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(54) GAS EXCHANGE VALVE ACTUATOR FOR AXIAL DISPLACEMENT OF A GAS EXCHANGE 
VALVE OF A COMBUSTION ENGINE

(57) The invention relates to a gas exchange valve
actuator for axial displacement of a gas exchange valve
of a combustion engine. The actuator is configured to be
connected to a pressure fluid source (HP) and a pressure
fluid sink (LP), respectively, and is configured to be driven
by a gaseous pressure fluid and comprises an actuator
piston (8) comprising an actuator piston disc (4) and an
actuator piston rod (7) projecting from the actuator piston
disc (4) in the axial direction, a cylinder volume, the ac-
tuator piston disc (4) separating said cylinder volume in
a first part (5) and a second part (6) and being displace-
able back and forth in the axial direction in said cylinder
volume between an inactive position and an active posi-
tion, the first part (5) of the cylinder volume being config-
ured for controllable fluid communication with said pres-
sure fluid source (HP) and said pressure fluid sin (LP),
respectively, and a hydraulic circuit comprises a chamber
(18), the free end (19) of the actuator piston rod (7) being
arranged in said chamber (18), wherein the actuator pis-
ton rod (7) is displaceable back and forth in the axial
direction in a channel (10) in connection with axial dis-
placement of the actuator piston disc (4) in the cylinder
volume, said channel (10) extending between the first
part (5) of the cylinder volume and the chamber (18) of
the hydraulic circuit. The actuator is characterized in that
said channel (10) comprises at least one circumferential
ventilation groove (22) that is configured to be connected
to said pressure fluid sink (LP).
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Description

Technical field of the Invention

[0001] The present invention relates to a gas exchange
valve actuator for axial displacement of a gas exchange
valve of a combustion engine. Thus, the present inven-
tion is particularly usable in applications having demand
for high speeds and precise controllability of the axial
displaceability, as well as demand for low operational
noise levels. The present invention relates in particular
to an actuator for axial displacement of at least one gas
exchange valve of a combustion engine, wherein the ac-
tuator is proposed to operate/manipulate one or more
inlet valves or outlet valves controlling the supply and
evacuation, respectively, of air/gas in relation to the cyl-
inder of the combustion engine. The inventive actuator
is thus especially suitable for operating/controlling en-
gine valves and thereby eliminates the need for one or
more cam shafts in the combustion engine. The present
invention also relates to a combustion engine comprising
such a gas exchange valve actuator.
[0002] The inventive gas exchange valve actuator is
configured to be connected to a pressure fluid source
(HP) and a pressure fluid sink (LP), respectively, and is
configured to be driven by a gaseous pressure fluid and
comprises an actuator piston, a cylinder volume and a
hydraulic circuit. The actuator piston comprises an actu-
ator piston disc and an actuator piston rod projecting/ex-
tending from the actuator piston disc in the axial direction,
the actuator piston disc dividing/separating said cylinder
volume in a first part and a second part and being dis-
placeable back and forth in the axial direction in said cyl-
inder volume between an inactive position and an active
position, the first part of the cylinder volume being con-
figured for controllable fluid communication with said
pressure fluid source (HP) and said pressure fluid sin
(LP), respectively, and the actuator piston being biased
in the direction from the second part of the cylinder vol-
ume towards the first part of the cylinder volume, and the
hydraulic circuit comprises a chamber, the free end of
the actuator piston rod being arranged in said chamber,
wherein the actuator piston rod is displaceable back and
forth in the axial direction in a channel in connection with
axial displacement of the actuator piston disc in the cyl-
inder volume, said channel extending between the first
part of the cylinder volume and the chamber of the hy-
draulic circuit.

Background of the Invention and prior art

[0003] Such an actuator, also known as a pneumatic
actuator, comprises an actuator piston disc that is dis-
placeable in the axial direction between a first position
(rest position) and a second position (active/extended
position). The displacement is obtained by controlling the
supply of a gaseous pressure fluid, such as compressed
gas/air, acting against the actuator piston disc. The ac-

tuator piston disc act in its turn directly or indirectly
against the object that shall be displaced, i.e. the engine
valve/gas exchange valve, in order to control the position
thereof.
[0004] When the actuator piston disc is in the rest po-
sition the engine valve is in contact with its seat, and
when the actuator piston disc is in the active position the
engine valve is open, i.e. located at a distance from its
seat.
[0005] It is known that the actuator in some applica-
tions demand for high work pressure/high pressure, for
instance in the range 8-30 bar, in order to obtain correct
function, i.e. be able to operate together with a combus-
tion engine having a range of revolution amounting to
8-10 thousand revolutions per minute. Thereto it is im-
portant in some applications to avoid that the temperature
in the actuator and in surrounding details/fluids increases
due to the actual operation of the actuator and the ac-
companying compressor, and this is attained by keeping
the pressure ratio at a low level and thereby a so-called
increased return pressure is utilized, also know as low
pressure/basic pressure. In other words, the pressure of
the pressure fluid located downstream the actuator is
much higher than the atmospheric pressure, for instance
3-6 bar.
[0006] The valve actuator makes use of pneumatics
as well as hydraulics for the operation thereof, and in
valve actuator solutions the risk of mixing gas and hy-
draulic liquid is high due to the sealings between the dif-
ferent fluids not being hundred percent fluid tight and
after some time it is a risk that the fluids may have neg-
ative effect to each other. The great pressure fluid pres-
sures entail that the gaseous pressure fluid, continuously
or during pressure peaks, risk to be pressed along the
actuator piston rod in the direction towards and into the
chamber of the hydraulic circuit, resulting in gas contam-
ination of the hydraulic liquid. A gas contamination of the
hydraulic liquid lead to great deterioration of the proper-
ties of the hydraulic liquid.

Objects of the Invention

[0007] The present invention aims at obviating the
aforementioned disadvantages and failings of previously
known gas exchange valve actuators and at providing
an improved actuator. A primary object of the invention
is to provide an improved gas exchange valve actuator
of the initially defined type which eliminates gas contam-
ination if the hydraulic liquid.

Summary of the Invention

[0008] According to the invention at least the primary
object is attained by means of the initially defined gas
exchange valve actuator having the features defined in
the independent claims. Preferred embodiments of the
present invention are further defined in the dependent
claims.
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[0009] According to the present invention there is pro-
vided an actuator of the initially defined type, which is
characterized in that the channel extending between the
first part of the cylinder volume and the chamber of the
hydraulic circuit comprises at least one circumferential
ventilation groove that is configured to be connected to
said pressure fluid sink.
[0010] Thus, the present invention is based on the in-
sight that by preventing gas contamination of the hydrau-
lic liquid an actuator more reliable in service over time is
obtained.
[0011] According to a preferred embodiment of the
present invention, the actuator comprises an inlet chan-
nel extending between a pressure fluid inlet and the first
part of the cylinder volume and comprising an inlet valve
body, an outlet channel extending between the first part
of the cylinder volume and a pressure fluid outlet and
comprising an outlet valve body, the pressure fluid inlet
being configured to be connected to the pressure fluid
source (HP) and the pressure fluid outlet being config-
ured to be connected to the pressure fluid sink (LP).
[0012] Further advantages with and features of the in-
vention will be apparent from the other dependent claims
as well as from the following detailed description of pre-
ferred embodiments.

Brief description of the drawings

[0013] A more complete understanding of the above-
mentioned and other features and advantages of the
present invention will be apparent from the following de-
tailed description of preferred embodiments in conjunc-
tion with the appended drawings, wherein:

Fig. 1 is a schematic view from the side of an inventive
gas exchange valve actuator, in which the ac-
tuator is in the inactive state thereof having the
actuator piston disc in the inactive position, and

Fig. 2 is a schematic cross sectional view from the
side corresponding to figure 1, in which the ac-
tuator piston rod is located in the active position.

Detailed description of preferred embodiments

[0014] The present invention relates to an actuator,
generally designated 1, for axial displacement of an ob-
ject, especially a gas exchange valve actuator 1 for axial
displacement of a gas exchange valve of a combustion
engine. The invention will herein below be described with
reference to the application in which the gas exchange
valve actuator 1 is used to drive one or more inlet valves
or outlet valves in a combustion engine.
[0015] In the disclosed embodiment the actuator 1
comprises an actuator housing 2, a cylinder 3 delimiting
a cylinder volume, an actuator piston disc 4 that is ar-
ranged in and in the axial direction displaceable back and
forth in said cylinder volume between an inactive rest
position/upper dead centre (figure 1) and an active posi-

tion/lower dead centre (figure 2). The actuator piston disc
4 separates said cylinder volume in a first, upper part 5
and a second, lower part 6. The valve stem of the gas
exchange valve terminates in the second part 6 of the
cylinder volume, and the gas exchange valve is biased
in the direction upwards by means of a conventional valve
spring or pneumatic spring (not shown). The actuator pis-
ton disc 4 is returned to the rest position thereof by being
biased, preferably by means of the spring means, in the
direction upwards. The spring means may be constituted
by a mechanical spring or a pneumatic spring, located in
the second part 6 of the cylinder volume. In the case the
actuator piston is connected to and drives an inlet valve
or an outlet valve of a combustion engine, the spring may
be constituted by a valve spring lifting/returning the gas
exchange valve to the closed position thereof. However,
alternative solutions to realize the bias are conceivable
and within the scope of the present invention.
[0016] Thereto the actuator 1 comprises an actuator
piston rod, generally designated 7, that is fixedly con-
nected to and axially projecting from the actuator piston
disc 4, and that together with the actuator piston disc
form an actuator piston 8. The actuator piston rod 7 elim-
inates the risk of tilting the actuator piston disc 4. The
actuator piston rod 7 has in the disclosed embodiment a
first, thick part 9, that is located at a distance from the
actuator piston disc 4 and that is in tight-fit with a channel
10 in the actuator housing 2, and a second, narrow part
11 extending between and connecting the thick part 9
and the actuator piston disc 4. It shall be pointed out that
the actuator piston rod 7 can be of uniform thickness
along the entire length thereof and/or present one or more
circumferential grooves configured to control different flu-
id flows as is previously known and will not be described
further herein.
[0017] The actuator 1 also comprises a pneumatic
pressure fluid circuit, configured for controllable supply
of a gas or gas mixture, for instance air, from a pressure
fluid source HP to the first part 5 of the cylinder volume
in order to generate a displacement of the actuator piston
disc 4 to the position shown in figure 2, and is configured
for controllable evacuation of the gas or gas mixture from
the first part 5 of the cylinder volume to a pressure fluid
sink LP in order to generate a return movement of the
actuator piston disc 4 to the position shown in figure 1.
Thus, the pressure fluid is gaseous.
[0018] The pressure fluid circuit comprises an inlet
channel 12 extending between a pressure fluid inlet 13
in the actuator housing 2 and the first part 5 of the cylinder
volume, and an outlet channel 14 extending between the
first part 5 of the cylinder volume to a pressure fluid outlet
15 in the actuator housing 2. Said inlet channel 12 is
connected to the pressure fluid source HP via the pres-
sure fluid inlet 13, and said outlet channel 14 is connected
to the pressure fluid sin LP via the pressure fluid outlet
15. In other words, the pressure fluid inlet 13 of the ac-
tuator 1 is configured to be connected to the pressure
fluid source HP, and the pressure fluid outlet 15 is con-
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figured to be connected to the pressure fluid sink LP. The
pressure fluid source can be constituted by a compressor
belonging to the engine and may comprise a tank, or be
constituted by solely a pressure tank. The pressure fluid
sink can be constituted by any place having a lower pres-
sure than is generated in the pressure fluid source, for
instance a conduit extending back to the compressor.
The pressure fluid circuit is preferably a closed system
having an increased return pressure, i.e. the pressure
fluid sink LP has for instance 3-6 bar pressure, and the
pressure fluid source HP has for instance 8-30 bar pres-
sure.
[0019] The actuator 1 comprises, according to the dis-
closed embodiment, an inlet valve body 16 arranged in
said inlet channel 12 in order to control the flow of pres-
sure fluid in the inlet channel 12 past the position at which
the inlet valve body 16 is located, i.e. configured to open
and close, respectively, the inlet channel 12. The inlet
valve body 16 is preferably biased by means of a spring
in a direction closing the inlet channel 12.
[0020] The actuator 1 comprises an outlet valve body
17 arranged in said outlet channel 14 in order to control
the flow of pressure fluid in the outlet channel 14 past
the position at which the outlet valve body 17 is located,
i.e. configured to open and close, respectively, the outlet
channel 14. The outlet valve body 17 is preferably biased
by means of a spring in a direction opening the outlet
channel 14. The inlet valve body 16 and the outlet valve
body 17 are controlled in any suitable way, for instance
by means of direct or indirect electrically control, by
means of a not disclosed electrical controlled pilot valve.
The term direct electrically controlled mean that the po-
sition of the valve is directly controlled by for instance an
electro magnetic device, and indirect electrically control-
led mean that the position of the valve is controlled by a
pressure fluid that in its turn is controlled by for instance
an electro magnetic device/pilot valve, such as a sole-
noid, or by means of a piezoelectric device, etc.
[0021] According to one embodiment the inlet valve
body 16 and the outlet valve body 17 are connected to
each other. Thus, the valve bodies move jointly with each
other at activation, whereupon the inlet channel 12 is
closed when the outlet channel 14 is open and vice versa.
Also other known combinations/constellations of the dis-
closed valve bodies and other valve bodies are conceiv-
able in order to fill and empty, respectively, the first part
5 of the cylinder volume, also known as for instance cut-
ting pin. These are not described herein.
[0022] It shall be pointed out that the valves in the ac-
tuator 1 are schematically disclosed and may for instance
be constituted by slide valves, seat valves, etc. Thereto
several of said controllable valves may be constituted by
a single body.
[0023] Thereto the actuator 1 comprises a hydraulic
circuit comprising a chamber 18, the free end 19 of the
actuator piston rod 7 being arranged to be displaced in
the axial direction in relation to said chamber 18 in con-
nection with axial displacement of the actuator piston disc

4 in the cylinder volume.
[0024] Hydraulic liquid (oil) is allowed to flow into the
chamber 18 via a check valve 20 and out of the chamber
18 via a hydraulic valve 21. The hydraulic valve 21 com-
prises a hydraulic valve body that is displaceable back
and forth between a closed position/rest position and an
open/active position, wherein the hydraulic valve body is
biased by means of a spring in the direction away from
the closed position. In other words, when the actuator
valve 8 is displaced from the rest position (figure 1) to
the active position (figure 2) the actuator piston rod 7
leave room for inflow of liquid into the chamber 18 and
the hydraulic valve is closed, and when the actuator pis-
ton 8 is displaced from the active position to the rest po-
sition the hydraulic valve must first be opened whereupon
liquid is pressed out of the chamber 18. The hydraulic
valve body can be connected to the inlet valve body 16
and/or the outlet valve body 17, whereupon the connect-
ed valve bodies are moved jointly with each other.
[0025] The actuator piston rod 7 of the actuator piston
8 is displaceable back and forth in the axial direction in
the channel 10 of the actuator housing 2 in connection
with axial displacement of the actuator piston disc 4 in
the cylinder volume, said channel 10 extending between
the first part 5 of the cylinder volume and the chamber
18 of the hydraulic circuit. The channel 10 comprises at
least one circumferential ventilation groove 22 that is con-
figured to be connected to said pressure fluid sink LP.
The ventilation groove 22 is preferably connected to the
outlet channel 14 downstream the outlet valve body 17,
and upstream the pressure fluid outlet 15. The ventilation
groove 22 result in that the pressure fluid in the first part
5 of the cylinder volume, that continuously or intermit-
tently can present higher pressure than the hydraulic liq-
uid in the chamber 18, is prevented from being pressed
up along the channel 10 into the chamber 18 and is ven-
tilated via the ventilation groove 22. Thereby it is ensured
that no gas contamination of the hydraulic liquid can oc-
cur. A little controlled leakage of hydraulic liquid that is
pressed from the chamber 18 along the channel 10 and
into the ventilation groove 22 is allowed, and also favo-
rable, as hydraulic liquid mist in the gaseous pressure
fluid assist in lubricating the components of the actuator
1.
[0026] In figure 1 the actuator 1 is disclosed in the rest
position thereof. This entail that the actuator piston disc
4 is in the rest position/upper dead centre, the inlet valve
body 16 is in the closed position and the outlet valve body
17 is open or closed.
[0027] When a signal is given, for instance by a control
unit, that the actuator 1 shall perform a displacement of
the object/engine valve, the inlet valve body 16 is open,
it shall be pointed out that first it is ensures that the outlet
channel 14 is closed. Pressure fluid flow into the first part
5 of the cylinder volume via the inlet channel 12 and act
against the upper side of the actuator piston disc 4 and
displace the actuator piston 8 in the direction downwards.
The outlet valve body 17 is kept closed. When the actu-
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ator piston disc 4 has been displaced a predetermined
distance the inlet channel 12 is closed, i.e. continued
inflow of pressure fluid from the pressure fluid source HP
to the first part 5 of the cylinder volume is prevented,
whereupon the actuator piston disc 4 continues its dis-
placement and takes the active position/lower dead cen-
tre thereof, as is seen in figure 2. The actuator piston disc
4 continues its displacement downwards after the inflow
to the first part 5 of the cylinder volume is closed, since
the gas in the first part 5 of the cylinder volume expand
and compress the valve spring of the engine valve. The
pressure level in the pressure fluid source HP is known,
the size of the volume of the first part 5 of the cylinder
volume when the inlet channel 12 is closed is known, the
power characteristic of the valve spring is known, etc.
thereby the length of the continued displacement of the
actuator piston disc 4 can be controlled with good preci-
sion.
[0028] In order to admit return movement of the actu-
ator piston disc 4 the inlet channel 12 is closed, where-
upon the outlet channel 14 is opened, and the actuator
piston disc 4 is displaced upwards by for instance the
valve spring whereupon the pressure fluid in the first part
5 of the cylinder volume is evacuated through the outlet
channel 14. Thereby the actuator 1 is back in the rest
state as shown in figure 1. The actuator piston disc 4 is
returned to its rest position, by means of a biased spring
member, in the direction upwards. The spring member
can be constituted by a mechanical spring or a pneumatic
spring, located in the second part 6 of the cylinder vol-
ume. In the embodiment the actuator piston is connected
to and drives an inlet or outlet valve of a combustion
engine the spring may be constituted by a valve spring
lifting the gas exchange valve to the closed position there-
of. Alternative solutions how to realize this bias are con-
ceivable and within the scope of the present invention.

Feasible modifications of the Invention

[0029] The invention is not limited only to the embod-
iments described above and shown in the drawings,
which primarily have an illustrative and exemplifying pur-
pose. This patent application is intended to cover all ad-
justments and variants of the preferred embodiments de-
scribed herein, thus the present invention is defined by
the wording of the appended claims and thus, the equip-
ment may be modified in all kinds of ways within the scope
of the appended claims.
[0030] It shall also be pointed out that all information
about/concerning terms such as above, under, upper,
lower, etc., shall be interpreted/read having the equip-
ment oriented according to the figures, having the draw-
ings oriented such that the references can be properly
read. Thus, such terms only indicates mutual relations in
the shown embodiments, which relations may be
changed if the inventive equipment is provided with an-
other structure/design.
[0031] It shall also be pointed out that even thus it is

not explicitly stated that features from a specific embod-
iment may be combined with features from another em-
bodiment, the combination shall be considered obvious,
if the combination is possible.

Claims

1. A gas exchange valve actuator for axial displace-
ment of a gas exchange valve of a combustion en-
gine, the actuator (1) being configured to be con-
nected to a pressure fluid source (HP) and a pressure
fluid sink (LP), respectively, and is configured to be
driven by a gaseous pressure fluid and comprises:

- an actuator piston (8) comprising an actuator
piston disc (4) and an actuator piston rod (7)
projecting from the actuator piston disc (4) in the
axial direction,
- a cylinder volume, the actuator piston disc (4)
separating said cylinder volume in a first part (5)
and a second part (6) and being displaceable
back and forth in the axial direction in said cyl-
inder volume between an inactive position and
an active position, the first part (5) of the cylinder
volume being configured for controllable fluid
communication with said pressure fluid source
(HP) and said pressure fluid sin (LP), respec-
tively, and the actuator piston (8) being biased
in the direction from the second part (6) of the
cylinder volume towards the first part (5) of the
cylinder volume, and
- a hydraulic circuit comprises a chamber (18),
the free end (19) of the actuator piston rod (7)
being arranged in said chamber (18),

wherein the actuator piston rod (7) is displaceable
back and forth in the axial direction in a channel (10)
in connection with axial displacement of the actuator
piston disc (4) in the cylinder volume, said channel
(10) extending between the first part (5) of the cylin-
der volume and the chamber (18) of the hydraulic
circuit, characterized in that said channel (10) com-
prises at least one circumferential ventilation groove
(22) that is configured to be connected to said pres-
sure fluid sink (LP).

2. The gas exchange valve actuator according to claim
1, wherein the actuator (1) further comprises:

- an inlet channel (12) extending between a pres-
sure fluid inlet (13) to the first part (5) of the cyl-
inder volume and comprising an inlet valve body
(16),
- an outlet channel (14) extending between the
first part (5) of the cylinder volume to a pressure
fluid outlet (15) and comprising an outlet valve
body (17),
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wherein the pressure fluid inlet (13) is configured to
be connected to the pressure fluid source (HP) and
the pressure fluid outlet (15) is configured to be con-
nected to the pressure fluid sink (LP).

3. The gas exchange valve actuator according to claim
2, wherein the inlet valve body (16) is biased by
means of a spring in a direction closing the inlet chan-
nel (12).

4. The gas exchange valve actuator according to claim
2 or 3, wherein the ventilation groove (22) is con-
nected to the outlet channel (14) downstream the
outlet valve body (17).

5. The gas exchange valve actuator according to any
preceding claim, wherein the hydraulic circuit com-
prises said chamber (18), a check valve (20) config-
ured to admit a flow of hydraulic liquid to the chamber
(18) and a hydraulic valve (21) configured to control
a flow of hydraulic liquid from the chamber (18).

6. The gas exchange valve actuator according to claim
5, wherein the hydraulic valve (21) comprises a hy-
draulic valve body that is displaceable back and forth
between a closed position and an open position, the
hydraulic valve body being biased by means of a
spring in the direction away from the closed position
thereof.

7. The gas exchange valve actuator according to claim
6 and further dependent on claim 5 and 2, wherein
the inlet valve body (16) and the hydraulic valve body
are connected to each other.

8. The gas exchange valve actuator according to any
preceding claim, wherein the actuator piston rod (7)
is fixed connected to the actuator piston disc (4).

9. A combustion engine comprising:

- a gas exchange valve,
- a gas exchange valve actuator (1) configured
for axial displacement of said gas exchange
valve,
- a pressure fluid source (HP), and
- a pressure fluid sink (LP),

the actuator (1) being connected to the pressure fluid
source (HP) and the pressure fluid sink (LP), respec-
tively, and being configured to be driven by means
of a gaseous pressure fluid and comprising in its turn:

- an actuator piston (8) comprising an actuator
piston disc (4) and an actuator piston rod (7)
projecting from the actuator piston disc (4) in the
axial direction,
- a cylinder volume, the actuator piston disc (4)

separating said cylinder volume in a first part (5)
and a second part (6) and being displaceable
back and forth in the axial direction in said cyl-
inder volume between an inactive position and
an active position, the first part (5) of the cylinder
volume being configured for controllable fluid
communication with said pressure fluid source
(HP) and said pressure fluid sin (LP), respec-
tively, and the actuator piston (8) being biased
in the direction from the second part (6) of the
cylinder volume towards the first part (5) of the
cylinder volume, and
- a hydraulic circuit comprises a chamber (18),
the free end (19) of the actuator piston rod (7)
being arranged in said chamber (18),

wherein the actuator piston rod (7) is displaceable
back and forth in the axial direction in a channel (10)
in connection with axial displacement of the actuator
piston disc (4) in the cylinder volume, said channel
(10) extending between the first part (5) of the cylin-
der volume and the chamber (18) of the hydraulic
circuit, characterized in that said channel (10) com-
prises at least one circumferential ventilation groove
(22) that is connected to said pressure fluid sink (LP).
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