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(54) Clutch control apparatus and method of controlling a clutch device

(57) The present invention relates to a clutch control
apparatus for controlling a clutch device including a driv-
ing member configured to rotate by a torque generated
by an engine and a driven member configured to rotate
according to the rotation of the driving member, the clutch
control apparatus comprising: an actuator device config-
ured to switch the clutch device into an engaged state
and a disengaged state; and a control member config-
ured to control the actuator device, wherein the control
member is configured to stop control of the actuator de-
vice when the clutch device is in the engaged state and
a degree of noncoincidence between the rotational speed
of the driving member and the rotational speed of the
driven member is a predetermined first value or more,
and to resume control of the actuator device when the
degree of noncoincidence becomes less than a prede-
termined second value within a predetermined period of
time elapsed since control of the actuator device was
stopped, and to a method of controlling a clutch device.
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Description

[0001] The present invention relates to a clutch control
apparatus and a method of controlling a clutch device.
[0002] Control apparatuses for vehicles in which actu-
ators perform gear changing operations without riders
operating clutches. For example, a clutch engagement
control apparatus discussed in JP 2006-170225 A chang-
es the engagement speed of a clutch by an actuator ac-
cording to a change in difference between the rotational
speed on the driving side of the clutch and the rotational
speed on the driven side thereof. This causes the clutch
to be smoothly engaged, resulting in an improvement in
the ride quality of a rider of a vehicle.
[0003] However, only control by the clutch engage-
ment control apparatus may cause the convenience of
the rider to be reduced depending on the state of the
vehicle.
[0004] It is an objective of the present invention to pro-
vide a clutch control apparatus and a method of control-
ling a clutch device capable of overcoming the problems
described above, so as to in particular improve the con-
venience of a rider of a vehicle equipped with the clutch
control apparatus.
[0005] According to the present invention, said objec-
tive is solved by a clutch control apparatus for controlling
a clutch device including a driving member configured to
rotate by a torque generated by an engine and a driven
member configured to rotate according to the rotation of
the driving member, the clutch control apparatus com-
prising: an actuator device configured to switch the clutch
device into an engaged state and a disengaged state;
and a control member configured to control the actuator
device, wherein the control member is configured to stop
control of the actuator device when the clutch device state
and a degree of noncoincidence between the rotational
speed of the driving member and the rotational speed of
the driven member is a predetermined first value or more,
and to resume control of the actuator device when the
degree of noncoincidence becomes less than a prede-
termined second value within a predetermined period of
time elapsed since control of the actuator device was
stopped.
[0006] In the clutch control apparatus, when the clutch
device is in the engaged state and the degree of nonco-
incidence between the rotational speed of the driving
member and the rotational speed of the driven member
is the predetermined first value or more, the control of
the actuator device by the control member is stopped.
This causes the engaged state of the clutch device to be
maintained. When the degree of noncoincidence be-
comes less than the predetermined second value within
the predetermined period of time elapsed since the con-
trol of the actuator device was stopped, the control of the
actuator device by the control member is resumed.
[0007] When temporary sliding between plates in the
clutch device occurs, therefore, the driving of the clutch
device by the actuator device is resumed after the sliding

between the plates is eliminated. When the temporary
sliding between the plates in the clutch device occurs,
therefore, the traveling of a vehicle equipped with the
aforesaid clutch control apparatus can be continued. This
results in an improvement in the convenience of a rider.
[0008] Preferably, a rotational speed detector is con-
figured to detect a rotational speed of the engine of a
vehicle, a traveling speed detector is configured to detect
a traveling speed of the vehicle, and a gear position de-
tector is configured to detect a gear position of a trans-
mission capable of assuming a plurality of gear positions,
wherein the control member is configured to calculate
the rotational speed of the driving member based on the
rotational speed of the engine detected by the rotational
speed detector to calculate the rotational speed of the
driven member based on the traveling speed of the ve-
hicle detected by the traveling speed detector and the
gear position detected by the gear position detector, and
to calculate the degree of noncoincidence from the cal-
culated rotational speed of the driving member and the
calculated rotational speed of the driven member.
[0009] In this case, the rotational speed detector de-
tects the rotational speed of the engine, and the traveling
speed detector detects the traveling speed of the vehicle.
The gear position detector detects the gear position of
the transmission. The rotational speed of the driving
member is calculated based on the detected rotational
speed of the engine, the rotational speed of the driven
member is calculated based on the detected traveling
speed of the vehicle and the detected gear position, and
the degree of noncoincidence is calculated from the re-
spective calculated rotational speeds of the driving mem-
ber and the driven member.
[0010] This enables the degree of noncoincidence be-
tween the rotational speed of the driving member and
the rotational speed of the driven member to be easily
calculated. The need of a sensor for directly detecting
the rotational speed of the driven member is eliminated.
[0011] Preferably, the first value and the second value
differ depending on the gear position of the transmission.
[0012] In this case, the control of the actuator device
can be properly stopped and resumed according to the
gear ratio between the gear positions of the transmission.
[0013] Preferably, an operating amount detector is
configured to detect an operating amount of the actuator
device, and, preferably, the control member is configured
to determine whether or not the clutch device is in the
engaged state based on the operating amount detected
by the operating amount detector.
[0014] In this case, it can be accurately determined
whether or not the clutch device is in the engaged state
irrespective of the presence or absence of the sliding
between the plates in the clutch device.
[0015] Preferably, the degree of noncoincidence is de-
termined as difference between the rotational speed of
the driving member and the rotational speed of the driven
member, and the first and second values are respectively
predetermined values of the difference between the ro-
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tational speeds of the driving member and the driven
member.
[0016] In this case, the degree of noncoincidence be-
tween the rotational speed of the driving member and
the rotational speed of the driven member can be deter-
mined by a simple operation.
[0017] Preferably, the degree of noncoincidence is de-
termined as ratio of a difference between the rotational
speed of the driving member and the rotational speed of
the driven member the rotational speed of the driving
member or the rotational speed of the driven member,
and the first and second values are respectively prede-
termined values of the ratio of the difference between the
rotational speeds of the driving member to the rotational
speed of the driving member or the driven member.
[0018] In this case, the degree of noncoincidence be-
tween the rotational speed of the driving member and
the rotational speed of the driven member can be deter-
mined by a simple operation.
[0019] Preferably, the first value and the second value
are substantially identical.
[0020] In this case, the stop of the control of the actu-
ator and the resumption of the control of the actuator are
determined based on the same value. Therefore, a bur-
den on the control member is reduced.
[0021] Preferably, a notifier is configured to make a
notification that control of the actuator device by the con-
trol member is stopped, and, preferably, the notifier is
configured to continue the notification even when control
of the actuator device by the control member is not re-
sumed.
[0022] In this case, the notifier makes the notification
that the control of the actuator device by the control mem-
ber is stopped, and the notification is also continued when
the control of the actuator device by the control member
is not resumed. This enables the rider of the vehicle to
easily recognize the occurrence of the temporary sliding
between the plates in the clutch device and the occur-
rence of a malfunction or the like between the engine and
the power transmission mechanism.
[0023] Preferably, the notifier is configured to make a
different notification when control of the actuator device
by the control member is resumed within a predetermined
period of time from when control of the actuator device
by the control member is not resumed.
[0024] In this case, the rider of the vehicle can easily
recognize whether the temporary sliding between the
plates in the clutch device occurs or whether the mal-
function or the like between the engine and the power
transmission mechanism occurs based on the notifica-
tion by the notifier.
[0025] There is also provided a vehicle comprising an
engine, a clutch device including a driving member con-
figured to rotate by a torque generated by the engine and
a driven member configured to rotate according to the
rotation of the driving member, and a clutch control ap-
paratus according to any one of the above embodiments
configured to control the clutch device.

[0026] In the vehicle, when the temporary sliding be-
tween the plates in the clutch device occurs, the driving
of the clutch device by the actuator device is resumed
after the sliding between the plates is eliminated. When
the temporary sliding between the plates in the clutch
device occurs, therefore, the traveling of the vehicle can
be continued. This results in an improvement in the con-
venience of the rider.
[0027] Moreover, according to the present invention,
the aforesaid objective is solved by a method of control-
ling a clutch device including a driving member config-
ured to rotate by a torque generated by an engine and a
driven member configured to rotate according to the ro-
tation of the driving member, the method comprising the
following steps: switching the clutch device into an en-
gaged state and a disengaged state by means of an ac-
tuator device; and controlling the actuator device so as
to stop control of the actuator device when the clutch
device is in the engaged state and a degree of noncoin-
cidence between the rotational speed of the driving mem-
ber and the rotational speed of the driven member is a
predetermined first value or more, and to resume control
of the actuator device when the degree of noncoinci-
dence becomes less than a predetermined second value
within a predetermined period of time elapsed since con-
trol of the actuator device was stopped.
[0028] Preferably, the first value and the second value
differ depending on a gear position of a transmission.
[0029] Further, preferably the degree of noncoinci-
dence is determined as difference between the rotational
speed of the driving member and the rotational speed of
the driven member, and the first and second values are
respectively predetermined values of the difference be-
tween the rotational speeds of the driving member and
the driven member.
[0030] Still further, preferably the degree of noncoin-
cidence is determined as ratio of a difference between
the rotational speed of the driving member and the rota-
tional speed of the driven member to the rotational speed
of the driving member or the rotational speed of the driven
member, and the first and second values are respectively
predetermined values of the ratio of the difference be-
tween the rotational speeds of the driving member and
the driven member to the rotational speed of the driving
member or the driven member.
[0031] Yet further still, preferably the first value and
the second value are substantially identical.
[0032] In the following, the present invention is ex-
plained in greater detail by means of embodiments there-
of in conjunction with the accompanying drawings,
wherein:

Fig. 1 is a side view of a motorcycle including a clutch
control apparatus according to a preferred embodi-
ment;
Fig. 2 is a cross-sectional view mainly illustrating the
internal configuration of a power unit;
Fig. 3 is a block diagram mainly illustrating the con-
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figuration of the clutch control apparatus;
Fig. 4 is a schematic view illustrating an example of
a display panel;
Fig. 5 is a flowchart illustrating clutch control
processing by a CPU in an ECU; and
Fig. 6 illustrates a change in rotational speed be-
tween a driving member and a driven member, and
upper-limit abnormality determination threshold val-
ue and a lower-limit abnormality determination
threshold value.

[0033] Preferred embodiments will be now described
in detail with reference to the drawings. A case where a
clutch control apparatus is applied to a motorcycle serv-
ing as an example of a vehicle will be described below.
[0034] Fig. 1 is a side view of a motorcycle including
a clutch control apparatus according to a preferred em-
bodiment.
[0035] As illustrated in Fig. 1, a motorcycle (vehicle) 1
includes a vehicle body 100. The vehicle body 100 in-
cludes a head pipe 3 and a vehicle body frame 6. The
vehicle body frame 6 includes a pair of right and left frame
parts 6a extending backward from the head pipe 3. In
Fig. 1, only the one frame part 6a is illustrated. The rear
of the frame part 6a extends downward, and is connected
to a rear arm bracket 5. A front end of a rear arm 21 is
supported swingably up and down on the rear arm brack-
et 5 with a pivot shaft 22 sandwiched therebetween. A
rear wheel 23 is supported at a rear end of the rear arm 21.
[0036] A front fork 10 is connected to the head pipe 3.
A handle is provided at an upper end of the front fork 10,
and a front wheel 12 is rotatably provided at a lower end
of the front fork 10. A fuel tank 13 is arranged on the top
of the frame part 6a, and a seat 14 is arranged behind
the fuel tank 13.
[0037] A power unit 20 is attached to the frame part 6a
and the rear arm bracket 5. The power unit 20 includes
an engine 45, a clutch 44, and a transmission 43. The
engine 45, the clutch 44, and the transmission 43 are
integrally assembled in a crank case 26. The engine 45
has a crank shaft 25. The crank shaft 25 extends in a
right-and-left direction.
[0038] In the present preferred embodiment, the en-
gine 45 is an internal combustion engine using gasoline
as a fuel.
[0039] Fig. 2 is a cross-sectional view mainly illustrat-
ing the internal configuration of the power unit 20.
[0040] As illustrated in Fig. 2, the power unit 20 in-
cludes an engine 45, a clutch (clutch device) 44, and the
transmission 43. Fig. 2 illustrates only a crank shaft 25
in the engine 45.
[0041] The crank shaft 25, a main shaft 41, and a drive
shaft 42 extend parallel to one another. The main shaft
41 has a cylindrical shape. The clutch 44 connects the
crank shaft 25 and the main shaft 41. A clutch actuator
(actuator device) 60 switches the clutch 44 to an engaged
state and a disengaged state. A shift actuator 70 switches
(changes the gear positions of) transmission gears 49

and 420, described below, of the transmission 43. The
engaged state and the disengaged state of the clutch 44
will be described below.
[0042] As illustrated in Fig. 2, the clutch 44 includes a
clutch boss 441, a clutch housing 442, and a pressure
plate 450. The clutch housing 442 is formed to surround
the clutch boss 441. The main shaft 41 is rotatably at-
tached to the clutch housing 442. The clutch boss 441 is
fixed to the main shaft 41. Thus, the clutch boss 441,
together with the main shaft 41, rotates.
[0043] A plurality of friction plates 452 is arranged in-
side the clutch housing 442 so as to line up in the axial
direction of the main shaft 41. The plurality of friction
plates 452 is fixed to the clutch housing 442 in the rota-
tional direction of the main shaft 41. Therefore, the plu-
rality of friction plates 452, together with the clutch hous-
ing 442, rotates. Each of the friction plates 452 is dis-
placeable in the axial direction of the main shaft 41. This
makes the distance between the adjacent friction plates
452 variable.
[0044] A clutch plate 453 is arranged between the ad-
jacent friction plates 452. Each of the clutch plates 453
is opposed to the adjacent friction plate 452. Each of the
clutch plates 453 is fixed to the clutch boss 441 in the
rotational direction of the main shaft 41. Therefore, the
plurality of clutch plates 453, together with the clutch boss
441, rotates. Each of the clutch plates 453 is displaceable
in the axial direction of the main shaft 41. This makes the
distance between the adjacent clutch plates 453 variable.
[0045] The rotation of the crank shaft 25 causes the
clutch housing 442 to rotate. When the clutch 44 is in the
engaged state, as described below, the friction plate 452
and the clutch plate 453 are pressed against each other.
Therefore, the rotation of the crank shaft 25 is transmitted
to the clutch boss 441 so that the clutch boss 441 rotates.
In the present preferred embodiment, at least the clutch
housing 442 and the friction plate 452 form a driving
member 454 in the clutch 44. At least the clutch boss
441, the clutch plate 453, and the main shaft 41 form a
driven member 455 in the clutch 44.
[0046] The pressure plate 450 has a substantially disk
shape, and is arranged outside one end of the main shaft
41. The pressure plate 450 is attached to the clutch hous-
ing 442 such that the pressure plate 450, together with
the clutch housing 442, rotates. The pressure plate 450
moves in the axial direction of the main shaft 41 so that
the friction plate 452 and the clutch plate 453 come into
contact with and separate from each other.
[0047] A belleville spring 451 having a substantially
annular shape is interposed between the clutch housing
442 and the pressure plate 450. The belleville spring 451
urges the pressure plate 450 in the direction in which the
friction plate 452 and the clutch plate 453 come into con-
tact with each other. A push mechanism 471 is attached
to the center of the pressure plate 450. A part of the push
mechanism 471 is inserted into the main shaft 41.
[0048] The clutch 44 is provided with a clutch release
mechanism 86. The clutch actuator 60 drives the clutch
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release mechanism 86. The clutch release mechanism
86 has a push rod 86a. The push rod 86a of the clutch
release mechanism 86 is inserted into the main shaft 41.
[0049] When the clutch release mechanism 86 oper-
ates, the push rod 86a and the push mechanism 471
move nearer to the belleville spring 451. Thus, the pres-
sure plate 450 moves outward (rightward in Fig. 2)
against an urging force of the belleville spring 451. As a
result, the friction plate 452 and the clutch plate 453 sep-
arate from each other so that the clutch 44 enters the
disengaged state.
[0050] The engaged state of the clutch 44 means a
state where the friction plate 452 and the clutch plate 453
in the clutch 44 come into contact with each other to in-
tegrally rotate. When the clutch 44 is in the engaged state,
the friction plate 452 and the clutch plate 453 should ro-
tate at an identical speed. When the clutch 44 is in the
engaged state, the friction plate 452 and the clutch plate
453 can rotate while sliding from each other. This state
is called "clutch sliding".
[0051] The disengaged state of the clutch 44 means a
state where the friction plate 452 and the clutch plate 453
in the clutch 44 separate from each other. A state where
the friction plate 452 and the clutch plate 453 rotate at
different speeds is referred to as a half-clutched state.
The half-clutched state differs from the clutch sliding with
the clutch 44 engaged. The clutch 44 is shifted from the
disengaged state to the engaged state via the half-
clutched state.
[0052] The configuration of the transmission 43 will be
then described. In the present preferred embodiment,
the transmission 43 is a normally engaged dog transmis-
sion. The transmission 43 has a plurality of gear posi-
tions.
[0053] A plurality of transmission gears 49 is attached
to the main shaft 41. A plurality of transmission gears
420 corresponding to the plurality of transmission gears
49 is attached to the drive shaft 42. Only the transmission
gears 49 and 420, which form a pair, respectively select-
ed out of the plurality of transmission gears 49 and the
plurality of transmission gears 420 engage with each oth-
er. At least one of the unselected transmission gear 49
and the unselected transmission gear 420 is rotatable
with respect to the main shaft 41 or the drive shaft 42.
The transmission of the torque between the main shaft
41 and the drive shaft 42 is performed only via the se-
lected pair of transmission gears 49 and 420.
[0054] A shift cam 421 selects the pair of transmission
gears 49 and 420. A plurality of cam grooves 421 a is
formed on an outer peripheral surface of the shift cam
421. A plurality of shift forks 422 is mounted on the plu-
rality of cam grooves 421a. Each of the shift forks 422
engages with any of the transmission gears 49 of the
main shaft 41 and any one of the transmission gears 420
of the drive shaft 42. The shift cam 421 rotates so that
each of the plurality of shift forks 422 is guided by the
cam groove 421a to move in the axial direction of the
main shaft 41. Thus, the pair of transmission gears 49

and 420 that engage with each other is selected. In such
a way, the gear position of the transmission 43 is deter-
mined.
[0055] The shift actuator 70 operates so that a shift rod
75 moves back and forth. The shift cam 421 rotates
through a predetermined angle at a time by the recipro-
cating movement of the shift rod 75.
[0056] When the clutch 44 is in the engaged state, as
described above, the torque generated by the engine 45
is transmitted to the main shaft 41 via the clutch 44. Fur-
thermore, the torque transmitted to the main shaft 41 is
transmitted to the drive shaft 42 via the selected pair of
transmission gears 49 and 420, so that the drive shaft
42 rotates. In this case, the rotation is transmitted at a
change gear ratio determined by a gear ratio of the se-
lected pair of transmission gears 49 and 420. A power
transmission mechanism 47 illustrated in Fig. 1 connects
the drive shaft 42 to the rear wheel 23 illustrated in Fig.
1. The torque transmitted to the drive shaft 42 is trans-
mitted to the rear wheel 23 via the power transmission
mechanism 47 so that the rear wheel 23 rotates. The
power transmission mechanism 47 may be a chain, a
belt, or a drive shaft.
[0057] Fig. 3 is a block diagram mainly illustrating the
configuration of a clutch control apparatus 50.
[0058] As illustrated in Fig. 3, the motorcycle 1 includes
a display panel (notifier) 15, an electric control unit (ECU)
(control member) 90, a power supply device 73, a main
switch 74, an engine rotational speed sensor (rotational
speed detector) 31, a shift position sensor (gear position
detector) 32, and a vehicle speed sensor (traveling speed
detector) 33.
[0059] The ECU 90 includes a central processing unit
(CPU) 91, a random access memory (RAM) 92, a read-
only memory (ROM) 93, and an interface circuit 95. When
a driver turns the main switch 74 on, power is supplied
from the power supply device 73 to the ECU 90 so that
the ECU 90 is operable.
[0060] The motorcycle 1 may include a relay switch
(not illustrated). In this case, a part of the ECU 90 can
be operated even when the main switch 74 is not turned
on.
[0061] The engine rotational speed sensor 31 is pro-
vided in the crank shaft 25 (Fig. 2), for example, to detect
the rotational speed of the crank shaft 25. The shift po-
sition sensor 32 detects the rotation angle of the shift
cam 421 (Fig. 2), to detect the gear position of the trans-
mission 43. The vehicle speed sensor 33 detects the ve-
hicle speed (traveling speed) of the motorcycle 1.
[0062] The sensors 31 to 33 may directly or indirectly
detect a physical quantity to be detected. Alternatively,
the sensors 31 to 33 may have an operating function,
and may calculate a required physical quantity from the
detected physical quantity.
[0063] The ECU 90 controls the clutch actuator 60 and
the shift actuator 70. The clutch actuator 60 is provided
with a potentiometer (operating amount detector) 38, and
the shift actuator 70 is provided with a potentiometer 39.
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The potentiometer 38 detects the rotation angle of the
clutch actuator 60, to detect the driving amount of the
clutch actuator 60. The potentiometer 39 detects the ro-
tation angle of the shift actuator 70, to detect the driving
amount of the shift actuator 70.
[0064] In the present preferred embodiment, the dis-
play panel 15, the ECU 90, the engine rotational speed
sensor 31, the shift position sensor 32, the vehicle speed
sensor 33, the clutch actuator 60, and the potentiometer
38 constitute the clutch control apparatus 50.
[0065] The driving amount of the clutch actuator 60 in
a case where the clutch 44 is shifted from the engaged
state to the disengaged state and a case where the clutch
44 is shifted from the disengaged state to the engaged
state is previously determined. Therefore, the ECU 90
can determine whether the clutch 44 is in the engaged
state or the disengaged state based on the detected val-
ue of the potentiometer 38.
[0066] The ECU 90 controls the clutch actuator 60 and
the shift actuator 70, to carry out transmission control.
The transmission control means a series of control such
as switching to the engaged state of the clutch 44, a
change in the gear position of the transmission 43, and
switching to the engaged state of the clutch 44.
[0067] The ECU 90 estimates the rotational speed of
the driving member 454 in the clutch 44 based on the
rotational speed of the engine 45 detected by the engine
rotational speed sensor 31. The ECU 90 estimates the
rotational speed of the driven member 455 from the ro-
tational speed of a predetermined portion between the
driven member 455 in the clutch 44 and the rear wheel
23. More specifically, the ECU 90 estimates the rotational
speed of the driven member 455 based on the rotation
angle of the shift cam 421 detected by the shift position
sensor 32 and the vehicle speed detected by the vehicle
speed sensor 33.
[0068] The ECU 90 performs clutch control process-
ing, described below, based on the respective detected
values of the engine rotational speed sensor 31, the shift
position sensor 32, and the vehicle speed sensor 33 with
the clutch 44 engaged.
[0069] A first example of control processing of the
clutch actuator 60 (hereinafter referred to as clutch con-
trol processing) by the ECU 90 with the clutch 44 engaged
will be hereinafter described.

(a) Operation of ECU 90

[0070] The ECU 90 calculates a difference between
the estimated rotational speed of the driving member 454
and the estimated rotational speed of the driven member
455. This causes the difference between the respective
rotational speeds of the driving member 454 and the driv-
en member 455 in the clutch 44 (hereinafter referred to
as a rotational speed difference) to be detected. The ro-
tational speed difference is a calculated value or an es-
timated value, and varies depending on the traveling
state of the motorcycle 1. The rotational speed difference

occurs when the clutch sliding occurs in at least the clutch
44.
[0071] The ECU 90 determines whether or not the ro-
tational speed difference is a predetermined value or
more. The predetermined value in this case is referred
to as a stop rotational speed difference R1. The stop ro-
tational speed difference R1 is stored in the RAM 92 or
the ROM 93. The ECU 90 stops the control of the clutch
actuator 60 when the clutch 44 is in the engaged state
and the detected rotational speed difference is the stop
rotational speed difference R1 or more. Thus, the clutch
actuator 60 maintains the clutch 44 in the engaged state.
In this case, the ECU 90 does not accept an instruction
to switch the clutch 44. As a result, the clutch 44 is main-
tained in the engaged state. Even when an instruction
for transmission control is given, for example, the clutch
44 is maintained in the engaged state.
[0072] At this time, the ECU 90 may stop the control
of the clutch actuator 60 while stopping the control of the
shift actuator 70.
[0073] The ECU 90 determines whether or not the ro-
tational speed difference is less than a predetermined
value after stopping the control of the clutch actuator 60.
The predetermined value in this case is referred to as a
resumption rotational speed difference R2. The resump-
tion rotational speed difference R2 is stored in the RAM
92 or the ROM 93. The ECU 90 resumes the control of
the clutch actuator 60 when the rotational speed differ-
ence detected within the predetermined period of time
becomes less than the resumption rotational speed dif-
ference R2 after stopping the control of the clutch actuator
60. In this case, the ECU 90 accepts the instruction to
switch the clutch 44. As a result, the ECU 90 controls the
clutch actuator 60 in response to the instruction to switch
the clutch 44. Even when the instruction for transmission
control is given, for example, the clutch 44 is switched
from the engaged state to the disengaged state.
[0074] The ECU 90 resumes the control of the clutch
actuator 60 while resuming the control of the shift actuator
70 when stopping the control of the clutch actuator 60
while stopping the control of the shift actuator 70.
[0075] In this example, the stop rotational speed dif-
ference R1 and the resumption rotational speed differ-
ence R2 are set to a substantially identical value. The
stop rotational speed difference R1 and the resumption
rotational speed difference R2 may differ from each other.
[0076] If there is a malfunction or the like in the engine
45 or the power transmission mechanism 47, a rotational
speed difference occurs between the driving member
454 and the driven member 455 in the clutch 44, although
the clutch 44 is in the engaged state. In the case, the
rider is notified that the rotational speed difference occurs
between the driving member 454 and the driven member
455 with the clutch 44 engaged. Thus, the rider can stop
the driving of the motorcycle 1 to check and maintain the
motorcycle 1.
[0077] On the other hand, when temporary clutch slid-
ing occurs, a temporary rotational speed difference oc-
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curs between the driving member 454 and the driven
member 455 in the clutch 44 with the clutch 44 engaged.
In this case, the rotation of the driven member 455 grad-
ually follows the rotation of the driving member 454, so
that the rotational speed difference becomes zero. When
the rotational speed difference becomes less than the
resumption rotational speed difference R2 within a pre-
determined period of time elapsed since the rotational
speed difference was the stop rotational speed difference
R1 or more, it can be determined that the clutch sliding
has occurred.
[0078] The clutch 44 is in the half-clutched state, the
friction plate 452 and the clutch plate 453 in the clutch
44 rotate relative to each other. Thus, a rotational speed
difference occurs between the driving member 454 and
the driven member 455. The clutch actuator 60 shifts the
clutch 44 from the engaged state via the half-clutched
state or shifts the clutch 44 from the disengaged state to
the engaged state via the half-clutched state. Thus, the
clutch 44 may enter the half-clutched state when the gear
position of the transmission 43 is changed, i.e., when a
shift change is made.
[0079] As described above, the ECU 90 stops the con-
trol of the clutch actuator 60 when the clutch 44 is in the
engaged state and the rotational speed difference is the
stop rotational speed difference R1 or more, while not
stopping the control of the actuator 67 when the clutch
44 is in the half-clutched state.

(b) Notification by display panel 15

[0080] Fig. 4 is a schematic view illustrating the display
panel 15. As illustrated in Fig. 4, the display panel 15 is
provided with an indicating lamp 11, a speed meter 16,
an engine tachometer 17, and a fuelometer 18.
[0081] As illustrated in Fig. 1, the display panel 15 is
provided in the vehicle body 100 inside a front cowl 24.
The rider can easily view the display panel 15 with the
rider sitting on a seat 14. The configuration of the display
panel 15 is not limited to the configuration illustrated in
Fig. 4.
[0082] The ECU 90 flickers the indicating lamp 11
when the clutch 44 is in the engaged state and the rota-
tional speed difference is the stop rotational speed dif-
ference R1 or more. More specifically, the ECU 90 notifies
the rider by flickering the indicating lamp 11 that the clutch
44 is in the engaged state and the rotational speed dif-
ference is the stop rotational speed difference R1 or more.
The ECU 90 continues to flicker the indicating lamp 11
even when the control of the clutch actuator 60 is not
then resumed. This enables the rider of the motorcycle
1 to recognize that the temporary clutch sliding occurs
or the malfunction or the like occurs in the engine 45 or
the power transmission mechanism 47. When the control
of the clutch actuator 60 is not resumed within a prede-
termined period of time, the rider can recognize that not
the temporary clutch sliding but the malfunction or the
like in the engine 45 or the power transmission mecha-

nism 47 occurs.

(c) Flow of clutch control processing by ECU 90

[0083] A clutch control processing program for per-
forming clutch control processing is stored in the ROM
93 in the ECU 90. The CPU 91 in the ECU 90 executes
the clutch control processing program, to perform the fol-
lowing clutch control processing.
[0084] Fig. 5 is a flowchart illustrating clutch control
processing by the CPU 91 in the ECU 90.
[0085] In step S1, the CPU 91 controls the actuator 67
with the clutch 44 engaged. In this case, the CPU 91
accepts an instruction to switch the clutch 44. When the
rider turns a shift switch on, for example, the CPU 91 is
given an instruction for transmission control. The instruc-
tion for transmission control is generated based on the
driving state of the motorcycle 1. The driving state in-
cludes the vehicle speed of the motorcycle 1 and the
operating state of the engine 45, for example, the vehicle
speed and the accelerator opening of the motorcycle 1.
The CPU 91 is shifted to the transmission control
processing in response to the instruction for transmission
control, to control the disengagement of the clutch 44 by
the clutch actuator 60, the change in the gear position
by the shift actuator 70, and the engagement of the clutch
44 by the clutch actuator 60. When the clutch 44 enters
the engaged state, the CPU 91 is returned to step S1.
[0086] In step S2, the CPU 91 then determines wheth-
er or not the rotational speed difference is the stop rota-
tional speed difference R1 or more when the clutch 44 is
in the engaged state. If the rotational speed difference is
less than the stop rotational speed difference R1 (No in
step S2), the CPU 91 continues to control the clutch ac-
tuator 60.
[0087] If the rotational speed difference is the stop ro-
tational speed difference R1 or more (YES in step S2),
then in step S3, the CPU 91 notifies the rider by flickering
the indicating lamp 11 in the display panel 15 that the
rotational speed difference becomes the stop rotational
speed difference R1 or more. In Fig. 5, the notification in
this case is designated by a display D.
[0088] In step S4, the CPU 91 stops the control of the
clutch actuator 60. This causes the clutch actuator 60 to
maintain the clutch 44 in the engaged state. In this case,
the CPU 91 does not accept the instruction to switch the
clutch 44. Even when the instruction for transmission
control is given or is generated, the clutch 44 is main-
tained in the engaged state.
[0089] The processing in step S3 and the processing
in step S4 may be performed in the opposite order. Al-
ternatively, the processing in step S3 and the processing
in step S4 may be performed in parallel.
[0090] In step S5, the CPU 91 determines whether or
not the rotational speed difference becomes less than
the resumption rotational speed difference R2 within a
predetermined period of time elapsed since the rotational
speed difference was the stop rotational speed difference
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R1 or more.
[0091] If the rotational speed difference becomes less
than the resumption rotational speed difference R2 within
the predetermined period of time (YES in step S5), it is
determined that the temporary clutch sliding is eliminated
after occurring. In step S6, the CPU 91 resumes the con-
trol of the clutch actuator 60. In step S7, the CPU 91
switches the indicating lamp 11 in the display panel 15
from flickering to lighting to notify the rider that the rota-
tional speed difference becomes less than the resump-
tion rotational speed difference R2. In Fig. 5, the notifi-
cation in this case is designated by a display E. In this
case, the CPU 91 accepts the instruction to switch the
clutch 44. The CPU 91 is shifted to the transmission con-
trol processing in response to the instruction for trans-
mission control, for example, to control the disengage-
ment of the clutch 44 by the clutch actuator 60, the change
in the gear position by the shift actuator 70, and the en-
gagement of the clutch 44 by the clutch actuator 60.
When the clutch 44 enters the engaged state, the
processing is returned to step S1.
[0092] Unless the rotational speed difference be-
comes less than the resumption rotational speed differ-
ence R2 within the predetermined period of time (NO in
step S5), it is determined that the malfunction or the like
occurs in the engine 45 or the power transmission mech-
anism 47. The CPU 91 thus maintains the stop of the
control of the clutch actuator 60. This causes the clutch
actuator 60 to maintain the clutch 44 in the engaged state.
In this case, the display D by the display panel 15 is con-
tinued. More specifically, the indicating lamp 11 contin-
ues to flicker.
[0093] Thus, the display panel 15 makes different no-
tifications depending on whether the control of the clutch
actuator 60 is resumed or not.
[0094] Alternatively, in this example, the ECU 90 cal-
culates the ratio of the rotational speed difference to the
rotational speed of the driven member 455 (hereinafter
referred to as a rotational speed noncoincidence ratio).
The rotational speed noncoincidence ratio is represented
by an absolute value. The rotational speed noncoinci-
dence ratio becomes zero or more when clutch sliding
occurs in at least the clutch 44.
[0095] The ratio of the rotational speed difference to
the rotational speed of the driving member 454 may be
calculated as the rotational speed noncoincidence ratio.
[0096] In this example, the ECU 90 uses the rotational
speed noncoincidence ratio in place of the rotational
speed difference to determine the stop and the resump-
tion of the control of the clutch actuator 60.
[0097] The ECU 90 determines whether or not the ro-
tational speed noncoincidence ratio is a predetermined
value or more. The predetermined value in this case is
referred to as a stop noncoincidence ratio U1. The stop
noncoincidence ratio U1 is stored in the RAM 92 or the
ROM 93. The ECU 90 stops the control of the clutch
actuator 60 when the clutch 44 is in the engaged state
and the detected rotational speed noncoincidence ratio

is the stop noncoincidence ratio U1 or more.
[0098] The ECU 90 determines whether or not the ro-
tational speed noncoincidence ratio is less than the pre-
determined value after stopping the control of the clutch
actuator 60. The predetermined value in this case is re-
ferred to as a resumption noncoincidence ratio U2. The
resumption noncoincidence ratio U2 is stored in the RAM
92 or the ROM 93. The ECU 90 resumes the control of
the clutch actuator 60 when the rotational speed nonco-
incidence ratio detected within the predetermined period
of time elapsed since the control of the clutch actuator
60 was stopped becomes less than the resumption non-
coincidence ratio U2.
[0099] In the present preferred embodiment, the stop
noncoincidence ratio U1 and the resumption noncoinci-
dence ratio U2 are respectively set to substantially iden-
tical values. The stop noncoincidence ratio U1 and the
resumption noncoincidence ratio U2 may differ from each
other.
[0100] Fig. 6 is a diagram illustrating a change in rota-
tional speed between the driving member 454 and the
driven member 455, and an upper-limit abnormality de-
termination threshold value and a lower-limit abnormality
determination threshold value.
[0101] In Fig. 6, a curve L1 represents the change in
the rotational speed of the driving member 454, and a
curve L2 represents the change in the rotational speed
of the driven member 455. In this example, the upper-
limit abnormality determination threshold value A and the
lower-limit abnormality determination threshold value B
are defined by the stop noncoincidence ratio U1 and the
resumption noncoincidence ratio U2.
[0102] When the stop noncoincidence ratio U1 and the
resumption noncoincidence ratio U2 are 0.1 (= 10%), for
example, the upper-limit abnormality determination
threshold value A is set to 1.1 times the rotational speed
of the driven member 455, and the lower-limit abnormality
determination threshold value B is set to 0.9 times the
rotational speed of the driven member 455. In this case,
when the rotational speed of the driving member 454 is
1.1 times or more the rotational speed of the driven mem-
ber 455 (the upper-limit abnormality determination
threshold value A or more), or is 0.9 times or less the
rotational speed of the driven member 455 (the lower-
limit abnormality determination threshold value B or less),
the ECU 90 stops the control of the clutch actuator 60.
[0103] When the rotational speed of the driving mem-
ber 454 is less than 1.1 times the rotational speed of the
driven member 455 (less than the upper-limit abnormality
determination threshold value A), or is 0.9 times or more
the rotational speed of the driven member 455 (at least
the lower-limit abnormality determination threshold value
B), the ECU 90 resumes the control of the clutch actuator
60.
[0104] The rotational speed noncoincidence ratio for
setting the upper-limit abnormality determination thresh-
old value A and the rotational speed noncoincidence ratio
for setting the lower-limit abnormality determination
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threshold value B may be identical to or different from
each other.
[0105] The upper-limit abnormality determination
threshold value A may be set to 1.2 times the rotational
speed of the driven member 455, and the lower-limit ab-
normality determination threshold value B may be set to
0.9 times the rotational speed of the driven member 455.
[0106] In the example illustrated in Fig. 6, the rotational
speed of the driving member 454 is the upper-limit ab-
normality determination threshold value A or more at a
time point t1, and the rotational speed of the driving mem-
ber 454 is less than the upper-limit abnormality determi-
nation threshold value A at a time point t2. In this case,
the ECU 90 stops the control of the clutch actuator 60 at
the time point t1, and resumes the control of the clutch
actuator 60 at the time point t2.
[0107] As described above, in the clutch control appa-
ratus 50 according to the present preferred embodiment,
the control of the clutch actuator 60 by the ECU 60 is
stopped when the clutch 44 is in the engaged state and
the rotational speed difference between the respective
rotational speeds of the driving member 454 and the driv-
en member 455 is the stop rotational speed difference
R1 or more or the rotational speed noncoincidence ratio
is the stop noncoincidence ratio U1 or more. This causes
the engaged state of the clutch 44 to be maintained.
[0108] When the temporary clutch sliding occurs, the
rotational speed difference occurs between the driving
member 454 and the driven member 455. In this case,
the rotation of the driven member 455 gradually follows
the rotation of the driving member 454, so that the rota-
tional speed difference is eliminated within the predeter-
mined period of time. Therefore, the control of the clutch
actuator 60 by the ECU 90 is resumed when the rotational
speed difference becomes less than the resumption ro-
tational speed difference R2 or the rotational speed non-
coincidence ratio becomes less than the resumption non-
coincidence ratio U2 within the predetermined period of
time elapsed since the control of the clutch actuator 60
was stopped. More specifically, the driving of the clutch
44 by the clutch actuator 60 is resumed after the tempo-
rary clutch sliding is eliminated. Therefore, the traveling
of the motorcycle 1 can be continued when the temporary
clutch sliding occurs.
[0109] On the other hand, when the malfunction or the
like occurs in the engine 45 or the power transmission
mechanism 47, the rotational speed difference occurs
between the driving member 454 and the driven member
455. In this case, the rotational speed difference is not
eliminated within the predetermined period of time. After
the control of the clutch actuator 60 is stopped, therefore,
the control of the clutch actuator 60 by the ECU 90 is not
resumed. Thus, the traveling of the motorcycle 1 cannot
be continued. This enables the rider to check and main-
tain the motorcycle 1.
[0110] When the temporary clutch sliding thus occurs,
the rider can continue the driving of the motorcycle 1.
This results in an improvement in the convenience of the

rider.
[0111] The rotational speed of the driving member 454
is calculated based on the rotational speed of the engine
45 detected by the engine rotational speed sensor 31,
the rotational speed of the driven member 455 is calcu-
lated based on the traveling speed of the motorcycle 1
detected by the vehicle speed sensor 33 and the gear
position of the transmission 43 detected by the shift po-
sition sensor 32, and the rotational speed difference or
the rotational speed noncoincidence ratio is calculated
from the calculated rotational speed of the driving mem-
ber 454 and the calculated rotational speed of the driven
member 455. This enables the rotational speed differ-
ence or the rotational speed noncoincidence ratio to be
easily calculated. The need of a sensor for directly de-
tecting the rotational speed of the driven member 455 is
eliminated.
[0112] Furthermore, the potentiometer 38 detects the
driving amount of the clutch actuator 60, and the ECU
90 determines whether or not the clutch 44 is in the en-
gaged state based on the detected driving amount. This
enables accurate determination whether or not the clutch
44 is in the engaged state irrespective of the presence
or absence of the clutch sliding.
[0113] The rotational speed difference or the rotational
speed noncoincidence ratio is calculated as the degree
of noncoincidence between the rotational speed of the
driving member 454 and the rotational speed of the driven
member 455. This enables the degree of noncoincidence
between the rotational speed of the driving member 454
and the rotational speed of the driven member 455 to be
determined by a simple operation.
[0114] When the stop rotational speed difference R1
and the resumption rotational speed difference R2 are
the same, or when the stop noncoincidence ratio U1 and
the resumption noncoincidence ratio U2 are the same,
the stop and the resumption of the control of the clutch
actuator 60 are determined based on the same value.
This makes the processing by the ECU 90 easy so that
the burden on the ECU 90 is reduced.
[0115] Furthermore, the notification that the control of
the clutch actuator 60 is stopped is made by the display
panel 15, and is also continued when the control of the
clutch actuator 60 by the ECU 90 is not resumed. This
enables the rider of the motorcycle 1 to easily recognize
the occurrence of the temporary clutch sliding and the
occurrence of the malfunction or the like in the engine 45
or the power transmission mechanism 47.
[0116] When the control of the clutch actuator 60 by
the ECU 90 is resumed within the predetermined period
of time, the display panel 15 makes a different notification
from when the control of the clutch actuator 60 by the
ECU 90 is not resumed. This enables the rider of the
motorcycle 1 to easily recognize whether or not the tem-
porary clutch sliding occurs or whether or not the mal-
functions or the like occur in the engine 45 and the power
transmission mechanism 47 based on the notification by
the display panel 15.
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[0117] In the motorcycle 1 including the clutch control
apparatus 50 according to the present preferred embod-
iment, when the temporary clutch sliding occurs, the driv-
ing of the clutch 44 by the clutch actuator 60 is resumed
after the clutch sliding is eliminated. Therefore, the
traveling of the motorcycle 1 can be continued when the
temporary clutch sliding occurs. This results in an im-
provement in the convenience of the rider.
[0118] Alternatively or additionally to the above, the
following clutch control may be provided:

(a) The stop rotational speed difference R1 and the
resumption rotational speed difference R2 may be
determined to differ depending on the gear position
of the transmission 43. The stop noncoincidence ra-
tio U1 and the resumption noncoincidence ratio U2
may be determined to differ depending on the gear
position of the transmission 43. The gear position of
the transmission 43 is determined based on the de-
tected value of the shift position sensor 32. In this
case, the ECU 90 can properly stop and resume the
control of the clutch actuator 60 according to the gear
ratio in each of the gear positions of the transmission
43.
(b) The clutch 44 is not limited to a wet multiple disk
friction clutch. It may be a dry multiple disk friction
clutch or a single disk clutch. Alternatively, the clutch
44 may be a clutch including a centrifugal weight (a
centrifugal clutch).
(c) Although in the above-mentioned preferred em-
bodiment, the clutch device is composed of a single
clutch 44, the clutch device may be composed of a
plurality of clutches.
(d) The transmission 43 is not limited to a stage trans-
mission. It may be a non-stage transmission having
a belt.
(e) A transmission path of a torque generated by the
engine 45 within the power unit 20 is not limited to
the transmission path in the above-mentioned pre-
ferred embodiment. For example, the clutch 44 may
be arranged on the downstream side of the trans-
mission 43 in a torque transmission direction. In this
case, the rotation of the main shaft 41 is transmitted
to the drive shaft 42 at a predetermined change gear
ratio by the transmission 43, and the rotation of the
drive shaft 42 is transmitted to the power transmis-
sion mechanism 47 (see Fig. 1) via the clutch 44.
In this case, the ECU 90 can estimate the rotational
speed of the driving member 454 based on the ro-
tational speed detected by the engine rotational
speed sensor 31 and the gear position detected by
the shift position sensor 32. The ECU 90 can esti-
mate the rotational speed of the driven member 455
based on the vehicle speed detected by the vehicle
speed sensor 33.
(f) A sensor for directly detecting the rotational speed
of the driving member 454 may be provided. In this
case, the rotational speed of the friction plate 452 or

the clutch housing 442 in the clutch 44 is directly
detected. As described above, the clutch plate 453
and the clutch boss 441, together with the main shaft
41, rotate. Therefore, the rotational speed of the
clutch plate 453 or the clutch boss 441 can be directly
detected by detecting the rotational speed of the
main shaft 41.

[0119] A sensor for directly detecting the rotational
speed of the driven member 455 may be provided. In this
case, the rotational speed of the clutch plate 453 or the
clutch boss 441 in the clutch 44 is directly detected.
[0120] When the sensor for directly detecting the rota-
tional speed of the driving member 454 and the sensor
for directly detecting the rotational speed of the driven
member 455 are provided, a rotational speed difference
or a rotational speed noncoincidence ratio is calculated
based on the respective detected values of the two sen-
sors.

(g) Although in the above-mentioned preferred em-
bodiment, the driving force of the clutch release
mechanism 86 is transmitted to the pressure plate
450 via the inside of the main shaft 41, the present
teaching is not limited to the configuration. For ex-
ample, the clutch 44 may be provided with another
moving mechanism that moves the push mechanism
471 outward (rightward in Fig. 2) against the urging
force of the belleville spring 451. At least respective
parts of the moving mechanism and the clutch re-
lease mechanism 86 are provided outside the pres-
sure plate 450. In this case, the push mechanism
471 is connected to the clutch release mechanism
86 via the moving mechanism. When the clutch ac-
tuator 60 operates, the push mechanism 471 is
pulled outward (rightward in Fig. 2) by the moving
mechanism. Thus, the push mechanism 471 moves
against the urging force of the belleville spring 451
so that the clutch 44 enters a disengaged state.
(h) Although in the above-mentioned preferred em-
bodiment, the actuator device is composed of the
clutch actuator 60 and the shift actuator 70 that are
separate from each other, the actuator device may
be composed of a single actuator that switches the
clutch 44 and switches the transmission gears 49
and 420 in the transmission 43.

[0121] In this case, the potentiometers 38 and 39 may
be replaced with a single potentiometer.

(i) A voice output device may be provided in place
of or in addition to the display panel 15 to notify the
stop and the resumption of the control of the clutch
actuator 60 by the ECU 90. In this case, the ECU 90
controls the voice output device such that a voice is
outputted when the clutch 44 is in the engaged state
and the rotational speed difference between the re-
spective rotational speeds of the driving member 454
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and the driven member 455 is the stop rotational
speed difference R1 or more or the rotational speed
noncoincidence ratio is the stop noncoincidence ra-
tio U1 or more, and such that a voice is outputted
when the clutch 44 is in the engaged state and the
rotational speed difference between the respective
rotational speeds of the driving member 454 and the
driven member 455 is less the stop rotational speed
difference R1 or the rotational speed noncoincidence
ratio is less the stop noncoincidence ratio U1. In Fig.
5, the notification in this case is designated by a dis-
play E.
(j) Although in the above-mentioned preferred em-
bodiment, the clutch control apparatus 50 is applied
to the motorcycle 1 illustrated in Fig. 1 as an example
of the vehicle, the clutch control apparatus 50 is sim-
ilarly applicable to a motorcycle such as a scooter
motorcycle, an off load motorcycle, or a racer replica
motorcycle. The clutch control apparatus 50 is not
limited to the motorcycle. For example, it is similarly
applicable to other vehicles such as motor three-
wheelers, motor four-wheelers, an all terrain vehicle
(ATV), or a snowmobile.
(k) Although in the above-mentioned preferred em-
bodiment, the function of the control member is re-
alized by the CPU 91 in the ECU 90 and the clutch
control program, the function of the control member
may be realized by hardware such as an electronic
circuit. In this case, a rotational speed difference de-
tector that detects a rotational speed difference or a
rotational speed noncoincidence ratio, an actuator
control unit that controls the clutch actuator 60, a
control stop unit that stops the control of the clutch
actuator 60 by the actuator control unit, a control
resumption unit that resumes the control of the clutch
actuator 60 by the actuator control unit, and a noti-
fication control unit that controls a notification by the
display panel 15 may be respectively composed of
separate electronic circuits or a common electronic
circuit.

[0122] In the following two paragraphs, non-limiting ex-
amples of correspondences between various elements
recited in the claims below and those described above
with respect to various preferred embodiments are ex-
plained.
[0123] In the preferred embodiments described above,
the motorcycle 1 is an example of a vehicle, the clutch
control apparatus 50 is an example of a clutch control
apparatus, the engine 45 is an example of an engine, the
clutch 44 is an example of a clutch device, the driving
member 454 is an example of a driving member, the driv-
en member 455 is an example of a driven member, the
clutch actuator 60 is an example of an actuator device,
and the ECU 90 is an example of a control member.
[0124] The engine rotational speed sensor 31 is an
example of a rotational speed detector, the vehicle speed
sensor 33 is an example of a traveling speed detector,

the shift position sensor 32 is an example of a gear po-
sition detector, the potentiometer 38 is an example of an
operating amount detector, and the display panel 15 is
an example of a notifier.
[0125] Furthermore, the rotational speed difference or
the rotational speed noncoincidence ratio is an example
of the degree of noncoincidence, the stop rotational
speed difference R1 or the stop noncoincidence ratio U1
is an example of a first value, and the resumption rota-
tional speed difference R2 or the resumption noncoinci-
dence ratio U2 is an example of a second value.
[0126] To sum up the above, the embodiment of a
clutch control apparatus is provided in a vehicle including
a clutch. The clutch control apparatus includes a clutch
actuator and an ECU. The ECU stops the control of the
clutch actuator when the clutch is in an engaged state
and a difference between the respective rotational
speeds of a driving member and a driven member in the
clutch is a predetermined value or more, while resuming
the control of the clutch actuator when the difference be-
tween the rotational speeds becomes less than the pre-
determined value within a predetermined period of time
elapsed since the control of the clutch actuator was
stopped.

Claims

1. Clutch control apparatus for controlling a clutch de-
vice (44) including a driving member (454) config-
ured to rotate by a torque generated by an engine
(45) and a driven member (455) configured to rotate
according to the rotation of the driving member (454),
the clutch control apparatus (50) comprising:

an actuator device (60) configured to switch the
clutch device (44) into an engaged state and a
disengaged state; and
a control member (90) configured to control the
actuator device (60),

wherein the control member (90) is configured to
stop control of the actuator device (60) when the
clutch device (44) is in the engaged state and a de-
gree of noncoincidence between the rotational
speed of the driving member (454) and the rotational
speed of the driven member (455) is a predetermined
first value (R1,U1) or more, and to resume control of
the actuator device (60) when the degree of nonco-
incidence becomes less than a predetermined sec-
ond value (R2,U2) within a predetermined period of
time (t2 - t1) elapsed since control of the actuator
device (60) was stopped.

2. Clutch control apparatus according to claim 1,
wherein a rotational speed detector (31) is config-
ured to detect a rotational speed of the engine (45)
of a vehicle (1), a traveling speed detector (33) is
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configured to detect a traveling speed of the vehicle
(1), and a gear position detector (32) is configured
to detect a gear position of a transmission (43) ca-
pable of assuming a plurality of gear positions,
wherein the control member (90) is configured to cal-
culate the rotational speed of the driving member
(454) based on the rotational speed of the engine
(45) detected by the rotational speed detector (31),
to calculate the rotational speed of the driven mem-
ber (455) based on the traveling speed of the vehicle
(1) detected by the traveling speed detector (33) and
the gear position detected by the gear position de-
tector (32), and to calculate the degree of noncoin-
cidence from the calculated rotational speed of the
driving member (454) and the calculated rotational
speed of the driven member (455).

3. Clutch control apparatus according to claim 2,
wherein the first value (R1,U1) and the second value
(R2,U2) differ depending on the gear position of the
transmission (43).

4. Clutch control apparatus according to any one of
claims 1 to 3, wherein an operating amount detector
(38) is configured to detect an operating amount of
the actuator device (60), and, preferably, the control
member (90) is configured to determine whether or
not the clutch device (44) is in the engaged state
based on the operating amount detected by the op-
erating amount detector (38).

5. Clutch control apparatus according to any one of
claims 1 to 4, wherein the degree of noncoincidence
is determined as difference between the rotational
speed of the driving member (454) and the rotational
speed of the driven member (455), and the first and
second values (R1,R2) are respectively predeter-
mined values of the difference between the rotational
speeds of the driving member (454) and the driven
member (455).

6. Clutch control apparatus according to any one of
claims 1 to 4, wherein the degree of noncoincidence
is determined as ratio of a difference between the
rotational speed of the driving member (454) and the
rotational speed of the driven member (455) to the
rotational speed of the driving member (454) or the
rotational speed of the driven member (455), and the
first and second values (U1,U2) are respectively pre-
determined values of the ratio of the difference be-
tween the rotational speeds of the driving member
(454) and the driven member (455) to the rotational
speed of the driving member (454) or the driven
member (455).

7. Clutch control apparatus according to any one of
claims 1 to 6, wherein the first value (R1,U1) and the
second value (R2,U2) are substantially identical.

8. Clutch control apparatus according to any one of
claims 1 to 7, wherein a notifier (15) is configured to
make a notification that control of the actuator device
(60) by the control member (90) is stopped, and, pref-
erably, the notifier (15) is configured to continue the
notification even when control of the actuator device
(60) by the control member (90) is not resumed.

9. Clutch control apparatus according to claim 8,
wherein the notifier (15) is configured to make a dif-
ferent notification when control of the actuator device
(60) by the control member (90) is resumed within a
predetermined period of time from when control of
the actuator device (60) by the control member (90)
is not resumed.

10. Vehicle comprising an engine (45), a clutch device
(44) including a driving member (454) configured to
rotate by a torque generated by the engine (45) and
a driven member (455) configured to rotate accord-
ing to the rotation of the driving member (454), and
a clutch control apparatus (50) according to any one
of claims 1 to 9 configured to control the clutch device
(44).

11. Method of controlling a clutch device (44) including
a driving member (454) configured to rotate by a
torque generated by an engine (45) and a driven
member (455) configured to rotate according to the
rotation of the driving member (454), the method
comprising the following steps:

switching the clutch device (44) into an engaged
state and a disengaged state by means of an
actuator device (60); and
controlling the actuator device (60) so as to stop
control of the actuator device (60) when the
clutch device (44) is in the engaged state and a
degree of noncoincidence between the rotation-
al speed of the driving member (454) and
the rotational speed of the driven member (455)
is a predetermined first value (R1,U1) or more,
and to resume control of the actuator device (60)
when the degree of noncoincidence becomes
less than a predetermined second value (R2,U2)
within a predetermined period of time (t2 - t1)
elapsed since control of the actuator device (60)
was stopped.

12. Method according to claim 11, wherein the first value
(R1,U1) and the second value (R2,U2) differ depend-
ing on a gear position of a transmission (43).

13. Method according to claim 11 or 12, wherein the de-
gree of noncoincidence is determined as difference
between the rotational speed of the driving member
(454) and the rotational speed of the driven member
(455), and the first and second values (R1,R2) are
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respectively predetermined values of the difference
between the rotational speeds of the driving member
(454) and the driven member (455).

14. Method according to claim 11 or 12, wherein the de-
gree of noncoincidence is determined as ratio of a
difference between the rotational speed of the driving
member (454) and the rotational speed of the driven
member (455) to the rotational speed of the driving
member (454) or the rotational speed of the driven
member (455), and the first and second values (U1,
U2) are respectively predetermined values of the ra-
tio of the difference between the rotational speeds
of the driving member (454) and the driven member
(455) to the rotational speed of the driving member
(454) or the driven member (455).

15. Method according to any one of claims 11 to 14,
wherein the first value (R1,U1) and the second value
(R2,U2) are substantially identical.
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