Office de la Proprieté Canadian CA 2604646 C 2012/07/10

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 604 646
o Gmsca oy Conac 1 BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2007/09/27 (51) Cl.Int./Int.Cl. F76H 59/42(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2008/03/29 B6OW 10/02(2000.01), £16H 59/50(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2012/0/7/10 OZEKI. TAKASHI JP-
(30) Priorité/Priority: 2006/09/29 (JP2006-2/70068) 'SUKADA YOSHIAKI JP;

TOMODA, AKIHIKO, JP
SAGITA, HARUOIVII, JP

(73) Proprietaire/Owner:
HONDA MOTOR CO., LTD., JP

(74) Agent: DENNISON ASSOCIATES

(54) Titre : METHODE DE COMMANDE D'UN DISPOSITIF DE TRANSMISSION D'ENERGIE
54) Title: CONTROL METHOD OF A POWER TRANSMISSION DEVICE

7 3
7 1 7 6
/ i S
e I cul [
speed change | clutch oil pressure control means
position sensor i
7 2 89

engme rotatlonal B - - speeﬁ?octggr{-mge ‘
speed sensor -,..i l B ]

7 0

(57) Abrégée/Abstract:

To provide a control method of a power transmission device which can prevent the generation of impacts and noises when a
speed change mechanism is changed over from a neutral state to a first speed gear without using a brake mechanism at a low
cost. In a control method of a power transmission device for controlling a power transmission device which transmits a rotational
power of a crankshaft of an internal combustion engine to an output side by way of a clutch mechanism and a speed change
mechanism, the speed change mechanism Is automatically changed over from a neutral state to a first speed gear during a period
from a point of time Ts at which an ignition switch Is turned on to a point of time at which an engine rotational speed arrives at a
steady-state idling rotational speed Nid due to starting of an internal combustion engine.
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ABSTRACT OF THE DISCLOSURE

To provide a control method of a power transmission device which can
prevent the generation of impacts and noises when a speed change mechanism
is changed over from a neutral state to a first speed gear without using a brake
mechanism at a low cost. In a control method of a power transmission device
for controlling a power transmission device which transmits a rotational
power of a crankshaft of an internal combustion engine to an output side by
way of a clutch mechanism and a speed change mechanism, the speed change
mechanism is automatically changed over from a neutral state to a first speed
gear during a period from a point of time Ts at which an ignition switch is
turned on to a point of time at which an engine rotational speed arrives at a
steady-state idling rotational speed Nid due to starting of an internal

combustion engine.
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CONTROL METHOD OF A POWER TRANSMISSION DEVICE

FIELD OF THE INVENTION
The present invention relates to a control method of a power transmission device
of an internal combustion engine.

BACKGROUND OF THE INVENTION

In a power transmission device which transmits a rotational power of a
crankshaft of an internal combustion engine to an output side by way of a clutch
mechanism and a speed change mechanism, the internal combustion engine is
started by a starter in a state that the clutch mechanism is in a disengaged state,
and the internal combustion engine assumes an idling state at a steady-state
idling rotational speed.

Here, cranking is also finished.

In such an idling state, the speed change mechanism is changed over from a
neutral state to a first speed gear, and the clutch mechanism is brought into an
engaged state thus transmitting the power to the output side of the speed change
mechanism.

In the idling state of the internal combustion engine, the clutch mechanism is in a

disengaged state. However, when a clutch input side of the clutch mechanism is
rotated due to the rotation of the crankshaft, a clutch output side of the clutch
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mechanism is rotated together with the clutch input side by friction and, further,
a speed change drive side of the speed change mechanism which is continuously
connected with the clutch output side is rotated and hence, when the speed
change mechanism is changed to the first speed gear from the neutral state, a
speed change driven side which is not rotated is momentarily engaged with the
rotating clutch output side and the speed change drive side which are rotated
due to a rotational inertia thus generating impacts and noises. '

Here, various kinds of techniques have been proposed for preventing the
generation of impacts and noises (for example, see Japanese Patent No. 3509243).

A power transmission device disclosed in Japanese Patent No. 3509243 includes a
brake mechanism which performs braking by bringing a brake shoe into contact
with a clutch outer (clutch output side) of a start clutch only when a speed
change mechanism is changed over from a neutral state to a first speed gear.

That is, in changing over the speed from the neutral state to the first speed gear,
by applying braking to the cultch outer of the start clutch thus preventing the co-
rotation of the clutch outer, the speed change drive side and the speed change
driven side which have no relative rotation or exhibit small difference in
rotational speed therebetween are engaged with each other and hence, there is
no possibility that impacts and noises are generated.

However, it is necessary to additionally provide the brake mechanism which
performs braking by bringing the brake shoe into contact with the clutch outer of
the start clutch only when the speed change mechanism is changed over from a
neutral state to a first speed gear and hence, the number of parts is increased and
the surrounding of the clutch mechanism becomes complicated thus increasing a
Cost.

The invention has been made under such circumstances and it is an object of the

invention to provide a control method of a power transmission device which
requires no braking mechanism at a low cost and can prevent the generation of
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impacts and noises when a speed change mechanism is changed over from a
neutral state to a first speed gear.

SUMMARY OF THE INVENTION

To achieve the above-mentioned object, the invention is characterized in that, in a
control method of a power transmission device for controlling a power
transmission device which transmits a rotational power of a crankshaft of an
internal combustion engine to an output side by way of a clutch mechanism and
a speed change mechanism, the speed change mechanism is automatically
changed over from a neutral state to a first speed gear during a period from a
point of time at which an ignition switch is turned on to a point of time at which
an engine rotational speed arrives at a steady-state idling rotational speed due to
starting of an internal combustion engine.

According to the control method of the power transmission device of the present
invention, the speed change mechanism is automatically changed over from the
neutral state to the first speed gear during the period from the point of time at
which the ignition switch is turned on to the point of time at which the engine
rotational speed arrives at the steady-state idling rotational speed due to starting
of the internal combustion engine and hence, when the rotation of the crankshatt
rotates the clutch input side of the clutch mechanism, in spite of the
disengagement of the clutch mechanism, the rotation of the crankshaft rotates the
clutch output side together with the clutch input side and, further, even when the
speed change drive side of the speed change mechanism is rotated, the engine
rotational speed does not arrive at a steady-state idling rotational speed in
changing over the speed change mechanism to the first speed gear from the
neutral state and hence, the rotational speed of the clutch output side is small
whereby the impacts and noises which are generated along with the changeover
of the speed change mechanism from the neutral state to the first speed gear can
be decreased.

By making the mechanism for braking the clutch output side which is rotated
together with the clutch input side unnecessary, it is possible to simplify the
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structure of the speed change mechanism and to miniaturize the internal
combustion engine and to reduce a manufacturing cost.

An aspect of the invention is characterized in that, in the control method of the
power transmission device described above, the speed change mechanism is
automatically changed over from the neutral state to the first speed gear at a
point of time at which the engine rotational speed arrives at a predetermined
low-rotational speed lower than the idling rotational speed by turning on a
starter switch.

According to the control method of the power transmission device of this aspect
of the invention, the speed change mechanism is automatically changed over
from the neutral state to the first speed gear at the point of time at which the
engine rotational speed arrives at the predetermined low-rotational speed lower
than the idling rotational speed by turning on the starter switch and hence, it is
possible to adjust a degree of suppressing impacts and noises which are
generated along with the changeover of the speed change mechanism from the
neutral state to the first speed gear.

Another aspect of the invention is characterized in that, in the control method of
the power transmission device described above, the speed change mechanism is
automatically changed over from the neutral state to the first speed gear at a
point of time at which a predetermined time elapses after turning on the ignition

switch.

According to the control method of the power transmission device of this aspect
of the invention, the speed change mechanism is automatically changed over
from the neutral state to the first speed gear at the point of time at which the
predetermined time elapses after turning on the ignition switch. Accordingly,
even when the speed change mechanism is changed over from the neutral state
to the first speed gear before and after the point of time that the starter switch is
turned on during the period from the point of time at which the ignition switch is
turned on to the point of time at which the engine rotational speed arrives at the
steady-state idling rotational speed due to starting of the internal combustion
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engine, the rotational speed of the clutch output side which is rotated together
with the clutch input side can be set to 0 or a small value and hence, the impacts
and noises which are generated along with the changeover of the speed change
mechanism from the neutral state to the first speed gear can be decreased.

A further aspect of the invention is characterized in that, in a control method of a
power transmission device for controlling a power transmission device which
transmits a rotational power of a crankshaft of an internal combustion engine to
an output side by way of a clutch mechanism and a speed change mechanism,
the speed change mechanism is automatically changed over from a neutral state
to a first speed gear at a point of time at which an ignition switch is turned on.

According to the control method of the power transmission device of this aspect
of the invention, by performing the control such that the speed change
mechanism is changed over from the neutral state to the first speed gear at the
point of time at which the ignition switch is turned on, the speed change
mechanism is changed over from the neutral state to the first speed gear in a
state that the crankshaft is stopped and hence, there is no possibility that impacts
and noises are generated along with the changeover of the speed change
mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the invention are shown in the drawings, wherein:

Fig 1 is a cross-sectional view showing an essential part of an internal
combustion engine in which a power transmission device according to one
embodiment of the invention is incorporated.

Fig. 2 is a cross-sectional view of the power transmission deice.

Fig. 3 is a schematic block diagram of a speed change control.

Fig. 4 is a control flowchart of the speed change control.
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Fig. 5 is a graph showing a crankshaft rotational speed and a main shaft
rotational speed when the internal combustion engine is started using a control
method of the power transmission device of the invention.

Fig. 6 is a flowchart of a control method of another power transmission device.
Fig. 7 is a graph showing the control method.

Fig. 8 is a flowchart of a control method of a still another power transmission
device.

Fig. 9 is a graph showing the control method.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, one embodiment according to the invention is explained in
conjunction with Fig. 1 to Fig. 5.

A vehicle-use power transmission device 10 according to this embodiment is a
power transmission device which is assembled in a 4-cylinder 4-stroke internal
combustion engine E mounted on a motorcycle, and Fig. 1 is a cross-sectional
view of an essential part of the power transmission device 10.

The internal combustion engine E is mounted on a vehicle with a crankshaft 2
thereof directed in the lateral direction. The crankshaft 2 is pivotally and
rotatably mounted on a crankcase 1. An AC generator 3 is mounted on a left end
portion of the crankshaft 2 which projects leftwardly from the crankcase 1. A
valve-drive-system chain sprocket wheel 4, an engine-start-system driven gear 5
and a one-way clutch 6 are mounted on a right end portion of the crankshaft 2
which projects rightwardly from the crankcase 1.

The engine-start-system driven gear 5 constitutes a final gear of a speed
reduction gear mechanism which transmits driving of a starter motor not shown
in the drawing, and the driving of the starter motor is transmitted to the
crankshaft 2 by way of the speed reduction gear mechanism and the one-way
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clutch 6 and forcibly rotates the crankshaft 2 thus starting the internal
combustion engine E.

A rear side of the crankcase 1 has a lateral width thereof narrowed thus forming
a transmission case 11. A main shaft 20 and a counter shaft 51 which are directed
in the lateral direction of the transmission case 11 are respectively and pivotally
and rotatably supported on the transmission case 11 by way of bearings 21, 52.

The main shaft 20 is constituted of an inner sleeve 20i and an outer sleeve 200
which is rotatably fitted on a portion of the inner sleeve 20i. A left end of the
inner sleeve 20i is pivotally and rotatably mounted in a bearing opening which is
formed in a left side wall 111 of the transmission case 11 by way of the bearing 21.
The outer sleeve 200 is relatively rotatably fitted on a substantially center
position of the inner sleeve 20i. A portion of the outer sleeve 200 is pivotally and
rotatably supported in a bearing opening which is formed in a right side wall 11r
of the transmission case 11 by way of the bearing 21. In this manner, the outer
sleeve 200 is supported together with the inner sleeve 20i.

A cylindrical collar 22 is fitted on a portion of an outer periphery of an outside
portion of the outer sleeve 200 which projects rightwardly from the right bearing
21 and is brought into contact with the right bearing 21, and a primary driven
gear 23 is pivotally and rotatably supported on the cylindrical collar 22.

On the other hand, a primary drive gear 23a is formed on one crank web of the
crankshaft 2 which corresponds to the primary driven gear 23b, and the primary
drive gear 23a and the primary driven gear 23b are meshed with each other.

A twin clutch 25 is mounted on the inner sleeve 20i and the outer sleeve 200 on a
right side of the primary driven gear 23b.

The twin clutch 25 is constituted of a pair of first clutch 26 and second clutch 27,
and the first clutch 26 and the second clutch 27 are formed of hydraulic multi-

plate friction clutches of the same structure which include a common clutch
housing 28.
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The clutch housing 28 is formed of a bowl-shaped member which constitutes a
common outer peripheral portion of the first clutch 26 and a second clutch 27
which are arranged in parallel in the axially lateral direction, and the clutch
housing 28 has a right side thereof opened and has a left-side bottom portion
thereof mounted on the primary driven gear 23b by way of a torsion spring 24.

The lett-side first clutch 26 is configured such that a clutch boss 26b is engaged
with the outer sleeve 200 by spline fitting and a pressure plate 26p is slidably
supported on the clutch boss 26b in the axial direction, and an oil pressure
receiving plate 26q is supported on a back side of the pressure plate 26p.

A compression spring 26s is interposed between the pressure plate 26p and the
clutch boss 26b.

Between outer peripheral portions of the clutch boss 26b and the pressure plate
26p, friction discs which are slidably fitted in the clutch housing 28 in the axial
direction and clutch discs which are slidably fitted on the clutch boss 26b in the
axial direction are arranged alternately.

The right-side second clutch 27 is configured such that a clutch boss 27b is
engaged with a portion of the inner sleeve 20i which projects rightwardly from
the outer sleeve 200 by spline fitting, a pressure plate 27p is slidably supported
on the clutch boss 27b in the axial direction, and an oil pressure receiving plate
27q 1s supported on a back side of the pressure plate 27p. A compression spring
27s 1s interposed between the pressure plate 27b and the clutch box 27b.

Between outer peripheral portions of the clutch boss 27b and the pressure plate
27p, triction discs which are slidably fitted in the clutch housing 28 in the axial
direction and clutch discs which are slidably fitted in the clutch boss 27b in the
axial direction are arranged alternately.

In the inner sleeve 20i, a lubricant passage 30 is formed along an axis of the inner
sleeve 20i from a left end of the inner sleeve 20i to a position where the first
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clutch 26 is arranged and a shaft hole 31 is formed along the axis from a right end
of the inner sleeve 20i to a position where the first clutch 26 is arranged. In the
shaft hole 31, a duplicate tube which is constituted of an inner conduit 32 and an
outer conduit 33 are inserted from the right end of the inner sleeve 20i.

The inner conduit 32 arrives at a position of the first clutch 26 in the vicinity of a
left end of the shaft hole 31, and the outer conduit 33 arrives at a position of the
second clutch 27.

A seal member 34 is interposed between an outer periphery of the inner conduit
32 in the vicinity of a left end of the inner conduit 32 and the shaft hole 31, a left
end space of the shaft hole 31 which is defined by the seal member 34 is
communicated with a first control oil passage 41 formed in the inside of the inner
conduit 32 and, at the same time, an oil passage 41a is formed in the inner sleeve
201, the outer sleeve 200 and a sleeve portion of the clutch boss 26b in a
penetrating manner toward a gap defined between the pressure plate 26p and
the oil pressure receiving plate 26s of the first clutch 26 from the left end space of

the shaft hole 31.

Here, the space defined between the pressure plate 26p and the clutch boss 26b is
communicated with the lubricant passage 30 by way of the oil passage 30a.

Accordingly, when an oil pressure is applied to a first control oil passage 41
which is arranged inside the inner conduit 32, a pressured oil is supplied to the
space defined between the pressure plate 26p and the oil pressure receiving plate
26s of the first clutch 26 by way of the oil passage 41 and the left end space of the
shaft hole 31, and the pressure plate 26p is pushed against a biasing force of the
compression spring 26s. Accordingly, the first clutch 26 is engaged with the
clutch housing 28 due to the increase of the friction between the friction discs and
the clutch discs and hence, the rotation of the clutch housing 28 is transmitted to
the outer sleeve 200 of the main shaft 20.

When the oil pressure which is applied to the first control oil passage 41 is
released, due to the oil pressure of the lubricant which passes through the
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lubricant passage 30 and the oil passage 30a and the compression spring 26s, the
pressure plate 26p returns to an original position and hence, the first clutch 26 is

disengaged.

Further, a seal member 35 is interposed between an outer periphery of the outer
conduit 33 in the vicinity of a left end of the outer conduit 33 which arrives at a
position of the second clutch 27 and the shaft hole 31. A second control oil
passage 42 is formed between an outer periphery of the outer conduit 33 on a
right side of the seal member 35 and an inner periphery of the shaft hole 31. An
oil passage 42a is formed in the inner sleeve 20i and a cylindrical portion of the
clutch boss 27b in a penetrating manner from the second control oil passage 42 to
a gap defined between the pressure plate 27p and the oil receiving plate 27s of
the second clutch 27.

Here, a lubricant passage 43 defined between the outer periphery of the inner
conduit 32 on a left side of the seal member 35 and the inner periphery of the
outer conduit 33 is communicated with a space formed on a left side of the seal
member 35, and the space formed on the left side of the seal member 35 is
communicated with a space defined between the pressure plate 27p and the
clutch boss 27b by way of an oil passage 43a.

Accordingly, when an oil pressure is applied to the second control oil passage 42
which is arranged outside of the outer conduit 33, a pressured oil is supplied to
the space defined between the pressure plate 27p and the oil pressure receiving
plate 27s of the second clutch 27 by way of the oil passage 42a, and the pressure
plate 27p is pushed against a biasing force of the compression spring 27s.
Accordingly, the second clutch 27 is engaged with the clutch housing 28 due to
the increase of the friction between the friction disc and the clutch disc and hence,
the rotation of the clutch housing 28 is transmitted to the inner sleeve 20i of the
main shaft 20.

When the oil pressure which is applied to the second control oil passage 42 is
released, due to the oil pressure of the lubricant which passes through the
lubricant passage 43 and the oil passage 43a and the compression spring 27s, the

WH-13218/cs



10

15

20

25

30

CA 02604646 2007-09-27

- 17 -

pressure plate 27p returns to an original position and the second clutch 27 is
disengaged.

In a shaft support portion 55a of a right case cover 55 which pivotally supports
end portions of the inner conduit 33 and the outer conduit 33 which project from
a right end of the inner sleeve 20i, hydraulic chambers 41b, 42b which are
respectively communicated with the first control oil passage 41 and the second
control oil passage 42 are formed, and controlled oil pressures are applied to the
hydraulic chambers 41b, 42b by an oil pressure control means thus controlling

the engagement and disengagement of the respective first clutch 26 and second
clutch 27.

In the inside of the above-mentioned transmission case 11 into which the main
shaft 20 to which the power of the twin clutch 25 is transmitted is inserted, a
speed change gear mechanism 50 is provided between the main shaft 20 and a
counter shaft 51.

The outer sleeve 200 of the main shaft 20 covers a right half portion of the inner
sleeve 20i in the inside of the transmission case 11. With respect to the inner
sleeve 20i which projects leftwardly from the outer sleeve 200, a first speed
change drive gear m1 is integrally formed on the inner sleeve 20i close to the left-
side bearing 21, and a fifth speed change drive idle gear m5 is pivotally mounted
on the inner sleeve 20i in a state that the fifth speed change drive idle gear m5 is
arranged on a right side of the first speed change drive gear inl, and a third
speed change drive shift gear m3 is engaged with the inner sleeve 20i by spline '
fitting in an axially slidable manner between a right side of the fifth speed change
drive idle gear m5 and a left end of the outer cylinder 20o0.

When the third speed change drive shift gear m3 is shifted leftwardly from a

neutral position, the third speed change drive shift gear m3 is connected to the
fifth speed change drive idle gear mb.

With respect to the outer sleeve 200 arranged in the inside of the transmission
case 11, a second speed change drive gear m2 is integrally formed on the outer
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sleeve 200 close to the right-side bearing 21, and a sixth speed change drive idle
gear m6 is pivotally and rotatably supported on the outer sleeve 200 on a left
side of the second speed change drive gear m2, and a fourth speed change drive
shift gear m4 is engaged with the outer sleeve 200 by spline fitting in an axially
slidable manner between a left side of the sixth speed change drive idle gear mé6
and a left end of the outer cylinder 20o.

When the fourth speed change drive shift gear m4 is shifted rightwardly from a
neutral position, the fourth speed change drive shift gear m4 is connected to the
sixth speed change drive idle gear mé.

On the other hand, with respect to the counter shaft 51, a first speed change
driven idle gear n1 is pivotally and rotatably supported on the counter shaft 51
close to the left-side bearing 52, and the first speed change driven idle gear nl is
meshed with the first speed change drive gear m1. Further, a fifth speed change
driven shift gear n5 is engaged with the counter shaft 51 by spline fitting in an
axially slidable manner on a right side of the first speed change driven idle gear
n1, and the fifth speed change driven shift gear n5 is meshed with the fifth speed
change drive idle gear m5. Further, a third speed change driven idle gear n3 is
pivotally and rotatably supported on the counter shaft 51 on a right side of the
fifth speed change driven shift gear n5.

When the fifth speed change driven shift gear nb is shifted leftwardly from a
neutral position, the fifth speed change driven shift gear n5 is connected to the
first speed change driven idle gear nl, while when the fifth speed change driven
shift gear n5 is shifted rightwardly from a neutral position, the fifth speed change
driven shift gear n5 is connected to the third speed change driven idle gear n3.

Further, with respect to a right half portion of the counter shaft 51, a second
speed change driven idle gear n2 is rotatably and pivotally mounted close to the
right-side bearing 52 and is meshed with the second speed change drive gear m2,
a sixth speed change driven shift gear n6 is engaged with the counter shaft 51 by
spline fitting in an axially slidable manner on a left side of the second speed
change driven idle gear n2 and is meshed with the sixth speed change drive idle
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gear m6, and a fourth speed change driven idle gear n4 is pivotally and rotatably
supported on a left side of the sixth speed change driven shift gear n6 and is
meshed with the fourth speed change drive shift gear m4.

When the sixth speed change driven shift gear n6 is shifted rightwardly from a
neutral position, the sixth speed change driven shift gear n6 is connected to the
second speed change driven idle gear n2, while when the sixth speed change
driven shift gear né is shifted leftwardly, the sixth speed change driven shift gear
n6 is connected to the fourth speed change driven idle gear n4.

As described heretofore, the speed change gear mechanism 50 of this
embodiment is a constant-mesh speed change gear mechanism. By shifting four
shift gears, that is, by shifting the third speed change drive shift gear m3 and the
fourth speed change drive shift gear m4 which are mounted on the main shaft 20
and the fifth speed change driven shift gear n5 and the sixth speed change driven
shift gear n6 which are mounted on the counter shaft 51 using four shift forks
64a, 64b, 64c, 64d of the speed change drive mechanism 60, the changeover of the
speed change gear can be performed.

The speed change drive mechanism 60 is configured such that a shift drum 61
which is directed in the lateral direction 1s pivotally and rotatably supported on
the transmission case 11, guide shafts 62, 63 extend over the speed change drive
mechanism 60 in a state that the guide shafts 62, 63 are arranged close to the shift
drum 61, shift forks 64a, 64b which are pivotally mounted on the guide shaft 62
arranged close to the main shaft 20 in an axially slidable manner are engaged
with the third speed change drive shift gear m3 and the fourth speed change
drive shift gear m4 which are mounted on the main shaft 20 and, at the same
time, respective shift pins of the shift forks 64a, 64b are fitted in respective shift
grooves which are formed in an outer peripheral surface of the shift drum 61.

Further, shift fork 64c, 64d which are pivotally mounted on the guide shaft 63
and are arranged close to the counter shaft 51 in an axially slidable manner are
engaged with the fifth speed change driven shift gear n5 and the sixth speed
change driven shift gear n6 which are mounted on the counter shaft 51 and, at
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the same time, respective shift pins of the shift forks 64c, 64d are fitted in
respective shift grooves which are formed in the outer peripheral surface of the
shift drum 61. '

The shift drum 61 is rotated by driving of a speed change motor 65 by way of a
gear mechanism 66 and four shift forks 64a, 64b, 64c, 64d which are fitted in four
shift grooves respectively perform predetermined movements depending on a
rotational angle of the shift drum 61 so as to change over the speed change gears
of the speed change gear mechanism 50.

Fig. 1 and Fig. 2 show the speed change gear mechanism 50 in a neutral state in
which either one of gears which are meshed with each other is in an idling state
and hence, the rotation of the main shaft 20 is not transmitted to the counter shaft
51.

When the shift drum 61 is rotated by a predetermined angle and the shift fork
64c shifts the fifth speed change driven shift gear n5 leftwardly and brings the
fifth speed change driven shift gear n5 into contact with the first speed change
driven idle gear n1 from the above-mentioned neutral state, power is transmitted
to the counter shaft 51 from the inner sleeve 20i by way of the first speed change
drive gear m1, the first speed change driven idle gear nl, and the fifth speed
change driven shift gear n5 thus constituting a first speed gear.

In the same manner as the first speed gear, a second gear is constituted by
shifting the sixth speed change driven shift gear n6 rightwardly, a third speed
gear is constituted by shifting the fifth speed change driven shift gear nb
rightwardly, a fourth speed gear is constituted by shifting the sixth speed change
driven shift gear n6 leftwardly, a fifth speed gear is constituted by shifting the
third speed change drive shift gear m3 leftwardly, and a sixth speed gear is
constituted by shifting the fourth speed change drive shift gear m4 rightwardly.

The counter shaft 51 on which the speed change driven gears are pivotally
mounted constitutes an output shaft, and an output sprocket wheel 53 is fitted on
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a left end portion of the counter shaft 51 which projects further leftwardly from
the left-side bearing 52. |

A drive chain 54 extends between the output sprocket wheel 53 and the rear
drive wheel-side driven sprocket wheel, and the power is transmitted to the rear
drive wheel thus allowing the motorcycle to travel.

In the above-mentioned power transmission device 10 which transmits the
rotational power of the crankshaft 2 of the internal combustion engine E to the
output shaft (counter shaft 51) by way of the twin clutch 25 and the speed change
gear mechanism 50, an oil pressure control of the twin clutch 25 and a speed
change control of the speed change drive mechanism 60 which drives the speed
change gear mechanism 50 are performed by an ECU which performs an
operation control of the internal combustion engine E.

Fig. 3 is a schematic block diagram of a speed change control performed by an
ECU 70.

Detection signals are inputted to the ECU 70 from a speed change position sensor
71 and an engine rotational speed sensor 72 and, at the same time, an ON/OFF
signal of an ignition switch 73 is inputted to the ECU 70. The ECU 70 outputs
drive signals to the speed change motor 65 and a clutch oil pressure control
means 76.

Here, in a vehicle having a D-mode changeover switch 74 which allows a rider to
intentionally bring the vehicle into a start ready state, an ON/OFF signal of the
D-mode changeover switch 74 is inputted to an ECU. Further, in a vehicle
having a neutral lamp 75, an ECU outputs a drive signal to the neutral lamp 75.

A control method of the power transmission device 10 when the internal

combustion engine E is started by the ECU of the invention is explained in
accordance with a control flowchart shown in Fig. 4 and a graph shown in Fig. 5.
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First of all, it is determined whether the ignition switch 73 is turned on or not
(Step 1). If it is determined that the ignition switch 73 is turned on, processing
advances to Step 2 in which it is determined whether the power transmission
device 10 is in a neutral state or not (Step 2). If the power transmission device 10
is not in the neutral state, processing leaves this routine, while if it is determined
that the power transmission device 10 is in the neutral state, processing advances
to Step 3 in which it is determined whether an engine rotational speed Nc
exceeds a predetermined low rotational speed N1 or not. If it is determined that
the engine rotational speed Nc exceeds the predetermined low rotational speed
N1, processing advances to Step 4 in which the speed change gear is changed
over from the neutral state to the first speed gear.

The graph shown in Fig. 5 is rectangular coordinates, wherein time t is taken on
an axis of abscissas and a rotational speed n is taken on an axis of ordinates, and
a polygonal line depicted by a chain line indicates a crankshaft rotational speed
(engine rotational speed) Nc, and a polygonal line depicted by a solid line
indicates a main shaft rotational speed Nm.

First of all, in a state that an operation of the internal combustion engine E is
stopped initially, both of the first clutch 26 and the second clutch 27 of the twin
clutch 25 are in a disengaged state, and the speed change gear mechanism 50 is in
a neutral state.

Then, when the ignition switch is turned on at a point of time Ti and the starter
motor is driven at a point of time Ts, the crankshaft rotational speed Nc is
increased due to driving of the starter motor, and the internal combustion engine
E 1s started from a point of time and hence, the crankshaft rotational speed Nc
arrives at an idling rotational speed Nid. The crankshaft rotational speed Nc is
maintained to the idling rotational speed Nid and hence, the internal combustion
engine E is warmed up.

In such a period, the rotation of the crankshaft 2 rotates the clutch housing 28 of

the twin clutch 25 at a slightly lower rotational speed by way of meshing
between the primary drive gear 23a and the primary driven gear 23b. Even
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when the first clutch 26 and the second clutch 27 are disengaged from each other,
due to friction between the friction discs and the clutch discs which are
alternately arranged close to each other, the clutch bosses 26b, 27b are rotated
together with the clutch housing 28 and the co-rotation of the clutch bosses 26b,
27b rotates the main shaft 20 (inner sleeve 20i, outer sleeve 200) together with the
clutch bosses 26b, 27b. '

Accordingly, as shown in Fig. 5, the main shaft rotational speed Nm is increased
with a co-rotation rotational speed lower than the crankshaft rotational speed Nc
along with the increase of the crankshaft rotational speed Nc.

Further, until the crankshaft rotational speed Nc arrives at the idling rotational
speed Nid, at a point of time T1 at which the crankshaft rotational speed Nc
arrives at a predetermined low rotational speed N1 considerably lower than the
idling rotational speed Nid, by driving the speed change motor 65 of the speed
change drive mechanism 60, the fifth speed change driven shift gear n5 is shifted
leftwardly using the shift fork 64c to connect the fifth speed change driven shift
gear n5 and the first speed change driven idle gear nl thus changing over the
speed change gear from a neutral state to the first speed gear.

Due to the co-rotation of the inner sleeve 20j, the first speed change driven idle
gear nl which is meshed with the first speed change drive gear ml integrally
formed with the inner sleeve 201 is rotated together with the inner sleeve 201, and
the fifth speed change driven shift gear n5 which is stopped together with the
counter shaft 51 is momentarily connected to the first speed change driven idle
gear nl which is rotated together with the inner sleeve 20i and the second clutch
27 and hence, the inner sleeve 20i of the main shaft 20 which is rotated together
with the first speed change driven idle gear n1 is stopped.

Here, the co-rotation rotational speed of the inner sleeve 20i is set to the
predetermined low rotational speed N1 considerably lower than the idling
rotational speed Nid and hence, it is possible to suppress impacts and noises
which are generated when the fifth speed change driven shift gear n5 is
connected to the first speed change driven idling gear n1.
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As has been explained heretofore, in a state that the crankshaft rotational speed
Nc is set to the idling rotational speed Nid, when the speed change gear is
changed over from the neutral state to the first speed gear, as indicated by a
broken line in Fig. 5, a main shaft rotational speed Nm of the main shaft 20 which
is rotated together with the crankshaft 2 is also set to a value close to the idling
rotational speed Nid, a rotational speed N1’ (see a point of time T1" in Fig. 5).

When the inertia rotation attributed to the co-rotation of a large inertia mass of
the inner sleeve 20i of the main shaft 20, the second clutch 27 and the first speed
change driven idle gear nl exhibits the relatively high rotational speed N1’, the
speed change gear is changed over from the neutral state to the first speed gear,
and the inertia mass is instantaneously connected with another large inertia mass
of parts ranging from the stopped fifth speed change driven shaft gear n5 to the
output-side counter shaft 51 and the like and hence, large impacts and noises are
generated at the time of connection.

To the contrary, according to this embodiment, by performing the control in
which the speed change gear mechanism 60 is automatically changed over from
the neutral state to the first speed gear at the point of time T1 where the engine
rotational speed arrives at the predetermined low rotational speed NIl
considerably lower than the idling rotational speed Nid after turning on the
starter switch, it is possible to reduce the impact and noises attributed to the
changeover from the neutral state to the first speed gear without providing any
mechanism which suppresses the co-rotation of the main shaft 20 thus
simplifying the structure, miniaturizing the internal combustion engine and
reducing a manufacturing cost.

In the control method of the power transmission device according to this
embodiment, the changeover from the neutral state to the first speed gear is
automatically performed and hence, the impact and noises are small whereby
there may be a case a rider is not aware of the starting ready state. Accordingly,
a lamp may be turned on to inform the rider of the starting ready state.
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Further, at the time of performing the changeover from the neutral state to the
first speed gear, by performing a control which changes over the first speed gear
to the neutral state and again performs the changeover from the neutral state to
the first speed gear, the rider may be informed of the starting ready state by
easily feeling operation sounds generated by the repetition of the changeover.

Further, the predetermined low rotational speed N1 with which timing for
changeover from the neutral state to the first speed gear is detected can be
arbitrarily set and hence, by setting a rotational speed to an extent that more or
less impact sounds are generated, the rider is informed of the starting ready
state.

In the vehicle having the D-mode changeover switch 74 which allows a rider to
intentionally bring the vehicle into the start ready state, when the D-mode
changeover switch 74 is turned on, the lamp is turned on to inform the rider of
the starting ready state.

Next, a control method of a power transmission device according to another
embodiment is explained in conjunction with Fig. 6 and Fig. 7.

In a flowchart shown in Fig. 6, first of all, it is determined whether the ignition
switch 73 is turned on or not (Step 11). If it is determined that the ignition switch
/3 is turned on, processing advances to Step 12 in which it is determined whether
the power transmission device is in a neutral state or not (Step 12). If it is
determined that the power transmission device is not in the neutral state,
processing leaves this routine, while if it is determined that the power
transmission device is in the neutral state, processing advances to Step 13 in
which counting of time is started. In Step 14, it is determined whether t1 seconds
elapse or not after starting the counting of time. If it is determined that tl
seconds elapse, processing advances to Step 15 in which the speed change gear is
changed over from the neutral state to the first speed gear.

That is, in the control method of the power transmission device, at a point of T1
at which the predetermined time (t1 seconds) elapses after turning on the
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ignition switch in the power transmission device 10, the speed change gear
mechanism 50 is automatically changed over from the neutral state to the first
speed gear.

This point of time T1 is a point of time before a crankshaft rotational speed Nc
arrives at a steady-state idling rotational speed Nid, wherein in the example
shown in Fig. 7, the point of time T1 is before the point of time Ts at which the
starter switch is turned on.

Accordingly, in a stop state in which the crankshaft 2 is not also rotated, the fifth
speed change driven shift gear n5 is connected to the first speed change driven
idle gear n1 to change over the speed change gear from the neutral state to the
first speed gear and hence, neither impacts nor noises are generated at the time of

connection.

Even when the crankshaft 2 is rotated by turning on the starter switch and the
crankshaft rotational speed Nc is elevated, the inner sleeve 201 of the main shaft
20 is stopped by braking due to the connection of the fifth speed change driven
shift gear n5 with the first speed change driven idle gear nl and hence, the main
shaft rotational speed Nm remains at 0.

Also 1n the control method of the power transmission device of this embodiment,
by alternately repeating lighting of the lamp and the changeover of the speed
change mechanism between the neutral state and the first speed gear, the rider

may be informed of the starting ready state.

Further, in the vehicle having the D-mode changeover switch 74, when the D-
mode changeover switch 74 is turned on, the lamp is turned on to inform the
rider of the starting ready state.

Here, in the example shown in Fig. 7, the point of time T1 at which the
predetermined time elapses after turning on the ignition switch comes before the
point of time Ts at which the starter switch is turned on. However, the point of
time T1 may come after the point of time Ts at which the starter switch is turned
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on. In such a case, the control method of the power transmission device becomes
equal to the control method of the power transmission device of the embodiment
shown in Fig. 5 and hence, impacts and noises which are generated at the time of
changing over the speed change gear from the neutral state to the first speed gear
can be suppressed to small values.

Further, a control method of a power transmission device according to another
embodiment is explained in conjunction with Fig. 8 and Fig. 9.

In a flowchart shown in Fig. 8, first of all, it is determined whether the ignition
switch 73 is turned on or not (Step 21). If it is determined that the ignition switch
73 is turned on, processing advances to Step 22 in which it is determined whether
the power transmission device is in a neutral state or not (Step 22). If it is
determined that the power transmission device is not in the neutral state,
processing leaves this routine, while if it is determined that the power
transmission device is in the neutral state, processing advances to Step 23, and
the speed change gear is immediately changed over from the neutral state to the
first speed gear.

That is, in the control method of the power transmission device, if it is
determined that the power transmission device 10 is in the neutral state at a point
of time at which the ignition switch is turned on, a speed change gear mechanism
is automatically changed over from the neutral state to the first speed gear.

The crankshaft 2 is stopped at a point of time at which the ignition switch is
turned on and hence, the fifth speed change driven shift gear n5 which is in a
stopped state is connected to the first speed change driven idle gear n1 which is
also in a stopped state thus changing over the speed change gear from the
neutral state to the first speed gear and hence, impacts and noises are not
generated at the time of the connection.

Also in the control method of the power transmission device of this embodiment,
by alternately repeating lighting of the lamp and the changeover of the speed
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change mechanism between the neutral state and the first speed gear, the rider
may be informed of the starting ready state.

Further, in the vehicle having the D-mode changeover switch 74, when the D-
mode changeover switch 74 is turned on, the lamp is turned on to inform the
rider of the starting ready state.

In the above-mentioned embodiments, the clutch mechanism of the power
transmission device 10 adopts the hydraulic twin clutch 25. The invention is,
however, applicable to a clutch mechanism constituted of one clutch.

Further, the twin clutch 25 of this embodiment is formed of a clutch which
assumes an engaged state when oil pressure is applied. However, it is needless
to say that the invention is also applicable to a clutch which assumes an engaged
state when the oil pressure is released.

Still further, the clutch mechanism is applicable to a motor driven clutch as well
as the hydraulic clutch.

Although various preferred embodiments of the present invention have been
described herein in detail, it will be appreciated by those skilled in the art, that
variations may be made thereto without departing from the spirit of the
invention or the scope of the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A control method of a power transmission device for controlling a
power transmission device which transmits a rotational power of a crankshaft
(2) of an internal combustion engine (E) to an output side by way of a clutch
mechanism (25) and a speed change mechanism (5), wherein the speed change
mechanism (50) is automatically changed over from a neutral state to a first
speed gear during a period from a point of time (T1) at which an ignition switch
is turned on to a point of time at which an engine rotational speed (Nc) arrives at
a steady-state idling rotational speed (Nid) due to starting of an internal
combustion engine (E), characterized in that the control method includes
activating the ignition switch and subsequently automatically changing the
speed change mechanism from the neutral state to the first speed gear at a point
of time (T1) when the engine rotational speed (Nc) arrives at a predetermined
low-rotational speed (N1) that is lower than the idling rotational speed (Nid).

2. A control method of a power transmission device according to claim 1,
including setting the predetermined rotational speed (N1) at a level where
impact sounds are generated that can be noticed by the rider.

3. A control method of a power transmission device according to claim 1
or 2 characterized in that the method includes upon activating the ignition
switch turning on a lamp (75) to indicate a starting ready state.

4, A control method of a power transmission device according to any
one of claims 1, 2 or 3 characterized in that the control method performs after the
changeover from neutral state to the first speed gear, a changeover from the first
speed gear to the neutral state and then again a changeover from the neutral
state to the first speed gear with operation sounds being generated by the

changeovers.

5. A control method of a power transmission device according to any
one of claims 1, 2, 3 or 4 characterized in that an electronic control unit (ECU) is
used to monitor the power transmission device and to control the changing of
the speed change mechanism (50) and controls the clutch mechanism (25).
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6. A control method of a power transmission device according to claim 4

characterized in that the electronic control unit (ECU) is used to cause oil
pressure to the clutch mechanism (25) to be varied and thereby control operation
of the clutch mechanism.

7. A power transmission device which transmits a rotational power of a
crankshatft (2) of an internal combustion engine (E) to an output side by way of a
clutch mechanism (25) and a speed change mechanism (50), wherein the power
transmission device includes a control unit that senses engine speed and
automatically changes the speed change mechanism (50) from a neutral state to a
first gear state at a certain point of time (T1) so that the generation of impacts
and noises due to the changeover of the speed change mechanism is minimized,
characterized in that said control unit senses the turning on of a starter switch
and causes the speed change mechanism (50) to automatically change from the
neutral state to the first speed gear state at a point of time (T1) at which the
engine rotational speed (Nc) arrives at a predetermined low-rotational speed
(N1) lower than a predetermined steady state idling rotational speed (Nid).

8. A power transmission device according to claim 7, characterized in
that the speed change mechanism (50) is a constant-mesh speed change gear
mechanism (50).

9. A power transmission device according to claim 7 or 8 characterized
in that the control unit is an electronic control unit (ECU) which electrically
controls the speed change mechanism (50) and the clutch mechanism (25).

10. A power transmission device according to claim 9, characterized in
that the electronic control unit (ECU) controls the clutch mechanism (25) via an

oil pressure control means (76).

11. A power transmission device as claimed in any one of claims 7, 8, 9 or
10 including a neutral state determination means for determining a neutral state
of the power transmission device associated with the starter switch; said starter
switch when turned on cooperating with said neutral state determination means
to determine whether said power transmission device is in said neutral state and
if a neutral state is determined causing said speed change mechanism to change

over from the neutral state to the first gear state.
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12. A power transmission device as claimed in claim 11 wherein said

speed change mechanism includes an indicating means that is activated during a
starting ready state when said power transmission is changed over from the
neutral state to the first gear state.

13. A power transmission device as claimed in claim 12 wherein said
speed change mechanism during said start ready state cycles between the
neutral state and the first gear state.

14. A control method for a power transmission device as claimed in any
one of claims 1 to 6 wherein if it is determined that the transmission device is not
in the neutral state, processing ends.

15. The control method for a power transmission device according to
claim 14, wherein the speed change mechanism is automatically changed over
from the neutral state to the first speed gear at a point in time at which a
predetermined time elapses after turning on the ignition switch.
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[Fig. 3]
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