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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an engine and
a straddle-type vehicle provided with the same.

BACKGROUND OF THE INVENTION

[0002] JP-A-2007-106348 discloses a scooter-type
motorcycle in which an engine is mounted between a
section where the legs of a driver straddle the motorcycle
and an underside of the seat. It is desired for such a
scooter-type vehicle to lower the height of the section
where the legs of the driver straddle the motorcycle in
order to facilitate riding for the driver. For this purpose,
in the engine of JP-A-2007-106348 the height of the cyl-
inder section is lowered by providing a crankcase divid-
able in a longitudinal direction and by mounting a for-
wardly-inclined cylinder section on a front-half of the
crankcase.

[0003] However, because a crankshaft and a balancer
shaft, disposed on a dividing surface of the crankcase,
are vertically stacked in the engine of JP-A-2007-106348,
the size of the whole engine grows in the vertical direc-
tion. Therefore, it is difficult to lower the height of the
section where the legs of the driver straddle the vehicle
when such an engine is mounted on a straddle-type ve-
hicle such as a scooter-type vehicle.

[0004] JP 2007 085278 (Suzuki Motor Co) discloses
an oil pump structure comprising an oil pump, a pump
housing, which houses the oil pump, and a pump drive
shaft driving the oil pump.

[0005] US 2006/0005799 (Suzuki et al.) discloses an
engine that is constructed such that respective centers
of gravity of a crank shaft, a balancer shaft and a cylinder
are positioned close to one another.

[0006] JP 2005 248966 (Suzuki Motor Co) discloses
an engine provided with a crankshaft and a secondary
balancer.

[0007] EP 1 433 931 (Honda Motor Co) discloses a
multi-cylinder internal combustion engine including an oil
filter, an oil cooler and a balancer.

[0008] US 2005/0119076 (Chonan et al.) discloses a
power transmission system of an engine that is mounted
on an all-terrain vehicle.

[0009] JP 2163539 (Yamaha Motor Co) discloses an
assembly including a balancer shaft, a crankshaft and a
rotary shaft.

[0010] JP 5296040 (Honda Motor Co) discloses an en-
gine for a motorbike including a speed changer arranged
behind a crank shaft, a balancer and a water pump.
[0011] An object of an embodiment of the invention is
to provide an engine that can be made compact, and a
straddle-type vehicle equipped with the engine.

10

15

20

25

30

35

40

45

50

55

SUMMARY OF THE INVENTION

[0012] Various aspects of the presentinvention are de-
finedin the independent claims. Some preferred features
are defined in the dependent claims.

[0013] According to an aspect of the present invention
is an engine according to the appended claims. The en-
gine comprises: a crankshaft including a crank web; a
clutch shaft disposed behind the crankshaft and provided
with a clutch; a balancer shaft disposed in front of the
crankshaft and provided with a balancer weight; a crank-
case for accommodating the crankshaft, the balancer
shaft and the clutch shaft; a cylinder section attached to
the crankcase; and a starter motor disposed above the
cylinder section and capable of driving the crankshaft,
wherein the balancer shaft is disposed between a first
horizontal surface intersecting an axial center of the
crankshaft when the engine is mounted on a vehicle and
a second horizontal surface intersecting a lower end of
the crank web when the engine is mounted on the vehicle,
the balancer weight is disposed below the first horizontal
surface, and the starter motor is disposed forward of a
vertical surface intersecting the axial center of the crank-
shaft when the engine is mounted on the vehicle.
[0014] A vertical surface intersecting an axial center of
the balancer shaft when the engine is mounted on the
vehicle may be located rearward of a lower end of the
cylinder section.

[0015] The engine may further comprise an oil unit,
which may be attached to a front wall of the crankcase.
The oil unit may be located to overlap a third horizontal
surface intersecting a lower end of the balancer weight
when the engine is mounted on the vehicle.

[0016] The engine may further comprise an oil unit at-
tached to a front wall of the crankcase.

[0017] An uppermost point of the oil unit as measured
in a direction perpendicular to a plane intersecting the
axial center of the crankshaft and an axial center of the
balancer shaft may be located higher, as measured in
said direction, than a lowermost point of the balancer
weight, as measured in said direction.

[0018] The balancer weight may include at least two
balancer weights separately disposed in an axial direc-
tion of the balancer shaft to sandwich the crank web, and
the oil unit may be located in a position different from that
of the balancer weights as measured in an axial direction
of the balancer shaft.

[0019] A front end of the balancer weight may be lo-
cated forward of a lower end of the cylinder section.

[0020] The first horizontal surface may overlap the cyl-
inder section.
[0021] The crankcase may be dividable by a dividing

surface intersecting an axial center of the crankshaft and
an axial center of the balancer shaft. The cylinder section
may be inclined forward with respect to a line perpendic-
ular to the dividing surface of the crankcase.

[0022] According to a first disclosed examples is an
engine comprising: a crankshaft including a crank web;
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a balancer shaft disposed in front of the crankshaft and
provided with a balancer weight; a crankcase for accom-
modating the crankshaft and the balancer shaft and con-
figured to be dividable by a dividing surface intersecting
an axial center of the crankshaft and an axial center of
the balancer shaft; and a cylinder section mounted on
the crankcase in a manner that the section inclines for-
ward with respect to a line perpendicular to a dividing
surface of the crankcase. When the engine is mounted
on the vehicle, the axial center of the balancer shaft is
disposed between a first horizontal surface intersecting
the axial center of the crankshaft and a second horizontal
surface intersecting a lower end of the crank web.
[0023] According to an aspect of the invention is a
straddle type vehicle according to the appended claims.
The straddle type vehicle comprises the engine accord-
ing to the first aspect and/or first disclosed example.
[0024] Description will hereinafter be made of an en-
gine and a straddle-type vehicle according to an embod-
iment of the invention with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 is a left side view of a motorcycle according
to an embodiment of the present invention.

FIG. 2 is a left side view of an engine case according
to an embodiment of the present invention.

FIG. 3is aright side view of the engine case accord-
ing to an embodiment of the present invention.
FIG. 4 is another example of the right side view of
the engine case according to an embodiment of the
present invention.

FIG. 5 is a sectional view of the engine taken along
the line V-V of FIG. 2.

FIG. 6 is a sectional view of the engine taken along
the line VI-VI of FIGs. 2 to 4.

FIG. 7 is a sectional view of the engine taken along
the line VII-VII of FIG. 4.

FIG. 8 is an explanatory view for showing relative
positions of shafts when viewed from the left side of
an engine.

FIG. 9is an example of a plan view of the motorcycle
according to an embodiment of the present inven-
tion.

FIG. 10 is another example of the left side view of
the engine case according to an embodiment of the
present invention.

FIG. 11 is further another example of the right side
view of the engine case according to an embodiment
of the present invention.

FIG. 12 is a rear view of the engine case according
to an embodiment of the present invention.

FIG. 13 is a bottom view of the engine case according
to an embodiment of the present invention.

FIG. 14 is a sectional view taken along a crankcase
dividing surface of the engine according to an em-
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bodiment of the present invention.
FIG. 15 is a sectional view of the engine case taken
along the line XV-XV of FIG. 14.

DETAILED DESCRIPTION OF THE DRAWINGS

[0026] Inthis embodiment, the engine according to the
invention is realized as a water-cooled, four-stroke, in-
line three-cylinder engine, and the straddle-type vehicle
according to the invention is realized as a scooter-type
motorcycle. In this embodiment, directions of front, rear,
left, right, up, and down are directions of front, rear, left,
right, up, and down seen from a rider operating the mo-
torcycle. A right-and-left direction may also be referred
to as a vehicle width direction.

[0027] The motorcycle will be described first. FIG. 1 is
a left side view of a motorcycle 1. As shown in FIG. 1,
the motorcycle 1includes afrontwheel 3and arearwheel
4 rotatably supported by a body thereof, a seat 5 which
a driver sits on, handlebars 6 for steering the front wheel
3, and an engine 2 for producing power to drive the rear
wheel 4.

[0028] The seat 5 behind the handlebars 6 extends
from an intermediate position between the front wheel 3
and the rear wheel 4 to a position above the rear wheel
4. This seat 5 is a tandem seat having a front seating
section 5a on which the driver sits in front and a rear
seating section 5b on which a passenger sits above the
rear wheel. The driver seated on the seat 5 manipulates
the handlebars 6 to turn the front wheel 3 from side to
side, which is rotatably supported at lower ends of a pair
of aright and a left front forks 7.

[0029] The engine 2 is fixed to a body frame (not
shown) constituting a body framework of the motorcycle
1. The engine 2 has a cylinder section 2b for accommo-
dating pistons (not shown). The cylinder section 2b ex-
tends upward while inclining forward from a position be-
low the front seating section 5a of the seat 5. The engine
2 will be described in detail later.

[0030] The motorcycle 1 is also equipped with a shaft-
driven driveline 8 for transmitting driving force of the en-
gine 2 to the rear wheel 4. More specifically, the motor-
cycle 1 has a drive shaft 9 extending from the engine 2
to the rear wheel 4 in the left side of the body.

[0031] The drive shaft 9 is supported to be vertically
swingable about a pivot shaft 11 extended in the vehicle
width direction. A bevel gear formed on a rear end of the
drive shaft 9 meshes with a bevel gear formed on a left
end of a rear wheel rotating shaft 4a, which supports the
rear wheel 4 for rotation. Thus, the rear wheel 4 is sup-
ported to be vertically swingable about the pivot shaft 11.
[0032] The motorcycle 1 also includes a body cover 12
for covering the body thereof. The body cover 12 in-
cludes: a front cowling 12a formed above the front wheel
3 to cover a front section of the body; leg shields 12b
formed to cover the front of the legs of the driver seated
on the front seating section 5a of the seat 5; a center
cover 12c formed to cover an upper section of the body
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in a position between the handlebars 6 and the seat 5; a
side cover 12d formed to cover the right side and the left
side of the body (that is, lateral sides in the vehicle width
direction) below the center cover 12c; and a pair of a right
and a left footboards 12e formed below the side cover
12d with a pair of a right and a left flat surfaces 12f which
the driver seated on the front seating section 5a of the
seat 5 puts his/her right and left feet on.

[0033] The center cover 12c extends forward while in-
clining upward from a position below a front end of the
seat 5. The inclination of the center cover 12c generally
corresponds with that of the cylinder section 2b of the
engine 2 disposed below the center cover 12c.

[0034] The engine 2 can be started by a starter motor
2c to start driving of the motorcycle 1. Air and a fuel are
supplied from an intake port (not shown) to the cylinder
section 2b of the started engine 2 by a fuel injection meth-
od. The engine 2 produces power by combusting the fuel
in the cylinder section 2b. This power is transmitted to
the rear wheel 4 via the drive shaft 9. Consequently, the
rear wheel 4 rotates, and the motorcycle 1 travels for-
ward. Exhaust gases of the engine 2 discharged from an
exhaust port (not shown) in the cylinder section 2b are
released into the atmosphere through a silencer (muffler)
10.

[0035] Next, the engine 2 will be described in detail.
FIG. 2is a left side view of an engine case 2a constituting
a framework of the engine 2. FIGs. 3 and 4 are right side
views of the engine case 2a. FIGs. 2 and 3 show the
engine case 2a in a state where a cover section for par-
tially covering a lateral side in the vehicle width direction
is removed. FIG. 5 is a sectional view of the engine 2
taken along the line V-V of FIG. 2. FIG. 6 is a sectional
view of the engine 2 taken along the line VI-VI of FIGs.
2to 4.

[0036] FIG. 7 is a sectional view of the engine 2 taken
along the line VII-VII of FIG. 4.

[0037] The engine case 2a has a crankcase 20 for ac-
commodating a crankshaft 40 and a transmission case
30 for accommodating a transmission 60. As shown in
FIG. 5, the transmission 60 is a wet-type continuously
variable transmission having: a drive pulley 61; a drive
pulley shaft 62 for driving the drive pulley; a driven pulley
63; a driven pulley shaft 64 for driving the driven pulley;
an endless metal belt 65 wound between the drive pulley
61 and the driven pulley 63.

[0038] AsshowninFIGs. 2 to 4, the crankcase 20 can
be divided into upper and lower sections on a dividing
surface S1 passing through an axial center P1 of the
crankshaft 40. In other words, as two case sections that
are formed individually and dividable into the upper and
the lower sections, the crankcase 20 has an upper case
section 20a constituting a section above the dividing sur-
face S1 (that is, in the cylinder section 2b side) and a
lower case section 20b constituting a section below the
dividing surface S1. The crankcase 20 is constructed by
joining a mating surface at a bottom of the upper case
section 20a with a mating surface on top of the lower
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case section 20b on the dividing surface S1.

[0039] AsshowninFIGs.5to7,the transmission case
30 is configured to be dividable into a right and a left
sections on a dividing surface S2 and a dividing surface
S3, both of which are perpendicular to the axial center
P1 of the crankshaft 40. In other words, the transmission
case 30 has a right case section 30a, a left case section
30b, and a left end case section 30c as three case sec-
tions that are formed individually and separable from
each other into the right and the left sections. The right
case section 30a constitutes a section further on the right
of the right dividing surface S2 and covers the right side
of the transmission 60 (outside in the vehicle width direc-
tion). The left case section 30b constitutes a section be-
tween the dividing surface S2 and the left dividing surface
S3 and covers the left side of the transmission 60 (inside
in the vehicle width direction). The left end case section
30c constitutes a section further on the left of the dividing
surface S3 and partially covers the left side of the left
case section 30b. The transmission case 30 is construct-
ed by joining a mating surface on a left end of the right
case section 30a with a mating surface on a right end of
the left case section 30b on the dividing surface S2, and
by joining a mating surface on a left end of a portion of
the left case section 30b with a mating surface on a right
end of the left end case section 30c on the dividing sur-
face S3.

[0040] Then, the upper case section 20a and the lower
case section 20b of the crankcase 20 are respectively
coupled to a portion and another portion of the transmis-
sion case 30, and thereby the crankcase 20 and the trans-
mission case 30 are integrated to constitute the engine
case 2a.

[0041] Inotherwords, as showninFIG. 2, rear portions
of the upper case section 20a and the lower case section
20b and a front portion of the transmission case 30 are
disposed in positions where they overlap each other in
the vehicle width direction. Then, the upper case section
20aand a portion of the transmission case 30 overlapping
the upper case section 20a are fastened and secured in
the vehicle width direction while the lower case section
20b and another portion of the transmission case 30 over-
lapping the lower case section 20b are fastened and se-
cured in the vehicle width direction.

[0042] More specifically, as shown in FIGs. 2 and 5,
on the right of a portion (clutch chamber 22) at the back
of a portion where the crankshaft 40 is accommodated
(crank chamber 21) in the upper case section 20a and
the lower case section 20b, front portions of the right case
section 30a and the left case section 30b are disposed
across both of the case sections of the upper case section
20a and the lower case section 20b (across the dividing
surface S1).

[0043] Then, as shown in FIGs. 2 and 3, a plurality of
fastening holes 90 are formed in corresponding positions
on the rear portions of the upper case section 20a and
the lower case section 20b, the front portion of the left
case section 30b, and the front portion of the right case
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section 30a (see FIG. 4) that are aligned in the vehicle
width direction. Furthermore, as shown in FIGs. 4 and 6,
bolt members 91 extending through the three case sec-
tions in the vehicle width direction are inserted in the plu-
ral fastening holes 90.

[0044] More specifically, three case sections, which
are the upper case section 20a, the left case section 30b,
and the right case section 30a, are fastened in the vehicle
width direction by the plural bolt members 91 while the
other three case sections, which are the lower case sec-
tion 20b, the left case section 30b, and the right case
section 30a, are also fastened in the vehicle width direc-
tion by the same.

[0045] Asdescribedabove,the uppercase section20a
and the lower case section 20b are each integrally con-
nected with the left case section 30b and the right case
section 30a. Therefore, rigidity of the engine case 2a,
especially that of the crankcase 20, is increased.
[0046] AsshowninFIGs. 2 to 5, the crank chamber 21
extended in the vehicle width direction is formed in the
front portion of the crankcase 20 in such an engine case
2a. The crankshaft 40 is accommodated in the crank
chamber 21.

[0047] The above-mentioned cylinder section 2b ex-
tends upward while inclining forward above the crank
chamber 21. As shown in FIG. 5, this cylinder section 2b
has: a cylinder block 13 in which three cylinders 13a for
accommodating three pistons 13b are formed in line in
the vehicle width direction; a cylinder head 14 in which
three combustion chambers 14a for compressing and
combusting the fuel are formed in corresponding posi-
tions to the three cylinders 13a as shown in FIG. 2; and
a cover 15 for closing a top end of the cylinder head 14.
[0048] As shown in FIG. 2, corresponding to each of
the three combustion chambers 14a, an intake port 14b
and an exhaust port 14c are formed in the cylinder head
14. One end of each port is open to a lateral side of the
cylinder head 14 while the other end is open to the com-
bustion chamber 14a. The cylinder head 14 also accom-
modates an intake valve 14d that opens and closes an
opening of each of the intake ports 14b to the combustion
chamber 14a and an exhaust valve 14e that opens and
closes an opening of each of the exhaust ports 14c to
the combustion chamber 14a. A double overhead cam-
shaft (DOHC) system is adopted for the engine 2 as a
drive mechanism of the intake valves 14d and the ex-
haust valves 14e.

[0049] Meanwhile, as shown in FIG. 5, the crankshaft
40 accommodated in the crank chamber 21 of the crank-
case 20 has: four journals 41 a to 41 d, each formed in
a cylindrical shape and extending in the vehicle width
direction in a manner that an axial center thereof corre-
sponds to the axial center P1 of the crankshaft 40; three
pairs of crank webs 42, each formed in a plate shape and
extending in a perpendicular direction to the axial center
P1; and three crankpins 43, each extending in the vehicle
width direction to connect a pair of the crank webs 42 in
a position apart from the axial center P1. The journals
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41a to 41 d, the cranks webs 42, and the crankpins 43
are integrally formed.

[0050] The three pairs of the crank webs 42 are formed
in positions corresponding to the three cylinders 13a
formed in the cylinder block 13. Then, the three crankpins
43 are each coupled to a lower end of a pillar-shaped
connecting rod 13c supporting the piston 13b from below.
[0051] Thecrankshaft40is supportedinthe crankcase
20 to rotate about the axial center P1 in accordance with
reciprocating motion of the three pistons 13b in the cyl-
inders 13a that are coupled to the crankshaft 40 via the
connecting rods 13c.

[0052] More specifically, as shown in FIG. 5, a journal
bearing 21 a for supporting the journal 41a that consti-
tutes a left end portion of the crankshaft 40 is formed on
a left wall for closing the left side of the crank chamber
21. A journal bearing 21 d for supporting the journal 41
d that constitutes a right end portion of the crankshaft 40
is formed on a right wall for closing the right side of the
crank chamber 21. Furthermore, in the crank chamber
21, ajournal bearing 21 b is formed to support the journal
41 b that extends between a left end pair of the crank
webs 42 and a middle pair of the crank webs 42. A journal
bearing 21 c is also formed to support the journal 41 c
that extends between the middle pair of the crank webs
42 and aright end pair of the crank webs 42. The journals
41 a to 41 d of the crankshaft 40 are respectively sup-
ported by the journal bearings 21 a to 21 d with plain
bearings (not shown) formed in a cylindrical shape with
a thin wall and disposed to cover peripheries of the jour-
nals 41a to 41 d.

[0053] A left end portion of the crankshaft 40 projects
to the left of the crank chamber 21, and a generator 44
for producing electric power in accordance with rotation
of the crankshaft 40 is mounted on the left end of the
crankshaft 40. The generator 44 has a rotor having a
magnet and integrally rotating with the crankshaft 40, and
a stator coil disposed facing the magnet. Then, the gen-
erator 44 is able to produce electric power with the rotor
rotating in conjunction with the crankshaft40. The electric
power produced by the generator 44 is supplied to, for
example, a battery (not shown) provided in the motorcy-
cle 1 (see FIG. 1). A cover member 20c for covering the
outside of the generator 44 in the vehicle width direction
is removably attached to the left side of the crank cham-
ber 21.

[0054] AsshowninFIGs.2t04,agear45athatmeshes
with a gear (not shown) on a periphery of a balancer 47
(see FIGs. 2 to 4) disposed below the crankshaft 40 is
formed between the right end crank web 42 of the crank-
shaft 40 and the journal bearing 21 d for supporting the
right end journal 41 d. The balancer 47 is rotatably sup-
ported in the crankcase 20 with a shaft (not shown) ex-
tending in the vehicle width direction. That is, a bearing
47a supporting the shaft for driving the balancer 47 is
formed in the crankcase 20. This balancer 47 is disposed
in front of and slightly below the crankshaft 40 so that an
axial center of the balancer 47 is located on the dividing
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surface S1 of the crankcase 20.

[0055] Also, as shown in FIG. 5, a right end portion of
the crankshaft 40 projects to the right of the crank cham-
ber 21, and a gear 45b is formed on the right end portion
of the crankshaft 40. A chain 46 for opening and closing
the intake valves 14d and the exhaust valves 14e (see
FIG. 2) in the cylinder head 14 shown in FIG. 2 in the
DOHC system is wound around the gear 45b. A cover
member 20d for covering the lateral side of the right end
of the crankshaft 40 in the vehicle width direction is re-
movably attached to the right side of the crank chamber
21.

[0056] As shown in FIG. 5, the engine 2 is also
equipped with a clutch 50 that can connect or disconnect
the transmission of driving force from the crankshaft 40
to the drive pulley shaft 62 of the transmission 60. This
clutch 50 is accommodated in the crankcase 20.

[0057] More specifically, the clutch chamber 22 for ac-
commodating the clutch 50 is formed in parallel with the
crank chamber 21 in the crankcase 20. A left portion of
the crank chamber 21 projects rearward to form this
clutch chamber 22. A left wall for closing a left side of the
clutch chamber 22 is formed as a detachable cover mem-
ber 20e.

[0058] Inthisembodiment, the clutch 50 is a multi-plate
clutch. This clutch 50 has: a clutch upstream section 51
constantly rotating in conjunction with the crankshaft 40;
a clutch downstream section 52 that can be engaged with
the clutch upstream section 51; a clutch shaft 53 integrally
rotating with the clutch downstream section 52; and a
pressure plate 54 for controlling engagement and disen-
gagement of the clutch upstream section 51 with the
clutch downstream section 52.

[0059] Agear51bisformed on aperiphery ofthe clutch
upstream section 51. This gear 51 b meshes with a gear
429 formed on a periphery of the right crank web 42 in
the left end pair of the crank webs 42 in the crankshaft
40. Therefore, while the crankshaft 40 rotates, the clutch
upstream section 51 keeps rotating in conjunction with
the crankshaft 40.

[0060] The clutch upstream section 51 has: a plurality
of upstream discs 51 a disposed with predetermined
spacing between one upstream disc 51a and another in
the vehicle width direction; and a gear 51 b disposed on
the right of the plural upstream discs 51 a. Meanwhile,
the clutch downstream section 52 has a plurality of down-
stream discs 52a disposed with predetermined spacing
between one downstream disc 52a and another in the
vehicle width direction. The upstream discs 51a and the
downstream discs 52a are alternatively disposed to over-
lap each other in the vehicle width direction. The pressure
plate 54 disposed on the left of the upstream discs 51a
and the downstream discs 52a is urged to the right by a
spring, which is not shown, and presses the upstream
discs 51 a against the downstream discs 52a. Conse-
quently, the clutch upstream section 51 and the clutch
downstream section 52 are engaged. In a state where
the clutch upstream section 51 and the clutch down-
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stream section 52 are engaged (hereinafter referred to
as an "engaged state"), the clutch upstream section 51,
the clutch downstream section 52 and the clutch shaft
53 rotate integrally, and rotational driving force of the
crankshaft 40 is transmitted to the clutch shaft 53.
[0061] On the other hand, the engagement of the up-
stream discs 51a with the downstream discs 52a can be
cancelled by moving the pressure plate 54 to the left with
operation of a rod (not shown) connected to the pressure
plate 54. In such a state where the engagement of the
clutch upstream section 51 with the clutch downstream
section 52 is cancelled (hereinafter referred to as a "dis-
engaged state"), only the clutch upstream section 51 ro-
tates, and thus, rotational driving force of the crankshaft
40 is not transmitted to the clutch shaft 53. The above-
mentioned rod for switching the engaged state and the
disengaged state of the clutch 50 can be operated by,
for example, the driver of the motorcycle 1 with a clutch
lever (not shown) provided on the handlebars 6 (see FIG.
1) or by an actuator, which is not shown, provided in the
motorcycle 1. This actuator can be operated by hydraulic
pressure or a motor, for example, on the basis of an elec-
tric instruction input by the driver via an instruction input
means (a button, etc.), which is not shown but is provided
in the motorcycle 1, or on the basis of an electric instruc-
tion output from an Engine Control Unit (ECU), which is
not shown but is provided in the motorcycle 1, in accord-
ance with speed of the engine 2 and the like. The clutch
50 can also be a centrifugal clutch that switches the en-
gaged state and the disengaged state in accordance with
centrifugal force associated with rotation of the clutch
upstream section 51.

[0062] As shown in FIGs. 2 and 5, the clutch shaft 53
is formed separately from the crankshaft 40 and is dis-
posed parallel to the crankshaft 40 in a position adjacent
to the crankshaft 40. In addition, the clutch shaft 53 is
disposed behind the crankshaft 40 and above the dividing
surface S1 of the crankshaft 40 and the crankcase 20.
[0063] This clutch shaft 53 is rotatably supported in the
crankcase 20. More specifically, as shown in FIG. 5, a
left clutch shaft bearing 22a for supporting a left end of
the clutch shaft 53 is formed on the left wall of the clutch
chamber 22. A middle clutch shaft bearing 22b for sup-
porting a middle portion of the clutch shaft 53 is formed
on a right wall of the clutch chamber 22. Furthermore, in
the right of the clutch chamber 22, a right clutch shaft
bearing 22c¢ for supporting a right end portion of the clutch
shaft 53 is formed on a portion of the rear wall of the
crank chamber 21 further projecting to the rear. The left
clutch shaft bearing 22a, the middle clutch shaft bearing
22b, and the right clutch shaft bearing 22¢ are all formed
in the upper case section 20a (see FIG. 2). The clutch
shaft 53 is supported by each of the bearings 22a to 22¢
with a ball bearing.

[0064] As shown in FIG. 2, a crankcase-side oil pan
23 for storing lubricating oil is formed in a portion of a
bottom section of the crankcase 20 below the crank
chamber 21. Lubricating oil flows down by gravitation
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from the crank chamber 21 and the clutch chamber 22
in the crankcase 20 to the crankcase-side oil pan 23. An
oil tank 24 for storing lubricating oil transferred from the
crankcase-side oil pan 23 is formed in another portion of
the bottom section of the crankcase 20, which is adjacent
to the crankcase-side oil pan 23, below the clutch cham-
ber 22.

[0065] AsshowninFIGs.2and6,the engine 2includes
a crankcase-side oil pump 82 for supplying lubricating oil
to a motor section including such as the crankshaft 40,
the cylinder section 2b, the clutch 50 (see FIG. 5) and
upstream of the clutch 50 in a driving force transmission
passage in the engine 2. This crankcase-side oil pump
82 is accommodated in the crankcase 20, is positioned
between the clutch 50 and the drive pulley 61 in the ve-
hicle width direction (see FIG. 6), and is disposed below
the clutch 50 and the drive pulley 61 in a side view (see
FIG. 2).

[0066] The crankcase-side oil pump 82 has: a scav-
enge pump 83 for transferring lubricating oil in the crank-
case-side oil pan 23 to the oil tank 24; and a feed pump
84 for sending lubricating oil in the oil tank 24 to each
component of the engine 2 with pressure. The scavenge
pump 83 and the feed pump 84 are integrally configured
and are supported between a right pump support section
29a and a left pump support section 29b as portions of
the crankcase 20. In this embodiment, the scavenge
pump 83 and the feed pump 84 are both trochoid pumps
and respectively have a pair of inner rotors 83a, 84a and
outer rotors 83b, 84b.

[0067] As shown in FIG. 2, an upper end of a strainer
25 for sucking lubricating oil from the crankcase-side oil
pan 23 into the scavenge pump 83 is connected to the
scavenge pump 83. An intake section 25a for sucking
lubricating oil in the crankcase-side oil pan 23 is formed
at a lower end of the strainer 25. In addition, an oil flow
passage (not shown) for guiding lubricating oil dis-
charged from the scavenge pump 83 to the oil tank 24 is
formed between the scavenge pump 83 and an upper
end of the oil tank 24.

[0068] As shown in FIG. 2, an upper end of a strainer
26 for sucking lubricating oil from the oil tank 24 into the
feed pump 84 is connected tothe feed pump 84. An intake
section 26a for sucking lubricating oil in the oil tank 24 is
formed at a lower end of this strainer 26. In addition, an
oil flow passage 28a for guiding lubricating oil discharged
from the feed pump 84 to an oil filter 27 is formed between
the feed pump 84 and the oil filter 27 formed in the front
portion of the crankcase 20.

[0069] Furthermore, as shown in FIG. 2, a main oil flow
passage (main gallery) 28c extending in the vehicle width
direction is formed below the crank chamber 21 in the
crankcase 20, and an oil flow passage 28b is also formed
between the main oil flow passage 28c and the oil filter
27. Lubricating oil pumped from the oil tank 24 to the oll
filter 27 by the feed pump 84 is filtered by an element
(not shown) included in the oil filter 27, and then flows
into the main oil flow passage 28c through the oil flow
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passage 28b extending rearward from the oil filter 27.
Following this, as shown in FIG. 5, lubricating oil pumped
through in the main oil flow passage 28c is supplied to
the crank chamber 21 and the cylinder section 2b through
an oil injection passage 28d formed in each of the journal
bearings 21 a to 21 d for supporting the journals 41 a to
41 d of the crankshaft 40 and through an oil flow passage
28e formed inside each of the journals 41 a to 41 d.
[0070] As shown in FIG. 6, in the crankcase 20, the
engine 2 is also equipped with a crankcase-side oil pump
shaft 85a driving the crankcase-side oil pump 82 and a
cooling water pump shaft 85b driving a cooling water
pump 87 for circulating cooling water in the engine 2. The
respective inner rotors 83a, 84a of the scavenge pump
83 and the feed pump 84 are connected to a periphery
of the crankcase-side oil pump shaft 85a and integrally
rotate with the crankcase-side oil pump shaft 85a. The
cooling water pump 87 is attached to a left end of the
cooling water pump shaft 85b. The crankcase-side oil
pump shaft 85a and the cooling water pump shaft 85b
are separately formed from each other and are coaxially
coupled. More specifically, a left end of the crankcase-
side oil pump shaft 85a and a right end of the cooling
water pump shaft 85b are respectively formed with a pro-
jection and a recess whose shapes correspond to each
other. The left end of the crankcase-side oil pump shaft
85a is coupled to the right end of the cooling water pump
shaft 85b by fitting the projection to the recess. As aresult,
an axial center of the crankcase-side oil pump shaft 85a
is oriented to that of the cooling water pump shaft 85b to
constitute a single crankcase-side pump shaft 85. There-
fore, the crankcase-side oil pump shaft 85a and the cool-
ing water pump shaft 85b rotate integrally.

[0071] This crankcase-side pump shaft 85 is formed
separately from the crankshaft 40 (see FIG. 5) and the
clutch shaft 53 and is disposed parallel to the clutch shaft
53 in a position adjacent to the clutch shaft 53. The crank-
case-side pump shaft 85 is also disposed behind the
crankshaft 40 and below the drive pulley shaft 62 and
the driven pulley shaft 64.

[0072] This crankcase-side pump shaft 85 is rotatably
supported by the crankcase 20. More specifically, as
shown inFIG. 6, aleft crankcase-side pump shaft bearing
29c for supporting a left end portion of the crankcase-
side pump shaft 85 is formed on the left wall of the crank-
case 20 for closing the left side of the crankcase-side oil
pump 82. A middle portion of the crankcase-side pump
shaft 85 is supported by the right pump support section
29a and the left pump support section 29b via the crank-
case-side oil pump 82. Furthermore, a right crankcase-
side pump insertion section 29d through which a right
end portion of the crankcase-side pump shaft 85 is in-
serted is formed on the right wall of the crankcase 20 for
closing the right side of the crankcase-side oil pump 82.
[0073] Anintermediate gear 86 rotatably supported by
the crankcase 20 is disposed between the crankcase-
side pump shaft 85 and the clutch shaft 53. A gear 51 ¢
that meshes with the intermediate gear 86 is formed on



13 EP 2 674 641 B1 14

the periphery of the clutch upstream section 51 of the
clutch 50, and a gear 85c that also meshes with the in-
termediate gear 86 is attached to a periphery of the crank-
case-side pump shaft 85. That is, the clutch upstream
section 51 and the crankcase-side pump shaft 85 are
coupled to each other via the intermediate gear 86.
[0074] This makes it possible for the crankcase-side
pump shaft 85 to rotate in conjunction with the crankshaft
40 regardless of connection or disconnection of driving
force transmission by the clutch 50. Consequently, the
crankcase-side oil pump 82 attached to the crankcase-
side pump shaft 85 can continuously be driven in the
disengaged state of the clutch 50 as well as in the en-
gaged state of the clutch 50. Therefore, the crankcase-
side oil pump 82 is able to supply lubricating oil to the
crank chamber 21 and the cylinder section 2b via the
above-mentioned oil flow passages 28a to 28e while the
crankshaft 40 is rotating.

[0075] Furthermore, the cooling water pump 87 driven
by rotation of the crankcase-side pump shaft 85 can also
be driven continuously to circulate cooling water to each
component of the engine 2 even in the disengaged state
of the clutch 50.

[0076] Meanwhile, as shown in FIG. 5, the transmis-
sion 60 is accommodated in the transmission case 30.
More specifically, a transmission chamber 31 extended
in a longitudinal direction is formed between the right
case section 30a and the left case section 30b in the
transmission case 30, and the transmission 60 is accom-
modated in the transmission chamber 31. A front side
portion of this transmission chamber 31 is disposed to
the right of the clutch chamber 22 of the crankcase 20,
and a rear side portion thereof extends more rearward
than the crankcase 20.

[0077] The drive pulley 61 and the drive pulley shaft
62 are accommodated in the front side portion of the
transmission chamber 31. The drive pulley shaft 62 is
formed separately from the crankshaft 40 and the clutch
shaft 53 and is disposed parallel to the crankshaft 40 in
a position adjacent to the crankshaft 40.

[0078] This drive pulley shaft 62 is rotatably supported
by the transmission case 30. More specifically, a right
drive pulley shaft bearing 33a for supporting a right end
of the drive pulley shaft 62 is formed in the right case
section 30a for closing the right side of the transmission
chamber 31, and a left drive pulley shaft bearing 33b for
supporting a left end portion of the drive pulley shaft 62
is formed in the left case section 30b for closing the left
side of the transmission chamber 31. Also, as shown in
FIGs. 3 and 4, the right drive pulley shaft bearing 33a
and the left drive pulley shaft bearing 33b in the trans-
mission case 30 are both formed above the dividing sur-
face S1 of the crankcase 20.

[0079] This drive pulley shaft 62 is coaxially coupled
to the clutch shaft 53. More specifically, as shownin FIGs.
5 and 6, the right end of the clutch shaft 53 is coupled to
the left end of the drive pulley 62 by means of spline
connection. Consequently, the axial center of the clutch
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shaft 53 is oriented to that of the drive pulley shaft 62 to
constitute a single shaft (hereinafter referred to as a
"complex main shaft 100") extended in the vehicle width
direction from the crankcase 20 to the transmission case
30. Thus, the clutch shaft 53 and the drive pulley shaft
62 rotate integrally.

[0080] As shown in FIGs. 5 and 6, the complex main
shaft 100 is formed separately from the crankshaft 40
and is disposed parallel to the crankshaft 40 in a position
adjacent to the crankshaft 40. A left end of the complex
main shaft 100 is supported by the left clutch shaft bear-
ing 22a on the crankcase 20. Also, a right end of the
complex main shaft 100 is supported by the right drive
pulley shaftbearing 33a in the transmission case 30. Fur-
thermore, a middle portion of the complex main shaft 100
is supported by the right clutch shaft bearing 22c¢ in the
crankcase 20 and by the left drive pulley shaft bearing
33b in the transmission case 30. Moreover, as shown in
FIGs. 2 to 4, the complex main shaft 100 is disposed
behind the crankshaft 40 and above the crankshaft 40
and the dividing surface S1 of the crankcase 20.

[0081] AsshowninFIGs. 5 and 6, the right clutch shaft
bearing 22c for supporting the right end of the clutch shaft
53 and the left drive pulley shaft bearing 33b for support-
ing the left end of the drive pulley shaft 62 are formed in
shapes which correspond with each other and are fitted
to each other. More specifically, a cylindrical projection
projecting to the right from the crankcase 20 is formed in
the right clutch shaft bearing 22¢ around the right end
portion of the clutch shaft 53. Meanwhile, a cylindrical
projection projecting to the left from the left case section
30b is formed in the left drive pulley shaft bearing 33b
around the left end portion of the drive pulley shaft 62.
Here, an inner diameter of the cylinder of the right clutch
shaft bearing 22c is generally equal to an outer diameter
of the left drive pulley shaft bearing 33b, and the cylinder
of the left drive pulley shaft bearing 33b is fitted into that
of the right clutch shaft bearing 22c. An O-ring 30j for
sealing is held between an inner periphery of the cylinder
of the right clutch shaft bearing 22¢ and an outer periph-
ery of the cylinder of the leftdrive pulley shaft bearing 33b.
[0082] Then, the drive pulley shaft 62 and the clutch
shaft 53 are coupled to each other in a portion where the
right clutch shaft bearing 22c is fitted to the left drive
pulley shaft bearing 33b. That is, a coupling portion be-
tween the drive pulley shaft 62 and the clutch shaft 53 in
the complex main shaft 100 is inserted in a fitting portion
between the right clutch shaft bearing 22¢ and the left
drive pulley shaft bearing 33b.

[0083] The transmission case 30 is coupled to both the
upper case section 20a and the lower case section 20b,
which are described above, mainly around the complex
main shaft 100 across both upper and lower sides of the
dividing section S1 of the crankcase 20. More specifical-
ly, as shownin FIGs. 2 and 3, the above-mentioned plural
fastening holes 90 are formed in a surrounding portion
of the clutch shaft 53 in the upper case section 20a, in a
surrounding portion of the clutch shaft 53 in the lower
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case section 20b, and in surrounding portions of the drive
pulley shaft 62 in both the right case section 30a and the
left case section 30b. Then, as shown in FIGs. 4 and 6,
acombination of three case sections, which are the upper
case section 20a, the left case section 30b, and the right
case section 30a, and another combination of three case
members, which are the lower case section 20b, the left
case section 30b, and the right case section 30a, are
fastened by the plural bolt members 91 around the com-
plex main shaft 100 in the vehicle width direction.
[0084] As shown in FIGs. 5 and 6, the drive pulley 61
is formed on a periphery of the drive pulley shaft 62. The
drive pulley 61 has a drive-side fixed sheave 61 a dis-
posed on the inside in the vehicle width direction and a
drive-side movable sheave 61 b formed on the outside
in the vehicle width direction. The drive-side fixed sheave
61 a is integrally formed with the drive pulley shaft 62.
The drive-side movable sheave 61 b is formed separately
from the drive pulley shaft 62, and the drive pulley shaft
62 is inserted through a central portion thereof. The drive-
side movable sheave 61 b is adopted to be slidable on
the periphery of the drive pulley shaft 62 in a direction
along an axial center P2 of the drive pulley shaft 62. A
distance between the drive-side movable sheave 61 b
and the drive-side fixed sheave 61 a changes in accord-
ance with axial movement of the drive-side movable
sheave 61 b, and consequently, a diameter of a portion
in the drive pulley 61 where a metal belt is wound around
(hereinafterreferred to as an "effective diameter") chang-
es.

[0085] The sliding of this drive-side movable sheave
61 bis hydraulically controlled. More specifically, a drive-
side lid 61 d is attached to the right side of the drive-side
movable sheave 61 b so as to form an enclosed space
therebetween to accommodate oil for hydraulic control
(hereinafter referred to as a "drive-side oil accommodat-
ing section 61 c"). When the amount of oil stored in this
drive-side oil accommodating section 61 c increases, the
drive-side movable sheave 61 b moves to the left. Then,
the distance between the drive-side fixed sheave 61a
and the drive-side movable sheave 61 b decreases and
the effective diameter of the drive pulley 61 increases.
On the other hand, when the amount of oil stored in the
drive-side oil accommodating section 61 ¢ decreases,
the drive-side movable sheave 61 b moves to the right.
Then, the distance between the drive-side fixed sheave
61 a and the drive-side movable sheave 61 b increases
and the effective diameter of the drive pulley 61 decreas-
es.

[0086] As shown in FIG. 5, the driven pulley 63 and
the driven pulley shaft 64 are accommodated behind the
drive pulley 61 and the drive pulley shaft 62 in the trans-
mission chamber 31. The driven pulley shaft 64 is formed
separately from the crankshaft 40 and the clutch shaft
53 and is disposed parallel to the drive pulley shaft 62 in
a position adjacent to the drive pulley shaft 62.

[0087] This driven pulley shaft 64 is rotatably support-
ed by the transmission case 30. More specifically, a right
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driven pulley shaft bearing 34a for supporting a right end
of the driven pulley shaft 64 is formed in the right case
section 30a, and a left driven pulley shaft bearing 34b for
supporting a left end portion of the driven pulley shaft 64
is formed in the left case section 30b.

[0088] As described above, the right case section 30a
includes and is integrally formed with the right drive pulley
shaft bearing 33a for supporting the right end of the drive
pulley shaft 62 and the right driven pulley shaft bearing
34a for supporting the right end of the driven pulley shaft
64 (see FIGs. 4 and 5). Also, the left case section 30b
includes and is integrally formed with the left drive pulley
shaft bearing 33b for supporting the left end of the drive
pulley shaft 62 and the left driven pulley shaft bearing
34b for supporting the left end of the driven pulley shaft
64 (see FIGs. 3 and 5). Thatis, the right drive pulley shaft
bearing 33a and the right driven pulley shaft bearing 34a
are integrally formed with the right case section 30a, and
the left drive pulley shaft bearing 33b and the left driven
pulley shaft bearing 34b are integrally formed with the
left case section 30b.

[0089] As shown in FIG. 5, the driven pulley 63 is
formed on the periphery of the driven pulley shaft 64. The
driven pulley 63 has a driven-side fixed sheave 63a dis-
posed on the outside in the vehicle width direction and a
driven-side movable sheave 63b formed on the inside in
the vehicle width direction. The driven-side fixed sheave
63a is integrally formed with the driven pulley shaft 64.
Meanwhile, the driven-side movable sheave 63b is
formed separately from the driven pulley shaft 64, and
the driven pulley shaft 64 is inserted through a central
portion thereof. Then, the driven-side movable sheave
63b is adopted to be slidable on the periphery of the driv-
en pulley shaft 64 in a direction along an axial center P3
of the driven pulley shaft 64. A distance between the driv-
en-side movable sheave 63b and the driven-side fixed
sheave 63a changes in accordance with axial movement
of the driven-side movable sheave 63b. Consequently,
an effective diameter of the driven pulley 63 changes.
[0090] A driven-side lid 63d is attached to the left side
of the driven-side movable sheave 63b so as to form an
enclosed space therebetween to accommodate oil for
hydraulic control (hereinafter referred to as a "driven-side
oil accommodating section 63c"). A coil spring for urging
the driven-side movable sheave 63b to the driven-side
fixed sheave 63a side is accommodated in the driven-
side oil accommodating section 63c. The length of the
metal belt 65 wound between the drive pulley 61 and the
driven pulley 63 is constant. Therefore, when the effec-
tive diameter of the drive pulley 61 increases, the driven-
side movable pulley 63b slides to the driven-side fixed
sheave 63a side against urging force of the coil spring
to decrease the effective diameter of the driven pulley
63. On the contrary, when the effective diameter of the
drive pulley 61 decreases, the effective diameter of the
driven pulley 63 increases.

[0091] Furthermore, as shown in FIG. 5, the engine 2
includes an output shaft 70 for outputting the driving force
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to a further downstream side transmitted from the crank-
shaft 40 to the driven pulley shaft 64. This output shaft
70 is formed separately from the driven pulley shaft 64
and is disposed parallel to the driven pulley shaft 64 in a
position adjacent to the driven pulley shaft 64.

[0092] AsshowninFIGs. 2 to 5, the entire output shaft
70 is disposed outside the crankcase 20. In other words,
the output shaft 70 is entirely accommodated in the trans-
mission case 30 behind the crankcase 20. More specif-
ically, an output chamber 32 is formed between the left
case section 30b and the left end case section 30c in the
transmission case 30. A left side portion of the output
shaft 70 is accommodated in the output chamber 32, and
a right side portion of the output shaft 70 is accommo-
dated in the transmission chamber 31.

[0093] The output shaft 70 is constituted by coaxially
coupling an output shaft right section 70a as the right
side portion accommodated in the transmission chamber
31 to an output shaft left section 70b as the left side por-
tion accommodated in the output chamber 32. More spe-
cifically, as shown in FIG. 5, a left end of the output shaft
right section 70a and a right end of the output shaft left
section 70b are formed in cylindrical shapes correspond-
ing to each other and are fitted to each other.

[0094] In addition, the output shaft right section 70a
and the output shaft left section 70b are coupled to each
other in a manner that they can be divided into right and
left. More specifically, an engagement groove in a pre-
determined length that extends over the output shaft right
section 70a and the output shaft left section 70b in the
vehicle width direction is formed in a coupling portion
between the output shaft right section 70a and the output
shaft left section 70b. Meanwhile, an engaging member
70c in a cylindrical shape that extends over the output
shaft right section 70a and the output shaft left section
70b in the vehicle width direction and that engages with
the engagement groove is attached to a periphery of the
coupling portion. A rod, which is not shown, is attached
to projections formed on a periphery of this engaging
member 70c. The engaging member 70c can slide on
the periphery of the output shaft 70 along an axial center
P4 thereof with operation of this rod. The engaging mem-
ber 70c is disposed across both the output shaft right
section 70a and the output shaft left section 70b in a
coupling condition shown in FIG. 5. However, the engag-
ing member 70c can also be disposed only on the pe-
riphery of the output shaft left section 70b by sliding the
engaging member 70c further to the left from the left end
of the output shaft right section 70a, for example with the
operation of the rod by the driver of the motorcycle 1. As
a result, the output shaft right section 70a and the output
shaft left section 70b can be separated from each other
by releasing the coupling therebetween. In this separated
condition, the output shaft left section 70b can rotate in-
dependently from the output shaft right section 70a .
[0095] The output shaft 70 is rotatably supported by
the transmission case 30. More specifically, a right output
shaft bearing 35a for supporting a right end of the output
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shaft 70 (thatis, arightend of the output shaft right section
70a) is formed in the right case section 30a, and a left
output shaft bearing 35c¢ for supporting a left end of the
output shaft 70 (that is, a left end portion of the output
shaft left section 70b) is formed in the output chamber
32 of the left end case section 30c. In addition, a middle
output shaft bearing 35b for supporting a middle portion
of the output shaft 70 (that is, the coupling portion be-
tween the output shaft right section 70a and the output
shaft left section 70b) is formed in the left case section
30b. That is, the output shaft right section 70a and the
output shaft left section 70b are coupled to each otherin
a through hole formed in the middle output shaft bearing
35b as a boundary between the transmission chamber
31 and the output chamber 32.

[0096] A gear 70dis integrally attached to the right end
portion of the output shaft 70. This gear 70d meshes with
a gear 64a attached to the right end portion of the driven
pulley shaft 64. Therefore, the output shaft 70 rotates in
conjunction with the driven pulley shaft 64.

[0097] Inaddition, as shownin FIG. 5, a coupling shaft
71 that couples the output shaft 70 to the drive shaft 9
(see FIG. 1) is accommodated in the output chamber 32.
This coupling shaft 71 is formed so as to extend rearward
from the left side of the output shaft 70.

[0098] Abevel gear71 athat meshes with a bevel gear
70e formed on the left end of the output shaft 70 is at-
tached to a front end of the coupling shaft 71. Therefore,
the coupling shaft 71 rotates in conjunction with the out-
put shaft 70. A universal joint 71 b for coupling a front
end of the drive shaft 9 for rotation is attached to a rear
end of the coupling shaft 71.

[0099] The coupling shaft 71 is rotatably supported by
the transmission case 30. More specifically, a front cou-
pling shaft bearing 36a for supporting the front end por-
tion of the coupling shaft 71 is formed in the front portion
of the output chamber 32 in the left end case section 30c,
and a rear coupling shaft bearing 36b for supporting the
rear end portion of the coupling shaft 71 is formed in the
rear portion of the output chamber 32.

[0100] As shown in FIG. 6, the engine 2 includes a
transmission-side oil pump 80 for supplying oil to the
transmission 60. This transmission-side oil pump 80 is
accommodated in the transmission chamber 31 of the
transmission case 30. More specifically, as shown in
FIGs. 3 and 4, the transmission-side oil pump 80 is lo-
cated adjacent to the drive pulley 61 and the driven pulley
63 and is disposed below the drive pulley 61 and the
driven pulley 63 in the transmission chamber 31.

[0101] As shown in FIG. 6, in this embodiment, the
transmission-side oil pump 80 is a trochoid pump and
has a pair of inner rotors 80a and outer rotors 80d. This
transmission-side oil pump 80 is supported by a trans-
mission-side pump support section 37, which is a part of
the left case section 30b of the transmission case 30.
[0102] The engine 2 also includes a transmission-side
pump shaft 81 for driving the transmission-side oil pump
80. The inner rotor 80a of the transmission-side oil pump
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80 is connected to a periphery at the right end of the
transmission-side pump shaft 81 to integrally rotate with
the transmission-side pump shaft 81.

[0103] The transmission-side pump shaft 81 is formed
separately from the crankshaft 40, the clutch shaft 53,
the drive pulley shaft 62, and the driven pulley shaft 64,
and is disposed parallel to the drive pulley shaft 62 and
the driven pulley shaft 64 in a position adjacent to the
drive pulley shaft 62 and the driven pulley shaft 64. Also,
as shown in FIGs. 3 and 4, this transmission-side pump
shaft 81 is disposed behind the crankshaft 40, in front of
the output shaft 70, and below the drive pulley shaft 62
and the driven pulley shaft 64. That is, the transmission-
side pump shaft 81 is disposed in a position surrounded
by the crankshaft 40, the drive pulley shaft 62, the driven
pulley shaft 63, and the output shaft 70, and in a position
below the dividing surface S1 of the crankcase 20.
[0104] The transmission-side pump shaft 81 is rotata-
bly supported in the transmission case 30. More specif-
ically, as shown in FIG. 6, the transmission-side pump
shaft81 is supported by the transmission-side pump sup-
port section 37 in the left case section 30b via the trans-
mission-side oil pump 80. In addition, a transmission-side
pump insertion section 37cinwhich a leftend of the trans-
mission-side pump shaft 81 is inserted is formed in a
portion closing the left side of the transmission-side oil
pump 80 in the left case section 30b.

[0105] Then, the transmission-side pump shaft 81 is
coaxially coupled to the crankcase-side pump shaft 85.
That is, as shown in FIG. 6, the left end of the transmis-
sion-side pump shaft 81 is coupled to the right end of the
crankcase-side pump shaft 85. More specifically, an en-
gagement groove of a predetermined length that extends
over the transmission-side pump shaft 81 and the crank-
case-side pump shaft 85 in the vehicle width direction is
formed in a coupling portion between the transmission-
side pump shaft 81 and the crankcase-side pump shaft
85. Then, an engaging member 88 in a cylindrical shape
that extends over the transmission-side pump shaft 81
and the crankcase-side pump shaft 85 in the vehicle width
direction and that engages with the engagement groove
is attached to a periphery of this coupling portion. Con-
sequently, the axial center of the crankcase-side pump
shaft 85 is oriented to that of the transmission-side pump
shaft 81 to constitute a single shaft (hereinafter referred
to as a "complex pump shaft 101") extending in the ve-
hicle width direction from the crankcase 20 to the trans-
mission case 30. Thus, the crankcase-side shaft pump
85 and transmission-side pump shaft 81 rotate integrally.
[0106] This complex pump shaft 101 is formed sepa-
rately from the crankshaft 40 and the complex main shaft
100, and is disposed parallel to the complex main shaft
100 in a position adjacent to the complex main shaft 100.
A left end of the complex pump shaft 101 is supported
by the left crankcase-side pump shaft bearing 29c in the
crankcase 20. A middle portion of the complex pump
shaft 101 is supported by the right pump support section
29a and the left pump support section 29b via the crank-
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case-side oil pump 82. Furthermore, a right end of the
complex pump shaft 101 is supported by the transmis-
sion-side pump support section 37 in the transmission
case 30 via the transmission-side oil pump 80.

[0107] The complex pump shaft 101 rotates in conjunc-
tion with the crankshaft 40 regardless of connection or
disconnection of driving force transmission by the clutch
50. Consequently, the transmission-side pump shaft 81
attached to the right end of the complex pump shaft 101
can continuously be driven in the disengaged state of the
clutch 50 as well as in the engaged state of the clutch
50. Therefore, the transmission-side oil pump 80 is able
to supply both an oil for hydraulic control and a lubricating
oil to the transmission 60 while the crankshaft 40 is ro-
tating.

[0108] The right crankcase-side pump insertion sec-
tion 29d through which the right end of the crankcase-
side pump shaft 85 is inserted and the transmission-side
pump insertion section 37c¢ through which the left end of
the transmission-side pump shaft 81 is inserted are each
formed in shapes which correspond with each other and
are fitted to each other. More specifically, in the right
crankcase-side pump insertion section 29d, a cylindrical
projection projecting to the right from the crankcase 20
is formed around the crankcase-side pump shaft 85.
Meanwhile, in the transmission-side pump insertion sec-
tion 37c, a cylindrical projection, which projects to the left
from the left case section 30b, is formed around the trans-
mission-side pump shaft 81. Here, an outer diameter of
the cylinder of the right crankcase-side pump insertion
section 29d is generally equal to an inner diameter of the
cylinder of the transmission-side pump insertion section
37c. Thus, the cylinder of the right crankcase-side pump
insertion section 29d is fitted into that of the transmission-
side pump insertion section 37c.

[0109] Then, the crankcase-side pump shaft 85 and
the transmission-side pump shaft 81 are coupled to each
other in a portion where the right crankcase-side pump
insertion section 29d is fitted into the transmission-side
pump insertion section 37c. That is, the coupling portion
between the crankcase-side pump shaft 85 and the trans-
mission-side pump shaft 81 in the complex pump shaft
101 is inserted in the fitting portion between the right
crankcase-side pump insertion section 29d and the trans-
mission-side pump insertion section 37c.

[0110] The above-mentioned coupling between the
lower case section 20b and the transmission case 30 is
also conducted around the complex pump shaft 101.
More specifically, as shown in FIGs. 2 and 3, the above-
mentioned plural fastening holes 90 are formed in a sur-
rounding area around the crankcase-side pump shaft 85
in the lower case section 20b and in a surrounding areas
around the transmission-side pump shaft 81 in the right
case section 30a and the left case section 30b. Then, as
shown in FIGs. 4 and 6, the three case sections, which
are the lower case section 20b, the left case section 30b,
and the right case section 30a, are fastened and secured
in the vehicle width direction around the complex pump
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shaft 101 with the plural bolt members 91.

[0111] As shown in FIGs. 2 to 4, 6 and 7, a transmis-
sion-side oil pan 38 for storing oil supplied to the trans-
mission 60 by the transmission-side oil pump 80 is formed
in the transmission case 30. As shown in FIG. 7, this
transmission-side oil pan 38 is provided so as to close
an opening 30d from below. The opening 30d is formed
atthe bottom of the left case section 30b among the three
case sections 30a to 30c that constitute the transmission
case 30. In other words, the opening 30d of the left case
section 30b integrally formed as a case section is closed
by the integrally formed transmission-side oil pan 38.
[0112] Therefore, sealing between a mating surface
30e around the opening 30d at the lower end of the left
case section 30b and a mating surface 38a at the upper
end of the transmission-side oil pan 38 can securely and
easily be achieved. In the left case section 30b, a through
hole 30f is formed in a portion of a wall that divides the
transmission chamber 31 from the opening 30d, and a
through hole 30g is formed in a portion of a wall that
divides the output chamber 32 from the opening 30d. As
aresult, lubricating oil supplied to the transmission cham-
ber 31 flows down to the transmission-side oil pan 38
from the through hole 30f and lubricating oil supplied to
the output chamber 32 flows down to the transmission-
side oil pan 38 from the through hole 30g.

[0113] AsshowninFIGs. 3,4, and 6, the transmission-
side oil pan 38 in the left case section 30b extends rear-
ward from a position below the transmission-side oil
pump 80 to the rear end of the left case section 30b on
the right of the crankcase-side oil pan 23 and the oil tank
24 in the crankcase 20. Furthermore, as shown in FIGs.
2 and 7, the rear end portion of the transmission-side oil
pan 38 below the output shaft 70 extends to the left at
the back of the oil tank 24. As described above, the trans-
mission-side oil pan 38 is formed to extend on the right
and to the back of the crankcase-side oil pan 23 and the
oil tank 24 to secure a sufficient oil storage capacity.
[0114] AsshowninFIGs. 4,6, and 7, a control unit 200
for controlling oil supply to the transmission 60 and the
output shaft 70 is disposed in the transmission-side oil
pan 38. Meanwhile, as shown in FIG. 4, an intake flow
passage 37a for sucking oil into the transmission-side oil
pump 80 and a discharge flow passage 37b for discharg-
ing oil from the transmission-side oil pump 80 are formed
in the transmission-side pump support section 37. One
end of this intake flow passage 37a is connected to an
intake port 80c of the transmission-side oil pump 80, and
the other end thereof is connected to the control unit 200.
One end of the discharge flow passage 37b is connected
to a discharge port 80d of the transmission-side oil pump
80, and the other end thereof is connected to the control
unit. In addition, as shown in FIGs. 4 and 7, a strainer
201 for sucking oil into the control unit 200 from the trans-
mission-side oil pan 38 extends downward from the con-
trol unit 200. An intake section 201 a disposed near the
bottom of the transmission-side oil pan 38 for sucking oil
therein is formed at a bottom end portion of this strainer
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201.

[0115] AsshowninFIG.4,5,and7,an oil flow passage
39a, an oil flow passage 39b, and an oil flow passage
39c are independently formed in the right case section
30a. One end of the oil flow passage 39a opens to the
right end of the right drive pulley shaft bearing 33a while
the other end thereof opens to a portion of the left end
surface in the lower side portion of the right case section
30a (that is, a mating surface disposed on the dividing
surface S2). One end of the oil flow passage 39b opens
to the right end of the right driven pulley shaft bearing
34a while the other end thereof opens to another portion
of the left end surface in the lower side portion of the right
case section 30a. One end of the oil flow passage 39¢c
opens to the right output shaft bearing 35a while the other
end thereof opens to further another portion of the left
end surface in the lower side portion of the right case
section 30a.

[0116] Meanwhile, as shown in FIGs. 4 and 7, three oil
flow passages 39d to 39f are independently formed from
each other in the left case section 30b. One ends of the
three oil flow passages 39d to 39f respectively open to
positions on the right end surface of the left case section
30b that correspond to the three oil flow passages 39a
to 39c formed on the left end surface of the right case
section 30a, and the other ends thereof are connected
to the control unit 200. As described above, the oil flow
passages 39a to 39f are formed across the left case sec-
tion 30b and the right case section 30a to be connected
with the right drive pulley shaft bearing 33a, the right driv-
en pulley shaft bearing 34a, the right output shaft bearing
35a, and the control unit 200 in the transmission case 30.
[0117] As shown in FIGs. 5 to 7, hollow sections 62a,
64b, and 70f are respectively formed inside the drive pul-
ley shaft 62, the driven pulley shaft 64, and the output
shaft 70 to respectively extend along the axial centers
P2, P3, and P4 thereof to open to their right ends. In
addition, oil flow passages 62b, 64c, and 70g that re-
spectively extend outward in a radial direction from the
hollow sections 62a, 64b, and 70f to open to the periph-
eries of the drive pulley shaft 62, the driven pulley shaft
64, and the output shaft 70 are formed inside the drive
pulley shaft 62, the driven pulley shaft 64, and the output
shaft 70. Moreover, oil flow passages 61 e, 63e are re-
spectively formed in the drive-side movable sheave 61
b and the driven-side movable sheave 63b. The oil flow
passage 61e connects the hollow section 62a of the drive
pulley shaft 62 with the drive-side oil accommodating
section 61c, and the oil flow passage 63e connects the
hollow section 64b of the driven pulley shaft 64 with the
driven-side oil accommodating section 63c.

[0118] Therefore, itis possible to supply oil for hydrau-
lic control to the drive-side oil accommodating section 61
¢ and the driven-side oil accommodating section 63c by
driving the transmission-side oil pump 80. More specifi-
cally, once the transmission-side oil pump shaft 81 ro-
tates in conjunction with the crankshaft 40, and thus the
transmission-side oil pump 80 is driven, oil stored in the
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transmission-side oil pan 38 flows into the control unit
200 via the strainer 201 and is further drawn into the
transmission-side oil pump 80 via the intake flow passage
37a (see FIG. 4). The oil drawn into the transmission-
side oil pump 80 is discharged therefrom, flows into the
control unit 200 via the discharge flow passage 37b (see
FIG. 4), and then further flows into the oil flow passages
39d to 39f formed in the left case section 30b.

[0119] At this time, the control unit 200 can independ-
ently adjust opening and closing of control valves (not
shown) that are respectively provided in connecting por-
tions between the control unit 200 and the oil flow pas-
sages 39d to 39f formed in the left case sections 30b.
More specifically, for example, the control unit 200 opens
the control valve of the oil flow passage 39d that com-
municates with the drive pulley shaft 62 and closes the
control valve of the oil flow passage 39e that communi-
cates with the driven pulley shaft 64 in order to increase
the effective diameter of the drive pulley 61. As a result,
oil is selectively delivered by pressure from the control
unit 200 to the drive-side oil accommodating section 61¢
of the drive pulley 61 through the oil flow passage 39d in
the left case section 30b and the oil flow passage 39a in
the right case section 30a. Then, the drive-side movable
sheave 61 b (see FIGs. 5 and 6) slides to the left to in-
crease the effective diameter of the drive pulley 61.
[0120] In addition, oil stored in the transmission-side
oil pan 38 is utilized for the purpose of both hydraulic
control of the transmission 60 and lubrication of the trans-
mission 60, the output shaft 70, and the coupling shaft
71. That s, in the engine 2, the single transmission-side
oil pump 80 supplies ail in the transmission-side oil pan
38 to the transmission 60 for hydraulic control as de-
scribed above, and also supplies oil in the transmission-
side oil pan 38 to the transmission 60, the output shaft
70, and the coupling shaft 71 for lubrication. An oil flow
passage (not shown) is formed in the transmission case
30 with its one end opening to both the transmission
chamber 31 and the output chamber 32. Thus, lubrication
oil delivered by pressure from the transmission-side oil
pump 80 can be supplied to the transmission chamber
31 and the output chamber 32 through the oil flow pas-
sage.

[0121] FIG. 8 is an explanatory view for showing rela-
tive positions of shafts disposed parallel in the engine
case 2a when viewed from the left side of the engine 2.
More specifically, FIG. 8 shows a shaft 47b of the bal-
ancer 47, the crankshaft 40, the drive pulley shaft 62, the
driven pulley shaft 64, the output shaft 70, and the trans-
mission-side pump shaft 81. A direction indicated by an
arrow F in FIG. 8 is a front direction of the engine 2.
[0122] As described above, because the drive pulley
shaft 62 and the clutch shaft 53 are coaxially coupled to
constitute the complex main shaft 100 (see FIG. 5), the
clutch shaft 53 and the complex main shaft 100 are
placed in the same position as the drive pulley shaft 62
in FIG. 8. Also, because the transmission-side pump
shaft 81 and the crankcase-side pump shaft 85 are co-
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axially coupled to constitute the complex pump shaft 101
(see FIG. 6), the crankcase-side pump shaft 85 and the
complex pump shaft 101 are placed in the same position
as the transmission-side pump shaft 81 in FIG. 8.
[0123] Furthermore, FIG. 8 shows: the dividing surface
S1 of the crankcase passing through an axial center P6
of the balancer shaft 47b and the axial center P1 of the
crankshaft 40; a flat surface (horizontal surface) S4
showing a horizontal direction of the engine 2 when it is
mounted on the motorcycle 1; a flat surface S5 passing
through the axial center P1 of the crankshaft 40 and the
axial center P4 of the output shaft 70; a flat surface S6
that passes through the axial center P1 of the crankshaft
40 and is perpendicular to the flat surface S5; a flat sur-
face S7 that passes through the axial center P4 of the
output shaft 70 and is perpendicular to the flat surface
S5; aflat surface S8 that passes through the axial center
P2 ofthe drive pulley shaft 62 and is parallel to the dividing
surface S1 of the crankcase 20; and a flat surface S9
that passes through the axial center P2 of the drive pulley
shaft 62 and is perpendicular to the flat surface S5.
[0124] For example, in the engine case 2a shown in
FIG. 2, the horizontal surface S4 extends on an extended
line of the flat bottomed surfaces of the crankcase-side
oil pan 23, the oil tank 24, and the transmission-side oil
pan 38. The horizontal surface S4 is also an end surface
positioned at the bottom of the engine case 2a.

[0125] As described above, the engine 2 includes: the
crankshaft 40 driven by reciprocating motion of the pis-
tons (not shown) accommodated in the cylinder section
2b (see FIG. 2); the drive pulley shaft 62 driven by rotation
of the crankshaft 40; the driven pulley shaft 64 driven by
rotation of the drive pulley shaft 62; the output shaft 70
driven by rotation of the driven pulley shaft 64; and the
transmission-side pump shaft 81 driven by rotation of the
crankshaft 40. Then, the crankshaft 40, the drive pulley
shaft 62, the driven pulley shaft 64, the output shaft 70,
and the transmission-side pump shaft 81 are separately
formed from each other and are disposed parallel to each
other.

[0126] As described above, the complex pump shaft
101 composed of the transmission-side pump shaft 81
and the crankcase-side pump shaft 85 is coupled to the
clutch upstream section 51 via the intermediate gear 86
as an idler gear. This complex pump shaft 101 may be
coupled to a shaft provided upstream of the clutch 50 in
terms of driving force transmission via the idler gear.
[0127] The crankcase-side oil pump 82 for supplying
oil to the crankcase 20 is attached to the complex pump
shaft 101 composed of the transmission-side pump shaft
81 and the crankcase-side pump shaft 85.

[0128] In addition to the above configuration, in the en-
gine case 2a, the drive pulley shaft 62 and the driven
pulley shaft 64 are disposed between the crankshaft 40
and the output shaft 70 and are disposed above the flat
surface S5. More specifically, both the axial center P2 of
the drive pulley shaft 62 and the axial center P3 of the
driven pulley shaft 64 are positioned between the flat
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surface S6 and the flat surface S7 and are positioned
above the flat surface S5.

[0129] The transmission-side pump shaft 81 is dis-
posed between the crankshaft 40 and the output shaft
70. More specifically, the axial center P5 of the transmis-
sion-side pump shaft 81 is positioned between the flat
surface S6 and the flat surface S7.

[0130] Furthermore, the transmission-side pump shaft
81 is disposed closer to the flat surface S5 side than the
drive pulley shaft 62 and the driven pulley shaft 64. More
specifically, the axial center P5 of the transmission-side
pump shaft 81 is positioned below the flat surface S5.
[0131] However, for instance, the axial center P5 of
the transmission-side pump shaft 81 may be positioned
above the flat surface S5 and be positioned closer to the
flat surface S5 than a flat surface (not shown) that is
parallel to the flat surface S5 and passes through one of
the axial center P2 of the drive pulley shaft 62 and the
axial center P3 of the driven pulley shaft 64.

[0132] As described above, the transmission-side
pump shaft 81 is disposed in a position surrounded by
the crankshaft 40, the drive pulley shaft 62, the driven
pulley shaft 64, and the output shaft 70 in a side view of
the engine 2 as shown in FIG. 8. Therefore, downsizing
of the engine 2 is attained not only in a width direction
thereof but also in the longitudinal direction and a vertical
direction.

[0133] The driven pulley shaft 64 is disposed below
the drive pulley shaft 62. More specifically, the axial cent-
er P3 of the driven pulley shaft 64 is located below the
flat surface S8.

[0134] The complex pump shaft 101 including the
transmission-side pump shaft 81 is disposed behind the
drive pulley shaft 62. More specifically, the axial center
P5 of the complex pump shaft 101 is located behind the
flat surface S9.

[0135] The complex main shaft 100 including the drive
pulley shaft 62 is rotatably supported by the upper case
section 20a above the dividing surface S1 of the crank-
case 20. Thatis, the axial center P2 of the complex main
shaft 100 is positioned above the dividing surface S1.
[0136] Furthermore, the complex pump shaft 101 in-
cluding the transmission-side pump shaft 81 is rotatably
supported by the lower case section 20b below the di-
viding surface S1 of the crankcase 20. That is, the axial
center P5 of the complex pump shaft 101 is positioned
below the dividing surface S1.

[0137] Asdescribed above, the engine 2 has two shafts
for coupling the crankcase 20 to the transmission case
30, that is, the complex main shaft 100 and the complex
pump shaft 101. The complex main shaft 100 is support-
ed so that the axial center P2 thereof is positioned above
the dividing surface S1, and the complex pump shaft 101
is supported so that the axial center P5 thereof is posi-
tioned below the dividing surface S1. Therefore, in addi-
tion to the increased rigidity of the engine case 2a, the
length of the engine 2 especially in the width direction
and in the longitudinal direction can effectively be de-
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creased.

[0138] Next, asecond aspectofthe engine 2 according
to this embodiment will be described with reference to
FIGs. 9 to 15. In the following description as well as in
FIGs. 9 to 15, the same components as ones used in the
aforementioned example shown in the FIGs. 1 to 8 are
denoted by the same reference numerals, and detailed
description thereof will be omitted. In addition, for parts
of the components that are the same as ones in the afore-
mentioned example shown in FIGs. 1 to 8, graphical rep-
resentation and description thereof will be omitted.
[0139] FIG. 9 is a plan view of the motorcycle 1. This
motorcycle 1 is equipped with the same engine 2 as the
one shown in FIG. 1, and, as shown in FIG. 9, is further
equipped with the seat 5 having the front seating section
5a and the rear seating section 5b, the center cover 12c
extending forward while inclining upward from the posi-
tion below the front end of the seat 5, a pair of the left
and the right footboards 12e having a pair of the left and
the right flat surfaces 12f on which the rider seated on
the front seating section 5a places his/her left and right
feet, for example.

[0140] Also, FIG. 9 shows a line (body centerline) C1
indicating the center of the motorcycle 1 in the vehicle
width direction. This body centerline C1 is a straight line
that passes the center of the front wheel 3 in the vehicle
width direction and that of the rear wheel in the vehicle
width direction in a state where the front wheel 3 and the
rear wheel 4 are linearly disposed so that the motorcycle
1 travels straight.

[0141] FIG. 10 is a left side view of the engine case
2a. FIG. 11 is a right side view of the engine case 2a.
FIGs. 10 and 11 show the engine case 2a in a state that
the cover members 20c, 20d of the crankcase 20 for cov-
ering the lateral sides of the crankshaft 40 in the vehicle
width direction are attached.

[0142] As shown in FIG. 10, this engine case 2a in-
cludes a bracket 103 that is disposed across the three
case sections, which are the upper case section 20a and
the lower case section 20b of the crankcase 20 and the
left case section 30b of the transmission case 30, and is
fastened and secured by bolt members with each of the
three case members. The above three case sections are
further integrally coupled to each other with this bracket
103; therefore, the rigidity of the engine case 2a as a
whole is increased more effectively.

[0143] FIG. 12 is a rear view of the engine case 2a.
FIG. 13 is a bottom view of the engine case 2a. FIG. 13
shows the axial center P1 of the crankshaft 40, the axial
center P2 of the drive pulley shaft 62, the axial center P3
of the driven pulley shaft 64, the axial center P4 of the
output shaft 70, and the axial center P5 of the transmis-
sion-side pump shaft 81 in a case that the engine case
2a is viewed from below.

[0144] FIG. 14 is a sectional view of the engine 2 that
is cut off along the dividing surface S1 of the crankcase
20 and is seen from above the dividing surface S1. FIG.
15 is a sectional view of the engine case 2a taken along
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the line XV-XV (that is, an engine centerline C2) shown
in FIG. 14. FIG. 14 shows a line (engine centerline) C2
indicating the center of the engine in the vehicle width
direction. The engine centerline C2 is a line that passes
through a central point of a middle pair of the webs 42b
and is perpendicular to the axial center P1 of the crank-
shaft 40 in a direction along the axial center P1 (that is,
a longitudinal direction of the crankshaft 40). In addition,
this engine centerline C2 is parallel to the body centerline
C1 shown in FIG. 9 and is positioned slightly away from
the body centerline C1 in the vehicle width direction. FIG.
14 exposes a mating surface 20g on which the lower
case section 20b of the crankcase 20 is joined with the
upper case section 20a.

[0145] As with the above-mentioned example, the en-
gine 2 according to the second aspect includes the trans-
mission 60 having the drive pulley 61 and the driven pul-
ley 63 with the metal V belt 65 being wound therebetween
(see FIG. 5), and also includes the crankshaft 40, the
drive pulley shaft 62, the driven pulley shaft 64, the output
shaft 70, and the transmission-side pump shaft 81 that
are aligned parallel with each other as shown in FIGs.
10 and 11.

[0146] The drive pulley shaft 62 and the clutch shaft
53 are coaxially coupled to constitute the complex main
shaft 100, and the transmission-side pump shaft 81 and
the crankcase-side pump shaft 85 are coaxially coupled
to constitute the complex pump shaft 101. Also, FIG. 10
shows a shaft 86a of the intermediate gear 86 (see FIG.
6) that couples the crankshaft 40 to the complex pump
shaft 101.

[0147] As shown in FIGs. 10 to 13 and 15, the engine
2 is equipped with a crankcase oil pan 110, which re-
ceives oil supplied to the crankshaft 40, and a transmis-
sion oil pan 140, which receives oil supplied to the trans-
mission 60.

[0148] The crankcase oil pan 110 and the transmission
oil pan 140 are separately formed from each other. More
specifically, the crankcase oil pan 110 is provided so as
to seal an opening (not shown) formed at the bottom of
the lower case section 20b of the crankcase 20 from be-
low. Meanwhile, the transmission oil pan 140 is provided
so as to seal the opening 30d (see FIG. 11) formed at
the bottom of the left case section 30b of the transmission
case 30 from below.

[0149] The crankcase oil pan 110 has a crankcase-
side oil pan 120 and an oil tank 130. The crankcase-side
oil pan 120 is formed in a portion of the bottom section
of the crankcase 20 below the crank chamber 21 and
stores lubricating oil in a same manner as the crankcase-
side oil pan 23 in the above-mentioned example. Lubri-
cating oil flows down by gravitation from the crank cham-
ber 21 and the clutch chamber 22 in the crankcase 20
into the crankcase-side oil pan 120.

[0150] The crankcase-side oil pan 120 has a bottom
surface 121 including a middle bottom surface 121 a, a
leftbottom surface 121b, and aright bottom surface 121c.
The middle bottom surface 121a is disposed undermost
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in the crankcase-side oil pan 120 and extends flatly along
the horizontal surface S4. The intake section 25a (see
FIG. 15) of the strainer 25 disposed in the crankcase-
side oil pan 120 is disposed above the middle bottom
surface 121a.

[0151] Both the left bottom surface 121b and the right
bottom surface 121c are formed to be located upward as
they move away from the center C1 in the vehicle width
direction to the lateral sides (that is, the lateral sides in
the vehicle width direction). In other words, the left bottom
surface 121b is formed to incline upward to the left from
a left end of the middle bottom surface 121a, and the
right bottom surface 121c¢ is formed to incline upward to
the right from a right end of the middle bottom surface
121a. In addition, in the bottom surface 121, a portion in
front of and a portion in the rear of the middle bottom
surface 121a are respectively formed to incline upward
to the front and to the rear from a front end of and a rear
end of the middle bottom surface 121 a.

[0152] The oil tank 130 is formed in another portion of
the bottom section of the crankcase 20 (a portion at the
back of the crankcase-side oil pan 120) that is adjacent
to the crankcase-side oil pan 120 below the clutch cham-
ber 22 and stores lubricating oil transferred from the
crankcase-side oil pan 120 in a same manner as the oil
tank 24 in the above-mentioned example.

[0153] The oil tank 130 has a bottom surface 131 in-
cluding a middle bottom surface 131 a, a left bottom sur-
face 131b, and a right bottom surface 131c. The middle
bottom surface 131 a is disposed undermost in the oil
tank 130 and extends flatly along the horizontal surface
S4. The intake section 26a (see FIG. 15) of the strainer
26 disposed in the oil tank 130 is placed above the middle
bottom surface 131 a.

[0154] Both the left bottom surface 131b and the right
bottom surface 131c are formed to be located upward as
they move away from the center C1 in the vehicle width
direction to the lateral sides (that is, the lateral sides in
the vehicle width direction). More specifically, the left bot-
tom surface 131 b is formed to incline upward to the left
from a left end of the middle bottom surface 131a, and
the right bottom surface 131c is formed to incline upward
to the right from a right end of the middle bottom surface
131 a. In addition, in the bottom surface 131, a portion
in front of and a portion in the rear of the middle bottom
surface 131a are respectively formed to incline upward
to the front and to the rear from a front end of and a rear
end of the middle bottom surface 131 a.

[0155] The transmission oil pan 140 stores oil supplied
to the transmission 60 by the transmission-side oil pump
80 in the same manner as the transmission-side oil pan
38 in the above-mentioned example. The transmission
oil pan 140 has a bottom surface 141 including a middle
bottom surface 141a, a left bottom surface 141 b, and a
right bottom surface 141c. The middle bottom surface
141a is disposed undermost in the transmission oil pan
140 and extends flatly above the undermost surface
among the bottom surfaces of the crankcase oil pan 110
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(thatis, the middle bottom surface 121a of the crankcase-
side oil pan 120 and the middle bottom surface 131a of
the oil tank 130). The intake section 201a of the strainer
201 disposed in the transmission oil pan 140 is disposed
above the middle bottom surface 141a (see FIGs. 11 to
13).

[0156] AsshowninFIGs. 10, 11, and 15, the horizontal
surface S4 extends along the middle bottom surface
121a of the crankcase-side oil pan 120 and the middle
bottom surface 131a of the oil tank 130 as the undermost
surfaces of the engine case 2a on an extended line of
these bottom surfaces.

[0157] Both the left bottom surface 141b and the right
bottom surface 141c are formed to be located upward as
they move away from the center C1 in the vehicle width
direction to the lateral sides (that is, the lateral sides in
the vehicle width direction). More specifically, the left bot-
tom surface 141 b is formed to incline upward to the left
from a left end of the middle bottom surface 141 a, and
the right bottom surface 141cis formed to incline upward
to the right from a right end of the middle bottom surface
141a. In addition, in the bottom surface 141, a portion in
front of and a portion in the rear of the middle bottom
surface 141 a are respectively formed to incline upward
to the front and to the rear from a front end of and a rear
end of the middle bottom surface 141 a.

[0158] The transmission oil pan 140 is formed in an L-
shape having a first section 142, which is disposed on
the right side with respect to the body centerline C1 along
the metal belt 65, and a second section 143 extending
from a portion of the first section 142 in the driven pulley
63 side to the left side with respect to the body centerline
C1.

[0159] In other words, as shown in FIG. 13, the drive
pulley 61, the driven pulley 63, and the metal belt 65
wound between the drive pulley 61 and the driven pulley
63 are all disposed on the right side with respect to the
body centerline C1. Then, in the transmission oil pan 140,
the first section 142 extending in the longitudinal direction
is disposed along the metal belt 65 on the right side with
respect to the body centerline C1.

[0160] The second section 143 is disposed across the
body centerline C1. In other words, the second section
143 extends in the vehicle width direction from a rear
portion of the first section 142 and is disposed from the
right side to the left side with respect to the body center-
line C1. More specifically, the second section 143 is dis-
posed along the output shaft 70 below the output shaft 70.
[0161] As inthe above-described example, the control
unit 200 for controlling the oil supply to the transmission
60 and to the output shaft 70 is disposed inside the trans-
mission oil pan 140. The control unit 200 includes a valve
mechanism for controlling pressure that is necessary to
supply oil stored in the transmission oil pan 140 to the
transmission 60.

[0162] As shown in FIG. 13, this control unit 200 is
formed in an L-shape that corresponds to the L-shape of
the transmission oil pan 140. More specifically, a portion
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of the control unit 200 is formed to extend in the longitu-
dinal direction within the first section 142 of the transmis-
sion oil pan 140, and the other portion of the control unit
200 is formed to extend in the vehicle width direction
within the second section 143.

[0163] Meanwhile, the crankcase oil pan 110 is formed
in an L-shape having: a third section 111 (a front portion
of the crankcase-side oil pan 120) that is disposed along
the longitudinal direction of the crankshaft 40; and a
fourth section 112 (a rear portion of the crankcase-side
oil pan 120 and the oil tank 130) that is disposed in a
position next to the first section 142 of the transmission
oil pan 140 in the vehicle width direction.

[0164] Thatis, the third section 111 is composed of a
portion located in front of the rear end of the middle bot-
tom surface 121 a of the crank-side oil pan 120. This third
section 111 extends in the vehicle width direction from
the left side to the right side with respect to the body
centerline C1 in front of the first section 142 and the sec-
ond section 143 of the transmission oil pan 140.

[0165] The fourth section 112 is composed of a portion
positioned in the rear of the rear end of the middle bottom
surface 121a in the crank-side oil pan 120 and the oil
tank 130. This fourth section 112 extends in the vehicle
width direction from the left side to the right side with
respect to the body centerline C1 in the left side of the
first section 142 and in front of the second section 143
of the transmission oil pan 140.

[0166] That is, the crank-side oil pan 120 itself is
formed in the L-shape, and the crankcase oil pan 110
composed of the crank-side oil pan 120 and the oil tank
130 that are adjacent to each other is also formed in the
L-shape as a whole.

[0167] As described above, a portion of the crankcase
oil pan 110 and a portion of the transmission oil pan 140
are disposed parallel to each other respectively in the
crankshaft 40 side and in the drive pulley shaft 62 side.
More specifically, the entire crankcase oil pan 110 and
the second section 143 of the transmission oil pan 140
are disposed parallel to each other in the longitudinal
direction, respectively on the crankshaft 40 side and on
the drive pulley shaft 62 side .

[0168] Then, the crankcase oil pan 110 and the trans-
mission oil pan 140 are each formed in the L-shape that
corresponds to the other. In other words, as shown in
FIG. 13, the crankcase oil pan 110 and the transmission
oil pan 140 are each formed in the L-shape that engage
with each other below the engine case 2a. More specif-
ically, the fourth section 112 of the crankcase oil pan 110
and the first section 112 of the transmission oil pan 140
are disposed to overlap each other in the vehicle width
direction. Therefore, capacities of both the crankcase oil
pan 110 and the transmission oil pan 140 can effectively
be secured in a limited space.

[0169] As described above, the left end of the crank-
shaft 40 is covered with the cover member 20c that is
disposed on the left side surface of the crankcase 20,
and the right end of the crankshaft 40 is covered with the



31 EP 2 674 641 B1 32

cover member 20d that is disposed on the right side sur-
face of the crankcase 20 (see FIG. 5). The length of the
crankcase oil pan 110 in the vehicle width direction and
the length of the transmission oil pan 140 in the vehicle
width direction are both within a range of length between
a surface S10 that passes by the left end of the left cover
member 20c of the crankcase 20 in the vehicle width
direction and is perpendicular to the axial center P1 of
the crankshaft 40 and a surface S11 that passes by the
right end of the right cover member 20d of the crankcase
20 in the vehicle width direction and is perpendicular to
the axial center P1 of the crankshaft 40. In other words,
both the width of the crankcase oil pan 110 (the length
between the left end of the crankcase oil pan 110 to the
right end thereof) and the width of the transmission oil
pan 140 (the length between the left end of the transmis-
sion oil pan 140 and the right end thereof) are within a
range of the width of the engine case 2a.

[0170] The transmission oil pan 140 is disposed under
the transmission case 30. A rear end 144 of the trans-
mission oil pan 140 is located more rearward than a rear
end 30h of a portion in the transmission case 30 that
covers the rear of the driven pulley 63. Also, as described
above, the transmission case 30 is composed of the three
case sections 30a, 30b, 30c that can be divided into each
section by the dividing surfaces S2, S3 (see FIG. 5) that
are perpendicular to the axial center P2 of the drive pulley
shaft 62. Then, as shown in FIG. 11, the transmission oil
pan 140 is provided to close the opening 30d from below,
and the opening 30d is formed below the bottom of the
left case section 30b among the three case sections 30a,
30b, 30c that constitute the transmission case 30.
[0171] Here, asshowninFIGs. 10 and 11, a lower end
portion 30i of the left case section 30b is formed to project
to the rear so that a rear end thereof is positioned more
rearward than the rear end 30h of a portion that covers
the rear of the driven pulley 63. Then, the transmission
oil pan 140 is provided so as to seal the lower end portion
30i of the left case section 30b, which projects to the rear,
from below. As a result, the rear end 144 of the trans-
mission oil pan 140 is disposed more rearward than the
rear end 30h of a portion in the transmission case 30 that
covers the rear of the driven pulley 63.

[0172] The width of the transmission oil pan 140 in the
longitudinal direction of the crankshaft 40 is longer than
the width of the crankcase oil pan 110 in the longitudinal
direction of the crankshaft 40. In addition, the bottom sur-
face 141 of the transmission oil pan 140 is located higher
than the bottom surface of the crankcase oil pan 110 (that
is, the bottom surface 121 of the crankcase-side oil pan
120 and the bottom surface 131 of the oil tank 130).
Meanwhile, the engine 2 is a multi-cylinder engine having
three cylinders, and three exhaust pipes 2d, 2e, 2f come
outof the cylinder section 2b. More specifically, as shown
in FIGs. 10 and 11, each of the three exhaust pipes 2d,
2e, 2fextends downward and rearward from a frontlateral
surface of the cylinder unit 2b.

[0173] Then, as shownin FIG. 10, the two left exhaust
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pipes 2d, 2e extend rearward on the left side of the crank-
case 20, and as shown in FIG. 11, the right exhaust pipe
2f extends rearward on the right side of the crankcase 20.
[0174] In the engine 2, the two left exhaust pipes 2d,
2e can be disposed on the left side of the crankcase oil
pan 110 whose width is reduced, and the right exhaust
pipe 2f can be disposed on the right side of the crankcase
oil pan. Furthermore, in the engine 2, these three exhaust
pipes 2d, 2e, 2f may be disposed all together under the
transmission oil pan 140 whose height is reduced.
[0175] As shown in FIGs. 14 and 15, the engine 2 in-
cludes an oil unit 300 having an ail filter 300a for filtering
oil and an oil cooler 300b for cooling oil in the front end
portion of the crankcase 20. It is preferable that the oil
unit 300 be disposed in the front side of the vehicle body
while being exposed to the outside as described above
from a standpoint of maintainability of the oil unit 300 and
cooling capability of the oil cooler 300b.

[0176] The oil filter 300a and the oil cooler 300b are
each formed as a cylindrical member. A circular end sur-
face in a rear side of the oil filter 300a is joined with a
circular end surface in a front side of the oil cooler 300b.
Then, they are coupled to each other to constitute the
integrated oil unit 300.

[0177] An oil flow passage member 301 is inserted in
this oil unit 300. A hollow portion formed inside this oil
flow passage member 301 forms the same oil flow pas-
sage 28b as the one shown in FIG. 2.

[0178] The oil unit 300 is disposed to be positioned as
upward and rearward as possible. More specifically, as
shown in FIG. 14, a central portion 20f in the front end
portion of the crankcase 20 in a direction along the axial
center P1 of the crankshaft 40 is formed to be dented
rearward.

[0179] Then, the oil unit 300 is provided to project for-
ward from the central portion 20f, which is dented rear-
ward, in the crankcase 20. That is, the oil unit 300 is
disposed in front of the central cylinder in the vehicle
width direction among the three cylinders included in the
engine 2. More specifically, as shown in FIG. 14, the oil
unit 300 is disposed in front of the pair of the crank webs
42b, which is provided in the center in a direction along
the axial center P1 of the crankshaft 40, among the three
pairs of the crank webs 42a, 42b, 42c provided in the
crankshaft 40.

[0180] If the engine 2 is a multi-cylinder engine with
three or more cylinders, the position of the oil unit 300 in
the longitudinal direction of this crankshaft 40 is not lim-
ited in a range of a cylinder placed in the center in the
longitudinal direction thereof. For example, it can also be
placed within a range of one or more cylinders except
one placed on both ends.

[0181] As shown in FIG. 14, the engine 2 includes the
balancer 47 in front of the crankshaft 40. More specifi-
cally, as shown in FIG. 8, this balancer 47 is disposed
parallel to the crankshaft in front of the crankshaft 40 in
a manner that the axial center P6 of the shaft 47b thereof
is positioned on the dividing surface S1 of the crankcase
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20.

[0182] The balancer shaft 47b is rotatably supported
by the crankcase 20. More specifically, as shown in FIG.
14, a left end portion of the balancer shaft 47b is sup-
ported by a shaft support section 47a in the left side of
the crankcase 20 via a needle bearing. Arightend portion
thereof is supported by the shaft support section 47a in
the right side of the crankcase 20 via a ball bearing.
[0183] The balancer 47 has a pair of left and right bal-
ancer weights 47c, 47d provided on both ends of the
balancer shaft 47b. More specifically, as shown in FIG.
14, the left balancer weight 47c¢ is provided on the right
side of the left shaft support section 47a, and the right
balancer weight 47d is provided on the right side of the
right shaft support section 47a.

[0184] Onthebalancershaft47b,agear47efordriving
the balancer shaft 47b in conjunction with the crankshaft
40 is provided in a position adjacent to the left side of the
right balancer weight 47d via the right shaft support sec-
tion 47a. This gear e meshes with a gear formed on the
periphery of the right crank web in the right pair 42¢ of
the crank webs of the crankshaft 40. The balancer shaft
47b is coupled to the crankshaft 40 via the gear 47e and
is driven by the rotation of the crankshaft 40.

[0185] The left balancer weight 47c and the right bal-
ancer weight 47d are respectively disposed on the left
side and the right side of the oil unit 300. In other words,
as shown in FIG. 14, the left balancer weight 47c and the
right balancer weight 47d are respectively disposed on
the left side and the right side of the central portion 20f
of the crankcase 20.

[0186] The oil cooler 300b as the rear portion of the oil
unit 300, the left balancer weight 47c, and the right bal-
ancer weight 47d are linearly disposed to overlap each
other in the longitudinal direction of the crankshaft 40.
With such a configuration, in the engine 2, the oil unit 300
can be disposed below and at leat partially behind the
crankshaft 40 while the balancer 47 is provided in front
of the crankshaft 40.

[0187] As shown in FIG. 15, this oil unit 300 extends
forward while inclining downward. Meanwhile, the divid-
ing surface S1 of the crankcase 20 also extends forward
while inclining downward. An angle A1 formed by this
dividing surface S1 and the horizontal surface S4 is kept
in a predetermined range of 25 degrees to 45 degrees,
for example.

[0188] On the contrary, a line that passes through the
center of an attachment surface S14, on which the oil
filter 300a is attached to the oil cooler 300b, and is per-
pendicular to the attaching surface S14 (that is, a cen-
terline C3 of the oil unit 300) extends forward while in-
clining so as to approach the dividing surface S1 of the
crankcase 20. More specifically, an angle A2 formed by
this oil unit centerline C3 and a flat surface S15 that pass-
es through the center of the attachment surface S14 and
is parallel to the dividing surface S1 can be set to approx-
imately 10 degrees.

[0189] Asaresult, as shownin FIG. 15, the oil unit 300
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is disposed in a manner that the lower end thereof is
located higher than the lower end of the crankcase oil
pan 110 (that is, the horizontal surface S4 shown in FIG.
15). As described above, the oil unit 300 can be disposed
in a position in the proximity of the crankshaft 40 in the
engine 2.

[0190] In the engine 2, the cylinder section 2b is pro-
vided so as to incline forward with respect to the dividing
surface S1 of the crankcase 20. In other words, as shown
in FIG. 15, a line (cylinder centerline) D1 along a longi-
tudinal direction of the cylinder section 2b (a direction in
which the pistons reciprocate) inclines more forward than
a line D2 that is perpendicular to the dividing surface S1
of the crankcase 20. More specifically, an angle A3
formed by this cylinder centerline D1 and the perpendic-
ular line D2 can be equal to or larger than 25 degrees.
As aresult, an angle A4 formed by the cylinder centerline
D1 and a line D3 that is perpendicular to the horizontal
surface S4 can be equal to or larger than 60 degrees.
[0191] As shown in FIG. 15, the balancer shaft 47b is
disposed above a horizontal surface S12 that passes a
lower end of a range Q1 of the crankshaft 40 including
the crank webs 42. Furthermore, a range Q2 of the pair
of the left and the right balancer weights 47c, 47d is dis-
posed below a horizontal surface S13 passing the axial
center P1 of the crankshaft 40.

[0192] Itispossibleinthe engine 2 to effectively reduce
its overall vertical length with such a configuration by:
providing the crankcase 20 whose dividing surface S1
inclines; controlling the height of the cylinder section 2b
while disposing the balancer shaft 47b in front of the
crankcase 40 on the dividing surface S1; and disposing
the oil unit 300 above the lower end of the crankcase oil
pan 110.

[0193] AsshowninFIG. 15, clearance between alevel
surface L1 of oil stored in the crankcase-side oil pan 120
and the balancer 47 is sufficiently secured in the engine
2. Therefore, it is possible to effectively reduce loss of
driving force by preventing the balancer weights 47¢, 47d
from being soaked in the oil in the crankcase-side oil pan
120. FIG. 15 also shows an oil level surface L2 in the oil
tank 130.

[0194] Inthe engine 2, the crankshaft 40, the complex
main shaft 100, the driven pulley shaft 64, the output
shaft 70, and the complex pump shaft 101 are separately
formed from each other and are disposed parallel to each
other. Therefore, it is possible to shorten the length of
the engine 2 in the vehicle width direction and thus to
downsize the engine 2.

[0195] The engine according to the present invention
may be an engine equipped with one or more cylinders.
However, itis preferable that the engine according to the
invention be one with plural in-line cylinders and is further
preferable that the engine be one with three or more in-
line cylinders. Also, the transmission-side oil pump 80
and the crankcase-side oil pump 80 (scavenge pump 83,
feed pump 84) are not limited to trochoid pumps, and at
least partially, they can be another type of oil pumps.
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[0196] As described above, a compact engine can be
realized with the invention. Therefore, the engine accord-
ing to the invention is suitable for a straddle-type vehicle
with a limited space for mounting an engine, such as a
motorcycle.

[0197] As shown in FIG. 15, the dividing surface S1 of
the crankcase 20 is inclined forward in the above-de-
scribed engine 2 of this embodiment so as to dispose the
axial center of the balancer shaft 47b (further the overall
balancer shaft 47b) between the horizontal surface (first
horizontal surface) S13 including the axial center of the
crankshaft 40 and the horizontal surface (second hori-
zontal surface) S12 intersecting the lower end of the
crank webs 42 when the engine 2 is mounted on the
motorcycle 1. With this configuration, it is possible to sup-
press the height of the crankcase 20 and that of the cyl-
inder section 2b and thus to make the entire engine 2
compact in the vertical direction.

[0198] Also, in the engine 2 of this embodiment, as
shown in FIG. 15, the line C3 perpendicular to the attach-
ment surface S14 of the oil unit 300 (a centerline along
an extended direction of the oil unit 300) inclines forward
so as to approach the extended line of the dividing sur-
face S1 of the crankcase 20. It is possible with this con-
figuration to raise the lower end of the oil unit 300 to be
positioned higher than the bottom end of the crankcase
oil pan 110 (that is, the horizontal surface S4).

[0199] In addition, in the engine 2 of this embodiment,
as shown in FIG. 15, the crankcase 20 is formed in a
manner that an attachment surface of the crankcase oil
pan 110 is generally parallel to the dividing surface S1.
With this configuration, for example, when the crankcase
20 is cast with dies, a draw direction of a core (insert) in
the dividing surface S1 side can be set opposite from a
draw direction of a core in the attachment surface side.
Therefore, it is easy to form the internal shape of the
crankcase 20.

[0200] Furthermore, in the engine 2 of this embodi-
ment, as shown in FIG. 14, the balancer weights 47c,
47d provided on the balancer shaft 47 are located on the
outer sides of the outermost crank webs (that is, the left
crank web in the left crank web pair 42a and the right
crank web of the right crank web pair 42c) among the
three crank web pairs 42a, 42b, 42c provided on the
crankshaft 40. With this configuration, because the bal-
ancer weights 47c, 47d do not interfere with the crank
web pairs 42a, 42b, 42¢, a distance between the balancer
shaft 47b and the crankshaft 40 can be shortened as
shown in FIG. 15. Therefore, the engine 2 can be made
compact. Furthermore, the balancer weights 47c, 47d
are in reversed phase to constitute couple balancers.
Therefore, it is possible to gain enough couple by dis-
posing each of the balancer weights 47c, 47d on the outer
sides of the outmost crank webs even if the balancer
weights 47¢, 47d are made short and small. However,
the balancer weights 47c, 47d may be disposed respec-
tively between the left crank web pair 42a and between
the right crank web pair 42c.
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[0201] In the engine 2 of this embodiment, as shown
in FIG. 15, the oil unit 300 is disposed to overlap portions
of the balancer weights 47c, 47d (see FIG. 14) in a side
view. More specifically, an upper portion of the oil unit
300 that is disposed below the middle cylinder in the cyl-
inder section 2b (that s, obliquely downward and forward
of the middle crank web pair 42b (see FIG. 14)) overlaps
lower portions (a lower portion of the range Q2) of the
balancer weights 47c¢, 47d provided on both sides of the
oil unit 300. With this configuration, itis possible to reduce
both forward and downward protrusions of the oil unit
300 by disposing the oil unit 300 as rearward and upward
as possible.

[0202] In the engine 2 of this embodiment, as shown
in FIG. 14, the central portion 20f in the front portion of
the crankcase 20, to which the oil unit 300 is attached,
is concaved rearward in comparison with the portions on
both sides that correspond with the balancer weights 47c¢,
47d. Also, as shown in FIG. 15, the attachment portion
of the oil unit 300 is concaved rearward to the crankshaft
40 side with respect to the balancer shaft 47b. With this
configuration, it is possible to reduce both forward and
downward protrusions of the oil unit 300 by disposing the
oil unit 300 as rearward and upward as possible.
[0203] The compactification of the engine 2 according
to this embodiment, which has been described so far,
can be realized in the vertical direction. Therefore, the
engine 2 is suitable for a straddle-type vehicle such as a
scooter-type vehicle as shown in FIG. 1, in which the
engine 2 is disposed below a section that the driver strad-
dles (that is, an area between the handlebars 6 and the
seat 5).

Description of Reference Numerals and Symbol

[0204]

1: motorcycle
2: engine

2a: engine case
2b: cylinder section
3 front wheel
4. rear wheel
5: seat

6: handlebar

7 front fork

8: driveline

9: drive shaft
10: silencer

11: pivot shaft
12: body cover
13: cylinder block
14: cylinder head

15: cover

20: crankcase

20a:  upper case section
20b:  lower case section
21: crank chamber



22:

22a:
22b:
22c:

23:
24:

29a:
29b:
29c:
29d:

30:

30a:
30b:
30c:
30d:

31:
32:

33a:
33b:
34a:
34b:

37:

37c:

38:
40:
50:
53:
60:
61:
62:
63:
64:
65 :
70:
71:
80:
81:
82:
85:

85a:
85b:

86:
88:
90:
91:

100:
101:
110:
120:
130:
140:
141:
200:
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clutch chamber

left clutch shaft bearing

middle clutch shaft bearing

right clutch shaft bearing
crankcase-side oil pan

oil tank

right pump support section

left pump support section

left crankcase-side pump shaft bearing
right crankcase-side pump insertion section
transmission case

right case section

left case section

left end case section

opening

transmission chamber

output chamber

right drive-side pulley shaft bearing
left drive-side pulley shaft bearing
right driven-side pulley shaft bearing
left driven-side pulley shaft bearing
transmission-side pump support section
transmission-side pump insertion section
transmission-side oil pan
crankshaft

clutch

clutch shaft

transmission

drive pulley

drive pulley shaft

driven pulley

driven pulley shaft

metal belt

output shaft

coupling shaft

transmission-side oil pump
transmission-side pump shaft
crankcase-side oil pump
crankcase-side pump shaft
crankcase-side oil pump shaft
cooling water pump shaft
intermediate gear

engaging member

fastening hole

bolt member

complex main shaft

complex pump shaft

crankcase oil pan

crankcase-side oil pan

oil tank

transmission oil pan

bottom surface

control unit

Additional Clauses to the Summary

[0205]

The following numbered clauses form part of

the description that is a continuation of the Summary of
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Invention provided on pages 1 to 3.

1. According to a disclosed example is an engine for
mounting on a vehicle, the engine comprising: a
crankshaft including a crank web; a balancer shaft
disposed in front of the crankshaft and provided with
a balancer weight; a crankcase for accommodating
the crankshaft and the balancer shaft and being di-
vidable by a dividing surface intersecting an axial
center of the crankshaft and an axial center of the
balancer shaft; and a cylinder section attached to
the crankcase and inclined forward with respect to
a line perpendicular to the dividing surface of the
crankcase, wherein when the engine is mounted on
a vehicle the axial center of the balancer shaft is
disposed between afirst horizontal surface intersect-
ing the axial center of the crankshaft and a second
horizontal surface intersecting a lower end of the
crank web.

2. The engine according to Clause 1, wherein the
balancer shaft is disposed between the first horizon-
tal surface and the second horizontal surface.

3. The engine according to Clause 1 or Clause 2,
further comprising an oil unit attached to a front side
of a lower crankcase section below the dividing sur-
face of the crankcase, wherein a line perpendicular
to an attachment surface of the oil unit inclines for-
ward so as to approach an extended line of the di-
viding surface of the crankcase.

4. The engine according to Clause 1, 2 or 3, further
comprising an oil pan for closing an opening formed
at a bottom end of the crankcase, wherein the crank-
case is formed such that the dividing surface of the
crankcase is generally parallel to an attachment sur-
face of the oil pan.

5. The engine according to any preceding Clause,
wherein the balancer weight is positioned on the out-
er side of the outermost crank web among the crank
webs disposed along the crankshaft.

6. The engine according to Clause 5, further com-
prising a cylinder section having three cylinders,
wherein the balancer shaft is provided with the bal-
ancer weights in reversed phase and positioned on
the outer sides of the outermost crank webs among
the crank webs aligned to correspond with each cyl-
inder.

7. The engine according to any preceding Clause,
further comprising

an oil unit attached to a front side of the crankcase,
wherein the oil unit is disposed in a position overlap-
ping at least a portion of the balancer weight in a
side view.
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8. The engine according to Clause 7, further com-
prising a cylinder section having three cylinders,
wherein the oil unit is disposed in a position below
the middle cylinder among the three cylinders and
where the oil unit overlaps at least portions of the
balancer weights disposed on both sides of the mid-
dle cylinder.

9. The engine according to any preceding Clause,
further comprising an oil unit attached to a front side
ofthe crankcase, wherein a front portion of the crank-
case where the oil unit is attached has a concave
shape.

10. The engine according to Clause 9, further com-
prising a cylinder section having three cylinders,
wherein the front portion of the crankcase in which
an attachment portion of the oil unit is formed below
the middle cylinder among the three cylinders is con-
cave rearward with respect to portions on both sides
thereof corresponding with the balancer weights.

11. The engine according to Clause 9 or 10, wherein
the crankcase portion for attaching the oil unit is con-
cave rearward to the crankshaft side with respect to
the balancer shaft.

12. A straddle-type vehicle comprising the engine
according to any preceding Clause.

Claims

An engine (2) comprising:

a crankshaft (40) including a crank web (42);

a clutch shaft (53) disposed behind the crank-
shaft (40) and provided with a clutch (50);

a balancer shaft (47b) disposed in front of the
crankshaft (40) and provided with a balancer
weight (47c, 47d);

a crankcase (20) for accommodating the crank-
shaft (40), the balancer shaft (47b) and the
clutch shaft (53);

acylinder section (2b) attached to the crankcase
(20); and

a starter motor 2(c) disposed above the cylinder
section (2b) and capable of driving the crank-
shaft (40);

wherein the balancer shaft (47b) is disposed be-
tween a first horizontal surface (S13) intersect-
ing an axial center (P1) of the crankshaft (40)
when the engine (2) is mounted on a vehicle (1)
and a second horizontal surface (S12) intersect-
ing a lower end of the crank web (42) when the
engine (2) is mounted on the vehicle (1), and
the balancerweight(47c,47d)is disposed below
the first horizontal surface (S13); and
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characterized in that the starter motor 2(c) is
disposed forward of a vertical surface intersect-
ing the axial center (P1) of the crankshaft (40)
when the engine (2) is mounted on the vehicle

(1)

The engine (2) according to claim 1, wherein a ver-
tical surface intersecting an axial center (P6) of the
balancer shaft (47b) when the engine (2) is mounted
on the vehicle (1) is located rearward of a lower end
of the cylinder section (2b).

The engine (2) according to claim 1 or 2, further com-
prising:

an oil unit (300) attached to a front wall of the
crankcase (20).

The engine (2) according to claim 3, wherein the oil
unit (300) is located to overlap a third horizontal sur-
face intersecting a lower end of the balancer weight
(47c, 47d) when the engine (2) is mounted on the
vehicle (1).

The engine (2) according to claim 3 or claim 4;
wherein an uppermost point of the oil unit (300) as
measured in a direction perpendicular to a plane in-
tersecting the axial center (P1) of the crankshaft (40)
and an axial center (P6) of the balancer shaft (47b)
is located higher, as measured in said direction, than
a lowermost point of the balancer weight (47¢c, 47d)
as measured in said direction.

The engine (2) according to any one of claims 3 to
5; wherein

the balancer weight (47¢c, 47d) includes at least two
balancer weights (47c, 47d) separately disposed in
an axial direction of the balancer shaft (47b) to sand-
wich the crank web (42), and

the oil unit (300) is located in a position different from
that of the balancer weights (47c, 47d) as measured
in an axial direction of the balancer shaft (47b).

The engine (2) according to any one of claims 1 to
6, wherein a front end of the balancer weight (47c,
47d) is located forward of a lower end of the cylinder
section (2b).

The engine (2) according to any one of claims 1 to
7, wherein the first horizontal surface (S13) overlaps
the cylinder section (2b).

The engine (2) according to any preceding claim,
wherein the crankcase (20) is dividable by a dividing
surface (S1) intersecting an axial center (P1) of the
crankshaft (40) and an axial center (P6) of the bal-
ancer shaft (47b).
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10. The engine (2) according to any preceding claim,

1.

wherein the cylinder section (26b) is inclined forward
with respect to a line (D2) perpendicular to the divid-
ing surface (S1) of the crankcase (20).

A straddle type vehicle (1) comprising the engine (2)
according to any one of claims 1 to 10.

Patentanspriiche

1.

Motor (2), umfassend:

eine Kurbelwelle (40) umfassend eine Kurbel-
wange (42);

eine Kupplungswelle (53), welche hinter der
Kurbelwelle (40) angeordnet ist und mit einer
Kupplung (50) versehen ist;

eine Ausgleichswelle (47b), welche vor der Kur-
belwelle (40) angeordnet ist und mit einem Aus-
gleichsgewicht (47c, 47d) versehen ist;

ein Kurbelgehduse (20) zum Aufnehmen der
Kurbelwelle (40), der Ausgleichswelle (47b) und
der Kupplungswelle (53);

einen Zylinderabschnitt (2b), welcher an dem
Kurbelgehduse (20) befestigt ist; und

einen Anlassmotor 2(c), welcher oberhalb des
Zylinderabschnitts (2b) angeordnet ist und wel-
cher die Kurbelwelle (40) antreiben kann;
wobei die Ausgleichswelle (47b) zwischen einer
ersten horizontalen, einen axialen Mittelpunkt
(P1) der Kurbelwelle (40) schneidenden Ober-
flache (S13), wenn der Motor (2) an einem Fahr-
zeug (1) montiert ist, und einer zweiten horizon-
talen, ein unteres Ende der Kurbelwange (42)
schneidenden Oberflache (S 12), wenn der Mo-
tor (2) an dem Fahrzeug (1) montiert ist, ange-
ordnet ist, und

das Ausgleichsgewicht (47c, 47d) unterhalb der
ersten horizontalen Oberflache (S 13) angeord-
net ist; und

dadurch gekennzeichnet, dass

der Anlassmotor 2(c) vor einer vertikalen, den
axialen Mittelpunkt (P1) der Kurbelwelle (40)
schneidenden Oberflache angeordnet ist, wenn
der Motor (2) an dem Fahrzeug (1) montiert ist.

Motor (2) nach Anspruch 1, wobei eine vertikale
Oberflache, welche einen axialen Mittelpunkt (P6)
der Ausgleichswelle (47b) schneidet, wenn der Mo-
tor (2) an dem Fahrzeug (1) montiert ist, hinter einem
unteren Ende des Zylinderabschnitts (2b) angeord-
net ist.

Motor (2) nach Anspruch 1 oder 2, fernerumfassend:

eine Oleinheit (300), welche an einer Vorder-
wand des Kurbelgehauses (20) befestigt ist.
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Motor (2) nach Anspruch 3, wobei die Oleinheit (300)
so angeordnet ist, dass sie eine dritte horizontale
Oberflache Uberlappt, welche ein unteres Ende des
Ausgleichsgewichts (47c, 47d) schneidet, wenn der
Motor (2) an dem Fahrzeug (1) montiert ist.

Motor (2) nach Anspruch 3 oder Anspruch 4;
wobei der héchstgelegene Punkt der Oleinheit (300),
gemessen in einer Richtung, welche senkrecht zu
einer den axialen Mittelpunkt (P1) der Kurbelwelle
(40) und den axialen Mittelpunkt (P6) der Aus-
gleichswelle (47b) scheidenden Ebene liegt, gemes-
sen in derselben Richtung héher gelegen ist als ein
tiefstgelegener Punkt des Ausgleichsgewichts (47c,
47d), gemessen in derselben Richtung.

Motor (2) nach einem der Anspriiche 3 bis 5; wobei
das Ausgleichsgewicht (47c, 47d) zumindest zwei
Ausgleichsgewichte (47c, 47d) umfasst, welche ge-
trenntin einer axialen Richtung der Ausgleichswelle
(47b) angeordnet sind, um die Kurbelwelle (42)
sandwichartig aufzunehmen, und

die Oleinheit (300) in einer anderen Position als die
Ausgleichsgewichte (47c, 47d) angeordnet ist, ge-
messen in einer axialen Richtung der Ausgleichs-
welle (47b).

Motor (2) nach einem der Anspriiche 1 bis 6, wobei
ein vorderes Ende des Ausgleichsgewichts (47c,
47d) vor einem unteren Ende des Zylinderabschnitts
(2b) angeordnet ist.

Motor (2) nach einem der Anspriiche 1 bis 7, wobei
die erste horizontale Oberflache (S 13) den Zylin-
derabschnitt (2b) Gberlappt.

Motor (2) nach einem der vorhergehenden Anspru-
che, wobei das Kurbelgehduse (20) durch eine
Trennflache (S1) trennbar ist, welche einen axialen
Mittelpunkt (P1) der Kurbelwelle (40) und einen axi-
alen Mittelpunkt (P6) der Ausgleichswelle (47b)
schneidet.

Motor (2) nach einem der vorhergehenden Anspru-
che, wobei der Zylinderabschnitt (26b) nach vorne
geneigt ist, relativ zu einer Linie (D2), welche senk-
recht zu der Trennflache (S1) des Kurbelgehauses
(20) liegt.

Im Gratschsitz zu fihrendes Fahrzeug (1), umfas-
send den Motor (2) nach einem der Anspriche 1 bis
10.

Revendications

1.

Moteur (2), comprenant :
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un vilebrequin (40) englobant un bras de mani-
velle (42) ;

un arbre d’embrayage (53) agencé derriére le
vilebrequin (40) et comportant un embrayage
(50);

un arbre d’équilibrage (47b) agencé devant le
vilebrequin (40) et comportant un poids d’équi-
librage (47c, 47d) ;

un carter (20) pour recevoir le vilebrequin (40),
I'arbre d’équilibrage (47b) et I'arbre d’embraya-
ge (53) ;

une section de cylindre (2b) fixée sur le carter
(20) ; et

unmoteur de démarrage (2c) agencé au-dessus
de la section de cylindre (2b) et capable d’en-
trainer le vilebrequin (40) ;

dans lequel I'arbre d’équilibrage (47b) est agen-
cé entre une premiere surface horizontale (S13)
coupant un centre axial (P1) du vilebrequin (40)
lorsque le moteur (2) est monté sur un véhicule
(1), et une deuxiéme surface horizontale (S12)
coupant une extrémité inférieure du bras de ma-
nivelle (42) lorsque le moteur (2) est monté sur
le véhicule (1) ; et

le poids d’équilibrage (47c, 47d) est agencé au-
dessous de la premiére surface horizontale
(S13) ; et

caractérisé en ce que :

le moteur de démarrage (2c) est agencé
vers I'avant d’une surface verticale coupant
le centre axial (P1) du vilebrequin (40) lors-
que le moteur (2) est monté sur le véhicule

(1).

Moteur (2) selon la revendication 1, dans lequel une
surface verticale coupant un centre axial (P6) de I'ar-
bre d’équilibrage (47b) lorsque le moteur (2) est
monté sur le véhicule (1) est agencée vers l'arriére
d’'une extrémité inférieure de la section de cylindre
(2b).

Moteur (2) selon les revendications 1 ou 2, compre-
nant en outre :

une unité d’huile (300) fixée sur une paroi avant
du carter (20).

Moteur (2) selon larevendication 3, dans lequel I'uni-
té d’huile (300) est agencée de sorte a chevaucher
une troisiéme surface horizontale coupant une ex-
trémité inférieure du poids d’équilibrage (47c, 47d)
lorsque le moteur (2) est monté sur le véhicule (1).

Moteur (2) selon les revendications 3 ou 4 ;

dans lequel un point supérieur extréme de l'unité
d’huile (300), mesuré dans une direction perpendi-
culaire a un plan coupant le centre axial (P1) du vi-
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lebrequin (40) et un centre axial (P6) de l'arbre
d’équilibrage (47b) est situé au niveau d’un point plus
élevé, mesuré dans ladite direction, qu’un point in-
férieur extréme du poids d’équilibrage (47c, 47d),
mesuré dans ladite direction.

Moteur (2) selon l'une quelconque des revendica-
tions 3 a 5, dans lequel :

le poids d’équilibrage (47c, 47d) englobe au
moins deux poids d’équilibrage (47c,47d) agen-
cés séparément dans une direction axiale de
I'arbre d’équilibrage (47b) pour prendre en
sandwich le bras de manivelle (42) ; et

I'unité d’huile (300) est agencée dans une posi-
tion différente de celle des poids d’équilibrage
(47c, 47d), mesurée dans une direction axiale
de l'arbre d’équilibrage (47b).

Moteur (2) selon l'une quelconque des revendica-
tions 1 a 6, dans lequel une extrémité avant du poids
d’équilibrage (47c, 47d) est agencée vers l'avant
d’'une extrémité inférieure de la section de cylindre
(2b).

Moteur (2) selon l'une quelconque des revendica-
tions 1 a 7, dans lequel la premiére surface horizon-
tale (S 13) chevauche la section de cylindre (2b).

Moteur (2) selon l'une quelconque des revendica-
tions précédentes, dans lequel le carter (20) peut
étre divisé par une surface de division (S1) coupant
un centre axial (P1) du vilebrequin (40) et un centre
axial (P6) de I'arbre d’équilibrage (47b).

Moteur (2) selon l'une quelconque des revendica-
tions précédentes, dans lequel la section de cylindre
(26b) estinclinée vers I'avant par rapport a une ligne
(D2) perpendiculaire a la surface de division (S1) du
carter (20).

Véhicule du type a enfourcher (1), comprenant le
moteur (2) selon 'une quelconque des revendica-
tions 1 a 10.
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