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tive valve-opening acceleration of the engine valve, at a maxi
mum Working angle. The valve actuation mechanism is
further con?gured so that a second state Where the maximum

positive valve-opening acceleration of the engine valve
becomes less than the maximum positive valve-closing accel
eration of the engine valve, exists at a Working angle less than

the maximum Working angle.
U.S. PATENT DOCUMENTS
5,647,310 A *
6,138,627 A *

7/1997
10/2000

Kimura ...................... .. 123/906
Iida ............................ .. 123/906

20 Claims, 12 Drawing Sheets

U.S. Patent

mm

?wk
RumR-

?wmmuwmm.

Nd?

Jul. 3, 2012

Sheet 2 01 12

US 8,210,154 B2

US. Patent

Jul. 3, 2012

Sheet 3 01 12

156

FIG.3A

US 8,210,154 B2

US. Patent

Jul. 3, 2012

Sheet 4 01 12

US 8,210,154 B2

FIG.5B

US. Patent

Jul. 3, 2012

Sheet 5 01 12

US 8,210,154 B2

‘.5 1

2 52 5
29

‘2 5.

I
L

US. Patent

Jul. 3, 2012

FIG.8A

FIG.9A

Sheet 6 01 12

US 8,210,154 B2

FIG.8B

FIG.9B

US. Patent

Jul. 3, 2012

Sheet 8 01 12

US 8,210,154 B2

FIG.1 1

2451
P

29
15

15c \*

Q

RP

6

15b

5

F1’

X‘

5
4

X

T

&% 7d
7

Z

11/

6a

14

3

US. Patent

Jul. 3, 2012

Sheet 9 01 12

US 8,210,154 B2

FIG.12

24a

15

29

15c \\

0
15b

M

US. Patent

Jul. 3, 2012

Sheet 10 0112

US 8,210,154 B2

FIG.13

24a

1‘
Q

US. Patent

Jul. 3, 2012

Sheet 12 0112

F|G.1 5

FIG.16

US 8,210,154 B2

US 8,210,154 B2
1

2

VARIABLE VALVE AC TUATION APPARATUS
OF INTERNAL COMBUSTION ENGINE

tive valve closing acceleration, a driving friction tends to
increase in a middle Working-angle range (i.e., in a normal
operating range) or in a small Working-angle range (i.e., dur
ing an engine starting period). This leads not only to deterio
rated fuel economy, but also to loWered engine startability.
It is, therefore, in vieW of the previously-described disad
vantages of the prior art, an object of the invention to provide
a variable valve actuation apparatus con?gured to achieve
enhanced engine startability as Well as reduced driving torque
and driving friction in a small- and middle-Working-angle
range, While suppressing an abnormally re-seating behavior
(i.e., undesirable “jumping” or “valve bounce” phenomenon)
of an engine valve in the last stage of valve-closing motion
especially in a large Working-angle range.
In order to accomplish the aforementioned and other
objects of the present invention, a variable valve actuation
apparatus of an internal combustion engine con?gured to
variably control at least a Working angle of an engine valve,

TECHNICAL FIELD
The present invention relates to a variable valve actuation

apparatus of an internal combustion engine, capable of vary
ing at least a Working angle (a valve open period) of an engine
valve depending on an engine operating condition.
BACKGROUND ART

As is generally known, in recent years there have been

proposed and developed various variable valve actuation
devices, in Which a Working angle of an engine valve (an
intake valve and/or an exhaust valve) can be variably con

trolled depending on an engine operating condition, in order
to ensure improved fuel economy and stable driveability (im

proved operational stability of the engine or stable engine
speeds) during loW-speed and loW-load operation and also to

comprises a device con?gured to control a valve acceleration
20

ensure a suf?cient engine poWer output caused by an

enhanced intake-air charging ef?ciency during high-speed
and high-load operation. One such variable valve actuation
device has been disclosed in Japanese Patent Provisional
Publication No. 2002-256832 (hereinafter is referred to as

25

“JP2002-256832”), corresponding to US. Pat. No. 6,550,
437, issued on Apr. 22, 2003 and assigned to the assignee of

mum positive valve-closing acceleration of the engine valve,

the present invention. The variable valve actuation device
disclosed in JP2002-256832, often called “continuous vari

able valve event and lift control (VEL) system”, is con?gured

exists at a Working angle less than the maximum Working
30

to adjust an angle of oscillation of a rockable cam by varying
a fulcrum of oscillating motion of a rocker arm by rotary
motion of a control cam attached to the outer periphery of a

control shaft, thereby variably controlling a valve lift and a
Working angle of an intake valve. Additionally, the variable

35

valve actuation device disclosed in JP2002-256832 has an
intake-valve lift characteristic that a maximum positive accel

eration of the valve lift increasing side (that is, a maximum
positive valve opening acceleration) is set to be greater than a
maximum positive acceleration of the valve lift decreasing

becomes greater than the valve-closing Working angle of the
cam lift curve, exists at a Working angle less than the maxi
45

engine valve, comprises a multinodular-link mechanism
50

eccentric shaft Whose geometric center is varied by rotating
55

60

the control shaft, a rocker arm adapted to be pivotably sup
ported on the control eccentric shaft, a link arm adapted to be
pivotably supported on the drive cam and linked to the rocker
arm, for converting rotary motion of the drive cam into oscil
lating motion of the rocker arm, and a rockable cam adapted
to be linked to the rocker arm, for actuating the engine valve
by transmitting an oscillating force of the rocker arm to the
rockable cam, the multinodular-link mechanism con?gured

to change the Working angle of the engine valve by rotating

HoWever, in the variable valve actuation device of JP2002

positive valve opening acceleration and the maximum posi

comprising a drive cam adapted to be mechanically linked to
an engine crankshaft, so that torque from the crankshaft is
transmitted to the drive cam, a control shaft having a control

256832, the maximum positive valve opening acceleration is
set to be greater than the maximum positive valve closing

acceleration, regardless of the magnitude of Working angle of

mum Working angle.
According to a further aspect of the invention, a variable
valve actuation apparatus of an internal combustion engine
con?gured to variably control at least a Working angle of an

Words, an undesirable deformation of the valve actuation
mechanism.

the intake valve. OWing to such settings of the maximum

angle before the peak lift of the cam lift curve, at a maximum
Working angle, and the device con?gured so that a sixth state

Where the valve-opening Working angle of the cam lift curve

unsymmetrical valve lift characteristic” in Which the intake
valve lift characteristic curve is slightly inclined forWards
(see FIG. 3A ofU.S. Pat. No. 6,550,437). For instance When
the intake valve has been controlled to a maximum Working

SUMMARY OF THE INVENTION

According to another aspect of the invention, a variable
valve actuation apparatus of an internal combustion engine
con?gured to variably control at least a Working angle of an
engine valve, comprises a device con?gured to control a lift
characteristic of the engine valve depending on an engine
operating condition, the device con?gured to bring about a
?fth state Where a valve-closing Working angle after a peak

engine valve becomes greater than a valve-opening Working
40

angle of the intake valve, the variable valve actuation device

angle in a high-speed range, by virtue of such a “forWardly
inclined unsymmetrical valve lift characteristic”, it is pos
sible to suppress an abnormally re-seating behavior (that is,
“jumping” or “valve bounce” phenomenon) of the intake
valve in the last stage of valve-closing motion, thus suppress
ing an excessive load (e. g., an impact load) from being unde
sirably applied to the valve actuation mechanism, in other

angle.

lift of a cam lift curve of a cam provided for operating the

side (that is, a maximum positive valve closing acceleration),
regardless of the magnitude of Working angle of the intake
valve. In other Words, regarding each and every Working
of JP2002-256832 has a so-called “forwardly-inclined

characteristic of the engine valve depending on an engine
operating condition, the device con?gured to bring about a
?rst state Where a maximum positive valve-closing accelera
tion of the engine valve becomes less than a maximum posi
tive valve-opening acceleration of the engine valve, at a maxi
mum Working angle, and the device con?gured so that a
second state Where the maximum positive valve-opening
acceleration of the engine valve becomes less than the maxi

the control shaft, the multinodular-link mechanism con?g
ured to produce a linkage attitude change that an angle
65

betWeen a ?rst line segment interconnecting a rotation center
of the drive cam and a connecting point of the link arm and the
rocker arm and a second line segment interconnecting the
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connecting point of the link arm and the rocker arm and a

mechanism in partial cross-section taken along the line B-B
of FIG. 2 during the valve closing period at the minimum
Working-angle control mode.

geometric center of the control eccentric shaft becomes
greater than 90 degrees at either a valve-opening Working

angle starting point or a valve-closing Working angle end

FIG. 5A is a side vieW of the multinodular-link motion

point under a state Where the control shaft has been rotated to

transmission mechanism in partial cross-section taken along

change the Working angle of the engine valve to a maximum

the line A-A of FIG. 2 at the peak lift (at the maximum valve

Working angle, and the multinodular-link mechanism con?g

lift) during a valve opening period at the minimum Working

ured to produce a linkage attitude change that the angle
betWeen the ?rst line segment and the second line segment
becomes less than 90 degrees at either the valve-opening

angle control mode, Whereas FIG. 5B is a side vieW of the
multinodular-link motion transmission mechanism in partial
cross-section taken along the line B-B of FIG. 2 at the peak lift

Working angle starting point or the valve-closing Working

during the valve opening period at the minimum Working
angle control mode.

angle end point under a state Where the control shaft has been
rotated in a direction for decreasing of the Working angle of

FIG. 6A is a side vieW of the multinodular-link motion

the engine valve from the maximum Working angle.

transmission mechanism in partial cross-section taken along

According to a still further aspect of the invention, a vari
able valve actuation apparatus of an internal combustion

the line A-A of FIG. 2 during the valve closing period at a
middle Working-angle control mode, Whereas FIG. 6B is a
side vieW of the multinodular-link motion transmission
mechanism in partial cross-section taken along the line B-B
of FIG. 2 during the valve closing period at the middle Work

engine con?gured to variably control at least a Working angle
of an engine valve, comprises a multiple-cam valve actuation
mechanism comprising a plurality of cams having respective
speci?c cam pro?les differing from each other, and a sWitch

20

ing-angle control mode.

ing mechanism con?gured to carry out sWitching of the cams

FIG. 7A is a side vieW of the multinodular-link motion

With respect to the engine valve, for changing the Working
angle of the engine valve by the speci?c cam pro?le of a

transmission mechanism in partial cross-section taken along
the line A-A of FIG. 2 at the peak lift during the valve opening
period at the middle Working-angle control mode, Whereas

selected one of the cams, Wherein a maximum-Working-angle
cam of the cams is con?gured to produce a maximum Work

25

FIG. 7B is a side vieW of the multinodular-link motion trans

mission mechanism in partial cross-section taken along the
line B-B of FIG. 2 at the peak lift during the valve opening
period at the middle Working-angle control mode.

ing angle and has the speci?c cam pro?le that an inclination
angle of a former-half maximum-Working-angle cam-con
tour surface section, ranging from a ?rst base-circle surface to

a ?rst lift surface to produce opening-motion of the engine

30

valve, is set to be greater than an inclination angle of a latter

half maximum-Working-angle cam-contour surface section,

maximum Working-angle control mode, Whereas FIG. 8B is a
side vieW of the multinodular-link motion transmission

ranging from the ?rst lift surface to the ?rst base-circle sur

face to produce closing-motion of the engine valve, and

35

Wherein at least one of the cams except the maximum-Work

ing-angle cam is con?gured to produce a relatively small

Working angle less than the maximum Working angle and has
the speci?c cam pro?le that an inclination angle of a former
half relatively-small-Working-angle cam-contour surface
section, ranging from a second base-circle surface to a second

FIG. 8A is a side vieW of the multinodular-link motion

transmission mechanism in partial cross-section taken along
the line A-A of FIG. 2 during the valve closing period at a
mechanism in partial cross-section taken along the line B-B
of FIG. 2 during the valve closing period at the maximum
Working-angle control mode.
FIG. 9A is a side vieW of the multinodular-link motion
40

transmission mechanism in partial cross-section taken along
the line A-A of FIG. 2 at the peak lift during the valve opening
period at the maximum Working-angle control mode,

lift surface to produce opening-motion of the engine valve, is

Whereas FIG. 9B is a side vieW of the multinodular-link

set to be less than an inclination angle of a latter-half rela

motion transmission mechanism in partial cross-section
taken along the line B-B of FIG. 2 at the peak lift during the
valve opening period at the maximum Working-angle control
mode.
FIG. 10 is a characteristic diagram illustrating the relation

tively-small-Working-angle cam-contour surface section,
ranging from the second lift surface to the second base-circle

45

surface to produce closing-motion of the engine valve.
The other objects and features of this invention Will
become understood from the folloWing description With ref

ship betWeen a valve lift and a valve acceleration in the

apparatus of the ?rst embodiment.

erence to the accompanying draWings.
50

BRIEF DESCRIPTION OF THE DRAWINGS

motion transmission mechanism of the apparatus of the ?rst
embodiment at the minimum Working-angle control mode.

FIG. 1 is a perspective vieW illustrating a ?rst embodiment
of a variable valve actuation apparatus, highlighting the

essential part of the apparatus.
FIG. 2 is an elevation vieW in cross-section, illustrating the
essential part of the variable valve actuation apparatus of the

55

FIG. 13 is a linkage diagram illustrating the operating
attitudes of respective moving parts of the multinodular-link

FIG. 3A is a plan vieW of a rocker arm included in a
60

vieW of the same rocker arm.

motion transmission mechanism of the apparatus of the ?rst
embodiment at the maximum Working-angle control mode.
FIG. 14 is a graph illustrating the relationship betWeen an

intake-valve Working angle in the apparatus of the ?rst
embodiment and an angle [3.

FIG. 4A is a side vieW of the multinodular-link motion

transmission mechanism in partial cross-section taken along
the line A-A of FIG. 2 during a valve closing period at a
minimum Working-angle control mode, Whereas FIG. 4B is a
side vieW of the multinodular-link motion transmission

FIG. 12 is a linkage diagram illustrating the operating
attitudes of respective moving parts of the multinodular-link
motion transmission mechanism of the apparatus of the ?rst
embodiment at the middle Working-angle control mode.

?rst embodiment.
multinodular-link motion transmission mechanism of the
apparatus of the ?rst embodiment, Whereas FIG. 3B is a side

FIG. 11 is a linkage diagram illustrating the operating
attitudes of respective moving parts of the multinodular-link

65

FIG. 15 is a cross-sectional vieW illustrating the essential
part of a variable valve actuation apparatus of the second

embodiment, taken along the line C-C of FIG. 16.

US 8,210,154 B2
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FIG. 16 is a plan vieW illustrating the variable valve actua
tion apparatus of the second embodiment.

phase of an engine valve, is further installed on one axial end

of drive shaft 4, in addition to the previously-discussed mul
tinodular-link variable valve actuation apparatus. That is, the
variable valve actuation apparatus (i.e., the continuous vari
able valve event and lift control (VEL) system) of the ?rst
embodiment is combined With the “cam phaser” (the VTC
system). For instance, such a “cam phaser” has been disclosed
in Japanese Patent Provisional Publication No. 2006-307658
(hereinafter is referred to as “JP2006-307658”). A torque
(rotary motion) is transmitted from an engine crankshaft (not
shoWn) through the cam phaser (the VTC system) to drive
shaft 4, such that drive shaft 4 rotates clockWise (vieWing

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

Referring noW to the drawings, particularly to FIGS. 1-2,
the variable valve actuation apparatus of the ?rst embodiment
is exempli?ed in an internal combustion engine having four
valves for each cylinder, namely, tWo intake valves and tWo
exhaust valves per one cylinder. In the ?rst embodiment
shoWn in FIGS. 1-2, the variable valve actuation apparatus of
the ?rst embodiment is applied to only the intake-valve side.
As shoWn in FIGS. 1-2, the variable valve actuation appa
ratus of the ?rst embodiment is comprised of a cylindrical
holloW drive shaft 4 arranged to extend in a longitudinal
direction of the engine, a pair of rockable cams 7, 7 provided

for actuating respective intake valves 3, 3 via a pair of sWing

FIG. 1) during operation of the engine.
Drive eccentric cam 5 is comprised of a substantially disc

shaped cam body 511 and an axially-extending cylindrical
boss 5b formed integral With cam body 5a. Drive eccentric
cam 5 is ?xedly connected to drive support shaft 411 by a

mounting pin 12, Which is press-?tted into a radial location-?t
20

arms 6, 6, each of Which serves as a roller folloWer resting on

the tip of the valve stem of the associated intake valve 3, a
motion transmission mechanism 8 (simply, a motion con

verter), Which mechanically links a drive eccentric cam 5,
?xedly connected to drive shaft 4, to the rockable-cam pair 7,

rockable-cam pair 7, 7 through a spacer 2. Cam body 511 of
25

drive eccentric cam 5 has a cylindrical cam pro?le Whose

geometric center “X” is displaced from the shaft axis (the
shaft center) “Y” of drive support shaft 411 by a given radial
offset. In other Words, the shaft axis “Y” of drive support shaft

7 for converting a torque (rotary motion) of drive eccentric
cam 5 into oscillating motion to cause an oscillating force for

the rockable-cam pair 7, 7, and a control mechanism 9 pro
vided for variably controlling both a valve lift amount and a

Working angle of each of intake valves 3, 3 by varying the

bore formed in the boss 5b. Drive eccentric cam 5 is arranged
near one axial end (near the right-hand axial end in FIG. 2) of
the associated rockable-cam pair 7, 7 such that boss 5b and
rockable-cam pair 7, 7 are located on the opposite sides of
cam body 5a. Therefore, cam body 511 is located on the side of

411 serves as a rotation center of drive eccentric cam 5. The

attitude of motion transmission mechanism 8 depending on

geometric center “X” of cam body 511 is con?gured as a ?rst
fulcrum “X” of drive eccentric cam 5 included in the multi

an engine operating condition, such as engine load and speed.

nodular-link variable valve actuation apparatus.

The previously-discussed “Working angle” means a valve
open period during Which intake valve 3 is open. In more
detail, the “Working angle” corresponds to an effective lift

6 is kept in abutted-engagement With the stem end of intake
valve 3. The substantially semi-spherically recessed under

30

As seen in FIG. 1, the underside of one end 611 of sWing arm
35

section, ranging from the point immediately after the leading

side of the other end 6b of sWing arm 6 is attached to the
semi-spherically convex head of a small piston of a hydrau

edge of the positive valve opening acceleration (except a
moderate valve-opening ramp section, Which permits moder

lically-operated valve-lash adjuster 13, Which piston ?ts in a
holloW cylinder of the lash adjuster installed on cylinder head

ate valve movement in the ?rst stage (the initial stage) of

opening motion of intake valve 3) to the point immediately
before the trailing edge of the positive valve closing accelera

40

tion (except a moderate valve-closing ramp section, Which
permits moderate valve movement in the last stage of closing
motion of intake valve 3).Additionally, in the shoWn embodi

ment, the angle of drive shaft 4, ranging from the leading edge
(the starting point) of the positive valve opening acceleration
to a peak lift PL, is called “valve-opening Working angle”,
Whereas the angle of drive shaft 4, ranging from the peak lift
PL to the trailing edge (the end point) of the positive valve
closing acceleration is called “valve-closing Working angle”.
That is, the Working angle is equal to the summed value of the

as a pivot about Which sWing arm 6 pivots. SWing arm 6 has a

substantially C-shaped lateral cross-section. A roller 14 is
rotatably supported substantially at a midpoint of sWing arm
45

6. Rockable cam 7 is in kept in rolling-contact With roller 14
of sWing arm 6.
As best seen in FIGS. 1 and 4A, rockable cam 7 has a

substantially raindrop shape. The basal ends (base-circle por
50

valve-opening Working angle and the valve-closing Working
angle (see the characteristic diagram of FIG. 10).
Intake valve 3 is installed to be permanently forced in a

direction for closing of the intake-valve port by a valve spring

1. SWing arm 6 oscillates about the semi-spherical convex

head of the valve-lash-adjuster piston. That is, the head serves

tions) of rockable-cam pair 7, 7 are formed integral With each
other via a cylindrical-holloW camshaft 7a. That is, the rock
able-cam pair 7, 7 and cylindrical-holloW camshaft 7a are
integrally formed With each other. Cylindrical-hollow cam
shaft 711 is rotatably ?tted onto the outer peripheral surface of
drive support shaft 411 of drive shaft 4, in such a manner as to

55

permit oscillating motion of rockable-cam pair 7, 7 about the

(not shoWn), Which is disposed betWeen a substantially cylin

shaft axis “Y” of drive support shaft 4a. That is, the shaft axis

drical recessed spring seat section formed in a cylinder head
1 and a spring retainer (not shoWn) attached to the tip of the
valve stem of intake valve 3, under preload.
Drive shaft 4 is basically constructed by a holloW drive
support shaft 4a. Drive eccentric cam 5 is ?xedly connected to
and installed on the outer periphery of drive support shaft 4a.
Both axial ends of drive shaft 4 are rotatably supported by
bearings 11 installed on the upper portion of cylinder head 1.

“Y” also serves as a pivot of oscillating motion of rockable

Although it is not clearly shoWn in the draWing, in the shoWn
embodiment, a variable valve timing control (VTC) system,
often abbreviated to “cam phaser”, Which variably controls a

cam pair 7, 7. Rockable cam 7 has a cam contour surface
60

65

portion 7d formed on the underside of rockable cam 7
betWeen the basal end (the base-circle portion) and a cam
nose portion 7b. Cam contour surface portion 7d has a base
circle surface on the basal-end side, a circular-arc shaped

ramp surface extending from the base-circle surface toWard
cam nose portion 7b, and a lift surface being continuous With
the ramp surface and extending toWard a top surface (a maxi
mum lift surface of cam nose portion 7b). During operation of
the engine, the base-circle surface, the ramp surface, the lift

US 8,210,154 B2
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surface, and the top surface, all constructing the cam contour

forked arm portions 15b and 150 both formed integral With

surface, are brought into abutted-engagement With the rolling
surface of the associated sWing-arm roller 14 displacing
upward and doWnWard, in turn, depending on the position of

other.

oscillating motion of rockable cam 7.

Which is loosely ?t onto the outer periphery of control eccen

each other and arranged substantially in parallel With each
Basal portion 1511 has a shaft-support bearing bore 15d,

Regarding the rockable cam pair 7, 7, during an intake

tric shaft 29 (described later) With a slight clearance.

valve opening period that the rolling-contact position (the

First arm portion 15b is formed integral With a small shaft

abutment position) of cam contour surface portion 7d in roll

portion 15e, protruded from the outside Wall surface of the tip

ing-contact With roller 14 is shifting toWard the lift surface,

of ?rst arm portion 15b. A lobed end portion 16b of link arm

the direction of oscillating motion of each rockable cam 7 is
set to be identical to the direction of rotation of drive shaft 4

16 is rotatably linked to the protruded shaft portion 15e of ?rst
arm portion 15b. The geometric center “R” of the protruded
shaft portion 15e of ?rst arm portion 15b of rocker arm 15 is

(see the clockWise direction indicated by the arroW in FIG. 1).
That is, pulling up the basal-end side of rockable cam 7 by a
link rod (described later) causes intake valve 3 to be lifted off
the seat in a direction for opening of the intake-valve port.
Due to a friction betWeen the outer periphery of drive shaft 4

con?gured as a second fulcrum “R” (of link arm 16). On the
other hand, the tip of second arm portion 150 is shaped into a

block portion 15f Block portion 15f of second arm portion
150 is provided With a valve lift adjustment mechanism 21.
The upper end 1711 of link rod 17 is rotatably linked to a pivot

and the inner periphery of the base-circle portion of rockable
cam 7 rotatably supported by drive shaft 4, a dragging torque
is produced in the direction that intake valve 3 lifts during the

intake-valve opening period, such that oscillating motion

pin 19 (described later) of lift adjustment mechanism 21. The
20

(i.e., clockWise rotation) of rockable cam 7 is ef?ciently
assisted by rotation of drive shaft 4. Therefore, the driving
ef?ciency of rockable cam 7 can be enhanced.
Of these rockable cams 7, 7, the ?rst rockable cam 7
arranged closer to drive eccentric cam 5 than the second

rockable cam 7, has a radially-protruded connecting portion
70 integrally formed With the base-circle portion, such that
cam nose portion 7b and connecting portion 70 are arranged
on the opposite sides of cylindrical-holloW camshaft 7a. Con
necting portion 70 has a through hole, into Which a connecting

25

30

In other Words, as vieWed from the sideWall side of ?rst and
second arm portions 15b and 150, there is an offset angle
betWeen the longitudinal directions of these arm portions

15b-15c. More concretely, the tip of ?rst arm portion 15b is
slightly inclined doWnWard from the tip of second arm por
tion 150 by a slight inclination angle.

7 to the loWer end 17b of link rod 17 (described later).

interference betWeen sWing arm 6 and connecting portion 70

ously-discussed ?rst and second arm portions 15b and 150 are

con?gured to be offset from each other by a predetermined
angle in the direction of oscillating motion of rocker arm 15.

pin 20 ?ts, for mechanically linking the rockable-cam pair 7,
Roller 14 is installed on sWing arm 6, such that the rolling
contact surface of roller 14 is arranged at a higher level than
the tWo uppermost edged portions of sWing arm 6, so as to
de?ne a proper clearance space betWeen sWing arm 6 and
rockable cam 7 and a proper clearance space betWeen sWing
arm 6 and link-rod loWer end 17b. By the provision of such
proper clearance spaces, it is possible to prevent undesirable

geometric center “S” of pivot pin 19 is con?gured as a third
fulcrum “S”. Block portion 15f is formed With a pin slot 15h
bored as an elliptic through hole extending in the axial direc
tion of cylindrical-holloW basal portion 15a, in such a manner
as to penetrate both side Walls of block portion 15].
As appreciated from the side vieW of FIG. 3B, the previ

As best seen from the side vieW of FIG. 4B, link arm 16 is
35

comprised of a comparatively large-diameter annular portion
16a and lobed end portion 16b protruded from a predeter
mined angular position of the outer peripheral surface of
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of the ?rst rockable cam and undesirable interference

betWeen sWing arm 6 and the loWer end 17b of link rod 17,

annular portion 16a. Annular portion 16a is formed With a
central bore 160, into Which drive eccentric cam 5 is rotatably
?tted.
As seen from the perspective vieW of FIG. 1, link rod 17 is
formed into a substantially C-shape or a substantially circu

during operation of the engine. Therefore, as can be appreci

lar-arc shape in lateral cross-section by pressing, from the

ated from the side vieW of FIG. 4A, even When cam nose

vieWpoint of high rigidity, lightWeight, and compacti?cation.

portion 7b of rockable cam 7 reaches the highest level, by
virtue of the previously-noted proper clearances, it is possible
to prevent the undesirable interference betWeen the moving
parts, concretely, the undesirable interference betWeen roller
14 and connecting portion 70 of the ?rst rockable cam 7. The
previously-described roller-type sWing arm 6 (serving as a
roller cam folloWer in rolling-contact With rockable cam 7) is
superior to a typical bucket-type valve lifter (serving as a
?at-face folloWer in sliding-contact With a cam) With respect
to a less interference betWeen moving parts and a reduced
friction loss.
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the upper end 1711 of link rod 17 are linked to second arm

portion 150 by means of pivot pin 19, Whereas tWo parallel
pronged portions of the loWer end 17b of link rod 17 are

rotatably linked to connecting portion 70 of the ?rst rockable
50

cam 7 by means of a connecting pin 18. The geometric center
“T” of connecting pin 18 is con?gured as a fourth fulcrum
“T”. As seen in FIG. 1, multinodular-link motion transmis
sion mechanism 8 has only one link rod 17 per cylinder. This
contributes to the more simpli?ed linkage structure, thus
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ensuring lightWeight.
Intake valve 3 is actuated by pulling up connecting portion

As clearly seen in FIGS. 1-4B, in the shoWn embodiment,
motion transmission mechanism 8 (the motion converter) is
constructed by a multinodular-link mechanism (a multinodu
lar-link motion converter). Multinodular-link motion trans
mission mechanism 8 is comprised of a rocker arm 15 located

70 of the ?rst rockable cam 7 via link rod 17, but cam nose

portion 7b, Which receives an input motion from roller 14 of
sWing arm 6, is located on the opposite side of connecting
60

portion 70 of the ?rst rockable cam 7 With respect to the center

of oscillating motion of rockable-cam pair 7, 7, that is, the

above drive shaft 4 and arranged in the lateral direction of the

shaft axis “Y” of drive support shaft 4a. By virtue of such a

engine, a link arm 16 linking rocker arm 15 to drive eccentric
cam 5, and link rod 17 linking rocker arm 15 to connecting
portion 70 of the ?rst rockable cam 7.

As shoWn in FIGS. 3A-3B, rocker arm 15 is comprised of

As best shoWn in FIG. 4A, tWo parallel pronged portions of
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linkage layout of link rod 17, the ?rst rockable cam 7 having
both the connecting portion 70 and the cam nose portion 7b,
and roller 14 of sWing arm 6, it is possible to suppress the

a cylindrical-holloW basal portion 15a pivotably supported by

rockable-cam pair 7, 7 from unintentionally falling or rotating

a control eccentric shaft 29 (described later), and a pair of

about the center of oscillating motion, i.e., the shaft axis “Y”.
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lift adjustment mechanism 21 is comprised of pivot pin 19, an
adjusting bolt (an adjusting screW) 22, and a lock bolt (or a
lock screW) 23. Pivot pin 19 is installed in pin slot 15h of

con?gured to be bent at both ends of rectangular basal portion
2811 at a right angle. The tips of tab-like support portions 28b,
28b have respective bores 28c, 280 into Which both ends of
control eccentric shaft 29 are ?xedly connected, for example,

block portion 15fof second arm portion 150 of rocker arm 15.

by press-?tting.

Adjusting bolt 22 is threadably engaged With the adjusting
female-screW tapped hole formed in block portion 15f and
ranging from the bottom face of block portion 15fto pin slot

Control eccentric shaft 29 is provided to pivotably support
rocker arm 15 such that shaft-support bearing bore 15d of
cylindrical-hollow basal portion 15a of rocker arm 15 is
loosely ?tted onto the outer peripheral surface of control
eccentric shaft 29. The axial length L of control eccentric

As shown in FIGS. 1-2, in particular, as best seen in FIG. 2,

15h. Lock bolt 23 is threadably engaged With the lock female
screW tapped hole formed in block portion 15f and ranging
from the upper face of block portion 15fto pin slot 15h. After

shaft 29 is dimensioned to be identical to the distance betWeen

assembling of the component parts, extremely small adjust

the outside Wall surfaces of tWo parallel tab-like support
portions 28b, 28b, such that both end faces of control eccen
tric shaft 29 are ?ush With respective outside Wall surfaces of

ments of the lift amount of each of intake valves 3, 3 are made

by adjusting the installation position (the pivot point or the
third fulcrum “S”) of pivot pin 19 in pin slot 15h by means of
adjusting bolt 22. At the point of time When such extremely

tWo parallel tab-like support portions 28b, 28b. As previ

small adjustments of the lift amount of each intake valve 3
have been made, tightening lock bolt 23 alloWs the installa
tion position of pivot pin 19 to be ?xed and thus alloWs the
extremely small adjustments of the lift amount to be com

press-?tted into respective bores 28c, 280 of tab-like support
portions 28b, 28b. The geometric center “Q” of control eccen

ously-discussed, both ends of control eccentric shaft 29 are
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pleted.

trol eccentric shaft 29 is con?gured as a ?fth fulcrum “Q”.

The structural component parts, constructing the multin
odular-link motion transmission mechanism 8, (that is, rocker

Control mechanism 9 is comprised of a control shaft 24

located above drive shaft 4 and arranged in parallel With the
shaft axis (the shaft center) “Y” of drive support shaft 4a, and
an actuator (not shoWn), such as an electric actuator that

arm 15, link arm 16, and link rod 17) ranging from the outside
25

drives control shaft 24.
As shoWn in FIGS. 1-2, and 4A-4B, control shaft 24 is
comprised of a control support shaft 24a, and a plurality of

outside Wall surface (the left-hand sideWall surface, vieWing
FIG. 2) of link rod 17 linked to the ?rst rockable cam 7, are all

arranged compactly Within a range of the axial length L of
30

trol eccentric cam 25) serves as a fulcrum of oscillating
motion of the associated rocker arm 15.

As best seen in FIGS. 1-2, control support shaft 24a is
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formed With Width-across-?at recessed portions 24b-24c,
24b-24c, . . . , at its axial positions corresponding to respective
rocker arms 15, 15, . . . .Additionally, tWo radial bolt insertion

holes 26a-26b are bored in each Width-across-?at recessed

portions 24b-24c of control support shaft 24a and axially
spaced apart from each other by a predetermined axial dis
tance, such that radial bolt insertion holes 26a-26b penetrate
the bottom ?at face of one-side recessed portion 24b and the
bottom ?at face of the opposite-side recessed portion 240.
Control eccentric cam 25 is comprised of a substantially
U-shaped bracket 28 and control eccentric shaft 29. Bracket
28 is secured and ?xedly connected onto the bottom ?at face

of one-side recessed portion 24b by screWing tWo bolts 27, 27
from the opposite-side recessed portion 240 through bolt
insertion holes 26a-26b into respective female-screW tapped
holes formed in a rectangular basal portion 28a of bracket 28.
Both ends of control eccentric shaft 29 are ?xedly connected
to respective tab-like support portions 28b, 28b in a manner so
as to interconnect these tab-like support portions via control
eccentric shaft 29. The axis of control eccentric shaft 29 is
arranged parallel to the axis of control support shaft 24a.
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tWo parallel tab-like support portions 28b, 28b just abut and ?t
With the tWo opposing inside Walls of one-side recessed por
tion 24b. This contributes to the enhanced positioning accu

control eccentric shaft 29.
As shoWn in FIGS. 4A-4B, the ?fth fulcrum “Q” of control

eccentric shaft 29 is eccentric to the shaft axis (the shaft
center) “P” of control support shaft 2411 by a comparatively
large eccentricity “0t” oWing to the arm length of each of
tab-like support portions 28b, 28b of bracket 28. In other
Words, control eccentric shaft 29 is cranked With respect to the
shaft axis “P” of control support shaft 2411 via bracket 28, thus

ensuring an adequately large eccentricity “0t” of the geomet
ric center “Q” (the ?fth fulcrum “Q”) of control eccentric
shaft 29 (i.e., a revolving body) from the shaft axis “P” of
control support shaft 24a.
In the shoWn embodiment, control eccentric cam 25 is
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constructed by the U-shaped bracket 28 and control eccentric
shaft 29, both integrally installed on control support shaft
2411. In lieu thereof, in order to enhance the rigidity of control
eccentric cam 25, each of tWo parallel tab-like support por
tions 28b, 28b of bracket 28 may be replaced With a cylindri
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cal eccentric cam integrally connected to the outer periphery
of control support shaft 24a.
The previously-discussed electric actuator that drives con
trol shaft 24, is constructed by an electric motor, installed on
the rear end of cylinder head 1, and a speed reduction mecha
nism, such as a ball screW mechanism, Which transmits a
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Rectangular basal portion 28a of bracket 28 is con?gured
to be substantially conformable to the shape of the bottom ?at
face of one-side recessed portion 24b, such that the rectangu
lar outside surface of basal portion 2811 just abuts and ?ts With
the bottom ?at face of one-side recessed portion 24b and that

Wall surface (the right-hand sideWall surface, vieWing in FIG.
2) of disc-shaped cam body 511 of drive eccentric cam 5 to the

control eccentric cams 25, 25, . . . , attached to the outer

periphery of control support shaft 24a and provided for each
engine cylinder. Control eccentric cam 25 (exactly, a control
eccentric shaft 29 (described later) constructing part of con

tric shaft 29 serves as a fulcrum of oscillating motion of the
associated rocker arm 15. The geometric center “Q” of con

driving torque of the electric motor to control support shaft
2411, With a speed reduction and a torque increase.
In the shoWn embodiment, the electric motor is comprised
of a proportional-control direct-current (DC) motor. The
operation of the proportional-control DC motor is controlled
responsively to a control signal from an electronic control
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unit, simply a controller (not shoWn), depending on an engine
operating condition. The controller generally comprises a
microcomputer. The controller includes an input/output inter
face (I/O), memories (RAM, ROM), and a microprocessor or
a central processing unit (CPU). The input/output interface
(I/O) of the controller receives input information from vari

racy of each of brackets 28, 28, . . . of control eccentric cams 65
25, 25, . . . , With respect to control shaft 24 in the longitudinal
ous engine/vehicle sensors, namely a crank angle sensor (or a

direction. TWo parallel tab-like support portions 28b, 28b are

crankshaft position sensor), an air?oW meter, an engine tem
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perature sensor, a potentiometer, and the like. The crank angle
sensor is provided for detecting revolutions of the engine

by the electric actuator depending on the engine operating
condition. As hereunder described, the apparatus of the ?rst
embodiment is further con?gured to phase-change intake
valve open timing IVO in the phase-advance direction during
a middle Working-angle control mode, by specifying the
mutual positional relationship among the ?rst fulcrum “X”
(i.e., the geometric center “X” of cam body 5a), the second
fulcrum “R” (i.e., the geometric center “R” of shaft portion

crankshaft. The air?oW meter is provided in an intake-air
passage for detecting an actual intake-air ?oW rate. The
engine temperature sensor, such as an engine coolant tem

perature sensor, is provided for sensing the actual operating
temperature of the engine. The potentiometer is provided for
detecting an angular position of control shaft 24. Within the
controller, the central processing unit (CPU) alloWs the
access by the I/O interface of input informational data signals

15e of ?rst arm portion 15b of rocker arm 15), and the third
fulcrum “S” oflink rod 17 (i.e., the geometric center “S” of

from the previously-discussed engine/vehicle sensors. The
CPU of the controller is con?gured to compute the current

pivot pin 19) depending on the position of rotation of control
support shaft 24a.
The positive acceleration characteristic of the intake-valve
lift increasing side and the positive acceleration characteristic
of the intake-valve lift decreasing side, obtained during a

engine operating condition based on the input information,
and is responsible for carrying the engine control program
stored in memories and also capable of performing necessary
arithmetic and logic operations containing an actuator control

Working angle control execution time period extending from

management processing. Computational results (arithmetic

the minimum Working-angle control mode to the maximum
Working-angle control mode, are peculiar to the apparatus of

calculation results), that is, calculated output signals are
relayed through the output interface circuitry of the controller
to output stages, namely, the electric motor of the actuator.
The angular position of control shaft 24 can be quickly
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the ?rst embodiment. The operating characteristic (the spe
ci?c valve lift characteristic and the speci?c valve accelera
tion characteristic) of the variable valve actuation apparatus
of the ?rst embodiment is hereinbeloW described in detail by
reference to the draWings.

25

[During Minimum Working Angle Control Mode]

changed by electric motor control, regardless of the engine oil
temperature. That is, the proportional-control DC motor
equipped actuator contributes to the enhanced Working

angle-control responsiveness.
As previously described, although it is not clearly shoWn in
the draWing, in the shoWn embodiment, the VTC system (i.e.,

First, When drive support shaft 411 rotates in the clockWise
direction indicated by the arroW in FIG. 1 by a driving torque
from the engine crankshaft, drive eccentric cam 5 rotates in

the “cam phaser”), Which variably controls a phase of an

engine valve (intake valves 3, 3) depending on the engine
operating condition, is further installed on the front axial end
of drive support shaft 4a, in addition to the previously-dis
cussed multinodular-link variable valve actuation apparatus.

For instance, the VTC system (the “cam phaser”) may be
constructed by a hydraulically-operated vane-type timing
variator. As is generally knoWn, the hydraulically-operated
vane-type timing variator includes a timing sprocket rotatably

the same direction as the direction of rotation of drive support
30

16 to rocker arm 15. Thus, rocker arm 15 oscillates or pivots

about the ?fth fulcrum “Q” of control eccentric shaft 29 to
move link rod 17 up and doWn to cause oscillating motion of

the rockable-cam pair 7, 7. Oscillating motions of rockable
35

cam pair 7, 7 are transmitted through the cam contour surface

portions 7d, 7d via rollers 14, 14 of sWing arms 6, 6 to the
valve-stem ends of intake valves 7, 7, to actuate intake valves
3, 3.

installed on the front end of drive support shaft 511 and having
a driven connection With the engine crankshaft, a vane mem

For instance, during idling of the engine at loW speeds,

ber ?xedly connected to the front end of drive support shaft 411

and rotatably disposed in a cylindrical housing, With Which
the timing sprocket is integrally formed, and a hydraulic
circuit, Which is provided for supplying hydraulic pressure

shaft 4a, and then the rotary motion is transmitted via link arm
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selectively to either one of each of phase-retard chambers and

control support shaft 24a is rotated to the angular position,
corresponding to a rotation angle “61” (see FIG. 4A), in the
anticlockWise direction by the electric actuator responsively
to a control signal from the controller. Therefore, as shoWn in
FIGS. 4A-4B and 5A-5B, control eccentric shaft 29 is dis

each of phase-advance chambers to change an angular phase
45

placed to a revolution position, corresponding to rotation
angle “6 1”, such that the ?fth fulcrum “Q” (the shaft center of
control eccentric shaft 29) is displaced to the upper and left
position With respect to drive support shaft 4a.As a Whole, the
attitude of multinodular-link motion transmission mecha

hydraulic pressure, produced by an oil pump, to and from
either one of each of the phase-retard chambers and each of
the phase-advance chambers. The operation of the electro
magnetic directional control valve is also controlled respon
sively to a control signal from the controller. This type ofVTC

50

nism 8 is displaced in such a manner as to be someWhat

system is hydraulically- rather than electrically-operated.
Thus, generally, the hydraulically-operated VTC system is
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of the vane member relative to the housing. The phase-retard
chambers and phase-advance chambers are de?ned betWeen
the vane member and the housing. Also provided is an elec

tromagnetic directional control valve, Which is disposed in
the hydraulic circuit, for sWitching supply and exhaust of

inclined anticlockWise With respect to drive support shaft 4a,

thereby simultaneously causing a change in the attitude of
rockable-cam pair 7, 7 to the anticlockWise direction. As a

result, the rolling-contact position (the abutment position) of

inferior in control responsiveness. The operation of the
hydraulically-operated VTC system tends to be remarkably
affected by the engine oil temperature.
The variable valve actuation apparatus of the ?rst embodi
ment is con?gured to variably continuously control a valve
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lift characteristic (including both a valve lift amount and a

Working angle of each of intake valves 3, 3) from a minimum
Working angle (exactly, a minimum Working-angle and valve
lift characteristic) to a maximum Working angle (exactly, a

maximum Working-angle and valve-lift characteristic) by
controlling the angular position of control support shaft 24a
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roller 14 of sWing arm 6 is displaced toWard the base-circle
portion of cam contour surface portion 7d.
Therefore, as shoWn in FIG. 5A, When rocker arm 15 is
pushed up via link arm 16 by rotary motion of drive eccentric
cam 5, connecting portion 70 of the ?rst rockable cam 7 is
lifted or pulled up via link rod 17, to rotate the rockable-cam
pair 7, 7 clockWise. The clockWise rotation of rockable cam 7
(i .e., the valve-lifting motion of rockable cam 7, caused by the
displacement of the rolling-contact position of cam contour
surface portion 7d of rockable cam 7 toWard the lift surface)
is transmitted via roller 14 of sWing arm 6 to the associated
intake valve 3 to lift the intake valve. During idling at loW
speeds, due to the attitude of multinodular-link motion trans
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mission mechanism 8 determined based on rotation angle
“61”, a lift amount and a Working angle of intake valve 3

“X-R” (i.e., the center distance of link arm 16). Then, the
triangle AYXR and the triangle AYX'R are congruent to each

become adequately small.

other, that is, AYXREAYX'R.
Therefore, the angle LXYR becomes identical to the angle

Therefore, as clearly shoWn in FIG. 10, in a loW-speed and
light-load range of the engine, a valve lift amount of each of
intake valves 3, 3 becomes an adequately small lift amount
L1. Hence, the intake-valve open timing IVO of each of intake
valves 3, 3 phase-retards, thus realiZing no valve overlap of
open periods of intake and exhaust valves. This contributes to
the improved combustion and reduced fuel consumption rate

LX'YR, and thus the direction of the line segment “Y-R”
becomes identical to the direction of drive eccentric cam 5 at

the Working angle center. The term “Working angle center”
means the center of the entire range of rotation of drive shaft
4.
Next, the eccentric direction of drive eccentric cam 5 at the

point of time When the peak lift PL has been reached, is

and stable engine speeds (enhanced idling stability).

hereunder described or studied in detail.

The valve acceleration characteristic, obtained at the mini
mum Working-angle control mode, is hereunder described or

When the peak lift PL has been reached, the second ful
crum “R” of link arm 16 also reaches an instantaneous point

studied in detail by reference to FIGS. 4A-4B, 5A-5B, 10, and

“RP” of the peak lift PL. This instantaneous point “RP” is the
point located at the uppermost end of the Working locus of the
second fulcrum “R”. This is because, regarding the linkage
attitude at the peak lift PL, the direction of drive eccentric cam

11. FIG. 10 shoWs the intake-valve lift and valve acceleration

characteristics, obtained at respective Working angle control
modes, namely, during a valve closing period at the minimum
Working-angle control mode shoWn in FIGS. 4A-4B, during a
valve opening period at the minimum Working-angle control
mode shoWn in FIGS. 5A-5B, during a valve closing period at
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the middle Working-angle control mode shoWn in FIGS.

6A-6B, during a valve opening period at the middle Working
angle control mode shoWn in FIGS. 7A-7B, during a valve

closing period at the maximum Working-angle control mode
shoWn in FIGS. 8A-8B, and during a valve opening period at
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On the other hand, the Working angle center corresponds to
the line segment “Y-R” during the minimum Working-angle

the maximum Working-angle control mode shoWn in 9A-9B.
In FIG. 10, the axis of abscissa indicates an angle (unit: rad)
of drive shaft 4. The valve acceleration of intake valve 3 is

represented as the second-order derivative (unit: mm/rad2) of
a valve lift (unit: mm) With respect to angle of drive shaft 4.
The positions of the shaft axis (the shaft center) “P” of
control support shaft 2411, the geometric center “Q” (the ?fth
fulcrum “Q”) of control eccentric shaft 29, the shaft axis (the
shaft center) “Y” of drive support shaft 4a, and the positions

5 and the eccentric direction of link arm 16 become identical
to each other, and thus the second fulcrum “R” becomes
identical to the instantaneous point “RP” located at the upper
most end of the Working locus of the second fulcrum “R”.
That is, the direction of the line segment “Y-RP” becomes
identical to the instantaneous eccentric direction of drive
eccentric cam 5 at the peak lift PL.
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control mode. When vieWed in the axial direction de?ned by
the axis of drive shaft 4, the line segment “Y-RP” at the peak
lift PL becomes almost aligned With the line segment “Y-R”,
because of a very small Working angle, in other Words, the
position of the second fulcrum “R” in close proximity to the

position of the instantaneous point “RP”.

The valve-opening Working angle becomes substantially
35

of the pivots, shoWn in FIG. 11, conform to those shoWn in

identical to the valve-closing Working angle. This is because
the angle LY-R-Q (:6) is set to approximately 90 degrees

FIGS. 4A-4B and 5A-5B. Additionally, the moving points of
FIG. 11, namely, the geometric center “R” of the protruded

(i.e., LY-R-Q (I[3)z90°).

shaft portion 15e of ?rst arm portion 15b of rocker arm 15, the

Working-angle control mode, the angle LY-R-Q (:6)

geometric center “S” of pivot pin 19, the geometric center “T”
of connecting pin 18, and the ?rst fulcrum “X” (i.e., the
geometric center “X” of cam body 5a), and the geometric

Exactly speaking, at the peak lift during the minimum
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(90°). Hence, the valve-opening Working angle tends to
become slightly less (shorter) than the valve-closing Working

center “Z” of roller 14 shoW their instantaneous positions at

the valve-opening Working angle starting point, that is, at the
starting point of the positive valve opening acceleration, in

45

other Words, at a point of the valve-opening ramp lift.
The point “X” shoWn in FIG. 11 indicates the position of

angle. In the case of the angle LY-R-Q greater than 90
degrees ([3>90°), as appreciated from the circular-arc locus of
the geometric center “R” (the second fulcrum) shoWn in FIG.
11, the instantaneous point “RP” tends to geometrically
phase-advance With respect to the geometric center “R”.

During the minimum Working-angle control mode, the

the geometric center of drive eccentric cam 5 at the valve

opening Working angle starting point, Whereas the connecting
point oflink arm 16 and rocker arm 15 is the position of the

becomes an obtuse angle [31 slightly greater than a right angle

valve open period is adequately short and also the valve lift
50

amount is very small. Hence, even When the valve-opening

second fulcrum “R” at the valve-opening Working angle start

Working angle is relatively less (shorter) than the valve-clos

ing point.

ing Working angle, there is a less actual damage to the valve
actuation mechanism, because of very small absolute values

Next, regarding the positions of the geometric center “X”
of drive eccentric cam 5 and the second fulcrum “R” at the

valve-closing Working angle end point, the intake-valve lift
(the valve-closing ramp lift) at the Working angle end point is
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of driving friction and driving torque. The minimum Work
ing-angle control mode is generally used during idling, at
no-load running or at light-load running, or at a neutral (N)

range of a transmission. That is, the minimum Working angle

set to be identical to the intake-valve lift (the valve-opening

ramp lift) at the Working angle starting point. Hence, the

corresponds to a Working angle having a high possibility of

position of the second fulcrum “R” at the valve-opening

racing When the transmission is in the N range. A speci?c
lift/Working-angle characteristic that a valve-closing Working

Working angle starting point becomes substantially identical
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angle is relatively less (shorter) than a valve-opening Working
angle, is disadvantageous for a high operational guarantee of
engine valves. In other Words, a speci?c lift/Working-angle

to the position of the second fulcrum “R” at the valve-closing

Working angle end point. Assuming that the position of the
geometric center of drive eccentric cam 5 at the valve-closing

Working angle end point is indicated as a point “X'”, then the
line segment “X'-Y” becomes equal to the line segment
“X-Y” (i.e., the eccentricity of drive eccentric cam 5) and the
line segment “X'-R” becomes equal to the line segment

characteristic that a valve-closing Working angle is equal to or
65

greater (longer) than a valve-opening Working angle, is
advantageous for a high operational guarantee of engine
valves.

