woO 2013/121100 A 1[I I V000000 00 O R O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/121100 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74
31

22 August 2013 (22.08.2013) WIPO I PCT
International Patent Classification:
FOI1L 9/02 (2006.01)
International Application Number:
PCT/FI2013/050146

International Filing Date:

11 February 2013 (11.02.2013) (84)
Filing Language: English
Publication Language: English
Priority Data:
20125181 16 February 2012 (16.02.2012) FI

Applicant: WARTSILA FINLAND OY [FI/FI]; Tarhaa-
jantie 2, FI-65380 Vaasa (FI).

Inventors: NYNAS, Hikan; Nyingsvigen 3 B 2, FI-
65280 Vaasa (FI). HYOTY, Ilari; Vapaudentie 38 as. 7,
FI-65200 Vaasa (FI).

Agent: GENIP OY; Heikinkatu 7, FI-48100 Kotka (FI).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: A HYDRAULIC VALVE ARRANGEMENT FOR CONTROLLABLY OPERATING A GAS EXCHANGE VALVE OF
AN INTERNAL COMBUSTION PISTON ENGINE

28

46

FIG. 1

|_1| 36

(57) Abstract: Invention relates to a hydraulic valve ar-
rangement (10) for controllably operating a gas exchange
valve of an internal combustion piston engine, the arrange-
ment comprising a body part (12) in which body part a first
fluid chamber (14.1) is arranged bordered by radial surfaces
(16.1', 16.2") of first and second piston parts and having a
volume that increases in response to the piston parts (16.1,
16.2) moving relative to the body part in a first direction,
and a second fluid chamber (14.2) is arranged bordered by
radial surface (16.2") of the second piston part having a
volume that decreases in response to the second piston part
moving relative to the body part in a first direction. The
first and the second piston parts are arranged slidably in re-
spect to each other and that the movement of the second
piston (16.2) part relative to the body part (12) is arranged
controllable by a fluid control system (24) arranged in con-
nection with the hydraulic valve arrangement (10).
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A hydraulic valve arrangement for controllably operating a gas ex-

change valve of an internal combustion piston engine

Technical field

[001] The present invention relates to a hydraulic valve arrangement for
controllably operating a gas exchange valve of an internal combustion pis-
ton engine, the arrangement comprising a body part having a working
space into which an operating piston is arranged, which operating piston
comprises at least a first and a second concentric piston parts, and in which
body part a first fluid chamber is arranged bordered by radial surfaces of
both the first and the second piston parts and having a volume that in-
creases in response to the piston parts moving relative to the body part in a
first direction, and a second fluid chamber is arranged bordered by radial
surface of the second piston part having a volume that decreases in re-
sponse to the second piston part moving relative to the body part in a first
direction.

Background art

[002] An internal combustion engine typically includes a plurality of gas
exchange valves. These valves control the intake and exhaust gas flow
through the combustion chamber(s) of the engine. A typical engine will in-
clude at least one intake valve and at least one exhaust valve for each cyl-
inder or combustion chamber of the engine. The opening of each valve is
timed to occur at a predetermined cam or crank shaft angle in the operating
cycle of the engine. It's well known that it is beneficial to control the time
that gas exchange valves of engine are open while the engine is running.
The maximum capacity of the engine may be effected by prolonging the

time valves are open when running speed is high and when the maximum
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capacity is needed, for example. Also, the available engine torque can be
increased at partial load and lower revolutions, for example, by choosing
suitable opening times for the valves. By adjusting the optimal open time of
valves during each stroke of the engine according to its operating mode,

the consumption of fuel and harmful emissions can be reduced.

[003] The actuation of such adjustable valves may be accomplished by
means of a hydraulic valve operating system. As an example of such sys-
tem EP 140347381 B1 discloses an actuation assembly having a body, a
valve moving piston arranged slidable relative to the body, and first, sec-
ond, and third hydraulic chambers defined between the piston and the
body, wherein the first and second chambers have volumes that decrease
and the third chamber has a volume that increases in response to the pis-
ton moving relative to the body in a first direction.

[004] US 2004055547 A1 shows a hydraulic actuator in which an operat-
ing piston is designed in such a way that the areal surface of at least one of
the two effective areas changes along the sliding path of the operating pis-
ton. Specifically it shows an arrangement in which the piston has a plurality
of parts and has two partial pistons which have different axial lengths and
they are concentrically inserted inside each other so as to be movable rela-
tive to each another. Thus, by means of the combined effective areas of the
concentric pistons gas exchange valve may be rapidly opened with great
displacement force, which then rapidly drops and remains constant over the
rest of the valve lift by means of the inner piston only.

[005] Hydraulic actuators provide extensive possibilities for controlling and
adjusting the valve opening and closing during the operation of the engine.
However, a challenge of hydraulic gas exchange valve actuation is energy
efficiency due to considerably high flow rates of hydraulic fluid.

[006] It is an object of the invention to provide a hydraulic valve arrange-

ment for controllably operating a gas exchange valve of an internal com-
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bustion piston engine which provides flexible controllability and minimizes

energy consumption.

Disclosure of the Invention

[007] The objects of the invention are substantially met by a hydraulic
valve arrangement for controllably operating a gas exchange valve of an
internal combustion piston engine, the arrangement comprising a body part
having a working space into which an operating piston is arranged, which
operating piston comprises at least a first and a second concentric piston
parts arranged slidably in respect to each other, and in which body part a
first fluid chamber is arranged bordered by radial surfaces of both the first
and the second piston parts and having a volume that increases in re-
sponse to the piston parts moving relative to the body part in a first direc-
tion, and a second fluid chamber is arranged bordered by radial surface of
the second piston part having a volume that decreases in response to the
second piston part moving relative to the body part in a first direction. It is
characteristic to the invention that the movement of the second piston part
in the first direction relative to the body part is arranged independently from
the first piston part controllable by a fluid control system arranged in con-
nection with the hydraulic valve arrangement.

[008] This way it is possible to adjust the arrangement the work done by
the hydraulic fluid with optimum flow rate in respect to the required force for
moving the piston in the first direction.

[009]

[0010] According to an embodiment of the invention the fluid control system
comprises a pressure line connected to a source of pressurized fluid and to
the first fluid chamber and being provided with a pressure valve, and each

of the fluid chambers having a volume that decreases in response to at
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least one of the piston parts moving relative to the body part in a first direc-

tion, is in controllable fluid communication with the pressure line.

[0011] According to an embodiment of the invention the fluid control system
comprises a fluid line connecting the second fluid chamber controllably to a
low pressure part of the fluid control system.

[0012] According to an embodiment of the invention a third fluid chamber is
arranged being bordered by radial surfaces of at least the first piston part
having a volume that decreases in response to the first piston part moving
relative to the body part in a first direction. The first and the third fluid
chambers are selectively connectable to a pressurized hydraulic fluid

source.

[0013] According to an embodiment of the invention the radial surface of the
first piston part bordering the first fluid chamber is smaller than the radial
surface of the first piston part bordering the third fluid chamber and the ra-
dial surface of the first piston part bordering the third fluid chamber is
smaller than the radial surface of the second piston part bordering the sec-
ond fluid chamber.

[0014] According to an embodiment of the invention first piston part is ar-
ranged freely movable in respect to the second piston part in the first direc-
tion and it is provided with a mechanical stop which delimits the movement
of the second piston part in respect to the first piston part.

Brief Description of Drawings

[0015] In the following, the invention will be described with reference to the

accompanying exemplary, schematic drawings, in which
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Figure 1 illustrates a hydraulic valve arrangement for controllably operating
a gas exchange valve of an internal combustion piston engine according to
an embodiment of the invention,

Figure 2 illustrates a hydraulic valve arrangement for controllably operating
a gas exchange valve of an internal combustion piston engine according to
another embodiment of the invention, and

Figure 3 illustrates a hydraulic valve arrangement for controllably operating
a gas exchange valve of an internal combustion piston engine according to

still another embodiment of the invention.

Detailed Description of Drawings

[0016] In figure 1 there is schematically shown a hydraulic valve arrange-
ment 10 for an internal combustion piston engine according to an embodi-

ment of the invention.

[0017] By means of the hydraulic valve arrangement the operation of a
valve i.a. its timings in respect to the cycle of the piston and opening and/or
closing ramps may be controlled in very flexibly manner. The arrangement
comprises a body part 12 into which a working space 14 is arranged. The
arrangement comprises further an operating piston 16 which is arranged
into the working space. The operating piston is in force transmission con-
nection with a gas exchange valve 18 of the engine. The operating piston
16 is arranged movably in the working space 14 so that it may move in first
direction which causes opening movement of the gas exchange valve 18
and respectively in second direction opposite to the first direction which
causes closing movement of the gas exchange valve 18. The working
space 14 is arranged rotationally symmetrical manner in respect to its cen-
tral axis 20. The working space extends as a guiding section 22 at its one
end which has inner diameter selected in respective to the outer diameter
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of the operating piston 16 at corresponding area so that desired guiding ef-
fect for the piston 16 is achieved.

[0018] The operating piston 16 comprises at least a first 16.1 and a second
16.2 concentric piston parts. The first and the second piston parts 16.1,
16.2 are arranged slidably in respect to each other so that the movement of
the second piston part 16.2 in the first direction relative to the first part is
delimited by a mechanical stop 50 arranged to the first piston part 16.1.
There is also a second mechanical stop 51 arranged to the body part 12
which cooperates with the second piston part 16.2 The second stop limits
the movement of the second piston part 16.2 in the second direction to a
predetermined position in respect to the body part 12. The second stop de-
fines the initial position of the second piston part 16.2. The piston parts are
arranged controllable by a fluid control system 24 arranged in connection

with the hydraulic valve arrangement.

[0019] In figure 2 there is shown a valve arrangement 10 which identical to
that shown in figure 1 described above but which is controllable by a fluid
control system 24 which allow more sophisticated control of the valve ar-

rangement.

[0020] During the operation of the hydraulic valve arrangement according to
an embodiment of the invention shown in figure 1 and figure 2 the second
piston part 16.2 is assisting the movement of the first piston part 16.1 in the
first direction when the valve 18 is to be opened. During the returning
movement of the operating piston the first piston part 16.1 pushes the sec-
ond piston part back to its initial position against the second mechanical
stop 51.

[0021] In the body part 12 there is a first fluid chamber 14.1 arranged in the
working space partially bordered by radial surfaces 16.1°, 16.2" of both the
first and the second piston parts 16.1 16.2 at their first ends and having a

volume that increases in response to either or both of the piston parts 16.1,
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16.2 moving relative to the body part 14 in the first direction, that is down-
wards in the figures 1 and 2. The working space includes also a second flu-
id chamber 14.2 which is arranged in the working space partially bordered
at least by radial surface 16.2” of the second piston part at its second end
having a volume that decreases in response to the second piston part mov-
ing relative to the body part in the first direction being downwards direction
in the figures1 and 2.

[0022] As shown in figure 1 and 2 radial surfaces 16.1°, 16.2°, 16.2” define
effective areas so that 16.1" defines the area of the first end of the first pis-
ton part 16.1, 16.2’ defines the area of the first end of the second piston
part 16.2 and 16.2” defines the area of the second end of the second piston
part when being against the mechanical stop 50 arranged to the first piston
part in a form of shoulder.

[0023] The fluid control system 24 comprises a pressure line 26 connected
to a source of pressurized fluid 28 and also to the first fluid chamber 14.1
and is provided with a pressure valve 30. Thus it is possible to controllably
admit pressurized fluid in to the chamber 14.1 and subject force to the pis-
ton parts 16.1 and 16.2. Now, the movement of the second piston part 16.2
relative to the body part 12 is arranged controllable by a fluid control system
24 so that the second fluid chamber 14.2 having a volume that decreases in
response to the second piston part 16.2 moving relative to the body part in
a first direction is in controllable fluid communication 34 to a low pressure
part 36 of the fluid control system. This way the movement of the second
piston part 16.2 is arranged independently controllable in the by the fluid
control system 24. More particularly, the fluid control system 24 comprises
a fluid line 38 having a valve 40 connecting the second fluid chamber 14.2
controllably to the low pressure part 36. By means of the valve 40 in the flu-
id line it is possible to control the flow of fluid from the second fluid chamber
14.2. The fluid flow out from the second chamber defines the state of mov-
ing of the second piston part 16.2. Thus, when the flow of fluid is prevented
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out of the second fluid chamber 14.2 the second piston part 16.2 may not
move even if the valve 30 is open. In that case only the piston part 16.1
moves and the piston part 16.2 substantially remains its current position
representing to position when the valve 30 is closed. The valve 30 may be
controlled to be closed at any suitable moment during the movement of the
piston 16 so that the movement of the second piston part 16.2 is moved
along the first piston part 16.1 only to a desired extent.

[0024] As depicted in figure 2, according to an embodiment of the invention
the second fluid chamber 14.2 is additionally in controllable fluid communi-
cation 32 with the first fluid chamber 14.1. In the embodiment of figure 2
this has been realized by controllable fluid communication 32 with pressure
line 26 downstream the pressure valve 30 having a valve 31. This way the
pressurized fluid may be caused to effect on both ends of the second piston
part 16.2. Since the radial surface 16.2’ at the first end of the second piston
part is bigger than the radial surface 16.2"” at the second end of the second
piston part at the initial position shown in figure 2 the force subjected by the
second piston part 16.2 to the first piston part 16.1 is defined by the differ-
ence of the surface areas 16,2’ and 16,2”. Thus, the effect of the second
piston part 16.2 is controlled by opening the fluid flow communication from
the second fluid chamber 14.2 to either to pressure line or the low pressure
part 36 of the system or closing the fluid flow communication from the sec-
ond fluid chamber 14.2. In case the control valve 31 is open and the control
valve 40 is closed and hydraulic fluid is fed to the first fluid chamber 14.1
hydraulic fluid is returned from the second fluid chamber 14.2 to the pres-
sure line 26, and thus the needed flow rate from the pressurized hydraulic
fluid source is smaller. Thus, the stopping of the movement of the second
piston part in the first direction relative to the body part is arranged inde-
pendently from the first piston part. This also means stopping of the trans-
mitting force from the second piston part to the first piston part. This feature
is shown in all figures 1 - 3.
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[0025] The working space 14 and the first piston part 16.1 delimit a third flu-
id chamber 14.3 which is arranged partially bordered by radial surface
16.1" of at least the first piston part 16.1 the chamber having a volume that
decreases in response to the first piston part moving relative to the body
part in a first direction. The third fluid chamber is selectively connectable by
means of a fluid line 46 having a valve 42 to a pressurized hydraulic fluid
source 28 which facilitates the movement of the piston in the second direc-
tion i.e. the direction causing the movement of the gas exchange valve 18
in its closing direction. The pressure line i.e. the first chamber 14.1 is also
selectively connectable by means of a fluid line having a valve 62 to the low

pressure part 36 of the system.

[0026] As shown in figure 2 the third fluid chamber 14.3 is also in controlla-
ble fluid communication 44 with the first fluid chamber 14.1. In the embodi-
ment of figure 2 this has been realized by controllable fluid communication
44 with the pressure line 26 downstream the pressure valve 30 having a
valve 43. This way the pressurized hydraulic fluid may be caused to effect
on first end of the first piston part 16.1 and its radial surface 16.1”. Since
the radial surface 16.1" at the first end of the first piston part is bigger than
the radial surface 16.1” bordering the third chamber the force subjected to
the first piston part 16.1 is defined by the difference of the surface areas
when the communication from the third chamber to the pressure line 26 is
open. Thus, the effect of the first piston part 16.1 is controlled by opening
the fluid flow communication from the third fluid chamber 14.3 to either to
pressure line or the low pressure part 36 of the system. The third chamber
14.3 connected to the low pressure part 36 by a line 46 provided with a
control valve 48. Additionally the second chamber 14.2 is controllably con-
nected to the low pressure part 36 by a fluid line 38 provided with a control

valve 40.

[0027] Preferably each of the fluid chambers which has a volume that de-

creases in response to at least one of the piston parts moving relative to the
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body part in a first direction is in controllable fluid communication with the
pressure line downstream the pressure valve, that is at the side of the first
fluid chamber.

[0028] Since the arrangement of figure 1 and figure 2 includes two piston
parts, and it is possible to select the way their effective areas are utilized in
applying different forces to the piston 16 by several combinations of suitably
opened and closed control valves. In practise the benefit in this arrange-
ment is to have selectable effective area i.e. combined radial surfaces in
the working space 14. This way, depending e.g. on the engine load, the en-
gine automation may select what effective area is used. When the effective
area is chosen so that the force produced by the hydraulic pressure equals
the restricting forces, the required hydraulic flow is minimized, thus saving
energy. If the effective area is bigger than what is required by the forces,
the needed hydraulic flow is also bigger and the system consumes extra

energy, which is minimized by the present invention.

[0029] As an example of the working of the valve arrangement the hydraulic
cylinder has at least three fluid chambers 14.1, 14.2, 14.3. The chamber
14.1 on top in the figure 1 and figure 2 is for pressing the piston 16 down
which movement opens the gas exchange valve 18. The third chamber
14.3 in the figure is used also for pressing the piston up which closes the
gas exchange valve. The second i.e. middle chamber 14.2 is a control vol-

ume.

[0030] If the second chamber 14.2 control valve 40 is closed, the hydraulic
fluid (e.g. oil) in the second chamber 14.2 may not flow out while the inner
piston tends to move down. Thus the second piston part 16.2 cannot move,
and so the only member doing the work is the first piston part 16.1. Provid-
ed that the force obtained in this manner is adequate less flow rate of the
fluid is required. In this case, the produced force is the surface area 16.1°

hydraulic pressure in the chamber 14.1. The third chamber 14.3 volume is
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connected to the low pressure part 36 (tank). If a greater force is required
(engine load is for example maximum), the second volume 14.2 control
valve 40 is opened connecting the second volume 14.2 to the low pressure
part 36 and both piston parts move down, the outer piston part 16.2 press-
ing the inner piston part 16.1. Now the effective force is obtained by the
combined piston areas 16.1" and 16.2". The system may be provided with
more pistons part and radial surfaces than two.

[0031] It is also an advantage of the invention that it is possible to change
the applied force, i.e. change the effective area, even during a stroke of the
piston, which makes the operation of the hydraulic valve arrangement even

more energy effective.

[0032] The third chamber 14.3 is pressurized when the piston is returned to
the initial position. Now the first chamber 14.1 is connected to the low pres-
sure part 36 (tank). According to an embodiment of the invention also the
valve 31 is opened. This makes is possible that fluid from both chambers
14.1 and 14.2 may flow to the low pressure part 36 either through the valve
62 or the valve 40 (or both), This way the piston 16 may be return back to
its initial position even if either of the valve 62 or 40 is inoperative. General-
ly, the first chamber 14.1 and the second chamber 14.2 are selectably
and/or controllably connected the low pressure part 36 because operational

selections may be made by means of the control valve 31.

[0033] . The returning of the gas exchange valve requires much less force
because there isn’t an engine pressure restricting the movement. Because
of that, the area causing the return movement may be smaller than the area

causing the movement in the first direction.

[0034] The arrangement of the figure 1 and figure 2 allows adjusting the ac-

tuator effective area for each load case.
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[0035] In the following table there are shown possible force combinations
obtainable by the arrangement of figure 1 and figure 2 with a predetermined

pressure.
Effective areas valve | valve |valve | valve | valve
30 40 48 31 43
16.1° on off | on off off
16.1" + 16.2° on on on off off
16.1" + 16.2- 16.2” on off | on on off
16.1" + 16.2- 16.1”" on on off off | on
16.1"+ 16.2° -16.2" - 16.1" on off off | on on

[0036] These alternative effective areas are for movement of the piston 16
in the first direction allowing seven different forces to be applied to the pis-
ton with same pressure level. Valve 30 is open in all combinations. Availa-
ble forces depend on the actual dimensioning of the areas and also hydrau-

lic pressure used.

[0037] In figure 2 there is also shown pressure accumulator system 55 se-
lectively connectable by means of valve 56 and 57 to the pressure line 26
and the line 46 in connection with the low pressure part 36 of the system.
By making use the accumulator system and the valve movement of the pis-

ton 16 may be decelerated, making also re-using of energy possible.

[0038] In figure 3 there is shown another embodiment of the invention
where three piston parts, the first part 16.1, the second piston part 16.2,
and a third piston part 16.3, are arranged in coaxial manner. In figure 3
there is used corresponding reference numbering to those in figure 1 and
figure 2 for corresponding elements. Each of the fluid chambers 14.2, 14.3
and 14.4 which have a volume that decreases in response to at least one of
the piston parts moving relative to the body part in a first direction is in con-
trollable fluid communication 27,32,44 having a control valve 29,31,43 with
the pressure line 26 downstream the pressure valve. In the embodiment of
figure 3 the fluid control system 24 comprises a fluid line 23 having a valve
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25 connecting also the fourth fluid chamber 14.4 controllably to the low

pressure part 36.

[0039] An inner coaxial piston part and an outer coaxial piston part are so
arranged that the movement of the outer coaxial piston part is limited to a
predetermined longitudinal position in respect to the inner coaxial piston
part. The movement of the outer coaxial piston part is limited preferably by
the form of the opposing surfaces of the inner coaxial piston part and the

outer coaxial piston part.

[0040] The arrangement may be provided with a spring element 60 urging
the piston to move in the second direction for example in the third fluid

chamber.

[0041] While the invention has been described herein by means of exam-
ples in connection with what are, at present, considered to be the most pre-
ferred embodiments, it is to be understood that the invention is not limited
to the disclosed embodiments, but is intended to cover various combina-
tions or modifications of its features, and several other applications included
within the scope of the invention, as defined in the appended claims. The
details mentioned in connection with any embodiment above may be used
in connection with another embodiment when such combination is techni-

cally feasible.
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Claims

1. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve of an internal combustion piston engine, the arrangement
comprising a body part (12) having a working space (14) into which an op-
erating piston (16) is arranged, which operating piston comprises at least a
first and a second concentric piston parts (16.1, 16.2), arranged slidably in
respect to each other, and in which body part a first fluid chamber (14.1) is
arranged bordered by radial surfaces (16.1°, 16.2’) of both the first and the
second piston parts and having a volume that increases in response to the
piston parts (16.1, 16.2) moving relative to the body part in a first direction,
and a second fluid chamber (14.2) is arranged bordered by radial surface
(16.2”) of the second piston part having a volume that decreases in re-
sponse to the second piston part moving relative to the body part in the first
direction, characterized in that the movement of the second piston (16.2)
part in the first direction relative to the body part (12) is arranged inde-
pendently from the first piston part (16.1) controllable by a fluid control sys-
tem (24) arranged in connection with the hydraulic valve arrangement (10).

2. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve according to claim 1, characterized in that the fluid control
system comprises a pressure line (26) connected to a source of pressur-
ized fluid (28) and to the first fluid chamber (14.1) and being provided with a
pressure valve (30), and that each of the fluid chambers (14.2, 14.3,14.4)
having a volume that decreases in response to at least one of the piston
parts (16.1,16.2,16.3) moving relative to the body part (12) in a first direc-
tion, is in controllable fluid communication with the pressure line (26).

3. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve according to claim 1, characterized in that the fluid control

system (24) comprises a fluid line (38) comprising a valve (40) connecting
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the second fluid chamber (14.2) controllably to a low pressure part (36) of
the fluid control system.

4. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve according to claim 1, characterized in that the arrange-
ment comprises a third fluid chamber (14.3) arranged bordered by radial
surfaces of at least the first piston part (16.1”) having a volume that de-
creases in response to the first piston part moving relative to the body part
in a first direction, and that the first and the third fluid chambers are selec-
tively connectable (30, 42) to a pressurized hydraulic fluid source (28).

5. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve according to claim 1, characterized in that the radial sur-
face (16.1°) of the first piston part (16.1) bordering the first fluid chamber
(14.1) is smaller than the radial surface (16.1”) of the first piston part bor-
dering the third fluid chamber (14.3) and that the radial surface (16.1") of
the first piston part bordering the third fluid chamber (14.3) is smaller than
the radial surface (16.2") of the second piston part (16.2) bordering the
second fluid chamber (14.2).

6. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve according to claim 1, characterized in that fist piston part
(16.1) is arranged freely movable in respect to the second piston part (16.2)
in the first direction and it is provided with a mechanical stop (50) which de-
limits the movement of the second piston part (16.2) in respect to the first
piston part (16.1).

7. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve according to claim 1 or 6, characterized in that the body
part (12) is provided with a second stop (51) in cooperation with the second
piston part (16.2) which limits the movement of the second piston part 16.2
in the second direction to a predetermined position.
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8. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve according to claim 1, characterized in that the arrange-
ment comprises a controllable fluid communication (32) between the first
fluid chamber (14.1) and the second fluid chamber (14.2).

9. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve according to claim 1, characterized in that the arrange-
ment comprises a controllable fluid communication (44) between the first
fluid chamber (14.1) and the third fluid chamber (14.3).

10. A hydraulic valve arrangement (10) for controllably operating a gas
exchange valve according to claims 3, 8 and 9, characterized in that the
controllable fluid communication (32) between the fist fluid chamber (14.1)
and the second fluid chamber (14.2) comprises a control valve (31), and the
controllable fluid communication (44) between the fist fluid chamber (14.1)
and the third fluid chamber (14.3) comprises a control valve (43), and that
the arrangement provides effective areas with combinations of opened
and/or closed control valves (30,40,48,31,43) defining applied force to the
piston (16) with a predetermined fluid pressure as follows:

Effective areas valve | valve |valve | valve | valve
30 40 48 31 43
16.1° on off | on off off
16.1" + 16.2° on on on off off
16.1" + 16.2- 16.2” on off | on on off
16.1" + 16.2- 16.1” on on off off | on
16.1"+ 16.2° -16.2" - 16.1" on off off | on on
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