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(57)  Aninternal combustion engine (1) comprises an
engine block (2), a poppet valve (3) which is slidably
mounted to the engine block (2), a camshaft (7) for op-
erating the poppet valve (3) which camshaft (7) is rotat-
ably mounted to the engine block (2), a valve spring (4)
which is fixed to the poppet valve (3) and resting on a
spring seat (6) of the engine block (2) and a load adjusting

spring (14) for exerting a spring force on the poppet valve
(3). The load adjusting spring (14) has a first portion (13)
which cooperates with an actuator (9-12) for displacing
the first portion (13) with respect to the spring seat (6)
and a second portion (15) located at a distance from the
first portion (13), which second portion (15) cooperates
with the poppet valve (3).
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Description

[0001] The present invention relates to an internal
combustion engine comprising an engine block, a poppet
valve which is slidably mounted to the engine block, a
camshaft for operating the poppet valve which camshaft
is rotatably mounted to the engine block, a valve spring
which is fixed to the poppet valve and resting on a spring
seat of the engine block and a load adjusting spring for
exerting a spring force on the poppet valve.

[0002] In most internal combustion engines poppet
valves are used to open and close the intake and exhaust
ports in the cylinder head. Usually, the valve spring is
compressed upon installation in an engine in order to
assure the poppet valve to close the corresponding in-
take or exhaust port. The force required to keep the pop-
pet valve closed at high engine speed is higher than that
required at a relatively low engine speed in order to avoid
a condition of valve float in which condition the poppet
valve does not properly follow the closure phase of a cam
lobe profile. Therefore it used to be customary to com-
press the valve spring upon installation in an engine, by
an amount sufficient to provide the higher preload force.
Later valve systems introduced a variable preload in or-
der to reduce friction force in the valve train during low
speed operation of the engine.

[0003] An internal combustion engine including a sys-
tem as described above is known from DE 35 25 626.
The valve closing force during high-speed operation can
be increased by allowing a load adjusting spring to exert
an additional force on the poppet valve.

[0004] An object of the invention is to provide an inter-
nal combustion engine in which the force on the poppet
valve can be adapted gradually upon varying engine
speed.

[0005] This objectis accomplished with the system ac-
cordingtothe invention, wherein the load adjusting spring
has a first portion which cooperates with an actuator for
displacing the first portion with respect to the spring seat
and a second portion located at a distance from the first
portion, which second portion cooperates with the poppet
valve.

[0006] When displacing the first portion of the load ad-
justing spring with respect to the spring seat, the second
portion will exert a different spring force onto the poppet
valve. This provides the opportunity to vary the spring
force on the poppet valve gradually rather than stepwise
like the above-described prior art system. At relatively
low engine speed the first portion of the load adjusting
spring can be positioned such that a relatively low force
is required to open the poppet valve, hence decreasing
fuel consumption. In other words, the load adjusting
spring exerts a force onto the poppet valve which coun-
teracts to the force which is exerted onto the poppet valve
by the valve spring. It is noted that the valve spring and
the load adjusting spring are different parts.

[0007] Preferably, the second portion of the load ad-
justing spring cooperates with the poppet valve such that
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under operating conditions the spring force acts on the
poppet valve at a location beyond the valve spring as
seen from the spring seat, since this provides freedom
of locating the load adjusting spring. The spring force
may act on the poppet valve indirectly, for example
through a rocker arm, where the spring force acts on the
rocker arm and the rocker arm transfers the spring force
onto the poppet valve.

[0008] In a particular embodiment the poppet valve is
drivably coupled to the camshaft through an arm, wherein
the arm is rotatably mounted on an adjusting shaft which
is mounted to the engine block, wherein the second por-
tion of the load adjusting spring engages the arm. Hence,
the second portion of the load adjusting spring cooper-
ates with the poppet valve via the arm. This provides
freedom to locate the load adjusting spring at a distance
from the poppet valve and the valve spring.

[0009] The second portion of the load adjusting spring
may engage an upper side of the arm.

[0010] In an embodiment the arm is a rocker arm and
the adjusting shaft is a rocker shaft.

[0011] The load adjusting spring may comprise a tor-
sion spring of which the first portion is mounted to an
adjusting wheel of the actuator which is rotatably mount-
ed to the engine block.

[0012] Preferably, the adjusting wheel is mounted to
the adjusting shaft, since this creates a compact struc-
ture.

[0013] The adjusting shaft may be mounted rotatably
to the engine block, whereas the adjusting wheel is fixed
to the adjusting shatft. In this case the first portion of the
load adjusting spring may be fixed to the adjusting shaft.
[0014] The adjusting wheel may comprise a worm gear
which is in engagement with a worm. The worm may be
driven by an electric motor. In this case, the actuator com-
prises the worm, the worm gear and the electric motor.
[0015] The invention will hereafter be elucidated with
reference to very schematic drawings showing embodi-
ments of the invention by way of example.

Fig. 1 is a perspective view of a part of an embodi-
ment of an internal combustion engine according to
the invention.

Fig. 2 is a similar view as Fig. 1, but showing another
embodiment.

Fig. 3 is a similar view as Fig. 1, but showing still
another embodiment.

Fig. 4 is a similar view of the embodiment as shown
in Fig. 3 as seen from a different side, in which parts
are left out for explanatory reasons.

Fig. 5is a similar view as Fig. 1, but showing another
embodiment.

Fig. 6 is a similar view as Fig. 1, but showing still
another embodiment.

[0016] Fig. 1 shows a part of an embodiment of an
internal combustion engine 1 according to the invention.
Inthis case the engine 1 has asingle cylinder (not shown),
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but the invention is also applicable to a multi-cylinder
engine. The internal combustion engine 1 comprises a
cylinder head 2 which is fixed to an engine block (not
shown). Fig. 1 only shows a part of the cylinder head 2.
[0017] The engine 1 comprises intake and exhaust
ports in the cylinder head 2. Each of the intake and ex-
haust ports is provided with a poppet valve 3 for opening
and closing the intake and exhaust ports, respectively,
in a well-known manner. Fig. 1 shows two poppet valves
3 at the respective intake ports of the cylinder of the en-
gine 1. Each of the poppet valves 3 is slidably mounted
to the cylinder head 2. At each of the poppet valves 3 an
upper side of a valve spring 4 is mounted to a valve stem
ofthe poppet valve 3 through a spring retainer 5, whereas
a lower side of the valve spring 4 rests on a spring seat
6 of the cylinder head 2. The valve spring 4 is initially
compressed at the time of installation such that the in-
stalled length of the valve spring 4 is less than its free
length. Hence, the valve spring 4 always exerts a force
on the poppet valve 3 in a direction to a position in which
it closes the corresponding intake or exhaust port.
[0018] The poppetvalves 3 are operated by acamshaft
7 which is rotatably mounted to the cylinder head 2. In
the embodiment as shown in Fig. 1 the poppet valves 3
are drivably coupled to the camshaft 7 through respective
arms 8 which are rotatably mounted on an adjusting shaft
9.

[0019] The adjusting shaft 9 is rotatably mounted to
the cylinder head 2 and provided with an adjusting wheel
in the form of a worm gear 10. The worm gear 10 is fixed
to the adjusting shaft 9 and meshes with a worm 11. The
worm 11 is fixed to an output shaft of an electric motor
12. The adjusting shaft 9 is fixed to respective first por-
tions 13 of respective load adjusting springs 14. The load
adjusting springs 14 are partly torsion springs which sur-
round the adjusting shaft 9. The load adjusting springs
14 have respective second portions 15 which are located
at a distance from the respective first portions 13. The
second portions 15 of the load adjusting springs 14 en-
gage the respective arms 8 at lateral projections thereof.
In the embodiment as shown in Fig. 1 each arm 8 is en-
gaged by two load adjusting springs 14, but it is also
conceivable that only one load adjusting spring 14 or
more than two load adjusting springs 14 engage a single
arm 8.

[0020] The electric motor 12, the worm 11, the worm
gear 10 and the adjusting shaft 9 form part of an actuator
for rotating the respective first portions 13 of the load
adjusting springs 14 with respect to the cylinder head 2.
Turning the respective first portions 13 of the load ad-
justing springs 14 leads to varying spring forces on the
respective arms 8 exerted by the second portions 15.
Consequently, this creates different forces on the respec-
tive poppet valves 3, in opposite direction than the direc-
tion in which the valve springs 4 exert respective forces
onthe poppet valves 3. This means that the electric motor
12 can be operated such that, for example at low engine
speed, the forces of the load adjusting springs 14 on the
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corresponding poppet valves 3 act in a direction which
is the same as the forces of the arms 8 onto the poppet
valves 3 upon opening the valves 3 when there were no
load adjusting springs 14. As a result, the total forces
required to open the poppet valves 3 by the camshaft 7
are reduced, resulting in lower fuel consumption of the
internal combustion engine 1.

[0021] Fig. 1 shows thatthe second portions 15 of each
pair of load adjusting springs 14 cooperate with the cor-
responding poppet valve 3 such that under operating
conditions the spring forces of the load adjusting springs
14 act indirectly via the corresponding arm 8 on the top
of the poppet valve 3, i.e. at a location beyond the valve
spring 4 as seen from the spring seat 6.

[0022] Fig. 2 shows another embodiment. Parts in this
embodiment which have the same function as parts in
the embodiment as shown in Fig. 1 have corresponding
reference signs. The embodiment of the internal com-
bustion engine 1 as shown in Fig. 2 has hydraulic valve
lifters 16. The second portions 15 of the load adjusting
springs 14 rest on top of the respective hydraulic valve
lifters 16 and work in a similar way as in the embodiment
of Fig. 1.

[0023] Figs. 3 and 4 show still another embodiment as
seen from different sides, respectively. Parts in this em-
bodiment which have the same function as parts in the
embodiments as shownin Figs. 1 and 2 have correspond-
ing reference signs. In Fig. 4 the cylinder head 2 is left
out for explanatory reasons. In this embodiment the cam-
shaft 7 operates poppet valves (not shown) at an inlet
port and an outlet port, respectively, through respective
rocker arms 17. The rocker arms 17 are rotatably mount-
ed on the adjusting shafts 9, which may also be called
rocker shafts in this case. The load adjusting springs 14
engage the respective rocker arms 17. Hence, each of
the adjusting shafts 9 has two functions: it changes the
spring force of the load adjusting spring 14 upon rotation
of the adjusting shaft 9 with respect to the engine block
and it supports the rocker arm 17. The worm gears 10 of
the respective adjusting shafts 8 mesh with the worm 11
such thatthey rotate synchronously in opposite directions
upon turning the worm 11. The load adjusting springs 14
are mounted to the respective adjusting shafts 8 and the
respective rocker arms 17 such that a pushing force of
their second portions 15 onto the respective poppet
valves 3 varies upon rotating the worm 11.

[0024] Fig. 5 shows still another embodiment. Parts in
this embodiment which have the same function as parts
in the embodiments as shown in Figs. 1-4 have corre-
sponding reference signs. In this case the load adjusting
springs 14 also engage the respective rocker arms 17
but they have a partly spiral shape. The first portions 13
of the load adjusting springs 14 may be fixed to the re-
spective adjusting shafts 9 or the respective worm gears
10.

[0025] Fig. 6 shows still another embodiment. Parts in
this embodiment which have the same function as parts
in the embodiments as shown in Figs. 1-5 have corre-
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sponding reference signs. This embodiment has a lot of
similarities as the embodiment shown in Figs. 3 and 4,
but the location of the worm 11 and electric motor 12 is
different. The worm 11 meshes with one worm gear 10
which is mounted to the corresponding adjusting shaft 9
together with an auxiliary gear 18 which is located at an
opposite end of the corresponding adjusting shaft 9,
whereas the auxiliary gear 18 meshes with the gear 10
that is mounted to the other adjusting shaft 9. Although
the configurations of the embodiments as shown in Fig.
6 and in Figs. 3 and 4 are different, they function in a
similar way.

[0026] The invention is not limited to the embodiments
shown in the drawings and described hereinbefore,
which may be varied in differentmanners within the scope
of the claims and their technical equivalents. The load
adjusting spring may also be a different spring type, for
example a helical spring.

Claims

1. Aninternal combustion engine (1) comprising an en-
gine block (2), a poppet valve (3) which is slidably
mounted to the engine block (2), a camshaft (7) for
operating the poppet valve (3) which camshaft (7) is
rotatably mounted to the engine block (2), a valve
spring (4) which is fixed to the poppet valve (3) and
resting on a spring seat (6) of the engine block (2),
aload adjusting spring (14) for exerting a spring force
on the poppet valve (3), characterized in that the
load adjusting spring (14) has a first portion (13)
which cooperates with an actuator (9-12) for displac-
ing the first portion (13) with respect to the spring
seat (6) and a second portion (15) located at a dis-
tance from the first portion (13), which second portion
(15) cooperates with the poppet valve (3).

2. Aninternal combustion engine (1) according to claim
1, wherein the second portion (15) of the load ad-
justing spring (14) cooperates with the poppet valve
(3) such that under operating conditions the spring
force acts on the poppet valve (3) at a location be-
yond the valve spring (4) as seen from the spring
seat (6).

3. Aninternal combustion engine (1) according to claim
2, wherein the poppet valve (3) is drivably coupled
to the camshaft (7) through an arm (8, 17), wherein
the arm (8, 17) is rotatably mounted on an adjusting
shaft (9) which is mounted to the engine block (2),
wherein the second portion (15) of the load adjusting
spring (14) engages the arm (8, 17) .

4. Aninternal combustion engine (1) according to claim
3, wherein the second portion (15) of the load ad-
justing spring (14) engages an upper side of the arm
(8, 17).
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Aninternal combustion engine (1) according to claim
3 or 4, wherein the arm is a rocker arm (17) and the
adjusting shaft is a rocker shaft (9).

An internal combustion engine (1) according to one
of the preceding claims, wherein the load adjusting
spring (14) comprises a torsion spring of which the
first portion (13) is mounted to an adjusting wheel
(10) of the actuator (9-12) which is rotatably mounted
to the engine block (2).

Aninternal combustion engine (1) according to claim
6 and to one of the claims 3-5, wherein the adjusting
wheel (10) is mounted to the adjusting shaft (9).

Aninternal combustion engine (1) according to claim
7, wherein the adjusting shaft (9) is mounted rotat-
ably to the engine block (2) and the adjusting wheel
(10) is fixed to the adjusting shaft (9).

An internal combustion engine (1) according to one
of the claims 6-8, wherein the adjusting wheel (10)
comprises a worm gear which is in engagement with
a worm (11).
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