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Control valve

Field of the invention

The invention relates to a control valve according to the preamble of
the appended claim 1 for guiding pressurized medium to an actuator,
said actuator being arranged to dampen the vibrations of the process
device connected thereto.

Background of the invention

Oscillation and vibration occurring in paper machines and finishing de-
vices for paper cause quite a significant problem. These devices con-
tain several sources of vibration, the most significant ones being rolls
and cylinders that comprise a large mass rotating at considerable
speed. The oscillation and vibration of the rolls and cylinders cause
marks in the paper that is being manufactured.

The vibration and oscillation occurring in multi-roll calenders used in
the finishing process of paper cause a so-called barring phenomenon.
Barring may result from various reasons. It may be caused by irregu-
larities in the paper being calendered, the mechanical vibration pro-
duced by the calender itself, its actuators or the machines surrounding
the same, or the effect of the asymmetry of the roundness of the outer
surface of the rolls. Because all rolls of the calender are in contact with
each other, the vibration is transferred from one roll to another, and in
the end the rolls will repeat a vibration pattern consisting of several
waves. The rolls cause MD-oriented variations in the thickness of the
paper that is being calendered, wherein the target quality of the paper
is generally not reached. Furthermore, the rolls cause additional vibra-
tion in the calender as well as noise.

The moving and rotating parts of the paper machine and the finishing
devices of paper also cause vibration in the foundations of these de-
vices. These vibrations disturb the running of the devices and may
cause permanent changes in their supporting structures. Furthermore,

CONFIRMATION COPY
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the vibrations caused by different machine parts/devices placed on the
same foundation generate combined effects of vibrations, which results
in that the entire machine vibrates periodically or chaotically.

Various solutions have been suggested to eliminate and reduce the
vibrations in paper machines and finishing devices for paper. Fl patent
110713 discloses a damper for damping the vibration of a pair of rolls
that are in nip contact with each other. The damper is installed between
the bearing housings of the rolls, or between the bearing housing and
the frame of the machine. The damper comprises two coupling means
that intermesh with each other, of and the force with which the coupling
means are pressed against each other is directed on the side surfaces
of at least one of said coupling means by means of a hydraulic ac-
tuator.

Patent FI 85166 discloses a solution for damping the vibrations of a
pair of rolls forming a nip, in which the rolls are supported to each other
by means of a hydraulic damper. The damper comprises a piston-cylin-
der device to which pressurized hydraulic medium is supplied and from
which it is removed. The rolls of the roll pair produce mutual movement
of the piston-cylinder device and the flow of the pressurized medium.
The damping of the vibrations takes place by increasing said flow of
the pressurized medium and constricting the produced increased flow.

Publication EP 819638 discloses a solution for damping the vibrations
of a press roll in a reel-up. In the solution a pressure cylinder is at-
tached to the bearing housing, said pressure cylinder having a choker
in its pressure lines for damping the movement of the cylinder. The
pressure cylinder can be the loading cylinder of the press roll, which is
choked in a suitable manner.

In mineral material processing devices, such as crushers, screens and
conveyors, various kinds of vibrations are caused by the operation of
these machines. For example the feeding of the material to be crushed
to the crusher causes shocks and vibration in the entire crusher. The
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oscillation and vibration of mineral material processing devices are cur-
rently damped by springs and large-sized hydraulic cylinders.

It is a problem of all the above-mentioned solutions for damping vibra-
tions that they have a long response time to the detected vibrations.
Because the vibration damper does not react to vibrations fast enough,
the vibrations have time to cause problems in apparatuses and in the
manufacturing process before the situation improves. A situation may
also occur in which the vibration damper is constantly "late" due to the
long response time. Thus, sufficient damping is not attained at any
stage, despite of the continuous adjustment of the actuator. The reason
for the long response times of the actuators is for example the structure
of the actuator and the functional delays caused thereby, but the most
important factor is the slow response time of the devices conveying the
pressurized medium to the actuators.

It is possible to convey pressurized medium to the actuators by means
of different devices, of which various valves are most commonly used.
Fig. 1 shows the cross-section of a valve that can be connected to ac-
tuators according to the preceding examples to convey the medium
producing the movement of the actuator to the actuators.

The control valve comprises a magnet 1 surrounded by the frame 2 of
the valve. The cover 3 of the valve is connected to one side of the
magnet. A coil 4 is arranged around the core 1a of the magnet and
electric current is supplied thereto via a conductor 5 to produce a mag-
netic field. Concentrically through the cover 3 of the valve and the core
1a of the magnet is produced a boring 6 for a valve control member,
i.e. a stem 7 moving in its longitudinal direction. The valve stem 7 is
preferably equipped with a suitable set of lugs 8, wherein in the dif-
ferent positions of the stem, the flow of the medium is directed between
an inflow channel 9 and an outflow channel 10. A linear actuator, i.e. a
speech coil 11 is partly in contact with the magnet 1. The speech coil
11 comprises a frame 11a and a coil 11b wound around the same.
Conductors 12 are connected to the speech coil to convey electric cur-
rent through the coil of the speech coil. A cone-like coupling member
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13 having a rigid structure connects the speech coil 11 and the stem 7.
The coupling member 13 is connected to the speech coil 11 from its
end having a larger diameter and to the stem 7 of the valve from its
end having a smaller diameter.

The stem 7 of the valve is moved back and forth in the desired di-
rection in the boring 6, wherein the set of lugs 8 in the stem are po-
sitioned in accordance with said movement in relation to the inflow
channel 9 and outflow channel 10 of the valve, thus enabling the flow
of the pressurized medium in and out of the valve. The movement of
the stem 7 is attained by supplying electric current to the coil of the
speech coil 11 that produces the linear movement of the speech coil
11. The coupling member 13 moves in accordance with the movement
of the speech coil, at the same time moving the stem 7 of the valve.
The operation and movement of the speech coil in the magnetic field is
known as such for a person skilled in the art, wherein it will not be de-
scribed in more detail in this context.

The above-described valve is functional as such, but it contains certain
significant drawbacks. As the description above shows, said valve has
a complex structure. Therefore it is difficult to manufacture. This in-
creases the manufacturing costs of the valve and makes it an ex-
pensive component for the end user. Due to the complex structure, it is
difficult or even impossible to maintain the valve and replace the parts
when they have been broken.

The step response of the valve is slow, i.e. the stem of the valve reacts
to control commands slowly. This results from the fact that the stem of
the valve is heavy, which slows down its movement. This also
decelerates the flow of the pressurized medium from the outlet port of
the valve. The flow of the medium will not comply with the control
command until the stem has had the time to move to the correct po-
sition, which in the worst case may take several milliseconds. The slow
step response of the valve causes slowness in the reactions of the ac-
tuator.
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Brief description of the invention

Therefore, the purpose of the present invention is to provide a control
valve for supplying pressurized medium to an actuator, which control
valve avoids the above-presented problems and enables faster and
more accurate positioning of the valve than before.

To attain this purpose, the control valve according to the invention is
primarily characterized in what will be presented in the characterizing
part of the independent claim 1.

The other, dependent claims will present some preferred embodiments
of the invention.

The invention is based on the idea that a control valve is used for sup-
plying pressurized medium to an actuator, in which control valve at
least one coil is arranged around a control member for moving the
control member in a magnetic field. The control member controls the
volume flow of the pressurized medium. In other words, an element
moving the control member is directly connected thereto.

The control member is formed as a cylindrical piece that is at least
partly hollow inside. The valve contains at least one outflow chamber
for the pressurized medium. The medium flows to the outflow chamber
either from an inflow chamber or an inflow channel through a flow
guide. The control member is positioned in such a manner in relation to
the flow guide that it is capable of controlling the volume flow of the
medium through the flow guide. The at least one coil arranged on the
outer surface of the control member is at least partly surrounded by the
pressurized medium.

The valve contains at least one magnet to which electric current is
supplied to form a magnetic field. The magnet used in the valve is de-
signed in such a manner and the at least one coil arranged on the
outer surface of the control member is positioned in relation to mag-
net/magnets so that the density of the magnetic flux is the highest pos-
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sible in the surroundings of the coil of the control member. This results
in that the movements of the control member are fast and precise, and
correct positioning of the control member is easy and rapid.

The magnets can be either permanent magnets or electric magnets. If
an electric magnet is used, it is possible to supply either direct current
or alternating current thereto.

To move the control member in the magnetic field, electric current is
supplied to at least one coil arranged around the control member. Al-
ternating current is supplied to the coil, wherein the direction of move-
ment of the control member with respect to the flow guide can be
guided to both directions.

If desired, it is possible to attach at least one spring to the control
member, said spring holding the control member in its place when it is
not being controlled. More than one spring is connected to the control
member, and they have been positioned symmetrically around the
control member. It is also possible to use the spring as a supporting
structure for the conductors supplying electric current to the coil,
wherein the durability of the conductors improves.

By means of the rigidity of the spring it is possible to affect the speed of
the step response of the valve. If a fast step response is required, a
slack spring with a low natural oscillation frequency is selected. For a
slower step response, a rigid spring is selected whose natural oscil-
lation frequency is high. Less power is required to control a rigid spring
than a slack spring. It is possible to select a spring suitable for the
application in question by calculation by means of amplitude resonance
in the following way:
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(1)

inwhich  f=frequency
k = spring constant
m = total mass of the stem and the spring
B = damping factor

The spring is not absolutely necessary for the function of the control
valve. However, the force produced by the spring is considerably
smaller when compared to the force produced by the speech caoil.

The pressurized medium controlled by the control valve can be a liquid
or gaseous medium. For controlling the valve it is advantageous to use
feedback control, but it is also possible to control the actuator con-
nected to the valve proportionally, without feedback.

Depending on the application, the number of outflow channels may
vary, and there may be 1 to 20 outflow channels. Advantageously there
are 2 to 5 of them.

An individual valve according to an embodiment of the invention
functions like a 2/2 valve containing two ports and two stem positions.
According to another embodiment it is also possible to form an indi-
vidual valve as a 4/2 valve. It is also possible to connect valves o each
other, wherein several different operating alternatives can be attained.

The fact that the control member and the element moving the same
have been connected brings about several advantages.

It is not necessary to provide the valve with a separate, heavy stem,
wherein the entire valve is smaller in size and lighter, wherein it can be
installed in connection with actuators more easily. The control member
itself is naturally lighter as well, wherein it can be moved faster, and
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thus the flow of the medium can also be controlled faster. In tests
response times of 0.1 ms have been measured as the reaction time of
the control member. Furthermore, it has been noted that increasing the
flow from zero to full flow or closing of the same from the full flow may
be reached even in approximately 1 ms. As a consequence of all this
the positioning of the actuator to the desired operating state is fast.

Because of the simpler structure, the valve is also less expensive than
the valves currently in the market that are capable of almost the same
action.

The valve has been designed in such a manner that it can be easily
maintained and the parts that wear can be easily replaced. The inner
calibration of the valve can be carried out easily by using a pressure
sensor. Furthermore, the parts used in the valve, especially the at least
one coil arranged around the control member is very durable. This re-
sults from the fact that it is at least partly surrounded by the pres-
surized medium that cools down the coil when it is controlled with high
currents.

Especially in view of damping the vibrations, it is very advantageous
that the step response of the actuator becomes faster. Furthermore, by

means of the valve it is also possible to attain other than sine wave.

Brief description of the drawings

In the following, the invention will be described in more detail with
reference to the appended drawings, in which

Fig. 1 shows the cross-section of a valve according to prior art,
Fig. 2 shows the cross-section of a control valve according to the
invention,

Fig. 3a shows a way of coupling a control valve according to the
invention,
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Fig. 3b shows another way of coupling a valve according to the in-
vention,

Fig. 3¢ shows a hydraulic circuit diagram of a valve series having
two valves coupled to each other,

Fig. 3d shows the control of an actuator by means of two valve

series,
Fig. 4 shows a second control valve according to the invention,
Fig. 5 shows a finishing device for paper in which vibrations are

damped with a separate actuator, and
Fig. 6 shows a third control valve according to the invention.

Detailed description of the invention

In this description the term process device refers to papermaking de-
vices or finishing devices for paper, processing devices for mineral
materials and their parts, components, subassemblies and foundations.

Fig. 2 shows an embodiment of the invention as a 2/2 valve. The
control valve 14 shown in the figure comprises a valve frame 15 which
is designed to be hollow inside for positioning the parts of the valve in-
side the frame 15. The frame can be formed of a uniform, housing-like
element 15a that forms the bottom and end walls, and of a cover part
15b attached thereto, as in the embodiment of Fig. 2. The frame of the
valve can also be composed of separate bottom and cover parts, and
side walls attached thereto. If desired, the valve can also be produced
without the cover. The valve is attached to the actuator 23 by a fas-
tening member 32 in such a manner that the cover of the valve 15b is
in contact with the actuator 23.
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A magnet 16 is arranged inside the frame, which is preferably an elec-
tric magnet, but a permanent magnet can also be used. The coil 17 of
the magnet is wound around the core 16a of the magnet. Electric cur-
rent is supplied to the coil 17 of the magnet via a conductor 18 in order
to produce a magnetic field.

A control member 19 is at least partly in contact with the magnet 16,
said control member being designed as a cylindrical piece that is at
least partly hollow inside. There is a coil 20 arranged around the
control member 19. Electric current is supplied to or discharged from
the coil 20 via conductors 21a, 21b. The volume flow of the medium
supplied by the valve 14 to the actuator is controlled by adjusting the
quantity and direction of the control current supplied to the coil 20.

As an extension of the core 16a of the magnet there is an outflow
chamber 22 separated from an inflow chamber 28 by means of a cy-
lindrical wall 22a. The control member 19 is arranged around the core
17a of the magnet and the wall 27 of the outflow chamber in such a
manner that it extends over the entire length of the wall 17 and partly
around the core 16a of the magnet. In this section the inner surface of
the stem is in contact with the outer surface of the core 16a of the
magnet.

Thus, the control member 19 restricts the outflow chamber 22 of the
valve and its walls inside itself. Correspondingly, the inflow channel 28
of the valve is outside the control member. The coil wound on the outer
surface of the control member 19 is thus located inside the inflow
chamber 28, surrounded by the medium contained therein.

At the valve cover end of the wall 27 of the outflow chamber is
arranged a flow guide 25 guiding the flow of medium from the inflow
chamber 28 to the outflow chamber 22 when the control member 19
has been moved to a position in which it does not prevent the flow. In
the embodiment of Fig. 2 the flow guide 25 is formed of holes 25a
arranged in the wall of the outflow chamber.
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In the operating state of the valve 14 shown in Fig. 2, the other end of
the control member 19 is in contact with a damping plate attached to
the valve cover 15a. Thus, the control member covers the holes 25a of
the flow guide 25 and prevents the medium from flowing from the inflow
chamber 28 to the outflow chamber 22 and further via the outflow
chamber 26 to the actuator 23 connected to the valve.

The frame 15a, the cover 15b, the magnet 16 and the stem 19 of the
valve define the inflow chamber 28 of the valve, to which an inflow
channel 29 is connected for supplying pressurized medium to the in-
flow chamber 28.

As the figure shows, the magnet 3 is designed in such a manner that a
magnetic gap 30 is formed therein. The magnetic gap 30 has a narrow
shape. This design produces an efficient magnet whose magnetic flux
is even in the magnetic circuit. The length of the control member 19
and the location of the coil 20 in relation to the length of the control
member are arranged in such a manner that the coil is positioned
substantially in the magnetic gap 30, wherein the movements of the
control member 19 are rapid and precise.

Two springs 31 are attached symmetrically around the control member
19 in such a manner that the first end of the spring is attached to the
control member 19. The second end of the springs is attached to the
wall of the inflow chamber 28. The springs press the control member
19 against the damping plate when the control member is not being
controlled. It is also possible to use the spring as a supporting structure
for the conductors 21a and 21b of the coil 20, wherein the durability of
the conductors improves.

The control valve according to Fig. 2 functions in the following manner:

By means of the electric current supplied to the coil 17 of the magnet
via the conductor 18 a magnetic field is generated with the magnet 16.
Pressurized medium is constantly supplied to the inflow chamber 28 of
the valve via an inlet port 29. When the valve is not being controlled,
i.e. current is not supplied to the coil 20 arranged around the control
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member 19, the spring 31 presses the control member 19 against the
baffle plate 23. Thus, the control member covers the holes 25a
arranged in the flow guide 25 and closes the flow path of the medium
from the inflow chamber 28 to the outflow chamber 22.

When control current is supplied to the coil 20 arranged around the
control member, said control current moving the control member 19
away from the damping plate, a flow path is opened for the medium via
the holes of the flow guide 25 to the outflow chamber 22 and through
the same via the outflow channel 26 to the actuator 27 connected to
the valve. When the flow of the medium is reduced, the control member
19 is moved towards the damping plate by means of the control current
supplied to the coil 20. The springs 31 boost this movement.

Fig. 3a shows an alternative for coupling the control valve shown in
Fig. 2 to the actuator. Said actuator is connected further to a process
device (not shown) to dampen its vibrations. The coupling in question
is a so-called 2/2 coupling. The control valve 14 is connected to an
actuator 23, which in this embodiment is a motor. The actuator can
also be a pump or a hydraulic cylinder functioning as a damper of the
vibrations. The valve 14 is coupled to a control unit 33 via a line 34,
said control unit controlling the quantity and direction of the electric cur-
rent supplied to the coil arranged around the control member of the
valve. This brings about the desired movement of the control member
and a volume flow of the pressurized medium via a line 35 to the mo-
tor. The outlet of the motor has a feedback to the control unit. For this
purpose the outlet of the motor 23 is provided with a measuring sensor
36 measuring the flow, pressure, speed or acceleration of the medium,
and the measurement result obtained therefrom is transmitted via a line
37 to the control unit 33.

Fig. 3b shows an alternative for coupling the control valve shown in
Fig. 2 to the actuator. The coupling in question is a so-called 2/2
leakage flow coupling. The control valve 14 is coupled to a control unit
33 via a line 34, said control unit controlling the movements of the con-
trol member of the valve in the above-described manner and producing
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the desired flow of pressurized medium via a line 38 to the actuator 23.
In this example the actuator 23 is a hydraulic cylinder. A choker 40 has
been installed in the leakage coupling 39 to control the leakage flow.
From the outlet of the actuator there is a feedback to the control unit.
For this purpose a measuring sensor 41 is arranged in connection with
the hydraulic cylinder 23, which measuring sensor can be a linear sen-
sor or force transducer, and the measurement result obtained there-
from is conducted via the line 37 to the control unit 33.

Fig. 3c shows a valve series comprising two control valves 14 coupled
together. This coupling method is a so-called 3/2 coupling in which one
control valve controls the incoming flow P of the pressurized medium
and the other control valve controls the flow T of the pressurized me-
dium discharged from the valve series. The 3/2 coupling is known to
anyone skilled in the art, and therefore it will not be described in more
detail in this context. Both valves 14 are coupled to the control unit 33
via the line 34, said control unit controlling the movements of the con-
trol members of both valves in the above-described manner and pro-
duces the desired flow of pressurized medium via a line 38 to the ac-
tuator 23. In this example the actuator 23 is a hydraulic cylinder. From
the outlet of the actuator there is a feedback to the control unit. For this
purpose a measuring sensor 41 is arranged in connection with the
stem of the hydraulic cylinder 23, which measuring sensor can be a
linear sensor or force transducer, and the measurement result obtained
therefrom is transmitted via the line 37 to the control unit 33.

Fig. 3d shows a valve series comprising four control valves 14 coupled
together as a so-called 4/3 coupling. This coupling is also known to
anyone skilled in the art, and therefore it will not be described in more
detail in this context. All control valves are coupled to the control unit
33 via the lines 34, said control unit controlliing the movement of the
control members 19 of each valve in the above-described manner. The
control valves 14 are coupled to each other in pairs in such a manner
that two control valves 14 are coupled together. One pair A guides the
pressurized medium via a line 42 to the chamber at the actuator 23
side, i.e. the piston side of the hydraulic cylinder, and the other pair B
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guides the pressurized medium via a line 43 to the chamber at the
piston rod side of the hydraulic cylinder. From the outlet of the actuator
there is a feedback to the control unit. For this purpose a measuring
sensor 41 is arranged in connection with the stem of the hydraulic
cylinder 23, and the measurement result obtained therefrom is trans-
mitted via the line 37 to the control unit 33.

Hereinabove, only a few examples of coupling the valves have been
disclosed. It is also possible to implement other couplings, such as 4/2
or 5/2 couplings.

The couplings described in connection with Figs. 3a and 3b can also
be implemented without the control unit and the feedback from the ac-
tuator thereto. If several valves have been coupled together, the control
unit is necessary to be able to control the valves synchronically in the
desired manner, for example in 3/2, 4/2 or 5/2 way. By means of the
control unit it is also possible to implement the control of the
valve/valves in the desired manner, for example proportionally, in a
servo-type manner or on/off manner.

Fig. 4 shows an embodiment of the invention as a 4/2 valve. The con-
trol valve 14 shown in the figure comprises a valve frame 15. Inside the
frame a magnet 16 has been arranged, around which the coil 17 of the
magnet has been wound. Electric current is supplied to the magnet via
a conductor 18. A control member 19 is at least partly in contact with
the magnet, and a coil 20 is arranged around the same. For the electric
current necessary for the coil, conductors 21a and 21b are connected
thereto. The volume flow of the medium supplied by the valve 14 to the
actuator is controlled by adjusting the quantity and direction of the con-
trol current supplied by the control member 19 to the coil 20.

For supplying pressurized medium to the valve 14, it is provided with a
lead-through for the flow channel 29. It extends continuously through
the entire valve, and it is divided into an inflow channel 29a and an out-
flow channel 29b by means of a blocking plug 46. The inflow channel
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29a is partly surrounded by a magnet 16. The outflow channel 29b is
surrounded by the frame.

Apart from the flow channel 29, two outflow chambers 22a and 22b are
arranged in the valve 14. From the inflow channel 29a a lead-through
44 is arranged to guide the medium 44 to the first outflow chamber
22a. From the outflow channel 29a a lead-through 45 is arranged to
guide the medium to the second outflow chamber 22b. The lead-
throughs operate as flow guides for the valve.

The cylindrical control member 19 is arranged to move in the outflow
chambers 22a and 22b. The length of the control member 19 is se-
lected in such a manner that it extends from the first outflow chamber
22a to the second outflow chamber 22b, wherein a part of its length is
in contact with the surface of the magnet 16. The control member is
installed in such a manner that it surrounds the flow channel 29. The
coil 20 wound on the surface of the control member 19 is thus located
inside the second outflow chamber 22a, surrounded by the medium
contained therein.

Flow channels 47 are arranged on the inner surface of the control
member 19, said flow channels guiding the medium from the inflow
channel 29a and/or outflow channel 29b to the outflow chambers 22a
and 22b. The flow channels 47 can be grooves, or holes penetrating
the control member. The flow of the medium is guided by moving the
control member 19 in accordance with the arrow marked in the Figure.
In the situation shown in the Figure, the control member 19 is in such a
position that there is no flow of the medium via the flow guides 44 and
45 to the outflow chambers 22a and 22b. When the control member 19
is moved in either direction, the medium is capable of flowing via the
lead-through 44 and a flow channel 47 from the inflow channel 29a to
the first outflow chamber 22a. The flow of the medium via the lead-
through 45 and the flow channel 47 from the outflow channel 29b to the
second outflow chamber 22 is controlled in a corresponding manner. It
is also possible to move the control member in such a position that the
medium is at the same time capable of flowing via both flow guides 44
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and 45 to the outflow chambers 22a and 22b. The outflow chambers
22a and 22b are connected to the outflow channels 26a and 26b
guiding the medium to the actuator. The valve is also provided with
springs 31 enhancing the movement of the control member.

Fig. 5 shows a multinip calender 50 whose vibrations are dampened by
means of one or several actuators using a valve according to the in-
vention. The multinip calender comprises a frame 51 supported to the
foundations 52 of the calender. The rolls 53 of the calender, the num-
ber of which can vary, are arranged on top of each other so that
successive rolls are in nip contact with each other. The web W is
brought to the calender and guided from bottom to top through the
calender by means of guide rolls 54 so that the web travels through
each nip.

The figure shows schematically three actuators 55, 56 and 37. The
actuators can be any actuators to which pressurized medium is guided
by means of a valve. The actuator 55 is arranged to dampen the
vibrations occurring in the foundations 52 of the calender, and the ac-
tuator 56 is arranged to dampen vibrations occurring in the frame 52 of
the calender. The actuator 57 is arranged in connection with a relieving
arm 58 provided in one of the calender rolls to dampen the vibrations
occurring therein.

Fig. 6 shows an embodiment of the invention. The control valve 14
shown in the figure comprises a valve frame 15. To supply pressurized
medium to the valve 14, the frame 15 is provided with a lead-through
for the flow channel 29. It extends continuously through the entire
valve, and it is divided into an inflow channel 29a and an outflow chan-
nel, i.e. a tank channel 29b by means of a blocking plug 46.

There are two magnets arranged inside the frame, a first magnet 16a
and a second magnet 16b. The coils 17a and 17b of the magnets have
been wound around the magnets. The first magnet 16a partly sur-
rounds the inflow channel 29a and the second magnet 16b partly sur-
rounds the tank channel 29b. Electric current is supplied to the first
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magnet 16a via a first conductor 18a, and electric current is supplied to
the second magnet via a second conductor 18b.

A control member 60 surrounding the flow channel 29 is at least partly
in contact with both magnets 16a and 16b. The inner surface of the first
end 60a of the control member 60 is in contact with the surface of the
first magnet 16a, and the inner surface of the second end 60b of the
control member is in contact with the surface of the second magnet
16b. A first coil 20a is arranged around the first end 60a of the control
member 60, and within a distance from the same, a second coil 20b is
arranged around the second end 60b of the control member 19. To
conduct the electric current required by the first coil 20a, conductors
21a’ and 21a” are connected thereto. To the second coil 20b electric
current is conducted via conductors 21b' and 21b". The volume flow of
the medium supplied by the valve 14 to the actuator is controlled by
controlling the quantity and direction of the control current supplied by
the control member 60 to the first coil 20a and/or to the second coil
20b.

Apart from the flow channel 29, an outflow chamber 22 surrounding the
flow channel 29 is arranged. From the inflow channel 29a a lead-
through 44 is arranged to guide the medium to the outflow chamber 22.
From the outflow channel 29b a lead-through 61 is arranged to guide
the medium from the outflow chamber 22 to the tank channel 29b. The
lead-throughs 44 and 61 operate as flow guides for the valve.

The cylindrical control member 60 is arranged to move in the outflow
chamber 22. The length of the control member 60 is selected in such a
manner that it extends over the length of the outflow chamber 22. The
first coil 20a and the second coil 20b wound on the surface of the con-
trol member 60 are at least partly inside the outflow chamber 22, sur-
rounded by the medium contained therein.

On the surface of the control member 60 at the flow channel 29 side, a
flow channel 47 is arranged, said flow channel guiding the medium
from the inflow channel 29a to the outflow chamber 22. The flow chan-
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nel 47 can be a groove formed on the surface of the control member
60, or a hole penetrating the control member 60. The flow of the
medium is also guided from the outflow chamber 22 to the outflow
channel 29b via a lead-through arranged in the outflow channel and via
the flow channel 47.

The flow of the medium is guided by moving the control member 60 in
accordance with the arrow marked in the Figure. In the situation shown
in Fig. 6, the control member 60 is in such a position that there is no
flow of the medium via the flow guide 44 and the flow channel 47 to the
outflow chamber 22. When the control member 60 is moved in the di-
rection of the first magnet 16a, the medium is capable of flowing via the
lead-through 44 and the flow channel 47 from the inflow channel 29a to
the outflow chamber 22. The outflow chamber 22 is connected to the
outflow channel 26a guiding the medium to the actuator. When the
control member 60 is moved in the direction of the second magnet 16D,
the medium is capable of flowing via the flow channel 47 the lead-
through 61 to the tank channel 29b. The valve is also provided with at
least one spring 31 enhancing the movement of the control member.

The position of the control mémber 60 can be adjusted either by
supplying control current to both coils 20a and 20b simultaneously, or
by supplying control current only to the first coil 20a or to the second
coil 20b.

In all the above-presented examples the coil wound around the control
member can be formed for example by winding litz wire or aluminium
foil around the stem of the valve. Advantageously litz wire is used,
which is a very strong coil material. When litz wire is use, it is possible
to utilize higher control frequencies and still the losses are smaller. As
a coil material it is also possible to use other conductor materials as a
wire comprising one or several threads.

The invention is not intended to be limited to the embodiments pre-
sented as examples above, but the invention is intended to be applied
widely within the scope of the inventive idea as defined in the ap-
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pended claims. By means of the control valve it is possible to control
various kinds of media. Liquids, gases and liquid-gas mixtures can be
controlled. Thus, it is possible to use the control valve to guide the me-
dium both to hydraulic and pneumatic actuators.
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Claims

1. A control valve for supplying pressurized medium to an actuator (23)
said actuator (23) being arranged to dampen the vibrations of a
process device connected thereto, said control valve comprising:
- aframe (2, 15),
- at least one magnet (1, 16, 16a, 16b) for generating a magnetic
field,
- at least one inflow channel (9, 29, 29a) and at least one outflow
channel (10, 26, 26a, 26b) for the flow of the medium, and
- a control member (7, 19, 60) for controlling the flow of the me-
dium,
characterized in that
- at least one coil (20, 20a, 20b) is arranged around the control
member (19, 60) for moving the control member (19, 60) in the
magnetic field.

2. The control valve according to claim 1, characterized in that at least
one conductor (21a, 21a', 21a", 21b, 21b', 21b") is connected to the
coil (20, 20a, 20b) for supplying electric current to the coil (20, 203,
20b) and that the control member is arranged to move in the magnetic
field generated by the magnet (16, 16a, 16b), said movement being
produced by the electric current supplied to the coil (10, 20a, 20Db).

3. The control valve according to claim 1, characterized in that the
control valve comprises at least one outflow chamber (22) and at least
one inflow chamber (28) and at least one flow guide (25) for guiding
pressurized medium from the inflow chamber (28) to the outflow cham-
ber (22).

4. The control valve according to claim 3, characterized in that the
flow guide (25) is arranged in the wall (27) of the outflow chamber (22).

5. The control valve according to any of the preceding claims 1 to 4,
characterized in that the control member (19) is cylindrical and that
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the outflow chamber (22) is arranged concentrically in such a manner
that the control member (19) surrounds the outflow chamber (22).

6. The control valve according to claim 3, characterized in that the in-
flow chamber (28) is connected to the inflow channel (29), and that the
control member (19) is positioned in such a manner that the coil (20)
arranged around the same is in the inflow chamber (28).

7. The control valve according to claim 1, characterized in that the
control valve comprises at least one outflow chamber (22, 22a, 22b)
and at least one flow guide (44) for guiding pressurized medium from
the inflow channel (29) to the outflow chamber (22, 22a, 22b).

8. The control valve according to claim 7, characterized in that the
flow guide (44) is arranged in the wall of the outflow chamber (29a).

9. The control valve according to claim 7, characterized in that the
control member (19, 60) is cylindrical and that the inflow channel (29a),
the outflow channel (29b) and the control member (19, 60) are ar-
ranged concentrically in such a manner that the control member (19,
60) surrounds the inflow channel (29a) and outflow channel (29b)
functioning as extensions for each other.

10. The control valve according to claim 7, characterized in that the
control valve comprises at least one flow guide (45) for conveying me-
dium from the outflow channel (29b) to the outflow chamber (22).

11. The control valve according to claim 7, characterized in that at
least one flow guide (45) is arranged in the wall of the outflow channel
(29b).

12. The control valve according to any of the claims 7 to 11, charac-
terized in that the control valve comprises at least two outflow cham-
bers (22a, 22b) and that the length of the flow guide (19) is selected in
such a manner that the flow guide extends inside each of them.
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13. The control valve according to claim 7, characterized in that at
least two coils (20a, 20b) are arranged around the control member (60)
in such a manner that the first coil (20a) is arranged at the first end
(60a) of the control member (60) and the second coil (20b) is arranged
at the second end (60b) of the control member.

14. The control valve according to claim 7, characterized in that the
control valve (14) comprises at least one flow guide (61) for conveying
medium from the outflow chamber (22) to the outflow channel (29b).

15. The control valve according to any of the claims 7 to 14, charac-
terized in that the control member (19, 60) is positioned in relation to at
least one outflow chamber (22, 22a, 22b) so that the at least one cail
(20, 20a, 20b) arranged in the control member (19, 60) is located in at
least one outflow chamber (22, 22a, 22b).

16. The control valve according to any of the claims 7 to 15, charac-
terized in that at least one flow channel (47) is arranged on the inner
surface of the control member (19, 60) for conveying the medium
flowing via the flow guide (44, 45, 60) to the outflow chamber (22, 22a,
22b).

17. The control valve according to claim 6 or 15, characterized in that
at least one coil (20, 20a, 20b) is at least partly surrounded by the me-
dium.

18. The control valve according to any of the claims 2, 3, 7, 10 or 14,
characterized in that the control member (19, 60) is arranged to move
in relation to the flow guide (25, 44, 45, 61) for controlling the volume
flow of the medium flowing through the flow guide (25, 44, 45, 61).

19. The control valve according to claim 1, characterized in that the
magnet (16, 16a, 16b) is designed so that a magnetic gap (30) is
formed and that the control member (19, 60) is installed in such a
manner in relation to the magnetic gap (30), that the at least one coil
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(20, 20a, 20b) of the control member is at least partly positioned in the
magnetic gap (30).

20. The control valve according to claim 1, characterized in that the
control valve comprises at least one spring (31).

21. The control valve according to claim 1, characterized in that the
magnet (16, 16a, 16b) is provided with a coil (17, 17a, 17b) of the
magnet and a conductor (18, 18a, 18b) is connected to the coil for
supplying electric current to the coil (17, 17a, 17b) of the magnet.

22. The control valve according to claim 1, characterized in that the
process device is one of the following: a papermaking device or
finishing device for paper, processing device of mineral materials or a
part of any of said devices.

23. The control valve according to claim 1, characterized in that the
medium is one of the following: liquid, gas or a mixture of them.
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