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DESCRIPTION
CONTROL APPARATUS OF CLUTCH MECHANISM
TECHNICAL FIELD

The present invention relates to a control apparatus of
a clutch mechanism provided between a power source and a.

transmission.
BACKGROUND ART

In order to disconnect or connect power transmission
from a power source such as a vehicle internal combustion
engine to a transmission, a clutch mechanism is provided
between the power source and the transmission (refer to
Patent Document 1). The clutch mechanism generally has a
flywheel attached to an output shaft of the power source, and
a clutch disc attached to an input shaft of the transmission.
The clutch mechanism is coupled to a clutch pedal provided
within a passenger compartment via a hydraulic piping or a
cable. The clutch pedal is held at a non-depressed position

by being normally urged by an urging force of a spring.

When the clutch pedal is not depressed, the clutch disc
is pressed against the flywheel. At this time, friction force
is generated between the clutch disc and the flywheel.
Further, by means of the friction fdrce, the clutch mechanism
is connected so as to form an engaged state, and the power is

transmitted from the power source to the transmission.

If the clutch pedal is depressed, the clutch disc is
released from a state in which the clutch disc is pressed
against the flywheel. At this time, the friction force

generated between the clutch disc and the flywheel is reduced,
1
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and the clutch disc comes away from the flywheel. Accordingly,
the clutch mechanism is disconnected so as to form a
disengaged state, and the power transmission from the power

source to the transmission is disconnected.

The clutch mechanism is activated through depressing
operation of the clutch pedal by a driver. Accordingly, if
depression of the clutch pedal is discontinued because a foot
depressing the clutch pedal is removed from the clutch pedal
or has slid in a lateral direction, the clutch pedal is
rapidly returned to the non-depressed position, and the
clutch mechanism rapidly shifts from the disengaged state to

the engaged state.

Further, immediately after the clutch mechanism shifts
from the disengaged state to the engaged state, the actual
transmission torque transmitted to the input shaft of the
transmission is changed as follows. The actual transmission
torque temporarily overshoots a torque transmitted to the
input shaft of the transmission at a steady state when the
torque is fixed, that is, a steady state transmission torque.
Thereafter, the actual transmission torque repeats decrease
and increase at a predetermined period, the amplitude of the
actual transmission torque becomes smaller and smaller, and
the actual torque finally coincides with the steady state

transmission torque.

At the transition as mentioned above, the greater the
changing speed of the operating state of the clutch mechanism,
that is, the greater the engaging speed of the clutch
mechanism, the greater the amount by which the steady state
transmission torque is oveﬁshot becomes, and the peak value
of the actual transmission torque becomes large. Accordingly,
if the clutch mechanism rapidly shifts from the disengaged

state to the engaged state, the peak value of the actual
2
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transmission torque becomes large. Therefore, in order to
secure the durability of a drive system including the
transmission, it is necessary to set the strength of the
drive system in correspondence to the peak value of the
actual transmission torque. This reduces the flexibility of

the design of the characteristic of the drive system.

- If a system having a clutch mechanism of a small
maximum engaging speed is employed, it is possible to reduce
the peak value of the actual transmission torque. However, in
this case, since .the engaging speed is lowered in conditions
other than the condition mentioned above, the response of the

clutch mechanism is reduced.

Patent Document 1: Japanese Laid-Open Patent Publication No.

T-27217
DISCLOSURE OF THE INVENTION

An objective of the present invention is to provide a
control apparatus of a clutch mechanism which lowers a peak
value of an actual transmission torque while suppressing a

reduction of response.

In order to achievé the objective mentioned above, and
in accordance with a first aspect of the present'invention,
there is provided a control apparatus of a clutch mechanism
that is coupled to a clutch operating member as well as being
interposed between a power source and a transmission, and
changes its operating mode in response to a change of an
operating position of the clutch operating member. The
control apparatus is provided with a maximum speed loWering
means. In the case that an execution condition including an
execution start condition that “an operating position of the

clutch operating member is a position setting the clutch
3
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mechanism to a disengaged state, and a changing speed of the
operating position of the clutch operating member in a
engaging direction at a time of setting the clutch mechanism
to an engaged state from the disengaged state becomes equal
to or higher than a predetermined starting speed” is met, the
maximum speed lowering means lowers the maximum operating
speed of the clutch mechanism in comparison with a state in

which the execution condition is not met.

In accordance with the structure mentioned above, when
the execution condition is met, in other words, when there is
a risk that the clutch mechanism rapidly shifts from the
disengaged state to the engaged state, it is possible to keep
down the operating speed of the clutch mechanism. Accordingly,
it is possible to lower the peak value of the actual
transmission torgque. Further, when the execution condition is
not met, the maximum operating speed of the clutch mechanism

is increased to suppress a reduction of the response.

In the control apparatus of the clutch mechanism
mentioned above, the execution condition includes an
execution stop condition that one of the following conditions
is satisfied: “the operating position of the clutch operating
member is the position setting the operating state of the
clutch mechanism to the engaged state, and the changing speed
of the operating position of the clutch operating member in
the engaging direction becomes less than the predetermined
stopping speed” and “the clutch operating member is in the

operated state”.

In the control apparatus of the clutch mechanism
mentioned above, the execution condition includes the
following execution stop condition that “the operating
position of the clutch operating member is the position

setting the clutch mechanism to the engaged state, and the
4



10

15

20

25

30

35

WO 2008/153165 PCT/JP2008/060923

changing speed of the operating position of the clutch
operating member in the engaging direction becomes less than

the predetermined speed”.

In the control apparatus of the clutch mechanism
mentioned above, the execution condition includes the
following execution stop condition that “the clutch operating

member is in the operated state”.

It is possible to determine that the clutch mechanism
has got out of the situation where the clutch mechanism
rapidly shifts from the disengaged state to the engaged state,
in other words, from a situation where it is desirable to
execute the process of suppressing the maximum operating
speed of the clutch mechanism so as to suppress the peak
value of the actual transmission torque, under the condition
that “the operating position of the clutch operating member
is the position setting the clutch mechanism to the engaged
state, and the changing speed of the operating position of
the clutch operating member in the engaging direction becomes

less than the predetermined speed”.:

In the case that “the clutch operating member is
activated”, in other words, in the case that the clutch
operating member touches the body of the driver, it 1is
possible to determine that the clutch mechanism has got out
of the situation where it is desirable to execute the process
mentioned above, by determining that the operating speed of
the clutch operating member is sustained at a comparatively

low level by the driver.

In this regard, in accordance with the present
invention, in the case that the clutch mechanism has got out
of the situation where it is desirable to execute the process

mentioned above, it is possible to stop the execution of the
5
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process at a suitable timing.

In the control apparatus of the clutch mechanism
mentioned above, the maximum speed lowering means changes the
operating position of the clutch operating member at a
predetermined speed to a predetermined position setting the
clutch mechanism to a half-engaged state. Then after keeping
the operating position at a predetermined position for a
predetermined period corresponding to one half of a
fluctuation period at a time when the actual transmission
torque periodically fluctuates in accordance with the change
of the actual transmission torque transmitted from the power
source to the transmission through the clutch mechanism, the
control apparatus changes again the operating position at a

predetermined speed.

In accordance with the structure mentioned above, it is
possible to generate two fluctuations of inverted positive
and negative phases as the periodical fluctuations of the
actual transmission torque. Specifically, it is possible to
generate a fluctuation generated at a time of changing the
operating position of the clutch operating member to the
predetermined position, and a fluctuation generated at a time
of changing the operating position again. Accordingly, it is
possible to offset a part of each fluctuation by causing the
fluctuations to interfere with each other. Therefore, it is
possible to suppress the peak value of the actual

transmission torque.

As the predetermined speed, it is possible to employ
the maximum changing speed in addition to the changing speed
at a time when the execution condition is not met, that is, a

speed lower than the maximum changing speed.

In the control apparatus of the clutch mechanism
6
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mentioned above, the predetermined position corresponds to
the operating position in which the clutch mechanism can
transmit over one half of the maximum value of the steady
state transmission torque transmitted from the power source
to the transmission at the steady state when the actual.

transmission torque is fixed.

As mentioned above, the actual transmission torque
primarily overshoots the steady state transmission torque,
and thereafter repeats increasing and decreasing. The
amplitude of the actual transmission torque becomes smaller
and smaller. The actual transmission torque finally coincides
with the steady state transmission torque. Accordingly, after
somewhat damping its amplitude, the periodical fluctuation
(the first fluctuation) of the actual transmission torque
generated at a time of changing the operating position of the
clutch operating member to the predetermined position
interferes with the periodical fluctuation (the second
fluctuation) of the actual transmission torque generated at a
time of changing the operating position of the clutch

operating member again.

If the amplitudes at an initial stage of the first
fluctuation and the second fluctuation are made equal, the
amplitude of the first fluctuation becomes larger than the
amplitude of the second fluctuation at a time when both
fluctuations interfere with each other. In order to suppress
the peak value of the actual transmission torque, it is
desirable that the amplitudes of the fluctuations coincide
with each other at a time when both fluctuations interfere

with each other.

In this regard, in accordance with the structure
mentioned above, the amplitude at the initial stage when the

first fluctuation is generated can be made larger than the
7
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amplitude at the initial stage when the second fluctuation is
generated, under the state that the clutch mechanism comes to
the engaged state, and the torque equal to the maximum &alue
of the steady state transmission torque is transmitted at the
steady state when the actual transmission torque is fixed, in
other words, under the state that there is a risk that the
peak value of the actual transmission torque becomes maximum.
Accordingly, since the amplitudes of both fluctuations
substantially coincide at a time when the first fluctuation
interferes with the second fluctuation under such a situation,
whereby the amplitudes of the fluctuations are offset, it is
possible to effectively suppress the peak value of the actual

transmission torque.

In the control apparatus of the clutch mechanism
mentioned above, the transmission has an oil lubricating
system carrying out lubrication through oil feed to the
inside of the transmission. The maximum speed lowering means
changes the predetermined position in correspondence to the

viscosity of the oil.

The transmission has a sliding portion such as a
bearing portion of an input shaft and the like, and a
friction force is generated in the sliding portion. The
larger the friction force is, the more largely the
fluctuation of the actual transmission torque is damped, soO
that the amplitude of the first fluctuation becomes small at
an early stage. Accordingly, in order to reliably cause the
amplitudes of the first and second fluctuations to coincide
each other, it is desirable to set the predetermined position
to a position close to the engaged state, in accordance with
an increase in the friction force. The higher viscosity of
the lubricating oil in the interior of the transmission, the
larger the friction force generated in the sliding portion

becomes.
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In accordance with the structure mentioned above, it is
possible to bring the amplitude of the first fluctuation into
line with the amplitude of the second fluctuation by changing
the predetermined position in correspondence to the friction
force applied to the sliding portion. Accordingly, it is
possible to more effectively suppress the peak value of the

actual transmission torque.

In the control apparatus of the clutch mechanism
mentioned above, it is possible to determine that the higher
the temperature of the o0il, the lower the viscosity of the
0il is, and it is possible to determine that the greater the
degree of deterioration of the oil, the lower the viscosity

of the oil is.

In the control apparatus of the clutch mechanism
mentioned above, the maximum speed lowering means changes the
predetermined position in correspondence to the magnitude of

the generated torque of the power source.

The friction force generated in the sliding portion is
changed in correspondence to the magnitude of the actual
transmission torque, and the actual transmission torque is
changed in correspondence to the magnitude of the generated
torque of the power source. In accordance with the structure
mentioned above, it is possible to bring the amplitude of the
first fluctuation into line with the amplitude of the second
fluctuation by changing the predetermined position in
correspondence to the friction force applied to the sliding
portion, and it is possible to more effectively suppress the

peak value of the actual transmission torque.

In the control apparatus of the clutch mechanism

mentioned above, the transmission is constituted by a
' 9
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multistage transmission in which a plurality of transmission
speed gears can be selectively switched. The maximum speed
lowering means changes the predetermined period in

correspondence to the selected transmission speed gear.

In the multistage transmission, the rigidity of the
torque transmission path along which the actual transmission
torque is transmitted is changed in correspondence to the
selected transmission speed gear. In accordance with this,
the period in which the actual transmission torque fluctuates
is changed at transition. Further, as mentioned above, two
opposite fluctuations having positive and negative phases are
generated as the periodical fluctuation of the actual
transmission forque by setting the predetermined time
maintaining the operating position of the clutch operating
member to the period corresponding to one half of the

fluctuation cycle of the actual transmission torque.

In accordance with the structure mentioned above, it is
possible to set the predetermined period to the period
corresponding to one half of the actual fluctuation cycle in
correspondence to the change of the fluctuation cycle of the
actual transmission torgue at the transition. Accordingly, it
is possible to reliably offset the amplitudes of two
fluctuations, and it ié possible to effectively suppress thé

peak value of the actual transmission torque.

The control apparatus of the clutch mechanism mentioned
above is further provided with a friction type brake
mechanism for forcibly stopping the rotation of the output
shaft of the transmission. The maximum speed lowering means
changes the predetermined period in correspondence to the

presence or absence of the operation of the brake mechanism.

If the rotation of the output shaft of the transmission
10
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is forcibly stopped by the operation of the friction type
brake mechanism, the rigidity of the torque transmission path
becomes higher, and the period in which the actual
transmission torque fluctuates at the transition becomes

shorter.

In accordance with the structure mentioned above, it is
possible to set the predetermined period to the period
corresponding to one half of the actual fluctuation cycle of
the actual transmission torque at transition, in
correspondence to the operating state of the brake mechanism,
and it is posSible to suppress the peak &alue of the actual
transmission torque by reliably offsetting the amplitudes of

two fluctuations.

In the control apparatus of the clutch mechanism
mentioned above, the clutch mechanism and the clutch
operating member are coupled via a hydraulic actuation system.
The hydraulic actuation system is constituted by a release
cylinder brought into contact with the clutch mechanism, a
master cylinder brought into contact with the clutch
operating member, and a piping connecting a liquid chamber of
the release cylinder and a liquid chamber of the master
cylinder. A clutch fluid fills the interior of the hydraulic
actuation system. A control valve for changing a passage
cross-sectional area of the piping is provided in the piping.
The maximum speed lowering means lowers the maximum operating
speed of the clutch mechanism by making small an opening

degree of the control valve.

In accordance with the structure mentioned above, in
the system in which the clutch operating member and the
clutch mechanism are coupled via the hydraulic piping, it is
possible to suppress the maximum operating speed of the

clutch mechanism by limiting a flow rate of the clutch fluid
11
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passing through the hydraulic piping.

In the control apparatus of the clutch mechanism
mentioned above, the power source is constituted by a vehicle
internal combustion engine, and the transmission constructs a

vehicle driving system including a drive shaft.

In accordance with the structure mentioned above, it is
possible to keep down the necessary strength of the vehicle
driving system. Accordingly, it is possible to increase the
flexibility of design of the characteristic of the vehicle

driving system high.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing a vehicle to which a
control apparatus of a clutch mechanism in accordance with an
embodiment of the present invention;

Fig. 2 is a side cross-sectional view showing a clutch
mechanism mounted to the vehicle;

Fig. 3 is a flowchart showing a peak suppressing
process;

Fig. 4 is a graph showing a relationship between an
operating region and an execution condition of a clutch
pedal;

Fig. 5 is a flowchart showing a procedure of the peak
suppressing process;

Fig. 6 is a timing chart showing one example of the
peak suppressing process; and

Fig. 7 is a timing chart showing a transition of an
actual transmission torque during the peak suppressing

process.

12
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BEST MODE FOR CARRYING OUT THE INVENTION
A description will be given below of a control
apparatus of a clutch mechanism according to an embodiment of

the present invention.

As shown in Fig. 1, an engine 11 is mounted as a power

" source on a vehicle 10. A flywheel 13 is attached to a

crankshaft 12 serving as an output shaft of the engine 11. A
transmission 15 is connected to the flywheel 13 via a clutch
mechanism 14. The clutch mechanism 14 transmits a rotating
torque of the crankshaft 12 to the transmission 15, and

disconnects torgque transmission.

As the transmission 15, there is employed a parallel
gear type manual transmission having five forward gears and
one reverse gear. The transmission 15 is provided with an
input shéft 17 and an output shaft (not shown). The input
shaft 17 of the transmission 15 is coupled to a clutch disc
18. The output shaft of the transmission 15 is connected to
drive wheels 22 via a drive shaft 19, a differential gear 20,
an axle 21. Rotation of the output shaft of the transmission
15 is transmitted to the drive wheels 22 through the members
19, 20 and 21. The transmission 15 constructs a part of a

vehicle driving system.

The transmission 15 is provided with plural pairs of
transmission gear trains (transmission gears), and a
plurality of sleeves. A shift device 24 for switching the
transmission gear of the transmission 15 is installed in the
vicinity of a driver seat. The shift device 24 is provided
with a shift lever 25 which can be move along a shift gate
(not shown). A sleeve of the transmission 15 is moved along
an axial direction of the output shaft on the basis of an

operation of the shift lever 25. Since the gears are engaged
13
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on the basis of a movement of the sleeve, a power in a

particular transmission gear train is transmitted. If each of
the sleeves is moved to an intermediate (neutral) position of
the pairs of transmission gear trains, the power transmission

in each of the transmission gear train is disconnected.

The vehicle 10 is provided with various sensors and

" switches for detecting operating states of the vehicle 10 and

the engine 11. The driver seat is provided with a brake
switch 32 for detecting whether the brake pedal 27 is being
depressed, a contact sensor 33 for detecting a contact of a
driver’s foot with the clutch pedal 28, and the like. Further,
the vehicle 10 is provided with a clutch sensor 34 for
detecting the depressed amount of the clutch pedal 28. The
clutch sensor 34 detects a clutch pedal depression degree CRA,
that is, the operating position of a piston of the release
cylinder 52. The engine 11 is provided with an air amount
sensor 35 for detecting the amount of an air drawn into a
combustion chamber, that is, an intake air amount GA, a crank
sensor 36 for detecting the rotating speed of the crankshaft
12, that is, an engine speed NE, and the like. The
transmission 15 is providéd with an oil temperature sensor 37
for detecting a temperature THO of lubricating oil fed into
the transmission 15, a transmission gear sensor 38 for

detecting the selected transmission speed gear, and the like.

The apparatus in accordance with the present embodiment
is provided with an electronic controller 30. The electronic
controller 30 is provided with a microcomputer, and receives
detection signals from the sensors and the switches. The
electronic controller 30 carries out various computing
processes on the basis of the signals from the sensors and
the switches, and executes various controls on the basis of
results of computations. In the present embodiment, a known

dry-type single plate friction clutch is used as the clutch
14
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mechanism 14.

A description will be given below df a specific

structure of the clutch mechanism 14 with reference to Fig. 2.

As shown in Fig. 2, a clutch cover 41 is attached to
the flywheel 13. A clutch disc 18 is splined to the input
shaft 17 of the transmission 15. The clutch disc 18 can slide
along an axial direction (a lateral direction in Fig. 2)

while rotating together with the input shaft 17.

A pressure plate 42 is arranged between the clutch disc
18 and the clutch cover 41. The pressure plate 42 is pressed
against the flywheel 13 by an outer end of a diaphragm spring
43. On the basis of this pressing, a friction force is
generated between the clutch disc 18 and .the pressure plate
42, and between the flywheel 13 and the clutch disc 18. On
the basis of these friction forces, the clutch mechanism 14
comes to a connected (engaged) state, and the flywheel 13,
the clutch disc 18 and the pressure plate 42 are integrally
rotated. In this way, the rotating torque is transmitted from
the engine 11 to the transmission 15 via the clutch mechanism
14. It is possible to express the degree of power
transmission on the basis of the magnitude of the actual

transmission torque at the time.

The release bearing 44 is attached to the input shaft
17 of the transmission 15 so as to be slidable along the
axial direction. The release bearing 44 regulates the degree
of the power transmission and disconnects the power
transmission. A release fork 45 is provided in the vicinity
of the reiease bearing 44. The release fork 45 is rotatably
supported around a shaft 46. A first end portion (a lower end
in Fig. 2) of the release fork 45 is brought into contact

with the release bearing 44.
15
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The clutch mechanism 14 is coupled to a clutch pedal 28
(Fig. 1) via a hydraulic actuating system. The clutch
mechanism 14 is switched to a disengaged state and an engaged
state in conjunction with a depressing operation of the:
clutch pedal 28. A spring (not shown) normally urging the
clutch pedal 28 so as to hold it at a non-depressed position

is provided in the vicinity of the clutch pedal 28,

A master cylinder 51 is provided in the vicinity of the
clutch pedal 28. The master cylinder 51 is constituted by a
piston and a liquid chamber (a cylinder portion). A distal

end of the piston is coupled to the clutch pedal 28. The

piston of the master cylinder 51 protrudes or retracts with

respect to the cylinder portion in accordance with an

operation of the clutch pedal 28.

A release cylinder 52 is provided in the vicinity of
the clutch mechanism 14. The release cylinder 52 is
constituted by a piston and a liquid chamber (a cylinder
portion). A distal end of the piston of the release cylinder
52 is coupled to a second end portion (an upper end in Fig.

2) of the release fork 45.

The cylinder portion of the master cylinder 51 and the
cylinder portion of the release cylinder 52 communicate with
each other through a clutch piping 53. Clutch fluid is
supplied to fill the cylinder portion of the master cylinder
51, the cylinder portion of the release cylinder 52, and the
interior of the clutch piping 53. A control valve 54 is
provided in the middle of the clutch piping 53. On the basis
of an opening and closing control of the control valve 54,
the cylinder portion of the release cylinder 52 and the
cylinder portion of the master cylinder 51 through the clutch

piping 53 are connected and disconnected. The opening and
16
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closing control of the control valve 54 is executed by the

electronic controller 30.
The clutch mechanism 14 operates as follows.

First, if the clutch pedal 28 is depressed, the piston
of the master cylinder 51 retracts into the cylinder portion.
In connection with this, the piston of the release cylinder
52 protrudes from the cylinder portion. Accordingly, the |
release fork 45 (Fig. 2) is rotated around the shaft 46, and
the release bearing 44 is pushed toward the flywheel 13. At
this time, the release bearing 44 is moved in the same
direction as the rotating direction of the release fork 45.
Accordingly, an inner end of the diaphragm spring 43 is
elastically deformed in the same direction as the rotating
direction of the release fork 45. As a result, a pressing
force against the pressure plate 42 by the diaphragm spring
43 is weakened, and the friction force is reduced between the
clutch disc 18 and the pressure plate 42, and between the
flywheel 13 and the clutch disc 18. The friction force is
changed in correspondence to the depressing operation of the

clutch pedal 28 (Fig. 1), as mentioned above.

For purposes of illustration, the operating state of
the clutch mechanism 14 is divided into three states: an

engaged state, a half clutch state and a disengaged state.

In the engaged staté, the friction force is large; the
pressure plate 42, the clutch disc 18 and the flywheel 13 are
integrally rotated; and the power is transmitted from the
engine 11 to the transmission 15. The actual transmission

torque at this time indicates a maximum value.

In the half clutch state, the friction force is “middle

level”, and the flywheel 13, the clutch disc 18, and the
17 '
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pressure plate 42 are connected while slipping. The actual
transmission torque at this time is smaller than the value in

the engaged state.

In the disengaged state, the friction force is small,
and the clutch mechanism 14 is disengaged. In other words,
the rotation of the flywheel 13 is not transmitted to the
clutch disc 18, and the power is not transmitted to the
transmission 15 from the engine 11. The actual transmission
torque at this time is further smaller than the value in the

half clutch state.

As mentioned above, if depression of the clutch pedal
28 is discontinued because a foot depressing the clutch pedal
28 is removed from the clutch pedal 28 or has slid in a
lateral direction, the clutch pedal 28 is rapidly returned to
the non-depressed position, and the peak value of the actual
transmission torque at the transition becomes large.
Accordingly, in order to secure the durability of the vehicle

driving system, it is necessary to set the strength of the

vehicle driving system in correspondence to the peak value of

the actual transmission torque, thereby reducing the
flexibility of design the characteristic of the vehicle

driving system.

Taking this point into consideration, in the present
embodiment, in the case that the changing speed is large at a
time when the clutch mechanism 14 shifts from the disengaged
state to the engaged state, a peak suppressing process
suppressing the péak value of the actual transmission torque
is executed through the opening and closing control of the
control valve 54. 1In the present embodiment, the peak
suppressing process serves as maximum speed lowering means

lowering the maximum operating speed of the clutch mechanism.
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As shown in Fig. 3, the peak suppressing process is
executed (step S102) under condition that an execution
condition is met (YES in step S101). On the other hand, in
the case that the execution condition is not met (NO in step
S101), the peak suppressing process is not executed, and the
opened state of the control valve 54 is maintained (step

S5103) .

The execution condition mentioned above is determined
to be met in the case that an execution stop condition is not

met after the following execution start condition is met.

The execution start condition is determined to be met
in the case that the following Condition i and Condition ii
are both met. In detail, as shown in Fig. 4, in the case that
the operating region of the clutch pedal 28 is a region
indicated by “A”, it is determined that the execution start

condition is met.

(Condition i) A clutch pedal depression degree CRA is a
pedal depression degree setting the clutch mechanism 14 to
the disengaged state. Specifically, the clutch pedal
depression degree CRA is equal to or greater than a
predetermined starting depression degree. In other words, the
clutch pedal depression degree CRA 1is equal to or greater
than a pedal depression degree corresponding to a position
which is slightly closer to the non-depressed position than

the maximum depressed position of the clutch pedal 28.

(Condition ii) The changing speed of the clutch pedal
depression degree CRA in an engaging direction in which the
clutch mechanism 14 comes to the engaged state from the
disengaged state, that is, a returning direction of the
clutch pedal 28 becomes equal to or more than a predetermined

starting speed. Specifically, a reducing speed of the clutch
19
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pedal depression degree CRA is equal to or more than a
predetermined starting speed. 1In other words, the reducing
speed of the clutch pedal depression degree CRA is equal to

or more than a speed which is slightly lower than the maximum

changing speed of the clutch pedal depression degree CRA.

When it is determined, on the basis of the fact that
the execution starting condition mentioned above is met, that
there is a risk that the clutch mechanism 14 may rapidly
shift from the disengaged state to the engaged state, in
other words, a stats that it is desirable to execute the peak
suppressing process, the execution of the peak suppressing

process is started.

The execution stop condition is determined to be met in
the case that the following Condition iii and Condition iv
are both met or in the case that Condition v is met. The case
that Condition iii and Condition iv are both met refers to a
case that the operating region of the clutch pedal 28 enters

a region shown by a region “B” in Fig. 4.

(Condition iii) The clutch pedal depression degree CRA
is a pedal depression degree setting the clutch mechanism 14
to the engaged state. Specifically, the clutch pedal
depression degree CRA is egual to or less than a
predetermined stopping depression degree. In other words, the
clutch pedal depression degree CRA is equal to or less than a
pedal depression degree corresponding to a position which is
slightly closer to the maximally depressed position than the
non-depressed position of the clutch pedal 28.

(Condition iv) The changing speed of the clutch pedal
depression degree CRA in the engaging direction at a time
when the clutch mechanism 14 comes to the engaged state from

the disengaged state is less than a predetermined stopping
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speed. Specifically, the changing speed of the operating
position in the returning direction of the clutch pedal 28 is
less than a predetermined stop speed, that is, less than a

speed which is slightly larger than “0”.

(Condition v) The clutch pedal 28 is being operated.
Specifically, the clutch pedal 28 is contacting the body of

the driver.

In accordance with the execution stop condition
mentioned above, in the case that Condition iii and Condition
iv are both met, it is determined that the clutch mechanism
14 is already in the engaged state, and it is determined that
the clutch mechanism 14 has got out of the situation where it
is desirable to execute the peak suppressing process. Further,
in the case that Condition v is met, it is determined that
the changing speed of the clutch pedal depression degree CRA
is maintained relatively low by the driver, and it is
determined that the clutch mechanism 14 has got out of the
situation where it is desirable to execute the peak
suppressing process. In the present embodiment, the execution
of the peak suppressing process is stopped at a suitable

timing on the basis of the determination mentioned above.

On the other hand, in the case that Condition v is mét,
it is determined that the operating speed in the returning
direction of the clutch pedal 28 is maintained relatively low
by the driver, and it is determined that the clutch mechanism
has got out of the situation where it is desirable to execute

the process mentioned above.

Suitable values are determined as the predetermined
starting depression degree, the predetermined starting speed,
the predetermined stopping depression degree and the

predetermined stopping speed in each of the above conditions,
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and these values are previously stored in the electronic

controller 30.

A description will be given below of an executing

procedure of the peak suppressing process.

Fig. 5 is a flowchart showing a specific executing

procedure of the peak suppressing process.

As shown in Fig. 5, in this process, it is first
determined whether the clutch pedal depression degree CRA is
equal to a predetermined pedal depression degree (step $5201).
In the case that the clutch pedal depression degree CRA is
greater than the predetermined pedal depression degree (NO in
step S201), the opened state of the control valve 54 is
maintained. At this time, the operating state of the clutch
mechanism 14, that is, the depressed position of the clutch

pedal 28 shifts at the maximum speed.

The predetermined pedal depression degree is a pedal
depression degree setting the clutch mechanism 14 to the half
engaged state. In other words, the predetermined pedal
depression degree is a pedal depression degree capable of
transmitting the torque more than one half of the steady
state transmission torque by the clutch mechanism 14, for
example, a pedal depression degree corresponding to 52 % in
the case that the maximum value of the steady state
transmission torque is set to “100 %”. The steady state
transmission torque is a torque transmitted to the input
shaft 17 of the transmission 15 at the steady state when the
actual transmission torque is fixed. The predetermined pedal
depression degree is previously determined on the basis of

the maximum value of the steady state transmission torque,

and is stored in the electronic controller 30.
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Thereafter, if the clutch pedal depression degree CRA
becomes equal to the predetermined pedal depression degree
(YES in step S201), the control valve 54 is closed (step
S202). Thereafter, the closed state of the control valve 54
is maintained for a predetermined period (NO in step S5203).
At this time, the operating state of the clutch mechanism 14

is not changed.

The predetermined period is a period correspondihg to
one half of the fluctuation cycle at a time when the actual
transmission torque periodically fluctuates in accordance
with the change of the actual transmission torque. The
fluctuation cycle is determined on the basis of the rigidity
of the clutch mechanism 14 and the vehicle driving system
(for example, the transmission 15, the clutch disc 18, the
drive shaft 19 and the like). The predetermined period is
previously determined on the basis of the fluctuation cycle

and is stored in the electronic controller 30.

If the predetermined period has passed after the
control valve 54 is closed (YES in step S$203), the control
valve 54 is opened (step S204). Accordingly, the operating
state of the clutch mechanism 14, that is, the depressed

position of the clutch pedal 28 shifts at the maximum speed.

A description will be given below of an operation of

the peak suppressing process.

As shown in Fig. 6, the peak suppressing process is
started at time tll. First, the clutch pedal depression
degree CRA (Fig. 6(a)) is changed to the predetermined pedal
depression degree (time tll to time tl2). Thereafter, the
control valve 54 is temporarily closed for the predetermined
term, and the clutch pedal depression degree CRA is held at

the predetermined pedal depression degree (time tl2 to time
23
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t13). Thereafter, the control valve 54 is opened, and the
clutch pedal. depression degree CRA is again changed (time t13
to time tl14).

Accordingly, as shown in Fig. 6(b), the periodical
fluctuation (the first fluctuation) of the actual
transmission torque is generated on the basis of the change
of the actual transmission torque generated at a time when
the clutch pedal depression degree CRA is changed to the
predétermined pedal depression degree. In addition, as shown
in Fig. 6(c), the periodical fluctuation (the second
fluctuation) of the actual transmission torque is generated
on the basis of the change of the actual transmission torque
generated at a time when the clutch pedal depression degree
CRA is again changed from the predetermined pedal depression

degree.

In the present embodiment, as the predetermined period,
that is, the period for temporarily stopping the change of
the clutch pedal depression degree CRA, there is set time
corresponding to one half of the fluctuation cycle at a time
of periodical fluctuation. Accordingly, in the first
fluctuation and the second fluctuation, the positive and
negative of the phase is substantially inverted. Therefore,
the first fluctuation and the second fluctuation interfere
with each other, and a part of both fluctuations is offset,
whereby the peak value of the actual transmission torque is

suppressed.

As mentioned above, the actual transmission torque
temporarily overshoots the steady state transmission torque
and is thereafter repeatedly increased and decreased, the
amplitude of the actual transmission torque becomes smaller
and smaller, and the actual transmission torque finally

coincides with the steady state transmission torque.
| | 24
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Accordingly, after the amplitude of the first fluctuation is
slightly damped, the first fluctuation and the second

fluctuation interfere with each other.

If the amplitudes of both fluctuations are set equal in
the initial stage when the first fluctuation and the second
fluctuation are geherated, the amplitude of the first
fluctuation becomes larger than the amplitude of the second
fluctuation at a time when both fluctuations interfere with
each other. 1In order to suppress the peak value of the actual
transmission torque, it is desirable that the amplitudes of
the fluctuations coincide with each other at a time when both

fluctuations interfere with each other.

Taking this point into consideration, in the present
embodiment, as the predetermined pedal depression degree,
there is set the pedal depression degree which is equal to
the clutch pedal depression degree CRA capable of
transmitting over one half of the maximum value of the steady
state transmission torque by the clutch mechanism 14.
Accordingly, the amplitude in the initial stage when the
first fluctuation is generated becomes larger than the
amplitude in the initial stage when the second fluctuation is
generated, under the situation that the torque equal to the
maximum value of the steady state transmission torque is
transmitted at the steady state when the clutch mechanism 14
comes to the engaged state and the actual transmission torque
is fixed, in other words, under the situation that there is a
risk the peak value of the actual transmission torque becomes

maximum.

Further, in the present embodiment, as the
predetermined pedal depression degree, there is previously
set such the pedal depression degree that the amplitudes of

both fluctuations substantially coincide at a time when the
| 25
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first fluctuation and the second fluctuation interfere with
each other under the situation mentioned above, on the basis
of the result of experiment. Accordingly, when the first
fluctuation and the second fluctuation interfere with each
other under the situation mentioned above, most of the
amplitude of the first fluctuation and the amplitude of the
second fluctuation are cancelled, and the peak value of the
actual transmission torque is effectively suppressed.
Therefore, it is possible to keep down the strength necessary
for the vehicle driving system. Accordingly, for example, a
cost reduction can be achieved, and the flexibility of the
design of the characteristic of the vehicle driving system is

increased.

As shown by a solid line in Fig. 7, in accordance with
the present invention of the present embodiment executing the
peak suppressing process, the peak value of the actual
transmission torque is suppressed in comparison with the
apparatus changing the clutch pedal depression degree CRA as
shown by a one-dot chain line in Fig. 7 to the pedal
depression degree corresponding to the non-depressed position

at the maximum speed.

Even in the case of employing the system in which an
orifice is provided in the clutch piping so as to reduce fhe
maximum changing speed of the clutch pedal depression degree
CRA, it is possible to lower the peak value of the actual
transmission torque. However, in this case, since the
changing speed of the clutch pedal depression degree CRA,
that is, the changing speed of the operating state of the
clutch mechanism 14 is lowered even in the case that the peak
value of the actual transmission torque is comparatively
small, an unnecessary reduction of the response of the clutch

mechanism 14 1is caused.
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In this regard, in accordance with the present
embodiment, the peak value is lowered by executing the peak
suppressing process at a time when there is a risk that the
peak value of the actual transmission torque becomes large.
Oon the other hand, when the peak value of the actual
transmission torque is comparatively small, the reduction of
the response of the clutch mechanism 14 is avoided by
changing the clutch pedal depression degree CRA at the
maximum changing speed without executing the peak suppressing
process. It is possible to achieve both the suppression of
the peak value of the actual transmission torque and the
maintenance of the response of the clutch mechanism 14 by

employing the structure mentioned above.

Further, if the clutch mechanism 14 rapidly shifts from
the disengaged state to the engaged state, the torque
transmitted from the engine 11 to the vehicle driving system

becomes large. As a result, there is a case where a

phenomenon that the vehicle 10 is swayed forward and backward,

or “jerking”, occurs. In the present embodiment, since the
rapid transition from the disengaged state to the engaged
state of the clutch mechanism 14 is suppressed, it is

possible to suppress the occurrence of the jerking.

Further, it is possible to smoothly and quickly start
the vehicle while avoiding a stall of the engine 11 by
intentionally discontinuing a depression of the clutch pedal
28 by, for example, removing the foot from the clutch pedal
28 or sliding the foot in a lateral direction, so that the
clutch pedal 28 is rapidly returned to the non-depressed

position.

As mentioned above, in accordance with the present

embodiment, the following advantages are obtained.
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(1) The peak suppressing process is executed at a time
when the execution condition is met, in other words, at a
time when there is a risk that the clutch mechanism 14
rapidly shifts from the disengaged state to the engaged state.
Accordingly, it is possible to keep down the operating speed
of the clutch mechanism 14, and it is possible to lower the
peak value of the actual transmission torque. Further, when
the execution condition is. not met, the reduction of the
response is suppressed by increasing the maximum operating
speed of the clutch mechanism 14 without executing the peak

suppressing process.

(2) As the execution condition, there are set the
execution stop condition including Condition iii to Condition
v. Accordingly, in the case that Condition iii and Condition
iv are both met, it is possible to determine that the clutch
mechanism 14 has already come to the engaged state so as to
determine that the clutch mechanism 14 has got out of the
situation where it is desirable to execute the peak
suppressing process. Further, in the case that Condition v is
met, it is possible to determine that the changing speed of
the clutch pedal depression degree CRA is maintained
relatively low by the driver so as to determine that the
clutch mechanism has got out of the situation where it is
desirable to executé the peak suppressing process. It is
possible to stop the execution of the peak suppressing
process at a suitable timing on the basis of the

determination mentioned above.

(3) After changing the clutch pedal depression degree
CRA to a predetermined pedal depression degree, the clutch
pedal depression degree CRA is held at the predetermined
pedal depression degree-for the predetermined period
corresponding to one half of the fluctuation cycle at a time

when the actual transmission torque periodically fluctuates.
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Further, the clutch pedal depression degree CRA is again
changed thereafter. Accordingly, two fluctuations having the
substantially inverted positive and negative phases are
generated, as the periodical fluctuation of the actual
transmission torque. Therefore, it is possible to cause the
periodical fluctuations of the actual transmission torque to
interfere with each other so as to offset a part of both
fluctuations. Accordingly, it is possible to suppress the

peak value of the actual transmission torque.

(4) As the predetermined pedal depression degree, there
is set the pedal depression degree corresponding to the
clutch pedal depression degree CRA capable of transmitting
over one half or more of the maximum value of the steady
state transmission torque by the clutch mechanism 14.
Accordingly, the amplitudes of both fluctuations
substantially coincide at a time of the interference between
the periodical fluctuation of the actual transmission torque
generated at a time when the clutch pedal depression degree
CRA is changed to the predetermined pedal depression degree,
and the periodical fluctuation of the actual transmission
torque generated at a time when the clutch pedal depression
degree CRA is again changed from the predetermined pedal
depression degree, under the situation that there is a risk
that the peak value of the actual transmission torque becomes
largest. Accordingly, it is possible to offset most of the
amplitudes of the fluctuations, and it is possible to
effectively suppress the peak value of the actual

transmission torque.

The embodiment mentioned above may be executed with the

modifications shown follows.

Instead of detecting the position of the piston of the

release cylinder 52, the position of the piston of the master
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cylinder 51, the position of the clutch pedal 28, the
position of the release fork 45, the position of the release
bearing 44 or the like may be detected as the value
corresponding to the clutch pedal depression degree CRA. 1In
short, the position of any portion that operates in
conjunction with the clutch pedal 28 may be used for the peak
suppressing process as the value corresponding to the clutch
pedal depression degree CRA. Further, the clutch piping 53
may be provided with a flow rate sensor detecting the flow
rate of the clutch fluid, and the clutch pedal depression
degree CRA may be determined on the basis of the flow rate of

the clutch fluid detected by the flow rate sensor.

As far as the sensor capable of determining that the
load is applied to the clutch pedal 28 in the depressing
direction, various sensors, for example, a load sensor or a
strain sensor may be employed as the contact sensor 33. 1In
place of the contact sensor 33, there may be provided a
switch in which on and off states are switched at a time when

the driver touches the clutch pedal 28.

The predetermined period is not limited to “time
corresponding to one half of the fluctuation cycle at a time
when the actual transmission torque periodically fluctuates
in accordance with fhe change of the actual transmission
torque”, but it is possible to set a time which is slightly
shorter or slightly longer than the time corresponding to one
half of the fluctuation cycle, as the predetermined period.
In short, it is possible to determine the périod capable of
reliably offsetting the first fluctuation and the second
fluctuation through an experiment, a simulation, and it is
possible to use the thus-determined period as the

predetermined term.

The predetermined pedal depression degree may be
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changed in cofrespondence to the viscosity of the o0il used in
the oil lubricating system of the transmission 15, that is,
the‘lubricating o0il fed to the interior of the transmission
15. Specifically, it may be configured such that the higher
the viscosity of the o0il, the closer to the non-depressed

position the predetermined pedal depression degree becomes.

The friction force is generated in the sliding portion
such as the bearing portion of the input shaft 17 and the
like in the transmission 15. The greater the friction force,
the greater the damping degree of the fluctuation of the
actual transmission torque becomes, and the earlier the
reduction of the amplitude of the first fluctuation becomes.
Accordingly, in order to reliably cause the amplitude of the
first fluctuation to coincide with the amplitude of the
second fluctuation, it is desirable that the greater the
frictional force, the closer to the non-depressed position
the predetermined pedal depression degree becomes. The higher
the viscosity of the o0il fed to the interior of the
transmission 15, the greater the friction force generated in

the sliding portion becomes.

In accordance with the structure mentioned above, it is
possible to reliably cause the amplitude of the first
fluctuation to coincide with the amplitude of the second
fluctuation by changing the predetermined pedal depression
degree in correspondence to the friction force applied to the
sliding portion, and it is possible to effectively keep down
the peak value of the actual transmission torque. It is
possible to determine that the higher the oil temperature THO,
the lower the viscosity of the oil, and it is possible to
determine that the more deteriorated the oil, the lower the

viscosity of the oil 1is.

The predetermined pedal depression degree may be
| 31



10

15

20

25

30

35

WO 2008/153165 PCT/JP2008/060923

changed in accordance with the magnitude of the generated
torque of the engine 11. The friction force generated in the
sliding portion is changed in correspondence to the magnitude
of the actual transmission torque, and the actual
transmission torque is changed in correspondence to the
magnitude of the generated torque of the engine 11. 1In
accordance with the structure mentioned above, it is poséible
to change the predetermined pedal depression degree in
correspondence to the generated torque of the engine 11, that
is, the friction force applied to the sliding portion.
Accordingly, it is possible to reliably cause the amplitude
of the first fluctuation to coincide with the amplitude of
the second fluctuation, and it is possible to more
effectively keep down the peak value of the actual
transmission torque. The generated torque of the engine 11
can be determined on the basis of the intake air amount GA,

the engine speed NE or the like.

The predetermined period may be changed in
correspondence to the selected transmission gear. In the
multistage transmission 15, the rigidity of the torque
transmission path in which the actual transmission torque is
transmitted is changed in correspondence to the selected
transmission gear. Accordingly, the fluctuation cycle at a
time when the actuai transmission torque periodically
fluctuates in accordance with the change of the actual
transmission torque is changed. In accordance with the
structure mentioned above, it is possible to set the
predetermined period to the period corresponding to one half
of the actual fluctuation cycle in correspondence to the
change of the fluctuation cycle. Accordingly, it is possible
to reliably generate two fluctuations of substantially
inverted positive and negative phases, as the periodical
fluctuation of the actual transmission torque. Therefore, it

is possible to reliably offset the amplitudes of two
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fluctuations mentioned above, and it is possible to
effectively keep down the peak value of the actual

transmission tordque.

The predetermined period may be changed in
correspondence to whether a friction type brake mechanism for
forcibly stopping rotation of the output shaft of the
transmission 15, each of the portions of the vehicle driving
system, such as the drive shaft 19, the axle 21, the drive
wheels 22 and the like is being operated. Specifically, the
predetermined period may be set shorter in comparison with
the case that the friction type brake mechanism is not
activated, at the operating time of the friction type brake
mechanism, specifically, at a time when the brake pedal 27 is
depressed. If the rotation of each of the portions of the
vehicle driving system is forcibly stopped on the basis of
the operation of the friction type brake mechanism, the
rigidity of the torque transmission path becomes higher, and
the fluctuation cycle becomes shorter. In this regard, in
accordance with the structure mentioned above, it is possible
to reliably set the predetermined period to the period
corresponding to one half of the actual fluctuation cycle, in
correspondence to the operating state of the brake mechanism.
Accordingly, it is possible to reliably generate two
fluctuations of substantially inverted positive and negative
phases, as the periodical fluctuation of the actual

transmission torque.

Condition i and Condition ii may be optionally changed
as long as the clutch pedal depression degree CRA is the
pedal depression degree setting the clutch mechanism 14 to
the disengaged state, and it is possible to determine that
the changing speed of the clutch pedal depression degree CRA
in the engaging direction at a time of setting the clutch

mechanism 14 to the engaged state from the disengaged state
| 33
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is equal to or more than the predetermined starting speed.

Condition iii and Condition iv can be optionally
changed as long as the clutch pedal depression degree CRA is
the pedal depression degree setting the clutch mechanism 14
to the engaged state, and it is possible to determine that
the changing speed of the clutch pedal depression degree CRA
in the engaging direction at a time of setting the clutch
mechanism 14 to the engaged state from the disengaged stéte

is less than the stopping speed.

Condition iv may be omitted. In accordance with this
structure, it is possible to determine that the clutch
mechanism has got out of the situation where it is desirable
to execute the peak suppressing process, through Condition
iii or Condition v. Further, both Condition iii and Condition
iv may be omitted. In accordance with the structure mentioned
above, it is possible to determine that the clutch mechanism
has got out of the situation where it is desirable to execute

the peak suppressing process through Condition v.

Condition v may be optionally changed as long as it can
be determined, using the condition, that the clutch pedal 28

is being operated by the driver.

Condition v may be omitted. In accordance with this
structure, it is possible to determine that the clutch
mechanism has got out of the situation where it is desirable
to execute the peak suppressing process through Condition iii

and Condition iv.

The clutch pedal depression degree CRA may be held at a
first predetermined pedal depression degree (or a second
predetermined pedal depression degree) by temporarily closing

the control valve 54 at each of a time when the clutch pedal
34
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depression dégree CRA comes to the first predetermined pedal
depression degree and a time when the clutch pedal depression
degree CRA comes to the second predetermined pedal depression
degree. Further, the temporary closing operation of the
control valve 54 may be executed three or more times. 1In
accordance with this structure, it is possible to
periodicaliy fluctuate the actual transmission torque each
time when the clutch pedal depression degree CRA is changed.
Accordingly, it is possible to cause both fluctuations to
interfere with each other, and it is possible to suppress the

peak value of the actual transmission torque.

When the clutch pedal depression degree CRA is changed
to the predetermined pedal depression degree in the peak
suppressing process, and is changed from the predetermined
pedal depression degree, the pedal depression degree of the
control valve 54 may be made smaller in comparison with the
time when the peak suppressing process is not executed. In
accordance with the structure mentioned above, it is possible
to lower the changing speed of the clutch pedal depression
degree CRA by limiting the flow rate of the clutch fluid
passing through the clutch piping 53.

As long as it is possible to lower the maximum
operating speed of the clutch mechanism 14, that is, the
maximum changing speed of the clutch pedal depression degree
CRA at a time when the execution condition is met, in
comparison with the time when the execution condition is not
met, it is possible to optionally change the processing

contents of the peak suppressing process.

‘The present invention may be applied to a vehicle in
which the clutch mechanism and the clutch pedal are coupled
by a cable and a link mechanism. In this case, there may be

provided independently a mechanism for stopping.the change of
35
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the operating position of the clutch pedal, or a mechanism
for lowering the changing speed of the operating position of
the clutch pedal, thereby controlling an operation of the
mechanism so as to lower the maximum operating speed of the

clutch mechanism.

The present invention is not limited to the vehicle
provided with the clutch pedal which is operated by a foot of
the driver, but may be applied to a vehicle provided with a

clutch lever which is operated by a hand.

The present invention is not limited to the control
apparatus of the clutch mechanism which is mounted to the
vehicle, but may be applied to a control apparatus of a
clutch mechanism which is interposed between the power source
and the transmission and is coupled to the clutch operating
member, and in which the operating mode is changed in
conjunction with the change of the operating position of the

clutch operating member.
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CLAIMS

1. A control apparatus of a clutch mechanism, the clutch
mechanism being coupled to a clutch operating member as well
as being interposed between a power source and a transmission,
and changing its operating mode in conjunction with a change
of an operating position of the clutch operating member,
wherein the control apparaﬁus being characterized by a

maximum speed lowering means, wherein, in the case that an
execution condition including an execution start condition
that “an operating position of the clutch operating member is
a position setting the clutch mechanism to a disengaged state,
and a changing speed of the operating position of the clutch
operating member in a engaging direction at a time of setting
the clutch mechanism to an engaged state from the disengaged
state becomes equal to or higher than a predetermined

starting speed” is met, the maximum speed lowering means
lowers a maximum operating speed of the clutch mechanism in
comparison with a state in which the execution condition is

not met.

2. The control apparatus according to claim 1,
characterized in that the execution condition includes an
execution stop condition that one of the following conditions
is satisfied: “the‘operating position of the clutch opefating
member is the position setting the clutch mechanism to the
engaged state, and the changing speed of the operating
position of the clutch operating member in the engaging
direction becomes less than the predetermined stopping

speed”; and “the clutch operating member is being operated”.

3. The control apparatus according to claim 1,
characterized in that the execution condition includes an
execution stop condition that “the operating position of the

clutch operating member is the position setting the clutch
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mechanism to the engaged state, and the changing speed of the
operating position of the clutch operating member in the

engaging direction becomes less than a predetermined speed”.

4. The control apparatus according to claim 1,
characterized in that the execution condition includes an
execution stop condition that “the clutch operating member is

being operated”.

5. The control apparatus according to any one of claims 1
to 4, characterized in that, after changing the operating
position of the clutch operating member at a predetermined
speed to a predetermined position setting the clutch
mechanism to a half-engaged state, the maximum speed lowering
means holds the operating position at the predetermined
position for a predetermined period corresponding to one half
of a fluctuation cycle at a time when the actual transmission
torque periodically fluctuates in accordance with a change of
the actual transmission torque transmitted from the power

source to the transmission by means of the clutch mechanism,

‘and thereafter the maximum speed lowering means changes again

the operating position at the predetermined speed.

6. The control apparatus according to claim 5,
characterized in that the predetermined position corresponds
to an operating position in which the clutch mechanism is
capable of transmitting over one half of the maximum value of
a steady state transmission torque transmitted from the power
source to the transmission in a steady state where the actual

transmission torque is fixed.

7. The control apparatus according to claim 6,
characterized in that the transmission has an o0il lubricating
system carrying out lubrication through oil feed to the

interior of the transmission, and the maximum speed lowering
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means changes the predetermined position in correspondence to

the viscosity of the oil.

8. The control apparatus according to claim 7,
characterized in that the maximum speed lowering means
determines that the higher the temperature of the oil, the

lower the viscosity of the oil is.

9. The control apparatus according to claim 7 or 8,
characterized in that the maximum speed lowering means
determines that the more deteriorated the oil, the lower the

viscosity of the oil is.

10. The control apparatus according to any one of claims 5
to 9, characterized in that the maximum speed lowering means
changes the predetermined position in correspondence to the

magnitude of the generated torque of the power source.

11. The control apparatus according to any one of claims 5
to 10, characterized in that the transmission is a multistage
transmission in which a plurality of transmission gears are
selectively switched, and the maximum speed lowering means
changes the predetermined period in correspondence to the

selected transmission gear.

12. The control apparatus according to any one of claims 5
to 11, characterized by a friction type brake mechanism for
forcibly stopping the rotation of the output shaft of the
transmission,

wherein the maximum speed lowering means changes the
predetermined period in correspondence to whether the brake

mechanism is being operated.

13. The control apparatus according to any one of claims 1

to 12, characterized in that the clutch mechanism and the
' 39
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clutch operating member are coupled via a hydraulic actuation
system, |

wherein the hydraulic actuation system includes:

a release cylinder brought into contact with the clutch
mechanism;

a master cylinder brought into contact with the clutch
operating member; and _

a piping connecting a liquid chamber of the release
cylinder and a liquid chamber of the master cylinder,

wherein a clutch fluid is provided to fill the interior
of the hydraulic actuation system, and a control wvalve for
changing a passage cross-sectional area of the piping 1is
provided in the piping, and

wherein the maximum speed lowering means lowers the
maximum operating speed of the clutch mechanism by reducing

an pedal depression degree of the control valve.

14. The control apparatus according to any one of claims 1
to 13, characterized in that the power source is a vehicle
internal combustion engine, and the transmission constructs a

vehicle driving system including a drive shaft.
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