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(57) Abrege(suite)/Abstract(continued):

cylinder block toward a first side wall in which an intake port is disposed relative to a second side wall in which an exhaust port is
disposed. A camshaft holder having a semi-circular bearing portion and integrally connected to a first side wall is integrally formed
on a cylinder head Iin a protruding condition so as to protrude from a connection surface as viewed from an axial direction of a
camshaft. An Iintake port is disposed In the first side wall such that an upstream end thereof is disposed at the same position as that
at which part of the bearing portion Is disposed In a direction along an axis of a cylinder bore. An exhaust valve has a stem end 43a
disposed at a position protruding from the connection surface as viewed In a direction along the axial direction of a camshatft.
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ABSTRACT OF THE DISCLOSURE

To achieve further reduction in size and weight of a cylinder head in a four-
cycle engine having a connection surface formed on the cylinder head to
connect a head cover set so as to follow along a plane that is inclined so as to
be spaced further away from a cylinder block toward a first side wall in which
an intake port is disposed relative to a second side wall in which an exhaust
port is disposed. A camshaft holder having a semi-circular bearing portion
and integrally connected to a first side wall is integrally formed on a cylinder
head in a protruding condition so as to protrude from a connection surface as
viewed from an axial direction of a camshaft. An intake port is disposed in the
first side wall such that an upstream end thereof is disposed at the same
position as that at which part of the bearing portion is disposed in a direction
along an axis of a cylinder bore. An exhaust valve has a stem end 43a
disposed at a position protruding from the connection surface as viewed in a
direction along the axial direction of a camshaft.
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CYLINDER HEAD STRUCTURE IN FOUR-CYCLE ENGINE

FIELD OF THE INVENTION
5 The present invention relates in general to a four-cycle engine including a
cylinder block having a cylinder bore in which a piston can be slidably fitted; a
cylinder head connected to the cylinder block, the cylinder head forming a
combustion chamber that faces a top of the piston in a space defined by the
cylinder head and the cylinder block; a camshaft disposed on an extension of an
10  open/close operation axis of an intake valve, the camshaft forming part of a valve
actuating system driving to open and close the intake valve and an exhaust valve
openably disposed in the cylinder head; an intake port disposed in a first side
wall extending along an axis of the camshaft so as to be disposed in the cylinder
head; an exhaust port disposed in a second side wall disposed in the cylinder
15 head so as to oppose the first side wall; and a head cover forming a valve train
chamber that accommodates therein the valve actuating system in a space
defined by the head cover and the cylinder head, wherein a connection surface
formed in the cylinder head for connecting the head cover is extended to follow
along a plane that is inclined so as to be spaced further away from the cylinder
20 block toward the first side wall relative to the second side wall. More

particularly, the present invention relates to an improved cylinder head
structure. | '
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BACKGROUND OF THE INVENTION

A known four-cycle engine, as disclosed in Japanese Patent Laid-Open No. 2004-
100651, has an arrangement for contributing to an even more compact cylinder
head, in which a connection surface between the cylinder head and the head
cover is set 5o as to extend along a plane that obliquely crosses a cylinder axis.

The arrangement disclosed in Japanese Patent Laid-Open No. 2004-100651 has
the connection surface between the cylinder head and the head cover inclined
obliquely relative to the cylinder axis, which helps make the cylinder head more
compact. Stem ends of the intake valve and the exhaust valve are, however,
disposed on the side of the cylinder block relative to the connection surface as
viewed from the axial direction of the camshaft. This leaves room for even
further reduction in size and weight of the cylinder head.

The present invention has been made to address this problem and it is an object
of the present invention to provide a cylinder head structure in a four-cycle
engine that enables further reduction in size and weight of the cylinder head.

SUMMARY OF THE INVENTION _

A cylinder head structure according to a first aspect of the present invention is
for.a four-cycle engine, the four-cycle engine including a cylinder block having a
cylinder bore in which a piston can be slidably fitted; a cylinder head connected
to the cylinder block, the cylinder head forming a combustion chamber that faces
a top of the piston in a space defined by the cylinder head and the cylinder block;
a camshaft disposed on an extension of an open/clpse operation axis of an intake
valve, the camshaft forming part of a valve actuating system driving to open and
close the intake valve and an exhaust valve openably disposed in the cylinder
head; an intake port disposed in a first side wall extending along an axis of the
camshaft so as to be disposed in the cylinder head; an exhaust port disposed in a
second side wall disposed in the cylinder head so as to opposé the first side wall;
and a head cover forming a valve train chamber that accommodates therein the
valve actuating system in a space defined by the head cover and the cylinder
head, a connection surface formed in the cylinder head for connecting the head
cover being extended to follow along a plane that is inclined so as to be spaced
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further away from the cylinder block toward the first side wall relative to the
second side wall. In the four-cycle engine having the foregoing arrangements,
camshaft holders having semi-circular bearing portions that receive a
substantially half portion of the camshaft to be integrally connected to the first
side wall are integrated with the cylinder head in a protruding condition at a
position protruding from the connection surface as viewed from an axial -
direction of the camshaft; the intake port is disposed in the first side wall such
that an upstream end thereof is disposed at a position identical to that at which
part of the bearing portions is disposed in a direction along an axis of the
cylinder bore; and a stem end of the exhaust valve is disposed at a position
protruding from the connection surface as viewed in a direction along the axis of

the camshaft.

According to a second aspect of the present invention, in addition to the
arrangements of the first aspect of the present invention, the valve actuating
system includes a rocker shaft having an axis extending in parallel with the
camshaft and supported by the cylinder head by being disposed at a position
protruding from the connection surface as viewed from the axial direction of the -
camshaft; and a rocker arm rotatably supported by the rocker shaft so as to
rockably follow rotation of an exhaust-side valve actuating cam disposed on the
camshaft. Further, the stem of the exhaust valve driven to open or close by the
rocker arm is formed to be shorter in length than a stem of the intake valve.

According to a third aspect of the present invention, in addition to the
arrangements of the first or second aspect of the present invention, the bearing

- portions of the camshaft holders are disposed at positions protruding from the

connection surface as viewed from the axial direction of the camshaft.

In accordance with the first aspect of the present invention, the intake port is
disposed at the first side wall of the cylinder head and the exhaust port is
disposed at the second side wall disposed at the cylinder head, the second side
wall facing the first side wall. Further, the connection surface formed in the
cylinder head for connecting the head cover is set to follow along the plane that
is inclined so as to be spaced further away from the cylinder block toward the
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first side wall relative to the second side wall. In addition, the camshaft holders
having the semi-circular bearing portions that receive the substantially half
portion of the camshaft and the stem end of the exhaust valve protrude from the
connection surface as viewed from the axial direction of the camshaft. The
5 foregoing arrangements permit further reduction in size and weight of the
cylinder head. In addition, the intake port is disposed in the first side wall such
that the upstream end thereof is disposed at a position identical to that at which
part of the bearing portions of the camshaft holders is disposed in the direction
along the axis of the cylinder bore. A flow direction in the intake port is sharply
10 inclined at a side close to the cylinder axis, thereby ensurmg good introduction of
fuel into the combustion chamber for the enhanced engine performance in a low-
to-medium speed range. Moreover, the camshaft holders are integrally
connected with the first side wall to be integrated with the cylinder head in a
protruding condition. Stiffness of the camshaft holders can therefore be

15 enhanced such that the camshaft holders are reinforced with the first side wall.

In accordance with the second aspect of the present invention, the stem of the
exhaust valve is formed to be shorter in length than the stem of the intake valve.
This allows the exhaust valve to be reduced in weight for the improved
20 operating response of the exhaust valve at a high speed range. The stem end of
the exhaust valve is disposed at a position protruding from the connection
surface desp1te the shorter length of the stem of the exhaust valve. This allows a
tappet clearance between the rocker arm and the stem end be checked easily.

25 In accordance with the third aspect of the present invention, the bearing portions
of the camshaft holders are disposed at positions protruding from the connection
surface as viewed from the axial direction of the camshaft. Machinability of the
bearing portions can therefore be improved.

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

Fig. 1 is a side elevational view showing a four-cycle engine mounted in a vehicle
body frame of a motorcycle. '
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Fig. 2 is a partly cutaway, enlarged side elevational view showing the four-cycle
engine as viewed from the same direction as in Fig. 1, partly cut away along line
2-2 of Fig. 3. ' '

Fig. 3 is a plan view showing a cylinder head as viewed on arrows of line 3-3 of
Fig. 2. '

Fig. 4 is a plan view showing the cylinder head of Fig. 3 with a camshaft, a rocker
10  arm, and a rocker shaft omitted. '

Fig. 5 is a view on arrow 5 of Fig. 4.
Fig. 6 is a cross-sectional view taken along line 6-6 of Fig. 4.
Fig. 7 is a cross-sectional view taken along line 7-7 of Fig. 3.
Fig. 8 is a view on arrow 8 of Fig. 4.

20  Fig.91is a cross-sectional view taken along line 9-9 of Fig. 4.

Fig. 10 is a view on arrow 10 of Fig. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 A specific embodiment to ‘which the present invention is applied will be

described below with reference to the accompanying drawings.

Figs. 1 to 10 show an embodiment of the present invention. Fig. 1 is a side
elevational view showing a four-cycle engine mounted in a vehicle body frame of
30 a motorcycle according to the embodiment of the present invention. Fig. 2 is a
partly cutaway, enlarged side elevational view showing the four-cycle engine
according to the embodiment of the present invention as viewed from the same
direction as in Fig. 1, partly cut away along line 2-2 of Fig. 3. Fig. 3 is a plan view
showing a cylinder head as viewed on arrows of line 3-3 of Fig. 2. Fig. 4 is a plan
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 view showing the cylinder head of Fig. 3 with a camshaft, a rocker arm, and a
rocker shaft omitted. Fig. 5 is a view on arrow 5 of Fig. 4. Fig. 6 is a cross-
sectional view taken along line 6-6 of Fig. 4. Fig. 7 is a cross-sectional view taken
along line 7-7 of Fig. 3. Fig. 8 is a view on arrow 8 of Fig. 4. Fig. 9 is a cross-

5 sectional view taken along line 9-9 of Fig. 4. Fig. 10 is a view on arrow 10 of Fig.
7.

" Referring first to Fig. 1, a cradle type vehicle body frame F which the motorcycle

has includes a head pipe 11, a main frame 12, a pivot plate 13, a down frame 14,

10  and a lower frame 15. Specifically, the main frame 12 extends downwardly from

the head pipe 11 toward the rear. The pivot plate 13 connected in a row

arrangement to a rear portion of the main frame 12 extends downwardly. The

down frame 14 is connected in a row arrangement to the head pipe 11 so as to

extend downwardly toward the rear at an angle more acute than the main frame

15 12. The lower frame 15 is connected to a lower portion of the down frame 14 and

extends rearwardly. The lower frame 15 is then connected to a lower portion of

the pivot plate 13. A single-cylinder, four-cycle engine E is mounted in the
vehicle body frame F. '

20 Referring also to Fig. 2, the four-cycle engine E includes a crankcase 17, a
cylinder block 18, a cylinder head 19, and a head cover 20. The crankcase 17
rotatably supports a crankshaft 16 having an axis extending in a width direction

- of the motorcycle. The cylinder block 18 is connected to a front upper portion of
the crankcase 17 and extends upwardly. The cylinder head 19 is connected to an

25 upper portion of the cylinder block 18. The head cover 20 is connected to an
upper portion of the cylinder head 19. A support portion 21 disposed at a front
portion of the crankcase 17 is fastened to a bracket 23 disposed at a joint between
the down frame 14 and the lower frame 15. A support portion 22 disposed at a
rear of the crankcase 17 is fastened to the pivot plate 13.

30

A transmission 25 is built into a rear portion of the crankcase 17. Specifically, the
transmission 25 includes a gear train of a plurality of shift speeds to be selectively
established between a main shaft 26, to which power is transmitted from the
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crankshaft 16, and a countershaft 27 that can transmit power to the side of a rear
wheel not shown via an endless chain 28.

A breather chamber 30 is formed at an upper portion of the crankcase 17 on the

5 side of the cylinder block 18. The breather chamber 30 communicates with a
~ transmission chamber 29 formed inside the crankcase 17 so as to accommodate
therein the transmission 25. In addition, a clutch operation mechanism 32 and a

cap 33 are disposed in the crankcase 17 so as to overlap the breather chamber 30

as viewed from a direction extending along the axis of the crankshaft 16. The

10  clutch operation mechanism 32 connects or disconnects a clutch 31 disposed
coaxially with the main shaft 26 so as to be inserted between the crankshaft 16

and the main shaft 26. The cap 33 openably closes a filler port through which oil

i1s poured into the transmission chamber 29. The foregoing positional
arrangements of the breather chamber 30, the clutch operation mechanism 32,
15 and the cap 33 make for greater workability in pouring the oil in the transmission

chamber 29, while achieving reduction in size of the engine E.

The cylinder block 18 has a cylinder bore 35 formed therein in which a piston 34
can be slidably fitted. The piston 34 is connected to the crankshaft 16 via a
20 connecting rod 36. In addition, a combustion chamber 37 facing a top of the
piston 34 is formed between the cylinder block 18 and the cylinder head 19. A
single intake port 38 to be brought into communication with the combustion
chamber 37 and a single exhaust port 39 to be brought into communication with
| the combustion chamber 37 are disposed in the cylinder head 19.
25
A pair of intake valves 40 and a pair of exhaust valves 41 are openably disposed
in the cylinder head 19. The pair of intake valves 40 opens or closes a path
between the combustion chamber 37 and the intake port 38. The pair of exhaust
valves 41 opens or closes a path between the combustion chamber 37 and the
30 exhaust port 39. Stems 42, 43 included in the intake valves 40 and the exhaust
valves 41, respectively, are slidably fitted into guide tubes 44, 45 disposed in the
cylinder head 19. Valve springs 48, 49 are disposed between retainers 46, 47
disposed at stem ends 42a, 43a of the stems 42, 43, respectively and cylinder head
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19. Spring forces exerted by the valve springs 48, 49 urge the intake valves 40
and the exhaust valves 41 in valve closing directions, respectively.

Referring also to Fig. 3, the intake valves 40 and the exhaust valves 41 are driven
to open or close by a valve actuating system 51 accommodated in a valve train
chamber 50 formed between the cylinder head 19 and the head cover 20. The
valve actuating system 51 includes a camshaft 54, a pair of valve lifters 55, and a
rocker arm 57. The camshaft 54 has an axis that extends in parallel with the

crankshaft 16. Further, the camshaft 54 includes a pair of intake-side valve

actuating cams 52, 52 and a single exhaust-side valve actuating cam 53. The pair
of valve lifters 55 is fitted slidably into the cylinder head 19 to intervene between
the two intake-side valve actuating cams 52 and the two intake valves 40. The
rocker arm 57 is disposed between the exhaust-side valve actuating cam 53 and
the exhaust valves 41 and rockably supported by a rocker shatt 56 having an axis
that extends in parallel with the camshaft 54.

[0020] ’ ‘

The camshaft 54 is disposed on an extension from an open/close operation axis of
the intake valves 40. specifically, an axis of the stems 42. The camshaft 54 has a
first end to which a driven sprocket 59 is fixed. The driven sprocket 59 forms
part of a timing transmission means 58 for transmitting a rotatable power from
the crankshaft 16 to the camshaft 54 at a reduction ratio of 1/2. Each of the valve
lifters 55 is formed into a cylindrical shape with a bottom having on one end
thereof an end wall 55a, an outer surface of which makes a sliding contact with a
corresponding one of the intake-side valve actuating cams 52, 52. The valve lifter
55 is fitted into the cylinder head 19, while being slidable along the opén/close
operation axis of the intake valve 40. Each of the stem ends 42a of the intake

valves 40 abuts against an inner surface of a corresponding one of the end wall
55a of the valve lifters 55.

The rocker arm 57 integrates a cam abutment portion 57a and a pair of valve
abutment portions 57b, 57b. The cam abutment portion 57a journals rotatably a
roller 61 that makes a rolling contact with the exhaust-side valve actuating cam
53. The pair of valve abutment portions 57b, 57b is bifurcated from the cam
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abutment portion 57a such that each of the valve abutment portions 57b, 57b
abuts on a corresponding one of the stem ends 43a of the exhaust valves 41. The
rocker arm 57 is thus rockably journaled by the rocker shaft 56 disposed between

the exhaust valves 41 and the camshaft 54.

Referring also to Figs. 4 and 5, the cylinder head 19 includes first and second side
walls 19a, 19b, each extending in a direction along the axis of the camshaft 54 and
mutually opposing each other. The intake port 38 is disposed in the first side
wall 19a. The exhaust port 39 is disposed in the second side wall 19b.

Note also that the head cover 20 is connected to an upper end of the cylinder
head 19 via a gasket 62. A connection surface 63 for connecting the head cover 20
is formed on the upper end of the cylinder head 19. The connection surface 63 is
set so as to follow along a plane inclined to be spaced further away from the
cylinder block 18 toward the first side wall 19a relative to the second side wall
19b.

Moreover, the stem ends 43a of the exhaust valves 41 are disposed at positions
protruding from the connection surface 63 as viewed in a direction along the axis
of the camshaft 54. Further, the stems 43 of the exhaust valves 41 are formed to
be shorter in length than the stems 42 of the intake valves 40.

Referring also to Figs. 6 and 7, the camshaft 54 is rotatably supported by a pair of
camshaft holders 64, 65 and cam caps 66, 67. Specifically, the camshaft holders
64, 65 are integrated with the cylinder head 19 in a protruding condition at
positions spaced apart from each other in the axial direction of the camshaft 54.
The cam caps 66, 67 are fastened to the camshaft holders 64, 65, respectively,
using each pair of bolts 68, 69 disposed on either side of the camshaft 54.
Accordingly, the camshaft holders 64, 65 include semi-circular bearing portions
64a, 65a that receive a substantially half portion of the camshaft 54. The cam caps
66, 67 receiving a remainder substantially half portion of the camshaft 54 are
fastened to the camshaft holders 64, 65 with each of the pair of bolts 68, 69
disposed on either side of the camshaft 54. Further, ball bearings 70, 71 are
inserted between the camshaft holders 64, 65 and the cam caps 66, 67.

WH-13455/cs
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- The cam caps 66, 67 include threaded holes 72, 73 formed therein, respectively.

Bolts 75 that are passed through and engaged with the head cover 20 are
threaded into the threaded holes 72, 73, respectively. Tightening the bolts 75
results in the head cover 20 being connected to the connection surface 63 of the
cylinder head 19 via the gasket 62.

The camshaft holders 64, 65 are integrally connected to the first side wall 19a of
the cylinder head 19. Further, the camshaft holders 64, 65 are integrated with the
cylinder head 19 in a protruding condition so as to protrude from the connection
surface 63 as viewed from the axial direction of the camshaft 54. The bearing

- portions 64a, 65a of the camshaft holders 64, 65 are disposed at a position

protruding from the connection surface 63 as viewed from the axial direction of
the camshaft 54. |

The intake port 38 is disposed in the first side wall 19a such that an upstream end

thereof is disposed at the same position as that at which part of the bearing

portions 64a, 65a of the camshaft holders 64, 65 is disposed in a direction along
an axis C of the cylinder bore 35. Additionally, the intake pbrt 38 has an upper
end disposed upward of a lower end of the camshaft 54, Specifically, the upper
end of the intake port 38 is disposed upward of a horizontal line L that passes
through the lower end of the camshaft 54. ‘

The rocker shaft 56 is supported by the cylinder head 19 by being disposed at a
position protruding from the connection surface 63 as viewed from the axial
direction of the camshaft 54. A pair of rocker shaft support portions 76, 77
supporting the rocker shaft 56 is integrated with the cylinder head 19 so as to be
disposed between the exhaust valves 41 and the camshaft 54 as viewed from the
axial direction of the camshaft 54 and the rocker shaft 56. '

Referring also to Figs. 8 and 9, the rocker shaft support portions 76, 77 are
integrated continuously with the camshaft holders 64, 65 to rockably support
both ends of the rocker shaft 56. The rocker shaft support portions 76, 77 include
support holes 78, 79, reSpectively, formed therein coaxially therewith for
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supporting the rocker shaft 56. Of each pair of bolts 68, 69 for fastening the cam
caps 66, 67 to the camshaft holders 64, 65, the bolts 68 engage with both ends of
the rocker shaft 56 that is passed through the support holes 78, 79, thereby
securing the rocker shaft 56 to the rocker shaft support portions 76, 77.

The rocker arm 57 is disposed between the rocker shaft support portions 76, 77.
The cylinder head 19 includes a rocker shaft center support portion 80 integrally

formed therewith between the rocker shaft support portions 76, 77. The rocker

shaft center support portion 80 has a support hole 81 coaxial with the support
holes 78, 79. The rocker shaft center support portion 80 supports the rocker shaft
56 at an axial central portion thereof. '

The rocker shaft support portion 76 of the two rocker shaft support portions 76,
77 has a side face opposite the camshaft 54, on which a pair of first reinforcement
ribs 82, 82 is disposed. The first reinforcement ribs 82, 82 are provided integrally
on a plane that is orthogonal to the axis of the rocker shaft 56. The other rocker
shaft support portion 77 has a side face opposite the camshaft 54, on which a first
reinforcement rib 83 is disposed. The first reinforcement rib 83 is provided
integrally on a plane that is orthogonal to the axis of the rocker shaft 56.

At least one of the two rocker shaft support portions 76, 77, specifically, the one
rocker shaft support portion 76 according to the embodiment of the present

~invention has a side face opposite the rocker arm 57, on which a pair of second

reinforcement ribs 84, 84 is disposed. The second reinforcement ribs 84, 84 are
provided integrally on a plane that is in parallel with the axis of the rocker shaft
56. | |

Referring also to Fig. 10, the cam caps 66, 67 which are fastened, i‘espectively, to
the camshaft holders 64, 65 includes third reinforcement ribs 85, 86 formed '
integrally thereon in a protruding condition. The third reinforcement ribs 85, 86
protrude in a direction along the axis of the camshaft 54 from portions of the cam
caps 66, 67 fastened to the camshaft holders 64, 65 by the bolts 68. The third
reinforcement ribs 85, 86 abut on the rocker shaft support portions 76, 77,
respectively.
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Effects of the cylinder head structure according to the embodiment of the present
invention will be described below. Specifically, the Connection surface 63 formed
oni the cylinder head 19 for connecting the head cover 20 is set so as to follow
along the plane inclined to be spaced further away from the cylinder block 18
toward the first side wall 19a relative to the second side wall 19b. The camshaft
holders 64, 65 including the semi-circular bearing poftions 64a, 65a that receive a
substantially half portion of the camshaft 54 and the stem ends 43a of the exhaust
valves 41 protrude from the connection surface 63 as viewed in the direction
along the axis of the camshaft 54. The cylinder head 19 can therefore be further
reduced in size and weight.

The intake port 38 is disposed in the first side wall 19a such that the upstream
end thereof is disposed at the same position as that at which part of the bearing
portions 64a, 65a of the camshaft holders 64, 65 is disposed in the direction along
the axis C of the cylinder bore 35. A flow direction in the intake port 38 is
sharply inclined at a side close to the cylinder axis, thereby ensuring good
introduction of fuel into the combustion chamber 37 for the enhanced engine
performance in a low-to-medium speed range.

The camshaft holders 64, 65 are integrally connected with the first side wall 19a
to be integrated with the cylinder head 19 in a protruding condition. Stiffness of
the camshaft holders 64, 65 can therefore be enhanced such that the camshaft
holders 64, 65 are reinforced with the first side wall 19a. '

The valve actuating system 51 driving to open or close the exhaust valves 41
includes the rocker shaft 56 having the axis extending in parallel with the
camshaft 54 and supported by the cylinder head 19 by being disposed at a
position protruding from the connection surface 63 as viewed from the axial
direction of the camshaft 54 and the rocker arm 57 rotatably supported by the
rocker shaft 56 so as to rock by following rotation of the exhaust-side valve
actuating cam 53 disposed on the camshaft 54. The stems 43 of the exhaust
valves 41 driven to open or close by the rocker arm 57 are formed to be shorter in
length than the stems 42 of the intake valves 40. This allows the exhaust valves
41 to be reduced in weight for the improved operating response of the exhaust
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valves 41 at a high speed range. The stem ends 43a of the exhaust valves 41 are
disposed at positions protruding from the connection surface 63 despite the
shorter length of the stems 43 of the exhaust valves 41. This allows a tappet
clearance between the rocker arm 57 and the stem ends 43a to be checked easily.

5 |
Additionally, the bearing portions 64a, 65a of the camshaft holders 64, 65 are
disposed at a position protruding from the connection surface 63 as viewed from
the axial direction of the camshaft 54. Machinability of the bearing portions 64a,
65a can therefore be improved.
10

The rocker shaft support portions 76, 77 supporting the rocker shaft 56 are
integrated with the cylinder head 19 so as to be disposed between the exhaust
valves 41 and the camshaft 54 as viewed from the axial direction of the camshaft -
54 and the rocker shaft 56. The first reinforcement ribs 82, 82, 83 are integrally
15 disposed in a protruding condition on the plane that is orthogonal to the axis of
the rocker shaft 56 on the side face of the rocker shaft support portions 76, 77
opposite the camshaft 54. This enhances stiffness of the rocker shaft support
portions 76, 77, while avoiding an increase in size of the rocker shaft support
portions 76, 77 and, for that matter, an increase in size of the cylinder head 19.
20 This improves the operating response of the exhaust valves 41.

The pair of rocker shaft support portions 76, 77 that rockably support both ends
of the rocker shaft 56 are integrated with the cylinder head 19 such that the
rocker arm 57 is disposed between the rocker shaft support portions 76, 77. The
25 second reinforcement ribs 84, 84 are integrally disposed in a protruding
condition on the plane that is in parallel with the axis of the rocker shaft 56 on the
side face opposite the rocker arm 57 of at least one of the two rocker shaft
support portions 76, 77, specifically, the rocker shaft support portion 76. This
allows the second reinforcement ribs 84 to prevent the rocker shaft support
30 portion 76 from being tilted by a load acting on the rocker shaft 56 from the
rocker arm 57 between the two rocker shaft support portions 76, 77. Stiffness of
the rocker shaft support portion 76 can be enhanced with the structure that
includes the second reinforcement ribs 84 integrated with the rocker shaft
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support portion 76 in a protruding condition to thereby avoid making the size

larger.

The camshaft holders 64, 65 integrally connected to the rocker shaft support
portions 76, 77 are integrated with the cylinder head 19. The cam caps 66, 67 that
cooperate with the camshaft holders 64, 65 to rotatably sUpport the camshaft 54
are fastened to the camshaft holders 64, 65. The third reinforcement ribs 85, 86
that protrude in the direction along the axis of the camshaft 54 from the portions
of the cam caps 66, 67 fastened to the camshaft holders 64, 65 are integrated with
the cam caps 66, 67 in a protruding condition and abut on the rocker shaft
support portions 76, 77, respectively. The rocker shaft support portions 76, 77
can therefore be further reinforced with the third reinforcement ribs 85, 86.
Stiffness of the rocker shaft support portions 76, 77 can be further enhanced, so
that the operating response of the engine valves can be further enhanced.

The rocker shaft center support portion 80 that supp'orts the rocker shaft 56 at the
axial central portion thereof is integrated with the cylinder head 19 between the
rocker shaft support portions 76, 77. This prevents the rocker shaft 56 from being
flexed. |

Although various preferred embodiments of the present invention have been
described herein in detail, it will be appreciated by those skilled in the art, that

variations may be made thereto without departing from the spirit of the

invention or the scope of the appended claims.

WH-13455/cs

/) 2 o b - a - 9
B R DN j 2o i i



10

15

20

25

30

CA 02650895 2009-01-23
- 15 -

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A cylinder head structure for a four-cycle engine, the four-cycle
engine including: a cylinder block having a cylinder bore in which a piston can
be slidably fitted; a cylinder head connected to the cylinder block, the cylinder
head forming a combustion chamber that faces a top of the piston in a space
defined by the cylinder head and the cylinder block; a camshaft disposed on an
extension of an open/close operation axis of an intake valve, the camshaft
forming part of a valve actuating system driving to open and close the intake
valve and an exhaust valve openably disposed in the cylinder head; an intake
port disposed in a first side wall extending along an axis of the camshaft so as to
be disposed in the cylinder head; an exhaust port disposed in a second side wall
disposed in the cylinder head so as to oppose the first side wall; and a head cover
forming a valve train chamber that accommodates therein the valve actuating
system in a space defined by the head cover and the cylinder head, a connection
surface formed in the cylinder head for connecting the head cover being
extended to follow along a plane that is inclined so as to be spaced further away
from the cylinder block toward the first side wall relative to the second side wall;
wherein camshaft holders having semi-circular bearing portions that receive a
substantially half portion of the camshaft to be integrally connected to the first

- side wall are integrated with the cylinder head in a protruding condition at a

position protruding from the connection surface as viewed from an axial
direction of the camshaft; the intake port is disposed in the first side wall such
that an upstream end thereof is disposed at a position identical to that at which
part of the bearing portions is disposed in a direction along an axis (C) of the
cylinder bore; and a stem end of the exhaust valve is disposed at a position
protruding from the connection surface as viewed in a direction along the axis of
the camshalft. '

2. The cylinder head structure for the four-cycle engine according to
claim 1, wherein: the valve actuating system includes: a rocker shaft having an
axis extending in parallel with the camshaft and supported by the cylinder head
by being disposed at a position protruding from the connection surface as
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viewed from the axial direction of the camshaft; and a rocker arm rotatably

supported by the rocker shaft so as to rockably follow rotation of an exhaust-side

valve actuating cam disposed on the camshaft; and the stem of the exhaust valve

driven to open or close by the rocker arm is formed to be shorter in length than a
5  stem of the intake valve.

3. The cylinder head structure for the four-cycle engine according to
claim 1 or 2, wherein: the bearing portions of the camshaft holders are disposed

at positions protruding from the connection surface as viewed from the axial
10  direction of the camshaft. |
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