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(54) Variable valve operating system for internal combustion engine

(57)  Avariable valve operating systemincludes a cir-
cular eccentric portion (22) provided for a control shaft
(17), an external gear formed on a cam follower (31)
swingably supported on the eccentric shaft portion, and
an internal gear formed on a rocking cam (23) so as to
be engaged with the external gear. The external gear is
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revolved by the eccentric shaft portion (22) around the
axis of the control shaft (17), an engaged portion of the
internal gear with the external gear is moved in a circum-
ferential direction of the internal gear by the revolution of
the external gear, and the position of the rocking cam
(23) with respect to the cam follower (31) is changed by
the movement of the engaged portion of the internal gear.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinventionrelates to avariable valve
operating system for an internal combustion engine, and
more particularly, to a variable valve operating system
for an internal combustion engine which continuously
changes lift characteristics of an engine valve.

Related Art

[0002] In a conventional art, in order to continuously
change liftamountand operating angle ofan engine valve
according to an operating state of an internal combustion
engine, there has been provided a vehicle internal com-
bustion engine including a variable valve operating sys-
tem. The variable valve operating system swingably sup-
ports a rocking cam which lifts the engine valve on a
control shaft, couples a cam follower, which is rocked by
a rotating cam of a camshaft and rocks the rocking cam,
to the rocking cam through a position changing mecha-
nism, and changes lift characteristics of the engine valve
by changing a relative positional relationship of the rock-
ing cam with respect to the cam follower by the position
changing mechanism.

[0003] According tothe variable valve operating mech-
anism for internal combustion engine and intake air
amount control device disclosed in Patent Document 1
(Japanese Patent No. 3799944), for example, a relative
phase difference between an input portion and an output
portion of an intermediary drive mechanism is changed.
That is, a phase difference between a rocker arm for in-
putting from a cam to a control shaft different from a cam-
shaft and a rocking cam for outputting to a roller rocker
arm is changed by engagement of a helical spline. At this
time, axial movement of the control shaft achieves and
realizes a change in engagement of the helical spline.
[0004] However, in a conventional structure such as
disclosed in the above Patent Document 1, the variable
valve operating mechanism for the internal combustion
engine provides a matterto be solved such that the phase
is controlled by the axial movement of the control shaft,
and thus, an error in a valve lift between cylinders in-
creases with the temperature difference of the internal
combustion engine. This is because the cylinder head is
made of aluminum and the control shaft is made of iron,
both of which are components or parts of the variable
valve operating mechanism, so that the change in length
due to temperature change differs between the cylinder
head and the control shaft.

[0005] Further, it is difficult to manufacture the helical
spline, which may cause an increase in cost, thus being
inconvenient and disadvantageous.

[0006] Furthermore, in the above configured variable
valve operating system, although the valve lift amount is
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advantageously variable, the cam timing for operating
the engine valve is fixed, which may likely cause disad-
vantageous matter in terms of performance.

SUMMARY OF THE INVENTION

[0007] The presentinvention was conceived in consid-
eration of the circumstances mentioned above and an
object of the present invention is to provide a variable
valve operating system for aninternal combustion engine
capable of eliminating variations in lift characteristics for
each engine valve due to the thermal expansion differ-
ence between structural components or parts as well as
improving manufacturability of the internal combustion
engine.

[0008] The above and other objects can be achieved
according to the present invention by providing, in one
preferable aspect, a variable valve operating system for
an internal combustion engine including an engine valve
and a cam shaft operating the engine valve, the variable
valve operating system comprising:

a rocking cam, which lifts the engine valve, support-
ed to a control shaft to be swingable;

a cam follower rocking the rocking cam;

a position changing mechanism which couples the
cam follower with the rocking cam, the position
changing mechanism being configured to change a
relative positional relationship of the rocking cam
with respect to the cam follower to thereby change
lift characteristics of the engine valve,

[0009] the position changing mechanism comprising:
a circular eccentric portion which is formed to the control
shaft in a manner decentered from an axis of the control
shaft; an external gear formed on the cam follower swing-
ably supported on the eccentric shaft portion with the
eccentric shaft portion as the rotating shaft; and an inter-
nal gear formed on the rocking cam with the control shaft
as the rotating shaft so as to be engaged with the external
gear,

[0010] wherein the control shaft is rotated when open-
ing/closing characteristics of the engine valve are
changed, the external gear is revolved by the eccentric
shaft portion around the axis of the control shaft, an en-
gaged portion of the internal gear with the external gear
is moved in a circumferential direction of the internal gear
by the revolution of the external gear, and the position of
the rocking cam with respect to the cam follower is
changed by the movement of the engaged portion of the
internal gear.

[0011] In a preferred embodiment of the above aspect
of the present invention, it may be desired that when the
control shaft is rotated, the cam follower moves such that
a contact point to the rotating cam moves along an outer
circumference of the rotating cam and the movement of
the rocking cam causes a lift amount of the engine valve
to be changed, and when the control shaft is rotated in
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a direction to reduce the lift amount of the engine valve,
the contact point between the cam follower and the ro-
tating cam moves in a direction opposite to the rotating
direction of the rotating cam.

[0012] It may be also desired that the rocking cam in-
cludes a base circle portion which prevents the engine
valve from being lifted and a cam portion which is pro-
jected radially from the base circle portion, a hollow por-
tion is formed on an inner circumference of the base por-
tion, the internal gear is formed on aninner circumference
surface of the hollow portion, and the external gear and
the eccentric shaft portion are arranged inside the hollow
portion.

[0013] According to the present invention of the char-
acters mentioned above, it becomes possible to effec-
tively eliminate variations in lift characteristics for each
engine valve due to the thermal expansion difference be-
tween parts and improve manufacturability, thus being
effective and advantageous.

[0014] The nature and further characteristic features
of the present invention will be made clearer from the
following descriptions made with reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] In the accompanying drawings:

Fig. 1is a perspective view of a variable valve oper-
ating system for an internal combustion engine ac-
cording to an embodiment of the present invention;
Fig. 2 is an exploded view of the variable valve op-
erating system for the internal combustion engine
according to the embodiment;

Fig. 3 is a sectional view of the variable valve oper-
ating system for the internal combustion engine ac-
cording to the embodiment, taken along the line Ill-
lll'in Fig. 1;

Fig. 4 illustrates an operation of an engine valve and
includes Fig. 4A representing an engine valve oper-
ation under small lift and non-operating conditions,
and Fig. 4B representing the engine valve operation
under small lift and operating conditions;

Fig. 5illustrates an operation of an engine valve and
includes Fig. 5A representing an engine valve oper-
ation under large lift and non-operating conditions,
and Fig. 5B representing the engine valve operation
under large lift and operating conditions; and

Fig. 6 is a graph representing a relationship between
a lift amount and an opening/closing timing of the
engine valve according to the embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
[0016] Avariable valve operating system for aninternal

combustion engine according to a preferred embodiment
of the present invention will be described hereunder with
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reference to the accompanying drawings for achieving
an object mentioned hereinbefore.

[0017] Further, it is to be noted that, in the following
description with reference to the illustrated embodiment,
a crank (crankshaft) axial direction of an internal com-
bustion engine 1 (Fig. 3) is called "a front-back (longitu-
dinal) direction", a cylinder axial direction is called "a ver-
tical direction", and a direction perpendicular to the crank
axial direction and cylinder axial direction is called "a lat-
eral direction", and furthermore, itis also noted that terms
"upper", "lower", "right", "left" and the like terms are used
herein with reference to the illustrated embodiment and
in an actually arranged state of the internal combustion
engine.

[0018] With reference to Figs.1 to 3, an internal com-
bustion engine 1 includes an engine valve 2 having an
intake valve and an exhaust valve for opening and closing
an intake port and an exhaust port communicated with a
combustion chamber of a cylinder head. As illustrated in
Fig. 3, in a front view, the engine valve 2 has an axial line
C inclined at a predetermined angle and supported on
the cylinder head so as to be vertically movable.

[0019] The engine valve 2 includes one side engine
valve 2A arranged on a front side and the other side en-
gine valve 2B arranged on arear side, which are arranged
side by side one another.

[0020] The one side (front side) engine valve 2A in-
cludes one side (front side) valve head 3A having a distal
end portion is detachably connected a port opening, and
this one side valve stem 4A having a distal end side con-
tinuously connected to the one side valve head 3A. The
other side (rear side) engine valve 2B includes the other
side (rear side) valve head 3B having a distal end portion
detachably connected to the port opening, and the other
side valve stem 4B having a distal end side continuously
connected to the other side valve head 3B.

[0021] Further, the one side valve head 3A and the
other side valve head 3B constitute a valve head 3, and
the one side valve stem 4A and the other side valve stem
4B constitute a valve stem 4.

[0022] The internal combustion engine 1 further in-
cludes a roller finger follower (RFF: rocker arm) 5 which
opens and closes the engine valve 2 in accordance with
the axial (upward/ downward) movement thereof.
[0023] The roller finger follower 5 includes one side
roller finger follower 5A corresponding to the one side
engine valve 2A, and the other side roller finger follower
5B corresponding to the other side engine valve 2B.
[0024] The one side roller finger follower 5A includes:
one side arm portion 6A arranged so as to be oriented
in a horizontal direction and a left/right direction, one side
roller shaft 7A supported at a central portion of the one
side arm portion 6A; one side roller 8A mounted to the
one side roller shaft 7A to be rotatable; one side valve
abutting portion 9A formed at a left end portion of the one
side arm portion 6A; and one side adjuster support por-
tion 10A formed at a right end portion of the one side arm
portion 6A. This one side adjuster support portion 10A is
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supported on a top spherical portion of one side hydraulic
lash adjuster portion 11A.

[0025] In the like manner, the other side roller finger
follower 5B includes: the other side arm portion 6B ar-
ranged so as to be oriented in a horizontal direction and
a left/right direction; one side roller shaft 7B supported
on a central portion of the other side arm portion 6B; the
other side roller 8B mounted to the other side roller shaft
7B to be rotatable; the other side valve abutting portion
9B formed at a left end portion of the other side arm por-
tion 6B; and the other side adjuster support portion 10B
formed at a right end portion of the other side arm portion
6B. This other side adjuster support portion 10B is sup-
ported on a top spherical portion of the other side hy-
draulic lash adjuster portion 11B.

[0026] Inthisillustrated structure, the one side arm por-
tion 6A and the other side arm portion 6B constitute an
arm portion 6. The one side roller shaft 7A and the other
side roller shaft 7B constitute a roller shaft 7. The one
side roller 8A and the other side roller 8B constitute a
roller 8. The one side adjuster support portion 10A and
the other side adjuster support portion 10B constitute an
adjuster support 10. The one side hydraulic lash adjuster
portion 11A and the other side hydraulic lash adjuster
portion 11B constitute a hydraulic lash adjuster 11.
[0027] Acamshaft12isarranged so asto be supported
on the cylinder head of the internal combustion engine 1
in a forward-backward direction and to be rotatable in
synchronism with a crankshaft of the internal combustion
engine 1 to thereby drive the engine valve 2.

[0028] A rotating cam 13 is integrally mounted on the
camshaft 12, and the rotating cam 13 includes a base
circle portion 14 and a cam portion 15 projected radially
from the base circle portion 14.

[0029] The internal combustion engine 1 further in-
cludes a variable valve operating system 16 which
changes lift characteristics of the engine valve 2.
[0030] As illustrated in Figs. 1 to 3, the variable valve
operating system 16 includes a control shaft 17 arranged
between the engine valve 2 and the camshaft 12 longi-
tudinally in parallel with the camshaft 12. The control shaft
17 is rotated and controlled by an actuator 18 including
an electric motor. The actuator 18 is driven and controlled
by a control unit 19.

[0031] Asiillustrated in Figs. 2 and 3, the control shaft
17 includes: one side shaft portion 20 with a predeter-
mined diameter at a front end portion thereof; the other
side shaft portion 21 with the same diameter as that of
the one side shaft portion 20 at a rear end portion thereof;
and a circular eccentric shaft portion 22 arranged be-
tween the one side shaft portion 20 and the other side
shaft portion 21, having a larger diameter than that of the
one side shaft portion 20 and the other side shaft portion
21, with its shaft center decentered by a predetermined
eccentric amount (offset) "e" from the one side shaft por-
tion 20 and the other side shaft portion 21. The one side
shaft portion 20, the other side shaft portion 21, and the
circular eccentric shaft portion 22 are integrally connect-
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ed.

[0032] More specifically, a shaft center O2 of the ec-
centric shaft portion 22 is set eccentrically so as to be
decentered radially by an eccentric amount "e" from a
shaft center O1 of the one side shaft portion 20 and the
other side shaft portion 21, and the eccentric shaft portion
22 is eccentrically rotated around the shaft center O1 of
the one side shaft portion 20 and the other side shaft
portion 21.

[0033] The control shaft 17 is mounted with a rocking
cam 23 in a swingable matter so as to be capable of lifting
the engine valve 2.

[0034] The rocking cam 23 includes one side rocking
cam member 23A attached to the one side shaft portion
20 and the other side rocking cam member 23B attached
to the other side shaft portion 21.

[0035] The one side rocking cam member 23A in-
cludes one side base circle portion 24A which prevents
the one side engine valve 2A from being lifted; and one
side cam portion 25A which is projected radially from the
one side base circle portion 24A and causes the one side
engine valve 2A to be lifted.

[0036] As illustrated in Fig. 2, one side hollow portion
26A having an internal diameter larger than a diameter
of the one side shaft portion 20 is formed on an inner
circumferential surface of the one side base circle portion
24A, and one side internal gear piece 27A as a spur gear
is formed on an inner circumferential surface of the one
side hollow portion 26A. The center of the one side base
circle portion 24A is coaxially aligned with that of the one
side shaft portion 20.

[0037] Furthermore, one side support portion 29A hav-
ing one side shaft hole 28A through which the one side
shaft portion 20 passes is projected axially and continu-
ously connected to an outer end portion of the one side
base circle portion 24A. More specifically, the one side
rocking cam member 23A includes the one side base
circle portion 24A which prevents a lift of a cam portion
15 of a rotating cam 13 of the camshaft 12 from being
transmitted to the one side roller finger follower 5A, and
the one side cam portion 25A which causes a lift of the
cam portion 15 of the rotating cam 13 of the camshaft 12
to be transmitted to the one side roller finger follower 5A.
[0038] It is further to be noted that the center of the
one side base circle portion 24A is coaxially aligned with
that of the one side shaft portion 20 of the control shaft
17. Therefore, when the control shaft 17 is rotated, the
control shaft 17 does not press or move the one side
roller finger follower 5A.

[0039] The other side rocking cam member 23B in-
cludes the other side base circle portion 24B which pre-
vents the other side engine valve 2B from being lifted,
and the other side cam portion 25B which is projected
radially from the other side base circle portion 24B and
causes the other side engine valve 2B to be lifted.
[0040] As illustrated in Fig. 2, the other side hollow
portion 26B having an internal diameter larger than the
diameter of the other side shaft portion 21 is formed on
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an inner circumferential surface of the other side base
circle portion 24B, and the other side internal gear piece
27B as a spur gear is formed on an inner circumferential
surface of the other side hollow portion 26B. The center
of the other side base circle portion 24B is coaxially
aligned with that of the other side shaft portion 21.
[0041] Furthermore, the other side support portion 29B
having the other side shaft hole 28B through which the
other side shaft portion 21 passes is projected radially
and continuously connected to an outer end portion of
the other side base circle portion 24B.

[0042] More specifically, the other side rocking cam
member 23B includes the other side base circle portion
24B which prevents a lift of the cam portion 15 of the
rotating cam 13 of the camshaft 12 from being transmitted
to the other side roller finger follower 5B, and the other
side cam portion 25B which causes a lift of the cam por-
tion 15 of the rotating cam 13 of the camshaft 12 to be
transmitted to the other side roller finger follower 5B.
[0043] It is further to be noted that the center of the
other side base circle portion 24B is coaxially aligned
with that of the other side shaft portion 21 of the control
shaft 17. Therefore, when the control shaft 17 is rotated,
the control shaft 17 does not press or move the other
side roller finger follower 5B.

[0044] Inthe above structure, the one side base circle
portion 24A and the other side base circle portion 24B
constitute a base circle portion 24 of the rocking cam 23.
The one side cam portion 25A and the other side cam
portion 25B constitute a cam portion 25 of the rocking
cam 23. The one side hollow portion 26A and the other
side hollow portion 26B constitute a hollow portion 26 of
the rocking cam 23. The one side internal gear piece 27A
and the other side internal gear piece 27B constitute an
internal gear piece 27 of the rocking cam 23.

[0045] A cam follower (rocker arm) 31 is coupled to
the rocking cam 23 through the position changing mech-
anism 30. The cam follower 31 is rocked by the rotating
cam 13 of the camshaft 12 and causes the rocking cam
23 to be rocked.

[0046] The cam follower 31 includes: a tubular body
33 having a shaft through hole 32 into which the eccentric
shaft portion 22 of the control shaft 17 is fitted; a pair of
roller support portions 34 and 34 projected toward the
camshaft side in an axial center position of the tubular
body 33; a roller pin 35 supported on the pair of roller
support portions 34 and 34; and a roller 36 rotatably sup-
ported on the roller pin 35 between the pair of roller sup-
port portions 34 and 34.

[0047] The cam follower 31 is swingably supported on
the eccentric shaft portion 22.

[0048] As illustrated in Figs. 2 and 3, the tubular body
33 includes one side external gear piece 37A which is
formed in a front end portion thereof as a spur gear en-
gaged with one side internal gear piece 27A of the one
side rocking cam member 23A with the eccentric shaft
portion 22 as the rotating shaft, and the other side exter-
nal gear piece 37B which is formed in a rear end portion

15

20

25

30

35

40

45

50

55

thereof as a spur gear engaged with the other side inter-
nal gear piece 27B of the other side rocking cam 23B
with the eccentric shaft portion 22 as the rotating shaft.
[0049] The one side external gear piece 37A and the
other side external gear piece 37B constitute an external
gear 37 of the cam follower 31.

[0050] Further, the one side external gear piece 37A,
the other side external gear piece 37B, and the eccentric
shaft portion 22 are arranged inside the one side hollow
portion 26A and the other side hollow portion 26B, re-
spectively. Thus, the axial length of the eccentric shaft
portion 22 can be shortened and mountability of the var-
iable valve operating system 16 on the internal combus-
tion engine 1 can be improved.

[0051] As illustrated in Fig. 3, the axial centers of the
shaft of the one side external gear piece 37A and the
other side external gear piece 37B are coaxially aligned
with the rocking center of the cam follower 31. Further,
the axial centers of the shaft of the one side internal gear
piece 27A and the other side internal gear piece 27B are
coaxially aligned with the rocking center of the rocking
cam 23. Thus, the one side internal gear piece 27A and
the other side internal gear piece 27B are engaged with
the one side external gear piece 37A and the other side
external gear piece 37B offset by an eccentric amount
"e".

[0052] Inthe present embodiment, the position chang-
ing mechanism 30 is configured as a cycloid mechanism
including the eccentric shaft portion 22, the one side in-
ternal gear piece 27A, the other side internal gear piece
27B, the one side external gear piece 37A, and the other
side external gear piece 37B. The position changing
mechanism 30 changes lift characteristics of the one side
engine valve 2A and the other side engine valve 2B by
changing a relative positional relationship of the one and
the other side rocking cam members 23A and 23B with
respect to the cam follower 31.

[0053] As illustrated in Fig. 3, the one side and the
other side internal gear pieces 27A and 27B of the one
side and the other side rocking cam members 23A and
23B are engaged with the one and the other side external
gear pieces 37A and 37B of the tubular body 33 of the
cam follower 31, respectively, in an eccentric direction
of the eccentric shaft portion 22. Thus, each number of
teeth of the one and the other side internal gear pieces
27A and 27B, and each number of the one and the other
side external gear pieces 37A 37B are determined, re-
spectively, by the eccentric amount "e".

[0054] Further,itistobe noted thatthe one side rocking
cam member 23A and the other side rocking cam mem-
ber 23B are attached to the front end portion and the rear
end portion of the tubular body 33 of the cam follower
31, respectively. Therefore, two valves 2A and 2B can
be driven by one cam follower 31.

[0055] The variable valve operating system 16 accord-
ing to the present embodiment has a structure in which
the control shaft 17, the cam follower 31, and the rocking
cam 23 are additionally arranged to a conventional roller
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rocker valve train system between the camshaft 12 and
the roller finger follower 5.

[0056] Asillustrated in Figs. 4 and 5, the lift amount of
the engine valve 2 is continuously changed by changing
anip angle () between the cam follower 31 and the rock-
ing cam 23 by a rotational angle (o) of the control shaft 17.
[0057] Further, as illustrated in Fig. 3, the variable
valve operating system 16 operates the engine valve 2
by causing the rocking cam 23 to press and move the
roller finger follower 5, but the roller finger follower 5 may
be replaced with a tappet or the like to be applicable to
various valve train systems.

[0058] The variable valve operating system 16 oper-
ates as follows. When the opening/closing characteris-
tics of the engine valve 2 are changed, the control shaft
17 is rotated to thereby revolve the external gear 37
around the axial center of the control shaft by the eccen-
tric shaft portion 22. This revolving motion of the external
gear 37 causes an engagement point "G" (see Figs. 4
and 5) of the internal gear 27 with respect to the external
gear 37 to be moved in a circumferential direction of the
internal gear 27, and the position of the rocking cam 23
with respect to the cam follower 31 is then changed by
the movement of the engagement point"G" of the internal
gear 27.

[0059] As described above, the position changing
mechanism 30 is constructed as a cycloid mechanism
including the eccentric shaft portion 22 of the control shaft
17, the external gear 37 of the cam follower 31, and the
internal gear 27 of the rocking cam 23, and the position
changing mechanism 30 operates such that the position
of the rocking cam 23 with respect to the cam follower
31 is changed by the rotation of the control shaft 17 to
thereby change the lift characteristics of the engine valve
2. According to the position changing mechanism 30 of
the structure mentioned above, the lift characteristics of
the engine valve 2 are not affected by a relative thermal
expansion difference between the control shaft 17 and
the internal combustion engine 1.

[0060] Furthermore, the position changing mechanism
30 is configured by the external gear 37 and the internal
gear 27 made of a spur gear which can be easily manu-
factured in comparison with a conventional helical spline,
thus simplifying the structure and improving the produc-
tivity of the variable valve operating system 16.

[0061] Further, when the control shaft 17 is rotated,
the cam follower 31 moves such that a contact point
thereof to the rotating cam 13 moves along an outer cir-
cumference of the rotary cam 13, and the lift amount of
the engine valve 2 is changed by the movement of the
rocking cam 23. When the control shaft 17 is rotated in
a direction to reduce the lift amount of the engine valve
2, the contact point between the cam follower 31 and the
rotating cam 13 moves in a direction opposite to the ro-
tating direction of the rotating cam 13 (toward an advance
angle side). According to such movement, as the lift
amount of the engine valve 2 is reduced, the cam timing
of closing the engine valve 2 can be advanced and pump-
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ing loss can be reduced.

[0062] Next, alifting operation of the variable valve op-
erating system 16 will be described with reference to Figs
4 and 5.

[0063] As illustrated in Fig. 4A, in order to reduce the
lift amount when the engine valve 2 is not operated, the
control shaft 17 is rotated counterclockwise. At this time,
the angle of the rotated control shaft 17 with respect to
a reference position is assumed to be a1. More specifi-
cally, the rotation of the eccentric shaft portion 22 causes
the external gear 37 to be revolved counterclockwise
around the shaft center O1 of the one side shaft portion
20 and the other side shaft portion 21. Then, the nip angle
between the cam follower 31 and the rocking cam 23 is
decreased to B1 and the contact position between the
rotating cam 13 and the cam follower 31 is moved in an
advance angle direction to y1. At this time, even if the
cam portion 15 of the rotating cam 13 contacts the roller
36 to swing the rocking cam 23, as illustrated in Fig. 4B,
the rocking cam 23 and the roller 8 of the roller finger
follower 5 contact to each other through the base circle
portion 24. Therefore, the engine valve 2 is scarcely lifted,
and the lift amount is minimized (small lift condition) (see
R1 in Fig. 6).

[0064] Meanwhile, as illustrated in Fig. 5A, in order to
increase the lift amount when the engine valve 2 is not
operated, the control shaft 17 is rotated clockwise until
the angle with respect to the reference position is
changed from an angle of o1 to an angle of o2. Then,
the external gear 37 is rotated clockwise around the shaft
center O2 of the eccentric shaft portion 22. Then, the
position changing mechanism 30 operating as a cycloid
mechanism causes the cam follower 31 to slide rightward
(illustrated by an arrow M in Fig. 5A) until the contact
position between the rotating cam 13 and the cam fol-
lower 31 is changed from y1 to y2. Thus, the valve timing
retards. At the same time, the rocking cam 23 is rotated
clockwise (in a valve opening direction) around the shaft
center O1 of the one and the other side shaft portions 20
and 21 until the nip angle between the cam follower 31
and the rocking cam 23 is increased from 31 to 2.
[0065] At this time, the nip angle is f2>p1, and as il-
lustrated in Fig. 5B, when the engine valve 2 is operated,
the contact range between the rocking cam 23 and the
roller finger follower 5 via the cam portion 25 is increased.
Thus, the roller finger follower 5 is greatly swung around
the top spherical portion of the hydraulic lash adjuster
11, and the engine valve 2 is greatly operated (i.e., a
large lift condition) (see R2 in Fig. 6).

[0066] Further, asillustrated in Fig. 6, in a relationship
between the lift amount of the engine valve 2 and the
opening/closing timing, the smaller the lift amount, the
more the maximum lift position (top portion of the lift
curve) moves in an advance angle direction.

[0067] This is because when the lift amount of the en-
gine valve 2 is reduced, the contact position between the
cam follower 31 and the rotating cam 13 moves in a di-
rection (advance angle direction) opposite to the rotating
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direction of the rotating cam 13, and thus, the opening/
closing timing of the engine valve 2 is sped up. Accord-
ingly, when the engine valve 2 is under a small lift con-
dition, the engine valve 2 can be controlled to be quickly
closed, thereby reducing the pumping loss and improving
fuel consumption efficiency.

[0068] Furthermore, unlike the conventional system,
since there is no need for axial control of the control shaft,
a stable accuracy or performance can be obtained even
under a small lift condition without being affected by a
thermal expansion coefficient of the material constituting
the parts or components of the engine due to temperature
change.

[0069] The use of the position changing mechanism
30 as a cycloid mechanism in the present embodiment
provides the following advantages.

[0070] According to the reduction principle of the cy-
cloid mechanism, a deflection angle of a > a deflection
angle of B. More specifically, in term of the rotation of the
control shaft 17 to the rotation of the rocking cam 23,
equation (a2-0.1)>(B2-B1) is obtained, and thus, a large
deceleration is enabled, and in the meantime, in term of
the torque transmission, the control shaft 17 on the ac-
celeration side is not susceptible to torque variation. In
other word, this leads to improvement of reliability of the
actuator 18 for driving the control shaft 17.

[0071] Furthermore, since the internal gear 27 of the
rocking cam 23 and the external gear 37 of the cam fol-
lower 31 are in a relationship between the external gear
and the internal gear, a large contact ratio (tooth surface
contact ratio) can be ensured and the slip ratio can be
reduced, thus advantageously improving the reliability of
the tooth surface.

[0072] Still furthermore, since the eccentricamount "e"
of the rotating shafts of the internal gear 27 and the ex-
ternal gear 37 is generally very small, even when the
rotating cam 13 is operated, both gears have a very small
amount of slip, thus advantageously improving the reli-
ability of the tooth surface.

[0073] Itisfurtherto be noted that the presentinvention
is not limited to the described embodiment and many
other changes and modifications may be made without
departing from the scopes of the appended claims.
[0074] For example, in the described embodiment, al-
though two external gears are attached to one cam fol-
lower and two valves are driven by one cam portion, the
present invention may be configured to provide two cam
portions and two cam followers.

[0075] Furthermore, in the described embodiment, al-
though a valve train system using a roller finger follower
(RFF) is used as an example, the present invention may
be applied to a direct acting valve train system using a
tappet or the like.

[0076] The variable valve operating system according
to the present invention can be applied to an internal
combustion engine of various vehicles.
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Claims

1.

A variable valve operating system for an internal
combustion engine including an engine valve and a
cam shaft operating the engine valve, the variable
valve operating system comprising:

a rocking cam, which lifts the engine valve, sup-
ported to a control shaft to be swingable;

a cam follower rocking the rocking cam; and

a position changing mechanism which couples
the cam follower with the rocking cam, the po-
sition changing mechanism being configured to
change a relative positional relationship of the
rocking cam with respect to the cam follower to
thereby change lift characteristics of the engine
valve,

the position changing mechanism comprising: a
circular eccentric portion which is formed to the
control shaft in a manner decentered from an
axis of the control shaft; an external gear formed
on the cam follower swingably supported on the
eccentric shaft portion with the eccentric shaft
portion as the rotating shaft; and an internal gear
formed on the rocking cam with the control shaft
as the rotating shaft so as to be engaged with
the external gear,

wherein the control shaft is rotated when opening/
closing characteristics of the engine valve are
changed, the external gear is revolved by the eccen-
tric shaft portion around the axis of the control shaft,
an engaged portion of the internal gear with the ex-
ternal gear is moved in a circumferential direction of
the internal gear by the revolution of the external
gear, and the position of the rocking cam with respect
to the cam follower is changed by the movement of
the engaged portion of the internal gear.

The variable valve operating system for an internal
combustion engine according to claim 1, wherein
when the control shaft is rotated, the cam follower
moves such that a contact point to the rotating cam
moves along an outer circumference of the rotating
cam and the movement of the rocking cam causes
a lift amount of the engine valve to be changed, and
when the control shaft is rotated in a direction to re-
duce the lift amount of the engine valve, the contact
point between the cam follower and the rotating cam
moves in a direction opposite to the rotating direction
of the rotating cam.

The variable valve operating system for an internal
combustion engine according to claim 1, wherein the
rocking cam includes a base circle portion which pre-
vents the engine valve from being lifted and a cam
portion which is projected radially from the base cir-
cle portion, a hollow portion is formed on an inner
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circumference of the base portion, the internal gear
is formed on an inner circumference surface of the
hollow portion, and the external gear and the eccen-
tric shaft portion are arranged inside the hollow por-
tion.
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FIG. 1
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FIG. 4B

FIG. 4A
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