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(54) Mechanical variable valve actuation system for 2-stroke and 4-stroke engine operations

(57) The invention relates to a mechanical variable
valve actuation (VVA) system for the control and actua-
tion of the valves of an internal combustion engine.

The system according to the present invention real-

izes the control of the valve lift by means of a fixed pivot
part for an oscillating rocker suitable to actuate the valve,
the oscillating rocker being actuated by means of an ec-
centric control element.
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Description

Field of the invention

[0001] The present invention relates to a mechanical
variable valve actuation (VVA) system for the control and
actuation of the valve of an internal combustion engine.
In particular, the present invention relates to a VVA sys-
tem which allows a 2-stroke engine brake or fired oper-
ation.

Description of the prior art

[0002] As it is known, it is possible to control the pistons
engines and achieve various functions by means of a
valve actuation. In the most simple approach, a variation
of cam position is applied to improve volumetric efficiency
in the wide open throttle condition. As the intake valve
closing event determines the real start compression, thus
also the effective compression ration can be influenced.
By variation of exhaust valve opening, the exhaust gas
energy and consequently catalyst heat up as well as tur-
bocharger performance can be influenced.
[0003] In view of the above, it can be easily understood
that switching between different dedicated valve lift
curves is even more effective in order to influence gas
exchange or intake induced charge motion, even cylinder
deactivation can be obtained by full valve deactivation.
[0004] Moreover, especially fully flexible variable valve
actuation systems are considered as dedicated fuel
economy concepts. By cam driven mechanical VVA sys-
tems, load control can be performed by means of early
intake valve closing with minimized throttle losses.
[0005] Different VVA systems are already known in the
art. For example, it is known to use a cam driven oscil-
lating "profile" rocker to obtain a mechanical VVA. One
example of such known systems is shown in figure 1. In
this prior art system, the actuation system allows a 4-
stroke engine operation. The variation of the valve lift
profiles is realized by the rotation of the rocker 3 pivot part.
[0006] A drawback of this system in figure 1 is that it
can not be used in 2-stroke engine braking or fired op-
eration of the engine. This means that the system, as
well as many others, is useful only for 4-stroke engine
operations.
[0007] Therefore, it is an object of the present invention
to provide a mechanical VVA system suitable to be used
in 4-stroke as well as in 2-stroke engine braking or fired
operations.
[0008] It is a further object of the present invention to
provide a mechanical VVA system suitable to reduce the
engine fuel consumption and emissions.
[0009] Another object is to provide a mechanical sys-
tem which is highly reliable and relatively easy to manu-
facture at competitive costs.

Summary of the invention

[0010] The objects above are achieved by a mechan-
ical variable valve actuation system as claimed in Claim
1.
[0011] Said system, therefore, comprises a control el-
ement suitable to control by means of adjustable con-
nection means the lift of the valve of a valve system. The
adjustable connection means is a lever connection sys-
tem suitable to connect said eccentric element with a
driven shaft and with an oscillating rocker which engages
the valve system. Said oscillating rocker comprises a first
and a second lift profiles suitable for engaging said valve
system.

Brief description of the drawings

[0012] Further advantages of the present invention will
become evident from the following detailed description
of preferred but not exclusive embodiments and from the
drawings herewith attached, which are merely illustrative
and not limitative of the present invention, wherein:

- figure 1 represents a known mechanical variable
valve actuation system;

- figure 2 schematically represents the mechanical
variable valve actuation system according to the
present invention;

- figure 2a represents a schematic representation of
the actuation system of the present invention;

- figure 3 schematically represents a detail of the os-
cillating rocker according to the present invention;

- figure 4 is a valve lift diagram relative to a two stroke
engine fired operation of an engine provided with the
valve actuation system according to the invention;

- figure 5 is a valve lift diagram relative to a two stroke
engine braking operation of an engine provided with
the valve actuation system according to the inven-
tion.

Detailed description of the invention

[0013] Figures 2, 2a and 3 show an internal combus-
tion engine provided with a mechanical variable valve
actuation system 1 according to the present invention.
The valve actuation system 1 comprises a control ele-
ment 2 which is connected by means of adjustable con-
nection means to a valve system 100.
[0014] The adjustable connection means comprise a
lever connection system suitable to connect the control
element 2 with a driven shaft 4 and with an oscillating
rocker 6. The latter engages the valve system 100 and
comprises a first lift profile 5A and a second lift profile 5B
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through which the oscillating rocker 6 activates the sys-
tem valve 100.
[0015] As shown in said figures, the system valve 100
comprises at least a valve 104 (exhaust or inlet valve)
which is moved by transmission means 101, 102, 103
activated by the profiles 5A, 5B of the oscillating rocker
6. These transmission means are known in the art and
can comprise an hydraulic lash adjuster 102, a rocker
arm 101 connected to the valve 104 and a roller 103. In
an alternative embodiment, the latter can be also a fol-
lower according to solutions known in the technical field.
[0016] According to the invention, the oscillating rocker
6 oscillates around a fixed part 30 in an oscillation range
R1, R2, R3 which is established by a corresponding op-
erative configuration of the control element 2. In detail,
such an operative configuration is defined by a position
of an operative part 10 of the control element 2.
[0017] The first lift profile 5A and the second lift profile
5B engage the valve system 100 in function of a relative
oscillation range R1, R2, R3 established by the control
element 2. That means that each oscillation range R1,
R2, R3 corresponds to a specific valve lift characteristic.
In other words, it is possible to modify the valve lift char-
acteristic by modifying the position of the operative part
10 of the control element 2.
[0018] The control element 2 is preferably an eccentric
element (hereinafter indicated with the same reference
2) whose rotation center is indicated in figures as 2a. The
adjustable connection means comprises a lever connec-
tion system provided with five rods 3a, 3b, 3c, 3d, 3e.
Each rod 3a, 3b, 3c, 3d, 3e has two ends. The first end
of the first rod 3a corresponds to the operative part 10 of
the control element 2. In particular, said operative part
10 can rotate along a circumference having its center in
2a. The position of the operative part 10 could be modified
by means of a control element different than said eccen-
tric element. In fact, the operative part 10 could be moved
also in linear way by means of a control element com-
prising a shifting mechanism suitable to move linearly
the operative part 10.
[0019] The second rod 3b has an end 50 which is con-
nected to the driven shaft 4 by means of a fourth rod 3d.
Therefore, a first four pivot system is defined by the four
pivots 10, 20, 50 ad 60. The driven shaft 4 moves the
pivot part 50 of the second rod 30b in an eccentric way
advantageously avoiding the use of a cam.
[0020] The valve lift can be modified by means of the
shifting of the first end 10 of the first rod 3a. In fact, the
second end 20 of first rod 3a moves consequently to the
movement of the first end 10. The second end 20 of the
first rod 3a is connected by means of the knee joint 5 to
the second rod 3b and to the third rod 3c.
[0021] The first end of the third rod 3c coincides with
the pivot 20 of the knee joint 5, while the second end 40
of the third rod 3c is directly connected to the oscillating
rocker 6. Said oscillating rocker 6 is rotatably associated
with the pivot 40. A fifth rod 3e is further suitable to con-
nect said pivot part 40 to a fixed pivot part 30. In particular

the latter is the center of rotation of the oscillating rocker
6, while the pivot 40 establishes the angular oscillation
of the rocker itself. Therefore, a second four pivot system
is defined by the four pivots 10, 20, 40, 30.
[0022] Figure 2a is relative to the lever connection sys-
tem in which the pivot 20 is represented as shifted in the
two pivots 20a e 20b in order to better show the two four
pivot systems. A first pivot system is defined by the four
pivots 10, 20a, 40 and 30, a second pivot system is de-
fined by the four pivots 10, 20b, 50, 60.
[0023] A rotation of the eccentric element 2 modifies
the valve lift by moving the working range (the oscillating
range) of the profile rocker 6 to the left or to the right side
by means of the displacement of the rocker pivot 40
caused by the movement of the third rod 3c. When the
position of the angular oscillation of the rocker 6 is mod-
ified by the third rod 3c, the valve lift results to be modified
accordingly by means of more or less engagement of the
rocker lift profiles 5A, 5B with the valve roller 103 of the
valve system 100.
[0024] Figure 3 schematically shows a possible con-
figuration of the oscillating rocker 6. As shown, the first
lift profile 5A and the second lift profile 5B are symmetric
with respect to a plane which crosses the rotation center
30 of the rocker 6 and which is perpendicular to the plane
sheet. In figure 3 possible oscillation ranges R1, R2, R3
of the rocker 6 are also indicated. With the reference R1
it is indicated a first possible oscillation range defined by
a corresponding first position of the operative part 10 of
the control element 2. The first oscillation range R1 is so
that only the first profile 5A engages the valve system
100 during the oscillation of the rocker 6. More in detail,
the first position of the operative part 10 establishes a
consequent first position of the fourth pivot 40 which
moves the oscillation range of the rocker substantially to
the right side. By the first oscillation range, it is possible
to obtain a valve lift characteristic suitable for a 4-stroke
engine operation.
[0025] Always in figure 3, a second oscillation range,
indicated with reference R2, can be established by a sec-
ond operative configuration of the control element 2 that
corresponds to a second position of the operative part
10. The second oscillation range R2 is established so as
to define valve lift lower than that obtainable by the first
range R1. By the second range R2, an operation of an
engine provided with an internal EGR could be per-
formed.
[0026] A third oscillation range, indicated with refer-
ence R3, can be established by a third position of the
operative part 10 of the control element 2. The third os-
cillation range R3 is so that both lift profiles 5A, 5B of the
oscillating rocker 6 engage the valve system 100 (in par-
ticular the roller 103 shown in figure 2) during a complete
oscillation of the rocker itself. This condition allows to
have a lift characteristic when the rocker 6 move to the
right side and another lift characteristic when it moves
towards the other side. In other words, by the oscillation
range R3 it is possible to double the frequency of lift of
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the valves. That means that a two-stroke engine fired or
braking operation is possible.
[0027] Figure 4 shows exhaust valve lift characteristics
(E1, E2, E3) and inlet valve lift characteristics (D1, D2,
D3) of an engine provided with the VVA system according
to the invention. In particular, lift characteristics shown
in figure 4 are defined as function of the angular position
of the driven shaft 4. In detail, references E1 and D1
indicate respectively the exhaust valve lift characteristic
and the inlet valve lift characteristic relative to a 4-stroke
engine operation. Such an operation mode requires a
single lift of the valve during a cycle of the driven shaft
4. With reference to figures 3 and 4, characteristics E1
and D1 could be achieved by setting the oscillation range
R1 for the rocker 6.
[0028] In figure 3, references E2 and E3 indicate ex-
haust valve lift characteristics relative to a 2-stroke en-
gine operation. Analogously references D2 and D3 indi-
cate inlet valve lift characteristics relative to a 2-stroke
engine operation. For such an engine operation, a dou-
bled frequency of the valve lift is required. The VVA sys-
tem 1 according to the invention allows to set up a cor-
responding oscillation range suitable for obtaining said
frequency. With reference again to figure 4, both the lift
profiles 5A, 5B can engage the valve system 100 by set-
ting the oscillation range R3. In this way, for each cycle
of the driven shaft 4, exhaust and inlet valves are lifted
two times, i.e. once by the action of the first profile 5A on
the roller 103 and a second time by the action of the
second profile 5B on the roller itself.
[0029] Figure 5 shows valve lift characteristics relative
to a 2-stroke engine braking operation obtainable by
means of the VVA system according to the present in-
vention. As shown in figure 5, in this mode operation the
exhaust valve lift is smaller than the inlet valve lift. This
condition could be achieved by establishing an appropri-
ate oscillation range for the oscillating rocker 6 and by
optimizing geometry of the lift profiles 5A, 5B. In partic-
ular, the geometry of lift profiles designed to engage the
inlet valve shall be different from the geometry of profiles
designed to exhaust valves in order to obtain the different
lift shown in figure 5.
[0030] According to the invention the VVA system can
comprise a cam phaser in order to allow both 2-stroke
mode operations and in particular to shift the lift profiles
5A, 5B into the right angular position for braking.
[0031] It has been shown that the present invention
achieves the aim and the objects proposed.
[0032] More in detail, it has been shown that the me-
chanical variable valve actuation system according to the
present invention allows to accurately control the valve
lift in order to optimize several different operation condi-
tions. In particular the VVA system according to the in-
vention enable both the 2-stroke engine operation or the
four-stroke engine operation. With reference to the 2-
stroke mode operation, the presence of two lift profiles
allow a double valve lift frequency, while by means of the
geometric optimization of said profiles it is possible to

obtain a specific lift of the inlet and or exhaust valve. That
means the VVA system of the invention allows to obtain
both two/stroke engine braking and fired operation.
[0033] Moreover, the mechanical variable valve actu-
ation system according to the present invention allows
to improve the fuel consumption and emissions, espe-
cially by means of early inlet valve closing and modifica-
tion of the valve overlap.
[0034] Not last, the variable valve actuation system of
the present invention realizes the variation of the valve
lift without using a cam in order to rotate the rocker profile
which engages the valve, resulting in more accurate con-
trol of the valve lift.
[0035] It will be apparent to the person skilled in the
art that other alternative and equivalent embodiments of
the invention can be conceived and reduced to practice
without departing from the true spirit of the invention.
[0036] From the description set forth above it will be
possible for the person skilled in the art to embody the
invention without introducing any further construction de-
tails.

Claims

1. Mechanical variable valve actuation system (1)
characterized in that it comprises a control element
(2) which controls by means of adjustable connection
means the lift of at least a valve (104) of a valve
system (100), said adjustable connection means be-
ing a lever connection system which connects said
control element (2) with a driven shaft (4) and with
an oscillating rocker (6) which engages the valve
system (100), wherein said oscillating rocker (6)
comprises a first (5A) and said second lift profiles
(5B) for engaging said valve system (100).

2. Mechanical VVA system according to claim 1,
wherein said oscillating rocker (6) oscillates around
a fixed part (30) in an oscillation range which is es-
tablished by the operative position of said control
element (2), said first (5A) and said second profile
(5B) engaging said valve system in function of said
oscillation range.

3. Mechanical VVA system according to claim 2,
wherein said control element (2) establishes a first
oscillating range (R1) for which only said first lift pro-
file (5A) engages said valve system (100) during the
oscillation of said oscillating rocker (6).

4. Mechanical VVA system according to claim 3,
wherein said control element (2) establishes a sec-
ond oscillating range (R2) for which both lift profiles
(5A, 5B) engage said valve system (100) during the
oscillation of said oscillation rocker (6).

5. Mechanical VVA system according to any claim 1 to
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4, wherein said control element (2) is an eccentric
element.

6. Mechanical VVA system according to claim 1 to 4,
wherein said control element (2) is a linear element.

7. Mechanical VVA system according to any claims 1
to 6, wherein said lever connection system compris-
es five rods (3a,3b,3C,3d,3e).

8. Mechanical VVA system according to claim 7,
wherein each end (10, 20, 30, 40, 50) of said five
rods (3a,3b,3C,3d,3e) is a pivot part.

9. Mechanical VVA system according to claim 7 or 8,
wherein said first rod (3a) of said five rods has a first
end (10) which is suitable to be moved eccentrically
around a centre (2a) of said eccentric element (2).

10. Mechanical VVA system according to claim 9,
wherein said second end (20) of said first rod (3a) is
connected to the first end of a second (3b) and third
(3c) of said five rods in a knee joint (5).

11. Mechanical VVA system according to claim 10,
wherein said second end (50) of said second rod
(3b) is connected to the first end of a fourth rod (3d),
the second end (60) of said fourth rod (3d) being the
center of rotation of the driven shaft (4).

12. Mechanical VVA system according to claim 7-11,
wherein said second end (40) of said third rod (3c)
is connected to the first end of a fifth rod (3e), the
second end (30) of said fifth rod (3c) being a fixed
pivot part for the rocker (6) oscillation.

13. Mechanical VVA system according to any of the
claims 7 to 12, wherein said rod ends define a first
(10, 20, 50, 60) and a second (10, 20, 30, 40) pivot
systems by means of which said control element (2)
can modify and control the valve (104) lift.

14. Mechanical VVA system according to any of the
claims 7 to 13, characterized in that said rocker (6)
oscillates around the fixed pivot (30) the oscillating
range of said rocker (6) being controlled and modi-
fied by means of the position of the pivot (40), the
position of the pivot (40) being determined by the
movement of the third rod (3c) which is moved as a
function of the position of the first end (10) of the first
rod (3a) with respect to the center (2a) of the eccen-
tric element (2).
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