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Description

[0001] The present invention relates to an engine.
[0002] In the past, an engine is known where an en-
gaging surface of a cylinder head and a head cover is
arranged at the same height as a cam shaft (for example,
Japan Patent Laid-open Patent Publication JP-A-
2009-52475). Here, "height" has the meaning of height
in a case of viewing from above in a direction from the
cylinder head toward the head cover in a cylinder axial
direction. In an engine such as this, a shaft end of a valve
for intake or exhaust which is driven by the cam shaft is
arranged at a position which is higher than the engaging
surface.

[0003] On the other hand, it is preferable for accessi-
bility to the shaft ends of the valves to be excellent in
order to carry out maintenance. It is possible to consider
securing a large gap between the side wall of the cylinder
head and the valve as a method for improving accessi-
bility to the shaft ends of the valves. However, in this
case, there is a problem in that the size of the engine
increases.

[0004] In contrast to this, in the engine described
above, the shaft ends of the valves are positioned at a
position which is higher than the end section of the cyl-
inder head in a state where the head cover is removed.
As a result, it is possible to improve accessibility to the
shaft ends of the valves without securing a large gap
between the side wall of the cylinder head and the valve.
As aresult, it is possible to reduce the size of the engine.
[0005] However, when the engaging surface is ar-
ranged at the same height as the cam shaft, a head sec-
tion of a fastening bolt which fastens the cylinder head
and a crank case is positioned at a position which is high-
er than the engaging surface. There is a possibility that
the head section may interfere with the side surface of
the head cover when the head section is positioned at a
position which is higher than the engaging surface since
an inclination is provided at the inner surface of the wall
surface of the head cover due to the demands of manu-
facturing.

[0006] It is preferable to secure a large distance be-
tween the fastening bolt and the side surface of the head
cover in order to avoid interference between the head
section of the fastening bolt and the side surface of the
head cover. However, in this case, the size of the engine
increases.

[0007] An object of the present invention is to improve
accessibility to a shaft end of a valve while reducing the
size of an engine.

[0008] According to the present invention said object
is solved by an engine having the features of independent
claim 1. Preferred embodiments are laid down in the de-
pendent claims.

[0009] Anengine according to an aspect of the present
invention is provided with a crank shaft, a crank case, a
cylinder body, a cylinder head, a valve, a cam shaft, a
head cover, a first fastening bolt, and a second fastening
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bolt. The crank case accommodates the crank shaft. The
cylinder body is connected to the crank case. The cylinder
head is connected to the cylinder body. The valve is at-
tached to the cylinder head. The cam shaft is supported
by the cylinder head. The head cover includes an end
section, which is arranged to face an end section of the
cylinder head, and is attached to the cylinder head.
[0010] The first fastening bolt fastens the cylinder
head, the cylinder body, and the crank case. The first
fastening bolt includes a first head section which is fixed
to the cylinder head. The second fastening bolt fastens
the cylinder head, the cylinder body, and the crank case.
The second fastening bolt includes a second head sec-
tion which is fixed to the cylinder head. Afirst virtual plane
which includes the end section of the cylinder head and
a second virtual plane which includes the end section of
the head cover overlap with the cam shaft.

[0011] The cylinder head includes a first cylinder side
wall and a second cylinder side wall which are arranged
to face the axial direction of the cam shaft. The head
cover includes a first cover side wall which is connected
to the first cylinder side wall and a second cover side wall
which is connected to the second cylinder side wall. An
inner surface of the first cover side wall is inclined so that
between the first cover side wall and the second cover
side wall becomes narrower toward a direction from the
cylinder head toward the head cover in the cylinder axial
direction of the cylinder body (referred to below as a
"head cover side").

[0012] The first head section is arranged between the
first cylinder side wall and the second head section in the
axial direction of the cam shaft. The second head section
is arranged between the second cylinder side wall and
the first head section in the axial direction of the cam
shaft. The distance between the first cylinder side wall
and the first head section in the axial direction of the cam
shaft is shorter than the distance between the second
cylinder side wall and the second head section in the
axial direction of the cam shaft. The distance to the first
head section in the cylinder axial direction from a third
virtual plane, which includes the axis of the crank shaft
and is perpendicular to the cylinder axis, is shorter than
the distance to the second head section in the cylinder
axial direction from the third virtual plane.

[0013] In the engine according to the present aspect,
the end section of the cylinder head and the end section
of the head cover, which are the engaging surface of the
cylinder head and the head cover, may be arranged at a
height which overlaps with the cam shaft. As a result, it
is possible to improve accessibility to the shaft ends of
the valves.

[0014] In addition, the first head section may be ar-
ranged at a position which is close to the first cylinder
side wall and the inner surface of the first cover side wall,
which is connected to the first cylinder side wall, may be
inclined in a direction toward the first head section in the
axial direction of the cam shaft as the inner surface of
the first cover side wall is separated from the end section
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of the first cover side wall. Accordingly, the distance be-
tween the first head section and the inner surface of the
first cover side wall may become shorter as the position
of the first head section is positioned to the head cover
side. In this case, the size of the engine may increase in
order to secure clearance between the inner surface of
the first cover side wall and the first head section. How-
ever, in the engine according to the present aspect, the
distance to the first head section in the cylinder axial di-
rection from the third virtual plane may be shorter than
the distance to the second head section in the cylinder
axial direction from the third virtual plane. Accordingly,
the first head section may be positioned more to the cyl-
inder body side than the second head section in the cyl-
inder axial direction. As a result, it may be possible to
reduce the size of the engine. Here, the cylinder body
side has the meaning of a direction from the cylinder head
to the cylinder body in the cylinder axial direction.
[0015] Furthermore, the second head section may be
arranged to be separated from the second cylinder side
wall compared to the position of the first head section
with regard to the first cylinder side wall. Accordingly, it
may be possible to secure clearance between the second
cover side wall and the second head section while sup-
pressing an increase in the size of the engine even when
the second head section is arranged more to the head
cover side than the first head section. In addition, it may
be possible to improve rigidity of the cylinder head com-
pared to a case where the second head section is ar-
ranged at the same height as the first head section by
the second head section being arranged more to the head
cover side than the first head section. Due to this, it may
be possible to improve accessibility to the shaft ends of
the valves while reducing the size of the engine.

[0016] Preferably, thefirstfastening boltdoes notover-
lap with the head cover when viewed from the axial di-
rection of the cam shaft. In this case, the first fastening
bolt is arranged more to the cylinder body side than the
end section of the head cover. Due to this, it is possible
to reduce the size of the engine.

[0017] Preferably, the engine is further provided with
a cam shaft driving section which is provided along with
the cam shaft. The cam shaft driving section is arranged
between the second cylinder side wall and the second
head section in the axial direction of the cam shaft. Due
to this, it is possible to secure a large distance between
the second head section and the second cylinder side
wall compared to a distance between the first head sec-
tion and the first cylinder side wall since the second head
section and the second cylinder side wall are arranged
to be separated. Due to this, it is possible to reduce the
size of the engine even when high engine rigidity is se-
cured.

[0018] Preferably, the cylinder head includes a support
wall which supports the cam shaft. The support wall in-
cludes a through hole through which the second fasten-
ing bolt is arranged. In this case, it is possible to improve
strength of the support wall while suppressing an in-
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crease in the size of the support wall since the second
fastening bolt is arranged in the through hole in the sup-
port wall. Due to this, it is possible to reduce the size of
the engine.

[0019] Preferably, the engine is further provided with
a rocker shaft, a first rocker arm, a second rocker arm,
a switching pin member, and an actuator. The rocker
shaft is supported by the cylinder head and is parallel to
the cam shaft. The first rocker arm is supported by the
rocker shaft. The second rocker arm is supported by the
rocker shaft and is arranged to line up with the first rocker
arm in the axial direction of the cam shaft. The switching
pin member is able to be moved in the axial direction of
the cam shaft and is provided to be able to be moved
between a first position and a second position. The
switching pin member links the first rocker arm and the
second rocker arm at the first position and swings togeth-
er with the first rocker arm and the second rocker arm.
The switching pin member does not link the first rocker
arm and the second rocker arm at the second position.
The actuator switches the position of the switching pin
member between the first position and the second posi-
tion by pressurizing the switching pin member in the axial
direction of the cam shaft. The actuator is attached to the
head cover at the outer side of the engine.

[0020] Inthis case, the actuatoris attached to the head
cover. As a result, it is possible to supress the effects of
heat from a combustion chamber in the cylinder head on
the actuator compared to a case where the actuator is
attached to the cylinder head even when the actuator is
arranged to be close to the switching pin member. Due
to this, it is possible to reduce the size of the engine while
supressing the effects of heat on the actuator.

[0021] Preferably, at least a portion of the actuator
overlaps with the end section of the head cover when
viewed from the cylinder axial direction. In this case, it is
possible to reduce the drive force which is necessary for
the switching pin member by shortening the distance be-
tween the actuator and the switching pin member. Due
to this, it is possible to reduce the size of the actuator
and itis possible to further reduce the size of the engine.
[0022] Preferably, atleasta portion of thefirst fastening
bolt overlaps with the actuator when viewed from the cyl-
inder axial direction. In this case, it is possible to further
reduce the size of the engine.

[0023] According to the presentinvention, itis possible
to improve accessibility to an end section of a valve while
reducing the size of an engine.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Fig. 1 is a cross sectional diagram of a portion of an
engine.

Fig. 2 is adiagram where a cylinder head and a head
cover are viewed from a direction which is perpen-
dicular to a cylinder axis and a cam axis.
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Fig. 3 is a cross sectional diagram where a cylinder
head and a head cover are viewed from a direction
which is perpendicular to a cylinder axis and a cam
axis.

Fig. 4 is a perspective diagram of an inner section
of a cylinder head.

Fig. 5 is a perspective diagram of an inner section
of a cylinder head.

Fig. 6 is a diagram where an inner section of a cyl-
inder head is viewed from a cylinder axial direction.
Fig. 7 is a cross sectional diagram where an inner
section of a cylinder head is viewed from a cam axial
direction.

Fig. 8 is a cross sectional diagram of the vicinity of
a second support wall and a pressing member.

Fig. 9 is a cross sectional diagram where an inner
section of a cylinder head is viewed from a cam axial
direction.

Fig. 10 is a diagram where a cylinder head and a
head cover are viewed from a cylinder axial direction.
Fig. 11 is a cross sectional diagram where a portion
of an engine is viewed from a direction which is per-
pendicular to a cam axis and a cylinder axis.

Fig. 12 is a cross sectional diagram where a portion
of an engine is viewed from a direction which is per-
pendicular to a cam axis and a cylinder axis.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] Below, anengine 1accordingtoanembodiment
will be described with reference to the diagrams. The
engine 1 according to the present embodimentis a water
cooled single cylinder engine. Fig. 1 is a cross sectional
diagram of a portion of the engine 1. As shown in Fig. 1,
the engine 1 includes a crank shaft 2, a crank case 3,
and a cylinder section 4. The crank case 3 accommo-
dates the crank shaft 2. The cylinder section 4 includes
a cylinder body 5, a cylinder head 6, and a head cover
7. The cylinder body 5 is connected to the crank case 3.
The cylinder body 5 may be integrated with the crank
case 3 or the cylinder body 5 and the crank case may be
separate. The cylinder body 5 accommodates a piston
8. The piston 8 is joined to the crank shaft 2 via a con-
necting rod 9.

[0026] Here, in the present embodiment, a direction
from the cylinder head 6 toward the head cover 7 in a
direction of a cylinder axis Ax1 of the cylinder body 5 is
referred to as a "head cover side". A direction from the
cylinder head 6 toward the cylinder body 5 in the direction
of the cylinder axis Ax1 is referred to as a "cylinder body
side".

[0027] The cylinder head 6 is arranged on the head
cover side of the cylinder body 5. The cylinder head 6 is
attached to the cylinder body 5. The head cover 7 is ar-
ranged on the head cover side of the cylinder head 6.
The head cover 7 is attached to the cylinder head 6. The
cylinder axis Ax1 is perpendicular with regard to a central
axis Ax2 of the crank shaft 2 (referred to below as a "crank
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axis Ax2"). The cylinder head 6 includes a combustion
chamber 11. A spark plug 12 is attached to the cylinder
head 6. A front end section of the spark plug 12 is ar-
ranged to face the combustion chamber 11. A base end
section of the spark plug 12 is arranged at an outer sec-
tion of the engine 1. A valve gear 13 is accommodated
in the cylinder head 6 and the head cover 7.

[0028] The valve gear 13 is a mechanism for opening
and closing exhaust valves 24 and 25 and intake valves
26 and 27 which will be described later. The valve gear
13 adopts a SOHC (single overhead cam shaft) mecha-
nism. The valve gear 13 adopts a so-called variable valve
gear which switches the timing of the opening and closing
of theintake valves 26 and 27. The valve gear 13 includes
a cam shaft 14. The cam shaft 14 is supported by the
cylinder head 6. A central axis Ax3 of the cam shaft 14
(referred to below as a "cam axis Ax3") is perpendicular
with regard to the cylinder axis Ax1. The cam axis Ax3
is parallel to the crank axis Ax2.

[0029] The cam shaft 14 includes a first cam shaft end
section 141 and a second cam shaft end section 142. A
first cam shaft driving section 143 is provided at the first
cam shaft end section 141. The first cam shaft driving
section 143 is a sprocket. The first cam shaft driving sec-
tion 143 meshes with a cam chain 15 and the cam chain
15 is joined to the cam shaft 14. A second cam shaft
driving section 201 is provided in the crank shaft 2. The
second cam shaft driving section 201 is a sprocket. The
second cam shaft driving section 201 meshes with the
cam chain 15 and the cam chain 15 is joined to the crank
shaft 2. That is, the cam chain 15 is wound around the
first cam shaft driving section 143 of the cam shaft 14
and the second cam shaft driving section 201 of the crank
shaft 2. The cam shaft 14 is rotated by the rotation of the
crank shaft 2 being transmitted to the cam shaft 14 via
the cam chain 15.

[0030] The cam chain chamber 16 is provided in the
cylinder head 6 and the cylinder body 5. The cam chain
15 is arranged in the cam chain chamber 16. The cam
chain chamber 16 is arranged in a direction which is per-
pendicular to the cylinder axis Ax1 with regard to the com-
bustion chamber 11. That is, the cam chain chamber 16
is arranged to line up with the combustion chamber 11
in the direction of the cam axis Ax3.

[0031] A water pump 17 is joined to the first cam shaft
end section 141. The water pump 17 is arranged in the
direction of the cam axis Ax3 of the cam shaft 14. The
water pump 17 is connected to a cooling liquid path which
is not shown in the diagrams and a radiator 19 in the
engine 1 via a cooling liquid hose 18. The water pump
17 circulates a cooling liquid in the engine 1 due to being
driven by the rotation of the cam shaft 14.

[0032] Fig. 2 is a diagram where the cylinder head 6
and the head cover 7 are viewed from a direction which
is perpendicular to the cylinder axis Ax1 and the cam axis
Ax3. Fig. 3is a cross sectional diagramwhere the cylinder
head 6 and the head cover 7 are viewed from a direction
which is perpendicular to the cylinder axis Ax1 and the
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cam axis Ax3. Here, the water pump 17 is removed from
the cylinder head 6 and the head cover 7 in Fig. 2 and
Fig. 3.

[0033] The cylinder head 6 includes a first end section
601 and a second end section 602. The first end section
601 is arranged to face an end section 701 of the head
cover 7 in the direction of the cylinder axis Ax1. The sec-
ond end section 602 is arranged to face an end section
of the cylinder body 5 in the direction of the cylinder axis
Ax1.Thefirstend section 601 and the second end section
602 extend in a direction which is perpendicular with re-
gard to the cylinder axis Ax1.

[0034] Asshownin Fig. 3, afirst virtual plane P1 which
includes the first end section 601 of the cylinder head 6
and a second virtual plane P2 which includes the end
section 701 of the head cover 7 overlap with the cam
shaft 14. In detail, the first virtual plane P1 and the second
virtual plane P2 are positioned more to the head cover
side than the cam axis Ax3. Here, a gasket 21 is inter-
posed between the first end section 601 of the cylinder
head 6 and the end section 701 of the head cover 7.
[0035] The cylinder head 6 includes afirst cylinder side
wall 603 and a second cylinder side wall 604. The first
cylinder side wall 603 and the second cylinder side wall
604 are arranged to face the direction of the cam axis
Ax3. The second cylinder side wall 604 is closer to the
cam chain chamber 16 than the first cylinder side wall
603. The second cylinder side wall 604 is closer to the
first cam shaft driving section 143 than the first cylinder
side wall 603.

[0036] Thehead cover7 includes a first cover side wall
702 and a second cover side wall 703. The first cover
side wall 702 and the second cover side wall 703 are
arranged to face the direction of the cam axis Ax3. The
first cover side wall 702 is positioned on the head cover
side of the first cylinder side wall 603 and is connected
to the first cylinder side wall 603. The second cover side
wall 703 is positioned on the head cover side of the sec-
ond cylinder side wall 604 and is connected to the second
cylinder side wall 604. The second cover side wall 703
is closer to the cam chain chamber 16 than the first cover
side wall 702. The second cover side wall 703 is closer
to the first cam shaft driving section 143 than the first
cover side wall 702.

[0037] Fig. 4 and Fig. 5 are perspective diagrams of
aninner section of the cylinder head 6. Fig. 6 is a diagram
where an inner section of the cylinder head 6 is viewed
from the direction of the cylinder axis Ax1. As shown in
Fig. 6, the first cylinder side wall 603 includes a first pro-
truding wall section 605, a second protruding wall section
606, and a concave section 607. The first protruding wall
section 605 and the second protruding wall section 606
have a shape which protrudes to the outside of the cyl-
inder head 6 in the direction of the cam axis Ax3. The
concave section 607 is positioned between the first pro-
truding wall section 605 and the second protruding wall
section 606. The concave section 607 has a shape which
is depressed toward the inside of the cylinder head 6 in
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the direction of the cam axis Ax3. The spark plug 12 de-
scribed above is attached to the first cylinder side wall
603. The base end section of the spark plug 12 is posi-
tioned in the concave section 607 in the first cylinder side
wall 603. That is, the base end section of the spark plug
12 is positioned between the first protruding wall section
605 and the second protruding wall section 606 when
viewed from the direction of the cylinder axis Ax1.
[0038] The cylinder head 6 includes a third cylinder
side wall 608 and a fourth cylinder side wall 609. The
third cylinder side wall 608 and the fourth cylinder side
wall 609 are arranged to line up in a direction which is
perpendicular to the cam axis Ax3 and the cylinder axis
Ax1. A connecting section 610 of an exhaust pipe (which
is not shown in the diagram) is provided in the third cyl-
inder side wall 608. As shown in Fig. 4, a connecting
section 611 of a intake pipe (which is not shown in the
diagram) is provided in the fourth cylinder side wall 609.
[0039] The cylinder head 6 includes a first support wall
612 and a second support wall 613. The first support wall
612 and the second support wall 613 are arranged to line
up in the direction of the cam axis Ax3. The first support
wall 612 and the second support wall 613 support the
cam shaft 14 such that the cam shaft 14 is able to rotate.
As shown in Fig. 3, the first support wall 612 supports
the cam shaft 14 via a first bearing 22. The second sup-
port wall 613 supports the cam shaft 14 via a second
bearing 23. The first support wall 612 and the second
supportwall 613 are arranged between the first cam shaft
driving section 143 and the first cylinder side wall 603.
The second support wall 613 is closer to the first cam
shaft driving section 143 than the first support wall 612.
The second support wall 613 is arranged between the
first support wall 612 and the first cam shaft driving sec-
tion 143 in the direction of the cam axis Ax3. The top
section of the first support wall 612 is positioned more to
the head cover side than the first end section 601 of the
cylinder head 6. The top section of the second support
wall 613 is positioned more to the head cover side than
the first end section 601 of the cylinder head 6.

[0040] Fig. 7 is a cross sectional diagram where an
inner section of the cylinder head 6 is viewed from the
direction of the cam axis Ax3. As shown in Fig. 4 to Fig.
7, the intake valves 26 and 27 and the exhaust valves
24 and 25 are attached to the cylinder head 6. As shown
in Fig. 7, the cylinder head 6 includes a intake port 614
and an exhaust port 615 which are linked to the combus-
tion chamber 11. The intake valves 26 and 27 open and
close the intake port 614. As shown in Fig. 6, the intake
valves 26 and 27 include a first intake valve 26 and a
second intake valve 27. The first intake valve 26 and the
second intake valve 27 are arranged to line up in the
direction of the cam axis Ax3. As shown in Fig. 7, a intake
valve spring 261 is attached to the first intake valve 26.
The intake valve spring 261 presses the first intake valve
26 in a direction so that the first intake valve 26 closes
the intake port 614. In the same manner, a intake valve
spring 271 (referto Fig. 4) is attached to the second intake
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valve 27 and the second intake valve 27 is pressed in a
direction so that the second intake valve 27 closes the
intake port 614.

[0041] The exhaust valves 24 and 25 open and close
the exhaust port 615. As shown in Fig. 6, the exhaust
valves 24 and 25 include a first exhaust valve 24 and a
second exhaust valve 25. The first exhaust valve 24 and
the second exhaust valve 25 are arranged to line up in
the direction of the cam axis Ax3. As shown in Fig. 5 and
Fig. 7, an exhaust valve spring 241 is attached to the first
exhaust valve 24. The exhaust valve spring 241 presses
the first exhaust valve 24 in a direction so that the first
exhaustvalve 24 closes the exhaust port 615. An exhaust
valve spring 251 is attached to the second exhaust valve
25 and the second exhaust valve 25 is pressed in a di-
rection so that the second exhaust valve 25 closes the
exhaust port 615.

[0042] As shown in Fig. 3, the cam shaft 14 includes
a first intake cam 144, a second intake cam 145, and an
exhaust cam 146. The first intake cam 144, the second
intake cam 145, and the exhaust cam 146 are arranged
toline up in the direction of the cam axis Ax3. The exhaust
cam 146 is the closest to the first cam shaft driving section
143 out of the first intake cam 144, the second intake
cam 145, and the exhaust cam 146. The first intake cam
144 is the farthest from the first cam shaft driving section
143 out of the first intake cam 144, the second intake
cam 145, and the exhaust cam 146. The second intake
cam 145 is arranged between the first intake cam 144
and the exhaust cam 146 in the direction of the cam axis
Ax3.

[0043] As shown in Fig. 7, the valve gear 13 includes
an exhaust rocker shaft 31 and an exhaust rocker arm
32. The exhaust rocker shaft 31 is arranged to be parallel
to the cam shaft 14. The exhaust rocker shaft 31 is sup-
ported by the cylinder head 6. In detail, the exhaustrocker
shaft 31 is supported by the first support wall 612 and
the second support wall 613. The central axis of the ex-
haustrocker shaft 31 is positioned more to the head cover
side than the cam axis Ax3.

[0044] The exhaust rocker arm 32 is supported by the
exhaustrocker shaft 31 so as to be able to swing centered
on the exhaust rocker shaft 31. The exhaust rocker arm
32 is provided so as to be able to operate the exhaust
valves 24 and 25. The exhaust rocker arm 32 includes
an arm body 321, a roller support section 322, a roller
323, and an exhaust valve pressurizing section 324.
[0045] The arm body 321 includes a through hole 327
and the exhaust rocker shaft 31 passes through the
through hole 327. The roller support section 322 pro-
trudes from the arm body 321 to the cam shaft 14 side.
The roller support section 322 supports the roller 323 so
as to be able to rotate. The rotation central axis of the
roller 323 is parallel to the cam axis Ax3. The roller 323
is positioned on the cam shaft 14 side of the exhaust
rocker shaft 31. The roller 323 comes into contact with
the exhaust cam 146 and is rotated due to rotation of the
exhaust cam shaft 146.
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[0046] Theexhaustvalve pressurizing section 324 pro-
trudes from the arm body 321 to the opposite side to the
camshaft 14. Thatis, the exhaust valve pressurizing sec-
tion 324 protrudes from the arm body 321 to a stem end
242 side of the first exhaust valve 24 (referred to below
as "exhaust valve side"). As shown in Fig. 5 and Fig. 6,
afirst adjusting screw 325 and a second adjusting screw
326 are provided at the tips of the exhaust valve pressu-
rizing section 324. The tip of the first adjusting screw 325
opposes the stem end 242 of the first exhaust valve 24.
The tip of the second adjusting screw 326 opposes a
stem end 252 of the second exhaust valve 25.

[0047] When the roller 323 is pressed up by the ex-
haust cam 146, the exhaust valve pressurizing section
324 presses the stem end 242 in the first exhaust valve
24 and the stem end 252 in the second exhaust valve 25
down due to the exhaust rocker arm 32 swinging. Due
to this, the exhaust port 615 is opened by the first exhaust
valve 24 and the second exhaust valve 25 being pressed
down. When the roller 323 is not pressed up by the ex-
haust cam 146, the exhaust port 615 is closed by the first
exhaust valve 24 and the second exhaust valve 25 being
pressed up by the exhaust valve springs 241 and 251.
[0048] As shown in Fig. 3, the valve gear 13 includes
a intake rocker shaft 33, an exhaust rocker arm 34, a
switching pin member 35, and an actuator 39. The intake
rocker shaft 33 is arranged to be parallel to the cam shaft
14. The intake rocker shaft 33 is supported by the cylinder
head 6. In detail, the intake rocker shaft 33 is supported
by the first support wall 612 and the second support wall
613. The central axis of the intake rocker shaft 33 is po-
sitioned more to the head cover side than the cam axis
Ax3.

[0049] The intake rocker arm 34 includes a first rocker
arm 36 and a second rocker arm 37. The first rocker arm
36 is supported by the intake rocker shaft 33 so as to be
able to swing centered on the intake rocker shaft 33. The
first rocker arm 36 is provided as to be able to operate
the intake valves 26 and 27. The first rocker arm 36 in-
cludes a first arm body 361 shown in Fig. 3, a first roller
support section 362 shown in Fig. 6, a first roller 363, a
intake valve pressurizing section 364, and a first linking
section 365.

[0050] As shown in Fig. 3, the first arm body 361 in-
cludes a through hole 366 and the intake rocker shaft 33
passes through the through hole 366. The first roller sup-
port section 362 protrudes from the first arm body 361 to
the cam shaft 14 side. The first roller support section 362
supports the first roller 363 so as to be able to rotate. The
rotation central axis of the first roller 363 is parallel to the
cam axis Ax3. The first roller 363 is positioned on the
cam shaft 14 side of the intake rocker shaft 33. The first
roller 363 comes into contact with the first intake cam
144 and is rotated due to rotation of the first intake cam
144.

[0051] The intake valve pressurizing section 364 pro-
trudes from the first arm body 361 to the opposite side
to the cam shaft 14. Thatis, the intake valve pressurizing
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section 364 protrudes from the first arm body 361 to a
stem end 262 side of the first intake valve 26 (referred
to below as "intake valve side"). As shown in Fig. 6, a
first adjusting screw 367 and a second adjusting screw
368 are provided at the tip of the intake valve pressurizing
section 364. The tip of the first adjusting screw 367 op-
poses the stem end 262 of the first intake valve 26. The
tip of the second adjusting screw 368 opposes a stem
end 272 of the second intake valve 27.

[0052] The first linking section 365 is connected to the
intake valve pressurizing section 364. The first linking
section 365 is positioned more to the head cover side
than the intake rocker shaft 33. The first linking section
365 is positioned more to the intake valve side than the
intake rocker shaft 33. The first linking section 365 is
positioned more to the head cover side than the intake
valve pressurizing section 364. As shown in Fig. 3, the
first linking section 365 includes a through hole 369. The
through hole 369 extends in the direction of the cam axis
Ax3. The switching pin member 35 is inserted into the
through hole 369.

[0053] As shown in Fig. 7, the second rocker arm 37
is supported so as to be able to rotate centered on the
intake rocker shaft 33. The second rocker arm 37 is ar-
ranged to line up with the first rocker arm 36 in the direc-
tion of the cam axis Ax3. The second rocker arm 37 is
arranged at the cam chain chamber 16 side of the first
rocker arm 36. That s, the second rocker arm 37 is closer
to the first cam shaft driving section 143 than the first
rocker arm 36. The second rocker arm 37 includes a sec-
ond arm body 371, a second roller support section 372,
a second roller 373, and a second linking section 374.
[0054] The second arm body 371 includes a through
hole 375 and the intake rocker shaft 33 passes through
the through hole 375. The second roller support section
372 protrudes from the second arm body 371 to the cam
shaft 14 side. The second roller support section 372 sup-
ports the second roller 373 so as to be able to rotate. The
rotation central axis of the second roller 373 is parallel
to the cam axis Ax3. The second roller 373 is positioned
on the cam shaft 14 side of the intake rocker shaft 33.
The second roller 373 comes into contact with the second
intake cam 145 and is rotated due to rotation of the sec-
ond intake cam 145.

[0055] The second linking section 374 protrudes from
the second arm body 371 to the opposite side to the cam
shaft 14. Thatis, the second linking section 374 protrudes
from the second arm body 371 to the intake valve side.
The second linking section 374 is positioned more to the
head cover side than the intake rocker shaft 33. The sec-
ond linking section 374 is positioned more to the head
cover side than the intake valve pressurizing section 364.
As shown in Fig. 3, the second linking section 374 in-
cludes athrough hole 376. The through hole 376 extends
in the direction of the cam axis Ax3. The through hole
376 of the second linking section 374 is arranged to line
up with the through hole 369 of the first linking section
365 in the direction of the cam axis Ax3. Accordingly, it
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is possible for the switching pin member 35 to be inserted
into the through hole 376 of the second linking section
374.

[0056] The valve gear 13 includes a pressing member
38 shown in Fig. 6. The pressing member 38 presses the
second rocker arm 37 in a direction where the second
roller 373 applies pressure to the cam shaft 14. In the
present embodiment, the pressing member 38 is a coil
spring and the intake rocker shaft 33 runs through the
pressing member 38. The second rocker arm 37 includes
a first support member 41. The first support member 41
supports one end of the pressing member 38. The first
support member 41 has the shape of a pin and protrudes
from the second rocker arm 37 in the direction of the cam
axis Ax3. Fig. 8is a cross sectional diagram of the vicinity
of the second support wall 613 and the pressing member
38.

[0057] As shown in Fig. 8, the valve gear 13 includes
asecond support member 42. The second support mem-
ber 42 supports the other end of the pressing member
38. The second support member 42 is configured by a
member which is bent and has a cross sectional shape
with an L shape. A step section 619 is provided in the
second support wall 613 and the second support member
42 is supported in the step section 619.

[0058] As shown in Fig. 3, the switching pin member
35 is able to be moved in the axial direction of the cam
shaft 14 and is provided to be able to be moved between
a first position and a second position. The switching pin
member 35 is arranged to span between the through hole
369 of the first linking section 365 and the through hole
376 of the second linking section 374 at the first position.
Due to this, the switching pin member 35 links the first
rocker arm 36 and the second rocker arm 37 at the first
position and the firstrocker arm 36 and the second rocker
arm 37 swing in an integrated manner. In this state, the
switching pin member 35 swings together with the first
rocker arm 36 and the second rocker arm 37.

[0059] The switching pin member 35 is arranged at the
through hole 369 of the first linking section 365 and is
not arranged at the through hole 376 of the second linking
member 374 at the second position. Due to this, the
switching pin member 35 does not link the first rocker
arm 36 and the second rocker arm 37 at the second po-
sition and the first rocker arm 36 and the second rocker
arm 37 swing independently from each other. In this state,
the switching pin member 35 swings together with the
first rocker arm 36.

[0060] An elastic member 44 is provided in the first
linking section 365. The elastic member 44 is arranged
in the through hole 369 of the first linking section 365.
The elastic member 44 presses the switching pin mem-
ber 35 in a direction from the first position toward the
second position. Accordingly, when the switching pin
member 35 is not pressurized by the actuator 39, the
switching pin member 35 is held at the second position
by the elastic member 44. When the switching pin mem-
ber 35 is pressurized by the actuator 39, the switching
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pin member 35 moves from the second position to the
first position against the pressing force of the elastic
member 44.

[0061] As shown in Fig. 7, the switching pin member
35 is positioned more to the head cover side than the
first end section 601 of the cylinder head 6 and the end
section 701 of the head cover 7. Accordingly, the switch-
ing pin member 35 overlaps with the head cover 7 when
viewed from the axial direction of the cam shaft 14. As
shown in Fig. 7, the switching pin member 35 is posi-
tioned on the intake valve side of the intake rocker shaft
33. That is, the switching pin member 35 is positioned
between the intake rocker shaft 33 and the stem end 262
of the first intake valve 26 in a direction which is perpen-
dicular to the cylinder axis Ax1 and the axis of the cam
shaft 14. The distance between the shaft center of the
intake rocker shaft 33 and the shaft center of the switch-
ing pin member 35 is shorter than the distance between
the shaft center of the intake rocker shaft 33 and the stem
end 262 of the first intake valve 26 when viewed from the
axial direction of the cam shaft 14. In addition, the intake
rocker shaft 33 is positioned between the switching pin
member 35 and the first roller 363 in a direction which is
perpendicular to the cylinder axis Ax1 and the axis of the
cam shaft 14. Inthe same manner, the intake rocker shaft
33 is positioned between the switching pin member 35
and the second roller 372 in a direction which is perpen-
dicular to the cylinder axis Ax1 and the axis of the cam
shalt 14.

[0062] Fig. 9 illustrates a state where the first rocker
arm 36 and the second rocker arm 37 swing using dashed
lines. When the switching pin member 35 is positioned
at the first position, the first rocker arm 36 is linked to the
second rocker arm 37 and swings with the second rocker
arm 367 in an integrated manner. As a result, when the
secondroller 373 is pressed up by the second intake cam
145, due to the second rocker arm 37 swinging centered
on the intake rocker shaft 33, the first rocker arm 35 also
swings in a direction which lowers the intake valve pres-
surizing section 364. Due to this, the tip of the first ad-
justing screw 367 presses down the stem end 262 of the
first intake valve 26 and the tip of the second adjusting
screw 368 presses down the stem end 272 of the second
intake valve 27. Due to this, the first intake valve 26 and
the second intake valve 27 open the intake port 614.
When the second roller 373 is not pressed up by the
second intake cam 145, the intake port 614 is closed off
by the first intake valve 26 and the second intake valve
27 being pressed up by the intake valve springs 261 and
271.

[0063] When the switching pin member 35 is posi-
tioned at the second position, the first rocker arm 36
swings independently of the second rocker arm 37. As a
result, when the first roller 363 is pressed up by the first
intake cam 144, the first rocker arm 36 swings centered
on the intake rocker shaft 33 in a direction where the
intake valve pressurizing section 364 is lowered. Due to
this, the tip of the first adjusting screw 367 presses down
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the stem end 262 of the first intake valve 26 and the tip
ofthe second adjusting screw 368 presses down the stem
end 272 of the second intake valve 27. Due to this, the
first intake valve 26 and the second intake valve 27 open
theintake port614. When thefirstroller 363 is not pressed
up by thefirstintake cam 144, the intake port 614 is closed
off by the firstintake valve 26 and the second intake valve
27 being pressed up by the intake valve springs 261 and
271.

[0064] Here, the shapes of the first intake cam 144 and
the second intake cam 145 are set so that the second
intake cam 145 presses up the second roller 373 before
the tip of the first intake cam 144 reaches the first roller
363. As a result, when the switching pin member 35 is
positioned at the first position, the rotation of the first in-
take cam 144 is not transmitted to the first rocker arm 36
due to the operation of the first rocker arm 36 by rotating
of the second intake cam 145. Accordingly, when the
switching pin member 35 is positioned at the first position,
the opening and closing operation of the first intake valve
26 and the second intake valve 27 are performed accord-
ing to the rotation of the second intake cam 145. On the
other hand, when the switching pin member 35 is posi-
tioned at the second position, the rotation of the second
intake cam 145 is not transmitted to the first rocker arm
36. As a result, when the switching pin member 35 is
positioned at the second position, the opening and clos-
ing operation of the first intake valve 26 and the second
intake valve 27 is performed according to the rotation of
the first intake cam 144.

[0065] The actuator 39 is an electromagnetic solenoid
and switches the position of the switching pin member
35 from the second position to the first position by pres-
surizing the switching pin member 35 in the axial direction
of the cam shaft 14 due to the flow of electricity. When
the flow of electricity to the actuator 39 stops, the position
of the switching pin member 35 is returned from the first
position to the second position due to the elasticity of the
elastic member 44.

[0066] As shown in Fig. 6, the actuator 39 overlaps
with the first end section 601 of the cylinder head 6 when
viewed from the direction of the cylinder axis Ax1. That
is, a portion of the actuator 39 is positioned more to the
inner side of the cylinder head 6 than the first end section
601 of the cylinder head 6. The actuator 39 is arranged
at the opposite side to the cam chain chamber 16 with
regard to the cam shaft 14 when viewed from the direction
of the cylinder axis Ax1. An extended line of the cam axis
Ax3 is positioned between the connecting section 610 of
the exhaust pipe and the actuator 39 when viewed from
the direction of the cylinder axis Ax1. As shown in Fig.
3, the actuator 39 is positioned more to the head cover
side than the first end section 601 of the cylinder head 6.
[0067] The actuator 39 includes a rod 391 which pres-
surizes the switching pin member 35 and a body section
392 which drives the rod 391. The central axis of the rod
391 is parallel to the cam axis Ax3. The rod 391 is ar-
ranged so as to overlap with the switching pin member
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35 in the swinging range of the switching pin member 35
when viewed from the direction of the cam axis Ax3. The
rod 391 pressurizes the switching pin member 35 by be-
ing driven by the body section 392. The rod 391 is ar-
ranged to be close to the first support wall 612 described
above. As shown in Fig. 4, the first support wall 612 in-
cludes a concave section 620 which opposes the side
surface of the rod 391. The concave section 620 has a
shape which is depressed so as to avoid the rod 391.
[0068] The actuator 39 is arranged on the outside of
the engine 1. The actuator 39 is attached to the head
cover 7. In detail, the body section 392 is attached to the
head cover 7. Therod 391 is supported by the head cover
7. As shown in Fig. 3, a through hole 704 is provided in
the head cover 7 and the rod 391 runs through the through
hole 704.

[0069] Fig. 10 is a diagram where the cylinder head 6
and the head cover 7 are viewed from the direction of
the cylinder axis Ax1. As shown in Fig. 2 and Fig. 10, the
actuator 39 is attached to the head cover 7 at the outside
of the engine 1. The actuator 39 is attached to the first
cover side wall 702. The actuator 39 is arranged so as
to not overlap with an extended line of the axis of the
spark plug 12. A first boss section 705 and a second boss
section 706 are provided in the first cover side wall 702.
The first boss section 705 and the second boss section
706 protrude from the first cover side wall 702 toward the
outside of the cylinder head 6 in the direction of the cam
axis Ax3. The first boss section 705 and the second boss
section 706 are arranged to line up in a direction which
is perpendicular to the cam axis Ax3 and the cylinder axis
Ax1. The actuator 39 includes a flange section 393 which
protrudes from the body section 392. The flange section
393 is fixed to the first boss section 705 and the second
boss section 706 using bolts 51 and 52. Due to this, the
actuator 39 is fixed to the first cover side wall 702.
[0070] Fig. 11 is a cross sectional diagram of a portion
of the engine 1 which is viewed from a direction which is
perpendicular to the cam axis Ax3 and the cylinder axis
Ax1.As shownin Fig. 11, the cylinderhead 6, the cylinder
body 5, and the crank case 3 are fastened by a first fas-
tening bolt 61 and a second fastening bolt 62. The cylin-
der head 6, the cylinder body 5, and the crank case 3 are
fastened by a third fastening bolt and a fourth fastening
bolt which are not shown in the diagram. The first fasten-
ing bolt 61 includes a first head section 65. The second
fastening bolt 62 includes a second head section 66. The
third fastening boltincludes a third head section 67 which
is shown in Fig. 6. The fourth fastening bolt includes a
fourth head section 68 which is shown in Fig. 6. The first
to the fourth head sections 65 to 68 fix the cylinder head
6. The first head section 65 is configured by a shaft sec-
tion of the first fastening bolt 61 and a nut which is sep-
arate but may be integral with the shaft section of the first
fastening bolt 61. The second to the fourth head sections
66 to 68 are the same as the first head section 65.
[0071] The first head section 65 and the second head
section 66 are arranged to line up in the direction of the
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cam axis Ax3. The third head section 67 and the fourth
head section 68 are arranged to line up in the direction
of the cam axis Ax3. The first head section 65 and the
third head section 67 are arranged to line up in a direction
which is perpendicular to the cam axis Ax3 and the cyl-
inder axis Ax1. The second head section 66 and the
fourth head section 68 are arranged to line up in a direc-
tion which is perpendicular to the cam axis Ax3 and the
cylinder axis Ax1.

[0072] The first head section 65 is arranged between
the first cylinder side wall 603 and the second head sec-
tion 66 in the direction of the cam axis Ax3. The first
cylinder side wall 603 is closer to the first head section
65 than the second cylinder side wall 604. The first head
section 65 is arranged in the first protruding wall section
605 of the first cylinder side wall 603. The first head sec-
tion 65 overlaps with the actuator 39 when viewed from
the direction of the cylinder axis Ax1 of the cylinder body
5. The axis of the switching pin member 35 is positioned
on the intake rocker shaft 33 side with regard to the center
of the first head section 65 in a direction which is perpen-
dicular to the cam axis Ax3 and the cylinder axis Ax1.
The axis of the switching pin member 35 is positioned
between the center of the first head section 65 and the
intake rocker shaft 33 in a direction whichis perpendicular
to the cam axis Ax3 and the cylinder axis Ax1.

[0073] The second head section 66 is arranged be-
tween the second cylinder side wall 604 and the first head
section 65 in the direction of the cam axis Ax3. The sec-
ond cylinder side wall 604 is closer to the second head
section 66 than the first cylinder side wall 603. The cam
shaft driving section 143 is arranged between the second
cylinder side wall 604 and the second head section 66
in the direction of the cam axis Ax3. The second head
section 66 is arranged on the second support wall 613.
The first head section 65 and the second head section
66 are arranged on the intake valve side with regard to
the cam axis Ax3. The distance between the first cylinder
side wall 603 and the first head section 65 in the direction
of the cam axis Ax3 is shorter than the distance between
the second cylinder side wall 604 and the second head
section 66 in the direction of the cam axis Ax3.

[0074] The third head section 67 is arranged between
the first cylinder side wall 603 and the fourth head section
68 in the direction of the cam axis Ax3. The first cylinder
side all 603 is closer to the third head section 67 than the
second cylinder side wall 604. The third head section 67
is arranged in the second protruding wall section 606 of
the first cylinder side wall 603.

[0075] The fourth headsection 68 is arranged between
the second cylinder side wall 604 and the third head sec-
tion 67 in the direction of the cam axis Ax3. The second
cylinder side wall 604 is closer to the fourth head section
68 than the first cylinder side wall 603. The cam shaft
driving section 143 is arranged between the second cyl-
inder side wall 604 and the fourth head section 68 in the
direction of the cam axis Ax3. The fourth head section
68 is arranged on the second support wall 613. The third
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head section 67 and the fourth head section 68 are ar-
ranged on the exhaust valve side with regard to the cam
axis Ax3. The distance between the first cylinder side
wall 603 and the third head section 67 in the direction of
the cam axis Ax3 is shorter than the distance between
the second cylinder side wall 604 and fourth head section
68 in the direction of the cam axis Ax3.

[0076] As shown in Fig. 11, the inner surface of the
first cover side wall 702 and the inner surface of the sec-
ond cover side wall 703 are inclined so that between the
first cover side wall 702 and second cover side wall 703
becomes narrower toward the head cover side.

[0077] The cylinder head 6 includes afirst through hole
621 where the first fastening bolt 61 is arranged and a
second through hole 622 through which the second fas-
tening bolt 62 is arranged. The first through hole 621 and
the second through hole 622 extend in the direction of
the cylinder axis Ax1. The second through hole 622 is
provided to pass through the second support wall 613.
Asshownin Fig. 12, adistance D1 to the first head section
65 in a direction of the cylinder axis Ax1 from the third
virtual plane P3 which includes the crank axis Ax2 and
is perpendicular to the cylinder axis Ax1 of the cylinder
body 5 is shorter than a distance D2 to the second head
section 66 in a direction of the cylinder axis Ax1 from the
third virtual plane P3. That is, the first head section 65 is
positioned more to the cylinder body side than the second
head section 66.

[0078] The first fastening bolt 61 does not overlap with
the head cover 7 when viewed from the direction of the
cam axis Ax3. That is, the first head section 65 is posi-
tioned more to the cylinder body side than the first end
section 601 of the cylinder head 6. The second fastening
bolt 62 overlaps with the head cover 7 when viewed from
the direction of the cam axis Ax3. That is, the second
head section 66 is positioned more to the head cover
side than the first end section 601 of the cylinder head 6.
[0079] Although omitted in the diagram, the third head
section 67 is positioned at the same height as the first
head section 65 and the fourth head section 68 is posi-
tioned at the same height as the second head section
66. Accordingly, the third head section 67 is positioned
more to the cylinder body side than the fourth head sec-
tion 68.

[0080] Inthe engine 1 in the present embodiment, the
first end section 601 of the cylinder head 6 and the end
section 701 of the head cover 7 are arranged at a height
which overlaps with the cam shaft 14. As a result, it is
possible to improve accessibility to the shaft ends of the
exhaust valves 24 and 25 and the intake valves 26 and
27 while reducing the size of the engine 1.

[0081] In addition, the inner surface of the first cover
side wall 702 which is connected to the first cylinder side
wall 603 is inclined in a direction toward the first head
section 65 in the cam axial direction as the inner surface
of the first cover side wall 702 is separated to the head
cover side from the end section of the first cover side wall
702. Accordingly, the distance between the first head
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section 65 and the inner surface of the first cover side
wall 702 becomes shorter as the position of the first head
section 65 is positioned to the head cover side. In this
case, the size ofthe engine 1 increases in order to secure
clearance between the inner surface of the first cover
side wall 702 and the first head section 65.

[0082] However, in the engine 1 according to the
present embodiment, it is possible to reduce the size of
the engine 1 by the first head section 65 being positioned
more to the cylinder body side than the second head
section 66.

[0083] Furthermore, the second head section 66 is ar-
ranged to be separated from the second cylinder side
wall 604 compared to the position of the first head section
65 with regard to the first cylinder side wall 603. Accord-
ingly, itis possible to secure clearance between the sec-
ond cover side wall 703 and the second head section 66
while suppressing an increase in the size of the engine
1 even when the second head section 66 is arranged
more to the head cover side than the first head section
65. In addition, it is possible to improve rigidity of the
cylinder head 6 by the second head section 66 being
arranged more to the head cover side than the first head
section 65.

[0084] As above, in the engine 1 in the present em-
bodiment, it is possible to improve accessibility to the
shaft ends of the exhaust valves 24 and 25 and the intake
valves 26 and 27 while reducing the size of the engine 1.
[0085] The first fastening bolt 61 does not overlap with
the head cover 7 when viewed from the direction of the
cam axis Ax3, Due to this, it is possible to reduce the size
of the engine 1.

[0086] The second support wall 613 includes the
through hole 622 through which the second fastening
bolt 62 is arranged. As a result, it is possible to improve
strength of the second support wall 613 using the second
fastening bolt 62 while suppressing an increase in the
size of the second support wall 613. Due to this, it is
possible to reduce the size of the engine 1.

[0087] The actuator 39 is attached to the head cover
7. As aresult, itis possible to supress the effects of heat
from the combustion chamber 11 in the cylinder head 6
on the actuator 39 compared to a case where the actuator
39 is attached to the cylinder head 6 even when the ac-
tuator 39 is arranged to be close to the switching pin
member 35. Due to this, it is possible to reduce the size
of the engine 1 while supressing the effects of heat on
the actuator 39.

[0088] The actuator 39 overlaps with the first end sec-
tion 601 of the cylinder head 6 and the end section 701
of the head cover 7 when viewed from the direction of
the cylinder axis Ax1. In this case, it is possible to reduce
drive force which is necessary for the switching pin mem-
ber 35 by shortening the distance between the actuator
39 and the switching pin member 35. Due to this, it is
possible to reduce the size of the actuator 39 and it is
possible to further reduce the size of the engine 1.
[0089] The first fastening bolt 61 overlaps with the ac-
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tuator 39 when viewed from the direction of the cylinder
axis Ax1. That is, itis possible to arrange the actuator 39
to be closer with regard to the cylinder head 6 by using
a space on the head cover side of the first fastening bolt
61. Due to this, it is possible to further reduce the size of
the engine 1.

[0090] Above, an embodiment of the present teaching
has been described, but the present teaching is not lim-
ited to the embodiment described above and various
modifications are possible in a scope which does not de-
part from the scope of the teaching.

[0091] The engine 1 is not limited to a water cooled
single cylinder engine. For example, the engine 1 may
be an air cooled engine, The engine 1 may be provided
with a plurality of cylinders.

[0092] The number of exhaust valves is not limited to
two and may be one or three or more. The number of
intake valves is not limited to two and may be one or
three or more.

[0093] The positions of the first head section 65, the
second head section 66, the third head section 67, and
the fourth head section 68 are not limited to the positions
in the embodiment described above and may be modi-
fied. For example, in the embodiment described above,
the first head section 65 does not overlap with the head
cover 7 in the direction of the cam shaft 14, but the first
head section 65 may overlap with the head cover 7 in
the direction of the cam shaft 14. That is, the first head
section 65 may be arranged more to the head cover side
than the end section 701 of the head cover 7. Alterna-
tively, the third head section 67 may be arranged at a
height which is different to the first head section 65. For
example, the third head section 67 may be positioned at
the same height as the second head section 66. In the
same manner, the fourth head section 68 may be posi-
tioned at a height which is different to the second head
section 66.

[0094] It is sufficient if the first virtual plane P1 which
includes the first end section 601 of the cylinder head 6
and the second virtual plane P2 which includes the end
section 701 of the head cover 7 overlap with the cam
shaft 14 and the first virtual plane P1 and the second
virtual plane P2 may be arranged at the same height as
the cam axis Ax3 or more to the cylinder body side than
the cam axis Ax3.

[0095] The configuration and arrangement of the valve
gear 13 are not limited to the embodiment described
above and may be modified. For example, the actuator
39 may be attached to the cylinder head 6. Alternatively,
the actuator 39 may be arranged so as to not overlap
with the end section 701 of the head cover 7 when viewed
from the direction of the cylinder axis Ax1. Alternatively,
the actuator 39 may be arranged so as to not overlap
with the first head section 65 when viewed from the di-
rection of the cylinder axis Ax1. Without being limited to
a portion of the actuator 39, all of the actuator 39 may be
positioned more to the inner side than the first end section
601 of the cylinder bead 6.
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[0096] Inthe embodiment described above, the mech-
anism which switches the timing of the opening and clos-
ing of the valves using the actuator is adopted in the
intake valves but may be adopted in the exhaust valves.
That is, a mechanism which is the same as the mecha-
nism which includes the first rocker arm 36, the second
rocker arm 37, the switching pin member 35, and the
actuator 39 described above may be provided in order
to open and close the exhaust valves. Alternatively, the
mechanism which switches the timing of the opening and
closing of the valves using the actuator may be adopted
in neither of the intake valves nor the exhaust valves.

Claims
1. An engine comprising:

a crank shaft (2);

a crank case (3) accommodating the crank shaft
(2);

a cylinder body (5) connected to the crank case
()

a cylinder head (6) connected to the cylinder
body (3);

a valve (24, 25, 26, 27) attached to the cylinder
head (6);

a cam shaft (14) supported by the cylinder head
(6);

a head cover (7) including an end section (701)
arranged to face an end section (601) of the cyl-
inder head (6), the head cover (7) being attached
to the cylinder head (6);

a first fastening bolt (61) including a first head
section (65) fixed to the cylinder head (6), the
first fastening bolt (61) fastening the cylinder
head (6), the cylinder body (5), and the crank
case (3); and

a second fastening bolt (62) including a second
head section (66) fixed to the cylinder head (6),
the second fastening bolt (62) fastening the cyl-
inder head (6), the cylinder body (5), and the
crank case (3),

wherein a first virtual plane (P1) including the
end section ofthe cylinder head (6) and a second
virtual plane (P2) including the end section of
the head cover (7) overlap with the cam shaft
(14),

the cylinder head (6) includes afirst cylinder side
wall (603) and a second cylinder side wall (604)
which are arranged to face each otherin an axial
direction of the cam shaft (14),

the head cover (7) includes a first cover side wall
(702) connected to the first cylinder side wall
(603) and a second cover side wall (703) con-
nected to the second cylinder side wall (604),
an inner surface of the first cover side wall (702)
isinclined so that a space between the first cover
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side wall (702) and the second cover side wall
(703) becomes narrower toward a direction from
the cylinder head (6) toward the head cover (7)
in a cylinder axial direction of the cylinder body
®),

the first head section (65) is arranged between
the first cylinder side wall (603) and the second
head section (66) in the axial direction of the
cam shaft (14),

the second head section (66) is arranged be-
tween the second cylinder side wall (604) and
the first head section (65) in the axial direction
of the cam shaft (14),

the distance between the first cylinder side wall
(603) and the first head section (65) in the axial
direction of the cam shaft (14) is shorter than
the distance between the second cylinder side
wall (604) and the second head section (66) in
the axial direction of the cam shaft (14), and
the distance to the first head section (65) in the
cylinder axial direction from a third virtual plane
(P3), which includes the axis of the crank shaft
(14) and is perpendicular to the cylinder axis
(AxIl), is shorter than the distance to the second
head section (66) in the cylinder axial direction
from the third virtual plane (P3).

The engine according to Claim 1,

wherein the first head section (65) is positioned more
to the cylinder body side than the second head sec-
tion (66) in the cylinder axial direction.

The engine according to Claim 1 or 2,

wherein the first fastening bolt (61) does not overlap
with the head cover (7) when viewed from the axial
direction of the cam shaft (14).

The engine according to any of Claims 1 to 3, further
comprising:

a cam shaft driving section (143) provided with
the cam shaft (14),

wherein the cam shaft driving (143) section is
arranged between the second cylinder side wall
(604) and the second head section (66) in the
axial direction of the cam shaft (14).

The engine according to Claim 4,

wherein the cylinder head (6) includes a support wall
(613) supporting the cam shaft (14), and

the support wall (613) includes a through hole (622)
through which the second fastening bolt (62) is ar-
ranged.

The engine according to any of Claims 1 to 5, further
comprising:

a rocker shaft (33) supported by the cylinder
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head (6), the rocker shaft (33) being parallel to
the cam shaft (14);

a first rocker arm (36) supported by the rocker
shaft (33);

a second rocker arm (37) supported by the rock-
er shaft (33), the second rocker arm (37) being
arranged to line up with the first rocker arm (36)
in the axial direction of the cam shaft (14);

a switching pin member (35) configured to be
moved in the axial direction of the cam shaft (14),
the switching pin member (35) being configured
to be moved between a first position at which
the first rocker arm (36) and the second rocker
arm (37) are linked and a second position at
which the first rocker arm (36) and the second
rocker arm (37) are not linked, the switching pin
member (35) being configured to swing together
with the first rocker arm (36) and the second
rocker arm (37) at the first position; and

an actuator (39) configured to switch the position
of the switching pin member (35) between the
first position and the second position by pressu-
rizing the switching pin member (35) in the axial
direction of the cam shaft (14),

wherein the actuator (39) is attached to the head
cover (7) at the outer side of the engine.

The engine according to Claim 6,

wherein at least a portion of the actuator (39) over-
laps with the end section of the head cover (7) when
viewed from the cylinder axial direction.

The engine according to Claim 6 or 7,

wherein at least a portion of the first fastening bolt
(61) overlaps with the actuator (39) when viewed
from the cylinder axial direction.
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