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(57) Abrégée/Abstract:

In a power unit for a vehicle, including a clutch capable of making and breaking the transmission of power, the clutch interposed in
the course of a power transmission path along which rotational power of a crankshaft rotatably borne on a crankcase while having
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(57) Abrege(suite)/Abstract(continued):

its axis set along the front-rear direction of the vehicle I1s transmitted to a drive wheel, and a clutch actuator for controlling the
connection and disconnection of the clutch, the clutch actuator mounted to an engine body including the crankcase, to obviate
Increases In the front-rear lengths of the engine and the vehicle body arising from the arrangement of the clutch actuator. The
clutch actuator is disposed at the upper surface of the engine body.



CA 02607659 2007-10-25

ABSTRACT OF THE DISCLOSURE

In a power unit for a vehicle, including a clutch capable of making and
breaking the transmission of power, the clutch interposed in the course of a
power transmission path along which rotational power of a crankshaft
rotatably borne on a crankcase while having its axis set along the front-rear
direction of the vehicle is transmitted to a drive wheel, and a clutch actuator
for controlling the connection and disconnection of the clutch, the clutch
actuator mounted to an engine body including the crankcase, to obviate
increases in the front-rear lengths of the engine and the vehicle body arising
from the arrangement of the clutch actuator. The clutch actuator is disposed at
the upper surface of the engine body.
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POWER UNIT FOR VEHICLE

FIELD OF THE INVENTION

The present invention relates to a power unit for a vehicle having a crankcase, a
crankshaft rotatably supported to the crankcase while having its axis set along
the front-rear direction of the vehicle, a power transmission path for transmitting
a rotational drive force of the crankshaft to a drive wheel, a clutch provided in
the power transmission path for switching connection and disconnection of the
transmission of power, an engine body including the crankcase, and a clutch
actuator mounted on the engine body for controlling the switching between an
engaged condition and disengaged condition of the clutch.

BACKGROUND OF THE INVENTION

Such a power unit for a vehicle as above has already been known, as for example
described in Japanese Patent Laid-open No. Hei 11-222043 and the like.

However, in the power unit for a vehicle disclosed in Japanese Patent Laid-open
No. Hei 11-222043, the clutch actuator is disposed at a rearmost part of the
engine body, so that the engine is enlarged in its length in the front-rear direction,
and the length of the vehicle in the front-rear direction also tends to be enlarged
accordingly. Especially in a longitudinal-type multi-cylinder engine having a
crankshaft set along the front-rear direction of the vehicle as disclosed in
Japanese Patent Laid-open No. Hei 11-222043, the length of the engine in the
front-rear direction is enlarged more.
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The present invention has been made in consideration of the above-mentioned
circumstances. Accordingly, it is an object of the present invention to provide a
power unit for a vehicle in which the increase in the length of the vehicle body in
the front-rear direction can be obviated by appropriate layout of a clutch
actuator.

SUMMARY OF THE INVENTION

The present invention resides in a power unit for a vehicle having a crankcase, a
crankshaft rotatably supported to the crankcase while having its axis set along
the front-rear direction of the vehicle, a power transmission path for transmitting
a rotational drive force of the crankshaft to a drive wheel, a clutch provided in
the power transmission path for switching connection and disconnection of the
transmission of power, an engine body including the crankcase, and a clutch
actuator mounted on the engine body for controlling the switching between an
engaged condition and disengaged condition of the clutch, wherein the clutch
actuator is disposed at an upper surface of the engine body.

According to the present invention, the clutch actuator is disposed at the upper
surface of the engine body. Therefore, it is possible to dispose the clutch actuator
by effectively utilizing the space on the upper side of the engine body while
obviating increases in the front-rear lengths of the engine and the vehicle body.
Particularly, it is possible to obviate the increase in the front-rear length of a
longitudinal-type multi-cylinder engine having the crankshaft set along the
front-rear direction of the vehicle.

An aspect of the invention is characterized in that, in addition to the
configuration of the invention as set forth in claim 1, the clutch actuator is

disposed at a position for avoiding an intake system connected to the engine
body.

In addition, according to this aspect of the invention, the clutch actuator is
disposed while avoiding the intake system, whereby it is make possible to
effectively utilize the space on the upper side of the engine body. In addition, it is
also made possible to ensure that other component parts are not disposed in the

WH-13245/cs



10

15

20

25

30

CA 02607659 2007-10-25

vicinity of the clutch actuator, so that the running airflow during running of the
vehicle can easily come into contact with the clutch actuator, whereby an
enhanced cooling of the clutch actuator can be contrived.

Another aspect of the invention is characterized in that, in addition to the
configuration of the invention as set forth above, the clutch is contained in a
clutch chamber defined by both a rear case constituting a part of the engine body
and connected to a rear part of the crankcase and a clutch cover connected to the
rear case, and the clutch actuator is disposed at an upper surface of the rear case.

According to this aspect of the invention, the clutch actuator is disposed at the
upper surface of the rear case which is connected to a rear part of the crankcase
so that the clutch chamber for containing the clutch is formed between the rear
case and the clutch cover. Therefore, it is possible to shorten the distance
between the clutch and the actuator, and to make compact the control force
transmission path from the clutch actuator to the clutch.

A further aspect of the invention is characterized in that, in addition to the
configuration of the invention as set forth above, a speed change actuator for
controlling a speed change operation of a gear speed change mechanism
constituting a part of a transmission provided between the clutch and the drive
wheel is disposed at a front surface of the engine body.

Further, according to this aspect of the invention, it is possible to lay out the
clutch actuator and the speed change actuator while effectively utilizing the
space existing in the surroundings of the engine body.

Yet another aspect of the invention is characterized in that, in addition to the
configuration of the invention as set forth above, the engine body is configured to
be of a horizontally opposed type.

Another aspect of the invention is characterized in that, in addition to the

configuration of the invention as set forth above, the intake system includes a
plurality of individual intake pipes connected to the engine body at downstream
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Ends thereof in the state of communicating respectively with a plurality of intake
ports provided in the engine body, and a throttle body to which upstream ends of

the individual intake pipes are connected in common.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are shown in the drawings, wherein:
FIG. 1 is a side view of a motorcycle based on a first embodiment of the present
invention.

FIG. 2 is an enlarged side view of the vicinity of a power unit in the motorcycle.
FIG. 3 is a front view taken along arrow 3 of FIG. 2.

FIG. 4 is a plan view of the power unit.

FIG. 5 is a partly cut-out sectional view taken along line 5-5 of FIG. 4.

FIG. 6 is a view taken along line 6-6 of FIG. 4.

FIG. 7 is an enlarged sectional view taken along line 7-7 of FIG. 5.

FIG. 8 is an enlarged view of an essential part of FIG. 7.

FIG. 9 is a view taken along arrow 9 of FIG. 4.

FIG. 10 is a view taken along arrow 10 of FIG. 6.

FIG. 11 is a longitudinal sectional view showing the configuration of a speed
change actuator.

FIG. 12 is a sectional view taken along line 12-12 of FIG. 11.
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FIG. 13 is a simplified plan view of a power unit according to a second
embodiment of the present invention.

FI1G. 14 is a view taken along arrow 14 of FIG. 13.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, a mode of carrying out the present invention will be described below,
referring to an embodiment of the present invention shown in the accompanying
drawings.

FIGS. 1 to 12 show a first embodiment of the present invention, in which FIG. 1 is
a side view of a motorcycle, FIG. 2 is an enlarged side view of the vicinity of a
power unit in the motorcycle, FIG. 3 is a front view taken along arrow 3 of FIG. 2,
FIG. 4 is a plan view of the power unit, FIG. 5 is a cut-out sectional view taken
along line 5-5 of FIG. 4, FIG. 6 is a view taken along line 6-6 of FIG. 4, FIG. 7 is an
enlarged sectional view taken along line 7-7 of FIG. 5, FIG. 8 is an enlarged view
of an essential part of FIG. 7, FIG. 9 is a view taken along arrow 9 of FIG. 4, FIG.
10 1s a view taken along arrow 10 of FIG. 6, FIG. 11 is a longitudinal sectional
view showing the configuration of a speed change actuator, and FIG. 12 is a
sectional view taken along line 12-12 of FIG. 11.

First, in FIG. 1, a vehicle body frame F of a motorcycle as a vehicle includes a
head pipe 181 for steerably supporting a front fork 180 rotatably supporting a
front wheel WF, a main frame 182 extending rearwardly downwards from the
head pipe 181, seat rails 183 extending rearwardly upwards from upper parts of
the rear end of the main frame 182, and back stays 184 for connection between
lower parts of the rear end of the main frame 182 and somewhat rear parts of the
seat rails 183.

A steering handle 185 is connected to an upper part of the front fork 180. In
addition, front end parts of swing arms 186 are vertically swingably borne on
rear end parts of the main frame 182, and a rear wheel WR as a drive wheel is
rotatably supported by rear end parts of the swing arms 186. Further, rear
cushion units 187 are provided between upper parts of the rear end of the main
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frame 182 and the swing arms 186, and a rider’s seat 188 is mounted on the seat
rails 183.

A power unit P for driving the rear wheel WR is disposed in the space on the
lower side of the main frame 182. The power unit P is supported on the main
tframe 182 through a plurality of hanger members which are not shown clearly.

In FIGS. 2 to 6, the power unit P is composed of a 4-cycle multi-cylinder (e.g., 6-
cylinder) horizontally opposed type engine E and a transmission T for
transmitting the power of the engine E through speed change. An engine body
11 of the engine E includes a left engine block 12L disposed on the left side as
viewed from a person facing forwards in the running direction of the motorcycle,
a right engine block 12R disposed on the right side as viewed from a person
tfacing forwards in the running direction, left and right cylinder heads 13L and
13R connected respectively to both outer ends of the left and right engine blocks
12L and 12R, and a rear case 14 connected to the left and right engine blocks 12L
and 12R.

The left engine block 12L has a left cylinder block 15L in which a plurality (for
example, three) of cylinder bores 17L are formed side by side, and a left
crankcase part 16L. formed as one body with the left cylinder block 15L, and the
left cylinder head 13L is connected to the left cylinder block 15L so as to form
combustion chambers 20L 'between itself and pistons 18L slidably fitted
respectively in the cylinder bores 17L. Similarly, the right engine block 12R has a
right cylinder block 15R in which a plurality (for example, three) of cylinder
bores 17R are formed side by side, and a right crankcase part 16R formed as one
body with the right cylinder block 15K, and the right cylinder head 13R is
connected to the right cylinder block 15R so as to form combustion chambers 20R
between itself and pistons 18R slidably fitted respectively in the cylinder bores
17R.

Both the engine blocks 12L and 12R are disposed opposite to each other, with the
axes of the cylinder bores 171 and 17R set to be substantially horizontal. The left
and right crankcase parts 16L and 16R are coupled to each other so that they
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cooperate with each other in forming a crankcase 21, and the rear case 14 is
connected to a rear part of the crankcase 21 along the running direction of the
motorcycle.

The pistons 18L and 18R in both the engine blocks 12L and 12R are connected in
common to a crankshaft 22 of which one end side is disposed on the front side
along the front-rear direction of the motorcycle and which has its axis set along
the front-rear direction of the motorcycle, through connecting rods 23L and 23R,
and the crankshaft 22 is rotatably supported on the crankcase 21.

Intake ports 24 capable of communicating with the combustion chambers 20L
and 20R are provided in side walls of upper parts of the left and right cylinder
heads 13L and 13R, and exhaust ports 25 capable of communicating with the
combustion chambers 20 and 20R are provided in side walls of lower parts of
the left and right cylinder heads 13L and 13R. In addition, intake valves 26 for
opening and closing the intake ports 24 and exhaust valves 27 for opening and
closing the exhaust ports 25 are disposed in the left and right cylinders 13L and
13R so that they can perform opening and closing operations.

An intake system 28 is connected to side walls of upper parts of the left and right
cylinder heads 13L and 13R so as to communicate with the intake ports 24. The
intake system 28 includes: a throttle body 31 disposed on the upper side of the
left and right cylinder blocks 15L, 15R while having a pair of intake passages 29L,
29R corresponding individually to the left and right cylinder heads 13L, 13R and
having a pair of throttle valves 30L, 30R capable of varying the passage areas of
the intake passages 29L, 29R; individual intake pipes 32L which have upstream
ends connected in common to the intake passage 29L on one side corresponding
to the left cylinder head 13L and which have downstream ends connected to a
side wall of an upper part of the left cylinder head 13L so as to communicate
individually with the intake ports 24 of the left cylinder head 13L; individual
intake pipes 32R which have upstream ends connected in common to the intake
passage 29R on one side corresponding to the right cylinder head 13R and which
have downstream ends connected to a side wall of an upper part of the right
cylinder head 13R so as to communicate individually with the intake port 24 of

WH-13245/cs



10

15

20

25

30

CA 02607659 2007-10-25

the right cylinder head 13R; and an air cleaner 34 connected to an upper part of
the throttle body 31 so as to communicate with both the intake passages 291, 29R
in common. The upstream ends of the individual intake pipes 32L, 32R are
integrally collectively connected to the throttle body 31.

As shown in FIGS. 1 to 3, an exhaust system 190 is connected to side walls of
lower parts of the left and right cylinder heads 13L and 13R. The exhaust system
190 includes individual exhaust pipes 191 connected individually to the lower
part side walls of the left and right cylinder heads 13L, 13R so as to communicate
individually to the exhaust ports 25 of the left and right cylinder heads 13L, 13R
and extending rearwards on lateral sides of the crankcase 21, and exhaust
mufflers 192 connected to the individual exhaust pipes 191 and disposed on both
sides of the rear wheel WR.

In addition, as shown in FIGS. 2 and 3, steps 193L, 193R on which to mount the
rider’s left and right feet are attached to the vehicle body frame F so as to bulge
to the left and right sides at rear lower parts of the left and right cylinder heads
13L, 13R of the engine body 11. Thus, the bank angle a of the motorcycle is
determined by the individual exhaust pipes 191 or the steps 193L, 193R which are
present on both sides of the engine body 11.

In FIG. 7, the transmission T includes a gear speed change mechanism 35, and
first and second clutches 36, 37 provided between the gear speed change
mechanism 35 and the crankshaft 22. The first and second clutches 36, 37 for
switching connection and disconnection of the transmission of power according
to the action and release of a hydraulic pressure are interposed in the course of a

power transmission path for transmitting the rotational power of the crankshaft
22 to the rear wheel WR.

The gear speed change mechanism 35 is contained in the crankcase 21 while
having a plurality of speed change stages of gear trains capable of being
selectively established, for example, 1st-speed to 6th-speed gear trains G1, G2,
G3, G4, G5, G6. The gear speed change mechanism 35 has a configuration in
which the 2nd-speed, 4th-speed and 6th-speed gear trains G2, G4, G6 are
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provided between a first main shaft 38 and a counter shaft 40, while the 1st-
speed, 3rd-speed and 5th-speed gear trains G1, G3, G5 are provided between a
second main shaft 39, which penetrates the first main shaft 38 coaxially and
relatively rotatably, and the counter shaft 40.

The crankcase 21 includes a pair of front and rear side walls 21a, 21b opposed to
each other while being spaced in a direction along the axis of the crankshaft 22,
namely, in the front-rear direction of the motorcycle. An intermediate part of the
first main shaft 38 formed in a hollow cylindrical shape with an axis parallel to
the crankshaft 22 penetrates the rear side wall 21b in a rotatable manner, and a
ball bearing 41 is interposed between the rear side wall 21b and the first main
shaft 38. In addition, the second main shaft 39 having an axis parallel to the
crankshaft 22 penetrates the first main shaft 38 in a relatively rotatable manner in
the condition where the relative positions of the first main shaft 38 and the
second main shaft 39 in the axial direction are constant. A plurality of needle
bearings 42 are interposed between the first main shaft 38 and the second main
shaft 39. Besides, one end part of the second main shaft 39 is rotatably borne on
the front side wall 21a of the crankcase 21 through a ball bearing 43.

One end part of the counter shaft 40 having an axis parallel to the crankshaft 22 is
rotatably borne on the front side wall 21a through a ball bearing 44, whereas the
other end part of the counter shaft 40 penetrates the rear side wall 21b in a
rotatable manner, with a ball bearing 45 interposed between the other end part
and the rear side wall 21b. A gear 47 is mounted to an end part, protruding from
the rear side wall 21b, of the counter shaft 40, with a damper spring 46
interposed therebetween.

A drive shaft 48 (see FIG. 5) having an axis parallel to the counter shaft 40
extends rearward while rotatably penetrating the rear case 14 so as to transmit
power to the side of the rear wheel WR (not shown), and the gear speed change

mechanism inclusive of the gear 47 is provided between the counter shaft 40 and
the drive shaft 48.

Referring to FIG. 8 also, the rear case 14 is integrally provided with a containing
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tube part 14a recessed in a dish-like shape toward the front side. A clutch cover
50 is connected to the rear case 14 in the manner of closing a rear end opening of
the containing tube part 14a, and the first and second clutches 36, 37 are
contained in a clutch chamber 51 formed between the rear case 14 and the clutch
cover 50.

The first clutch 36 is provided at a rear part of the main shaft 38, and the second
clutch 37 is provided at a rear part of the second main shaft 39. The power from
the crankshaft 22 is inputted through a primary reduction gear 53 and a damper
spring 54 to a clutch outer 52 provided in common for the first and second
clutches 36, 37. The primary reduction gear 53 includes a drive gear 55 provided
on the crankshaft 22, and a driven gear 56 meshed with the drive gear 55. The

driven gear 56 is connected to the clutch outer 52 through the damper spring 54.

The containing tube part 14a of the rear case 14 is provided at its front end with a
support hole 58 through which to coaxially pass the first and second main shaft
38, 39 and through which to pass a transmission tubular shaft 57 surrounding
coaxially the first main shaft 38. A ball bearing 59 is interposed between the
driven gear 56, which is relatively non-rotatably connected to the transmission
tubular shaft 57, and the inner periphery of the support hole 58. A plurality of
needle bearings 60 are interposed between the transmission tubular shaft 57 and
the first main shaft 38. In addition, a transmission member 61 is relatively non-
rotatably connected to the transmission tubular shaft 57, and the transmission
member 61 1s connected to the clutch outer 52 through the damper spring 54.

The first clutch 36 includes: the clutch outer 52; a first clutch inner 62 coaxially
surrounded by the clutch outer 52 and relatively non-rotatably connected to the
first main shaft 38; a plurality of first friction disks 63 relatively non-rotatably
engaged with the clutch outer 52; a plurality of second friction disks 64 relatively
non-rotatably engaged with the first clutch inner 62 and disposed alternately
with the first friction disks 63; a first pressure-receiving plate 65 provided on the
first clutch inner 62 oppositely to the first and second friction disks 63, 64 stacked
on each other; a first piston 66 clamping the first and second friction disks 63 and
64 between itself and the first pressure-receiving plate 65; and a first spring 67
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energizing the first piston 66.

An end wall member 69 for forming a first oil pressure chamber 68 (on which the
back surface of the first piston 66 fronts) between itself and the first piston 66 is
disposed fixedly on the first clutch inner 62. As the oil pressure in the first oil
pressure chamber 68 increases, the first piston 66 operates so as to clamp more
firmly the first and second friction disks 63 and 64 between itself and the first
pressure-receiving plate 65, whereby the first clutch 36 is put into a connected
condition in which the power transmitted from the crankshaft 22 to the clutch
outer 52 1s transmitted to the first main shaft 38. In addition, a first canceller
chamber 70 on which the front surface of the first piston 66 fronts is formed
between the first clutch inner 62 and the first piston 66, and the first spring 67 is
contained in the first canceller chamber 70 so as to display a spring force toward

the side of reducing the internal volume (capacity) of the first oil pressure
chamber 68.

Moreover, the first canceller chamber 70 communicates with a first oil passage 71
provided coaxially with the second main shaft 39 for the purpose of supplying a
lubricating oil to the lubricated parts of the gear speed change mechanism 35 and
to the area between the first and second main shafts 38, 39. Therefore, even when
a centrifugal force attendant on rotation is exerted on the oil in the first oil
pressure chamber 68 in a decompressed condition and a force for pushing the
first piston 66 is thereby generated, a centrifugal force is similarly exerted also on
the oil in the first canceller chamber 70, so that the condition where the first
piston 66 is undesirably moved toward the side of firmly clamping the first and
second friction disks 63 and 64 between itself and the first pressure-receiving
plate 65 is obviated.

The second clutch 37 is disposed to be aligned with the first clutch 36 in a
direction along the axis of the second main shaft 39 in the manner of clamping
the first clutch 36 between itself and the primary reduction gear 53. The second
clutch 37 includes: the clutch outer 52; a second clutch inner 72 coaxially
surrounded by the clutch outer 52 and relatively non-rotatably connected to the
second main shaft 39; a plurality of third friction disks 73 relatively non-rotatably
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engaged with the clutch outer 52; a plurality of fourth friction disks 74 relatively
non-rotatably engaged with the second clutch inner 72 and disposed alternately
with the third friction disks 73; a second pressure-receiving plate 75 provided on
the second clutch inner 72 oppositely to the third and fourth friction disks 73, 74
stacked on each other; a second piston 76 disposed to clamp the third and fourth
friction disks 73, 74 between itself and the second pressure-receiving plate 75;
and a second spring 77 energizing the second piston 76.

An end wall member 79 forming a second oil pressure chamber 78 (on which the
back surface of the second piston 76 fronts) between itself and the second piston
76 1s disposed fixedly on the second clutch inner 72. As the oil pressure in the
second oil pressure chamber 78 increases, the second piston 76 operates so as to
more firmly clamp the third and fourth friction disks 73, 74 between itself and the
second pressure-receiving plate 75, whereby the second clutch 37 is put into a
connected condition in which the power transmitted from the crankshaft 22 to
the clutch outer 52 is transmitted to the second main shaft 39. In addition, a
second canceller chamber 80 on which the front surface of the second piston 76
fronts is formed between the second clutch inner 72 and the second piston 76,
and the second spring 77 is contained in the second canceller chamber 80 so as to
display a spring force toward the side of reducing the internal volume (capacity)
of the second oil pressure chamber 78.

A second oil passage 92 described later communicates with the second canceller
chamber 80. Therefore, even when a centrifugal force attendant on rotation is
exerted on the oil in the second oil pressure chamber 78 in a decompressed
condition and a force of pushing the second piston 76 is thereby generated, a
centrifugal force is similarly exerted also on the oil in the second canceller
chamber 80, so that the condition in which the second piston 76 is undesirably
moved toward the side of firmly clamping the third and fourth friction disks 73,
74 between itself and the second pressure-receiving plate 75 is obviated.

In FIG. 9, the clutch cover 50 is attached to the outside surface of the rear case 14.

In addition, a generator 81 disposed on the left upper side of the clutch cover 50
as viewed from a person facing forwards in the running direction of the
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motorcycle, a starter motor 82 disposed on the right upper side of the clutch
cover 50 and a cooling water pump 83 disposed on the upper side of the clutch
cover 50 are attached to the outside surface of the rear case 14. Further, an oil
filter 84 is attached to the clutch cover 50.

Paying attention to FIG. 8, first, second and third partition wall members 87, 88,
89 are attached to the inner surface side of the clutch cover 50. A first tube
member 91 forming a first oil passage 90 communicating with the first oil
pressure chamber 68 of the first clutch 36 is provided between the second main
shaft 39 and the first partition wall member 87. A second tube member 93
coaxially surrounding the first tube member 91 so as to form, between itself and
the first tube member 91, an annular second oil passage 92 communicating with
the second canceller chamber 80 of the second clutch 37 is provided between the
second main shaft 39 and the second partition wall member 88. A third tube
member 95 coaxially surrounding the second tube member 93 so as to form,
between itself and the second tube member 93, an annular second oil passage 94
communicating with the second oil pressure chamber 78 is provided between the
second main shaft 39 and the third partition wall member 89.

The first and second oil passages 90, 94 are connected to a clutch actuator 96. The
oil pressures in the first and second oil passages 90, 94, namely, in the first and
second oil pressure chambers 68, 78 are controlled by the clutch actuator 96,
whereby the engaged condition and disengaged condition of the first and second

clutches 36, 37 are controlled in a switching manner.

The clutch actuator 96 is composed of a first solenoid control valve 97 for
switching the action and release of an oil pressure on and from the first oil
pressure chamber 68 in the first clutch 36, and a second solenoid control valve 98
for switching the action and release of an oil pressure on and from the second oil
pressure chamber 78 in the second clutch 37. A support plate 99 provided in
common for the first and second solenoid valves 97, 98 is attached to the upper
surface of the rear case 14 by a plurality of bolts 100, instead of being provided
ranging over both the crankcase 21 and the rear case 14. Moreover, as clearly
shown in FIG. 4, the clutch actuator 96 is disposed at an upper part of the rear
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case 14 at a position for avoiding the intake system 28 connected to side walls of
upper parts of the left and right cylinder heads 13L, 13R. In this embodiment,
the clutch actuator 96 is disposed on the rear side of the intake system 28 so as
not to overlap with the intake system 28 in plan view.

Paying attention to FIG. 5, an oil pump 101 is contained in a lower part of the
inside of the crankcase 21. Power is transmitted to the oil pump 101 by a drive
sprocket 102 (see FIG. 7) provided as one body with the transmission tubular
shaft 57 to which the power from the crankshaft 22 is transmitted through the
primary reduction gear 53, a driven sprocket (not shown) provided on a pump
shaft 103 of the oil pump 101, and an endless chain 104 wrapped around the
drive sprocket 102 and the driven sprocket.

An oil discharged from the oil pump 101 is led through the crankcase 21, the rear
case 14 and a third oil passage 105 provided in the clutch cover 50 to an oil filter
84. The oil cleaned by the oil filter 84 is led through a fourth oil passage 106
formed in the clutch cover 50 and through a fifth oil passage 107 provided in the
rear case 14 so as to communicate with the fourth oil passage 106, to the sides of
the first and second solenoid control valves 97, 98.

In addition, a sixth oil passage 108 for connection between the first oil passage 90,
which communicates with the first oil pressure chamber 68 of the first clutch 36,
and the first solenoid control valve 97 is provided in the rear case 14 and the
clutch cover 50. Besides, a seventh oil passage 109 for connection between the
second oil passage 94, which communicates with the second oil pressure
chamber 78 of the second clutch 37, and the second solenoid control valve 98 is
provided in the rear case 14 and the clutch cover 50.

Again in FIG. 7, the 6th-speed gear train G6, the 4th-speed gear train G4 and the
2nd-speed gear train G2 are sequentially arranged between the first main shaft 38
and the counter shaft 40, in this order from the side of the first and second
clutches 36, 37. The 6th-speed gear train G6 is composed of a 6th-speed drive
gear 111 relatively rotatably borne on the first main shaft 38, and a 6th-speed
driven gear 112 provided as one body with the counter shaft 40 and meshed with
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the 6th-speed drive gear 111. The 4th-speed gear train G4 is composed of a 4th-
speed drive gear 113 relatively non-rotatably borne on the first main shaft 38 so
as to be capable of moving in the axial direction, and a 4th-speed driven gear 114
relatively rotatably borne on the counter shaft 40 and meshed with the 4th-speed
drive gear 113. The 2nd-speed gear train G2 is composed of a 2nd-speed drive
gear 115 relatively rotatably borne on the first main shaft 38, and a 2nd-speed
driven gear 116 relatively non-rotatably borne on the counter shaft 40 so as to be
capable of moving in the axial direction and meshed with the 2nd-speed drive
gear 1195.

The 3rd-speed gear train G2, the 5th-speed gear train G5 and the 1st-speed gear
train G1 are sequentially arranged between a part, protruding from one end part
of the first main shaft 38, of the second main shaft 39 and the counter shaft 40, in
this order from the side of the first and second clutches 36, 37. The 3rd-speed
gear train G3 is composed of a 3rd-speed drive gear 117 relatively non-rotatably
borne on the second main shaft 39 so as to be capable of moving in the axial
direction, and a 3rd-speed driven gear 118 relatively rotatably borne on the
counter shaft 40 and meshed with the 3rd-speed drive shaft 117. The 5th-speed
gear train G5 is composed of a Sth-speed drive gear 119 relatively rotatably borne
on the second main shaft 39, and a 5th-speed driven gear 120 relatively non-
rotatably borne on the counter shaft 40 so as to be capable of moving in the axial
direction and meshed with the 5th-speed drive gear 119. The 1st-speed gear train
G1 is composed of a 1st-speed drive gear 121 relatively non-rotatably joined to
the second main shaft 39, and a 1st-speed driven gear 122 relatively rotatably
borne on the counter shaft 40 and meshed with the 1st-speed drive gear 121.

A first shifter 123 capable of changeover among a condition of being engaged
with the 6th-speed drive gear 111, a condition of being engaged with the 2nd-
speed drive gear 115 and a condition of being engaged with neither of the 6th-
speed drive gear 111 and the 2nd-speed drive gear 115 is relatively non-rotatably
and axially movably borne on the first main shaft 38 between the 6th-speed drive
gear 111 and the 2nd-speed drive gear 115, and the first shifter 123 is integrally
provided with the 4th-speed drive gear 113. In addition, a second shifter 124
capable of changeover between engagement and disengagement in relation to the
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Sth-speed drive gear 119 is relatively non-rotatably and axially movably borne on
the second main shaft 39 between the 2nd-speed drive gear 115 and the 5th-speed
drive gear 119, and the second shifter 124 is integrally provided with the 3rd-
speed drive gear 117.

A third shifter 125 capable of changeover between engagement and
disengagement in relation to the 4th-speed driven gear 114 is relatively non-
rotatably and axially movably borne on the counter shaft 40 between the 4th-
speed drive gear 114 and the 3rd-speed driven gear 118, and the third shifter 125
is integrally provided with the 2nd-speed driven gear 116. Besides, a fourth
shifter 126 capable of changeover among a condition of being engaged with the
3rd-speed driven gear 118, a condition of being engaged with the 1st-speed
driven gear 122 and a condition of being engaged with neither of the 3rd-speed
driven gear 118 and the 1st-speed driven gear 122 is relatively non-rotatably and
axially movably borne on the counter shaft 40 between the 3rd-speed driven gear
118 and the Ist-speed driven gear 122, and the fourth shifter 126 is integrally
provided with the 5th-speed driven gear 120.

The Ist-speed gear train Gl is established by engaging the fourth shifter 126 with
the Ist-speed driven gear 122; the 2nd-speed gear train G2 is established by
engaging the first shifter 123 with the 2nd-speed drive gear 115 in the condition
where the third shifter 125 is not engaged with the 4th-speed driven gear 114; the
3rd-speed gear train G3 is established by engaging the fourth shifter 126 with the
3rd-speed driven gear 118 in the condition where the second shifter 124 is not
engaged with the 5th-speed drive gear 119; the 4th-speed gear train G4 is
established by engaging the third shifter 125 with the 4th-speed driven gear 114
in the condition where the first shifter 123 is not engaged with the 6th-speed and
2nd-speed drive gear 115; the 5th-speed gear train G5 is established by engaging
the second shifter 124 with the 5th-speed drive gear 119 in the condition where
the fourth shifter 126 is not engaged with the 1st-speed and 3rd-speed driven
gear 118; and the 6th-speed gear train G6 is established by engaging the first
shifter 123 with the 6th-speed drive gear 111.

The first to fourth shifters 123 to 126 are rotatably held by first to fourth shift
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forks 127, 128, 129, 130. When the shift forks 127 to 130 are driven in the axial
direction of both the main shafts 38, 39 and the counter shaft 40, the first to fourth
shifters 123 to 126 are operated in the axial direction.

In FIGS. 10 to 12, the first to fourth shift forks 127 to 130 are slidably borne on
shift shafts 131, 132 which are supported on the crankcase 21 at both end parts
thereof while having their axes parallel to the axis of the crankshaft 22. In
addition, pins 127a, 128a, 129a, 130a provided on the shift forks 127 to 130 are
engaged with the outer periphery of a shift drum 134 rotatably borne on the
crankcase 21, and the shift forks 127 to 130 are slid according to the turning of the
shift drum 134.

The shift drum 134 is driven to turn by a speed change actuator 136 having an
electric motor 135. The speed change actuator 136 is disposed at a front surface
of the engine body 11 as viewed along the running direction of the motorcycle; in
this embodiment, it is disposed at a front surface of the crankcase 21. Moreover,
as shown in FIG. 3, the speed change actuator 136 is located within the bank
angle a on the lower side relative to tip parts of the steps 193L, 193R, so that the
speed change actuator 136 can be disposed at the front surface of the crankcase
21 in such a manner as not to influence the bank angle a of the motorcycle.

The speed change actuator 136 includes the electric motor 135, a reduction gear
mechanism 137 for reducing the speed of the output of the electric motor 135, a
barrel cam 138 to which the output of the electric motor 135 reduced in speed by
the reduction gear mechanism 137 is transmitted, a transmission shaft 139
coaxially and relatively rotatably penetrating the shift drum 134, a transmission
rotary member 140 fixed to one end of the transmission shaft 139 so as to turn
according to the rotation of the barrel cam 138, and a lost motion mechanism 141
provided between the other end of the transmission shaft 139 and the shift drum
134.

A case member 143 for forming an operation chamber 142 accommodating the
reduction mechanism 137, the barrel cam 138 and the transmission rotary
member 140 between itself and the front side wall 21a of the crankcase 21 is
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fastened to the outside surface of the front side wall 21a. A cover member 144 is
attached to the case member 143 so as to close an open end of the case member
143, and the electric motor 135 is attached to the cover member 144 so as to
project a motor shaft 145 into the operation chamber 142.

The gear speed change mechanism 137 is composed of a drive gear provided on
the motor shaft 145 of the electric motor 135, a first intermediate gear 147 meshed
with the drive gear 146, a second intermediate gear 148 rotated together with the
first intermediate gear 147, and a driven gear 149 provided on the barrel cam 138
and meshed with the second intermediate gear 148.

The first and second intermediate gears 147, 148 are provided on a rotating shaft
150 rotatably borne at both end parts thereof by the case member 143 and the
cover member 144, and both end parts of the barrel cam 138 are rotatably borne

on the case member 143 and the cover member 144 through ball bearings 151,
152.

The outer periphery of the barrel cam 138 is provided with a spiral cam groove
154. On the other hand, the transmission rotary member 140 is disposed
opposite to the outer periphery of the barrel cam 138 so that it can be rotated
about the same axis as the shift drum 134. The transmission rotary member 140
is provided with a plurality of engaging pins 155, 155 which are spaced at regular
intervals in the circumferential direction and which can selectively be engaged
with the cam groove 154. According to the rotation of the barrel cam 138, the
plurality of engaging pins 155, 155 are sequentially engaged with the cam groove
154 and fed, whereby rotational power is transmitted to the transmission rotary
member 140.

One end part of the transmission shaft 139 coaxially and relatively rotatably
penetrating the shift drum 134 is coaxially and relatively non-rotatably connected
to the transmission rotary member 140 by a bolt 156, and the lost motion
mechanism 141 is provided between the other end part of the transmission shaft
139 and the other end part of the shitt drum 134.
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The lost motion mechanism 141 includes: a pin 157 provided on the other end
side of the transmission shaft 139, with an offset from the rotational axis of the
transmission shaft 139; a transmission member 159 fastened to the other end of
the shift drum 134 and provided with a transmission projection 158 disposed on
the inner side of the pin 157, with an offset from the axis of the shift drum 134;
and a snap spring 160 mounted onto the transmission shaft 139. The pin 157 and
the transmission projection 158 are disposed between both ends of the snap
spring 160.

When the transmission shaft 139 i1s turned to thereby cause the pin 157 to push
the one end side of the snap spring 160 in a turning direction, the other end of the
snap spring 160 pushes the transmission projection 158, so that the turning force
due to the turning of the transmission shaft 139 is transmitted to the shift drum
134 through the lost motion mechanism 141 which produces a play:.

Meanwhile, the speed change actuator 136 is so configured as to turningly drive
the shift drum 134 to change the speed change stage by one stage, in response to
one revolution of the barrel cam 138. In order to check whether or not the barrel
cam 138 is rotated correctly by the operation of the electric motor 135, first and
second switches 161 and 162 are attached to the case member 143.

As shown in FIG. 12, the barrel cam 138 is provided, at its part corresponding to
the first switch 161, with a first switch cam 163 for turning ON the first switch
161 by contacting the first switch 161. Also, the barrel cam 138 is provided, at its
part corresponding to the second switch 162, with a second switch cam 164 for
turning ON the second switch 162 by contacting the second switch 162.

The first and second switch cams 163, 164 are provided in the barrel cam 138 in
the state of having the same shape but being different in phase so that there exist
a region in which both the switches 161 and 162 are turned ON, a region in which
the first switch 161 is turned ON but the second switch 162 is turned OFF, a
region in which the second switch 162 is turned ON but the first switch 161 is
turned OFF, and both the switches 161 and 162 are turned OFF, according to the
rotation of the barrel cam 138. Thus, the operating condition of the barrel cam
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138 can be checked by detecting the ON/OFF states of the first and second
switches 161, 162.

Further, a shift sensor 165 for detecting the turning position of the shift drum 134
1s attached to the case member 143. A detection shaft 166 of the shift sensor 165 is

rotatably borne by the front side wall 21a of the crankcase 21 and the case
member 143.

A third intermediate gear 168 is meshed with a drive gear 167 rotated together
with the shift drum 134, and a driven gear 170 provided on the detection shaft
166 1s meshed with a fourth intermediate gear 169 rotated together with the third
intermediate gear 168.

Now, the operation of the first embodiment will be described below. Since the
clutch actuator 96 is disposed at the upper surface of the engine body 11, the
clutch actuator 96 can be disposed by effectively utilizing the space on the upper
side of the engine body 11 while obviating increases in the front-rear lengths of
the engine body 11 and the vehicle body.

In addition, the clutch actuator 96 is disposed at the upper surface of the engine
body 11 while avoiding the intake system 28, so that the space on the upper side
of the engine body 11 can be utilized effectively. In addition, it is ensured that
other component parts are not arranged in the vicinity of the clutch actuator 96,
so that the running airflow during running of the vehicle will easily come into
contact with the clutch actuator 96, and the performance of cooling the clutch
actuator 96 can be enhanced.

Besides, the clutch actuator 96 is disposed on the rear case 14 which is connected
to a rear part of the crankcase 21 so as to form, between itself and the clutch
cover 50, the clutch chamber 51 for containing the first and second clutches 36,
37. Therefore, the distances between the first and second clutches 36, 37 and the
clutch actuator 96 can be shortened, and the control force transmission paths
from the clutch actuator 96 to the first and second clutches 36, 37 can be made
compact. Moreover, since the clutch actuator 96 is provided only in the area of
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the rear case 14, instead of provided to range over both the crankcase 21 and the
rear case 14, mounting of the clutch actuator 96 is facilitated.

Further, the speed change actuator 136 for controlling the speed change
operation of the gear speed change mechanism 35 provided between the first and
second clutches 36, 37 and the rear wheel WR is disposed at the front surface of
the engine body 11, specifically at the front surface of the crankcase 21 in this
embodiment. Therefore, the clutch actuator 96 and the speed change actuator
136 can be disposed by effectively utilizing the space in the surroundings of the
engine body 11.

FIGS. 13 and 14 show a second embodiment of the present invention, in which

FIG. 13 is a simplified plan view of a power unit, and FIG. 14 is a view taken
along arrow 14 of FIG. 13.

The power unit P’ mounted on a motorcycle is composed of a multi-cylinder, for
example, 2-cylinder engine E’ and a transmission (not shown) for transmitting
the power of the engine E’ with speed change. An engine body 195 of the engine
E’ includes a crankcase 196, a cylinder block 197 which has a plurality of, for
example, two cylinder bores 200, 200 arrayed in the front-rear direction of the
vehicle with cylinder axes set vertical and which is connected to an upper part of
the crankcase 196, a cylinder head 198 connected to an upper part of the cylinder
block 197, and a rear case 199 connected to a rear part of the crankcase 196 as
viewed along the front-rear direction of the motorcycle. A crankshaft (not
shown) is rotatably borne on the crankcase 196 while having its axis set along the
front-rear direction of the motorcycle.

An intake system 204 having individual intake pipes 201, 201 corresponding
respectively to the cylinders, a throttle body 202 connected in common to the
individual intake pipes 201 and an air cleaner 203 connected to the throttle body
202 is connected to a right side surface of the cylinder head 198 as viewed from a
person facing in the running direction of the motorcycle, whereas an exhaust
system 206 having individual exhaust pipes 205, 205 corresponding respectively
to the cylinders is connected to a left side surface of the cylinder head 198 as
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viewed from a person facing the running direction of the motorcycle.

A clutch actuator 96 is attached to an upper surface of the engine body 195,
specifically to an upper surface of the rear case 199 in this second embodiment.
Moreover, the clutch actuator 96 is disposed at a position for avoiding the intake
system 204 connected to the cylinder head 198 of the engine body 195.

According to the second embodiment, also, the same effects as those in obtained
in the first embodiment can be obtained.

While the embodiments of the present invention have been described above, the
present invention is not limited to the above embodiments, and various design

modifications are possible within the scope of the present invention as defined by
the claims.

For example, the rear case can be formed as one body with the crankcase; in that
case, the need for a rear case as a body separate from the crankcase is eliminated,
so that the number of component parts can be reduced.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A power unit for a vehicle having a crankcase (21, 196), a
crankshaft (22) rotatably supported to said crankcase (21, 196) while having its
axis set along the front-rear direction of said vehicle, a power transmission path
for transmitting a rotational drive force of said crankshaft (22) to a drive wheel
(WR), a clutch (36, 37) provided in said power transmission path for switching
connection and disconnection of the transmission of power, an engine body (11,
195) including said crankcase (21, 196), and a clutch actuator (96) mounted on
said engine body (11, 195) for controlling the switching between an engaged
condition and disengaged condition of said clutch (36, 37), wherein said clutch
actuator (96) is disposed at an upper surface of said engine body (11, 195).

2. The power unit for the vehicle as set forth in claim 1, wherein said
clutch actuator (96) is disposed at a position for avoiding an intake system (28,
204) connected to said engine body (11, 195).

3. The power unit for the vehicle as set forth in claim 1 or 2, wherein
said clutch (36, 37) is contained in a clutch chamber (51) defined by both a rear
case (14, 199) constituting a part of said engine body (11, 195) and connected to a
rear part of said crankcase (21, 196) and a clutch cover (50) connected to said rear
case (14, 199), and said clutch actuator (96) is disposed at an upper surface of said
rear case (14, 199).

4. The power unit for the vehicle as set forth in any of claims 1 to 3,
wherein a speed change actuator (136) for controlling a speed change operation
of a gear speed change mechanism (35) constituting a part of a transmission (T)
provided between said clutch (36, 37) and said drive wheel (WR) is disposed at a
front surface of said engine body (11).

d. The power unit for the vehicle as set forth in any of claims 1 to 4,
wherein said engine body (11) is configured to be of a horizontally opposed type.
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6. The power unit for the vehicle as set forth in claim 2, wherein said
intake system (28, 204) includes a plurality of individual intake pipes (32L, 32R;
201) connected to said engine body (11, 195) at downstream ends thereof in the
state of communicating respectively with a plurality of intake ports (24) provided
In said engine body (11, 195), and a throttle body (31, 202) to which upstream
ends of said individual intake pipes (32L, 32R; 201) are connected in common.
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