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Description

The invention relates to a combustion engine pro-
vided with a camshaft, a rocker arm which is tiltable
around a tilting axis by means of the camshatft, a lever
which is pivotable around a pivot axis by means of the
rocker arm and a valve which is movable by means of
the lever from a closed position to an open position,
whereby the relative position of a point of contact of said
rocker arm with said lever is dependent on the amount
of tilt of said rocker arm.

In a common combustion engine a camshaft pro-
vided with cams is rotated, whereby a cam is in engage-
ment with one end of a rocker arm which is capable of
tilting movement about a tilting axis. The rocker arm is
in engagement, with an end remote from the camshaft,
with a valve which is movable against spring force. An
entrance to a combustion chamber of the combustion
engine is opened and closed by means of the valve.

From JP-A-58-217710 a combustion engine is
known as indicated in the preamble of claim 1, whereby
a lever is located between the rocker arm and the valve.
Said lever is used to limit the height of the engine. When
the rocker arm is tilted the position of the point of contact
between the rocker arm and the lever varies. Due to the
relative sharp angle between a line from the tilting axis
of the rocker arm and the point of contact and a line from
the point of contact to the pivot axis of the lever, the in-
fluence of the changing of the point of contact on the
movement of the valve is neglectable.

The motion profile of the valve, that is the movement
of the valve during opening and closing, therefore de-
pends mainly on the shape of the cam. The extent of the
movement is dependent on the fixed transmission ratio
of the rocker arm, which is determined by the ratio be-
tween the distance between the point of contact of the
cam with the rocker arm and the tilting axis of the rocker
arm and the distance between said tilting axis and the
point of contact of the rocker arm with the lever.

Because increasingly high demands are being
made with regard to the velocity and acceleration with
which the valve must be opened and closed, the shape
of the cam is becoming more and more complicated. It
is relatively costly to produce such complicated cam
shapes. In addition to that the movements imposed by
the cam can only be followed by means of a relatively
small cam follower.

The object of the invention is to provide a combus-
tion engine wherein relatively high velocities and accel-
erations of the valve are possible, whilst the shape of
the cam present on the camshaft can be kept relatively
simple.

This objective is accomplished with the combustion
engine according to the invention in that by the closed
position of the valve, the angle between a line from the
tilting axis to the point of contact and a line from the point
of contact to the pivot axis lies in a range from 80 to 170°.

The tilting of the rocker arm causes said lever to
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pivot, whereby the point of contact between the rocker
arm and the lever is changed. As a result of this and due
to the angle of 80 till 170° between the rocker arm and
the lever, the transmission ratio between the rocker arm
and the lever will change substantially during the tilting
of the rocker arm and the pivoting of the lever. Due to
the changing transmission ratio the motion profile of the
valve is determined not only by the shape of the cam
but also partially by the changing transmission ratio of
the rocker arm. This results in a great freedom of design
with regard to the cam shape. A suitable selection of the
cam, the rocker and the lever makes it possible to use
motion profiles which so far could not be realised by a
cam alone. When the angle lies outside the indicated
range no or negligible influence will be noticed on the
motion profile of the valve.

One embodiment of the combustion engine accord-
ing to the invention is characterized in that said rocker
arm and said lever can roll over one another, whereby
at least either said rocker arm or said lever is provided
with a rotatable roller.

By having the rocker arm and the lever roll over
each other, frictional forces which cause undesirable
wear will be avoided.

The invention will be explained in more detail here-
after with reference to the drawing, in which:

Figure 1 is a cross-sectional view of a combustion
engine according to the invention;

Figure 2 is a perspective view of a part of the com-
bustion engine shown in Figure 1;

Figure 3 shows a motion trend of the rocker arm and
the lever of a combustion engine according to the
invention; and

Figures 4A and 4B show a closed and an open po-
sition respectively of a valve of the combustion en-
gine shown in Figure 1.

Like parts are numbered alike in the Figures.

Figure 1 shows a combustion engine 1 which is pro-
vided with a combustion chamber 2 located within a cyl-
inder. Two inlet channels 3 and one outlet channel 4 are
connected to said combustion chamber 2. The passag-
es of inlet channels 3 and outlet channel 4 in combustion
chamber 2 can be closed by means of valves 5 (two in-
take valves and one exhaust valve respectively). Each
valve 5 comprises a valve rod 6, which is provided with
a disc-shaped plate 7 on one side remote from the valve
5. Valve rod 6 is journalled in a housing 8 of combustion
engine 12. A compression spring 9 is disposed between
housing 8 and disc-shaped plate 7, which spring urges
the valve 5 in the closed position shown in Figure 1.
Combustion engine 1 is furthermore provided with a
camshaft 10, which is positioned between the valves 5,
which are arranged in the shape of a V, of inlet channels
3 and outlet channel 4 respectively. Camshaft 10 ex-
tends transversely to the plane of drawing of Figure 1
and is provided with a plurality of cams 11, 12, whereby
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each valve 5 has two different cams 11, 12 associated
therewith. The camshaft 10 is movable in the direction
transversely to the plane of drawing, by means which
are known per se (not shown), whereby either cam 11
or cam 12 may be coupled to valve 5, depending on the
position of camshaft 10. Camshaft 10 is rotatable about
an axis 13 in a direction indicated by arrow P1. Com-
bustion engine 1 is furthermore provided with a rocker
arm 14 positioned above camshaft 10, which is capable
of tilting movement about a tilting axis 15 in a direction
indicated by arrow P2 and in a direction opposite there-
to. Rocker arm 14 is at one end 16 provided with a ball
bearing 17 constituting a cam follower, which abuts
against cam 11 or 12, depending on the position of cam-
shaft 10. One end 18 of rocker arm 14 positioned on
another side of tilting axis 15 abuts against one end 20
of a lever 21, which is provided with a ball bearing 19.
Figure 1 also shows in hatched lines another position of
rocker arm 14 and lever 21. The lever 21 pivots about
a pivot pin 22 in a direction indicated by arrow P3 and
in a direction opposite thereto. As can be clearly seen
in Figure 2, lever 21 is provided with three fingers,
whereby the two outer fingers 23 each butt on a disc 7
of a valve 5 closing an inlet channel. The middle finger
24 forms the end 20 of the lever, around which ball bear-
ing 19 is rotatably journalled. Rotation of camshaft 10 in
the direction indicated by arrow P1 will cause the rocker
arm 14 to tilt, as a result of which the lever 21 is pivoted
in a direction indicated by arrow P3. The pivoting move-
ment of the lever 21 will cause the valves 5 to move in
the direction indicated by arrow P4, as a result of which
the passage of inlet channels 3 to combustion chamber
2 is opened. For easy reference only one valve 5 is
shown in Figure 2.

For opening and closing valve 5 of outlet channel
4, combustion engine 1 is provided with a rocker arm
and with a lever, which operate in the same manner as
the rocker arm 14 and the lever 21 shown in Figure 1,
and which are likewise actuated by camshaft 10. The
lever by means of which exhaust valve 5 is opened is
provided with a single finger 23, since combustion
chamber 2 has only one outlet channel 4. If combustion
chamber 2 is provided with two outlet channels, a lever
21 similar to the one used for actuating the intake valves
5 may be used.

The operation of the combustion engine according
to the invention will now be explained in more detail. Up-
on rotation of camshaft 10 in the direction indicated by
arrow P1, ball bearing 17 rolls over the outer side of cam
11 and 12 and is moved upwards, seen in Figure 1. De-
pending on whether the number of revolutions of the
combustion engine is relatively high or low, cam 11 or
cam 12 is engaged. The movement of the ball bearing
17 will cause the rocker arm 14 to tilt in the direction
indicated by arrow P2. The position of rocker arm 14
shown in hatched lines is the uttermost position of rocker
arm 14 that is reached when cam 11 is used. In the po-
sition of rocker arm 14 shown in Figure 1 the flat under-
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side 25 of rocker arm 14 touches ball bearing 19 of lever
21 in point of contact 26. A line from the tilting axis 15
of the rocker arm 14 to the point of contact 26 and a line
from the point of contact 26 and the pivot axis 22 of the
lever 21 enclose an angle  which lies between 80 and
170°, and is more specifically 125°. This angle B is, for
the sake of clarity, not indicated in figure 1 but in figure
4A. The angle B is measured by a position in which the
valve 5 is closed. Said point of contact 26 lies on a cir-
culararc 27, which has tilting axis 15 as its centre. Tilting
of rocker arm 14 will cause said rocker arm 14 to move
to the position shown in hatiched lines in Figure 1 when
cam 11 is used. Ball bearing 19 is forced down by the
underside 25, seen in Figure 1, causing lever 21 to pivot
in the direction indicated by arrow P3. As a result of this
valve 5 is moved in a direction indicated by arrow P4.
During said tilting and pivoting the point of contact 26
between underside 25 and ball bearing 19 is shifted in
a direction indicated by arrow P5. The new point of con-
tact 26' lies on a circular arc 29, which has tilting axis
15 as its centre, whereby the radius of circular arc 29 is
smaller than that of circular arc 27. As a result of this
the momentary transmission ratio of rocker arm 14 has
been changed. As a result of the continuously changing
transmission ratio of the rocker arm the movement of
valve 5 is dependent not only on the shape of cam 11
or 12 as regards its trend, but also on the continuously
changing transmission ratio of rocker arm 14. With the
rocker arm 14 shown in Figure 1 the underside 25 ex-
tends in a level direction at a distance D above tilting
axis 15. Another change in the transmission ratio is ob-
tained by providing the underside 25 of the rocker arm
with a curved profile and/or by increasing or decreasing
the distance D to the tilting axis 15.

Figure 3 schematically shows the changing of the
transmission ratio of the rocker arm. In Figure 3 the un-
derside 25 of rocker arm 14 extends through the tilting
axis 15 of rocker arm 14. The diameter of ball bearing
19 of lever 21 is considered to be negligible. For easy
reference only the tilting axis 15, the underside 25 of the
rocker arm 14 and the pivot pin 22 of rocker arm 14 and
lever 21 are illustrated. When lever 21 is pivoted, ball
bearing 19 follows circular arc 30. In a first position of
the rocker arm and the lever, ball bearing 19 touches
the underside 25 in point of contact 31'. When rocker
arm 14 is tilted through an angle o in steps, lever 21 is
pivoted in the direction indicated by arrow P3 and ball
bearing 19 is moved over circular arc 30. The point of
contact 31 between ball bearing 19 and underside 25
shifts in the direction indicated by arrow P5, towards tilt-
ing axis 15. Point 33 on underside 25 of rocker arm 14,
which was located in point of contact 31, is shifted over
circular arc 34. The distance between point 33 and point
of contact 32 becomes greater as rocker arm 14 is tilted
further in the direction indicated by arrow P2. The trans-
mission ratio of rocker arm 14 is determined by the ratio
between radius R1 from tilting axis 15 to the point of
contact of cam 11, 12 with ball bearing 17 and the dis-
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tance between tilting axis 15 and point of contact 31. As
a result of the fact that point of contact 31 shifts from 31"
to 31" etc. to 31", the transmission ratio will become
smaller with every change of angle. This can be seen in
Figure 3, because the angle through which lever 21 piv-
ots, with the tilting of rocker arm 14 through an angle o
remaining unchanged, will become smaller as point of
contact 31 is shifted further in the direction of tilting axis
15. When rocker arm 14 is tilted with a constant velocity,
point 33 is shifted over circular arc 34 with a constant
velocity. Ball bearing 19, however, will be moved in the
direction indicated by arrow P3 with a decreasing veloc-
ity. In this manner it is possible to cause the valve 5 to
open with a decreasing velocity by means of a cam
which has a shape which makes the rocker arm tilt with
a constant velocity. The shape of cams 11, 12 is rela-
tively simple thereby. With the combustion engine
shown in Figure 1 also the distance between point of
contact 31 and pivot axis 22 will change, because ball
bearing 19 has a particular dimension, as a result of
which a different point of contact 25 will cause in a dif-
ferent part of ball bearing 19 to butt against underside
25.

Figures 4A and 4B show valve 5 in a closed and in
an open position respectively, whereby arrows P10,
P10' indicate the velocity with which the valve 5 will be
moved when rocker arm 14 istilted at an angular velocity
W. In the position of the valve shown in Figure 4A the
point of contact 26 between rocker arm 14 and ball bear-
ing 19 lies at a distance R1 from tilting axis 15. Ball bear-
ing 19 experiences a velocity WR1 in the direction indi-
cated by arrow P7. Arrow P7 indicates both the direction
and the magnitude of the velocity which ball bearing 19
experiences. This momentary velocity P7 can be con-
verted into a velocity P8 with which ball bearing 19 is
pivoted about pivot axis 22 by projection of arrow P7 on
a line which extends transversely to the connecting line
39 between pivot axis 22 and the axis of rotation 40 of
ball bearing 19. The point of contact 41 between lever
21 and disc 7 is shifted with a momentary velocity P9,
whose magnitude depends on the momentary velocity
P8 and whose direction is perpendicular to the connect-
ing line between pivot axis 22 and point of contact 41.
Valve 5 is moved in the direction indicated by arrow P4
with a momentary velocity P10, which is a projection of
the velocity P9 in the direction indicated by arrow P4.

In the open position shown in Figure 4B, point of
contact 26 lies at a distance R1'from tilting axis 15 which
is smaller than the distance R1. The velocity P7' with
which point of contact 26 is shifted is also smaller, there-
fore, and is equal to WR1'. In the same manner as
shown in Figure 4A velocity P7' can be converted, via
velocity P8' of ball bearing 19 with respect to pivot axis
22, into a velocity P9' of point of contact 41 with respect
to pivot axis 22 and a velocity P10' of valve 5 in the di-
rection indicated by arrow P4. It will be apparent that the
magnitude of the velocity of valve 5 indicated by the
length of arrow P10' is considerably smaller than the

10

15

20

25

30

35

40

45

50

55

magnitude of the velocity indicated by arrow P10. This
is the consequence of a decreased length R1 and an
increased angle o between connecting line 39 and ar-
row P7.

Depending on the selection of, among other things,
the shape of the underside 25 of rocker arm 14 and the
position with respect to tilting axis 15, the size of ball
bearing 19 and the positions of tilting axis 15, pivot axis
22 and axis of rotation 40 relative to each other, it is pos-
sible to determine the cam shape for a desired motion
profile of the valve. Thus a relatively great freedom of
design has been created, which makes it possible to ob-
tain a desired deceleration, acceleration or velocity
while using relatively simple cam shapes.

Instead of moving the camshaft axially it is also pos-
sible to change cams in other manners which are known
per se.

Claims

1. A combustion engine provided with a camshaft, a
rocker arm which is tiltable around a tilting axis by
means of the camshaft, a lever which is pivotable
around a pivot axis by means of the rocker arm and
avalve which is movable by means of the lever from
a closed position to an open position, whereby the
relative position of a point of contact of said rocker
arm with said lever is dependent on the amount of
tilt of said rocker arm, characterized in that by the
closed position of the valve, the angle between a
line from the tilting axis to the point of contact and
a line from the point of contact to the pivot axis lies
in a range from 80 to 170°.

2. A combustion engine according to claim 1, charac-
terized in that said rocker arm and said lever can
roll over one another, whereby at least either said
rocker arm or said lever is provided with a rotatable
roller.

3. A combustion engine according to claim 2, charac-
terized in that said roller is a rolling bearing posi-
tioned on said lever.

4. A combustion engine according to claim 1 or 2,
characterized in that said lever comprises three fin-
gers, whereby a middle finger butts against said
rocker arm and the outer two fingers butts against
two valves which are movable against spring force.

5. A combustion engine according to any one of the
preceding claims, characterized in that said cam-
shaft comprises at least two cams positioned side
by side, which can be alternately coupled with said
rocker arm.

6. A combustion engine according to any one of the
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preceding claims, characterized in that said rocker
arm and said lever include an obtuse angle with
each other.
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