Office de la Propriete Canadian CA 2537162 A1 2005/03/03

Intellectuelle Intellectual Property
du Canada Office (21) 2 537 1 62
g,lnngags";‘:i‘:gaena " mjgtfy”gya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2004/08/25 (51) CLInt./Int.Cl. FOTL 1/08 (2006.01),

FOTL 13/00(2006.01)

(71) Demandeurs/Applicants:
YAMAHA HATSUDOKI KABUSHIKI KAISHA, JP;

(87) Date publication PCT/PCT Publication Date: 2005/03/03
(85) Entree phase nationale/National Entry: 2006/02/27

(86) N° demande PCT/PCT Application No.: JP 2004/012191 HATAMURA, KOICHI JP
(87) N° publication PCT/PCT Publication No.: 2005/019607 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2003/08/25 (JP2003-208562) HATAMURA, KOICHI, JP;

FUJITA, HIDEO, JP
(74) Agent: BARRIGAR INTELLECTUAL PROPERTY LAW

(54) Titre : TRAIN DE SOUPAPES POUR MOTEUR THERMIQUE
(54) Title: VALVE MECHANISM FOR AN INTERNAL COMBUSTION ENGINE

2 3 '
o
5 14
3b ] TN
L " ”-L “ J15
01~ (NN
3aJ8f\ S22 5e
OF - -2 Qs 06 Bc G199
53, 13 & Gh Ge P88
PR Y7 ,:' 29
Ayl /B : 28
o 283“‘ S =y
6a ‘
28 |
21 % ~"6f6d 65 12
20
29
11
<

(57) Abrégée/Abstract:

A valve gear of an internal combustion engine, wherein when a zone for one of the positive and negative accelerations of a rotating
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corresponding to the ramp part is made generally constant.

g
ey . RN

S '\'l'.'.

AU

: "..
KT
e
A

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02537162 2006-02-27

) EFHRAENITE ST ARSI -ERHEE

(19) t# 5 H B Fr A 1EH RS
EfREHFRE

43) EFR 2B H
2005 £3 A3 H (03.03.2005)

(51) ERFF57 58"
21) BFHEES:

FO1L 1/08, 13/00

PCT/JP2004/012191

(22) EfFHEER: 2004 £E8 A 25 A (25.08.2004)

(25) EffHFED S :E: A A E
26) EEAEDEEE: A A& E

(30) EBEET—4:

¥FE2003-208562 2003 £&£8 25 H (25.08.2003) JP

(71) HEEA (KEZBE L ETOEERICOINT): Y/
kXS4 (YAMAHA HATSUDOKI KABUSHIKI

KAISHA) [JP/JP]; T 4383501 H#FEE XL AT #H B
2 5 0 O & 1h Shizuoka (JP).

(54) HEAD L T: NIREBEOEFH#E

(57) Abstract:

(10) EfR ABHE S
WO 2005/019607 Al

(71) HEEA & &V

(72) #EAFE: WM #H— (HATAMURA, Koichi) [JP/JP]; T
7320813 L EBRLETEARERFRILEGHE 2 0-1 6 Hi-
roshima (JP).

(72) EBAE; &LV

(75) FEAE/HEAN (KEIZDWVTOHA): A &% (FU-
JITA, Hideo) [JP/JP]; T 4388501 #E R A H A
2 5 0 O &ith ¥ /\EEEHKRKX LA Shizuoka (JP).

(74) {XE A: {£%F 54 (SANO, Hiroshi); T 1040042 EIR &Rch
RERAM1ITEH2FSE /\THEMF EJL 9F Tokyo
(JP).

S1) EEE(RROLZWVEY . £ TOBREOERGZEN
o] g& ): AL, AG, AL, AM, Al, AU, AZ, BA, BB, BG, BR,
BW,BY, BZ, CA,CH, CN, CO, CR, CU, CZ, DE, DK, DM,
DZ., EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU,

[ER]

(54) Title: VALVE GEAR OF INTERNAL COMBUSTION ENGINE

A valve gear of an internal combustion engine,

wO 2005/019607 A1 I} 00 O A0 100 O A R

wherein when a zone for one of the positive and negative
accelerations of a rotating cam is set to be used by a ramp part, the
ramp part is formed in a curved shape so that the lift amount of a
swing cam per unit swing angle can generate the other positive or
negative acceleration so that a valve lift speed at the portion of the
valve corresponding to the ramp part is made generally constant.
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SPECIFICATION

VALV]

L+
L+l

MECHANISM FOR AN INTERNAL COMBUSTION ENGIN!

Technical Field
[0001]

The present 1nvention relates to an improvement of a valve mechanism
for opening and closing the 1intake value or exhaust valve of an
internal combustion engine.

Related Art
[0002]

Conventionally known examples of a valve mechanism of this type
include one described in, for example, Patent Document 1. Patent
Document 1 discloses an engine valve timing controller including:
a drive cam having a tapered cam surface; and a rocking cam having
a cam surface that comes 1nto sliding contact with a valve and a cam
follower that comes into sliding contact with the cam surface of the
drive cam, in which the rocking cam is rocked by rotating the drive
cam to thereby open/close the valve, and the valve timing is made
variable by changing the relative axial positions of the drive cam
and rockiling camn.

[0003]

Further, the configurations of the cam surfaces of the drive cam
and of the rocking cam are set in such a manner that a resultant
acceleration of valve lift defined as the sum of the acceleration
component due to the drive cam and the acceleration component due
to the rocking cam does not change before and after the variable valve
timing operation, and that a positive acceleration component in the
cam surface of the rocking cam and a positive acceleration component
1n the cam surface of the drive cam do not overlap each other during
the valve lift process but the positive acceleration component of
the drive cam precedes the positive acceleration component of the
rocking cam.

Patent Document 1: JP-B-3380582.

Disclosure of the Invention
Problem to be Solved by the Invention
[0004]
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However, in the case of an arrangement which adopts the conventional
structure as described above and which uses a shim, a screw, or the
like to perform the positional adjustment of a manual lash adjustor,
a valve clearance is set 1n advance, so a ramp portion (buffer section)
pecomes necessary at the time of valve lift. From the viewpoints
of valve system noise and controllability of intake air amount, it
1s desired that the configuration of the ramp portion be set so as
to exhibit a predetermined characteristic from large opening to small
opening. However, since which range of the rotating cam is used
differs between that at the time of large opening and that at the
time of small opening, the range of the rotating cam to be used during
use of the ramp portion also exhibits different characteristics
between large opening and small opening settings. Accordingly, in
cases where the ramp portion 1s used, it is difficult to impart the
same valve opening/closing characteristic to the ramp portion of
valve lift between the large opening and small opening settings.

(0005]

In view of this, 1t is an object of the present invention to provide
a valve mechanism for an internal combustion engine which makes it
possible to attain a desired characteristic even in the case of a
setting 1in which the acceleration section of a rotating cam is used
by the ramp potion of a rocking cam.

Means for Solving the Problem
[0006]

In order to solve the above-mentioned problem, the invention as
described 1n Claim 1 provides a valve mechanism for an internal
combustion engine, having a rotating cam rotated by a crankshaft of
the internal combustion engine, and a rocking cam that is rockable
by the rotating cam and has formed therein a cam surface for driving
the 1ntake valve or an exhaust valve, in which the cam surface of
the rocking cam has a base circle portion, a 1lift portion, and a ramp
portion connecting between the base circle portion and the lift
portion, and wherein in a setting in which the ramp portion uses a
section of one of positive and negative accelerations of the rotating

cam, the ramp portion 1is formed in such a curved configuration

allowing a lift amount per unit rocking angle of the rocking cam to

2
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generate the other of positive and negative accelerations so that
alift speedof the valve in a portion corresponding to the ramp portion
becomes substantially constant.

[0007]

The 1nvention as described in Claim 2 provides a valve mechanism
for an 1nternal combustion engine, having a rotating cam rotated by
a crankshaft of the internal combustion engine, and a rocking cam
that 1s rockable by the rotating cam and has formed therein a cam
surface for driving the i1intake valve or an exhaust valve, the valve
mechanism being adapted to make a 1ift amount of the intake wvalve
or the exhaust valve variable, 1in which the cam surface of the rocking
cam has a base circle portion, a 1ift portion, and a ramp portion
connecting between the base circle portion and the 1ift portion, and
in a setting in which the ramp portion uses a section of one of positive
and negative accelerations of the rotating cam, the ramp portion is
formed in such a curved configuration allowing a 1ift amount per unit
rocking angle of the rocking cam to generate the other of positive
and negative accelerations so that a 1lift speed of the valve in a

portion corresponding to the ramp portion becomes substantially

constant.
[0008]

In the 1nvention as described in Claim 3, in addition to the
construction as described in Claim 2, in a setting in which the ramp
portion uses a negative acceleration section of the rotating cam under
a state where the 1i1ft amount is variably controlled to be within

a minimum range, the ramp portion is formed in a curved configuration
SO as to generate positive acceleration so that the 1lift speed of

the valve 1n the portion corresponding to the ramp portion becomes

substantially constant.

[0009]

In the 1nvention as described 1in Claim 4, in addition to the
construction as described in Claim 2, in a setting in which the ramp
portion uses a positive acceleration section of the rotating cam under
a state where the lift amount 1is variably controlled to a maximum
range, the ramp portion 1s formed in a curved configuration so as

Lo generate negative acceleration so that the 1ift speed of the valve

3
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1in the portion corresponding to the ramp portion becomes

substantially constant.
[0010]
The invention as described in Claim 5 provides a valve mechanism
for an 1internal combustion engine, having a rotating cam rotated by
a crankshaft of the internal combustion engine, and a rocking cam

that 1s rockable by the rotating cam and has formed therein a cam

surface for driving the intake valve or an exhaust valve, the valve
mechanism being adapted to make a lift amount of the intake valve
or the exhaust valve variable, in which the cam surface of the rocking
cam has a base circle portion, a lift portion, and a ramp portion
connecting between the base circle portion and the 1ift portion, and
in a setting inwhich the ramp portion uses one of positive and negative
acceleration sections of the rotating cam, a lever ratio of the
rockling cam or a rocker arm pressed by the rocking cam increases as
the 11ft amount is variably controlled to be within a minimum range.
[0011]

In the 1nvention as described in Claim 6, in addition to the
construction as described in any one of Claims 1 through 5, a nose
surface of the rotating cam is formed in such a configuration allowing
~acceleration to be generated in all sections thereof.

[0012]

In the 1nvention as described in Claim 7, in addition to the
construction as described in any one of Claims 1 through 6, a clearance
1n the valve mechanism is produced on a downstream side in a drive

force transmission path with respect to an abutting portion.

Effect of the Invention
[0013]

According to the above-mentioned invention as described in Claim
1, in a setting in which the ramp portion uses a section of one of
positive and negative accelerations of the rotating cam, the ramp
portion is formed in such a curved configuration allowing a lift
amount per unit rocking angle of the rocking cam to generate the other
of positive and negative accelerations so that a lift speed of the
valve 1n a portion corresponding to the ramp portion becomes

substantially constant. Accordingly, even when a change occurs in
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valve clearance due to variations in the accuracy of finishing of
components or due to changes in the dimensions of the components,
varliations in the valve opening/closing timing can be stabilized,
and the intake air amount at small lift can be easily controlled.
Thus, the combustion becomes stable, so 1t 1s possible to achieve
stable output performance or exhaust gas performance, or to reduce
the impact at the time of large 1lift, whereby the reliability of the
valve system can be enhanced.

10014

According to the invention as described in Claim 2, in_the valve
mechanism for an internal combustion engine which can make the 1lift
amount of the intake valve or exhaust valve of the internal combustion
engine variable, as described above, the intake air amount at the
time of small 1i1ft can be easily controlled or the impact at the time
of large lift can be reduced, whereby a large variable range can be

secured without adversely affecting the durability of the valve

mechanism.
10015]
According to the invention as described in Claim 3, in a setting

1n which the ramp portion uses a negative acceleration section of

the rotating cam under a state where the 1lift amount is variably

controlled to be within a minimum range, the ramp portion is formed
1n a curved configuration so as to generate positive acceleration
sO that the 1i1ft speed of the valve in the portion corresponding to
the ramp portion becomes substantially constant. Accordingly, the

noise of the valve system at the time of small 1lift can be reduced,

and an l1mprovement can be achieved in terms of the controllability

of the intake air amount.
{0016]

According to the invention as described in Claim 4, in a setting
in which the ramp portion uses a positive acceleration section of
the rotating cam under a state where the 1lift amount is variably
controlled to be within a maximum range, the ramp portion is formed
in a curved configuration so as to generate negative acceleration
so that the lift speed of the valve in the portion corresponding to

the ramp portion becomes substantially constant. Accordingly, the

5
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impact upon high speed rotation at the time of large opening can be
suppressed as much as possible.
[0017]

According to the invention as described inClaim 5, there is provided
a valve mechanism for an internal combustion engine which is capable
of making a 1lift amount of an intake valve or an exhaust valve of
the internal combustion engine variable, wherein in a setting in which
the ramp portion uses one of positive and negative acceleration
sections of the rotating cam, a lever ratio of the rocking cam or
a rocker arm pressed by the rocking cam increases as the 1lift amount
1s variably controlled to be within a minimum range. Therefore, a
decrease 1n speed in the portion corresponding to the ramp portion
can be compensated for, whereby the valve 1lift speed can be readily
made linear to thereby suppress variations in valve opening/closing
timing.

(0018]

According to the invention as described in Claim 6, a nose surface
of the rotating cam 1s formed in such a configuration allowing
acceleration to be generated in all sections thereof. Accordingly,
since no constant-speed section needs to be provided, by setting the

negative acceleration section of the rotating cam long, and setting

the maximum acceleration low, the top portion of the nose surface
of the rotating cam can be made gentle (made to have a large radius
of curvature), whereby the requisite force of the spring for bringing
the rocking cam into abutment with the rotating cam can be reduced,
and also the vibration of the rocking cam can be suppressed. Further,
since the nose surface of the rotating cam has the positive and
negative acceleration sections formed therein with no constant-speed
section, when creating a cam profile, forming profiles for the two
kinds of acceleration sections suffices, whereby the cam profile can

be readily shaped.

Brief Description of the Drawings

[0019]

Fig. 1 is a longitudinal sectional view of the main portion of a
valve mechanism for an internal combustion engine according to

Embodiment 1 of the present invention when the maximum lift amount

6
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1s required, illustrating the state in which an intake valve is

closed.

FIG. 2 1s a longitudinal sectional view of the main portion of the

valve mechanism for the internal combustion engine according to

Embodiment 1 of the present invention when the minimum 1lift amount
1s required, illustrating the state in which the intake valve is
closed.

FIGs. 3 are views showing a rocking cam according to Embodiment
1 of the present invention, of which FIG. 3(a) is a front view of
the rocking cam, and FIG. 3(b) is a bottom view of the rocking camnm.

FIG. 4 1s a graph showing the relationship between rotating and

rocking cams and valve lift according to Embodiment 1 of the present

invention.

FIG. 5 1s a graph showing a related art example and corresponding

to FIG. 4, 1llustrating the relationship between rotating and rocking

cams and valve lift.

FIG. 6 1s a longitudinal sectional view of the main portion of the
valve mechanism for the internal combustion engine according to
Embodiment 2 of the present invention when the maximum l1ift amount

1s required, illustrating the state in which the intake valve is

closed.

FIG. 7 1s a longitudinal sectional view of the main portion of the

valve mechanism for the internal combustion engine according to

Embodiment 2 of the present invention when the maximum l1ift amount
1s required, illustrating the state in which the intake valve is open.

FIG. 8 1s a longitudinal sectional view of the main portion of the
valve mechanism for the internal combustion engine according to
Embodiment 2 of the present invention when the minimum l1ift amount
1s required, illustrating the state in which the intake valve is
closed.

FIG. 9 1s a longitudinal sectional view of the main portion of the
valve mechanism for the internal combustion engine according to
Embodiment 2 of the present invention when the minimum l1ift amount
1s required, illustrating the state in which the intake valve is open.
FlGs. 10 are views showing a rocking cam according to Embodiment

2 of the present invention, of which FIG. 10(a) is a front view of

7
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the rocking cam, and FIG. 10(b) is a bottom view of the rocking cam.

FIG. 11 1s a graph showing the relationship between rotating and

rocking cams and valve 1lift according to Embodiment 2 of the present

invention.

Best Mode for Carrying Out the Invention

[0020]

Hereinbelow, embodiments of the present inventionwill be described

with reference to the drawings.

| Embodiment 1 of the Invention]

[0021]

FIGs. 1 through 5 1llustrate Embodiment 1 of the present invention.
10022]

First, the construction will be described. 1In FIG. 1, reference
numeral 1 denotes a valvemechanism for an intake valve 11 of a gasoline
engine. The valvemechanism 1l has a camshaft 2 rotatedby a crankshaft
(not shown) of an internal combustion engine, a rotating cam 3
provided to the camshaft 2, a rocking shaft 4 provided in parallel
to the camshaft 2, a rocking cam 5 supported on the rocking shaft
4 and adapted to be rockable by the rotating cam 3, and a rocker arm
6 that 1is rocked in synchronization with the rocking cam 5 to
open/close the intake valve 11.

[0023]

It should be noted that the construction of the valve mechanism
1s the same between the intake valve 11 and exhaust valve of the
gasoline engine. Accordingly, Embodiment 1 focuses on the mechanism

on the intake valve side, and the description of the mechanism on

the exhaust valve side 1s omitted.

[0024]

As shown i1n FIG. 1, the camshaft 2 is arranged with its longitudinal
direction extending toward the front and back (i.e. in the direction
perpendicular to the plane) of FIG. 1. The camshaft 2 is rotated
about a center axis Ol at a half rotational speed of that of the

crankshaft of the internal combustion engine.

[0025]

Further, the rotating cam 3 is fixed onto the outer peripheral

surface of the camshaft 2 and, as shown in FIG. 1, the outer peripheral

8



CA 02537162 2006-02-27

portion thereof 1s Conflgured with a base surface 3a that 1is

arc—-shaped as seen 1n 81de v1ew, and a nose surface 3b projecting

from the base surface 3a.
[0026]

As shown in FIG. 4, the nose surface 3b of the rotating cam 3 1s
configured with a positive acceleration section and a negative
acceleration section.

[(0027]

Further, a center axis 02 of the rocking shaft 4 i1is arranged 1in

parallel to the center axis 01 of the camshaft 2.
[0028)

The rocking cam 5 is in fitting engagement with the outer peripheral
surface of the rocking shaft 4, and is supported so as to be rockable
about the center axis 02 of the rocking shaft 4. A cam surface >Ja
for rocking the rocker arm 6 is formed 1in the lower end portion of
the rocking cam 5.

[0029]

As shown 1n FIGs. 1 through 5, i1n the cam surface ba, there are
formed an arc-shaped base circle portion 5c¢c around the center axis
02, a 1li1ft portion 5d for pressing and rocking the rocker arm 6, and

a ramp portion 5e connecting between the lift portion 5d and the base

circle portion 5c.

[0030]

1ft speed

becomes substantially constant 1n a setting 1n which the negative

acceleratlon section of the rotating cam 3 1s used by the ramp portion

In this embodiment, the ramp portion 5e is formed in a curved
configuration so as to generate positive acceleration so that the
valve 11ft speed becomes constant in the setting in which the negative
acceleration section of the rotating cam 3 is used by the ramp portion
Se under a state where the 1lift amount is variably controlled to be

within a minimum range. The details in this regard is described

later.
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[0032]

Further, as shown in FIG. 3(b), a width L1 of the base circle portion

SOc 1s formed smaller than a width L2 of the 1lift portion 5d.
[0033]

Further, a roller shaft 7 having a center axis 03 in parallel to
the center axis 02 of the rocking shaft 4 1s arranged at the
longitudinally middle portion of the rocking cam 5. Provided to the
roller shaft 7 1is a roller 8 that contacts and operates in
synchronization with the base surface 3a or the nose surface 3b of
the rotating cam 3, for transmitting the drive force from the rotating
cam 3 to the rocking cam 5.

[0034]

Further, a spring 15 for urging the rocking cam 5 toward the rotating
cam 3 side 1s in fitting engagement with the rocking shaft 4. Thus,
the rocking cam 5 is urged toward the rotating cam 3 side by the urging
force of the spring 15, so that the outer peripheral surface of the
roller 8 1s 1n constant contact with the base surface 3a or nose surface
3b of the rotating cam 3.

10035]

Furthermore, the valve mechanism 1 is provided with a variable
abutment portion mechanism as described below that makes variable
the relative distance between a roller 14 and a center axis 05 of
a rocker arm shaft 12 which will be described later.

[0036]

That 1s, the rocker arm 6 has a rocker arm main body 6d provided

SO as to be turnable by the rocker arm shaft 12, and the roller 14

1s supported on the rocker arm main body 6d through a roller arm 6c.

[0037]

Specifically, as shown in FIG. 1, an eccentric shaft 29 is fixedly
provided to the rocker arm shaft 12 in such a manner that a center
axis O7 of the eccentric shaft 29 is 1located in parallel and

eccentrically to the center axis 05 of the rocker arm shaft 12. The

roller arm 6c¢c is rotatably locked onto the eccentric shaft 29 by means

ot a leaf spring 28.
[0038]

The roller arm 6c has an engaging portion 6e formed at its one end.

10
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The engaging portion 6e engages with the outer peripheral surface

of the eccentric shaft 29, and is so shaped as to be capable of sliding

on the outer peripheral surface of the eccentric shaft 29. A fitting

engagement portion 6f 1s projectingly disposed in the position

adjacent to the engaging portion be to come into fitting engagement

with the leaf spring 28 so as to prevent dislodging thereof.
[0039]

The leaf spring 28 1s formed into a predetermined configuration
by bending a planar spring at several locations. A locking portion
28a formed in the leaf spring 28 is brought into fitting engagement
with the fitting engagement portion 6f and the eccentric shaft 29,

whereby the roller arm 6c and the eccentric shaft 29 are integrally

locked 1n place. Further, a distal end portion 28b of the leaf spring
28 1s brought into elastic contact with a contact surface 6i of the
rocker arm main body 6d. Accordingly, the roller arm 6c is urged
clockwise 1n FIG. 1 by the leaf spring 28, causing the roller 14 to
abut the cam surface 5a of the rocking cam 5. Further, a predetermined
clearance A is provided between a pressing portion 6h of the roller
arm 6c and a guide portion 63 of the rocker arm main body 6d.
[0040]
The roller 14 is rotatably supported on a roller shaft 13 that is

in fitting engagement with a through-hole 6g at the distal end portion

of the roller arm 6c.
[0041)
The pressing portion 6h is formed on the lower side of the distal
end portion of the roller arm 6c. The guide portion 63 of the rocker

arm main body 6d is pressed by the pressing portion 6h, causing the

rocker arm main body 6d to turn downwardly.

[0042]

Further, the roller arm 6c is freely movable to a predetermined
position. By changing the contact position between the roller 14
provided to the roller arm 6c and the cam surface 5a of the rocking
cam >, the life amount of each valve 11 or the like can be adjusted.

[0043]
Further, formed on the lower side of the distal end portion of the

rocker arm main body 6d is a valve pressing portion 6a that presses

11
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As described above, the roller arm 6¢c is integrally locked onto
the eccentric shaft 29 by means of the leaf spring 28 so that the
roller arm 6c¢ can slide on the outer peripheral surface of the
eccentric shaft 29. Thus, when the rocking cam 5 is rocked, the roller
arm 6¢ 1s rocked via the roller 14 and the roller shaft 13 toward
the intake valve 11 side against the urging force of the leaf sSpring
28. Further, as the roller arm 6c is rocked toward the intake valve
11 side, the pressing portion 6h of the roller arm 6c presses on the
guide portion 6j of the rocker arm main body 6d to cause the rocker
arm main body 6d to rock toward the intake valve 11 side, thereby
making it possible to open the intake valve 11.

(0045]

Further, an actuator (not shown) for rotating the rocker arm shaft
12 within a predetermined angle range about the center axis 05 is
connected to one end portion of the rocker arm shaft 12. Connected
to the actuator is control means (not shown) for controlling the angle

of the actuator according to the operational state of the internal

combustion engine.
[0046]

Thus, when the rocker arm shaft 12 is rotated by a predetermined
angle by the actuator, the eccentric shaft 29 provided to the rocker
arm shaft 12 is turned by a predetermined angle about the center axis
05 of the rocker arm shaft 12. Further, when the eccentric shaft
29 1s turned by the predetermined angle, the roller arm 6c operating
in synchronization therewith is moved, for example, from the position
shown in FIG. 1 to a predetermined position shown in FIG. 2. Then,
once the roller arm 6c has been moved to the predetermined position,
the contact point where the cam surface 5a of the rocking cam 5 and
the roller 14 provided to the roller arm 6c come into contact with
each other changes. The rocking amount of the rocker arm main body
6d can be thus changed, which the 1ift amount or the like of the intake
valve 11 that is vertically moved by the rocker arm 6 can be adjusted.

(0047]

Here, the lever ratio of the rocker arm 6 pressed on by the rocking

12
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cam S5 1s adapted to increase as the roller arm 6c¢ is moved from the
state shown 1n FIG. 1 to the state shown in FIG. 2 and as the 1lift
amount 1s variably controlled to be within a minimum range. That
1s, while the rocker arm main body 6d turns about the center axis
05, the pressing portion 6h of the roller arm 6¢c approaches the center
ax1s Ob as the lift amount is variably controlled to be within a minimum
range. The lever ratio of the rocker arm 6 is adapted to l1ncrease
with this approaching movement.
10048]

Further, even 1n the case where a predetermined clearance is not
provided between the valve pressing portion 6a of the rocker arm main
body ©6d and the intake valve 11, the predetermined clearance A
provided between the pressing portion 6h and the guide portion 67
allows the 1ntake valve 11 to be reliably opened and closed even when,
due to a rise 1n the temperature of the internal combustion engine,

the 1intake valve 11 undergoes thermal expansion to cause elongation

of the wvalve.
(0049]

With the valve mechanism 1 for an internal combustion engine

constructed as described above, in which the 1ift amount of each valve
11 or the like can be adjusted by making the roller arm 6c be freely
movable to the predetermined position and changing the contact
position between the roller 14 of the rocker arm 6 and the cam surface
>a of the rocking cam 5, the roller arm 6¢ is urged toward the rocking
cam o> side by the leaf spring 28. Accordingly, even when the roller
arm 6c 1s moved to the predetermined position and the contact position
petween the roller 14 and the cam surface 5a changes, the roller 14
of the rocker arm 6 and the cam surface 5a of the rocking cam 5 come

into contact with each other, thereby making it possible to prevent

adhesive wear.

[0050]

Further, although the width L1 of the base circle portion 5c is

small, since no large load acts on this portion, a requisite strength

can be secured for the base circle portion 5¢c. Because a large load

acts on the lift portion 5d, the width L2 thereof is made larger to

secure a requlisite strength.
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[0051]

Further, the rocker arm 6 is disposed below the rocking cam 5 while

being rockably supported on the rocker arm shaft 12.
[0052]

The intake valve 11 has a collet 20 and an upper retainer 21 that
are provided 1n 1its upper portion. A valve spring 22 is arranged
pelow the upper retainer 21. The intake valve 11 is urged toward
the rocker arm 6 side by the urging force of the valve spring 22.

Further, the shim 23 1s fitted on the upper end portion of the intake

valve 11.

[0053]

Accordingly, the intake valve 11 can be vertically moved by rocking
the rocker arm 6 in synchronization with the rocking motion of the
rocking cam 5. Thus, the maximum 1ift amount of the intake valve
11l can be made variable by making the relative distance between the
center axis 05 of the rocker arm shaft 12 and the roller 14 variable.

[0054]

Incidentally, according to the present invention, as shown in FIG.
4, by forming the ramp portion 5e of the rocking cam 5 1in a
predetermined curved <configuration and imparting positive
acceleration to the ramp portion 5e of the rocking cam 5, the speed
of the ram portion 5e of the valve 1lift becomes substantially constant
in the state where the lift amcunt is minimum. Accordingly, even
when changes 1n valve clearance occur due to variations in the
accuracy of finishing of the components or due to changes in the
dimensions of the components resulting from thermal expansion,
variations in valve opening/closing timing can be stabilized, and
since combustion is stabilized, the output performance or exhaust
gas performance can be made stable, and further the impact of the

valve when it returns to the seat or the valve system vibration can
be stabilized to thereby stabilize noise.

[0055]

In thlS regard FIG. 4 1s a graph 1llustrating the relationship
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and rocking cams and the valve 1lift, according to the prior art.

[0056]

components are shown by chain double-dashed lines. Tu

of the rotating cam 3, and the vertical axis represents the 1lift amount

of the rotating cam 3. The figures show a lift curve (A) of the

rotating cam 3.
[0057]
Further, 1n the graph shown in FIG. 4, the foot portion (the foot
portion of the nose surface 3b) of the 1ift curve (A) is curved, and
as 1ndicated by an acceleration curve (B) drawn in broken line, this

portion serves as the positive acceleration section.

[0058]

Further, in the li1ft curve (A), the portion above the foot portion
(the portion other than the foot of the nose surface 3b) is curved,
and this portion serves as the negative acceleration section as

indicated by a characteristic curve (H) drawn in broken line.
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obtain |

(0061 ]

In this case, the characteristic (a) of the ramp portion 5e
generating positive acceleration and the characteristic (c) of the
rotating cam 3 generating negative acceleration are synthesized, so

a ramp portion characteristic (d) of the lift curve (F) at minimum
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valve 1ift exhibits a straight line, that is, constant valve lift

speed. Thus, even when a variation occurs in valve clearance in the

state where the ramp portion 5e 1is in contact with the roller 14,
the valve opening/closing timing 1s stable, thereby achieving
enhanced controllability of the intake air amount.
[0062]
On the other hand, when, as described above, the valve 1lift is set

at 1ts maximum, the rotating cam 5 exhibits a characteristic indicated

&

by a curve (E). In the figures, symbol (a) represents a
characteristic at the ramp portion 5e, and symbol (b) represents a
characteristic at the lift portion 5b.

[0063]

The 1i1ft curve (E) of the rocking cam 5 and the 1ift curve (A)
of the rotating cam 3 are synthesized to obtain a valve 1lift
characteristic curve (G).

[0064]

By synthesizing the characteristic (a) of the ramp portion 5e
generating positive acceleration and the characteristic (e) of the
rotating cam 3 generating positive acceleration, a ramp portion
characteristic (f) of the 1lift curve (G) at maximum valve 1lift
generates positive acceleration.

[0065]

It should be noted that in the prior art design shown in FIG. 5,
the foot portion (the foot portion of the nose surface 3b) of the

l1ft curve (A) is curved, and as indicated by the acceleration curve

(B) drawn 1n broken line, this portion serves as the positive

acceleration section.

[0066]

Further, the middle portion (the middle portion of the nose surface
3b) of the lift curve (A) is linear, and this portion serves as a

constant speed section.
[0067]
Further, in the lift curve (A), the upper side portion (the portion
near the top of the nose surface 3b) is curved, which serves as the

negative acceleration section as indicated by a characteristic curve

(H) drawn in broken like.
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[0068]

Further, when, as described above, the valve lift is set at its
minimum, the rocking cam 5 exhibits a characteristic as indicated
by the 1lift curve (D). In the figures, symbol (a) represents a
characteristic at the ramp portion 5e, and symbol (b) represents a
characteristic at the 1lift portion 5d.

(0069]

The lift curve (D) of the rocking cam 5 and the lift curve (A)
of the rotating cam 3 are synthesized to obtain the valve lift curve
(F) .

[0070]

The characteristic (a) of the ramp portion 5e exhibiting constant
speed and the characteristic (c) of the rotating cam 3 having negative
acceleration are synthesized, so the initial characteristic (d) of

the lift curve (F) at small valve lift opening exhibits negative

acceleration. Thus, when a variation occurs in the angle of the

rotating cam 3 in the state where the ramp portion 5e is in contact

with the roller 14, the valve opening/closing timing varies, leading

to a deterioration in the controllability of the intake air amount.
[0071]

Further, 1in this embodiment, as the 1lift amount 1is variably
controlled to be within a minimum range, the roller arm 6c and the
roller 14 are moved from the state shown in FIG. 1 to that shown in
FIG. 2, whereby the lever ratio of the rocker arm 6 pressed by the
rocking cam 5 increases. Therefore, a decrease in speed at the valve
lift characteristic d corresponding to the ramp portion 5e can be
compensated for, whereby the valve lift speed can be readily made
linear to thereby suppress variations in valve opening/closing
timing.

(0072]

Further, the rotating cam 3 is formed in such a configuration
allowing the nose surface 3b to generate acceleration in all the
sections. Accordingly, by setting the negative acceleration section
of the rotating cam 3 long, and setting the maximum acceleration low,
the top portion of the nose surface 3b of the rotating cam 3 can be

made gentle (made to have a large radius of curvature), whereby the
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requisite force of the spring 15 for bringing the rocking cam 5 into
abutment with the rotating cam 3 can be reduced, and also the vibration
of the.rocking cam 5 can be suppressed. Further, since the nose
surface 3b of the rotating cam 3 has the positive and negative
acceleration sections formed therein with no constant-speed section,
when creating a cam profile, forming profiles for the two kinds of

acceleration sections suffices, whereby the cam profile can be

readlly shaped.

| Embodiment 2 of the Invention]

[0073]

FIGs. 6 through 11 illustrate Embodiment 2 of the present invention.

[0074]

Embodiment 2 of the present invention is constructed such that the
variable abutment portion mechanism for making the valve 1ift amount
variable is provided on the rocking cam 5 side, and desired valve

Characteristics can be obtained when the opening at maximum lift

amount 1s large.

[0075]

That 1s, as shown in FIGs. 6 through 11, in a cam surface 5a of
a rotating cam 5 according to this embodiment, there are formed a
pase circle portion 5c having the shape of a circular arc drawn around
a center axis 02, a lift portion 5d for pressing and rocking a rocker
arm 6, and a ramp portion 5e connecting between the lift portion 5d
and the base circle portion 5c.

[0076]

The ramp portion 5e has a curved configuration. The configuration
O the ramp portion 5e is set to a curved configuration so that the
valve li1ft speed becomes constant in a setting in which the positive
acceleration section of the rotating cam 3 is used by the ramp portion
ode. Here, the ramp portion 5e is formed in a curved configuration
SO as to generate negative acceleration so that the valve 1lift speed
becomes constant in the setting in which the positive acceleration
section of the rotating cam 3 is used by the ramp portion 5e under

a state where the 1lift amount is variably controlled to be within

a maximum range.

[0077]
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Further, as shown in FIG. 10, a width L1 of the base circle portion

oc 1s formed smaller than a width L2 of the 1lift portion 5d.
[00'78]

Further, a gulide portion 5b as an elongate through-hole is formed
at the longitudinally middle portion of the rocking cam 5. A roller
shaft 7, which has a center axis 03 in parallel to the center axis
02 of”'a rocking shaft 4, is movably inserted through the guide portion
ob. Provided to the roller shaft 7 is a roller 8 that contacts and
operates 1n synchronization with a base surface 3a or a nose surface
3b of the rotating cam 3, for transmitting the drive force from the
rotating cam 3 to the rocking cam 5.

(0079]

Further, the guide portion 5b is formed in the shape of an elongate

hole so as to guide the roller shaft 7 along its longitudinal direction

over a predetermined distance, and the guiding direction at this time

1s inclined with respect to the radial direction of the camshaft 2.
[0080]

Further, as shown in FIG. 6, the roller 8 is formed in a circular
shape, and 1s arranged on the outer peripheral surface of the roller
shaft 7 so that the center axis of the roller 8 becomes the same as
the center axis O3 of the roller shaft 7. The outer peripheral surface

of the roller 8 is capable of rolling on the base surface 3a and nose
surface 3b of the rocking cam 3.

10081]

Here, the roller 8 used is capable of rolling on the surface of
the rotating cam 3. However, the present invention is not limited

to this; the roller 8 used may be one capable of sliding on the surface

of the rotating cam 3 as long as the drive force from the rotating
cam 3 can be transmitted to the rocking cam 5.
[0082]
Further, a spring 15 for urging the rocking cam 5 toward the rotating

cam 3 side is in fitting engagement with the rocking shaft 4. Thus,

the rocking cam 5 is urged toward the rotating cam 3 side by the urging

force of the spring 15, so that the outer peripheral surface of the

roller 8 is in constant contact with the base surface 3a or nose surface

3b of the rotating cam 3.
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[0083]

Furthermore, the valve mechanism 1 is provided with a variable
abutmeht portion mechanism for making variable the relative distance
petween the roller 8 and the center axis 02 of the rocking shaft 4.

10084 ]

The variable abutment portion mechanism has a drive shaft 9 fixedly
provided onto the rocking shaft 4, and an arm 10 whose one end portion
10a 1s connected to the roller shaft 7 and whose other end portion
10b 1s connected to the drive shaft 9.

[0085]

The drive shaft 9 is provided to the rocking shaft 4 in such a manner
that a center axis 04 thereof is located in parallel and eccentrically
to the center axis 02 of the rocking shaft 4.

[0086]

Further, an actuator (not shown) for rotating the rocking shaft
4 within a predetermined angle range about the center axis 02 is
connected to one end portion of the rocking shaft 4. Connected to
the actuator is control means (not shown) for controlling the angle
of the actuator according to the operational state of the internal
combustion engine.

(0087]

Thus, when the rocking shaft 4 turns by a predetermined angle, the
drive shaft 9 turns by a predetermined angle about the center axis
02 of the rocking shaft 4, whereby the position of the center axis

O4 changes relative to the center axis 02 of the rocking shaft 4.
10088]

The arm 10 is capable of keeping the distance between the center
axis O3 of the roller shaft 7 and the center axis 04 of the drive
shaft 9 constant. A through-hole 10c, with which the roller shaft
7 1s fitted, is formed at the one end portion 10a of the arm 10, and

an insertion portion 10d, into which the drive shaft 9 is inserted
and which 1s partially open, is formed at the other end portion 10b
thereof. Accordingly, the roller shaft 7 is rotatably fitted with
the through-hole 10c at the one end portion 10a, and the drive shaft
9 1s rotatably fitted with the insertion portion 10d at the other

end portion 10b and mounted in place with a pin 16 so as to prevent
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dislodging thereof.
[0089]

Thus, when the rocking shaft 4 is rotated by a predetermined angle
by the actuator, the drive shaft 9 provided to the rocking shaft 4
1s turned by a predetermined angle about the center axis 02 of the
rocking shaft 4, and the roller shaft 7 is operated in synchronization
with this turning movement through the arm 10. The roller shaft 7
can be thus moved within the guide portion 5b while keeping the
distance between the center axis 03 of the roller shaft 7 and the
center axis 04 of the drive shaft 9 constant with the arm 10, whereby
the relative distance between the center axis 02 of the rocking shaft
4 and the roller 8 can be made variable.

[0090]

Here, the lever ratio of the rocker arm 6 pressed on by the rocking
cam 5 1s adapted to increase as the roller arm 6c is moved from the
state shown i1in FIG. 6 to the state shown in FIG. 8 and as the 1lift
amount 1s variably controlled to be within a minimum range. That
1s, while the rocking cam 5 turns about the center axis 02, the roller
shaft 7 pressing on the guide portion 5b approaches the center axis
02 as the lift amount is variably controlled to be within a minimum
range. The lever ratio of the rocking cam 5 is adapted to increase
with this approaching movement.

(0091]

Further, the rocker arm 6 is disposed below the rocking cam 5 while

being rockably supported on the rocker arm shaft 12.
[0092]

Further, a valve pressing portion 6a is formed at the distal end
portion of the rocker arm 6 for pressing on the upper surface of a

shim 23 fitted on an intake valve 11 which will be described later.

[0093]

A roller 14 1s rotatably provided to the roller shaft 13, and the
outer peripheral surface of the roller 14 is capable of rolling on
the cam surface 5a of the rocking cam 5.

[0094]
Further, a spring 17 for urging the rocker arm 6 toward the rocking

cam o> side 1s in fitting engagement with the rocker arm shaft 12.
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Thus, the rocker arm 6 is urged toward the rocking cam 5 side by means
of the spring 17, so that the outer peripheral surface of the roller

14 1s 1n constant contact with the cam surface 5a of the rocking cam

D
[0095]

Further, the intake valve 11 pressed by the valve pressing portion

6a 1s arranged below the valve pressing portion 6a of the rocker arm

6 sO0 as to be vertically movable.

[0096]

The intake valve 11 has a collet 20 and an upper retainer 21 that

are provided 1n 1ts upper portion. A valve spring 22 1s arranged

below the upper retainer 21. The intake valve 11 1s urged toward
the rocker arm 6 side by the urging force of the valve spring 22.
Further, the shim 23 1s fitted on the upper end portion of the i1ntake

valve 11.

L0097]

Accordingly, the intake valve 11 can be vertically moved by rocking
the rocker arm 6 1n synchronization with the rocking motion of the
rocking cam 5. Thus, by making the relative distance between the
center axis 02 of the rocking cam 4 and the roller 8 variable to adjust
the rocking start position of the rocking cam 5, the maximum lift
timing of the intake valve 11 can be adjusted and made variable through
the rocker arm 6.

{0098]

Next, the operation of the wvalve mechanism 1 constructed as

described above will be described.
[0099]
First, detailed description will be made on the operation of the

valve mechanism 1 for an internal combustion engine when the maximum
lift amount is required.
(0100]

Here, FIG. 6 1s a longitudinal sectional view of the main portion
of valve mechanism 1 of the internal combustioh engine according to
Embodiment 1 of the present invention when the maximum 1lift amount
1s required, illustrating the state in which the intake valve 11 is

closed. FIG. 7 is a longitudinal sectional view of the main portion
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of the valve mechanism 1 of the internal combustion englne according

to Embodiment 2 of the present invention when the maximum li1ft amount
1S requ'ired, 1llustrating the state in which the intake valve 1s open.
[0101]

First, as shown in FIG. 6, the roller shaft 7 is moved to the rotating
cam 3-side end portion of the guide portion 5b, thereby changing the
relative distance between the center axis 02 of the rocking shaft
4 and the roller 8. That 1s, the rocking shaft 4 i1is turned by a
predetermined angle by the actuator, causing the drive shaft 9 to
move 1n the circumferential direction of the rocking shaft 4. Thus,
the roller shaft 7 1s operated 1n synchronization with this movement
via the arm 10 so as to be moved to the rotating cam 3-side end portion
of the guide portion 5b, whereby the relative distance between the

center axis 02 of the rocking shaft 4 and the roller 8 changes.

- [0102]

Further, as shown in FIG. 6, while the roller 8 provided to the
rocking cam 5 1s in contact with the base surface 3a of the rotating
cam 3, the rocking cam 5 1s not rocked to the intake valve 11 side,
the rocker arm 6 1s urged to the rocking cam 5 side by the urging

i

force of the spring 17, and also the intake valve 11 is urged to the

rocker arm 6 side by the urging force of the valve spring 22. Thus,
the 11ft of the intake valve 11 does not occur and the intake valve
11 1s brought into a closed state.
(01031

Inthis state, the roller 14 is located at the position corresponding
to the base circle portion 5c¢ of the cam surface 5a of the rocking
cam 5. Since no large abutment force acts between the roller 14 and
the base circle portion 5c in the valve closure state, a sufficient

durability can be secured even through the width L1 of the base circle

portion 5c is small.
[0104]

Then, when the rotating cam 3 is rotated via the camshaft 2 due
to the rotation of the crankshaft of the internal combustion engine,
as shown 1in FIG. 7, the roller 8 is pressed on by the nose surface
3b. As the roller 8 is further pressed, the rocking cam 5 is pressed

via the roller shaft 7, causing the rocking cam 5 to rock

23



CA 02537162 2006-02-27

counterclockwise 1n FIG. 6 against the urging force of the spring

15.
[0105]

Through the rocking movement of the rocking cam 5, the portion of
the cam surface 5a of the rocking cam 5 which presses the roller 14
changes from the base circle portion 5c to the 1ift portion 5d via
the ramp portion 5e, and the rocker arm 6 1s turned via the roller
shaft 13 to the 1ntake valve 11 side. 1In this way, a relative distance
M between the center axis 02 of the rocking shaft 4 and the roller
14 1n contact with the cam surface 5a of the rocking cam 5 as shown
in FIG. 6 1is largely changed to a relative distance N between the
center axis 02 of the rocking shaft 4 and the roller 14 in contact
with the cam surface 5a of the rocking cam 5 as shown in FIG. 7. The
rocker arm 6 thus undergoes large rocking movement to the intake valve
ll side.

(01067

Then, the valve pressing portion 6a formed at the distal end portion
of the rocker arm 6 that has thus undergone large rocking movement
to the intake valve 11 side presses on the upper surface of the shim
23 to push down the intake valve 11 by a large distance. As described
above, by moving the roller shaft 7 to the end portion of the guide
portion 5b 1in the rotating cam 3 side to make the relative distance
between the center axis 02 of the rocking shaft 4 and the roller 8
variable, the relative distance between the center axis 02 of the
rocking shaft 4 and the roller 14 in contact with the cam surface

oa of the rocking cam 5 can be largely changed, whereby the intake
valve 11 can be pushed down by a large distance to bring the intake

valve 11 into an open state at the maximum lift amount.

(0107)
In the case where the intake valve 11 is opened in this way, the
width L2 of the 1ift portion 5d is made large because a large reaction
force acts on the cam surface 5a of the rocking cam 5, thereby making

1t possible to secure strength.

[0108]

Next, detailed description will be made on the operation of the

valve mechanism 1 of the internal combustion engine when the minimum
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1l1ft amount is required.
[0109]
Here, FIG. 8 1s a longitudinal sectional view of the main portion

of the valve mechanism for the internal combustion engine according

to Embodiment g_of the present 1nvention when the minimum lift amount

1s required, illustrating the state in which the intake valve is

closed. FIG. 9 is a longitudinal sectional view of the main portion

of the valve mechanism for the internal combustion engine according

to Embodiment 1 of the present invention when the minimum lift amount

1s required, 1llustrating the state in which the intake valve is open.
[0110]

First, as shown in FIG. 8, in the state as shown in FIG. 6 where
the roller shaft 7 is retained at the rotating cam 3-side end portion,
the roller shaft 7 1s moved to the rocking shaft 4-side end portion
of the guide portion 5b, thereby changing the relative distance
between the center axis 02 of the rocking shaft 4 and the roller 8.

[0111]

That 1s, the rocking shaft 4 is turned within a predetermined angle
range by the actuator, and the drive shaft 9 is moved in the
circumferential direction of the rocking shaft 4. Accordingly, the
roller shaft 7 is operated in synchronization with this movement via
the arm 10 so that the roller shaft 7 is moved to the rocking shaft
4-si1de end portion of the guide portion 5b from the state where it
l1s retained at the rotating cam 3-side end portion, whereby the
relative distance between the center axis 02 of the rocking shaft

4 and the roller 8 decreases. Then, the rocking cam 5 turns from
the position as shown in FIG. 6 to the position as shown in FIG. 8

due to the urging force of the spring 15.

[0112]

Further, as shown in FIG. 8, while the roller 8 provided to the
rocking cam 5 is in contact with the base surface 3a of the rotating
cam 3, the rocking cam 5 is not rocked to the intake valve 11 side,
the rocker arm 6 is urged to the rocking cam 5 side by the urging
force of the spring 17, and also the intake valve 11 is urged to the
rocker arm 6 side by the urging force of the valve spring 22. Thus,

the 11ft of the intake valve 11 does not occur and the intake valve
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11 1s brought 1nto a closed state.
[0113]

When the rotating cam 3 is rotated via the camshaft 2 due to the
rotation of the crankshaft of the internal combustion engine, as shown
in FIG. 9, the roller 8 is pressed on by the nose surface 3b, and
the rocking cam 5 is pressed via the roller shaft 7, causing the rocking
cam 5 to rock counterclockwise in FIG. 8 against the urging force
of the spring 15.

[(0114]

As the rocking cam 5 is further rocked, the roller 14 1n contact
with the rocking shaft 4-side distal end portion of the cam surface
5a of the rocking cam 5 is pushed down to the intake valve 11 side
by using the range of the cam surface 5a from the rocking shaft 4-side
distal end portion to the center portion thereof, whereby the rocker
arm 6 is rocked to the intake valve 11 side via the roller shaft 13.
In this way, a relative distance P between the center axis 02 of the
rocking shaft 4 and the roller 14 in contact with the cam surface

5a of the rocking cam 5 as shown in FIG. Blundergoes a small change

s—

to become a relative distance Q between the center axils 02 of the

rocking shaft 4 and the roller 14 in contact with the cam surface

5a of the rocking cam 5 as shown in FIG. 9. The rocker arm o thus

undergoes small rocking movement to the intake valve side.

[0115]

Then, the valve pressing portion 6a formed at the distal end
portion of the rocker arm 6 that has thus undergone small rocking

movement to the intake valve 11 side presses on the upper surface

of the shim 23 to push down the intake valve 11 by a small distance.
In this way, by moving the roller shaft 7 to the rocking shaft 4-side
end portion of the guide portion 5b to make the relative distance
between the center axis 02 of the rocking shaft 4 and the roller 8
varliable, the relative distance between the center axis 02 of the
rocking shaft 4 and the roller 14 in contact with the cam surface
Sa of the rocking cam 5 can be subjected to a small change to push
down the i1ntake valve 11 by a small distance, whereby, in Embodiment

1, the 1ntake valve 11 can be brought into an open state at the minimum

l1ft amount.
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[0116]

In the wvalve mechanism 1 of the internal combustion engine
constrﬁcted as described above, the rocking cam 5 is provided with
the roller 8 that comes into contact with the rotating cam 3 to transmit
the drive force from the rotating cam to the rocking cam 5. The valve
mechanism 1 is provided with the variable abutment portion mechanism
for making the relative distance between the roller 8 and the center
axis 02 of the rocking shaft 4 variable by making the roller 8 movable;
the 1ift amount or the like of each valve 1s made variable by thus
making the relative distance variable, whereby the structure can be
simplified to achieve low-cost construction.

[0117]

Further, the load from the rotating cam 3 1s 1nput to the roller
8, and the locad is directly transmitted from the roller 8 to the guide
portion 5a of the rocking cam 5. Then, the load 1s transmitted from
the rocking cam 5 to the intake valve 11 via the rocker arm 6. Thus,
no large load acts on the arm 10 that supports the roller 8, and since

the arm 10 serves the sole function of moving the roller 8 along the

guide portion 5b, not so large strength is required for the arm 10.

(0118]

Incidentally, according to the present invention, the 1lift portiorn
5d of the rocking cam 5 1s formed 1in the predetermined curved
configuration, and the ramp portion 5e of the rocking cam 5 1s 1mparted
with negative acceleration. Thus, at the initial valve 1lift stages
in a large Valve l11ft opening state, the valve speed becomes constant,
thereby reducing the impact at the time of large lift opening.

(0119]

In this connection, FIG. 11 shows a 1lift curve (A) of the rotating
cam 3, 1n which the horizontal axis represents the rotation angle
of the rotating cam 3, and the vertical axis represents the 1lift of
the rotating cam 3. The foot portion (the foot portion of the nose
surface 3b) of the li1ft curve (A) 1s curved, and as i1ndicated by an
acceleration curve (B) drawn in broken line, this portion serves as

the positive acceleration section.

[0120]

Further, 1n the 1lift curve (A), the portion above the foot portion
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(the portion other than the foot of the nose surface 3b) 1s curved,
and this portion serves as the negative acceleration section as

indicated by a characteristic curve (H) drawn 1n broken line.
[0121]

Further, when, as described above, the valve li1ft 1s set at large

opening, the rocking cam 5 exhibits a 11ft characteristic as indicated

by a curve (E). In the figure, symbol (a) represents a characteristic
at the ramp portion S5e, and symbol (b) represents a characteristic
at the 1lift portion 5b.

[0122]

The 1l1ft curve (E) of the rocking cam 5 and the lift curve (A) of
the rotating cam 3 are synthesized to obtain a valve 11ft curve (G).

[0123]

The characteristic (a) of the ramp portion 5e having negative
acceleration and a characteristic (e) of the rotating cam 3 having
positive acceleration are synthesized, so an initial characteristic
(f) of the 1lift curve (G) at large valve 1lift opening exhibits
substantially constant speed. Thus, a reduction in impact can be
achlieved 1n the state where the ramp portion 5e is in contact with
the roller 14.

[0124]

On the other hand, when, és described above, the valve l1lift i1is set
at small opening, the rotating cam 5 exhibits a characteristic
indicated by a curve (E).

[0125]

The characteristic (a) of the ramp portion 5e having negative
acceleration and the characteristic (b) of the rotating cam 3 having
negative acceleration are synthesized, so the initial characteristic
(d) of the lift curve (F) at large valve lift opening has negative
acceleration, which means that variations may occur in the valve
opening/closing timing. However, when, at the time of large valve
11ft opening, the engine is rotating at high speed and the noise impact

at the ramp portion Se presents a greater problem than such variations

in valve timing, it is desirable to adopt Embodiment 2 described

above.

[012606]
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Further, 1n this embodiment, as the 1lift amount 1s variably
controlled to be within a minimum range, the arm 10 and the roller
8 are moved as shown in FIGs. 6 through 8, whereby the lever ratio
of the rocking cam 5 increases. Therefore, the speed at the valve
l1ift characteristic (d) corresponding to the ramp portion 5e can be
increased, whereby variations in valve opening/closing timing can
be suppressed.

[0127]

It should be noted that while in above-described embodiments the
structure shown 1n FIG. 1 and the like exhibits the characteristics
shown 1n FIG. 4, and the structure shown in FIG. 6 and the like exhibits
the characteristics shown in FIG. 11, this should not be construed
restrictively. It is also possible for the structure shown in FIG.
1 and the like to exhibit the characteristics shown in FIG. 11, and
for the structure shown in FIG. 6 and the like to exhibit the
characteristics shown in FIG. 4.

Description of Symbols
10128]
l: wvalve mechanism
Z2: camshaft
3: rotating cam
3a: base surface
3b: nose surface
4: rocking shaft
5: rocking cam
Sa: cam surface
Sb: guide portion
5Cc: base circle portion
>d: 1lift portion
Se: ramp portion
6: rocker arm
7: roller shaft
8: roller (rotating cam abutting portion)
9: drive shaft (variable abutment portion mechanism)

10 arm (variable abutment portion mechanism)

11l: 1ntake wvalve
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0l, 02, 03, 04: center axis
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CLAIMS
1. A valve mechanism for an internal combustion engine, having a
rotating cam rotated by a crankshaft of the internal combustion engine,
and a rocking cam that 1is rockable by the rotatlng cam and has formed

therein a cam surface for drlv:Lng an 1ntake--..valve Oor an exhaust valve,

wherein the cam surface of the rocking cam has a base circle portion,
a lift pertion, and a ramp portion connecting between the base circle
portion and the 1lift portion, and

wherein 1n a setting in which the ramp portion uses a section of
one of positive and negative accelerations of the rotating cam, the
ramp portion 1s formed in such a curved configuration allowing a 1ift

amount per unit rocking angle of the rocking cam to generate the other

of p051t1ve and negatlve acceleratlons so that a 1li1ft speed of the

ramp portion becomes substantially constant.
2. A valve mechanism for an internal combustion engine, having a
rotating cam rotated by a crankshaft of the internal combustion engine,

and a rocking cam that 1is rockable by the rotatlng cam and has formed

the valve mechanism being adapted to make a 1ift amount of the intake
valve or the exhaust valve variable,

wherelin the cam surface of the rocking cam has a base circle portion,
a l1ft portion, and a ramp portion connecting between the base circle
portion and the lift portion, and

whereln in a setting in which the ramp portion uses a section of
one of positive and negative accelerations of the rotating cam, the
ramp portion is formed in such a curved configuration allowing a lift

amount per unit rocking angle of the rocking cam to generate the other

of p051t1ve and negatlve acceleratlons so that a 1li1ift speed of the

ramp portion becomes substantially constant.

3. The valve mechanism for an internal combustion engine according
to Claim 2, wherein in a setting in which the ramp portion uses a
negative acceleration section of the rotating cam under a state where
the 11ft amount is variably controlled to be within a minimum range,

the ramp portion is formed in a curved configuration so as to generate
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positive acceleration so that the 1lift speed of the valve in the
portion corresponding to the ramp portion becomes substantially
constaht.

4. The valve mechanism for an internal combustion engine according
to Claim 2, wherein in a setting in which the ramp portion uses a
poslitive acceleration section of the rotating cam under a state where
the 11ft amount is variably controlled to be within a maximum range,
the ramp portion is formed in a curved configuration so as to generate
negative acceleration so that the 1lift speed of the valve in the
portion corresponding to the ramp portion becomes substantially
constant.

O. A valve mechanism for an internal combustion engine, having a
rotating cam rotated by a crankshaft of the internal combustion engine,

and a rocking cam that is rockable by the rotatlng cam and has formed

the valve mechanism being adapted to make a 1ift amount of the intake
valve or the exhaust valve variable,

wherein the cam surface of the rocking cam has a base circle portion,
a l1ft portion, and a ramp portion connecting between the base circle
portion and the 1lift portion, and

wherein in a setting in which the ramp portion uses one of positive
and negative acceleration sections of the rotating cam, a lever ratio
of the rocking cam or a rocker arm pressed by the rocking cam increases

as the 1i1ft amount is variably controlled to be within a minimum range.

6. The valve mechanism for an internal Combustlon englne accordlng

allowing acceleration to be generated in all sections thereof.

7. The valve mechanism for an internal combustion engine according
to any one of Claims 1 through 6, wherein a clearance in the valve
mechanism 1s produced on a downstream side in a drive force

transmission path with respect to an abutting portion.
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3b

FIG. 1

33



CA 02537162 2006-02-27

3b

FIG. 2
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FIG. 3
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FIG. 7
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FIG. 8
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