5.

Patentansprüche

1. Kupplungsvorrichtung (20), die auf einem Drehmo-
ment-Übertragungsweg zum Übertragen eines von
einer Antriebsquelle erzeugten Drehmoments zu ei-
nem Antriebsrad vorhanden und so ausgeführt ist,
dass sie zwischen der Übertragung und der Unter-
brechung des Drehmoments umschaltet, wobei die
Kupplungsvorrichtung aus einer Kupplung (30) und
einer Antriebs-Einheit (40) zum Betätigen der Kupp-
lung (30) besteht und die Kupplung umfasst:

einen antreibenden Abschnitt (31), der so aus-
geführt ist, dass er sich durch Empfangen des
Drehmoments dreht;
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einen angetriebenen Abschnitt (32), der so aus-
geführt ist, dass er sich integral mit einer Ab-
triebswelle (39) dreht;
ein Reibungselement (34) der antreibenden Sei-
te, das in dem antreibenden Abschnitt (31) auf-
genommen ist;
ein Reibungselement (35) der angetriebenen
Seite, das in dem angetriebenen Abschnitt (32)
aufgenommen ist;
einen Druckabschnitt (33), der so ausgeführt ist,
dass er das Reibungselement (34) der antrei-
benden Seite und das Reibungselement (35)
der angetriebenen Seite in Kontakt miteinander
drückt, sowie
einen Drehmomentbegrenzer (50A) einer Vor-
wärts-Fahrtrichtung, der so ausgeführt ist, dass
er ein in einer Richtung zum Beschleunigen der
Abtriebswelle (39) zu übertragendes Übertra-
gungs-Drehmoment begrenzt, das einen obe-
ren Grenzwert überschreitet, indem er in Reak-
tion auf eine Erhöhung des Übertragungs-Dreh-
moments das Reibungselement (34) der antrei-
benden Seite und das Reibungselement (35)
der angetriebenen Seite in Richtungen vonein-
ander weg bewegt,
wobei die Antriebs-Einheit (40) so ausgeführt
ist, dass sie den Druckabschnitt (33) in der axi-
alen Richtung bewegt, und einen Verbindungs-
mechanismus (41) zum Übertragen einer Betä-
tigung eines Kupplungshebels (7) auf den
Druckabschnitt (33) enthält,
dadurch gekennzeichnet, dass
der Drehmomentbegrenzer (50A) einer Vor-
wärts-Fahrtrichtung ein Nockenmechanismus
ist, der zwischen dem Druckabschnitt (33) und
dem angetriebenen Abschnitt (32) vorhanden
ist.

2. Kupplungsvorrichtung (20) nach Anspruch 1, wobei
die Kupplung des Weiteren einen Drehmomentbe-
grenzer (50B) einer Rückwärts-Antriebseinrichtung
umfasst, der so ausgeführt ist, dass er das Rei-
bungselement (34) der antreibenden Seite und das
Reibungselement (35) der angetriebenen Seite in
den Richtungen voneinander weg bewegt, wenn ein
Rückwärts-Drehmoment von der Abtriebswelle (39)
übertragen wird.

3. Kupplungsvorrichtung (20) nach Anspruch 2, wobei:

der Druckabschnitt (33) oder der angetriebene
Abschnitt (32) ein Nocken-Anbringungsab-
schnitt (33) ist und der andere Abschnitt ein No-
ckenstößel-Anbringungsabschnitt (32) ist; und
der Nockenmechanismus ein Drehmomentbe-
grenzer ist, der einen Nocken (51) aufweist, der
in dem Nocken-Anbringungsabschnitt (33) vor-
handen ist, einen Nockenstößel (53) einer Vor-

wärts-Fahrtrichtung sowie einen Nockenstößel
(54) einer Rückwärts-Fahrtrichtung, die in dem
Nockenstößel-Anbringungsabschnitt (32) vor-
handen sind, und so ausgeführt ist, dass er das
Reibungselement (34) der antreibenden Seite
und das Reibungselement (35) der angetriebe-
nen Seite in den Richtungen voneinander weg
bewegt, wenn eine Nockenfläche (511) einer
Vorwärts-Fahrtrichtung und eine Nockenfläche
(512) einer Rückwärts-Fahrtrichtung des No-
ckens (51) an dem Nockenstößel (53) einer Vor-
wärts-Fahrtrichtung bzw. dem Nockenstößel
(54) einer Rückwärts-Fahrtrichtung entlang glei-
ten.

4. Kupplungsvorrichtung (20) nach Anspruch 3, wobei:

der Nocken (51) von dem Nocken-Anbringungs-
abschnitt (33) in Richtung des Nockenstößel-
Anbringungsabschnitts (32) vorsteht;
die Nockenfläche (511) einer Vorwärts-Fahrt-
richtung und die Nockenfläche (512) einer Rück-
wärts-Fahrtrichtung geneigte Flächen sind; und
ein Zwischenraum zwischen der Nockenfläche
(511) einer Vorwärts-Fahrtrichtung und der No-
ckenfläche (512) einer Rückwärts-Fahrtrichtung
in einer Richtung kleiner wird, in der der Nocken
(51) vorsteht.

5. Kupplungsvorrichtung (20) nach Anspruch 4, wobei
ein Neigungswinkel (θ1) der Nockenfläche (511) ei-
ner Vorwärts-Fahrtrichtung zu der Richtung, in der
der Nocken (51) vorsteht, kleiner ist als ein Nei-
gungswinkel (θ2) der Nockenfläche (512) einer
Rückwärts-Fahrtrichtung zu der Richtung, in der der
Nocken (51) vorsteht.

6. Spreizsitz-Fahrzeug (1), das die Kupplungsvorrich-
tung (20) nach einem der Ansprüche 1 bis 5 umfasst.

7. Fahrzeug, das die Kupplungsvorrichtung (20) nach
einem der Ansprüche 1 bis 5 umfasst.

Revendications

1. Dispositif d’embrayage (20) situé dans un trajet de
transmission de couple destiné à transmettre un cou-
ple généré par une source motrice à une roue mo-
trice et configuré pour commuter entre la transmis-
sion et l’interruption du couple, le dispositif d’em-
brayage consistant en un embrayage (30) et une uni-
té d’entraînement (40) destinée à actionner l’em-
brayage (30), dans lequel l’embrayage comprend :

une section d’entraînement (31) configurée pour
tourner à réception de couple ;
une section entraînée (32) configurée pour tour-
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ner solidairement avec un arbre de sortie (39) ;
un élément de friction côté entraînement (34)
maintenu dans la section d’entraînement (31) ;
un élément de friction côté entraîné (35) main-
tenu dans la section entraînée (32) ;
une section de pression (33) configurée pour
presser l’élément de friction côté entraînement
(34) et l’élément de friction côté entraîné (35) en
contact l’un avec l’autre, et
un limiteur de couple dans le sens d’entraîne-
ment vers l’avant (50A) configuré pour limiter un
excès de couple de transmission à transmettre
dans un sens d’accélération de l’arbre de sortie
(39) au-delà d’une valeur limite supérieure en
déplaçant l’élément de friction côté entraîne-
ment (34) et l’élément de friction côté entraîné
(35) dans des directions les éloignant l’un de
l’autre en réponse à une augmentation du cou-
ple de transmission,
dans lequel l’unité d’entraînement (40) est con-
figurée pour déplacer la section de pression (33)
dans la direction axiale et comprend un méca-
nisme de liaison (41) pour transmettre un ac-
tionnement d’un levier d’embrayage (7) à la sec-
tion de pression (33),
caractérisé en ce que
le limiteur de couple dans le sens d’entraîne-
ment vers l’avant (50A) est un mécanisme à ca-
mes situé entre la section de pression (33) et la
section entraînée (32).

2. Dispositif d’embrayage (20) selon la revendication
1, dans lequel l’embrayage comprend, en outre, un
limiteur de couple dans le sens d’entraînement in-
verse (50B) configuré pour déplacer l’élément de
friction côté entraînement (34) et l’élément de friction
côté entraîné (35) dans les directions les éloignant
l’un de l’autre lorsqu’un contre-couple est transmis
depuis l’arbre de sortie (39).

3. Dispositif d’embrayage (20) selon la revendication
2, dans lequel :

la section de pression (33) ou la section entraî-
née (32) est une section de montage à cames
(33) et l’autre est une section de montage à sui-
veurs de came (32) ; et
le mécanisme à cames est un limiteur de couple
comprenant une came (51) située dans la sec-
tion de montage à cames (33), comprenant un
suiveur de came dans le sens d’entraînement
vers l’avant (53) et un suiveur de came dans le
sens d’entraînement inverse (54) situés dans la
section de montage à suiveurs de came (32), et
configuré pour déplacer l’élément de friction cô-
té entraînement (34) et l’élément de friction côté
entraîné (35) dans les directions les éloignant
l’un de l’autre grâce à une surface de came dans

le sens d’entraînement vers l’avant (511) et à
une surface de came dans le sens d’entraîne-
ment inverse (512) de la came (51) qui glissent
respectivement le long du suiveur de came dans
la direction d’entraînement vers l’avant (53) et
du suiveur de came dans la direction d’entraî-
nement inverse (54).

4. Dispositif d’embrayage (20) selon la revendication
3, dans lequel :

la came (51) fait saillie par rapport à la section
de montage à cames (33) en direction de la sec-
tion de montage à suiveurs de came (32) ;
la surface de came dans le sens d’entraînement
vers l’avant (511) et la surface de came dans le
sens d’entraînement inverse (512) sont des sur-
faces inclinées ; et
un intervalle entre la surface de came dans le
sens d’entraînement vers l’avant (511) et la sur-
face de came dans le sens d’entraînement in-
verse (512) diminue le long d’une direction de
saillie de la came (51).

5. Dispositif d’embrayage (20) selon la revendication
4, dans lequel un angle d’inclinaison (θ1) de la sur-
face de came dans le sens d’entraînement vers
l’avant (511) par rapport à la direction de saillie de
la came (51) est inférieur à un angle d’inclinaison
(θ2) de la surface de came dans le sens d’entraîne-
ment inverse (512) par rapport à la direction de saillie
de la came (51).

6. Véhicule de type à selle (1), comprenant le dispositif
d’embrayage (20) selon l’une quelconque des reven-
dications 1 à 5.

7. Véhicule, comprenant le dispositif d’embrayage (20)
selon l’une quelconque des revendications 1 à 5.
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