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(54) Variable-lift timing system for an internal combustion engine

(57) A variable-lift timing system (10) for an internal
combustion engine. The system (10) includes an actu-
ating mechanism (12) for moving a valve (11). An inter-
mediate assembly (15) is interposed between the valve
(11) and the actuating mechanism (12), and includes a
first contoured member (15a), a contoured surface (18)
of which contacts the rod (11a) of the valve (11), and a

second contoured member (15b), a contoured surface
(22) of which contacts a cam (14) rotated by the actuat-
ing mechanism (12). A roller (20) is interposed between
the first contoured member (15a) and the second con-
toured member (15b), and the spatial position of the roll-
er is regulated by an actuating device (23, 25) to deter-
mine the law of movement of the valve (11).
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Description

[0001] The present invention relates to a variable-lift
timing system for an internal combustion engine.
[0002] As is known, the gas-dynamic phenomena
which take place in the intake and exhaust systems of
internal combustion engines have a considerable effect
on engine performance, and, to exploit them to best ad-
vantage, intake of the fresh charge and exhaust of the
burnt gases should be variable as a function of engine
operating conditions. In four-stroke engines with con-
ventional "fixed" timing systems, however, open-close
timing and lift of the intake and exhaust valves cannot
be varied, so that intake and exhaust system gas dy-
namics can only be optimized over a limited part of the
engine operating range.
[0003] By way of a solution to the problem, devices
have been devised enabling adjustment of the law of
movement of the valves, and some of which are featured
in currently manufactured engines.
[0004] One device of this sort is described in EP-1 234
968 (BMW Bayerische Motoren Werke).
[0005] In addition to the camshaft and the valve rocker
arm, this device comprises an intermediate rocker arm
located between the camshaft and the valve rocker arm,
and which, activated by the cam, in turn activates the
valve rocker arm, and therefore the valve, by means of
an appropriately shaped shoe. The hinge location of the
intermediate rocker arm is adjustable to vary the open-
ing profile of the valve.
[0006] This system provides for considerable adjust-
ment of the valve lift profile, but is debatable in terms of
size, overall complexity, and by comprising a floating in-
termediate rocker arm (not hinged to the cylinder head)
held in place by a return spring.
[0007] It is an object of the present invention to pro-
vide a variable-lift timing system for an internal combus-
tion engine, designed to eliminate the aforementioned
drawbacks.
[0008] According to the present invention, there is
provided a variable-lift timing system for an internal
combustion engine, as claimed in Claim 1.
[0009] A number of non-limiting embodiments of the
present invention will be described by way of example
with reference to the accompanying drawings, in which:

Figure 1 shows a three-dimensional view of a first
embodiment of the timing system according to the
invention; in this example, the system also compris-
es a number of actuators and control devices;
Figure 2 shows a front view of the Figure 1 timing
system in the configuration producing a maximum
lift profile (at the maximum lift point) of an internal
combustion engine timing valve;
Figure 3 shows a three-dimensional view of the Fig-
ure 2 timing system;
Figure 4 shows a front view of the Figure 1 timing
system in the configuration producing a minimum

lift profile (at the maximum lift point) of an internal
combustion engine timing valve;
Figure 5 shows a three-dimensional view of the Fig-
ure 4 timing system;
Figure 6 shows an exploded view of the main parts
in the first embodiment of the timing system in Fig-
ures 1-5;
Figure 7 shows an exploded view of the main parts
in a second embodiment of the timing system ac-
cording to the present invention;
Figure 8 shows an exploded view of the main parts
in a third embodiment of the timing system accord-
ing to the present invention.

[0010] In the following description, only the parts es-
sential to a clear understanding of the invention are in-
dicated and described.
[0011] Number 10 in Figures 1 to 5 indicates a varia-
ble-lift timing system for an internal combustion engine
100.
[0012] As shown in more detail in Figures 2 to 5, in-
ternal combustion engine 100 comprises a cylinder
head 101, in which conduits 102, 103 are formed for
feeding air, with or without fuel, into a combustion cham-
ber 104, or for expelling burnt gases from combustion
chamber 104 to an exhaust device (not shown).
[0013] Each conduit 102, 103 has a valve 11 (only the
one relative to conduit 103 is shown in Figures 2 to 5)
comprising a rod 11a terminating with a head 11b for
closing an outlet 103a of conduit 103 into respective
combustion chamber 104. Valve 11 is also acted on by
known elastic return means (not shown) for restoring
valve 11 to its initial position once valve 11 is acted on
by an actuating mechanism 12 comprising a shaft 13
having one or more cams 14 in the first embodiment in
Figures 1 to 6.
[0014] An intermediate assembly 15 is located be-
tween cam 14 and the end 11c of rod 11 opposite head
11b, and is divided into two separate contoured mem-
bers 15a, 15b hinged about respective pivots 16, 17
fixed in known manner (not described) to cylinder head
101.
[0015] Member 15a comprises a contoured bottom
surface 18 resting on end 11c of rod 11; and a top sur-
face 19 (flat in the example shown in the accompanying
drawings) on which a floating roller 20 rests for the rea-
sons explained later on.
[0016] Floating roller 20 is free to rotate about its axis
(a) and to translate along a trajectory determined by a
fork-shaped member 23 described in detail later on.
[0017] Member 15b in turn comprises a bottom sur-
face 21 (flat in the example shown in the accompanying
drawings) which also contacts roller 20; and a top sur-
face 22 acted on by cam 14.
[0018] Surfaces 19, 21 may be shaped to move roller
20 according to predetermined laws of motion, and in
any event must be such that, when fork-shaped member
23 is rotated in the rest condition (valve 11 closed), roller
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20 is moved while remaining in contact at all times with
both surfaces 19, 21.
[0019] In actual use, when shaft 13 rotates in the di-
rection of arrow F1, cam 14 rotates member 15b about
pivot 17; which rotation is transmitted first to roller 20
and then to the other member 15a, which in turn, as stat-
ed, rotates about pivot 16. Since surface 18 of member
15a rests on end 11c, valve 11 is also moved in the di-
rection and senses indicated by two-way arrow F2. The
elastic return member (not shown) acting on valve 11
obviously ensures all the parts in the mechanism are
maintained contacting throughout the travel of valve 11.
[0020] As is known, continuous rotation of cam 14
produces a continuous variation in the position of valve
11 or so-called lift movement or profile. By varying the
imposed trajectory of axis (a) of roller 20 (by means of
fork-shaped member 23 described later on), it is possi-
ble to vary the lift movement of the valve as a whole,
which will always be characterized by being maximum
for the same position of cam 14
[0021] For example, as shown in Figures 2 and 4, both
showing the cam position producing maximum lift of
valve 11, the maximum value Hmax1 or Hmax2 of the
distance between head 11b and outlet 103a depends on
the position of fork-shaped member 23 guiding roller 20.
[0022] Generally speaking, the valve movement pro-
file as a whole can be said to be characterized by lifts
which increase as the distance, when valve 11 is closed,
between roller 20 and pivot 16 of member 15a gets
smaller.
[0023] Fork-shaped member 23 is rotated about a piv-
ot 24, also fitted to cylinder head 101, by, for example,
a contoured shaft 25 rotated about an axis 26 by means
described below with reference to Figure 1.
[0024] When contoured shaft 25 rotates about axis 26
in the direction of arrow F3, fork-shaped member 23 also
rotates about pivot 24 in the direction of arrow F4. And
since the two pins 20a projecting from roller 20 are
housed inside the slot 23a (shown as a straight slot 23a
by way of example) of fork-shaped member 23, rotation
of fork-shaped member 23 in the direction of arrow F4
produces a movement of roller 20 in the direction of ar-
row F5, thus reducing the distance between roller 20
and pivot 16.
[0025] In another embodiment not shown, slot 23a, as
opposed to being straight, is curved to impose a given
trajectory on roller 20.
[0026] Similarly, again assuming the system employs
a contoured shaft 25, the lift of valve 11 is reduced by
simply moving roller 20 in the direction of arrow F6, ei-
ther by continuing to rotate contoured shaft 25 in the
direction of arrow F3 and exploiting the profile of con-
toured shaft 25, or by inversely rotating fork-shaped
member 23 in the direction of arrow F7 by rotating con-
toured shaft 25 in the direction of arrow F8, thus moving
roller 20 away from pivot 16 of member 15a and towards
pivot 17 of member 15b.
[0027] In other words, the lift movement is varied by

varying, by means of fork-shaped member 23, the tra-
jectory roller 20 is permitted to describe by rotation of
member 15b.
[0028] Fork-shaped member 23 may also be provided
with an elastic retaining system for holding it in contact
with its position adjusting system (contoured shaft 25 in
the example shown) and preventing possible vibratory
movements when fork-shaped member 23 is subjected
to no load (in the rest position).
[0029] In Figure 6, the first embodiment shown in Fig-
ures 1 to 5 is actually modified slightly by the addition
to top member 15b of an appendix 28 which provides
for assisting assembly of the system.
[0030] That is, to keep the operating slack of the sys-
tem constant alongside variations in the position of roller
20, surfaces 19 and 21 of members 15a and 15b, if flat,
must be perfectly parallel in the rest position, which
means the position of at least one of pivots 16 and 17
must be adjustable. Appendix 28 projects from surface
21 by a length equal to the diameter of roller 20, so that
surfaces 19 and 21 are parallel when appendix 28 con-
tacts surface 19, and roller 20 contacts surfaces 19 and
21.
[0031] The angular position of contoured shaft 25 may
be determined using a system controlled by an electron-
ic central control unit 29, as shown in Figure 1.
[0032] Central control unit 29 receives input data rel-
ative to the operating conditions, and to control of the
regulating members, of internal combustion engine 100,
and processes the input data to rotate contoured shaft
25 in the direction of arrow F3 or F8, and so move fork-
shaped member 23, and position roller 20, accordingly.
[0033] As shown in the Figure 1 example, contoured
shaft 25 may be rotated by means of an electric motor
30 controlled by electronic central control unit 29.
[0034] The output shaft 31 of electric motor 30 is fitted
with a first gear 32a, which meshes with a second gear
32b integral with a worm 33.
[0035] Worm 33 engages an internal thread formed in
a bush 34, to which two cranks 37, 38, both integral with
contoured shaft 25, are hinged by respective pins 35,
36.
[0036] Rotation of contoured shaft 25 may be control-
led using a known position sensor 39 connected elec-
trically to electronic central control unit 29.
[0037] In actual use, depending on the data acquired
by the sensors (not all shown) on engine 100, electronic
central control unit 29 supplies electric motor 30 with a
signal indicating the direction in which gear 32a is to be
rotated.
[0038] Rotation of gear 32a obviously rotates worm
33 and moves bush 34 in either one of the senses indi-
cated by two-way arrow F9, thus rotating contoured
shaft 25, and so rotating fork-shaped member 23, rest-
ing against contoured shaft 25, about pivot 24. Since
pins 20a are housed inside the slot 23a defined by the
prongs 27 of fork-shaped member 23, rotation of fork-
shaped member 23 produces a shift in the trajectory
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along which the axis (a) of roller 20 can move, thus
changing the lever ratios and therefore the lift movement
of valve 11 (compare Figures 2 and 4).
[0039] Figure 7 shows a second embodiment, in
which the same camshaft 13 activates two separate
valves 111 and 112, and which comprises one contoured
shaft 25, one fork-shaped member 23, and one roller 20
astride two intermediate assemblies 150, 151, each rel-
ative to a corresponding valve 111, 112. Operation is
practically the same as described with reference to the
first embodiment in Figures 1 to 6.
[0040] Figure 8 shows a third embodiment of the
present invention, which simultaneously activates two
valves 111, 112, as in the second embodiment in Figure
7, but which comprises two fork-shaped members 130,
131 integral with each other and rotating about the same
pivot 24. Operation is the same as described with refer-
ence to the other embodiments.
[0041] Compared with similar variable-lift systems,
the timing system according to the present invention has
the following advantages:

- very little increase in height;
- few additional components;
- very little sliding friction, which means better overall

efficiency and less wear of component parts;
- very little increase in reciprocating masses.

Claims

1. A variable-lift timing system (10) for an internal com-
bustion engine (100), the system (10) comprising:

- at least one valve (11; 111, 112) subjected to
the action of cam actuating means (13, 14) to
open and close an opening (103a) for admitting
a fresh charge into, or expelling exhaust gas
from, a combustion chamber (104); and

- an actuating mechanism (12) for moving said
at least one valve (11; 111, 112);

the system (10) being characterized in that
an intermediate assembly (15; 150, 151) is inter-
posed between said at least one valve (11; 111, 112)
and said actuating mechanism (12);

and in that said intermediate assembly (15;
150, 151) is divided into a first contoured member
(15a), a contoured surface (18) of which contacts
the rod (11a) of said valve (11), and into a second
contoured member (15b), a contoured surface (22)
of which contacts a cam (14) rotated by said actu-
ating mechanism (12); a floating third member (20)
being interposed between said first contoured
member (15a) and said second contoured member
(15b), and contacting a surface (19) of said first con-
toured member (15a) and a surface (21) of said sec-
ond contoured member (15b); the trajectory im-

posed on said third member (20) being variable by
actuating means (23, 25) to determine the law of
movement of said at least one valve (11; 111, 112).

2. A system (10) as claimed in Claim 1, wherein said
actuating means (23, 25) comprise a fork-shaped
member (23), a slot (23a) of which is engaged by
said third member (20); the position of said fork-
shaped member (23) determining the law of move-
ment of said valve (11).

3. A system (10) as claimed in Claim 2, and also com-
prising a contoured shaft (25), on which a surface
of said fork-shaped member (23) rests; rotation of
said contoured shaft (25) determining the position
of said fork-shaped member (23) to establish the
law of movement of said valve (11).

4. A system (10) as claimed in any one of the foregoing
Claims, wherein said surfaces (19, 21) of said first
and second contoured member are also contoured
to move the third member (20) according to prede-
termined laws of motion.

5. A system (10) as claimed in Claim 4, wherein said
surfaces (19, 21) of said first and second contoured
member are such that, when said fork-shaped
member (23) is rotated in rest conditions, with said
valve (11) closed, said third member (20) moves
while remaining in contact at all times with both said
surfaces (19, 21) of said first and second contoured
member.

6. A system (10) as claimed in any one of Claims 2 to
5, wherein, as opposed to being straight, the axis
of said slot (23a) of said fork-shaped member (23)
is curved to impose a given trajectory on said third
member (20).

7. A system (10) as claimed in Claim 1, wherein a sin-
gle fork-shaped member (23) regulates the law of
movement of more than one valve (111, 112).

8. A system (10) as claimed in Claim 1, wherein two
fork-shaped members (23) regulate the laws of
movement of two valves (111, 112).
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