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AN ACTUATOR ARRANGEMENT FOR AN INLET AIR VALVE OF A
COMPRESSOR, AN INLET AIR VALVE, AND A MINING MACHINE

5 TECHNICAL FIELD

The embodiments disclosed herein relate to an
actuator arrangement for an inlet air valve of a com-
pressor of a mobile mining machine, an inlet valve, and
a mobile mining machine.

10
BACKGROUND

Various embodiments of mining machines are
known. Some embodiments of mobile mining machines may
include an air compressor system. The air compressor

15 system may take air in through an air filter and compress
the air with an air compressor and deliver the com-
pressed air as working air, such as flushing air for a
drilling rig operation.

The intake air may flow through an adjustable

20 inlet air valve, which may be configured to control the
amount of air that can flow through the adjustable inlet
alr valve. By adjusting the adjustable inlet air valve
a controller of the compressor system of a mining ma-
chine may control the volume of compressed air delivered

25 Dby the air compressor.

At some situations there is a need for reliable
control the intake air valve to open progressively from

a closed state to a fully open state.

30 SUMMARY

According to a first aspect, there is provided

an actuator arrangement for an inlet air wvalve of a
compressor system of a mining machine.

According to an embodiment of the actuator ar-

35 rangement for an inlet air valve the actuator arrange-

ment comprises a linear actuator comprising a movable
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element, operatively connected via a lever mechanism to
a shaft of a closing element of the inlet air wvalve,
wherein a linear movement of the movable element of the
linear actuator 1s transmitted via the lever mechanism

5 to a rotation movement of the shaft of the closing el-
ement of the inlet air wvalve, wherein a transmission
ratio of the lever mechanism is configured to vary dur-
ing a movement of the movable element of the linear
actuator.

10 The technical effect of one or more embodiments
is that by the actuator arrangement of the inlet air
valve 1s suitable for different amount of working air
needs, for example adaptable with use of different sized
drill units, due to a progressive actuating arrangement

15 of the closing element of the inlet air wvalve.

An advantage of the arrangement according to
one or more embodiments of the present disclosure 1is
that more stable control of the inlet air valve may be
achieved with the actuator arrangement. This enables

20 also more accurate control of the inlet air wvalve on
relatively small flow channel opening values as adjusted
with the closing element.

The actuator arrangement for an inlet valve is
characterized by what 1is stated in the independent

25 claim.

Some other embodiments are characterized by
what is stated in the other claims.

Inventive embodiments are also disclosed in the
specification and drawings of this patent application.

30 The inventive content of the patent application may also
be defined in other ways than defined in the following
claims. The inventive content may also be formed of
several separate inventions, especially if the invention
is examined in the light of expressed or implicit sub-

35 tasks or in view of obtained benefits or benefit groups.
Some of the definitions contained in the following

claims may then be unnecessary in view of the separate



WO 2025/002889 PCT/EP2024/066856

inventive ideas. Features of the different embodiments
of the invention may, within the scope of the basic
inventive idea, be applied to other embodiments.

In an example embodiment of the actuator ar-

5 rangement a linear movement of the movable element of
the linear actuator may be transmitted via the lever
mechanism to a rotation movement of the shaft of the
closing element of the inlet air valve. A transmission
ratio of the lever mechanism may be configured to wvary

10 during a movement of the movable element of the linear
actuator.

In an example embodiment of the actuator ar-
rangement the movement of the linear actuator may be
transmitted progressively via the lever mechanism to the

15 closing element of the inlet air wvalve.

In an example embodiment of the actuator ar-
rangement the shaft of the closing element of the inlet
alr valve may be rotatable by the lever mechanism at an
angle (o) formed between a closing position, and a fully

20 open position of the closing element.

In an example embodiment of the actuator ar-
rangement the transmission ratio of the lever mechanism
may be configurated to vary during the movement of the
movable element of the linear actuator. In an example

25 embodiment the transmission ratio may be a relative
movement of the shaft of the closing element of the
inlet air valve by a movement of the movable element of
the linear actuator. In an example embodiment the trans-
mission ratio may be an amount of rotation of the shaft

30 of the closing element in relation to an amount of move-
ment of the movable element of the 1linear actuator
transmitted to the shaft of the closing element by the
lever mechanism. In an example embodiment the trans-
mission ratio of the lever mechanism may be configurated

35 to vary during the movement of the movable element of
the linear actuator so that in the beginning of the

movement of the closing element from the c¢losing
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position of the closing element towards fully open po-
sition of the closing element the transmission ratio of
the lever mechanism may be low. In an example embodiment
the transmission ratio of the lever mechanism may be
5 configurated to vary during the movement of the movable
element of the linear actuator so that in the beginning
of the movement of the closing element from the closing
position of the closing element towards fully open po-
sition of the closing element the transmission ratio of

10 the lever mechanism may be low so that a movement speed
of the closing element may have a first, slow, speed.
In an example embodiment the transmission ratio of the
lever mechanism may be configurated to vary during the
movement of the movable element of the linear actuator

15 so that the transmission ratio of the lever mechanism
may be configured to increase so that the speed of the
movement of the closing element may 1increase during
movement of the closing element towards the fully open
position.

20 In an example embodiment of the actuator ar-
rangement the rotation of the shaft of the closing el-
ement may be configured to change non-linearly by the
lever mechanism in relation to the movement of the mov-
able element of the linear actuator.

25 In an example embodiment of the actuator ar-
rangement the linear actuator may be fastened on a frame
portion through which a shaft of the closing member may
extend, and that the lever mechanism may be arranged on
a side of the frame portion that may a side away from a

30 flow channel.

In an example embodiment of the actuator ar-
rangement the lever mechanism may comprise a first
lever. The first lever may comprise a first connecting
point and a second connecting point. The first lever may

35 Dbe connected in the first connecting point to the shaft
of the closing element of the inlet air wvalve. The ac-

tuating arrangement may further comprise a second lever.
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The second lever may comprise a first connecting point
and a second connecting point. The first connecting
point of the second lever may be connected to the first
lever in the second connecting point. The second con-

5 necting point may be arranged at a distance from the
first connecting point. The second connecting point of
the second lever may be connected directly, or via a
further lever, to the movable element. The linear move-
ment of the movable element of the linear actuator may

10 Dbe transmitted wvia the lever mechanism to a rotation
movement of the shaft of the closing element.

In an example embodiment of the actuator ar-
rangement a distance between the connecting points of
the second lever may be adjustable. In an example em-

15 bodiment of the actuator arrangement the second lever
may be, for example, a turnbuckle type of a lever.

In an example embodiment of the actuator ar-
rangement the lever mechanism may comprise a third lever
arranged between the second lever and the movable ele-

20 ment of the linear actuator.

In an example embodiment of the actuator ar-
rangement the third lever may be connected in a first
connection point to a second connecting point of the
second lever and in a second connection point to the

25 movable element of the linear actuator, wherein the sec-
ond connecting point may be at a distance from the first
connecting point.

In an example embodiment of the actuator ar-
rangement a fourth lever may be arranged to connect the

30 third lever to a frame portion, wherein a first con-
necting point of the fourth lever may be connected to
the frame portion, and a second connecting point of the
fourth lever may be connected to the third lever between
the first connecting point and the second connecting

35 point, wherein the lever mechanism may be a four link

mechanism.
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In an example embodiment of the actuator ar-
rangement a connection point between the first lever and
the second lever may be a movable point in relation to
the position of the second connecting point of the first

5 lever. In an example embodiment of the actuator arrange-
ment a connection point between the first lever and the
second lever may be a movable point for example, a roll
arranged on a second end of the first lever and arranged
to move on a path formed on the second lever in relation

10 to the position of the second connecting point of the
first lever.

In an example embodiment of the actuator ar-
rangement the linear actuator may be a hydraulic actu-
ator or a pneumatic actuator or an electric actuator or

15 an electro-hydraulic actuator, and may comprise a cyl-
inder and a piston, and a bias element arranged in the
actuator for assisting to return the movable element of
the linear actuator and the valve element to a closing
position.

20 According to a second aspect, there is provided
an inlet air wvalve. According to an example embodiment
the inlet air valve may comprise a valve body, a flow
channel through the valve body, a closing element ar-
ranged in the flow channel. Said closing element may be

25 arranged movably in the flow channel between at least
two positions, a first, closing position, in which the
flow channel may be closed, and a second, open position,
in which air may flow through the channel. The inlet air
valve may comprise an actuator arrangement according to

30 one or more embodiments mentioned above or below or a
combination of one or more embodiments mentioned above
or below. In an example embodiment of the inlet air
valve may be configured to have an integrated design
comprising an actuator arrangement and valve in a same

35 assembly.

According to a third aspect, there is provided

a mining machine comprising at least one air compressor
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system for producing working air, such as flushing air

for a drilling rig operation. According to an example

embodiment, the mobile mining machine may be provided

with the air compressor system of the mining machine may

5 comprise an inlet air valve according to any one of

embodiments mentioned above alone or combined with any
other above embodiment or embodiments.

In the disclosure a meaning of word “closed”

may also mean that some air may be able to flow in the

10 flow channel despite that the closing element may be in

a first, “closing” position.

BRIEF DESCRIPTION OF THE DRAWINGS

15

The accompanying drawings, which are included
to provide a further understanding of the embodiments
and constitute a part of this specification together
with the description help to explain the principles of

20 the invention set out in the claims. In the drawings:

Figure 1 is a simplified perspective view of
an example embodiment of an inlet air wvalve with an
example embodiment of an actuating arrangement,

Figure 2 is a simplified side view of an exam-

25 ple embodiment of the inlet air wvalve with an example
embodiment of an actuating arrangement,

Figure 3 is a simplified side view, of an ex-
ample embodiment of the inlet air valve with an actuat-
ing arrangement, and partly cross-sectional view taken

30 along a line U-U of Figure 2,

Figure 4 is a simplified side view, of an ex-
ample embodiment of the inlet air valve with an actuat-
ing arrangement, and partly cross-sectional view taken
along a line A-A of Figure 3,

35 Figure 5 is a simplified top view, of an exam-

ple embodiment of the inlet air valve with an actuating
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arrangement, and partly cross-sectional view taken along
a line B-B of Figure 3,
Figure 6 is a simplified side view of an exam-
ple embodiment of the inlet air valve with an example
5 embodiment of an actuating arrangement in a first posi-
tion, closing position,
Figure 6a 1s a simplified detail C of Figure
o,
Figure 7 is a simplified side view of an exam-
10 ple embodiment of the inlet air valve with example em-
bodiment of an actuating arrangement in a second posi-
tion, open position,
Figure 7a 1s a simplified detail D of Figure
7y
15
Figure 8 is a simplified schematical figure of
an example embodiment of an air compressor system of a
mining machine, and
Figure 9 is a diagram showing examples of open-

20 ing curves of example embodiments of intake air wvalves.

In the figures, some embodiments are shown sim-
plified for the sake of clarity. Similar parts are
marked with the same reference numbers in the figures.

25
DETATLED DESCRIPTION

According to an aspect, an actuator arrangement
for an inlet valve for a compressor device described in
this description may be arranged in a mobile mining

30 machine. The machine may be a mine machine, or a con-
struction machine, e.g., a rock drilling rig, a devel-
opment drill, a tunneling drilling machine, a surface
drilling machine, a bolting or reinforcing wvehicle, a
rock removal machine, a longhole drill rig, an explosive

35 charging machine, a loader, a transport vehicle, a load-

ing or hauling machine, a setting vehicle of gallery
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arcs or nets, a concrete spraying machine, a crusher,
or a measuring vehicle.

In figure 1 the inlet air valve 20 is for sim-
plicity presented without a cover arrangement for the

5 inlet air valve actuator arrangement.

The inlet air wvalve 20 may comprise a valve
body 2. The inlet air wvalve 20 may comprise a flow
channel 30 arranged through the valve body 2. The inlet
air valve 20 may further comprise a closing element 3

10 arranged in the flow channel 30. The closing element 3
may be arranged movably in the flow channel 30 between
at least two positions, a first, closing position, in
which the flow channel 30 is closed, and a second, open
position, in which air may flow through the channel. In

15 an example embodiment the closing element 4 may be ar-
ranged on a shaft 4 that is arranged cross the flow
channel 30 and extending through the wall of the flow
channel. The inlet air valve 20 may comprise an actuator
arrangement 1.

20 In an example embodiment the inlet air valve
20 may be an adjustable inlet air wvalve. In an example
embodiment the inlet air valve 20 may be an inlet but-
terfly valve, comprising a disc-like closing element 3.
The inlet air valve 20 may be biased by a spring to be

25 in a default state of closed. The actuator arrangement
1 may be disposed to adjust the inlet air valve to open
an adjustable amount to change an amount of air that can
flow to the air inlet of the air compressor. In example
embodiments the inlet air wvalve 20 may be operated by

30 an electrical, hydraulic, or pneumatic actuator arrange-
ment in communication with the controller. In example
embodiments the actuator arrangement 1 may be in elec-
trical communication with the controller. In an example
embodiment the compressor system may comprise a pressure

35 sensor 27. The pressure sensor may be a transducer for
converting pressure into an electrical signal. The pres-

sure sensor may be in electrical communication with the
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controller. The pressure sensor may be located in or
near the air compressor. The engine may be an electric
engine or a gasoline motor or a hydraulic motor. The air
compressor may be a screw air compressor. The air inlet
5 of the air compressor may be an air inlet of the air
compressor. The air outlet of the air compressor may be
an air outlet of the air compressor. The controller 50
may be a programmable logic controller (PLC). The con-
troller may be in electrical communication with the ac-
10 tuator 21 of the inlet air wvalve 20. In an example
embodiment the actuator arrangement 1 may be the actu-
ator or part of the actuator. The controller 50 may be
in electrical communication with the sensors. The con-
troller 50 may be configured to control the operation
15 of the air compressor system.

Figures 1 to 5 illustrates an example embodi-
ment of the inlet air wvalve 20 comprising an actuator
arrangement 1 for an inlet air wvalve. In an example
embodiment the inlet air valve may be a type of a but-

20 terfly valve. The closing means may be arranged on a
shaft 4 that may be arranged rotatably on a valve body
cross the flow channel 30. An end of the shaft 4 may
extend through a wall of the valve body defining the
flow channel 30. The actuator arrangement 1 may comprise

25 a linear actuator 11 comprising a movable element 10.
The movable element 10 of the linear actuator 11 may be
operatively connected via a lever mechanism 6, 7, 8, 9
to the shaft 4 of the closing element 3 of the inlet air
valve. A linear movement of the movable element 10 of

30 the linear actuator 11 may be transmitted via the lever
mechanism 6, 7, 8, 2 to a rotation movement of the shaft
4 of the closing element 3 of the inlet air wvalve. In
an example embodiment a transmission ratio of the lever
mechanism is configured to vary during a movement of the

35 movable element 10 of the linear actuator 11. In an

example embodiment of figure 1 the inlet air valve 1is
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in a closed state. In an example embodiment of figures
2 to 5 the inlet air valve is in an open state.

In an example embodiment the shaft 4 of the

closing element 3 of the inlet air valve is rotatable

5 by the lever mechanism 6, 7, 8, 9 at an angle (x) formed
between a closing position, and a fully open position
of the closing element 3.

In an example embodiment the lever mechanism
6, 7, 8, 9; 6, 7, 8, 9 comprises a first lever 6. The

10 first lever may comprise a first connecting point 5 and
a second connecting point 7. The first lever 6 may be
connected in the first connecting point 5 to the shaft
4 of the closing element 3 of the inlet air wvalve. The
actuating arrangement may further comprise a second

15 lever 8, comprising a first connecting point and a sec-
ond connecting point. The first connecting point of the
second lever 8 may be pivotally connected to the first
lever 6 in the second connecting point 7 arranged at a
distance from the first connection point 5. The second

20 connecting point 9 of the second lever 8 may be pivotally
connected directly or via a further lever, to the mov-
able element 10. The linear movement of the movable
element 10 of the linear actuator 11 may be transmitted
via the lever mechanism 6, 7, 8, 9 to rotation movement

25 of the shaft 4 of the closing element 3.

In an example embodiment a distance between the
connecting points 7, 9 of the second lever 8 may be
adjustable. The second lever 8 may be, for example, a
turnbuckle type of a lever.

30 The movement of the movable element 10 of the
movable element 10 of the linear actuator 11 may be
transmitted progressively via the lever mechanism 6, 7,
8, 9 to the shaft 4 of the closing element (3) of the
inlet air wvalve.

35 In an example embodiment the linear actuator
11 may be fastened on a frame portion 31 through which

the shaft 4 of the closing element 3 is extending. The
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lever mechanism 6, 7, 8, 9 may be arranged on a side of
the frame portion 31 that is away from the flow channel
30.
In an example embodiment of figures 6, 6a, 7,
5 7a the lever mechanism 6, 7, 8, 9, 91, 92 may comprise
a third lever 91 arranged between the second lever 8 and
the movable element 10 of the linear actuator 11.
The third lever 91 may be pivotally connected
in a first connection point to a second connecting point

10 9 of the second lever 8 and pivotally connected in a
second connection point to the movable element 10 of the
linear actuator 11. The second connecting point may be
at a distance from the first connecting point.

In an example embodiment a fourth lever 81 may

15 Dbe arranged to connect the third lever 91 to a frame
portion 31, wherein a first connecting point of the
fourth lever 81 is pivotally connected to the frame 31,
and a second connecting point of the fourth lever 81 is
connected to the third lever 91 between the first con-

20 necting point and the second connecting point. In an
example embodiment the lever mechanism is a four 1link
mechanism.

In an example embodiment a connection point
between the first lever 6 and the second lever 8 may be

25 a movable point in relation to the position of the second
connecting point of the first lever. In an example em-
bodiment the movable point may be a roll arranged on a
second end of the first lever and arranged to move on a
path formed on the second lever.

30 In an example embodiment the linear actuator
11 may be a hydraulic actuator or a pneumatic actuator
or an electric actuator or an electro-hydraulic actua-
tor, comprising a cylinder and a piston, and a bias
element arranged in the actuator for assisting to return

35 the movable element of the linear actuator and the valve

element to a closing position.
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The air flows through the filter, through the
inlet air wvalve (when it is open), and into the air
compressor. The inlet air wvalve may be in a default
position of closed. A bias element (such as a spring,

5 not illustrated) may hold the inlet air valve closed.
The linear actuator 11 may be connected to the inlet air
valve and the controller. The linear actuator may re-
spond to current from the controller by extending the
linear actuator. The movable element of the linear ac-

10 tuator pushes on the closing element of the inlet air
valve which moves the inlet air valve to an open posi-
tion. The inlet air valve may be adjustable so that the
size of the opening of the inlet air valve 1s propor-
tional to the amount the movable element 10 of the linear

15 actuator 11 pushes on the closing element of the inlet
alr valve. In an example embodiment the movement of the
movable element 10 of the linear actuator 11 may be
transmitted progressively via the lever mechanism 6, 7,
8, 9; 6, 7, 8, 9, 91, 92 to the shaft 4 of the closing

20 element 3 of the inlet air wvalve.

Figure 8 shows an example embodiment of an air
compressor system of a mining machine 100. Air flows
through the air filter 24 and is filtered by the air
filter. The air flows through the inlet air wvalve 20,

25 which may be configured to control the amount of air
that can flow through the adjustable inlet air valve 20.
The controller 50 may control how open the adjustable
inlet air valve 20 is by providing signal or impulse the
actuator arrangement 21. By adjusting the adjustable

30 inlet air wvalve 20 the controller 50 can control the
volume of compressed air delivered by the air compressor
22. This may be called throttling the air compressor
system by controlling the opening of the adjustable in-
let air valve 20.

35 The air that flows through the adjustable in-
let air valve 20 flows into the air inlet 25 of the air

compressor 22 and 1is compressed by the air compressor,
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which delivers a volume of compressed air to the air

outlet 26 of the air compressor. The ailr compressor 22

may be driven by the engine 23. In an example embodiment

the air compressor system may be a part of mobile mining
5 machine 100.

Figure 9 1is a diagram showing examples of
opening curves of example embodiments of intake air
valves. In the figure 9 is presented on a vertical axis
(Y-axis) a size of an opening of a flow channel converted

10 to circular openings having different diameters in mm.
In an example embodiment the flow channel may have a
nominal diameter of 150 mm. In an example embodiment a
flow area (or a size of an opening of a flow channel)
may be converted to circular opening diameters, in fig-

15 ure from 0 mm to 150 mm. On a horizontal axis (X-axis)
is presented movement of a moving element of a linear
actuator in percentages, 0% to 100%. The percentage is
0% when the moving element 1s a first position. The
percentage increases according to the movement of the

20 movable element of the linear actuator. The percentage
is 100% when the moving element is a second position,
i.e. in an extended position.

When the percentage of movement of the moving
element of the linear actuator increases the opening of

25 the flow channel becomes larger due the movement of the
linear actuator transmitted by the lever mechanism to
the closing element from closing position towards fully
open position of the inlet air wvalve.

In the prior art version (Prior art) the open-

30 ing curve seems to be linear. In exemplary embodiments
of the different inlet air valve versions (Verl, Ver2,
Ver3) with different actuator arrangements the opening
curves seem to be clearly non-linear. Verl may be an
exemplary embodiment of an inlet air wvalve as shown in

35 figure 1. Ver2 may be an exemplary embodiment of an
inlet air valve as shown in figure 6. Ver3 may be an

exemplary embodiment of an inlet air valve comprising
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an actuator arrangement in which a connection point be-
tween the first lever and the second lever may be a
movable point in relation to the position of the second
connecting point of the first lever. In an example em-
5 bodiment the movable point may be a roll arranged on a
second end of the first lever and arranged to move on a
path formed on the second lever. In an exemplary embod-
iments of each of exemplary embodiments Verl, Ver2, or
Ver3 the movement of the closing member of the inlet air

10 wvalve may be slow in the beginning of movement of the
closing member from a closing position towards a fully
open position. This may enable an accurate control of
inlet air wvalve, also at small flow channel opening
values.

15 In an example embodiment the frame portion 31
may be a plate like element, with an upper wall and a
lower wall and a side wall connecting the upper wall to
the lower wall. In an example embodiment of the inlet
air valve may be configured to have an integrated design

20 comprising an actuator arrangement and valve in a same
assembly.

In an example embodiment of a mobile mining
machine 100 may comprise at least one at least one air
compressor system for producing working air, such as

25 flushing air for a drilling rig operation, wherein the
alr compressor system of the mining machine comprises
an inlet air wvalve 20 according.

It is obvious to a person skilled in the art
that with the advancement of technology, the basic idea

30 of the invention may be implemented in various ways. The
invention and its embodiments are thus not limited to
the examples described above, instead they may vary

within the scope of the claims.

35
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CLAIMS

1. An actuator arrangement (1) for an inlet air
valve of a compressor system of a mining machine, the
actuator arrangement comprises a linear actuator (11)

5 comprising a movable element (10), operatively connected
via a lever mechanism (6, 7, 8, 9; 6, 7, 8, 9, 91, 92)
to a shaft (4) of a closing element (3) of the inlet air
valve arranged in a flow channel (30), wherein a linear
movement of the movable element (10) of the linear ac-

10 tuator (11) is transmitted via the lever mechanism to a
rotation movement of the shaft (4) of the closing ele-
ment (3) of the inlet air valve, wherein a transmission
ratio of the lever mechanism is configured to vary dur-
ing a movement of the movable element (10) of the linear

15 actuator (11), and wherein the lever mechanism (6, 7,
8, 9; 6, 7, 8, 9, 91, 92) comprises a first lever (6),
comprising a first connecting point (5) and a second
connecting point (7), wherein the first lever (6) is
connected in the first connecting point (5) to the shaft

20 (4) of the closing element (3) of the inlet air valve,
and the actuating arrangement further comprises a second
lever (8), comprising a first connecting point and a
second connecting point, wherein the first connecting
point of the second lever (8) 1is pivotally connected to

25 the first lever in the second connecting point (7) ar-
ranged at a distance from the first connection point
(5), wherein the second connecting point (9) of the
second lever (8) is pivotally connected directly or via
a further lever, to the movable element (10), wherein

30 linear movement of the movable element (10) of the lin-
ear actuator is transmitted via the lever mechanism (6,
7, 8, 9; 6, 7, 8, 9, 91, 92) to rotation movement of the
shaft (4) of the closing element (3), characterized in
that

35 a distance between the connecting points (7, 9) of the

second lever (8) 1s adjustable.
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2. The arrangement according to claim 1,
wherein the movement of the movable element (10) of the
linear actuator (11) i1is transmitted progressively via
the lever mechanism (6, 7, 8, 9; 6, 7, 8, 9, 91, 92) to

5 the shaft (4) of the closing element (3) of the inlet
air valve.

3. The arrangement according to claim 1 or 2,
wherein the shaft (4) of the closing element (3) of the
inlet air valve 1is rotatable by the lever mechanism (6,

10 7, 8, 9; 6, 7, 8, 9, 91, 92) at an angle () formed
between a closing position, and a fully open position
of the closing element (3).

4. The arrangement according to any one of

claims 1 to 3, wherein the transmission ratio of the

15 lever mechanism (6, 7, 8, 9; 6, 7, 8, 9, 91, 92) is
configurated to vary during the movement of the movable
element (10) of the linear actuator (11) so that in the
beginning of the movement of the closing element from
the closing position of the closing element (3) towards

20 fully open position of the closing element the trans-
mission ratio of the lever mechanism 1s low so that a
movement speed of the closing element (3) has a first,
slow, speed, and wherein the transmission ratio of the
lever mechanism is configured to increase so that the

25 speed of the movement of the closing element (3) in-
creases during movement of the closing element towards
the fully open position.

5. The arrangement according to any one of
claims 1 to 4, wherein the rotation of the shaft (4) of

30 the closing element (3) 1is configured to change non-

linearly by the lever mechanism (6, 7, 8, 9; 6, 7, 8,

9, 91, 92) in relation to the movement of the movable
element (10) of the linear actuator (11).

6. The arrangement according to any one of

35 claims 1 to 5, wherein the linear actuator (11) is fas-

tened on a frame portion (31) through which the shaft

(4) of the closing element (3) 1is extending, and that
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the lever mechanism (6, 7, 8, 9; 6, 7, 8, 9, 91, 92) is
arranged on a side of the frame portion (31) that is
away from the flow channel (30).
7. The arrangement according to any one of
5 claims 1 to 6, wherein the second lever is a turnbuckle
type of a lever.
8. The arrangement according to any one of
claims 1 to 7, wherein the lever mechanism (6, 7, 8, 9;
6, 7, 8, 9, 91, 92) comprises a third lever (91) arranged

10 between the second lever (8) and the movable element
(10) of the linear actuator (11).

9. The arrangement according to claim 8,
wherein the third lever (91) is pivotally connected in
a first connection point to a second connecting point

15 (9) of the second lever (8) and pivotally connected in
a second connection point to the movable element (10)
of the linear actuator (11), wherein the second con-
necting point is at a distance from the first connecting
point.

20 10. The arrangement according to claim 8 or 9,
wherein a fourth lever (81) is arranged to connect the
third lever (91) to a frame portion (31), wherein a
first connecting point of the fourth lever (81) is piv-
otally connected to the frame (31), and a second con-

25 necting point of the fourth lever (81) is connected to
the third lever between the first connecting point and
the second connecting point, wherein the lever mechanism
is a four link mechanism.

11. The arrangement according to any one of

30 claims 1 to 10, wherein a connection point between the
first lever (6) and the second lever (8) 1s a movable
point in relation to the position of the second con-
necting point of the first lever.

12. The arrangement according to any one of

35 claims 1 to 11, wherein the linear actuator (11) is a
hydraulic actuator or a pneumatic actuator or an elec-

tric actuator or an electro-hydraulic actuator,
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comprising a cylinder and a piston, and a bias element
arranged 1n the actuator for assisting to return the
movable element of the linear actuator and the valve
element to a closing position.

5 13. An inlet air valve (20) comprising a valve
body (2), a flow channel (30) through the valve body, a
closing element (3) arranged in the flow channel, said
closing element is arranged movably in the flow channel
between at least two positions, a first, closing posi-

10 tion, in which the flow channel (30) 1is closed, and a
second, open position, in which air may flow through the
channel, wherein the inlet air valve comprises a actu-
ator arrangement (1) according to any one of claims 1
to 12.

15 14. A mining machine (100) comprising at least
one air compressor system for producing working air,
such as flushing air for a drilling rig operation,
wherein the air compressor system of the mining machine
comprises an inlet air valve (20) according to claim 13.

20
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