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(57) When an engine speed of an engine is low, a
force by a spring to bias a low speed lock pin in the di-
rection in which the pin is to be inserted into a low speed
pin introduction hole is greater than a centrifugal force
acting on a weight. This causes the low speed lock pin
to be inserted into the low speed pin introduction hole,
so that the phase of an intake camshaft relative to an
exhaust camshaft is fixed. When the engine speed of the
engine is high, a force to bias a high speed lock pin in

the direction in which the pin is to be inserted in a high
speed pin introduction hole by a centrifugal force acting
on a weight is greater than a force by a spring to bias the
high speed lock pin in the direction in which the pin is
pulled out from the high speed lock pin introduction hole.
This causes the high speed lock pin to be inserted into
the high speed pin introduction hole, so that the phase
of the intake camshaft relative to the exhaust camshaft
is fixed.
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Description

[Technical Field]

[0001] The present invention relates to a valve timing
control device that controls the valve timing of an engine
in a variable manner, and an engine device and a vehicle
including such a control device.

[Background Art]

[0002] Many kinds of variable valve timing (VVT)
mechanisms that control the opening/closing timing of
an intake valve or an exhaust valve have been developed
in order to improve fuel consumption, reduce toxic sub-
stances in exhaust gas, and achieve high power output
in a target engine speed range.
[0003] Some of the variable valve timing mechanisms
use an actuator such as a hydraulic cylinder and an elec-
tric motor. However, these actuators are expensive and
the use of such an actuator increases the size of the
variable valve timing mechanism.
[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 at a lower cost.
Therefore, there is a demand for more inexpensive and
compact variable valve timing mechanisms for use in mo-
torcycles. This is why the variable valve timing mecha-
nisms including actuators as described above cannot be
used in motorcycles. A rotation phase generator has
been suggested as a variable valve timing mechanism
that can be made compact (see Patent Document 1).
[0005] In the rotation phase generator, an input mem-
ber including two intermediate members is rotated with
the rotation of the engine. When centrifugal forces acting
on a weight portion of the two intermediate members is
greater than the biasing force of a coil spring connecting
these intermediate members, the rotation phases of the
input member and an output member connected to a
camshaft change, so that the valve timing changes.
[0006] With the rotation phase generator, the valve tim-
ing is controlled depending on the mechanical arrange-
ment, and therefore the cost and size can be reduced.
[0007] However, such a rotation phase generator has
suffered from the following disadvantage.
[0008] In the rotation phase generator disclosed in Pat-
ent Document 1, when the valve timing changes, centrif-
ugal forces acting on the weight portion balances with
the biasing force of the coil spring in a certain engine
speed range of the engine. If the engine speed of the
engine is maintained in the engine speed range, the valve
timing changes unstably, and the behavior of the valve
becomes unstable, in other words, a phenomenon called
hunting is caused.
[0009] Hunting gives rise to noises and degradation in
the durability of components. When the cam profile is
affected by hunting and changed in particular, the per-

formance and durability of the engine is lowered in some
cases.
[0010] Additionally, a valve timing control device hav-
ing reduced hunting is known (see Patent Document 2).
The disclosed valve timing control device employs a
mechanism (one-way clutch mechanism) to fix the posi-
tional relation between the camshaft and the driven
sprocket before and after a change in the running torque.

[Patent Document 1] JP 9-324614 A
[Patent Document 2] JP 5-21104 U

[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0011] However, in order to implement such a one-way
clutch mechanism, high working precision is required
when the components of the mechanism are processed.
Therefore, it is not easy to manufacture the one-way
clutch mechanism.
[0012] In addition, the one-way clutch mechanism is
implemented based on the frictional force acting between
the inner circumferential surface of the main body of the
driven sprocket and the other components. In such a
case, the components are liable to the friction, and there-
fore the material for the components must have high
abrasion resistance. Consequently, the cost cannot be
reduced.

[Means for Solving the Problems]

[0013] In order to overcome the problems described
above, preferred embodiments of the present invention
provide a compact valve timing control device that can
be manufactured more easily and at a lower cost, and
an engine device and a vehicle including the valve timing
control device.
[0014] (1) A valve timing control device according to
one aspect of the invention controls the opening/closing
timings of first and second valves in response to the en-
gine speed of an engine, and includes a rotation member
arranged to rotate in synchronization with the rotation of
the engine, a first camshaft arranged to abut against the
first valve and rotated together with the rotation member
to open/close the first valve, a second camshaft arranged
to abut against the second valve and arranged to rotate
relative to the first camshaft, the second camshaft ar-
ranged to rotate together with the rotation member to
open/close the second valve, and a phase changing
mechanism arranged to change a phase of the second
camshaft relative to the first camshaft between first and
second phases.
[0015] The phase changing mechanism preferably in-
cludes a first engaging mechanism arranged to engage
the second camshaft while the second camshaft has the
first phase relative to the first camshaft, and a second
engaging mechanism arranged to engage the second
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camshaft while the second camshaft has the second
phase relative to the first camshaft. The first engaging
mechanism is biased in a direction to engage the second
camshaft and arranged to move in a direction to pull out
the second camshaft by centrifugal force, and the second
engaging mechanism is biased in a direction to pull out
the second camshaft and arranged to move in a direction
to engage the second camshaft by centrifugal force.
[0016] In the valve timing control device, the rotation
member preferably rotates in synchronization with the
rotation of the engine, and the first camshaft and the sec-
ond camshaft preferably rotate together with the rotation
member. In this way, the first valve in abutment against
the first camshaft and the second valve in abutment
against the second camshaft are opened/closed. In this
case, the second camshaft can rotate relative to the first
camshaft.
[0017] In the phase changing mechanism,thefirsten-
gaging mechanism is preferably biased in the direction
to engage the second camshaft and the second engaging
mechanism is preferably biased in the direction to pull
out the second camshaft.
[0018] As the rotation member rotates, a centrifugal
force acts on the first and second engaging mechanisms.
The centrifugal force acts to allow the first engaging
mechanism to pull out the second camshaft and the sec-
ond engaging mechanism to engage the second cam-
shaft.
[0019] When the engine speed is low, in the first en-
gaging mechanism, the biasing force in the direction to
engage the second camshaft is preferably greater than
the centrifugal force acting to pull out the second cam-
shaft. In this way, the second camshaft is engaged with
the first engaging mechanism. At that time, in the second
engaging mechanism, the biasing force in the direction
to pull out the second camshaft is preferably greater than
the centrifugal force acting in the direction to engage the
second camshaft. Therefore, the second camshaft is not
engaged with the second engaging mechanism. Conse-
quently, the second camshaft is engaged with the first
engaging mechanism while it has the first phase relative
to the first camshaft.
[0020] When the engine speed is high, in the first en-
gaging mechanism, the biasing force in the direction to
engage the second camshaft is preferably smaller than
the centrifugal force acting to pull out the second cam-
shaft. In this way, the second camshaft is not engaged
with the first engaging mechanism. At that time, in the
second engaging mechanism, the biasing force acting to
pull out the second camshaft is preferably smaller than
the centrifugal force acting in the direction to engage the
second camshaft. Therefore, the second camshaft is en-
gaged with the second engaging mechanism. Conse-
quently, the second camshaft is engaged with the second
engaging mechanism while it has the second phase rel-
ative to the first camshaft.
[0021] In this way, as the engine speed changes from
low speed to high speed, or vice versa, the phase of the

second camshaft relative to the first camshaft is changed
between the first and second phases. Therefore, the
opening/closing timings of the first and second valves
are controlled in response to the engine speed of the
engine.
[0022] The phase of the second camshaft relative to
the first camshaft is preferably switched based on com-
plementary movements between the first and second en-
gaging mechanisms without using frictional forces be-
tween components. Therefore, there is little degradation
caused by abrasion between the components. As a re-
sult, the useful life of the valve timing control device can
be prolonged without having to use abrasion resistant
components, and the device can be manufactured at a
lower cost.
[0023] Furthermore, high working precision is not re-
quired, and the complementary movements between the
first and second engaging mechanisms can be achieved
simply by the mechanical arrangement, so that the device
can be more readily manufactured. There is no need for
a control system including a hydraulic circuit, an electric
circuit, software and the like to control the movement of
the first and second engaging mechanisms. This allows
the valve timing control device to have a reduced size.
[0024] (2) The first engaging mechanism may include
a first engaging portion provided on the second camshaft,
a first engagement member arranged to move between
a state of being engaged with the first engaging portion
and a state of being pulled out from the first engaging
portion, a first biasing member arranged to bias the first
engagement member in the direction in which the first
engagement member is to be engaged with the first en-
gaging portion, and a first weight arranged to move the
first engagement member in the direction in which the
first engagement member is to be pulled out from the first
engaging portion by the centrifugal force. The second
engaging mechanism may include a second engaging
portion provided on the second camshaft, a second en-
gagement member arranged to move between a state of
being engaged with the second engaging portion and a
state of being pulled out from the second engaging por-
tion, a second biasing member arranged to bias the sec-
ond engagement member in a direction in which the sec-
ond engagement member is to be pulled out from the
second engaging portion, and a second weight arranged
to move the second engagement member in the direction
in which the second engagement member is to be en-
gaged with the second engaging portion by centrifugal
force. The second camshaft maybe arranged to rotate
relative to the first camshaft between the first phase and
the second phase while the first engagement member is
pulled out from the first engaging portion and the second
engagement member is pulled out from the second en-
gaging portion.
[0025] When the engine speed is low, in the first en-
gaging mechanism, the force of the first biasing member
is preferably greater than the centrifugal force acting on
the first weight. In this way, the first engagement member
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is engaged with the first engaging portion, and the second
camshaft is engaged with the first engaging mechanism.
At that time, in the second engaging mechanism, the
force of the second biasing member is preferably greater
than the centrifugal force acting on the second weight.
This allows the second engagement member to be pulled
out from the second engaging portion, and the second
camshaft is not engaged with the second engaging
mechanism. Consequently, the second camshaft is en-
gaged with the first engaging mechanism while it has the
first phase relative to the first camshaft.
[0026] When the engine speed of the engine is high,
in the first engaging mechanism, the force of the first
biasing member is preferably smaller than the centrifugal
force acting on the first weight. In this way, the first en-
gagement member is pulled out from the first engaging
portion, so that the second camshaft is not engaged with
the first engaging mechanism. At that time, in the second
engaging mechanism, the force of the second biasing
member is preferably smaller than the centrifugal force
acting on the second weight. In this way, the second en-
gagement member is inserted in the second engaging
portion, and the second camshaft is engaged with the
second engaging mechanism. Consequently, the second
camshaft is engaged with the second engaging mecha-
nism while it has the second phase relative to the first
camshaft.
[0027] When the engine speed of the engine changes
from low speed to high speed, in the first engaging mech-
anism, the force of the first biasing member is preferably
smaller than the centrifugal force acting on the first
weight. Therefore, the second camshaft engaged with
the first engaging mechanism by then is no longer en-
gaged with the first engaging mechanism. In this way,
the second camshaft rotates relative to the first camshaft
from the first phase to the second phase.
[0028] When the engine speed of the engine changes
from high speed to low speed, in the second engaging
mechanism, the force of the second biasing member is
preferably greater than the centrifugal force acting on the
second weight. Therefore, the second camshaft engaged
with the second engaging mechanism by then is no long-
er engaged with the second engaging mechanism. Con-
sequently, the second camshaft rotates relative to the
first camshaft from the second phase to the first phase.
[0029] In this way, the complementary movements be-
tween the first and second engaging mechanisms are
implemented by a simple arrangement by using the first
and second engaging portions, the first and second en-
gagement members, the first and second biasing mem-
bers, and the first and second weights.
[0030] (3) The first engaging portion may be a first hole
provided in the second camshaft, the first engagement
member may be a first pin member arranged to move
between a state in which the first pin member is inserted
into the first hole and a state in which the pin member is
pulled out from the first hole, the second engaging portion
may include a second hole provided in the second cam-

shaft, and the second engagement member may include
a second pin member arranged to move between the
state in which the second pin member is inserted into the
second hole and the state in which the second pin mem-
ber is pulled out from the second hole.
[0031] When the engine speed of the engine is low, in
the first engaging mechanism, the force of the first biasing
member is preferably greater than the centrifugal force
acting on the first weight. This allows the first pin member
to be inserted in the first hole, and the second camshaft
to be engaged with the first engaging mechanism. At that
time, in the second engaging mechanism, the force of
the second biasing member is preferably greater than
the centrifugal force acting on the second weight. In this
way, the second pin member is pulled out from the sec-
ond hole, and the second camshaft is not engaged with
the second engaging mechanism. Consequently, the
second camshaft is engaged with the first engaging
mechanism while it has the first phase relative to the first
camshaft.
[0032] When the engine speed of the engine is high,
in the first engaging mechanism, the force of the first
biasingmember is preferably smaller than the centrifugal
force acting on the first weight. Therefore, the first pin
member is moved out from the first hole, so that the sec-
ond camshaft is not engaged with the first engaging-
mechanism. At that time, in the second engaging mech-
anism, the force of the second biasing member is pref-
erably smaller than the centrifugal force acting on the
second weight. Therefore, the second pin member is in-
serted in the second hole, so that the second camshaft
is engaged with the second engaging mechanism. Con-
sequently, the second camshaft is engaged with the sec-
ond engaging mechanism while it has the second phase
relative to the first camshaft.
[0033] When the engine speed of the engine changes
from low speed to high speed, in the first engaging mech-
anism, the force of the first biasing member is preferably
smaller than the centrifugal force acting on the first
weight. Therefore, the second camshaft engaged with
the first engaging mechanism by then is no longer en-
gaged with the first engaging mechanism. In this way,
the second camshaft rotates relative to the first camshaft
from the first phase to the second phase.
[0034] When the engine speed of the engine changes
from high speed to low speed, in the second engaging
mechanism, the force of the second biasing member is
preferably greater than the centrifugal force acting on the
second weight. Therefore, the second camshaft engaged
with the second engaging mechanism by then is no long-
er engaged with the second engaging mechanism. In this
way, the second camshaft rotates relative to the first cam-
shaft from the second phase to the first phase.
[0035] In this way, using the first and second holes,
the first and second pin members, the first and second
biasing members, and the first and second weights, the
complementary movements between the first and sec-
ond engaging mechanisms are implemented with a sim-
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ple arrangement.
[0036] (4) The phase changing mechanism may fur-
ther include a restricting mechanism arranged to restrict
the rotation operation of the second camshaft relative to
the first camshaft within the range between the first phase
and the second phase.
[0037] When the engine speed of the engine changes
from low speed to high speed, the second camshaft en-
gaged with the first engaging mechanism by then is no
longer engaged with the first engaging mechanism. This
allows the second camshaft to rotate relative to the first
camshaft from the first phase to the second phase.
[0038] Then, the rotation operation of the second cam-
shaft relative to the first camshaft is restricted within the
range between the first phase and the second phase by
the restricting mechanism, so that the rotation of the sec-
ond camshaft is surely stopped in the second phase. In
this state, the second camshaft engaged with the first
engaging mechanism by then is engaged with the second
engaging mechanism.
[0039] When the engine speed of the engine changes
from high speed to low speed, the second camshaft en-
gaged with the second engaging mechanism by then is
no longer engaged with the second engaging mecha-
nism. This allows the second camshaft to rotate relative
to the first camshaft from the second phase to the first
phase.
[0040] Then, the rotation operation of the second cam-
shaft relative to the first camshaft is restricted within the
range between the first phase and the second phase by
the restricting mechanism, so that the rotation of the sec-
ond camshaft is surely stopped in the first phase. In this
state, the second camshaft engaged with the second en-
gaging mechanism by then is engaged with the first en-
gaging mechanism.
[0041] (5) The restricting mechanism may include a
preventing mechanism arranged to prevent the second
camshaft from rotating when the phase of the second
camshaft relative to the first camshaft changes from the
first phase to the second phase, and vice versa.
[0042] When the engine speed of the engine changes
from low speed to high speed, the second camshaft pref-
erably rotates relative to the first camshaft from the first
phase to the second phase. Then, the rotation of the sec-
ond camshaft relative to the first camshaft is surely
stopped in the second phase by the preventing mecha-
nism.
[0043] When the engine speed of the engine changes
from high speed to low speed, the second camshaft pref-
erably rotates relative to the first camshaft from the sec-
ond phase to the first phase. Then, the rotation of the
second camshaft relative to the first camshaft is surely
stopped in the first phase by the preventing mechanism.
[0044] In this way, the phase of the second camshaft
relative to the first camshaft can surely and readily be
changed between the first and second phases.
[0045] (6) The preventing mechanism may include a
groove arranged in the circumferential direction of the

second camshaft, and an abutment member fixed to the
rotation member so that the abutment member can move
in the groove and can abut against both end surfaces in
the groove.
[0046] When the engine speed of the engine changes
from low speed to high speed, the second camshaft pref-
erably rotates relative to the first camshaft from the first
phase to the second phase. Then, the rotation of the sec-
ond camshaft relative to the first camshaft is surely
stopped in the second phase as the abutment member
abuts against one end in the groove.
[0047] When the engine speed of the engine changes
from high speed to low speed, the second camshaft pref-
erably rotates relative to the first camshaft from the sec-
ond phase to the first phase. Then, the rotation of the
second camshaft relative to the first camshaft is surely
stopped in the first phase as the abutment member abuts
against the other end in the groove.
[0048] In this way, the phase of the second camshaft
relative to the first camshaft can surely and readily be
changed between the first and second phases.
[0049] (7) An engine device according to another as-
pect of the invention includes an engine having first and
second valves, and a valve timing control device ar-
ranged to control the opening/closing timings of the first
and second valves in response to an engine speed of
the engine. The valve timing control device preferably
includes a rotation member arranged to rotate in syn-
chronization with a rotation of the engine, a first camshaft
arranged to abut against the first valve and rotated to-
gether with the rotation member to open/close the first
valve, a second camshaft arranged to abut against the
second valve and arranged to rotate relative to the first
camshaft, the second camshaft being rotated together
with the rotation member to open/close the second valve,
and a phase changing mechanism arranged to change
a phase of the second camshaft relative to the first cam-
shaft between first and second phases. The phase
changing mechanism includes a first engaging mecha-
nism arranged to engage the second camshaft while the
second camshaft has the first phase relative to the first
camshaft, and a second engaging mechanism arranged
to engage the second camshaft while the second cam-
shaft has the second phase relative to the first camshaft.
The first engaging mechanism is preferably biased in the
direction to engage the second camshaft and arranged
to move in the direction to pull out the second camshaft
by centrifugal force, and the second engaging mecha-
nism is preferably biased in the direction to pull out the
second camshaft and arranged to move in a direction to
engage the second camshaft by centrifugal force.
[0050] In the engine device, the opening/closing tim-
ings of the first and second valves are controlled by the
valve timing control device in response to the engine
speed of the engine.
[0051] In the valve timing control device, the rotation
member rotates in synchronization with the rotation of
the engine, and the rotation of the rotation member allows
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the first and second camshafts to rotate. In this way, the
first valve in abutment against the first camshaft and the
second valve in abutment against the second camshaft
are opened/closed. In this case, the second camshaft
can rotate relatively to the first camshaft.
[0052] In the phasechanging mechanism,thefirsten-
gaging mechanism is preferably biased in the direction
in which the first engaging mechanism is to engage the
second camshaft, and the second engaging mechanism
is preferably biased in the direction in which the second
engaging mechanism is to pull out the second camshaft.
[0053] As the rotation member rotates, a centrifugal
force acts on the first and second engaging mechanisms.
The centrifugal force acts to cause the first engaging-
mechanismto pull out the second camshaft and the sec-
ond engaging mechanism to engage the second cam-
shaft.
[0054] When the engine speed of the engine is low, in
the first engaging mechanism, a biasing force to engage
the second camshaft is preferably greater than the cen-
trifugal force acting to pull out the second camshaft. In
this way, the second camshaft is engaged with the first
engaging mechanism. At that time, in the second engag-
ing mechanism, the biasing force in the direction to pull
out the second camshaft is preferably greater than the
centrifugal force acting in the direction to engage the sec-
ond camshaft. Therefore, the second camshaft is not en-
gaged with the second engaging mechanism. Conse-
quently, the second camshaft is engaged with the first
engaging mechanism while it has the first phase relative
to the first camshaft.
[0055] When the engine speed of the engine is high,
in the first engaging mechanism, the biasing force to en-
gage the second camshaft is preferably smaller than the
centrifugal force acting to pull out the second camshaft.
In this way, the second camshaft is not engaged with the
first engaging mechanism. At that time, in the second
engaging mechanism, the biasing force acting in the di-
rection to pull out the second camshaft is preferably
smaller than the centrifugal force acting in the direction
to engage the second camshaft. Therefore, the second
camshaft is engaged with the second engaging mecha-
nism. Consequently, the second camshaft is engaged
with the second engaging mechanism while it has the
second phase relative to the first camshaft.
[0056] In this way, when the engine speed changes
from low speed and high speed, or vice versa, the phase
of the second camshaft relative to the first camshaft is
changed between the first and second phases. In this
way, the opening/closing timings of the first and second
valves are controlled in response to the engine speed of
the engine.
[0057] Furthermore, the phase of the second camshaft
relative to the first camshaft is preferably switched based
on complementary movements between the first and sec-
ond engaging mechanisms without using frictional forces
between components. Therefore, there is little degrada-
tion caused by abrasion between the components. As a

result, the useful life of the valve timing control device
can be prolonged without having to use abrasion resist-
ant components, and the device can be manufactured at
a lower cost.
[0058] Furthermore, high working precision is not re-
quired, and the complementary movements between the
first and second engaging mechanisms can be achieved
simply by the mechanical arrangement, so that the device
can be more readily manufactured. In this way, an engine
device having high performance and high durability can
be provided. There is no need for a control system in-
cluding a hydraulic circuit, an electric circuit, and software
to control the movement of first and second engaging
mechanisms. This allows the valve timing control device
to have a reduced size and the engine device can be
reduced in size accordingly.
[0059] (8) A vehicle according to yet another aspect of
the invention includes an engine device, driving wheels,
and a transmission mechanism arranged to transmit
power generated by the engine device to the driving
wheels. The engine device includes an engine having
first and second valves, and a valve timing control device
arranged to control the opening/closing timings of the
first and second valves in response to an engine speed
of the engine. The valve timing control device preferably
includes a rotation member arranged to rotate in syn-
chronization with the rotation of the engine, a first cam-
shaft arranged to abut against the first valve and rotated
together with the rotation member to open/close the first
valve, a second camshaft arranged to abut against the
second valve and arranged to rotate relative to the first
camshaft, the second camshaft being rotated together
with the rotation member to open/close the second valve,
and a phase changing mechanism arranged to change
a phase of the second camshaft relative to the first cam-
shaft between first and second phases. The phase
changing mechanism preferably includes a first engaging
mechanism arranged to engage the second camshaft
while the second camshaft has the first phase relative to
the first camshaft, and a second engaging mechanism
arranged to engage the second camshaft while the sec-
ond camshaft has the second phase relative to the first
camshaft. The first engaging mechanism is biased in the
direction to engage the second camshaft and arranged
to move in the direction to pull out the second camshaft
by a centrifugal force, and the second engaging mecha-
nism is biased in the direction to pull out the second cam-
shaft and arranged to move in the direction to engage
the second camshaft by centrifugal force.
[0060] In the vehicle, power generated by the engine
device is transmitted to the driving wheels by a transmis-
sion mechanism, and the driving wheels are driven. In
the engine device, the opening/closing timings of the first
and second valves are controlled by the valve timing con-
trol device in response to the engine speed of the engine.
[0061] In this case, in the valve timing control device
in the engine device, there is little degradation caused
by abrasion between components. As a result, the useful
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life of the valve timing control device can be prolonged
without having to use abrasion resistant components,
and the device can be manufactured at a lower cost.
[0062] Furthermore, high working precision is not re-
quired, and the complementary movements between the
first and second engaging mechanisms can be achieved
simply by the mechanical arrangement, so that the device
can be more readilymanufactured. In this way, a vehicle
having high performance and high durability can be pro-
vided. There is no need for a control system including a
hydraulic circuit, an electric circuit, and software to con-
trol the movement of the first and second engaging mech-
anisms. This allows the valve timing control device and
the engine device to have a reduced size and the vehicle
can be reduced in size accordingly.

[Effects of the Invention]

[0063] In the valve timing control device according to
the preferred embodiments of the present invention,
there is little degradation caused by abrasion between
components. As a result, the useful life of the valve timing
control device can be prolonged without having to use
abrasion resistant components, and the device can be
manufactured at a lower cost. Furthermore, high working
precision is not required, and the complementary move-
ments between the first and second engaging mecha-
nisms can be achieved simply by the mechanical ar-
rangement, so that the device can be more readily man-
ufactured. Therefore, a valve timing control device, an
engine device, and a vehicle having high performance
and high durability can be implemented. In addition,there
is no need for a control system including a hydraulic cir-
cuit, an electric circuit, and software to control the move-
ment of the first and second engaging mechanisms. This
allows the valve timing control device to have a reduced
size, and therefore the engine device and the vehicle can
be reduced in size accordingly.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0064] [FIG. 1] Fig . 1 is a schematic view of a motor-
cycle according to a preferred embodiment of the present
invention;
[0065] [FIG. 2] Fig. 2 (a) and 2 (b) areviewsforuseinil-
lustrating the general structure of a valve timing control
device according to a preferred embodiment of the
present invention;
[0066] [FIGS. 3-5] Figs. 3 to 5 are perspective views
for use in illustrating how a valve timing control device is
assembled;
[0067] [FIG. 6] Fig. 6 is a detailed sectional view of a
cylinder head taken along line P-P in Fig. 2(b);
[0068] [FIG. 7] Fig. 7 is an external side view of the
cylinder head with the side cover in Fig. 6 removed;
[0069] [FIG. 8] Fig. 8 (a) includes a partly cutaway sec-
tional view of the cylinder head taken along line R-R in
Fig. 6 and Fig. 8(b) includes a view for use in illustrating

the phase relation between an intake cam and an exhaust
cam;
[0070] [FIG. 9] Fig. 9 is a chart for use in illustrating
the relation between the phases of the exhaust cam and
the intake cam relative to the crank shaft in Figs. 2(a)
and 2(b), and the lift amounts of the exhaust valve and
the intake valve as the crank shaft rotates; and
[0071] [FIGS. 10-14] Figs. 10 to 14 are cutaway per-
spective views for use in illustrating the operation of the
valve timing control device.

[Best Mode for Carrying out the Invention]

[0072] Now, a valve timing control device according to
preferred embodiments of the present invention and an
engine device and a vehicle including the control device
will be described. In the following, a small size motorcycle
having a displacement of about 250 cc or less will be
described as an example of a preferred embodiment of
the present invention, although the present invention is
in no way limited thereto.
[0073] Fig. 1 is a schematic view of the motorcycle
according to a preferred embodiment of the invention.
[0074] In the 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.
[0075] 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.
[0076] 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 exhaust port of the engine 7. A muffler 14 is
attached to the rear end of the exhaust pipe 13.
[0077] 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.
[0078] The engine 7 includes a valve timing control
device. Now, the valve timing control device according
to a preferred embodiment will be described.
[0079] Figs. 2 (a) and 2 (b) illustrate the general struc-
ture of the valve timing control device according to a pre-
ferred embodiment of the invention. Fig. 2 (a) is a sche-
matic top view of the valve timing control device provided
in the engine 7. Fig. 2(b) is a schematic side view of the
valve timing control device provided in the engine 7.
[0080] As shown in Fig. 2 (a), the valve timing control
device 200 is provided at a cylinder head 7S. The valve
timing control device 200 includes a cam driven sprocket
220, an intake cam 231, and an exhaust cam 241.
[0081] As a piston 21 reciprocates in the cylinder 20,
a crankshaft 23 rotates, and the cam drive sprocket 24
provided at the crankshaft 23 rotates.
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[0082] The turning force of the cam drive sprocket 24
is transmitted to the cam driven sprocket 220 of the valve
timing control device 200 through a chain 25. In this way,
the valve timing control device 200 rotates.
[0083] In the valve timing control device 200, the phase
relation between the intake cam 231 and the exhaust
cam 241 changes in response to the engine speed of the
engine 7 and changes in the engine speed (increase and
decrease in the engine speed) . This changes the valve
timing.
[0084] The structure and operation of the valve timing
control device 200 will be described in detail. Figs. 3 to
5 are perspective views for use in illustrating how the
valve timing control device 200 is assembled. In Figs. 3
to 5, the three directions that are perpendicular or sub-
stantially perpendicular to one another as indicated by
arrows X, Y, and Z are defined as the X-, Y-, andZ-direc-
tions, respectively.
[0085] The valve timing control device 200 mainly in-
cludes a lock pin holding mechanism 210 (see Fig. 3), a
cam driven sprocket 220 (see Fig. 4), an intake camshaft
230 (see Fig. 5), and an exhaust camshaft 240 (see Fig.
5).
[0086] Fig. 3 is a perspective view showing how the
lock pin holding mechanism 210 is assembled. As shown
in Fig. 3, two support members 211 and 212 elongated
in the Z-direction are provided a prescribed distance
apart from each other in the X-direction.
[0087] The support member 211 has a substantially
circular arc shaped, plate portion 211A that is parallel or
substantially parallel to the X-Z plane and elongated in
the Z-direction. One side of the plate portion 211A in the
Z-direction has a circular arc shape, and the other side
has a linear shape. A through hole 211a is formed in the
vicinity of each of the upper and lower end portions of
the plate portion 211A.
[0088] Projections 211B and 211D are arranged to ex-
tend in the Y-direction from the upper and lower ends of
one side along the Z-direction of the plate portion 211A.
A spring holding member 211C is arranged to extend in
the X-direction from the part below the center of the side
of the plate portion 211A along the Z-direction and then
bent in the Y-direction.
[0089] The projections 211B and 211D and the spring
holding member 211C have through holes 211b, 211d,
and 211c, respectively. In the Y-direction, the projection
211B is the shortest, the spring holding member 211C is
the second shortest, and the projection 211D is the third
shortest among these three parts. In this way, in the Y-
direction, the through holes 211b, 211c, and 211d are
closer to the plate portion 211A in this order.
[0090] The support members 212 and 211 are sub-
stantially symmetrical with respect to the X-Z plane. Pro-
jections 212B and 212D are formed to extend in the Y-
direction from the upper and lower ends of one side along
the Z-direction of the plate portion 212A.
[0091] The through holes 212a are formed in the vicin-
ity of the upper and lower ends of the plate portion 212A.

A spring holding member 212C is arranged to extend
from the position above the center of the side along the
Z-direction of the plate portion 212A. The spring holding
member 212c is formed to extend in the Z-direction and
then bent in the Y-direction. The projections 212B and
212D and the spring holding member 212C have through
holes 212b, 212d, and 212c, respectively.
[0092] Note that the lengths of the projections 212B
and 212D of the support member 212 in the Y-direction
are equal to the projections 211B and 211D of the support
member 211 in the Y-direction. The length of the spring
holding member 212C of the support member 212 in the
Y-direction is different from the length of the spring hold-
ing member 211C of the support member 211 in the Y-
direction.
[0093] 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. One surface (lower surface) of the weight
main body 213a that is parallel or substantially parallel
to the X-Y plane has a groove 213b along the Y-direction
and a projection 213c projecting in the Z-direction. The
projection 213c has a through hole extending in the X-
direction.
[0094] The extension 213d extends in the Y-direction
from the other surface (upper surface) of the weight main
body 213a that is parallel or substantially parallel to the
X-Y plane. The two tubular portions 213e are formed in
the X-direction on both ends of the extension 213d in the
X-direction.
[0095] 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 have their tip ends bent like hooks.
[0096] The two hook portions 213f are provided with a
high speed lock pin 214 that extends in the Y-direction.
At one end of the high speed 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
high speed lock pin 214 is pivotably held by the weight
213. Part of the high speed lock pin 214 can abut against
the groove 213b.
[0097] A pivot shaft 215 is inserted into the tubular por-
tions 213e of the weight 213. In this way, the pivot shaft
215 can hold the weight 213 in a pivotable manner. In
this state, both ends of the pivot shaft 215 are inserted
into the through holes 211b and 212b of the support mem-
bers 211 and 212, respectively. In this way, the weight
213 is pivotably held between the support members 211
and 212.
[0098] A weight 216 preferably has the same structure
as the weight 213. However, during assembling the lock
pin holding mechanism 210, the weight 216 is arranged
symmetrically to the weight 213 with reference to an axis
that is parallel or substantially parallel to the X-direc-
tion.In Fig. 3, the weight main body 216a, an extension
216d, two tubular portions 216e and two hook portions
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216f of the weight 216 correspond to the weight main
body 213a, the extension 213d, the two tubular portions
213e, and the two hook portions 213f of the weight 213,
respectively.
[0099] The groove 216b and the projection 216c of the
weight 216 correspond to the groove 213b and the pro-
jection 213c of the weight 213, respectively.
[0100] The two hook portions 216f are provided with a
low speed lock pin 217 extending in the Y-direction. The
low speed lock pin 217 is shorter than the high speed
lock pin 214. A support pin 217t is formed to extend in
the X-direction at one end of the low speed Lock pin 217.
Since the support pin 217t is provided at the hook portion
216f, the low speed lock pin 217 is pivotably held by the
weight 216. The low speed lock pin 217 has its pivotable
range restricted, as will be described. In this way, the low
speed lock pin 217 does not abut against the groove
216b.
[0101] A pivot shaft 218 is inserted into the tubular por-
tions 216e of the weight 216. In this way, the pivot shaft
218 can hold the weight 216 in a pivotable manner. In
this state, both ends of the pivot shaft 218 are inserted
into the through holes 211d and 212d of the support mem-
bers 211 and 212. In this way, the weight 216 is held
pivotably between the support members 211 and 212.
[0102] In this way, the weights 213 and 216 are ar-
ranged to oppose each other in the Z-direction.
[0103] Screws 219 are inserted into the two through
holes 211a of the support member 211 and the two
through holes 212a of the support members 212.
[0104] Fig. 4 is a perspective view showing how the
lock pin holding mechanism 210 and the cam driven
sprocket 220 are assembled. When the lock pin holding
mechanism 210 and the cam driven sprocket 220 are
assembled, the cam driven sprocket 220 is arranged par-
allel or substantially parallel to the X-Z plane.
[0105] Note that in Fig. 4, in the lock pin holding mech-
anism 210, a spring S1 has its both ends attached in a
through hole provided at the projection 213c of the weight
213 and the through hole 211c of the spring holding por-
tion 211C. In the lock pin holding mechanism 210, a
spring S2 has its both ends attached in a through hole
provided at the projection 216c of the weight 216 and the
through hole 212c of the spring holding member 212C.
[0106] As shown in Fig. 4, the camdriven sprocket 220
has a plurality of through holes 220a to 220f. In the center
of the cam driven sprocket 220, a through hole 220a hav-
ing the largest diameter among all the through holes is
formed.
[0107] The four through holes 220b, 220c, 220e, and
220f are preferably formed at substantially equiangular
intervals on a circle centered around the through hole
220a of the cam driven sprocket 220. The four through
holes 220d are preferably formed at substantially equi-
angular intervals on another circle around the through
hole 220a of the cam driven sprocket 220. The four
through holes 220d are each formed by thread cutting.
[0108] A projection 220T is formed in the vicinity of the

through hole 220c at one surface 220A of the cam driven
sprocket 220.
[0109] The screws 219 of the lock pin holding mecha-
nism 210 are screwed in the four through holes 220d of
the cam driven sprocket 220. In this way, the lock pin
holding mechanism 210 is fixed to the side of the surface
220A of the cam driven sprocket 220.
[0110] When the lock pin holding mechanism 210 is
fixed to the cam driven sprocket 220, the high speed lock
pin 214 is inserted in the through hole 220b, and the low
speed lock pin 217 is inserted in the through hole 220c.
As described in conjunction with Fig. 3, the high speed
lock pin 214 does not project to the side of the other
surface 220B of the cam driven sprocket 220 and the low
speed lock pin 217 projects a prescribed length from the
side of the other surface 220B of the cam driven sprocket
220.
[0111] On the side of the other surface 220B of the
camdriven sprocket 220, ends of two fixing pins 230A
and 230B extending in the Y-direction are inserted in the
trough holes 220e and 220f, respectively, and fixed.
[0112] Fig. 5 is a perspective view of the structure as-
sembled as shown in Fig. 4 (hereinafter referred to as
"assembled structure") and the assembly of the intake
camshaft 230 and the exhaust camshaft 240. Note that
the intake camshaft 230 and the exhaust camshaft 240
have their axial center J arranged parallel or substantially
parallel to the Y-direction.
[0113] As shown in Fig. 5, the intake camshaft 230 is
included an intake cam 231, a stepped portion 232, and
a pivot shaft 233.
[0114] In the Y-direction, the intake camshaft 230 has
the cylindrical pivot shaft 233 on one end side, the
stepped portion 232 having a diameter slightly greater
than the diameter of the pivot shaft 233 in the center, and
the intake cam 231 on the other end side.
[0115] A pivot through hole 230H is formed to extend
in the Y-direction from the center of the end of the pivot
shaft 233 to the center of the end of the intake cam 231.
More specifically, the pivot through hole 230H is formed
from one end to the other end of the intake camshaft 230
in the Y-direction.
[0116] On the end surface of the pivot shaft 233, a high
speed pin introduction hole 233c, a low speed pin intro-
duction hole 233d, and two grooves 233a and 233b for
floating pin are formed on a circle around the axial center
J.
[0117] The high speed pin introduction hole 233c and
the low speed pin introduction hole 233d are formed sub-
stantially opposing to each other across the pivot through
hole 230H. Note, however, that the high speedpin intro-
duction hole 233c and the low speedpin introduction hole
233d are arranged so that a straight line connecting each
other does not pass through the axial center J.
[0118] The grooves 233a and 233b for floating pin are
formed to extend in the circumferential direction around
the axial center J and oppose each other across the pivot
through hole 230H.
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[0119] The exhaust camshaft 240 has an exhaust cam
241, a stepped portion 242, a cam fixing shaft 243, and
a projection shaft 244.
[0120] The exhaust camshaft 240 has the cam fixing
shaft 243 extending in the Y-direction on one end side in
the Y-direction, the stepped portion 242 and the exhaust
cam 241 in the center, and the projection shaft 244 ex-
tending in the Y-direction on the other end side. A sprock-
et screw hole 240H is formed at an end of the cam fixing
shaft 243.
[0121] When the assembled structure, the intake cam-
shaft 230, and the exhaust camshaft 240 are assembled,
the intake camshaft 230 and the exhaust camshaft 240
are provided on the side of the other surface 220B of the
cam driven sprocket 220.
[0122] More specifically, the cam fixing shaft 243 of
the exhaust camshaft 240 is inserted in the pivot through
hole 230H of the intake camshaft 230. In this way, the
exhaust camshaft 240 holds the intake camshaft 230 in
a rotatable manner. One end of the cam fixing shaft 243
of the exhaust camshaft 240 is inserted in the through
hole 220a from the side of the other surface 220B of the
cam driven sprocket 220.
[0123] In this state, a sprocket screw 250 is screwed
in the sprocket screw hole 240H of the cam fixing shaft
243 from the side of the surface 220A of the camdriven
sprocket 220. In this way, the camdriven sprocket 220 is
fixed to the exhaust camshaft 240.
[0124] Note that the exhaust cam 241, the stepped por-
tion 242, the cam fixing shaft 243, and the projection shaft
244 of the exhaust camshaft 240 may be formed either
integrally or discretely. The intake cam 231, the stepped
portion 232, and the pivot shaft 233 of the intake camshaft
230 may be formed either integrally or discretely.
[0125] Although not shown in Fig. 5, a fixing mecha-
nism that restricts the rotation of the exhaust camshaft
240 relative to the cam driven sprocket 220 may be pro-
vided at the connecting part of the cam fixing shaft 243
and the through hole 220a.
[0126] The fixing mechanism may be implemented, for
example, by providing a projection portion at a tip end of
the cam fixing shaft 243 of the exhaust camshaft 240 and
providing a groove that can be engaged with the projec-
tion portion of the cam fixing shaft 243 at the through hole
220a of the cam driven sprocket 220.
[0127] Meanwhile, during the assembling operation
described above, the intake camshaft 230 is positioned
as it is held by the exhaust camshaft 240 as follows.
[0128] The fixing pins 230A and 230B and a portion of
the low speed lock pin 217 project in the Y-direction from
the side of the other surface 220B of the cam driven
sprocket 220. The intake camshaft 230 is positioned such
that the fixing pin 230A is inserted into the groove 233a
for floating pin, the fixing pin 230B is inserted in the groove
233b for floating pin, and a portion of the low speed lock
pin 217 is inserted into the low speed pin introduction
hole 233d.
[0129] In this way, at the end of assembling operation,

the pivotal movement of the intake camshaft 230 is re-
stricted by the low speed lock pin 217 and the low speed
pin introduction hole 233d. Consequently, the intake
camshaft 230 and the exhaust camshaft 240 are fixed to
the cam driven sprocket 220 so that they cannot pivot.
[0130] How the valve timing control device 200 as de-
scribed above is attached to the engine 7 will now be
described.
[0131] Fig. 6 is a detailed sectional view of a cylinder
head 7S taken along line P-P in Fig. 2(b). In Fig. 6, the
three directions that are perpendicular or substantially
perpendicular to one another as indicated by X, Y, and
Z are defined as the X-, Y-, and Z- directions, respective-
ly. Note that in Figs. 7 and 8, the X-, Y-, and Z- directions
are defined in the same manner.
[0132] As shown in Fig. 6, there is a space for attaching
the valve timing control device 200 in the center of the
cylinder head 7S.
[0133] When the valve head timing control device 200
is attached to the cylinder head 7S, bearings B1 and B2
are attached to the pivot shaft 233 and the projection
shaft 244 of the valve timing control device 200.
[0134] In the cylinder head 7S, one end surface of the
bearing B1 that is perpendicular or substantially perpen-
dicular to the shaft in the Y-direction abuts against the
inner abutment surface BH1 of the cylinder head 7S. One
end surface of the bearing B2 that is perpendicular or
substantially perpendicular to the axis in the Y-direction
abuts against the inner abutment surface BH2 of the cyl-
inder head 7S.
[0135] As the valve timing control device 200 is ac-
commodated in the cylinder head 7S, a portion of the
other end surface of the bearing B1 that is perpendicular
or substantially perpendicular to the axis in the Y-direc-
tion abuts against a fixing plate BH3 connected to the
cylinder head 7S. In this way, the valve timing control
device 200 is pivotably fixed in the cylinder head 7S.
[0136] Two roller rocker arms 330 and 340 are provid-
ed above the valve timing control device 200. The roller
rocker arm 330 is provided above the intake camshaft
230, and a roller 330T attached to the arm 330R abuts
against the intake camshaft 230.
[0137] The roller rocker arm 340 is provided above the
exhaust camshaft 240, and a roller 340T attached to the
arm 340R abuts against the exhaust camshaft 240. A
side cover SC is provided to the cylinder head 7S to cover
the side of the lock pin holding mechanism 210 of the
valve timing control device 200.
[0138] Fig. 7 is an external side view of the cylinder
head 7S with the side cover SC in Fig. 6 removed. As
shown in Fig. 7, the chain 25 is engaged with the cam
driven sprocket 220. In Fig. 7, the valve timing control
device 200 rotates in the direction denoted by the arrow
Q1.
[0139] Fig. 8(a) shows a partly cutaway sectional view
of the cylinder head 7S taken along line R-R in Fig. 6,
and Fig. 8(b) shows a view for use in illustrating the phase
relation between the intake cam 231 and the exhaust
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cam 241.
[0140] Fig. 8 (a) is a partly cutaway sectional view of
the cylinder head 7S taken along line R-R in Fig. 6. In
Fig. 8 (a), the section is partly removed around the intake
valve and the exhaust valve for ease of understanding.
[0141] As shown in Fig. 8(a), the roller rocker arm 330
provided above the intake cam 231 includes the roller
330T, the arm 330R, a shaft 331, an adjuster 332, and
a nut 333.
[0142] The arm 330R extending in the X-direction is
pivotably held by the shaft 331 in its central part. The
roller 330T is provided at one end of the arm 330R in the
X-direction, and the adjuster 332 is attached at the other
end by the nut 333.
[0143] The roller 330T moves up and down according
to the rotation operation of the intake cam 231. In this
way, the arm 330R pivots around the shaft 331. Then,
the adjuster 332 attached to the other end of the arm
330R moves up and down.
[0144] The upper end of the intake valve 334 is posi-
tioned at the lower end of the adjuster 332. A valve spring
335 is provided at the intake valve 334, and the valve
spring 335 biases the upper end of the intake valve 334
in the upward direction.
[0145] In this state, as the adjuster 332 moves up and
down, the intake valve 334 also moves up and down.
This allows the intake valve 334 to be opened/closed.
[0146] In this way, the rotation force of the intake cam
231 is transmitted to the intake valve 334 through the
roller rocker arm 330. Meanwhile, the elastic force of the
valve spring 335 is transmitted to the intake cam 231
through the roller rocker arm 330.
[0147] The roller rocker arm 340 provided above the
exhaust cam 241 has the same structure as the roller
rocker arm 330 and operates in the same manner. The
roller 340T, an arm 340R, a shaft 341, an adjuster 342,
and a nut 343 of the roller rocker arm 340 correspond to
the roller 330T, the arm 330R, the shaft 331, the adjuster
332, and the nut 333, respectively, of the roller rocker
arm 330. The exhaust valve 344 is provided with a valve
spring 345.
[0148] Note that in Fig. 8 (a), the valve timing control
device 200 rotates in the direction denoted by the arrow
Q2.
[0149] According to the present preferred embodi-
ment, the phase of the intake cam 231 relative to the
phase of the exhaust cam 241 varies depending on the
structure of the above-described valve timing control de-
vice 200.
[0150] Fig. 8 (b) is a view for use in illustrating the
phase relation between the intake cam 231 and the ex-
haust cam 241. For ease of understanding, the exhaust
cam 241 is shown by a thick solid line in Fig. 8(b). The
intake cam 231 is shown by a thin solid line and a two
dot chain line.
[0151] As denoted by the solid line in Fig. 8 (b), when
the engine 7 operates at low engine speed, the tip end
of the cam nose of the intake cam 231 is at position T1.

When the engine speed of the engine 7 is raised from
this state and beyond a prescribed engine speed, the tip
end of the cam nose of the intake cam 231 moves to
position T2. Hereinafter, the prescribed engine speed
when the engine speed increases from a low value will
be referred to as "first engine speed."
[0152] Meanwhile, as denoted by the two dot chain line
in Fig. 8 (b), when the engine 7 operates at high engine
speed, the tip end of the cam nose of the intake cam 231
is at position T2. When the engine speed of the engine
7 is lowered from this state and below a prescribed engine
speed, the tip end of the cam nose of the intake cam 231
moves to position T1. Hereinafter, the prescribed engine
speed when the engine speed drops from a high value
is referred to as "second engine speed."
[0153] In this way, according to the present preferred
embodiment, the phase of the intake cam 231 relative to
the exhaust cam 241 changes depending on the engine
speed of the engine 7 and changes in the engine speed
(increase and decrease in the engine speed) . In Fig. 8
(b), the change amount in the phase of the intake cam
231 is represented by angle θ.
[0154] As described above, the valve timing is different
between when the engine 7 operates at low engine speed
and when the engine operates at high engine speed.
When the engine 7 operates at low engine speed, the
overlap amount between the period in which the intake
valve is open and the period in which the exhaust valve
is open is small, so that toxic substances in the exhaust
gas are reduced, which reduces the fuel consumption.
When the engine 7 operates at high engine speed, the
overlap amount between the period in which the intake
valve is open and the period in which the exhaust valve
is open is large, so that high power can efficiently be
provided.
[0155] Changes in the overlap amount caused by
changes in the phase of the intake cam 231 relative to
the exhaust cam 241 will be described in conjunction with
Fig. 9. Fig. 9 is a view for use in illustrating the relation
between the phases of the exhaust cam 241 and the
intake cam 231 relative to the crankshaft 23 in Fig. 2 and
the lift amounts of the exhaust valve 344 and the intake
valve 334 as the crankshaft 23 rotates.
[0156] In Fig. 9, the abscissa represents the crank an-
gle (the rotational angle of the crank shaft 23), and the
ordinate represents the lift amounts of the exhaust valve
344 and the intake valve 334 (the displacements of the
exhaust valve 344 and the intake valve 334 in the upper
and lower directions).
[0157] In Fig. 9, the exhaust valve 344 and the intake
valve 334 are open when the lift amounts are greater
than zero, and closed when the lift amounts are zero.
[0158] The crank angle ranges from -360° to +360°.
When the crank angle is 0°, 360°, and -360°, the piston
21 is positioned at the top dead center TDC in the cylinder
20, and when the crank angle is 180° and -180°, the pis-
ton 21 is positioned at the bottom dead center BDC in
the cylinder 20.
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[0159] The thick solid line 241L in Fig. 9 shows chang-
es in the lift amount of the exhaust valve 344 caused by
the rotation of the exhaust cam 241. As denoted by the
thick solid line 241L, the lift amount of the exhaust valve
344 increases for the crank angle approximately in the
range from -240° to -110°, and decreases for the crank
angle approximately in the range from -110° to 20°.
[0160] The solid line TL1 in Fig. 9 shows changes in
the lift amount of the intake valve 334 caused by the
rotation of the intake cam 231 when the engine 7 operates
at low engine speed. As denoted by the solid line TL1,
the lift amount of the intake valve 334 increases for the
crank angle approximately in the range from 40° to 170°,
and decreases for the crank angle approximately in the
range from 170° to 300°.
[0161] As described above, when the engine 7 oper-
ates at low engine speed, the overlap amount between
the period in which the intake valve 334 is open and the
period in which the exhaust valve 344 is open is small.
In the example in Fig. 9, the overlap amount is zero.
[0162] Meanwhile, the dash double dotted line TL2 in
Fig. 9 represents the lift amount of the intake valve 334
caused by the rotation of the intake cam 231 when the
engine 7 operates at high engine speed. As denoted by
the dash double dotted line TL2, the lift amount of the
intake valve 334 increases for the crank angle approxi-
mately in the range from -30° to 100°, and decreases for
the crank angle approximately in the range from 100° to
230°.
[0163] In this way, when the engine 7 operates at high
engine speed, the overlap amount between the period in
which the intake valve 334 is open and the period in which
the exhaust valve 344 is open is large.
[0164] In this way, the phase of the intake cam 231
changes by angle θ relative to the exhaust cam 241 be-
tween when the engine 7 operates at low engine speed
and when the engine operates at high engine speed, so
that the overlap amount between the period in which the
exhaust valve 344 is open and the period in which the
intake valve 334 is open changes, and the above de-
scribed advantages can be provided.
[0165] Note that in the valve timing control device 200
according to the present preferred embodiment, as
shown in Fig. 6, the lock pin holding mechanism 210 has
a relatively small length in the Y-direction . In this way,
the valve timing control device 200 has great flexibility in
attachment (flexibility in layout), and good general ver-
satility. Therefore, the valve timing control device 200
can also be applied effectively to an engine having a
structure other than that described above.
[0166] Figs. 10 to 14 are cutaway perspective views
for use in illustrating the operation of the valve timing
control device 200. In Figs. 10 to 14, in the valve timing
control device 200, the lock pin holding mechanism 210,
the cam driven sprocket 220, and the intake camshaft
230 are partly cut away.
[0167] In Figs. 10 to 14, the direction denoted by the
arrow Z is defined as the Z-direction. Note that the direc-

tion of the arrow in the Z-direction is defined as the +
direction, while the direction opposite to the direction is
defined as the - direction. The dashed line represents
the axial center J of the valve timing control device 200.
[0168] Fig. 10 shows the state of the valve timing con-
trol device 200 when the assembling of the device is com-
pleted. In Fig. 10, the lock pin holding mechanism 210
and the cam driven sprocket 220 are cut away in the Z-
direction from the center. The fixing pin 230B is actually
connected to the cam driven sprocket 220 as described
above.
[0169] As shown in Fig. 10, when the assembling of
the valve timing control device 200 is completed, the
weight main body 213a of the weight 213 is biased in the
-Z-direction by the spring S1. Here, the weight 213 holds
the high speed lock pin 214 inserted in the through hole
220b of the camdriven sprocket 220. In this way, the ro-
tation operation of the weight 213 around the pivot shaft
215 is limited. In this state, a portion of the high speed
lock pin 214 abuts against the groove 213b of the weight
213.
[0170] Meanwhile, the weight main body 216a of the
weight 216 is biased in the +Z- direction by the spring S2
that is not shown (see Fig. 4) . Here, the weight 216 holds
the low speed lock pin 217 inserted in the through hole
220c of the cam driven sprocket 220. In this way, the
rotation operation of the weight 216 around the pivot shaft
218 is restricted.
[0171] In Fig. 10, one end of the high speed lock pin
214 inserted in the cam driven sprocket 220 substantially
abuts against a contact surface 230M that is perpendic-
ular or substantially perpendicular to the axial center J
of the intake camshaft 230.
[0172] Meanwhile, the low speed lock pin 217 is insert-
ed in the low speed pin introduction hole 233d of the
intake camshaft 230. One end of the low speed lock pin
217 inserted in the low speed pin introduction hole 233d
substantially abuts against the bottom surface of the low
speed pin introduction hole 233d.
[0173] As described above, the groove 233b for float-
ing pin extends in the circumferential direction around
the axial center J. Here, one end of the groove 233b for
floating pin in the circumferential direction is referred to
as "low speed groove end LP" and the other end of the
groove 233b for floating pin in the circumferential direc-
tion is referred to as "high speed groove end HP."
[0174] In Fig. 10, the fixing pin 230B inserted in the
groove 233b for floating pin is positioned at the low speed
groove end LP. The fixing pin 230B is fixed to the cam
driven sprocket 220, so that the rotation of the intake
camshaft 230 in the direction denoted by the arrowM1
relative to the cam driven sprocket 220 and the exhaust
camshaft 240 is restricted.
[0175] However, in the state in Fig. 10, the low speed
lock pin 217 is inserted in the low speed pin introduction
hole 233d, and therefore the intake camshaft 230 cannot
rotate relative to the camdriven sprocket 220 and the
exhaust camshaft 240 either in the direction denoted by
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the arrow M1 or M2.
[0176] Fig. 11 shows the state of the valve timing con-
trol device 200 at low engine speed. In the valve timing
control device 200 operating at low engine speed, a small
centrifugal force acts on the weights 213 and 216. This
generates a force to rotate the weight main body 213a
around the pivot shaft 215 as indicated by the thick arrow
M3. The force to rotate the weight main body 216a around
the pivot shaft 218 is generated as indicated by the thick
arrow M4.
[0177] In this case, the rotation of the weight main body
216a in the direction of the thick arrow M4 generates a
force to pull out the low speed lock pin 217 held by the
weight 216 from the low speed pin introduction hole 233d
of the intake camshaft 230 (see the arrow M6) .
[0178] At low engine speed, the spring S2 that is not
shown (see Fig. 4) biases the weight main body 216a in
the +Z direction, and therefore the elastic force by the
spring S2 and the force acting in the direction of the thick
arrow M4 are balanced. Consequently, the low speed
lock pin 217 is not completely pulled out from the low
speed pin introduction hole 233d.
[0179] Meanwhile, once the force acting in the direc-
tion of the thick arrow M3 is generated at the weight main
body 213a, the force is generated in the direction in which
the high speed lock pin 214 held by the weight 213 is
drawn into the intake camshaft 230 (see the arrow M5) .
However, one end of the low speed lock pin 217 abuts
against the contact surface 230M, and therefore the high
speed lock pin 214 does not move toward the axial center
J. Consequently, the weight main body 213a does not
rotate.
[0180] Figs. 12 and 13 show the state of the valve tim-
ing control device 200 when the engine speed of the en-
gine 7 is raised to the first engine speed.
[0181] As describe above, when the valve timing con-
trol device 200 rotates, a centrifugal force is exerted on
the weights 213 and 216. When the engine speed of the
engine 7 changes from a low value to a high value, a
larger centrifugal force is exerted on the weights 213 and
216.
[0182] In this way, the force acting in the direction of
the thick arrow M4 generated at the weight main body
216a is greater than the elastic force of the spring S2 in
Fig. 4, and becomes greater than the force acting in the
direction of the arrow M6 to pull out the low speed lock
pin 217 from the low speed pin introduction hole 233d.
[0183] As a result, as shown in Fig. 12, the engine
speed attains the first engine speed, and the low speed
lock pin 217 is pulled out from the low speed pin intro-
duction hole 233d. In this state, the centrifugal force by
the weight 213 is generated in the direction of the arrow
M5 at the high speed lock pin 214.
[0184] As described above, when the low speed lock
pin 217 is pulled out from the low speed pin introduction
hole 233d, the intake camshaft 230 is allowed to rotate
relative to the cam driven sprocket 220 and the exhaust
camshaft 240.

[0185] However, the fixing pin 230B inserted in the
groove 233b for floating pin is positioned at the low speed
groove end LP. Therefore, the intake camshaft 230 is
allowed to rotate only in the direction of the arrow M2.
[0186] Now, as described in conjunction with Fig. 8 (a),
the elastic force of the valve spring 335 is transmitted to
the intake cam 231 of the intake camshaft 230 through
the roller rocker arm 330.
[0187] In this way, at the intake camshaft 230, a force
to rotate the cam driven sprocket 220 and the exhaust
camshaft 240 in the direction of the arrow M1 or M2 is
generated.
[0188] The force to rotate the intake camshaft 230 in
the direction of the arrow M1 or M2 will be described in
conjunction with Fig. 8 (a) .
[0189] As shown in Fig. 8 (a), the roller 330T of the
roller rocker arm 330 abuts against the upper end of the
intake cam 231. In this case, the upper end of the intake
cam 231 is biased downwardly by the elastic force of the
valve spring 335.
[0190] When the intake cam 231 rotates in the direction
of the arrow Q2 and the cam nose comes near the roller
330T, a force to press the intake cam 231 downwardly
by the roller 330T acts to rotate the intake cam 231 in
the direction opposite to the direction of the arrow Q2.
[0191] Similarly, when the intake cam 231 rotates in
the direction of the arrow Q2 and the cam nose moves
away from the roller 330T, a force to press the intake
cam 231 downwardly by the roller 330T acts to rotate the
intake cam 231 in the direction of the arrow Q2. In this
example, the arrow Q2 in Figs. 8 (a) and 8 (b) corre-
sponds to the arrow M2.
[0192] In the state in Fig. 12, the force acts to rotate
the intake camshaft 230 in the direction of the arrow M2,
so that the intake camshaft 230 rotates in the direction
of the arrow M2 relative to the cam driven sprocket 220
and the exhaust camshaft 240.
[0193] As shown in Fig. 13, as the intake camshaft 230
rotates in the direction of the arrow M2, the groove 233b
for floating pin having the fixing pin 230B inserted therein
rotates around the axial center J. In this example, the
groove 233b for floating pin has the low speed groove
end LP and the high speed groove end HP as described
above. Therefore, the rotation of the groove 233b for
floating pin in the direction of the arrow M2 is restricted
by the high speed groove end HP.
[0194] In this way, the rotation of the intake camshaft
230 in the direction of the arrow M2 is restricted by po-
sitioning the fixing pin 230B at the high speed groove end
HP of the groove 233b for floating pin.
[0195] Therefore, when the fixing pin 230B is posi-
tioned at the high speed groove end HP of the groove
233b for floating pin, the high speed pin introduction hole
233c is in communication with the through hole 220b of
the cam driven sprocket 220. Consequently, the high
speed lock pin 214 in abutment against the contact sur-
face 230M has one end inserted into the high speed pin
introduction hole 233c by the centrifugal force acting on
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the weight 213 (see Fig. 14).
[0196] As the intake camshaft 230 rotates as described
above, the phase of the intake cam 231 relative to the
exhaust cam 241 changes by angle θ. In this way, the
valve timing of the engine 7 changes stably as it is unaf-
fected by the elastic force of the valve springs 335 and
345.
[0197] Note that although the operation of the groove
233a (see Fig. 4) for floating pin that is not shown in Figs.
10 to 14 is not described, the operation of the groove
233a for floating pin is the same as that of the groove
233b for floating pin.
[0198] In Fig. 13, the projection 220T in Fig. 3 is indi-
cated by abrokenline. The projection 220T is provided to
restrict the rotation of the weight main body 216a around
the pivot shaft 218. For example, if the weight main body
216a rotates by a prescribed amount, one surface of the
weight main body 216a abuts against the projection
220T. In this way, the weight main body 216a rotates
largely in the direction of the arrow M4, and the low speed
lock pin 217 is prevented from being pulled out from the
through hole 220c.
[0199] Fig. 14 shows the state of the valve timing con-
trol device 200 after change in the valve timing of the
engine 7 based on the first engine speed.
[0200] As described above, after the change in the
valve timing of the engine 7 based on the first engine
speed, the high speed lock pin 214 has one end inserted
through the high speed pin introduction hole 233c. In this
way, the intake camshaft 230 cannot rotate either in the
direction of the arrow M1 or M2. Therefore, at high engine
speed, the phase relation between the intake cam 231
and the exhaust cam 241 is fixed to a phase relation
different from the phase relation at low engine speed.
[0201] Meanwhile, when the engine speed of the en-
gine 7 is lowered from a high value, and the engine 7
operates at the second engine speed, an operation op-
posite to that described above is carried out.
[0202] More specifically, in Fig. 14, when the engine
speed of the engine 7 is lowered from a high value to the
second engine speed, the weight main body 213a rotates
in the direction opposite to the direction of the thick
arrowM3 by the elastic force of the spring S1. Conse-
quently, one end of the high speed lock pin 214 is pulled
out from the high speed pin introduction hole 233c of the
intake camshaft 230.
[0203] In Fig. 14, the weight main body 216a rotates
in the opposite direction to the direction of the thick arrow
M4 by the elastic force of the spring S2 that is not shown
(see Fig. 4). Consequently, one end of the low speed
lock pin 217 is pressed against the contact surface 230M
of the intake camshaft 230.
[0204] As described above, at the intake camshaft 230,
a force to rotate the cam driven sprocket 220 and the
exhaust camshaft 240 in the direction of M1 or M2 is
generated.
[0205] In this way, the elastic force of the valve spring
335 acting on the intake cam 231 rotates the intake cam-

shaft 230 in the direction of M1. Then, the low speed lock
pin 217 is inserted into the low speed pin introduction
hole 233d of the intake camshaft 230, so that the intake
camshaft 230 is fixed. As a result, the valve timing of the
engine 7 changes stably without being affected by the
elastic force of the valve springs 335 and 345.
[0206] As described above, the valve timing changes
at different engine speeds between when the engine
speed of the engine 7 is raised and when the engine
speed is lowered. More specifically, the first and second
engine speeds are different.
[0207] The first and second engine speeds are
achieved based on conditions set for the elements of the
valve timing control device 200. For example, the springs
S1 and S2 preferably have different elastic forces from
each other. In this case, force acting on the high speed
lock pin 214 held by the weight 213 and the force acting
on the low speed lock pin 217 held by the weight 216 are
different.
[0208] Consequently, the engine speed at which the
high speed lock pin 214 is pulled out from the high speed
pin introduction hole 233c (second engine speed) and
the engine speed at which the lower speed lock pin 217
is pulled out from the low speed pin introduction hole
233d (first engine speed) are different.
[0209] In this way, the valve timing changes at different
engine speeds between when the engine speed of the
engine 7 is raised and when the engine speed is lowered.
Therefore, hunting, in other words, unstable behavior of
the valves caused by the effect of the elastic force of the
valve springs 335 and 345 in response to a change in
the valve timing is sufficiently prevented. Consequently,
a change in the cam profile caused by hunting can be
prevented, so that the performance and durability of the
engine can be prevented from degrading.
[0210] As in the foregoing, according to the present
preferred embodiment, as the engine speed of the engine
7 changes from low speed to high speed, or vice versa,
the phase of the intake camshaft 230 relative to the ex-
haust camshaft 240 changes. In this way, the valve tim-
ings of the exhaust valve 344 and the intake valve 334
are controlled in response to the engine speed of the
engine 7.
[0211] According to the present preferred embodi-
ment, the phase of the intake camshaft 230 relative to
the exhaust camshaft 240 is switched based on comple-
mentary movements between the low speed lock pin 217
and low speed pin introduction hole 233d and the high
speed lock pin 214 and the high speed pin introduction
hole 233c and the frictional force between the compo-
nents is not used. Therefore, there is little degradation
caused by abrasion between the components. As a re-
sult, the useful life of the valve timing control device 200
can be prolonged without having to use abrasion resist-
ant components, and the device can be manufactured at
a lower cost.
[0212] High working precision is not required, and the
complementary movements between the low speed lock
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pin 217 and the low speed pin introduction hole 233d and
the high speed lock pin 214 and the high speed introduc-
tion hole 233c can be achieved simply by a mechanical
arrangement, so that the device can be more readily man-
ufactured.
[0213] There is no need for a control system including
a hydraulic circuit, an electric circuit, and software to con-
trol the complementary movements between the low
speed lock pin 217 and the low speed pin introduction
hole 233d and the high speed lock pin 214 and high speed
introduction hole 233c. This allows the valve timing con-
trol device 200 to have a reduced size.
[0214] In addition, according to the present preferred
embodiment, when the engine speed of the engine 7 in-
creases, the phase of the intake camshaft 230 relative
to the exhaust camshaft 240 is changed by the lock pin
holding mechanism 210. In this state, the opening/closing
timings of the exhaust valve 344 and the intake valve 334
are controlled.
[0215] When the engine speed of the engine 7 is low-
ered, the phase of the intake camshaft 230 relative to the
exhaust camshaft 240 is changed by the lock pin holding
mechanism 210 at the second engine speed lower than
the first engine speed. In this state, the opening/closing
timings of the exhaust valve 344 and the intake valve 334
are controlled.
[0216] In this way, the first engine speed when the en-
gine 7 is accelerated and the second engine speed when
the engine 7 is decelerated are different. When the en-
gine speed of the engine 7 is maintained in the range of
the first or second engine speed, the phase of the intake
camshaft 230 relative to the exhaust camshaft 204 does
not repeatedly change. In this way, hunting that makes
the behavior of the exhaust valve 344 and the intake valve
334 unstable can sufficiently be prevented.

Other Preferred Examples

[0217] According to the above preferred embodi-
ments, the valve timing control device 200 is preferably
provided in an engine 7 of the SOHC (single overhead
camshaft) type, but the valve timing control device 200
may be provided in any engine as far as the engine has
a camshaft.
[0218] For example, the engine 7 may be an engine
of the SV (side valve) type, OHV (overhead valve) type,
or DOHC (double overhead camshaft) type.
[0219] As described in conjunction with Fig. 8(a), al-
though the valve timing control device 200 is preferably
provided in an engine 7 including roller rocker arms 330
and 340, the device 200 may be provided in an engine
of the direct striking type.
[0220] As described in conjunction with Figs. 10 to 14,
the valve timing control device 200 preferably includes
the springs S1 and S2 in order to bias the weight main
bodies 213a and 216a in prescribed directions. However,
rubber members or the like may be used instead of the
springs S1 and S2 as far as the elastic members can

bias the weight main bodies 213a and 216a in the pre-
scribed directions.
[0221] Furthermore, the above preferred embodi-
ments have been described with respect to a motorcycle
as the vehicle by way of illustration, but the valve timing
control device 200 may be provided in an engine in a
small vehicle with a small displacement such as a tractor,
a cart, or a small ship.
[0222] In the foregoing, according to the above pre-
ferred embodiments, the engine 7 may correspond to the
engine; the exhaust valve 344 may correspond to the
first valve; the intake valve 334 may correspond to the
second valve; the valve timing control device 200 may
correspond to the valve timing control device; the cam
driven sprocket 220 may correspond to the rotationmem-
ber; the exhaust camshaft 240 may correspond to the
first camshaft; the intake camshaft 230 may correspond
to the second camshaft; the lock pin holding mechanism
210 may correspond to the phase changing mechanism;
the low speed lock pin 217 and the low speed pin intro-
duction hole 233d may correspond to the first engaging
mechanism; and the high speed lock pin 214 and the
high speed pin introduction hole 233c may correspond
to the second engaging mechanism.
[0223] The low speed introduction hole 233d may cor-
respond to the first engaging portion; the low speed lock
pin 217 may correspond to the first engagement member;
the spring S2 may correspond to the first biasing member;
the weight main body 216a may correspond to the first
weight; the high speed pin introduction hole 233c may
correspond to the second engaging portion; the high
speed lock pin 214 may correspond to the second en-
gagement member; the spring S1 may correspond to the
second biasing member; and the weight main body 213a
may correspond to the second weight.
[0224] Furthermore, the low speed pin introduction
hole 233d may correspond to the first hole; the low speed
lock pin 217 may correspond to the first pin member; the
high speed pin introduction hole 233c may correspond
to the second hole; the high speed lock pin 214 may
correspond to the second pin member; and the fixing pins
230A and 230B and the grooves 233a and 233b for float-
ing pin may correspond to the restricting mechanism or
the preventing mechanism.
[0225] Furthermore, the grooves 233a and 233b for
floating pin correspond to the grooves; the low speed
groove end LP and the high speed groove end HP may
correspond to both end surfaces in the grooves; the fixing
pins 230A and 230B may correspond to the abutment
members; the engine 7 may correspond to the engine
device; and the motorcycle 100 may correspond to the
vehicle.
[0226] As shown in Fig. 8 (b), the phase of the intake
cam231 relative to the exhaust cam 241 indicated by the
solid line may correspond to the first phase and the phase
of the intake cam 231 relative to the exhaust cam 241
indicated by the dash double dotted line may correspond
to the second phase.
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[Industrial Applicability]

[0227] The preferred embodiments of the present in-
vention are applicable to various vehicles and crafts hav-
ing an engine such as a motorcycle and a four-wheeled
automobile.

Claims

1. A valve timing control device for controlling opening/
closing timings of first and second valves in response
to a speed of an engine, comprising:

a rotation member arranged to rotate in synchro-
nization with a rotation of the engine;
a first camshaft arranged to abut against the first
valve and rotate together with the rotation mem-
ber to open/close the first valve;
a second camshaft arranged to abut against the
second valve and rotate relative to the first cam-
shaft, the second camshaft arranged to rotate
together with the rotation member to open/close
the second valve; and
a phase changing mechanism arranged to
change a phase of the second camshaft relative
to the first camshaft between first and second
phases, the phase changing mechanism includ-
ing:
a first engaging mechanism arranged to engage
the second camshaft while the second camshaft
has the first phase relative to the first camshaft;
and
a second engaging mechanism arranged to en-
gage the second camshaft while the second
camshaft has the second phase relative to the
first camshaft; wherein
the first engaging mechanism is biased in a di-
rection to engage the second camshaft and ar-
ranged to move in a direction to pull out the sec-
ond camshaft by centrifugal force; and
the second engaging mechanism is biased in a
direction to pull out the second camshaft and
arranged to move in a direction to engage the
second camshaft by centrifugal force.

2. The valve timing control device according to claim
1, wherein the first engaging mechanism includes:

a first engaging portion provided on the second
camshaft;
a first engagement member arranged to move
between a state of being engaged with the first
engaging portion and a state of being pulled out
from the first engaging portion;
a first biasing member arranged to bias the first
engagement member in the direction in which
the first engagement member is to be engaged

with the first engaging portion; and
a first weight arranged to move the first engage-
ment member in the direction in which the first
engagement member is to be pulled out from
the first engaging portion by the centrifugal
force; and
the second engaging mechanism includes:
a second engaging portion provided on the sec-
ond camshaft;
a second engagement member arranged to
move between a state of being engaged with
the second engaging portion and a state of being
pulled out from the second engaging portion;
a second biasing member arranged to bias the
second engagement member in a direction in
which the second engagement member is to be
pulled out from the second engaging portion;
and
a second weight arranged to move the second
engagement member in the direction in which
the second engagement member is to be en-
gaged with the second engaging portion by cen-
trifugal force; wherein
the second camshaft is arranged to rotate rela-
tive to the first camshaft between the first phase
and the second phase while the first engage-
ment member is pulled out from the first engag-
ing portion and the second engagement mem-
ber is pulled out from the second engaging por-
tion.

3. The valve timing control device according to claim
2, wherein the first engaging portion includes a first
hole provided in the second camshaft;
the first engagement member includes a first pin
member arranged to move between a state in which
the first pin member is inserted into the first hole and
a state in which the first pin member is pulled out
from the first hole;
the second engaging portion includes a second hole
provided in the second camshaft; and
the second engagement member includes a second
pin member arranged to move between the state in
which the second pin member is inserted into the
second hole and the state in which the second pin
member is pulled out from the second hole.

4. The valve timing control device according to claim
1, wherein the phase changing mechanism further
includes a restricting mechanism arranged to restrict
rotation of the second camshaft relative to the first
camshaft within the range between the first phase
and the second phase.

5. The valve timing control device according to claim
4, wherein the restricting mechanism includes a pre-
venting mechanism arranged to prevent the second
camshaft from rotating when the phase of the second
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camshaft relative to the first camshaft changes from
the first phase to the second phase, and from the
second phase to the first phase.

6. The valve timing control device according to claim
5, wherein the preventing mechanism includes:

a groove arranged in the circumferential direc-
tion of the second camshaft; and
an abutment member fixed to the rotation mem-
ber so that the abutment member can move in
the groove and abut against both end surfaces
in the groove.

7. An engine device comprising:

an engine having first and second valves; and
a valve timing control device arranged to control
opening/closing timings of the first and second
valves in response to an engine speed of the
engine, the valve timing control device including:
a rotation member arranged to rotate in synchro-
nization with a rotation of the engine;
a first camshaft arranged to abut against the first
valve and rotate together with the rotation mem-
ber to open/close the first valve;
a second camshaft arranged to abut against the
second valve and rotate relative to the first cam-
shaft, the second camshaft being rotated togeth-
er with the rotation member to open/close the
second valve; and
a phase changing mechanism arranged to
change a phase of the second camshaft relative
to the first camshaft between first and second
phases, the phase changing mechanism includ-
ing:
a first engaging mechanism arranged to engage
the second camshaft while the second camshaft
has the first phase relative to the first camshaft;
and
a second engaging mechanism arranged to en-
gage the second camshaft while the second
camshaft has the second phase relative to the
first camshaft; wherein
the first engaging mechanism is biased in a di-
rection to engage the second camshaft and ar-
ranged to move in a direction to pull out the sec-
ond camshaft by centrifugal force; and
the second engaging mechanism is biased in a
direction to pull out the second camshaft and
arranged to move in a direction to engage the
second camshaft by centrifugal force.

8. A vehicle comprising:

an engine device;
driving wheels; and
a transmission mechanism arranged to transmit

power generated by the engine device to the
driving wheels;
the engine device including:
an engine having first and second valves; and
a valve timing control device arranged to control
opening/closing timings of the first and second
valves in response to an engine speed of the
engine, the valve timing control device including:
a rotation member arranged to rotate in synchro-
nization with a rotation of the engine;
a first camshaft arranged to abut against the first
valve and rotate together with the rotation mem-
ber to open/close the first valve;
a second camshaft arranged to abut against the
second valve and rotate relative to the first cam-
shaft, the second camshaft being rotated togeth-
er with the rotation member to open/close the
second valve; and
a phase changing mechanism arranged to
change a phase of the second camshaft relative
to the first camshaft between first and second
phases, the phase changing mechanism includ-
ing:
a first engaging mechanism arranged to engage
the second camshaft while the second camshaft
has the first phase relative to the first camshaft;
and
a second engaging mechanism arranged to en-
gage the second camshaft while the second
camshaft has the second phase relative to the
first camshaft; wherein
the first engaging mechanism is biased in a di-
rection to engage the second camshaft and ar-
ranged to move in a direction to pull out the sec-
ond camshaft by centrifugal force;
the second engaging mechanism is biased in a
direction to pull out the second camshaft and
arranged to move in a direction to engage the
second camshaft by centrifugal force.
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