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DESCRIPTION

Technical Field

[0001] The present invention relates to an actuator linkage assembly for a fluid medium valve.
The present invention further relates to a valve assembly and a vehicle including the valve
assembly.

Background

[0002] A valve assembly may typically include a valve for a fluid medium, such as a hydraulic
fluid, an actuator and an actuator linkage assembly. The actuator typically moves a valve spool
along a longitudinal axis from a resting position to one or more working positions. When the
valve spool is positioned in the working position, the valve is open and fluid medium is typically
allowed to flow between a first fluid port and a second fluid port. The valve spool positioned in
the resting position typically means that fluid medium is prevented to flow between the first fluid
port and the second fluid port. The valve may also allow fluid medium to flow in the resting
position and prevent fluid medium to flow in the working position. A valve may comprise a
resilient element, such as a spring, arranged to exert a force to the spool thereby acting to
force the valve spool towards the resting position or towards the working position depending on
configuration. The force needed to move the valve spool from a resting position to a working
position varies over time and depends on a number of factors besides the above mentioned
force, such as: friction between the valve spool and a valve body, friction between the valve
spool and seals, the flow or pressure of the fluid, thermo-shock or expansion of the valve spool
due to exposure to hot fluid and impurities or particles in the fluid.

[0003] The force needed to move the valve spool from the resting position to the working
position or vice versa may momentarily and/or for some limited time exceed the maximum
force that the actuator can deliver. A problem with conventional systems using electrical
actuators, such as linear motors or stepping motors, is that internal control or protective circuits
will then switch the actuator off to avoid damage to the motor. This in turn leads to loss of the
ability to position the valve spool via the actuator. Yet another problem with conventional
solutions is that the displacement or range required when moving the valve spool from the
resting position to the working position may differ from controllable displacement or controllable
range of the actuator. This may require complex and expensive adaption of the actuators
controllable displacement or available range to the specifications of the valve or vice versa.

Document US4836497 describes a conventional valve actuator mechanism for supplying a
selectively adjustable close-off force to an associated valve. The mechanism comprises a
means for urging the valve plunger into engagement with the valve seat with a predetermined
initial force and resistive means for generating a resistive force such that the close-off force is
less than the initial by a predetermined amount. However, the document does not disclose a



DK/EP 3309436 T3

solution that mitigates loss of the ability to position the valve spool via the actuator.

[0004] Document EP0354087 describes a conventional electrohydraulic component for
pressure regulation, comprising at least one pressure-reducing valve provided with a moveable
valve member, a mechanical device for operating this moveable valve member, and an
electrical control member, characterised in that the moveable valve member is a sliding gate
subjected, on the one hand, to a working pressure prevailing in a pressure chamber, and to an
opposite force applied at least indirectly by an operating bar forming a rack meshing with a
pinion driven by an electric motor of the rotary type. However, the document does not disclose
a solution that mitigates loss of the ability to position the valve spool via the actuator.

[0005] Thus, there is a need for an improved actuator linkage assembly for valves, in particular
fluid medium valves.

Summary

[0006] One objective of the present invention is to provide a solution which mitigates or solves
the drawbacks and problems of conventional solutions. An "or" in this description and the
corresponding claims is to be understood as a mathematical OR which covers "and" and "or",
and is not to be understood as an XOR (exclusive OR). The indefinite article "a" in this
disclosure and claims is not limited to "one" and can also be understood as "one or more", i.e.,
plural. The above objectives are solved by the subject matter of the independent claims.
Further advantageous implementation forms of the present invention can be found in the
dependent claims.

[0007] According to a first aspect of the invention, the above mentioned objective is achieved
with an actuator linkage assembly for a fluid medium valve comprising linkage means and a
first resilient element coupled to the linkage means. The first resilient element is further
coupled to a valve spool and the linkage means is coupled to driving means or the first resilient
element is further coupled to the driving means and the linkage means is coupled to the valve
spool. The first resilient element is configured to exert a first force F 1 to the valve spool along a

first longitudinal axis in response to a compression or extension displacement dq of the first
resilient element caused by a driving force Fyq received from the driving means. In an
embodiment of the first aspect, the first resilient element is configured to exert a first force F4

to the valve spool directly or via the linkage means.

[0008] According to a first implementation form according to the first aspect, the first resilient
element comprises a first spring member. The actuator linkage assembly is configured to pre-
tension the first spring member to a minimum first force Fq_miq. The minimum first force F1_min

is less than a maximum driving force F1.max delivered by the driving means.

[0009] According to a second implementation form according to the first implementation form
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of the first aspect or the first aspect as such, the actuator linkage assembly is configured to
limit the compression or extension displacement dq of the first resilient element to a first

displacement range d1_min, d1-max. The first displacement range d{_min, d1-max is greater than a
second displacement range dspool-min, dspool-max corresponding to a maximum displacement
dspool-max Of the valve spool along said first longitudinal axis from a resting position to a

working position.

[0010] According to a second implementation form according to the first implementation form
of the first aspect, where a displacement dspoo Of the valve spool along said first longitudinal

axis generates a nominal friction force Fpnominal-friction under nominal operational conditions.
The minimum first force Fqi_min is configured to be greater than a sum of a maximum second

force Fo.max, exerted by a second resilient element, and the nominal friction force Fominal-

friction-

[0011] According to a third implementation form according to the second implementation form
of the first aspect, the first resilient element is configured to exert the first force F1 to an

opposite side of the valve spool relative to where the second resilient element exert the second
force Fa.

[0012] According to a fourth implementation form according to the second implementation
form of the first aspect, the first resilient element is configured to exert the first force F4 to the

same side of the valve spool as where the second resilient element exert the second force F.

[0013] According to a fifth implementation form according to any of the preceding
implementation forms of the first aspect or the first aspect as such, the first and first resilient
elements, are arranged concentrically around a second longitudinal axis offset parallel to the
first longitudinal axis.

[0014] According to a sixth implementation form according to any of the preceding
implementation forms of the first aspect or the first aspect as such, the compression or
extension displacement d4 of the first resilient element comprises linear displacement.

[0015] According to a second aspect of the invention, the above mentioned and other
objectives are achieved with a fluid medium valve assembly comprising a fluid medium valve,
driving means, and an actuator linkage assembly according to the first aspect. The valve
comprises at least first and second fluid ports, a valve spool configured to move along a first
longitudinal axis from a resting position to a working position. The valve spool is further
configured to open the valve to allow fluid medium to flow between the first and second fluid
port, in a working position, and configured to fully close the valve to prevent fluid medium to
flow between the first and second fluid port, in a resting position or configured to fully open the
valve to allow fluid medium to flow between the first and second fluid port, in a resting position,
and configured to close the valve to prevent fluid medium to flow between the first and second
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fluid port, in a working position. The valve further comprises a second resilient element coupled
to a valve body of the valve and coupled to the valve spool. The second resilient element is
configured to exert a second force F, to the valve spool along a first longitudinal axis in

response to a displacement dspoo Of the valve spool along said first longitudinal axis from a

resting position towards a first working position of the valve spool. The driving means are
configured to deliver a driving force to the actuator linkage assembly to cause the valve spool
to move along the first longitudinal axis from the resting position to the working position. In an
embodiment of the second aspect, the driving means comprises a stepping motor or a linear
motor.

[0016] According to a third aspect of the invention, the above mentioned objective is achieved
with a vehicle comprising the valve assembly according to the second aspect, wherein the fluid
medium valve assembly of the second aspect being arranged to control flow of at least one
fluid medium in the vehicle.

[0017] Further applications and advantages of the present invention will be apparent from the
following detailed description.

Brief Description of the Drawings

[0018] The appended drawings are intended to clarify and explain different embodiments of
the present invention, in which:

Fig. 1 shows a valve assembly having an actuator linkage assembly according to an
embodiment of the present invention.

Fig. 2 shows a diagram that schematically describes forces exerted in response to
displacement distances according to an embodiment of the present invention.

Fig. 3 shows the displacement of the valve spool and compression or extension displacement
of the first resilient element according to an embodiment of the present invention.

Fig. 4 shows how the first and first resilient elements are placed on opposite sides of the spool
according to an embodiment of the present invention.

Fig. 5 shows how the first and first resilient elements are placed the same side of the spool
according to an embodiment of the present invention.

Fig. 6 shows how the first and first resilient elements are arranged concentrically and offset
parallel to the first longitudinal axis according to an embodiment of the present invention.

Fig. 7 shows how the first resilient element is arranged for rotational displacement according to
an example not forming part of the claimed invention.

Fig. 8 shows a bottom view of the first resilient element arranged for rotational displacement
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according to an example not forming part of the claimed invention.

Fig. 9 shows a vehicle comprising the valve assembly according to an embodiment of the
present invention.

Fig. 10 shows an example of an application of the valve assembly according to an embodiment
of the present invention.

[0019] Embodiments of the present disclosure and their advantages are best understood by
referring to the detailed description that follows. It should be appreciated that like reference
numerals are used to identify like elements illustrated in one or more of the figures.

Detailed Description

[0020] Fig. 1 shows a valve assembly 400 comprising an actuator linkage assembly 300
according to an embodiment of the present invention. An actuator linkage assembly 300 for a
fluid valve 100 is provided that comprises linkage means 320, e.g. in the form of a gear 323
and an actuator rod 321 comprising a rack or a rackrail, and a first resilient element 330
coupled to the linkage means 320. The first resilient element 330 is further coupled to a valve
spool 130 and the linkage means 320 may be coupled to driving means 210 or the first resilient
element 330 may further be coupled to the driving means 210 and the linkage means 320 is
coupled to the valve spool 130. The fluid medium valve 100 may in one example be a hydraulic
sliding-spool valve with a valve spool 130 configured to move from a resting position to one or
more working positions.

[0021] The valve spool 130 is further configured to open the valve 100 to allow fluid medium to
flow between a first fluid port 140 of the fluid valve 100 and a second fluid port 150 of the fluid
valve 100 in the working position, and configured to fully close the valve 100 to prevent fluid
medium to flow between the first fluid port 140 and the second fluid port 150 in the resting
position.

[0022] The valve spool 130 is further configured to fully open the valve 100 to allow fluid
medium to flow between a first fluid port 140 of the fluid valve 100 and a second fluid port 150
of the fluid valve 100 in the resting position, and configured to close the valve 100 to prevent
fluid medium to flow between the first fluid port 140 and the second fluid port 150 in the
working position.

[0023] The valve spool 130 may further be configured to allow fluid medium to flow between a
third fluid port and a fourth fluid port in a second working position. In an example of a valve
assembly 400 included in a vehicle, the first port may be connected to an hydraulic fluid pump,
the second and fourth port to an actuator, such as an hydraulic cylinder and the third port may
be connected to a hydraulic fluid reserve or tank.
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[0024] The fluid valve 100 may contain a valve body 170 configured to accommodate valve
spool 130, at least the first and second fluid port 140, 150 and a second resilient element 160.
The fluid valve 100 may further comprise one or more seals 172 configured to stop fluid
medium from flowing out of the valve body 170. The second resilient element 160 may be
coupled to the valve body 170 of the fluid valve 100 and be coupled to the valve spool 130.

[0025] The second resilient element 160 is configured to exert a second force F» to the valve
spool 130 along a first longitudinal axis 180 in response to a displacement dgpeo) Of the valve

spool 130 along the first longitudinal axis from a resting position towards a first working position
of the valve spool 130. In an example, the second resilient element 160 is a spring.

[0026] In a further example, the driving means 210 is a stepping motor or a linear motor and
the linkage means 320 comprises an actuator gear 323 mounted on the drive shaft of the
stepping motor. The actuator gear 323 transfers rotational movement of the stepping motor to
linear movement to an actuator rod 321 comprising a rack or a rackrail. The actuator rod 321
may then transfer the linear movement by applying a driving force to a first resilient element
330 thus causing a compression or extension displacement d1.

[0027] In an embodiment, the first resilient element 330 is configured to exert a first force F4 to

the valve spool 130 along the first longitudinal axis 180 in response to a compression or
extension displacement dq of the first resilient element 330 caused by a driving force Fy

received from the driving means 210. The first force F4 may be exerted directly to the valve

spool 130 or via the linkage means 320.

[0028] In an example, the first force F is applied to the valve spool 130 in order to move the

valve spool 130 from a resting position towards one or more working positions or vice versa. In
example, when the driving means 210 is trying to move the valve spool 130 in order to move
the valve spool 130 from a resting position towards one or more working positions the second
resilient element 160 and nominal friction force of the valve will resist the movement of the
valve spool 130, thus resulting in a compression or extension displacement dq of the first

resilient element 330.

[0029] The actuator linkage assembly 300 may optionally comprise a connecting member 327
configured to connect the first resilient element 330 or the driving means 210 to the valve spool
130.

[0030] An advantage of this embodiment is that protective switching of the driving means 210
can be avoided by ensuring that the first resilient element 330 can absorb movement of the
driving means 210, e.g. if the friction force is temporarily high. A further advantage is that both
the second force F5 and the first force F{ cooperate and is applied in a situation when the

valve spool 130 is temporarily stuck and the driving means 210 has returned to a neutral
position corresponding to the resting position of the valve spool 130.
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[0031] Fig. 2 shows a diagram that schematically describes forces exerted in response to
displacement distances according to an embodiment of the present invention. The diagram
illustrates schematically the magnitude of the first and first forces F4, F5 in relation to a

respective displacement dgpoo), dq. The diagram illustrates how the fluid medium valve body

170 is configured to pre-tension the second resilient element 160 to a minimum second force
Fo.min and how the actuator linkage assembly is configured to pre-tension the first spring

member to a minimum first force F1_min. The diagram further illustrates how the second force
strictly increases from the minimum second force Fo.qin t0 @ maximum second force Fomax
when the valve spool 130 is displaced dspoo from the resting position RP towards the working

position WP. The diagram further illustrates how the second force added to the nominal friction
force Fnominal-friction strictly increases from:

the minimum second force Fo_ qi, + the nominal friction force Fominal-friction

to a

maximum second force Fo.max + the nominal friction force Fominal-friction

when the valve spool 130 is displaced dspao from the resting position RP towards the working
position WP. The diagram also illustrates the maximum driving force Fy max delivered by the

driving means 210. In an example, the driving means 210 are idle and the valve spool 130 is
positioned in the resting position RP, the valve spool 130 then has a minimum spool
displacement dspool-min @nd will, due to the pre-tensioning, initially exert a minimum second

force Fo.min to the valve spool 130 if displaced from the resting position RP. The displacement

may be due to movement along the first longitudinal axis 180 in any direction when moving the
valve spool 130 from the resting position RP towards one or more working positions. In a
similar manner the first resilient element 330 will have a minimum compression or extension
displacement d1_mi, and will, due to the pre-tensioning, initially exert a minimum first force F4.

min If compressed or extended. The diagram further illustrates how the first force F4 strictly
increases from the minimum second force F1_mis to @ maximum second force F1_max when the

first resilient element 330 is displaced from the minimum compression or extension
displacement dq_qi, to @ maximum compression or extension displacement dq.p5¢ Of the first

resilient element 330.

[0032] According to the invention, the actuator linkage assembly 300 is configured to pre-
tension the first resilient element 330 to the minimum first force F1_min. The minimum first force

F1-min is less than the maximum driving force (F4q.max) delivered by the driving means 210.
According to the invention, the minimum first force Fi_qin is greater than a sum of the
maximum second force Fo max, €xerted by the second resilient element 160, and the nominal

friction force Fnominal-friction-

[0033] An advantage of this embodiment is that protective switching of the driving means 210
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can be avoided and the loss of the ability to position the valve spool can be mitigated. This is
achieved by ensuring that the minimum first force F1.min caused by the pre-tension of the first

resilient element is less than the maximum driving force Fq.max delivered by the driving means
210. Thus the driving means 210 is always capable of compressing the first resilient element
330. By ensuring that the pre-tension is configured to provide the minimum first force F1_min
which is greater than the sum of the maximum second force Fo.max, exerted by the second
resilient element 160, and the nominal friction force Fpominal-friction, the first resilient element is
only compressed when the friction force exceeds a nominal value. |.e. the effect is achieved to
let the first resilient element 330 act as a rigid element when the friction force of the valve spool
is nominal Fnominal-friction @nd to act as a resilient element when the friction force of the valve
spool exceed the minimum first force Fq_.min. In other words, the first resilient element 330 can
absorb movement of the driving means 210, e.g. if the friction force is temporarily high. A
further advantage is that both the second force F, and the first force F1 cooperate and is
applied in a situation when the valve spool 130 is temporarily stuck and the driving means 210
has returned to a neutral position corresponding to the resting position of the valve spool 130.

[0034] In one example, the actuator linkage assembly 300 is configured to pre-tension the first
resilient element 330 between the connecting member 327 and the valve spool 130 as
previously shown in Fig. 1.

[0035] An advantage of this embodiment is that protective switch off by control circuits to the
driving means 210 can be avoided by ensuring that the first resilient element 330 can always
absorb movement of the driving means 210, e.qg. if the friction force is temporarily high.

[0036] Fig. 3 shows the displacement of the valve spool and compression or extension
displacement of the first resilient element according to an embodiment of the present invention.
In yet an embodiment of the invention, the actuator linkage assembly 300 may be configured
to limit the compression or extension displacement d¢ of the first resilient element 330 to a first
displacement range, dq.qin t0 d1.max, Wherein the first displacement range , d4_pin 10 dq_max IS
greater than a second displacement range dspaol-min t0 dspool-max corresponding to a maximum
displacement from the minimum displacement dgpool.min to the maximum displacement dgpool-
max Of the valve spool 130 along said first longitudinal axis 180, e.g. from a resting position RP

to a working position WP.

[0037] In one example, when the current friction force significantly exceeds the nominal friction
force, e.g. due to other temporary factors such as change in the flow or pressure of the fluid,
thermo-shock or expansion of the valve spool due to exposure to hot fluid and impurities or
particles in the fluid. The first resilient element 330 may then be configured to absorb the
compression or extension displacement caused by the driving means 210 exerting the driving
force, when it is being controlled in its full actuating range.

[0038] One advantage of this embodiment is that the maximum displacement or range of the
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driving means 210 may exceed the maximum displacement or range of the valve spool 130
along the first longitudinal axis 180 and any excess displacement will be absorbed by the first
resilient element 330. The risk of the valve 100 not opening fully or of the driving means
shutting off due to the fact that the maximum driving force of the driving means is exceeded
can thus be reduced or eliminated. A further advantage is that complex and expensive
adaption can be eliminated, on the driving means controllable displacement or range to the
specifications of the valve or vice versa. Yet an advantage is that existing valves with different
second displacement ranges dspool-min 10 dspool-max May be retrofitted with the same actuator

linkage assembly 300 and different driving means 210, thus resulting in cheaper production in
larger scale and increased compatibility between valves and actuator linkage assemblies.

[0039] Fig. 4 shows how the first and first resilient elements 330, 160 are placed on opposite
sides of the valve spool 130 according to an embodiment of the present invention. In this
embodiment, the first resilient element 330 is configured to exert the first force F4 to an

opposite side of the valve spool 130 relative to where the second resilient element 160 exert
the second force F.

[0040] In an example, the fluid medium valve 100, may be comprised in a vehicle and the
valve is retrofitted with the actuator linkage assembly 300 according to the embodiment. An
advantage of this embodiment is that the actuator linkage assembly 300 may be retrofitted on
existing valves.

[0041] Fig. 5 shows how the first and first resilient elements 330, 160 are placed on the same
side of the valve spool 130 according to an embodiment of the present invention. In this
embodiment, the first resilient element 330 is configured to exert the first force F4 to the same

side of the valve spool 130 as where the second resilient element 160 exert the second force
Fs.

[0042] In an example where other elements may be located or arranged on one side of the
valve, the actuator linkage assembly 300 would not fit on the opposite side of the valve.

[0043] An advantage of this embodiment is that the space requirement of the valve assembly
400 can be reduced by placing the first and first resilient elements concentrically and on the
same side of the spool.

[0044] Fig. 6 shows how the first and first resilient elements are arranged concentrically and
offset parallel from the first longitudinal axis according to an embodiment of the present
invention. In an embodiment, the first and first resilient elements 160, 330 are arranged
concentrically around a second longitudinal axis 190 and offset parallel from the first
longitudinal axis 180. In a further embodiment, the actuator linkage assembly 300 further
comprises a connecting member. 327 configured to connect the first or second resilient
elements 160, 330, in this embodiment arranged concentrically around the second longitudinal
axis 190, to the valve spool 130 arranged around the first longitudinal axis 180. The connecting
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member 327 may be configured to provide a parallel offset from the first longitudinal axis 180
to the second longitudinal axis 190.

[0045] In one example, the location of an existing valve 100 does not allow for the extra space
required along the first longitudinal axis 180 by the driving means 210 and the actuator linkage
assembly 300. One advantage of this embodiment is that the actuator linkage assembly 300
may be retrofitted to more types of existing valves 100.

[0046] Fig. 7 shows how the first resilient element 330 is arranged for rotational displacement
according to an example. In an example, the first resilient element 330 is further coupled to the
driving means 210 and the linkage means 320 is coupled to the valve spool 130 and the
linkage means 320 is coupled to driving means 210. In an example, the first resilient element
330 comprises a spring member in the form of a torsion spring or a coiled torsion spring or a
tangentially loaded helical spring. In a further example, the compression or extension
displacement d4 of the first resilient element 330 comprises linear displacement or rotational

displacement.

[0047] In one example, the driving means 210 is configured for rotational movement, e.g. in
the form of a stepping motor. The first resilient element 330 is coupled to the driving means
210 and to the linkage means 320, e.g. in the form of a gear 323 and an actuator rod 321
comprising a rack or a rackrail.

[0048] Fig. 8 shows a bottom view of the first resilient element arranged for rotational
displacement according to an example. In an example, the actuator linkage assembly 300 may
further comprise a driving disc 213 arranged on the drive shaft of the driving means 210 and is
centered around the driving means rotational axis 211. In an example, the actuator linkage
assembly 300 may further comprise an actuator disc 325 arranged and centered on the same
shaft, e.g. with a shaft bearing, as the gear 323. The first resilient element 330 may be coupled
to the driving disc 213 and the actuator disc 325, e.g. by latching onto one or more pegs
arranged on the discs 213, 325.

[0049] Fig. 9 shows a motor vehicle equipped with the valve assembly according to an
embodiment of the present invention. In this embodiment, the vehicle 500 is provided
comprising the valve assembly 400 according to embodiments described herein. The valve
assembly 400 may be arranged to control a flow of at least one fluid medium in the vehicle.

[0050] In one example, the vehicle 500 may be a front loader that comprises the valve
assembly 400 further comprising a sliding-spool valve with a valve spool 130 configured to
move from a resting position to one or more working positions. The valve spool 130 may
further configured to fully open the valve 100 to allow fluid medium to flow between a first fluid
port 140 of the fluid valve 100 and a second fluid port 150 of the fluid valve 100 in the working
position, and configured to fully close the valve 100 to prevent fluid medium to flow between
the first fluid port 140 and the second fluid port 150 in the resting position.
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[0051] The valve spool 130 may further be configured to allow fluid medium to flow between a
third fluid port and a fourth fluid port in a second working position. In one example of a valve
assembly 400 comprised in a vehicle, the first port may be connected to a hydraulic fluid pump,
the second and fourth port to an actuator, e.g. a hydraulic cylinder and the third port may be
connected to a hydraulic fluid reserve or tank. When the valve spool 130, e.g. in response to a
user giving an input signal to the driving means, is moved to a first working position where fluid
medium flows from the hydraulic pump via the first fluid port 140 and the second fluid port 150
resulting in that the arm of the front loader is raised. When the valve spool 130, e.g. because a
user refrains from giving an input signal to the driving means, remains in the resting position
where fluid medium flows is prevented to flow to or from the actuator resulting in that the arm
of the front loader is maintained substantially in the same position. When the valve spool 130,
e.g. in response to a user giving a reversed input signal to the driving means, is moved to a
second working position where fluid medium flows from the hydraulic pump via the fourth and
third fluid port resulting in that the arm of the front loader is lowered.

[0052] Fig. 10 shows an example of an application of the valve assembly according to an
embodiment of the present invention. In this example, the valve assembly 400 is comprised in
a vehicle 500. The valve assembly is comprised in or implemented as a first control valve 400A
and a second control valve 400B. The first control valve 400A controls a first actuator 1010A
and the second control valve 400B controls a second actuator 1010B. The first actuator 1010A
and the second actuator 1010B are typically hydraulic cylinders. As previously described, each
control valve may be provided with four ports. The first port may be connected to a hydraulic
fluid pump 1030, the hydraulic fluid pump 1030 being powered by the engine 1020 of the
vehicle 500. The second and fourth port may be connected to the first and second actuators
1010A, 1010B respectively. The third port may be connected to a hydraulic fluid reserve or
tank 1040. When the valve spool of the first actuator 1010A is moved, e.g. in response to a
user giving an input signal, to a first working position where fluid medium flows from the
hydraulic pump 1030 via the first fluid port and the second fluid port resulting in a tilt of the
attached tool, e.g. a log grip as shown in Fig. 10. When the valve spool remains in the resting
position, e.g. because a user refrains from giving an input signal, where fluid medium flows is
prevented to flow to or from the first actuator 1010A resulting in that the attached tool is
maintained substantially in the same position. When the valve spool is moved to a second
working position, e.g. in response to a user giving a reversed input signal, where fluid medium
flows from the hydraulic pump via the fourth and third fluid port resulting in a tilt in the opposite
direction of the attached tool.

[0053] In an embodiment of the invention, there is provided a fluid medium valve assembly
400, e.g. for hydraulic fluid. The fluid medium valve assembly 400 may comprise a fluid
medium valve 100, driving means 210 and an actuator linkage assembly 300 according to
embodiments described herein. The valve 100 may comprise at least a first and a second fluid
port 140, 150 a valve spool 130 configured to move along a first longitudinal axis 180 from a
resting position to a working position. The valve spool 130 may further be configured to open
the valve 100 to allow fluid medium flow between the first and second fluid port 140, 150 in a
working position and be configured to fully close the valve 100 to prevent fluid medium to flow
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between the first and second fluid port 140, 150 in a resting position. The valve spool 130 may
further be configured to open the valve 100 to allow fluid medium flow between the first and
second fluid port 140, 150 in resting position and be configured to close the valve 100 to
prevent fluid medium to flow between the first and second fluid port 140, 150 in a working
position. The valve 100 may further comprise a second resilient element 160 coupled to a
valve body 170 of the valve 100 and coupled to the valve spool 130, the second resilient
element 160 configured to exert a second force F to the valve spool along a first longitudinal
axis 180 in response to a displacement dspaq Of the valve spool 130 along said first longitudinal
axis from a resting position towards a first working position of the valve spool 130. The driving
means 210 may be configured to deliver a driving force Fq4 to the actuator linkage assembly
300 to cause the valve spool 130 to move along the first longitudinal axis 180 from the resting
position to the working position. In an embodiment, the driving means 210 comprises a
stepping motor or a linear motor.

[0054] Finally, it should be understood that the present invention is not limited to the
embodiments described above, but also relates to and incorporates all embodiments within the
scope of the appended independent claims.
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Patentkrav

1. Fluidmediumventilanordning (400), omfattende:

en fluidmediumventil (100),

drivmidler (210), og

en aktuatorforbindelsesanordning (300), hvor aktuatorforbindelsesanordnin-
gen (300) omfatter:

forbindelsesmidler (320),

et farste eftergiveligt element (330), der er koblet til forbindelsesmidler (320),
hvor det farste eftergivelige element (330) yderligere er koblet til en ventilspole
(130), og forbindelsesmidlet (320) er koblet til drivmidler (210), eller det farste
eftergivelige element (330) yderligere er koblet til drivmidlerne (210), og for-
bindelsesmidlet (320) er koblet til ventilspolen (130),

hvor det ferste eftergivelige (330) er konfigureret til udave en fgrste kraft (F1)
pa ventilspolen (130) langs en farste leengdeakse (180) som reaktion pa en
sammentryknings- eller udvidelsesforskydning (d1) af det farste eftergivelige
element (330) forarsaget af en drivkraft (Fa), der modtages fra drivmidlerne
(210),

hvor det farste eftergivelige element (330) omfatter et farste fiederelement,
hvor aktuatorforbindelsesanordningen (300) er konfigureret til at forspaende
det farste fijederelement til en minimal farste kraft (F1-min), hvor den minimale
forste kraft (F1-min) er mindre end en maksimal drivkraft (Fa-maks), der afgives af
drivmidlerne (210), hvor en forskydning (dspole) af ventilspolen (130) langs den
forste laengdeakse (180) genererer en nominel friktionskraft (Fnominel-friktion) Un-
der nominelle driftsforhold, kendetegnet ved, at den minimale farste kraft (F1-
min) €r starre end en sum af en maksimal anden kraft (F2-maks), ud@vet af et
andet eftergiveligt (160), og den nominelle friktionskraft (Fnominel-frktion), Nvor ak-
tuatorforbindelsesanordningen (300) er konfigureret til at begreesnse sammen-
tryknings- eller udvidelsesforskydningen (d1) af det ferste eftergivelige element
(330) til et ferste forskydningsomrade (d1-min, d1-maks), hvor det ferste forskyd-
ningsomrade (di-min, di-maks) er sterre end et andet forskydningsomrade (dspole-
min, Ospole-maks), Svarende til en maksimal forskydning (dspole-maks) af ventilspolen
(130) langs den farste leengdeakse fra en hvileposition til en arbejdsposition,
hvor ventilen (100) omfatter:
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en farste og en anden fluidport (140, 150),

ventilspolen (130) er konfigureret til at beveege sig langs en farste laengdeakse
(180) fra en hvileposition til en arbejdsposition, hvor ventilspolen (130) yderli-
gere erkonfigureret til at abne ventilen helt for at tillade fluidmediet at stremme
mellem den farste og den anden fluidport (140, 150) i arbejdspositionen, og er
konfigureret til at lukke ventilen helt for at forhindre, at fluidmedium strgmmer
mellem den fgrste og den anden fluidport (140, 150) i hvilepositionen eller er
konfigureret til at abne ventilen helt for at tillade, at fluidmedium stremmer mel-
lem den farste og den anden fluidport (140, 150) i hvilepositionen, og er konfi-
gureret til at lukke ventilen helt for at forhindre, at fluidmedium streammer mel-
lem den fgrste og den anden fluidport (140, 150) i arbejdspositionen, og

det andet eftergivelige element (160) er koblet til et ventillegeme (170) af ven-
tilen (100) og er koblet til ventilspolen (130), det andet eftergivelige element
(160) er konfigureret til at ud@ve den anden kraft (F2) pa ventilspolen langs en
farste leengdeakse (180) som reaktion pa en forskydning (dspole) af ventilspolen
(130) langs den farste leengdeakse fra en hvileposition mod en farste arbejds-
position af ventilspolen (130),

hvor drivmidlerne (210) er konfigureret til at afgive en drivkraft til aktuatorfor-
bindelsesanordningen (300) for at fa ventilspolen (130) til at bevaege sig langs
den ferste laeengdeakse (180) fra hvilepositionen til arbejdspositionen.

2. Fluidmediumventilanordning (400) ifelge krav 1, hvor drivmidlet (210) om-
fatter en stepmotor og/eller en lineger motor.

3. Fluidmediumventilanordning (400) ifelge et af kravene 1-2, hvor det ferste
eftergivelige element (330) er konfigureret til at udeve den ferste kraft (F1) pa
en modsat side af ventilspolen (130) i forhold til, hvor det andet eftergivelige
element (160) udsver den anden kraft (F2).

4. Fluidmediumventilanordning (400) ifglge et af kravene 1-2, hvor det ferste
eftergivelige element (330) er konfigureret til at udeve den ferste kraft (F1) pa
den samme side af ventilspolen (130) som, hvor det andet eftergivelige ele-
ment (160) ud@ver den anden kraft (F2).
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5. Fluidmediumventilanordning (400) ifglge et af de foregaende krav, hvor
sammentryknings- eller udvidelsesforskydningen (d+) af det farste eftergivelige
element (330) omfatter lineeer forskydning.

6. Motorkaretaj (500) omfattende ventilanordningen (400) ifglge et af kravene
1-5, hvor fluidmediumventilanordningen (400) er indrettet til at styre stremning
af mindst et fluidmedium i keretgjet.
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