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(57)  During a low revolution period, centrifugal force
applied to a weight is small and therefore the rotating
operation of the weight is restricted. This prevents a lock
pin from being fitted to the lock pin fitting hole of a floating
cam portion, and the floating cam portion idles around a
cam fixing shaft. During a high revolution period, centrif-
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ugal force applied to the weight increases, and therefore
the weight rotates around the rotation shaft. In this way,
the tip end of the lock pin is fitted to the lock pin fitting
portion of the floating cam portion. Therefore, during the
high revolution period, the floating cam portion is fixed
with respect to the rotating direction of the variable valve
system by the lock pin.
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Description
[Technical Field]

[0001] The presentinventionrelates to avariable valve
system that drives a valve in an engine, and an engine
device and a vehicle including the system.

[Background Art]

[0002] Many kinds of variable valve mechanisms that
control intake/exhaust have been developed in order to
improve fuel consumption, reduce toxic substances in
exhaust gas, and achieve high power output in a partic-
ular revolution range.

[0003] The amount of intake is preferably adjusted to
an optimum amount in a low speed range where the rev-
olution speed of the engine is low and in a high speed
range where the revolution speed of the engine is high
in order to improve the intake/exhaust efficiency.
[0004] In general, the space occupied by an engine in
a motorcycle is smaller than that of a four-wheeled au-
tomobile and the like. There has been a demand for mo-
torcycles that can be manufactured less costly. There-
fore, there has been a demand for more compact variable
valve mechanisms for use in motorcycles.

[0005] Patent Document 1 proposes a valve system
for an engine that has a simple and compact structure to
switch between a low speed cam and a high speed cam.
In the valve system, the low speed cam is fixed to the
camshaft, and the high speed cam is provided parallel
to the low speed cam and in a relatively displaceable
manner to the camshaft. A control shaft is provided in
the camshaft so that it can reciprocate in the axial direc-
tion. The axial movement of the control shaft causes the
high speed cam to protrude in the direction orthogonal
to the camshaft, so that the low speed cam and the high
speed cam are switched.

[Patent Document 1] JP 09-256827 A

[Disclosure of the Invention]
[Problems to be Solved by the Invention]

[0006] The valve system disclosed by Patent Docu-
ment 1 switches from the low speed cam to the high
speed cam using a hydraulic actuator. More specifically,
a control lever is provided to operate in response to the
operation of the control shaft, and the control lever en-
ergized by a spring is moved by the hydraulic actuator.
In this way, the control shaft moves in the axial direction,
and the low speed cam is switched to the high speed cam.
[0007] However, large oil pressure is necessary to
move the control lever against the energizing force of the
spring, the reaction force applied from the valve to the
high speed cam, and the reaction force applied from the
valve to the control shaft. Therefore, a larger size, more
expensive oil pump is necessary as an oil pump to supply
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oil to the hydraulic actuator. This increases the manufac-
turing cost and hinders a vehicle from being reduced in
size.

[0008] Itis an object of the invention to provide a com-
pact and low cost variable valve system that can switch
between the cams in an optimum manner in response to
the revolution speed of the engine, and an engine device
and a vehicle including the same. [Means for Solving the
Problems]

(1) A variable valve system according to an aspect
of the invention is a variable valve system adapted
to drive a valve in an engine and includes a rotation
shaft provided to be rotatable in response to the rev-
olution of the engine, a first cam member provided
to rotate together with the rotation shaft and operat-
ing to open/close the valve, a second cam member
provided rotatably with respect to the rotation shaft
and operating to open/close the valve, an engaging
member provided to be switchable between a first
state in which the second cam member is allowed
to rotate with respect to the rotation shaft and a sec-
ond state in which the second cam member is en-
gaged to the rotation shaft, an energizing member
that generates energizing force that switches the en-
gaging member to the first state, and a driving mem-
ber that operates to switch the engaging member to
the second state against the energizing force by the
energizing member by centrifugal force generated
by the rotation of the rotation shaft, the first cam
member operates to open/close the valve when the
engaging member is in the first state, and the second
cam member operates to open/close the valve when
the engaging member is in the second state.

In the variable valve system, the rotation shaft ro-
tates in response to the revolution of the engine. The
first cam member rotates together with the rotation
of the rotation shaft. The second cam member at-
tains a rotatable state with respect to the rotation
shaft when the engaging member is in the first state
and is engaged to the rotation shaft when the en-
gaging member is in the second state. The engaging
member switches between the first state and the sec-
ond state in response to the revolution speed of the
rotation shaft.

When the revolution speed of the rotation shaft is
low, the engagingmember is switched to the first
state by the energizing force generated by the ener-
gizing member. This allows the second cam member
to be rotated with respect to the rotation shaft by the
engagingmember. Therefore, the second cammem-
ber is switched to the state in which it does not rotate
together with the rotation of the rotation shaft. In this
case, the first cammember operates to open/close
the valve.

Meanwhile, when the revolution speed of the rotation
shaftis high, the engagingmember is switched to the
second state against the energizing force by the en-
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ergizingmember by centrifugal force applied to the
driving member. In this way, the second cam mem-
ber is engaged to the rotation shaft. Therefore, the
second cammember rotates together with the rota-
tion of the rotation shaft. In this case, the second
cam member operates to open/close the valve.

In this way, the state in which the first cam member
acts upon the valve and the state in which the second
cam member acts upon the valve are switched ac-
cording to the revolution speed of the engine. There-
fore, the first cam member and the second cammem-
ber may be formed into optimum shapes for the low
revolution period and the high revolution period for
the engine, so that oil consumption during normal
driving (middle and low speed driving) can be im-
proved, toxic substances in exhaust gas can be re-
duced, and high power output during high speed driv-
ing can be achieved.

The first cam member and the second cam member
are switched using the centrifugal force generated
by the rotation of the rotation shaft, and therefore a
driving source by an oil pressure system is not nec-
essary. Therefore, a compact and low cost variable
valve system can be provided.

(2) The driving member may be provided pivotably
from a first position to a second position by centrif-
ugal force generated by the rotation of the rotation
shaft, the engaging member may be provided mov-
ably in one direction along the rotation shaft as the
driving member pivots from the first position to the
second position, the energizing member may apply
energizing force to the driving member so that the
driving member is moved toward the first position,
and the engaging member may attain the first state
when the driving member is in the first position and
the second state when the driving member is in the
second position.

In this case, the energizing force caused by the en-
ergizing member acts so that the driving member
moves toward the first position. The centrifugal force
generated by the rotation of the rotation shaft acts
so that the driving member pivots from the first po-
sition to the second position.

When the revolution speed of the rotation shaft is
low, the energizing force acting on the driving mem-
ber is larger than the centrifugal force, and therefore
the driving member is in the first position. Therefore,
the engaging member is in the first state. As a result,
the second cam member can rotate with respect to
the rotation shaft, so that the first cammember op-
erates to open/close the valve.

When the revolution speed of the rotation shaft is
high, the centrifugal force acting on the driving mem-
ber is larger than the energizing force, so that the
driving member pivots from the first position to the
second position. This causes the engaging member
to move in one direction along the rotation shaft, and
the first state is switched to the second state. There-

10

15

20

25

30

35

40

45

50

55

fore, the second cam member rotates together with
the rotation shaft, so that the second cam member
operates to open/close the valve.

In this way, depending on the magnitude of the cen-
trifugal force applied to the driving member, the en-
gaging member switches to the first state or the sec-
ond state. In this way, the first cam member and the
second cam member can be switched with simple
arrangement.

(3) The engaging member may have an engaging
portion, the second cam member may have an en-
gagement portion to be engaged by the engaging
portion of the engaging member, the engaging por-
tion may be disengaged from the engagement por-
tion when the engaging member is in the first state,
and the engaging portion may engage the engage-
ment portion when the engaging member is in the
second state.

When the revolution speed of the rotation shaft is
low, the engaging portion of the engaging member
is disengaged from the engagement portion of the
second cam member. This allows the second cam
member to rotate with respect to the rotation shaft.
When the revolution speed of the rotation shaft is
high, the engaging portion of the engaging member
engages the engagement portion of the second cam
member. In this way, the second cam member is
fixed to the rotation shaft. In this way, the first cam
member and the second cam member can be
switched with simple arrangement.

(4) The engaging member may include a rod-shaped
member, the engaging portion may be an end of the
rod-shaped member, and the engagement portion
of the second cam member may be a hole to which
the end of the rod-shaped member can be fitted.
When the revolution speed of the rotation shaft is
low, the end of the rod-shaped member is disen-
gaged from the hole of the second cammember. This
allows the second cammember to rotate with respect
to the rotation shaft. When the revolution speed of
the rotation shaft is high, the end of the rod-shaped
member is fitted to the hole of the second cam mem-
ber. This causes the second cam member to be fixed
tothe rotation shaft. In this way, the first cam member
and the second cam member can be switched with
simple arrangement.

(5) The engaging member may be a plurality of rod-
shaped members, the engagement portion of the
second cam member may be a plurality of holes to
which ends of the plurality of rod-shaped members
can be fitted, and the plurality of rod-shaped mem-
bers may be provided in asymmetric positions with
one another with respect to the center of the rotation
shaft.

In this case, the plurality of rod-shapedmembers are
fitted to the plurality of corresponding holes, which
allows the second cam member to be surely fixed
with respect to the rotation shaft. The plurality of rod-
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shaped members are in asymmetric positions with
one another with respect to the center of the rotation
shaft, so that the rod-shaped members are surely
inserted into the corresponding holes, respectively.
(6) The variable valve system may further include a
movement stopping member that prevents the
movement of the engaging member when the en-
gaging member is in at least one of the first state and
the second state.

In this case, the engaging member is surely fixed in
the first state or the second state, so that the engag-
ing member can be prevented from being unstable
because of the reaction force applied from the valve.
Furthermore, when force that switches the engaging
member to the first state by the energizing force gen-
erated by the energizing member and force that
switches the engaging member to the second state
by the centrifugal force applied to the driving member
are balanced, the engaging member can be prevent-
ed from being unstable between the first state and
the second state. Consequently, the first cam mem-
ber and the second cam member can stably be
switched, so that the opening/closing of the valve
can be prevented from being unstable.

(7) The engaging member may have at least one
groove, and the movement stopping member may
have a fitting portion that can be fitted to the groove
when the engaging member is in at least one of the
first state and the second state.

In this way, the fitting portion of the movement stop-
ping member is fitted to the groove of the engaging
member when the engaging member is in at least
one of the first state and the second state. Therefore,
the engaging member is sufficiently fixed in the first
state or the second state, so that the engaging mem-
ber can surely be prevented from being unstable be-
cause of the reaction force applied from the valve.
Furthermore, when force that switches the engaging
member to the first state by the energizing force gen-
erated by the energizing member and force that
switches the engaging member to the second state
by the centrifugal force applied to the driving member
are balanced, the engaging member can sufficiently
be prevented from being unstable between the first
state and the second state.

(8) The groove of the engaging member and the fit-
ting portion of the movement stopping member may
be formed so that the fitting portion can be withdrawn
from the at least one groove at least one of when the
engaging member switches from the first state to the
second state and when the engaging member
switches from the second state to the first state.

In this way, when the engaging member is in the first
state or the second state, the fitting portion of the
movement stopping member is fitted to the groove
of the engaging member, and when the engaging
member is switched from the first state to the second
state or from the second state to the first state, the
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fitting portion of the movement stopping member
withdraws from the groove of the engaging member.
In this way, when the engaging member is in the first
state or the second state, the engaging member can
be prevented from being unstable, and the transition
from the first state to the second state or the transition
from the second state to the first state can stably be
carried out.

(9) The variable valve system may further include a
first transmission member that swings in response
to the rotation of the first cam member and moves
the valve up and down, and a second transmission
member that swings the first transmission member
in response to the rotation of the second cam mem-
ber.

In this way, the first cam member rotates together
with the rotation of the rotation shaft, so that the first
transmission member swings. This causes the valve
to move up and down.

When the second cammember is engaged to the ro-
tation shaft, the second cam member rotates togeth-
er with the rotation of the rotation shaft, so that the
second transmission member swings. This causes
the first transmission member to swing and the valve
to move up and down.

In this way, when the first cam member and the sec-
ond cam member rotate, the upward and downward
movement of the valve is carried out by the swinging
of the first transmission member. Therefore, as com-
pared to the case of moving the valve up and down
separately by the first transmission member and the
second transmission member, the valve can be more
compact and an unbalanced load can be prevented
from being applied on the valve.

(10) The first cam member may operate to open the
valve with a first lift amount in the first state, and the
second cam member may operate to open the valve
with a second lift amount larger than the first lift
amount in the second state.

Here, when the revolution speed of the rotation shaft
is low, the first cam member rotates together with
the rotation of the rotation shaft. The second cam
member is allowed to rotate with respect to the ro-
tation shaft, so that the second cam member does
not rotate together with the rotation of the rotation
shaft. Therefore, the first cam member operates to
open the valve with the first lift amount.

When the revolution speed of the rotation shaft is
high, the first cam member rotates together with the
rotation of the rotation shaft, and the second cam-
member is engaged to the rotation shaft and rotates.
In this way, the first cam member operates to open
the valve with the first lift amount, while the second
cam member operates to open the valve with the
second lift amount greater than the first lift amount.
In this way, the valve moves up and down with the
second lift amount.

In this way, the lift amount of the valve is switched
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between the first lift amount and the second lift
amount according to the revolution speed of the en-
gine. Therefore, oil consumption during normal driv-
ing can be improved, toxic substances in exhaust
gas can be reduced, and high power output during
high speed driving can be achieved.

(11) The first cam member may operate to open the
valve with a first operation angle in the first state,
and the second cam member may operate to open
the valve with a second operation angle larger than
the first operation angle in the second state.

Here, when the revolution speed of the rotation shaft
is low, the first cam member operates to open the
valve with the first operation angle.

When the revolution speed of the rotation shaft is
high, the second cam member operates to open the
valve with the second operation angle larger than
the first operation angle.

In this way, the operation angle of the valve is
switched between the first operation angle and the
second operation angle according to the revolution
speed of the engine. Therefore, oil consumption dur-
ing normal driving can be improved, toxic substances
in exhaust gas can be reduced, and high power out-
put during high speed driving can be achieved.
(12) The valve may be an intake valve. In this case,
the state in which the first cam member acts on the
intake valve and the state in which the second cam
member acts on the intake valve are switched ac-
cording to the revolution speed of the engine. In this
way, the first cam member and the second cam
member may be formed in optimum shapes for the
low revolution period and the high revolution period
forthe engine, so that the intake amount or the intake
timing can be adjusted. Therefore, oil consumption
during normal driving can be improved, toxic sub-
stances in exhaust gas can be reduced, and high
power output during high speed driving can be
achieved.

(13) An engine device according to another aspect
of the invention includes an engine having a valve,
and a variable valve system adapted to drive the
valve in the engine, the variable valve system in-
cludes a rotation shaft provided to be rotatable in
response to the revolution of the engine, a first cam
member provided to rotate together with the rotation
shaft and operating to open/close the valve, a sec-
ond cam member provided rotatably with respect to
the rotation shaft and operating to open/close the
valve, an engaging member provided to be switch-
able between a first state in which the second cam
member is allowed to rotate with respect to the ro-
tation shaft and a second state in which the second
cam member is engaged to the rotation shaft, an
energizing member that generates energizing force
that switches the engaging member to the first state,
and a driving member that operates to switch the
engaging member to the second state against the
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energizing force by the energizingmember by cen-
trifugal force generated by the rotation of the rotation
shaft, the first cam member operates to open/close
the valve when the engaging member is in the first
state, and the second cam member operates to
open/close the valve when the engaging member is
in the second state.

Inthe engine device, the valve in the engine is driven
by the variable valve system.

In the variable valve system, the rotation shaft ro-
tates together with the revolution of the engine. The
first cam member rotates together with the rotation
of the rotation shaft. The second cam member at-
tains a rotatable state with respect to the rotation
shaft when the engaging member is in the first state
and is engaged to the rotation shaft when the en-
gaging member is in the second state. The engaging
member is switched to the first state or the second
state according to the revolution speed of the rotation
shaft.

When the revolution speed of the rotation shaft is
low, the engaging member is switched to the first
state by the energizing force generated by the ener-
gizing member. This allows the second cam member
to be rotated with respect to the rotation shaft by the
engaging member. Therefore, the second cammem-
ber is switched to the state in which it does not rotate
together with the rotation of the rotation shaft. In this
case, the first cammember operates to open/close
the valve.

Meanwhile, when the revolution speed of the rotation
shaft is high, the engaging member is switched to
the second state against the energizing force by the
energizingmember by centrifugal force applied to the
driving member. In this way, the second cam mem-
ber is engaged to the rotation shaft. Therefore, the
second cammember rotates together with the rota-
tion of the rotation shaft. In this case, the second
cam member operates to open/close the valve.

In this way, the state in which the first cam member
acts upon the valve and the state in which the second
cam member acts upon the valve are switched ac-
cording to the revolution speed of the engine. There-
fore, the firstcam member and the second cam mem-
ber may be formed into optimum shapes for the low
revolution period and the high revolution period for
the engine, so that oil consumption during normal
driving can be improved, toxic substances in exhaust
gas can be reduced, and high power output during
high speed driving can be achieved.

The first cam member and the second cam member
are switched using the centrifugal force generated
by the rotation of the rotation shaft, and therefore a
driving source by an oil pressure system is not nec-
essary. Therefore, a compact and low cost variable
valve system can be provided.

(14) A vehicle according to yet another aspect of the
invention includes an engine device, a driving wheel,
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and a transmission mechanism that transmits motive
power generated by the engine device to the driving
wheel, the engine device includes an engine having
avalve, and a variable valve system adapted to drive
the valve in the engine, the variable valve system
includes a rotation shaft provided to be rotatable in
response to the revolution of the engine, a first cam
member provided to rotate together with the rotation
shaft and operating to open/close the valve, a sec-
ond cam member provided rotatably with respect to
the rotation shaft and operating to open/close the
valve, an engaging member provided to be switch-
able between a first state in which the second cam
member is allowed to rotate with respect to the ro-
tation shaft and a second state in which the second
cam member is engaged to the rotation shaft, an
energizingmember that generates energizing force
that switches the engaging member to the first state,
and a driving member that operates to switch the
engaging member to the second state against the
energizing force by the energizing member by cen-
trifugal force generated by the rotation of the rotation
shaft, the first cam member operates to open/close
the valve when the engaging member is in the first
state, and the second cam member operates to
open/close the valve when the engaging member is
in the second state.

[0009] In the vehicle, the motive power generated by
the engine device is transmitted to the driving wheel by
the transmission mechanism, and the driving wheel is
driven. Here, in the engine device, the valve in the engine
is driven by the variable valve system.

[0010] In this case, in the variable valve system, the
state in which the first cam member acts upon the valve
and the state in which the second cam member acts upon
the valve are switched according to the revolution speed
of the engine. Therefore, the first cam member and the
second cam member may be formed into optimum
shapes for the low revolution period and the high revo-
lution period for the engine, so that oil consumption during
normal driving can be improved, toxic substances in ex-
haust gas can be reduced, and high power output during
high speed driving can be achieved.

[0011] The first cam member and the second cam
member are switched using the centrifugal force gener-
ated by the rotation of the rotation shaft, and therefore a
driving source by an oil pressure systemis not necessary.
Therefore, a compact and low cost variable valve system
can be provided.

[Effects of the Invention]

[0012] According to the invention, the state in which
the first cam member acts upon the valve and the state
in which the second cam member acts upon the valve
are switched according to the revolution speed of the
engine. Therefore, the first cam member and the second
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cam member may be formed into optimum shapes for
the low revolution period and the high revolution period
for the engine, so that oil consumption during normal driv-
ing can be improved, toxic substances in exhaust gas
can bereduced, and high power output during high speed
driving can be achieved. The first cam member and the
second cam member are switched using the centrifugal
force generated by the rotation of the rotation shaft, and
therefore a driving source by an oil pressure system is
not necessary. Therefore, a compact and low cost vari-
able valve system can be provided.

[Brief Description of the Drawings]
[0013]

[FIG. 1] Fig. 1 is a schematic view of a motorcycle
according to one embodiment of the invention.
[FIG. 2] Fig. 2 is a view for use in illustrating the
general structure of a variable valve system accord-
ing to the embodiment of the invention.

[FIG. 3] Fig. 3 is a perspective view for use in illus-
trating how a variable valve system is assembled.
[FIG. 4] FIG. 4 is a perspective view for use in illus-
trating how a variable valve system is assembled.
[FIG. 5] FIG. 5 is a perspective view for use in illus-
trating how a variable valve system is assembled.
[FIG. 6] FIG. 6 is a sectional view of a lock plate
storing member having a lock plate and a spring in-
serted therein taken along an X-Z plane.

[FIG. 7] FIG. 7 is a sectional view of a state of a
variable valve system during a low revolution period.
[FIG. 8] FIG. 8 is a sectional view of a state of a
variable valve system during a high revolution peri-
od.

[FIG. 9] Fig. 9 is a view for use in illustrating in detail
the operation of a lock plate and lock pins in Figs. 7
and 8.

[FIG. 10] Fig. 10 is a sectional view of how the var-
iable valve system is attached to an engine.

[FIG. 11] Fig. 11 is a top view of the arrangement of
the variable valve system, an intake high cam rocker
arm, an intake low cam rocker arm, and an exhaust
cam rocker arm in Fig. 10.

[FIG.12]Fig. 12is a sectional view of a cylinder head
taken along line R-R in Fig. 10.

[FIG. 13] Fig. 13 is a chart showing the displace-
ments of an intake valve and an exhaust valve in Fig.
12.

[FIG. 14] Fig. 14 is a view of a modification of the
variable valve system.

[Best Mode for Carrying out the Invention]

[0014] A variable valve system, and an engine device
and a vehicle including the same according to an em-
bodiment of the present invention will be described. In
the embodiment, a small size motorcycle will be de-
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scribed as the vehicle.
(1) Structure of Vehicle

[0015] Fig. 1 is a schematic view of a motorcycle ac-
cording to the embodiment of the invention.

[0016] Inthe motorcycle 100, a head pipe 3 is provided
at the front end of a main body frame 6. A front fork 2
provided at the head pipe 3 can swing from side to side.
At the lower end of the front fork 2, the front wheel 1 is
rotatably supported. A handle 4 is attached to the upper
end of the head pipe 3.

[0017] An engine 7 is held in the center of the main
body frame 6. A fuel tank 8 is provided above the engine
7, and a seat 9 is provided behind the fuel tank 8.
[0018] A rear arm 10 is connected to the main body
frame 6 to extend behind the engine 7. The rear arm 10
holds the rear wheel 11 and a rear wheel driven sprocket
12 in a rotatable manner. An exhaust pipe 13 is connect-
ed to the engine 7. A muffler 14 is attached to the rear
end of the exhaust pipe 13.

[0019] A rear wheel drive sprocket 15 is attached to
the drive shaft 26 of the engine 7. The rear wheel drive
sprocket 15 is coupled to the rear wheel driven sprocket
12 of the rear wheel 11 through a chain 16.

[0020] The engine 7 includes a variable valve system.
Now, the variable valve system according to the embod-
iment will be described.

(2) General Structure of Variable Valve System

[0021] Fig. 2is aview for use in illustrating the general
structure of the variable valve system according to the
embodiment of the invention. Fig. 2 (a) is a schematic
top view of the variable valve system provided in the en-
gine 7. Fig. 2 (b) is a schematic side view of the variable
valve system provided in the engine 7.

[0022] AsshowninFig.2 (a)and(b),the variable valve
system 200 is provided ata cylinder head 7S inthe engine
7. The variable valve system 200 includes a cam driven
sprocket 220, an intake high cam 237, an intake low cam
241, and an exhaust cam 242.

[0023] As a piston 21 reciprocates in a cylinder 20, a
crankshaft 23 rotates and a cam drive sprocket 24 pro-
vided at the crankshaft 23 rotates.

[0024] The turning force of the cam drive sprocket 24
is transmitted to the cam driven sprocket 220 of the var-
iable valve system 200 through a chain 25. This rotates
the variable valve system 200.

[0025] Inthevariable valve system 200, the intake high
cam 237 and the intake low cam 2 41 are switched in
response to the revolution speed of the engine 7 and
changes in the revolution speed (rise and fall in the rev-
olution speed) . This changes the liftamount of the intake
valve that will be described, and the intake amount into
the cylinder 20 changes accordingly.
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(3) Structure of Variable Valve System

[0026] The structure of the variable valve system 200
will be described in detail. Figs. 3 to 5 are perspective
views for use inillustrating how the variable valve system
200 is assembled. In Figs. 3 to 5, the three directions
orthogonal to one another as indicated by the arrows X,
Y, and Z are defined as the X-, Y-, and Z- directions,
respectively.

[0027] The variable valve system 200 mainly includes
a lock pin holding mechanism 210 (see Fig. 3), a cam
driven sprocket 220 (see Fig. 4), a lock pin engaging
mechanism 230 (see Fig. 4), a floating cam portion 235
(see Fig. 5), and a camshaft 240 (see Fig. 5).

[0028] Fig. 3 is a perspective view showing how the
lock pin holding mechanism 210 is assembled. As shown
in Fig. 3, the lock pin holding mechanism 210 has a sup-
porter 211 parallel to the X-Z plane. A through hole 211G
is formed in the center of the supporter 211.

[0029] Projections 211a and 211b are formed to ex-
tend in the Y-direction from the upper and lower ends of
one side of the supporter 211. A spring holding piece
212a bent in a U shape on one side of the supporter 211
and a projection 211c extending in the X-direction are
formed between the projections 211a and 211b.

[0030] Projections211dand 211e are bent and extend
in the Y-direction from the upper and lower ends of the
other side of the supporter 211. Aproj ection 211f extend-
ing in the X-direction and a spring holding piece 212b
bent in a U shape on one side of the supporter 211 are
formed between the projections 211d and 211e.

[0031] The projections 211a to 211f have through
holes 211A to 211F, respectively and the spring holding
pieces 212a and 212b have through holes 212A and
212B, respectively.

[0032] Recessed notches 211H and 211l are formed
inthe centers of the upper and lower ends of the supporter
211, respectively.

[0033] A weight 213 has a weight main body 213a, a
plate shaped extension 213d, two tubular portions 213e,
and two hook portions 213f. The weight main body 213a
has a substantially rectangular shape extending in the
X-direction.

[0034] The extension 213d extends in the Y-direction
from the upper surface of the weight main body 213a.
The two tubular portions 213e are formed in the X-direc-
tion on both ends of the extension 213d.

[0035] The two hook portions 213f extend to be in-
clined from the center of the extension 213d in the X-
direction to the lower side of the extension 213d. The two
hook portions 213f each have their tip ends bent partially
cylindrical.

[0036] A lock pin 214 that extends in the Y-direction is
attached to the two hook portions 213f. In the vicinity of
one end of the lock pin 214, a support pin 214t extending
in the X-direction is formed. Since the support pin 214t
is provided at the hook portion 213f, the lock pin 214 is
pivotably held by the weight 213. Part of the lock pin 214
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can abut against the weight main body 213a.

[0037] Circular grooves 214a and 214b are formed
parallel to each other at the outer circumferential surface
in the vicinity of the other end of the lock pin 214.
[0038] A rotation shaft 215 is inserted into the tubular
portions 213e of the weight 213. In this way, the rotation
shaft 215 can hold the weight 213 in a pivotable manner.
In this state, both ends of the rotation shaft 215 are in-
serted into the through holes 211A and 211D of the sup-
porter 211. In this way, the weight 213 is pivotably held
on the supporter 211. The lock pin 214 is provided to
pass through the notch 211H of the supporter 211.
[0039] A weight 216 has the same structure as the
weight 213. During assembly of the lock pin holding
mechanism 210, the weight 216 is provided to oppose
the weight 213.

[0040] In Fig. 3, the weight main body 216a, the ex-
tension 216d, the two tubular portions 216e and the two
hook portions 216f of the weight 216 correspond to the
weight main body 213a, the extension 213d, the two tu-
bular portions 213e and the two hook portions 213f of
the weight 213, respectively.

[0041] Thelock pin 217 has the same structure as that
of the lock pin 214. The grooves 217a and 217b of the
lock pin 217 correspond to the grooves 214a and 214b.
The support pin 217t corresponds to the support pin 214t.
[0042] A rotation shaft 218 is inserted to the tubular
portions 216e of the weight 216. In this way, the rotation
shaft 218 can hold the weight 216 in a pivotable manner.
In this state, both ends of the rotation shaft 218 are in-
serted into the through holes 211B and 211E of the sup-
porter 211. In this way, the weight 216 is held pivotably
on the supporter 211. The lock pin 217 is provided
through the notch 2111 of the supporter 211.

[0043] The lock pins 214 and 217 are provided orthog-
onally to the supporter 211. Note that the distance be-
tween the through holes 211G of the supporter 211 and
the lock pin 214 is smaller than the distance between the
through hole 211G and the lock pin 217.

[0044] Screws 219 are inserted into the two through
holes 211C and 211F of the two projections 211¢ and
211f of the supporter 211.

[0045] Fig. 4 is a perspective view showing how the
lock pin holding mechanism 210, the cam driven sprocket
220, and the lock pin engaging mechanism 230 are as-
sembled. The cam driven sprocket 220 is provided par-
allel to the X-Z plane and the lock pin engaging mecha-
nism 230 has its axial center J arranged parallel to the
Y-direction.

[0046] Inthe lock pin holding mechanism 210, a spring
S1 has one end engaged through the through hole pro-
vided at the projection (not shown) of the weight 213 and
its other end engaged through the through hole 212B of
the spring holding piece 212b. A spring S2 has one end
engaged through the through hole of the projection (not
shown) of the weight 216 and its other end engaged
through the through hole 212A of the spring holding piece
212a.
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[0047] The camdriven sprocket 220 has through holes
220ato 220e. The through hole 220a formed in the center
of the camdriven sprocket 220 has a diameter larger than
those of the other through holes 220b to 220e.

[0048] The through holes 220a, 220b, and 220c are
formed on the same straight line parallel to the Z-direc-
tion, and the through holes 220b and 220c have equal
diameters. Note that the distance between the through
holes 220a and 220b is smaller than the distance be-
tween the through holes 220a and 220c. The through
holes 220d and 220e are formed in symmetrical positions
to each other around the through hole 220a and have
equal diameters.

[0049] Thelock pin engaging mechanism 230 includes
a cylindrical pivot shaft 231 and a disk-shaped lock plate
storing member 232.

[0050] The lock pin engaging mechanism 230 has
through holes 230H, 230b, and 230c formed there-
through. The through hole 230H is formed in the axial
center J of the lock pin engaging mechanism 230. More
specifically, the through hole 230H is formed from the
center of an end of the pivot shaft 231 to the center of an
end of the lock plate storing member 232. The through
holes 230H, 230b, and 230c are provided on the same
straight line parallel to the Z-direction and the through
holes 230b and 230c have equal diameters. Note that
the distance between the through holes 230H and 230b
is smaller than the distance between the through holes
230H and 230c.

[0051] Screw holes 230d and 230e are formed at an
end of the pivot shaft 231 of the lock pin engaging mech-
anism 230. The screw holes 230d and 230e are formed
in symmetrical positions around the through hole 230H
and have equal diameters. The screw holes 230d and
230e are threaded. A stepped portion 231a is formed at
the outer circumferential surface of the pivot shaft 231.

[0052] A slit type lock plate inlet 232A and a substan-
tially circular spring inlet 232B are formed at the outer
circumferential surface of the lockplate storingmember
232 of the lockpin engaging mechanism 230. The lock
plate inlet 232A is in communication with a lock plate
storing space 232b (that will be described in conjunction
with Fig. 6) formed in the lock storing member 232, and
the spring inlet 232B is in communication with a spring
storing space 232c (that will be described in conjunction
with Fig. 6) formed in the lock plate storing member 232.
[0053] The plate-shaped lock plate 233 is inserted into
the lock plate storing space 232b (Fig. 6) in the lock plate
storing member 232 through the lock plate inlet 232A.
The spring 234 is inserted into the spring storing space
232c¢ (Fig. 6) in the lock plate storing member 232 through
the spring inlet 232B.

[0054] The lock plate 233 includes a substantially rec-
tangular support plate 233a, an elongated lock pin en-
gaging portion 233b, and an elongated lock pin engaging
portion 233c. Thelock pin engaging portion 233b extends
in one direction along one side of the support plate 2333,
and the lock pin engaging portion 233c extends obliquely
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outwardly from one corner of the support plate 233a and
bents so as to be parallel to the lock pin engaging portion
233b. A through hole 233A is formed in the center of the
support plate 233a.

[0055] A columnar member 234a is attached to one
end of the spring 234 so that the spring can readily be
attached/detached to/from the lock pin engaging mech-
anism 230.

[0056] Now, with reference to Fig. 6, the positional ar-
rangement of the lock plate 233 and the spring 234 in
the lock plate storing member 232 will be described.
[0057] Fig. 6 is a sectional view of a lock plate storing
member 232 having a lock plate 233 and a spring 234
inserted therein taken along an X-Z plane.

[0058] As shown in Fig. 6, a pin 233d is inserted
through the through hole 233A of the lock plate 233. In
this way, the lock plate 233 is held in the lock storing
space 232b of the lock plate storing member 232 in a
swingable manner.

[0059] The spring 234 is inserted into the spring storing
space 232c in the Z-direction, and the lower end of the
spring 234 abuts against the upper end of the lock pin
engaging portion 233b of the lock plate 233. In this way,
the lock plate 233 is energized downwardly.

[0060] The lower end of the lock pin engaging portion
233c of the lock plate 233 is fitted into the groove 214a
(Fig. 3) or the groove 214b (Fig. 3) of the lock pin 214
inserted into the lock plate storing member 232 in the Y-
direction. The lower end of the lock pin engaging portion
233b of the lock plate 233 is fitted into the groove 217a
(Fig. 3) or the groove 217b (Fig. 3) of the lock pin 217
inserted into the lock plate storing member 232 in the Y-
direction.

[0061] In this way, the movement of the lock pins 214
and 217 in the Y-direction is restricted by the lock plate
233, details of which will be described in the following.
[0062] As shown in Fig. 4, the relative position of the
through holes 220d and 220e with respect to the through
hole 220a of the cam driven sprocket 220 is the same as
the relative position of the screw holes 230d and 230e
with respect to the through hole 230H of the lock pin
engaging mechanism 230. The diameter of the through
holes 230d and 230e is the same as the diameter of the
screw holes 220d and 220e.

[0063] When the lock pin holding mechanism 210, the
camdriven sprocket 220 and the lock pin engaging mech-
anism 230 are assembled, the position of the through
hole 220d of the cam driven sprocket 220 is registered
to the position of the through hole 230d of the lock pin
engaging mechanism 230 and the position of the through
hole 220e of the cam driven sprocket 220 is registered
to the position of the through hole 230e of the lock pin
engaging mechanism 230. In this state, the screws 219
of the lock pin holding mechanism 210 are fitted into the
holes.

[0064] In this way, the lock pin holding mechanism 210
is fixed to one surface of the cam driven sprocket 220,
and the lock pin engaging mechanism 230 is fixed to the
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other surface of the cam driven sprocket 220.

[0065] At the time, the lock pin 214 is inserted into the
through hole 220b of the cam driven sprocket 220 and
the through hole 230b of the lock pin engaging mecha-
nism 230, and the lock pin 217 is inserted into the through
hole 220c of the camdriven sprocket 220 and the through
hole 230c of the lock pin engaging mechanism 230. The
pivotal movement of the weights 213 and 216 switches
between the state in which the lock pins 214 and 217
protrude from the end of the lock pin engaging mecha-
nism 230 on the side of the lock plate storing member
232 of the lock pin engaging mechanism 230 and the
state in which the lock pins 214 and 217 are stored in the
lock pin engaging mechanism 230, details of which will
be described later in the following.

[0066] Fig. 5 is a perspective view of the assembly of
the structure assembled as shown in Fig. 4 (hereinafter
referred to as "assembled structure"), the floating cam
portion 235 and the camshaft 240. Note that the floating
cam portion 235 and the camshaft 240 have their axial
center J arranged parallel to the Y-direction.

[0067] The floating cam portion 235 includes a lock pin
fitting portion 236 and an intake high cam 237 having a
cam nose 237A. A through hole 235H is formed at the
part of the floating cam portion 235 corresponding to the
axial center J. More specifically, the through hole 235H
is formed from the center of the end of the lock pin fitting
portion 236 to the center of the end of the intake high
cam 237.

[0068] Lock pin fitting holes 236b and 236c¢ are formed
atthe lock pinfitting portion 236 of the floating cam portion
235. The lock pin fitting holes 236b and 236¢c and the
through hole 235H are provided on the same straight line
parallel to the Z-direction, and the lock pin fitting holes
236b and 236¢ have equal diameters. Note that the dis-
tance between the through hole 235H and the lock pin
fitting hole 236b is smaller than the distance between the
through hole 235H and the lock pin fitting hole 236c¢.
[0069] The camshaft 240 includes an intake low cam
241 havingacamnose 241A, an exhaustcam 242 having
a cam nose 242A, a stepped portion 243, a cam fixing
shaft 244, and a projection shaft 245.

[0070] In the Y-direction, the camshaft 240 has the
cam fixing shaft 244 extending in the Y-direction on one
end side, the stepped portion 243, the intake low cam
241, and the exhaust cam 242 at the center, and the
projection shaft 245 extending in the Y-direction on the
other end side. A threaded hole 240H is formed at the
end of the cam fixing shaft 244.

[0071] Note that the length of the cam nose 237A of
the intake high cam 237 of the floating cam portion 235
is larger than the length of the cam nose 241A of the
intake low cam 241.

[0072] Whenthe assembled structure, the floating cam
portion 235, and the camshaft 240 are assembled, the
floating cam portion 235 and the camshaft 240 are at-
tached to the lock plate storing member 232 of the as-
sembled structure.
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[0073] Inthis case, the cam fixing shaft 244 of the cam-
shaft 240 is inserted into the through hole 235H of the
floating cam portion 235 and the through hole 230H (Fig.
4) of the lock pin engaging mechanism 230. In this way,
the floating cam portion 235 is rotatably held by the cam-
shaft 240.

[0074] The threaded hole 240H of the cam fixing shaft
244 opposes the through hole 220a (Fig. 4) of the cam
driven sprocket 220 in the through hole 235H (Fig. 5) of
the lock pin engaging mechanism 230. The through hole
220a (Fig. 4) of the cam driven sprocket 220 and the
through hole 211G of the lock pin holding mechanism
210 oppose to each other.

[0075] In this state, a screw 250 is screwed in the
threaded hole 240H of the cam fixing shaft 244 from the
through hole 211G of the lock pin holding mechanism
210. In this way, the camshaft 240 is fixed to the cam
driven sprocket 220. This completes the variable valve
system 200.

[0076] Note that the pivot shaft 231 and the lock plate
storing member 232 of the lock pin engaging mechanism
230 may be formed either integrally or discretely. The
intake low cam 241, the exhaust cam 242, the stepped
portion 243, the cam fixing shaft 244, and the projecting
shaft 245 of the camshaft 240 may be formed either in-
tegrally or discretely.

[0077] Although not shown in Fig. 5, a fixing mecha-
nism that restricts the rotation ofthe camshaft 240 relative
to the cam driven sprocket 220 may be provided at the
connecting part of the cam fixing shaft 244 and the
through hole 220a (Fig. 4).

[0078] The fixing mechanism may be implemented for
example by providing a projection portion at a tip end of
the cam fixing shaft 244 of the camshaft 240 and provid-
ing a groove that can be fitted with the projection portion
of the cam fixing shaft 244 at the through hole 220a (Fig.
4) of the cam driven sprocket 220.

(4) Operation of Variable Valve System

[0079] The state of the variable valve system 200 hav-
ing the structure as shown in Figs. 3 to 6 is switched in
response to the revolution speed of the engine. Now,
how the state of the variable valve system 200 is switched
will be described. Note that in the following description,
the state in which the revolution speed of the engine 7
(see Figs. 1 and 2) is higher than a prescribed value will
be referred to as "high revolution period" and the state
in which the speed is lower than the prescribed value will
be referred to as "low revolution period." The revolution
speed of the cam fixing shaft 244 is half the revolution
speed of the engine 7. The revolution speed of the cam
fixing shaft 244 at the time of switching between the high
revolution period and the low revolution period will be
referred to as "threshold."

[0080] To begin with, the engine 7 starts to operate,
which causes the variable valve system 200 (Figs. 3 to
6) to rotate. This allows centrifugal force to be acted on
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the weights 213 and 216 of the variable valve system
200 in addition to energizing force from the springs S1
and S2. The magnitude of the centrifugal force acting on
the weights 213 and 216 changes depending on the rev-
olution speed of the variable valve system 200. The
change in the centrifugal force is used to switch the state
of the variable valve system 200.

[0081] Fig. 7 is a sectional view of the state of the var-
iable valve system 200 during the low revolution period,
and Fig. 8 is a sectional view of the state of a variable
valve system 200 during the high revolution period.
[0082] In Figs. 7 and 8, the two directions orthogonal
to each other denoted by the arrows Y and Z are defined
as the Y- and Z- directions. Note that a direction directed
by an arrow is defined as "+" direction, while its opposite
direction is defined as "-" direction.

[0083] As shown in Fig. 7, the energizing force in the
- Z-direction by the spring S1 as well as the centrifugal
force in the + Z-direction caused by the rotation of the
variable valve system 200 is applied to the weight 213.
During the low revolution period (when the revolution
speed of the cam fixing shaft 244 is lower than the thresh-
old), the centrifugal force applied to the weight 213 is so
small that the rotation of the weight 213 around the rota-
tion shaft 215 is restricted by the energizing force of the
spring S1.

[0084] The lock pin engaging portion 233c of the lock
plate 233 is fitted to the groove 214a of the lock pin 214.
The lock plate 233 is energized in the - Z-direction by the
spring 234 (Figs. 4 and 6). Therefore, the movement of
the lock pin 214 in the + Y-direction is restricted.

[0085] In this way, the lock pin 214 is fixed as its tip
end is stored in the lock pin engaging mechanism 230.
[0086] Similarly, energizing force in the + Z-direction
is applied to the weight 216 by the spring S2 (Figs. 3 and
5) while centrifugal force in the - Z-direction caused by
the rotation of the variable valve system 200 is applied
to the weight 216. During the low revolution period, the
centrifugal force applied to the weight 216 is so small that
the rotation of the weight 216 around the rotation shaft
218 is restricted by the energizing force by the spring S2.
[0087] The lock pin engaging portion 233b of the lock
plate 233 is fitted to the groove 217a of the lock pin 217
and the lock plate 233 is energized in the - Z-direction
by the spring 234, so that the movement of the lock pin
217 in the + Y-direction is restricted.

[0088] In this way, the lock pin 217 is fixed as its tip
end stored in the lock pin engaging mechanism 230.
[0089] Thelock pins 214 and 217 are not fitted into the
lock pin fitting holes 236b and 236c¢ of the floating cam
portion 235, and the floating cam portion 235 idles around
the cam fixing shaft 244.

[0090] Meanwhile, as shown in Fig. 8, during the high
revolution period (when the revolution speed of the cam
fixing shaft 244 exceeds the threshold), the centrifugal
force applied to the weight 213 in the + Z-direction is
greater than the energizing force in the - Z-direction
caused by the spring S1, so that the force that causes
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the weight 213 to rotate in the direction denoted by the
arrow M1 around the rotation shaft 215 is generated.
[0091] This causes force that moves the lock pin 214
in the + Y-direction. In this way, the lock pin engaging
portion 233c of the lock plate 233 is disengaged from the
groove 214a of the lock pin 214. As a result, when the
position of the lock pin fitting hole 236b of the floating
cam portion 235 and the position of the tip end of the lock
pin 214 match, the tip end of the lock pin 214 protrudes
from one surface of the lock pin engaging mechanism
230 to be fitted into the lock pin fitting portion 236b of the
floating camportion 235. At the time, the lock pin engag-
ing portion 233c of the lock plate 233 is fitted into the
groove 214b of the lock pin 214. This restricts the move-
ment of the lock pin 214 in the - Y-direction. Therefore,
the lock pin 214 is fixed as it is fitted to the lock pin fitting
portion 236b of the floating cam portion 235.

[0092] Similarly, the centrifugal force in the - Z-direc-
tion applied to the weight 216 is greater than the ener-
gizing force in the + Z-direction caused by the spring S2
(Figs. 3 to 5), so that force that causes the weight 216 to
rotate in the direction denoted by the arrow M2 around
the rotation shaft 218 is generated.

[0093] This causes force that moves the lock pin 217
in the + Y-direction. In this way, the lock pin engaging
portion 233b of the lock plate 233 is disengaged from the
groove 217a of the lock pin 217. As a result, when the
position of the lock pin fitting hole 236¢ of the floating
cam portion 235 and the position of the tip end of the lock
pin 217 match, the tip end of the lock pin 217 protrudes
from one surface of the lock pin engaging mechanism
230 to be fitted into the lock pin fitting portion 236¢ of the
floating camportion 235. At the time, the lock pin engag-
ing portion 233b of the lock plate 233 is fitted into the
groove 217b of the lock pin 217. This restricts the move-
ment of the lock pin 214 in the - Y direction. Therefore,
the lock pin 217 is fixed as it is fitted to the lock pin fitting
hole 236¢ of the floating cam portion 235.

[0094] In this way, during the high revolution period,
the floating cam portion 235 is fixed in the rotation direc-
tion of the variable valve system 200 by the function of
the lock pins 214 and 217.

[0095] As shown in Figs. 3 to 5, the lock pins 214 and
217 and the lock pin fitting holes 236b and 236¢ are apart
from the cam fixingshaft244bydifferentdistances. Inthis-
way, the floating cam portion 235 is fixed to the rotation
shaft always in the same phase, not in the inverted state.
[0096] With a switching mechanism using such cen-
trifugal force in general, the centrifugal force applied to
the weights 213 and 216 and the energizing force by the
springs S1 and S2 are balanced with one another in a
certain revolution speed range of the engine 7. If the bal-
anced state continues, the movement of the lock pins
214 and 217 becomes unstable.

[0097] Therefore, according to the embodiment, the
movement of the lock pins 214 and 217 is restricted by
the lock plate 233. In this way, the movement of the lock
pins 214 and 217 is carried out in a stable manner. Now,
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the operation will be described in detail.

[0098] Fig.9is aview for use inillustrating in detail the
operation of the lock plate 233 and the lock pins 214 and
217 in Figs. 7 and 8. Fig. 9(a) shows the state of the lock
plate 233 and the lock pins 214 and 217 during the low
revolution period (as shown in Fig. 7), Fig. 9(c) shows
the state of the lock plate 233 and the lock pins 214 and
217 during the high revolution period (as shown in Fig.
8), and Fig. 9(b) shows the state of the lock plate 233
and the lock pins 214 and 217 during the transition period
from the state in Fig. 9(a) to the state in Fig. 9(c).
[0099] Note that the definition of the Y- and Z- direc-
tions in Figs. 7 and 8 also applies in Fig. 9. Fig. 9 shows
only the lock pin 214 among the lock pins 214 and 217
and only the lock pin engaging portion 233c among the
lock pin engaging portions 233c and 233b of the lock
plate 233. The relation between the lock pin 217 and the
lock pin engaging portion 233b is the same as the relation
between the lock pin 214 and the lock pin engaging por-
tion 233c.

[0100] AsshowninFig.9, the grooves 214a and 214b
of the lock pin 214 have a V-shaped cross section. The
section of the lower end of the lock pin engaging portion
233c has a tapered shape complementary to the section-
al shape of the grooves 214a and 214b.

[0101] During the transition from the low revolution
state in Fig. 9(a) to the high revolution period in Fig. 9(c),
as shown in Fig. 9(b), the pin engaging portion 233c has
its lower end raised in the + Z-direction along the inclined
surface of the groove 214a of the lock pin 214 and dis-
engaged from the groove 214a. In this way, the lock pin
214 moves in the + Y direction. The transition from the
high revolution state to the low revolution state is carried
out in the sequence reversed from the above.

[0102] As described above, the movement of the lock
pin 214 is restricted by the lock plate 233, so that during
the transition from the low engine speed state to the high
engine speed state, the lock pin 214 does not move un-
less the moving force upon the lock pin 214 in the + Y-
direction is large enough to move the lock pin 214. More
specifically, when the centrifugal force in the + Z-direction
applied to the weight 213 is larger than by a prescribed
value ormore the energizing force in the - Z-direction
caused by the spring S1 (when the revolution speed of
the cam fixing shaft 244 is equal to or higher than the
threshold by a prescribed value), the lock pin 214 moves.
[0103] Duringthe transition fromthe high engine speed
state to the low engine speed state, the lock pin 214 does
not move unless the moving force upon the lock pin 214
in the + Y-direction is large enough to move the lock pin
214. More specifically, when the centrifugal force in the
+ Z-direction applied to the weight 213 is smaller than by
a prescribed value or more the energizing force in the -
Z-direction caused by the spring S1 (when the revolution
speed of the cam fixing shaft 244 is equal to or lower
than the threshold by a prescribed value), the lock pin
214 moves.

[0104] In this way, while the centrifugal force applied



21 EP 1 956 197 A1

to the weights 213 and 216 is balanced with the energiz-
ing force caused by the springs S1.and S2, the movement
of the lock pins 214 and 217 is prevented from being
unstable.

(5) Attachment of Variable Valve System to Engine

[0105] Fig. 10 is a sectional view showing how the var-
iable valve system 200 is attached to the engine 7. In
Fig. 10, the three directions orthogonal to one another
as indicated by the arrows X, Y, and Z are defined as the
X-, Y-, and Z- directions, respectively.

[0106] As shown in Fig. 10, there is a space secured
in the upper part of a cylinder head 7S for attaching the
variable valve system 200.

[0107] Bearings B1 and B2 are attached at the outer
circumference of the pivot shaft 231 of the variable valve
system 200 and the outer circumference of the projection
shaft 245.

[0108] Inthe cylinder head 7S, one end of the bearing
B1 orthogonal to the Y-direction abuts against an abut-
ment surface BH1 in the cylinder head 7S. One end of
the bearing B2 orthogonal to the Y-direction abuts
against an abutment surface BH2 in the cylinder head
7S. A part of the other end of the bearing B1 orthogonal
to the Y-direction abuts against a fixing plate BH3 con-
nected to the cylinder head 7S. In this way, the variable
valve system 200 is fixed rotatably in the cylinder head
78S.

[0109] An intake high cam rocker arm 330, an intake
low cam rocker arm 340, and an exhaust cam rocker arm
350 are provided above the variable valve system 200.
The intake high cam rocker arm 330 abuts against the
intake high cam 237 in the variable valve system 200,
the intake low cam rocker arm 340 abuts against the in-
take low cam 241 in the variable valve system 200, and
the exhaust cam rocker arm 350 abuts against the ex-
haust cam 242 in the variable valve system 200.

[0110] Aside cover SCis provided to the cylinder head
7S to cover the side of the lock pin holding mechanism
210 of the variable valve system 200. A chain 25 is en-
gaged with the cam driven sprocket 220.

(6) Driving Valve Using Variable Valve System

[0111] Fig. 11 is a top view showing the positional ar-
rangement of the variable valve system 200, the intake
high cam rocker arm 330, the intake low cam rocker arm
340, and the exhaust cam rocker arm 350 in Fig. 10. Fig.
12 shows a sectional view of the cylinder head 7S taken
along line R-R in Fig. 10. Note that in Figs. 11 and 12,
the definition of the X-, Y-, and Z- directions is the same
as that in Fig. 10.

[0112] As shown in Fig. 11, the variable valve system
200 is attached in the cylinder head 7S by the bearings
B1 and B2. The intake high cam rocker arm 330 and the
intake low cam rocker arm 340 are arranged in parallel
ononeside of the variable valve system 200 and rotatably
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held in their central parts by a shaft 341. The intake high
cam rocker arm 330 has its one end extended as it is
bent above (in the Z-direction of) the intake high cam
237, and the intake low cam rocker arm 340 has its one
end extended as it is bent above (in the Z-direction of)
the intake low cam 241.

[0113] The exhaust cam rocker arm 350 is provided
on the other side of the variable valve system 200 and
rotatably held by a shaft 351 in its central part. One end
of the exhaust cam rocker arm 350 is extended above
(in the Z-direction of) the exhaust cam 242.

[0114] As shown in Fig. 12, the intake low cam rocker
arm 340 includes a cam receiving portion 340T, an arm
340R, an adjuster 342, and a nut 343.

[0115] Thecamreceiving portion 340T abutted against
the intake low cam241 is provided at one end of the arm
340R in the X-direction, and the adjuster 342 is attached
at the other end by the nut 343.

[0116] A pin 345 extending in the Y-direction is at-
tached at a part of the arm 340R in the vicinity of the
adjuster 342 and protrudes below the intake high cam
rocker arm 330.

[0117] The intake high cam rocker arm 330 includes a
cam receiving portion (not shown), an arm 330R, an ad-
juster 332, and a nut 333.

[0118] The cam receiving portion abutted against the
intake high cam 237 is provided at one end of the arm
330R in the X-direction, and the adjuster 332 is provided
at the other end by the nut 333. The adjuster 332 of the
intake high cam rocker arm 330 abuts against the top of
the pin 345 of the intake low cam rocker arm 340.
[0119] As the intake low cam 241 rotates in the direc-
tion of the arrow Q2, the cam receiving portion 340T
moves up and down. As a result, the arm 340R pivots
around the shaft 341, which causes the adjuster 342 to
move up and down. Similarly, as the intake high cam 237
rotates in the direction of the arrow Q2, the cam receiving
portion moves up and down. In this way, the arm 330R
pivots around the shaft 341 and the adjuster 332 moves
up and down.

[0120] An intake valve 344 is positioned under the ad-
juster 342 of the intake low cam rocker arm 340. The
stem end 344a of the upper end of the intake valve 344
abuts against the adjuster 342. The intake valve 344 is
provided with a valve spring 347. The valve spring 347
energizes the intake valve 344 in the upward direction.
[0121] As shown in Fig. 5, the length of the cam nose
237A of the intake high cam 237 is larger than the length
of the cam nose 241A of the intake low cam 241. There-
fore, the moving distance of the adjuster 332 in the down-
ward direction caused by the rotation of the intake high
cam 237 is larger than the moving distance of the adjuster
342 in the downward direction caused by the rotation of
the intake low cam 241. When the intake high cam 237
rotates, the downward moving force of the adjuster 332
of the intake high cam rocker arm 330 is transmitted to
the intake low cam rocker arm 340 through the pin 345.
[0122] As shown in Fig. 7, according to the embodi-
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ment, the intake high cam 237 during the low revolution
period is rotatable with respect to the cam fixing shaft
244 of the camshaft 240. Therefore, the rotation force of
the cam fixing shaft 244 is not transmitted to the intake
high cam 237. In contrast, as shown in Fig. 8, the intake
high cam 237 is fixed to the cam fixing shaft 244 by the
lock pins 214 and 217 during the high revolution period.
Therefore, the rotation force of the cam fixing shaft 244
is transmitted to the intake high cam 237.

[0123] More specifically, during the low revolution pe-
riod, the intake high cam rocker arm 330 is not driven by
the intake high cam 237. Therefore, the adjuster 342 of
the intake low cam rocker arm 340 is moved up and down
by the rotation of the intake low cam 241, and the intake
valve 344 moves up and down (carries out lifting opera-
tion) accordingly. In this way, the intake valve 344 is
opened/closed.

[0124] Meanwhile, during the high revolution period,
the intake high cam rocker arm 330 is driven by the intake
high cam 237. In this way, the intake low cam rocker arm
340 is driven by the intake high cam rocker arm 330.
Therefore, the adjuster 342 of the intake low cam rocker
arm 340 is moved up and down by the rotation of the
intake high cam 237, so that the intake valve 344 moves
up and down (carries out lifting operation). In this way,
the intake valve 344 is opened/closed.

[0125] As described above, the rotation force of the
intake low cam 241 is transmitted to the intake valve 344
through the intake low cam rocker arm 340, and the ro-
tation force of the intake high cam 237 is transmitted to
the intake valve 344 through the intake high cam rocker
arm 330 and the intake low cam rocker arm 340. The
displacement amount (hereinafter referred to as "lift
amount") of the intake valve 344 during the low revolution
period depends on the length of the cam nose 241A of
the intake low cam 241 and the lift amount of the intake
valve 344 during the high revolution period depends on
the length of the cam nose 237A of the intake high cam
237.

[0126] In this case, the area of the upper surface of
the stem end 344a of the intake valve 344 must be large
so that the adjuster 332 of the intake high cam rocker
arm 330 and the adjuster 342 of the intake low cam rocker
arm 340 are both abutted against the stem end 344a. In
contrast, according to the embodiment, the upward and
downward movement of the intake high cam rocker arm
330 is transmitted to the intake valve 344 through the
intake low cam rocker arm 340, so that the area of the
upper surface of the stem end 344a of the intake valve
344 can be reduced and an unbalanced load can be pre-
vented from being applied to the intake valve 344.
[0127] The exhaust cam rocker arm 350 includes a
cam receiving portion 350T, an arm 350R, an adjuster
352, and a nut 353 similarly to the intake high cam rocker
arm 330 and the intake low cam rocker arm 340.
[0128] An exhaust valve 354 is positioned under the
adjuster 352 of the exhaust cam rocker arm 350. The
exhaust valve 354 is provided with a valve spring 357.
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The valve spring 357 energizes the intake valve 344 in
the upward direction. The exhaust cam rocker arm 350
is driven by the exhaust cam 242. Therefore, the adjuster
352 of the exhaust cam rocker arm 350 is moved up and
down by the rotation of the exhaust cam 242, so that the
exhaust valve 354 moves up and down (carries out lifting
operation) . In this way, the exhaust valve 354 is opened/
closed.

(7) Valve Lift Amount

[0129] Fig. 13 shows the liftamounts of the intake valve
344 and the exhaust valve 354 shown in Fig. 12.
[0130] In Fig. 13, the abscissa represents the crank
angle (the rotation angle of the crank shaft 23), and the
ordinate represents the lift amounts of the exhaust valve
354 and the intake valve 344 (the displacement amounts
of the exhaust valve 354 and the intake valve 344 in the
upward and downward directions).

[0131] InFig. 13, the exhaust valve 354 and the intake
valve 344 are open when the lift amounts are greater
than zero and closed when the lift amounts are zero.
[0132] The shown crank angle ranges from -360° to
+360°. When the crank angle is 0°, 360°, and -360°, the
piston 21 (Fig. 2) is positioned at the top dead center
TDC in the cylinder 20, and when the crank angle is 180°
and -180°, the piston 21 (Fig. 2) is positioned at the bot-
tom dead center BDC in the cylinder 20.

[0133] The valve lift curve 242L denoted by the solid
line shows changes in the liftamount of the exhaust valve
354 caused by the rotation of the exhaust cam 242 (Fig.
9). As denoted by the valve lift curve line 242L, the max-
imum liftamount of the exhaust valve 354 is the maximum
value L1.

[0134] The valve lift curve 241L denoted by the chain-
dotted line shows changes in the lift amount of the intake
valve 344 during the low revolution period. As denoted
by the valve lift curve 241L, the maximum lift amount of
the intake valve 344 is the maximum value L2. In this
case, the lift amount of the intake valve 344 depends on
the length of the cam nose 241A of the intake low cam
241 as described above.

[0135] Meanwhile, the valve lift curve 237L denoted
by the dotted line shows changes in the lift amount of the
intake valve 344 during the high revolution period. As
denoted by the valve lift curve 237L, the maximum lift
amount of the intake valve 344 is the maximum value L1
that is larger than the maximum value L2 and equal to
the maximum lift amount of the exhaust valve 354. In this
case, the lift amount of the intake valve 344 depends on
the length of the cam nose 237A of the intake high cam
237.

[0136] In this way, the lift amount of the intake valve
344 during the high revolution period is larger than the
lift amount of the intake valve 344 during the low revolu-
tion period. Therefore, during the high revolution period,
an intake amount into the cylinder 20 in Fig. 2 that is
greater than the amount during the low revolution period
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can be secured. Consequently, fuel consumption can be
improved during normal driving, toxic substances in ex-
haust gas can be reduced, and high power output during
high speed driving can be achieved.

[0137] Note that according to the embodiment, the
maximum lift amount of the exhaust valve 354 is set to
be equal to the maximum lift amount of the intake valve
344 during the high revolution period, while the maximum
lift amount of the exhaust valve 354 and the maximum
lift amount of the intake valve 344 during the high revo-
lution period may be different.

(8) Effects of the Embodiment

[0138] According to the embodiment, the variable
valve system 200 uses centrifugal force generated by
rotation in order to switch between the intake high cam
237 andthe intake low cam 241. In this way, as compared
to the case of switching the two intake cams by oil pres-
sure, the intake high cam 237 and the intake low cam
241 can be switched with a smaller size and less costly
since the embodiment is removed of a hydraulic actuator
and a hydraulic pump. Therefore, fuel consumption can
be improved during normal driving, toxic substances in
exhaust gas can be reduced, and high power output dur-
ing high speed driving can be achieved.

[0139] Furthermore, the switching operation between
the intake high cam 237 and the intake low cam 241 can
be carried out by inserting and withdrawing the lock pins
214 and 217 to the lock pin fitting holes 236b and 236¢
without the aid of frictional force between the compo-
nents. Therefore, the components are hardly degraded
by abrasion. Consequently, the variable valve system
200 can have a prolonged useful life without using anti-
abrasion materials and can still, and the cost can be re-
duced.

[0140] In addition, the lock pins 214 and 217 can be
inserted/withdrawn to/from the lock pin fitting holes 236b
and 236¢ simply by a mechanical arrangement, so that
high working precision is not requested and therefore the
system can be more readily manufactured.

(9) Correspondences between Elements Recited in
Claims and Elements of Embodiment

[0141] In the following paragraphs, correspondences
between various elements recited in the claims and those
described above with respect to various embodiments
are explained but the invention is not limited to the fol-
lowing examples.

[0142] Inthe embodiment described above, the intake
valve 344 and the exhaust valve 354 are examples of a
valve, the cam fixing shaft 244 is an example of a rotation
shaft, the intake low cam 241 is an example of a first cam
member, the floating cam portion 235 is an example of
a second cam member, the lock pins 214 and 217 are
examples of an engaging member, the springs S1 and
S2 are examples of an energizing member, and the
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weights 213 and 216 are examples of a driving member.
[0143] The tip ends of the lock pins 214 and 217 are
examples of an engaging portion, the lock pin fitting holes
236b and 236¢ are examples of an engagement portion,
the lock plate 233 is an example of a movement stopping
member, the grooves 214a, 214b, 217a, and 217b are
examples of a groove, the lock pin engaging portions
233b and 233c are examples of afitting portion, the intake
low cam rocker arm 340 is an example of a first trans-
mission member, and the intake high cam rocker arm
330 is an example of a second transmission member.
[0144] The state of the lock pins 214 and 217 during
the low revolution period in Fig. 7 is an example of a first
state, the positions of the weights 213 and 216 during
the low revolution period are examples of a first position,
and the state of the lock pins 214 and 217 during the high
revolution period in Fig. 8 is an example of a second
state, the positions of the weights 213 and 216 during
the high revolution period are examples of a second po-
sition, the lift amount of the intake valve 344 during the
low revolution period denoted by the chain-dotted line in
Fig. 13 is an example of a first lift amount, and the lift
amount of the intake valve 344 during the high revolution
period denoted by the dotted line is an example of a sec-
ond lift amount.

[0145] Theengine 7 and the variable valve system 200
are an example of an engine device, and the motor cycle
100 is an example of a vehicle, and the rear wheel 11 is
an example of a driving wheel, the rear wheel driven
sprocket 12, the drive shaft 26, the rear wheel drive
sprocket 15 and the chain 16 are an example of a trans-
mission mechanism.

[0146] As the elements recited in the claims, various
other elements having the structure or function as recited
in the claims may be employed.

(10) Other Embodiments
(10-1)

[0147] The two weights 213 and 216 and the two lock
pins 214 and 217 are provided in the variable valve sys-
tem 200 according to the embodiment described above,
while only one of the weights 213 and 216 and one of
the lock pins 214 and 217 may be provided. An example
of the variable valve system 200 in this arrangement is
shown in Fig. 14.

[0148] The variable valve system 200 shown in Fig. 14
does not have the weight 213 and the lock pin 214 in the
variable valve system 200 as shown in Figs. 3 to 13.
[0149] Fig. 14 (a) is a sectional view of the variable
valve system 200 during the low revolution period, and
Fig. 14 (b) is a sectional view taken along line P-P in Fig.
14(a).

[0150] As shown in Fig. 14(a), the variable valve sys-
tem 200 includes a lock pin holding mechanism 210, a
camdriven sprocket 220, alock pin engaging mechanism
230, a floating cam portion 235, and a camshaft 240.
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[0151] The lock pin holding mechanism 210 includes
the weight 216 and the lock pin 217. As shown in Figs.
7 and 8, the weight 216 and the lock pin 217 switch the
state of the floating cam portion 235 between a rotatable
state and a fixed state with respect to the cam fixing shaft
244 based on the revolution speed of the engine 7.
[0152] The movement of the lock pin 217 is restricted
by the lock pin engaging portion 233b of the lock plate
233.

[0153] In this case, as shown in Fig. 14 (b), the lock
plate 233 has an elongated lock pin engaging portion
233b extending along one side of an approximately rec-
tangular support plate 233a.

[0154] If a pair of a weight 216 and a lock pin 217 is
provided to the variable valve system 200 as in this em-
bodiment, fuel consumption during normal driving can be
improved, toxic substances in exhaust gas can be re-
duced, and high power output during high speed driving
can be achieved. In addition, the variable valve system
200 may be even more compact.

(10-2)

[0155] The variable valve system 200 according to the
above described embodiment, the intake high cam 237
and the intake low cam 241 may be switched, so that the
lift amount of the intake valve 344 is changed, but the
operation angle of the intake valve 344 may be changed
instead. Here, the operation angle of the intake valve 344
refers to the range of the crank angle while the intake
valve 344 is lifted. In Fig. 13, for example, the operation
angle of the intake valve 344 is 260° (from -30° to 230°).
[0156] In this case, the width of the cam nose 237A of
the intake high cam 237 is formed to be larger than the
width of the cam nose 241A of the intake low cam 241,
so that the operation angle of the intake valve 344 during
the high revolution period is larger than the operation
angle of the intake valve 344 during the low revolution
period.

[0157] If the length of the cam nose 237A of the intake
high cam 237 is equal to the length of the cam nose 241A
of the intake low cam 241, the operation angle of the
intake valve 344 may be switched. If the length of the
cam nose 237A of the intake high cam 237 is larger than
the length of the cam nose 241A of the intake low cam
241 similarly to the embodiment described above, both
the lift amount of the intake valve 344 and the operation
angle of the intake valve 344 can be switched.

(10-3)

[0158] The variable valve system 200 according to the
invention may be applied to the exhaust valve 354.

[0159] In this case, a floating cam portion, a lock pin
engaging mechanism, and a cam driven sprocket having
the same structures as those of the floating cam portion
235, the lock pin engaging mechanism 230, and the cam
driven sprocket 220 are provided in the vicinity of the

10

15

20

25

30

35

40

45

50

55

15

exhaust valve 354, and an exhaust high cam rocker arm
having the same structure as the intake high cam rocker
arm 330 is provided.
[0160] In this way, the lift amount of the exhaust valve
354 can be switched.

(10-4)

[0161] In the above-described embodiment, the lock
pins 214 and 217 are provided with the two grooves 214a
and 217a and the two grooves 214b and 217b, respec-
tively but only one groove may be provided for each pin.
[0162] For example, the lock pin 214 may be provided
with only the groove 214a, and the lock pin 217 may be
provided with only the groove 217a. In this case, during
the low revolution period, the lock pin engaging portions
233b and 233c of the lock plate 233 are fitted to the
grooves 214a and 217a in the lock pins 214 and 217, so
that the movement of the lock pins 214 and 217 is re-
stricted.

[0163] The lock pin 214 may be provided with only the
groove 214b and the lock pin 217 may be provided with
only the groove 217b. In this case, during the high revo-
lution period, the lock pin engaging portions 233b and
233c of the lock plate 233 are fitted to the grooves 214b
and 217b of the lock pins 214 and 217 and the movement
of the lock pins 214 and 217 is restricted.

(10-5)

[0164] In the above described embodiment, the plate
shaped lock plate 233 is used as a moving stopping mem-
ber to restrict the movement of the lock pins 214 and 217,
but a moving stopping member in a different shape such
as a pin may be used. In this case, the shape of the
grooves 214a, 214b, 217a, and 217b formed at the lock
pins 214 and 217 may be determined accordingly based
on the shape of the moving stopping member.

(10-6)

[0165] In the above-described embodiment, the vari-
able valve system 200 is provided in the SOHC (single
overhead camshaft) type engine 7, but the engine 7 in-
cluding the variable valve system 200 may be of any type
as long as the engine can be provided with a camshatt.
[0166] For example, the engine 7 may be an SV (side
valve) type engine, an OHV (overhead valve) type en-
gine, or a DOHC (double overhead camshaft) type en-
gine.

(10-7)

[0167] As described above with reference to Figs. 10
to 12, the variable valve system 200 is provided in the
engine 7 including the intake high cam rocker arm 330,
the intake low cam rocker arm 340, and the exhaust cam
rocker arm 350, while the variable valve system 200 may



29 EP 1 956 197 A1 30

be provided in the type of engine in which a cam directly
pushes a valve.

(10-8)

[0168] In the above described embodiment, the varia-
ble valve system 200 includes the springs S1 and S2
used to energize the weights 213 and 216 in a prescribed
direction. However, a resilient material such as rubber
may be employed instead of the springs S1 and S2 as
long as it energizes the weights 213 and 216 in the pre-
scribed direction.

(10-9)

[0169] In the embodiment, the motorcycle has been
described as a vehicle, but the variable valve system 200
may be provided not only to the motorcycle but also to
an engine in a small vehicle with a small displacement
such as a tractor and a cart and to an engine in a small
ship.

[Industrial Applicability]

[0170] The present invention is applicable to various
vehicles including an engine such as a motorcycle and
a four-wheeled automobile and crafts including an en-
gine.

Claims

1. A variable valve system adapted to drive a valve in
an engine, comprising:

a rotation shaft provided to be rotatable in re-
sponse to the revolution of said engine;

a first cam member provided to rotate together
with said rotation shaft and operating to open/
close said valve;

a second cam member provided rotatably with
respect to said rotation shaft and operating to
open/close said valve;

an engaging member provided to be switchable
between a first state in which said second cam
member is allowed to rotate with respect to said
rotation shaft and a second state in which said
second cam member is engaged to said rotation
shaft;

an energizing member that generates energiz-
ing force that switches said engaging member
to said first state; and

a driving member that operates to switch said
engaging member to said second state against
the energizing force by said energizing member
by centrifugal force generated by the rotation of
said rotation shaft,

said first cam member operating to open/close
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said valve when said engaging memberis in said
first state, said second cam member operating
to open/close said valve when said engaging
member is in said second state.

The variable valve system according to claim 1,
wherein said driving member is provided pivotably
from a first position to a second position by centrif-
ugal force generated by the rotation of said rotation
shaft,

said engaging member is provided movably in one
direction along said rotation shaft as said driving
member pivots from said first position to said second
position,

said energizing member applies energizing force to
said driving member so that said driving member is
moved toward said first position, and

said engaging member attains said first state when
said driving member is in said first position and said
second state when said driving member is in said
second position.

The variable valve system according to claim 1,
wherein said engaging member has an engaging
portion,

said second cam member has an engagement por-
tion to be engaged by said engaging portion of said
engaging member,

said engaging portion is disengaged from said en-
gagement portion when said engaging member is in
said first state, and

said engaging portion engages said engagement
portion when said engaging member is in said sec-
ond state.

The variable valve system according to claim 3,
wherein said engaging member includes a rod-
shaped member, said engaging portion is an end of
said rod-shaped member, and

said engagement portion of said second cam mem-
ber is a hole to which the end of said rod-shaped
member can be fitted.

The variable valve system according to claim 4,
wherein said engaging member is a plurality of rod-
shaped members, said engagement portion of said
second cam member is a plurality of holes to which
ends of said plurality of rod-shaped members can
be fitted, and

said plurality of rod-shaped members are provided
in asymmetric positions with one another with re-
spect to the center of said rotation shaft.

The variable valve system according to claim 1, fur-
ther comprising a movement stopping member that
prevents the movement of said engaging member
when said engaging member is in at least one of said
first state and said second state.
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The variable valve system according to claim 6,
wherein said engaging member has at least one
groove, and

said movement stopping member has afitting portion
that can be fitted to said groove when said engaging
member is in at least one of said first state and said
second state.

The variable valve system according to claim 7,
wherein said groove of said engaging member and
said fitting portion of said movement stopping mem-
ber are formed so that said fitting portion can be with-
drawn from said at least one groove at least one of
when said engaging member switches from said first
state to said second state and when said engaging
member switches from said second state to said first
state.

The variable valve system according to claim 1, fur-
ther comprising a first transmission member that
swings in response to the rotation of said first cam
member and moves said valve up and down, and
a second transmission member that swings said first
transmission member in response to the rotation of
said second cam member.

The variable valve system according to claim 1,
wherein said first cam member operates to open said
valve with a first lift amount in said first state, and
said second cam member operates to open said
valve with a second lift amount larger than said first
lift amount in said second state.

The variable valve system according to claim 1,
wherein said first cam member operates to open said
valve with a first operation angle in said first state,
and

said second cam member operates to open said
valve with a second operation angle larger than said
first operation angle in said second state.

The variable valve system according to claim 1,
wherein said valve is an intake valve.

An engine device, comprising:

an engine having a valve; and

a variable valve system adapted to drive said
valve in said engine,

said variable valve system including:

a rotation shaft provided to be rotatable in
response to the rotation of said engine;

a first cam member provided to rotate to-
gether with said rotation shaft and operating
to open/close said valve;

a second cam member provided rotatably
with respect to said rotation shaft and oper-
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ating to open/close said valve;

an engaging member provided to be switch-
able between a first state in which said sec-
ond cam member is allowed to rotate with
respect to said rotation shaft and a second
state in which said second cam member is
engaged to said rotation shaft;

an energizing member that generates en-
ergizing force that switches said engaging
member to said first state; and

a driving member that operates to switch
said engaging member to said second state
against the energizing force by said ener-
gizing member by centrifugal force gener-
ated by the rotation of said rotation shaft,
said first cam member operating to open/
close said valve when said engaging mem-
ber is in said first state, said second cam
member operating to open/close said valve
when said engaging member is in said sec-
ond state.

14. A vehicle, comprising:

an engine device;

a driving wheel; and

atransmission mechanism thattransmits motive
power generated by said engine device to said
driving wheel,

said engine device including:

an engine having a valve; and

a variable valve system adapted to drive
said valve in said engine,

said variable valve system including:

a rotation shaft provided to be rotatable
in response to the rotation of said en-
gine;

a first cam member provided to rotate
together with said rotation shaft and op-
erating to open/close said valve;

a second cam member provided rotat-
ably with respect to said rotation shaft
and operating to open/close said valve;
an engaging member provided to be
switchable between a first state in
which said second cam member is al-
lowed to rotate with respect to said ro-
tation shaft and a second state in which
said second cam member is engaged
to said rotation shaft;

an energizing member that generates
energizing force that switches said en-
gaging member to said first state; and
a driving member that operates to
switch said engaging member to said
second state against the energizing
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force by said energizing member by
centrifugal force generated by the rota-
tion of said rotation shaft,

said first cam member operating to
open/close said valve when said en-
gaging member is in said first state,
said second cam member operating to
open/close said valve when said en-
gaging member is in said second state.
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