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to a non-sealing position corresponding to an opening degree of the valve
(100) equal to or higher than a first predefined opening degree when the in-
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to or higher than a predetined threshold. In this way, the problem of vibra-
tion or "chattering" of the sealing element of the valve is efficiently preven-
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CHECK VALVES, SYSTEMS AND METHODS OF OPERATION OF SAME

FIELD OF THE INVENTION

The present invention relates to the field of check valves. In particular, the present invention
relates to an actuation system of the sealing element of a check valve and a method of operation

of a check valve.

PRIOR ART

Check valves are valves allowing only one flow direction. For example, these valves may be

employed for systems for which the reflux of fluid is to be avoided.

In the check valves, the opening and closing of the valve is regulated by the flow flowing through
the valve. In particular, when the flow of the fluid flowing through the valve flows in a direction
(opening direction of the valve), it displaces the sealing element of the valve from the sealing
position, thus opening the valve and flowing through same. On the contrary, when the flow flows
in the opposite direction (closing direction of the valve), it pushes against the sealing element of
the valve holding it steady in the sealing position and thus keeping the valve closed, or
displacing the sealing element from a non-sealing position to the sealing position thus causing
the valve to close. In this way, the reflux is prevented.

When the rate of flow flowing in the opening direction of the valve is enough to displace the
sealing element of the valve from the sealing position, the valve opens and the fluid can flow
through it. If, on the other hand, the rate of the fluid flowing in the opening direction of the valve
is not enough to displace the sealing element, then the valve does not open. There is
accordingly, a minimum threshold flow rate which allows opening of the valve. Flow rates which
are lower than the minimum threshold flow rate do not trigger the opening of the valve.

One of the major problems concerning check valves is the vibration of the sealing element or
“chattering effect” of the valve. This effect arises, in particular, when the pressure of the fluid
flowing through the valve in the opening direction is low. Specifically, when the pressure of the
fluid is too low to displace the sealing element from the sealing position, the fluid accumulates
against the sealing element and the pressure starts to increase. As soon as the pressure
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reaches the minimum threshold value which allows opening the valve, the sealing element is
displaced from the sealing position to a non-sealing position and the fluid starts flowing through
the valve. This causes the immediate drop of pressure in the upstream region of the sealing
element below the minimum threshold value and thus, the closing of the sealing element. In
these conditions, the sealing element starts vibrating or repeatedly oscillating between the
sealing position and a non-sealing position corresponding to a minimum opening degree of the
valve (valve chattering). This effect is particularly undesired because the continuous vibration of
the sealing element may damage the valve. Specifically, the seal of the valve will deteriorate.
Furthermore, both the sealing element and the seat of the valve, with which the sealing element
forms the seal, may be damaged by the vibration of the sealing element.

In the light of these considerations, the aim of the present invention is that of providing a system
and a method for the actuation of the sealing element of a check valve capable of avoiding in a
simple and efficient way, the problem of the vibration or “chattering” of the sealing element of the

valve.

The invention as defined by the appended claims allows achieving this aim.

SUMMARY

The present invention is based on the idea of forcing the sealing element of a check valve in a
non-sealing position corresponding to an opening degree of the valve which is equal to or higher
than a first predefined opening degree when the increase of the opening degree of the valve with
respect to the sealing position of the sealing element is equal to or greater than a predefined
threshold. In this way, as soon as the valve is open with respect to the sealing position by a
predefined opening degree, the sealing element is forced to remain open so as to prevent the
possible decrease of the pressure due to the opening of the valve causing the closing of the
sealing element and thus, giving rise to the so-called “chattering” effect or vibration of the sealing

element.

According to an embodiment of the present invention, a system for the actuation of the sealing
element of a check valve is provided comprising a controller configured so that the sealing
element is forced into a non-sealing position corresponding to an opening degree of the valve
equal to or higher than a first predefined opening degree when the increase of the opening
degree with respect to the sealing position of the sealing element is equal to or greater than a
predefined threshold. The first predefined opening degree may be equal, for example, to the
predefined threshold of the increase of the opening degree of the valve with respect to the
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sealing position. In this case, the sealing element is kept in the position corresponding to the
predefined threshold for the increase of the opening degree. Alternatively, the first predefined
opening degree may be higher than the predefined threshold of the increase of the opening
degree of the valve with respect to the sealing position. In this case, the sealing element is
advantageously forced to a non-sealing position corresponding to a valve opening degree higher
than the opening degree corresponding to the predefined threshold.

According to a further embodiment of the present invention, a system is provided wherein the
controller is further configured so as to suppress the forcing of the sealing element in a non-
sealing position when the opening degree is equal to or higher than a second predefined
opening degree, the second predefined opening degree being higher than the first predefined
opening degree.- In this way, when the rate of the flow of the fluid which must flow through the
valve is sufficiently high so as to guarantee a high opening degree of the valve and to
accordingly avoid the chattering effect, the sealing element is let free to move under the effect of
the rate of flow of the fluid which flows through the valve. For example, in this way, if the fluid
stops flowing, the sealing element is free to close the valve.

According to a further embodiment of the present invention, a system is provided further
comprising a shaft adapted to rotate around its longitudinal axis so as to displace the sealing
element from a sealing position to a plurality of non-sealing positions and vice versa, and
wherein the controller is configured so as to force the rotation of the shaft around its longitudinal
axis by a first predefined angle with respect to the position corresponding to the sealing position
of the sealing element, when the shaft is rotated around its longitudinal axis by an angle equal to
or higher than a first threshold angle with respect to the position corresponding to the sealing
position of the sealing element so as to force the sealing element into a non-sealing position
corresponding to an opening degree of the valve which is equal to or higher than the opening
degree of the valve at the non-sealing position corresponding to the first threshold angle.
Basically, in a valve comprising a shaft adapted to rotate around its longitudinai axis so as to
displace the sealing element, the measure of the opening degree of the valve and thus, of the
possible increase of same with respect to the sealing position, is performed in a simple and
efficient way by measuring the rotation angle of the shaft with respect to the position of the shaft
corresponding to the closing of the sealing element. Similarly, the selection of the predefined
opening degree of the valve is performed operating on the rotation angle of the shaft around its
own longitudinal axis.
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According to a further embodiment of the present invention, a system is provided wherein the
first threshold angle is greater than or equal to 1° and lower than or equal to 5°. These values of
the first threshold angle correspond to the values of the increase of the opening degree of the
valve with respect to the sealing position which are most critical in giving rise to the chattering
effect. In particular, when the rate of flow of the fluid flowing through the valve is adequate
enough to cause a rotation of the shaft around its longitudinal axis only by an angle comprised
between 1° and 5° with respect to the position of the shaft corresponding to the closed sealing
element, it is very likely that the chattering effect will arise.

According to a further embodiment of the present invention, a system is provided wherein the
first predefined angle is equal to at least 10°. Forcing the shaft of the valve to rotate by at least
10° with respect to the position of the shaft corresponding to the sealing configuration of the
valve, an optimum opening degree of the valve is guaranteed which also allows low flows to flow
in an efficient way through the valve without causing a chattering effect.

According to a further embodiment of the present invention, a system is provided wherein the
controller is configured so as not to force the rotation of the shaft when the shaft is rotated
around its longitudinal axis by an angle equal to or higher than a second threshold angle with
respect to the position of the shaft corresponding to the sealing position of the sealing element,
the second threshold angle corresponding to a non-sealing position of the sealing element
corresponding to an opening degree of the valve which is higher than the opening degree of the
valve at the non-sealing position corresponding to the first predefined angle. In this way, when
the rate of the flow of the fluid flowing through the valve is such as to guarantee a sufficient
opening of same, the sealing element is not forced and the control on the opening and closing of
the valve depends on the rate of flow of the fluid flowing through same. In particular, in the
event the fluid stops flowing, the valve can be efficiently closed. Furthermore, under these
conditions, the sealing element may be opened and closed according to the rate of flow of the

fluid flowing through the valve.

According to a further embodiment of the present invention, a system is provided wherein the
controller is configured so that the shaft is free to rotate from the sealing position to a plurality of
non-sealing positions and vice versa when the shaft is rotated around its longitudinal axis by an
angle equal to or higher than a second threshold angle with respect to the position of the shaft
corresponding to the sealing position of the sealing element, the second threshold angle
corresponding to a non-sealing position of the sealing element corresponding to an opening
degree of the valve which is higher than the opening degree of the valve at the non-sealing
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position corresponding to the first predefined angle. In this way, when the pressure of the fluid
flowing through the valve is sufficient to guarantee a sufficient opening of the valve, the shaft is
free to rotate and the control of the opening and closing of the valve depends on the rate of flow
of the fluid flowing through said valve. Specifically, in the event of cessation of the flow of the
fluid, the valve can be efficiently closed. Furthermore, in the event of increase of the rate of the
flow of the fluid flowing through the valve, the sealing element may be further opened. Similarly,
in the case of decrease of the rate of flow of the fluid flowing through the valve, the opening

degree of the sealing element can be reduced.

According to a further embodiment of the invention, a system is provided wherein the second
threshold angle is equal to at least 20°. Threshold angles corresponding to at least 20°
guarantee an optimum control of the operation of the valve. In particular, fluids having such a
rate of flow to cause a rotation of the shaft by at least 20° with respect to the position of the shaft
corresponding to the sealing position are such that the probability of arising of the chattering
effect is very low, and it is thus, advantageous to interrupt the forcing of the opening of the
sealing element for these values.

According to a further embodiment of the invention, a system is provided further comprising an
actuator adapted to couple the controller to the shaft. The actuator allows controiling the rotation
of the shaft around its longitudinal axis in an efficient and precise way.

According to a further embodiment of the present invention, a system is provided wherein the
actuator consists of a quarter turn actuator. This type of actuator can be particularly
advantageous, for example, for systems wherein the rotation of the shaft between the position
corresponding to the sealing position of the sealing element and the position corresponding to
the maximum opening degree of the valve substantially corresponds to an angle of 90°.

According to a further embodiment of the present invention, a system is provided wherein the
shaft further comprises a protruding element and wherein the coupling between the actuator and
the shaft is realized by means of a coupling element comprising a cavity adapted to house the
protruding element so that displacement of the cavity can force the rotation of the shaft around
its longitudinal axis by means of the protruding element. This coupling system is particularly
efficient. Furthermore, this coupling system is easy to realize and, thus, inexpensive.

According to a further embodiment of the present invention, a system is provided wherein the
coupling element is adapted to rotate around the longitudinal axis of the shaft and wherein the
cavity is such that the rotation of the coupling element forces the rotation of the shaft only for
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predefined rotation angles of the coupling element. In this way, the coupling is such that the
shaft can be free to rotate around its longitudinal axis for predetermined positions of the cavity,
i.e. for those positions corresponding to rotation angles of the coupling element which do not
imply forcing the rotation of the shaft.

According to a further embodiment of the present invention, a system is provided wherein the
cavity occupies an arc of the surface of the shaft substantially corresponding to the rotation
angle of the shaft when the sealing element moves from the sealing position to the non-sealing
position corresponding to the maximum opening degree of the valve and vice versa. In this way,
it is possible to position the cavity of the coupling element in such a way that the shaft can freely
rotate between the sealing position and the non-sealing position corresponding to the maximum
opening degree of the valve. For example, the cavity could be such as to occupy an arc of the
surface of the shaft substantially corresponding to a right angle. This configuration might be
particularly advantageous, for example, for systems wherein the rotation of the shaft betWeen
the position corresponding to the sealing position of the sealing element and the position
corresponding to the maximum opening degree of the valve substantially corresponds to an

angle of 90°.

According to a further embodiment of the present invention, a system is provided wherein the
controller comprises an electric circuit configured to control the displacement of the cavity of the
coupling element, for example, for controlling the rotation of the coupling element around the

longitudinal axis of the shaft.

According to a further embodiment of the present invention, a system is provided wherein the
electric circuit controls the operation of a pneumatic circuit adapted to actuate the displacement
of the cavity. The pneumatic circuit may comprise, for example, one or more pneumatic valves,

for instance, electro-valves.

According to a further embodiment of the present invention, a check valve is provided
comprising a sealing element and a system for the actuation of the sealing element according to
the present invention.

According to a further embodiment of the present invention, a method for the operation of a
check valve comprising a sealing element is provided, the method comprising the following
steps: determination of the increase of the opening degree of the valve when the sealing
element is displaced from the sealing position to a non-sealing position; forcing the sealing

element into a non-sealing position corresponding to an opening degree of the valve equal to or
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higher than a first predefined opening degree when the increase is equal to or higher than a
predefined threshold. In this way, as soon as the valve is open with respect to the sealing
position by a predetermined opening degree, the sealing element is forced to be open so as to
avoid that the possible decrease of the pressure due to the opening of the valve causes the
closing of the sealing element and thus giving rise to the so-called chattering effect or vibration
of the sealing element. The first predefined opening degree may, for example, be equal to the
predefined threshold for the increase of the opening degree of the valve with respect to the
sealing position. In this case, the sealing element is kept in the position corresponding to the
predefined threshold for the increase of the opening degree. Alternatively, the first predefined
opening degree may be higher than the predefined threshold for the increase of the opening
degree of the valve with respect to the sealing position. In this case, the sealing element is
advantageously forced to a non-sealing position corresponding to an opening degree of the
valve which is higher than the opening degree corresponding to the predetined threshold.

According to a further embodiment of the present invention, a method is provided wherein the
forcing is suppressed when the opening degree of the valve is equal to or higher than a second
predefined opening degree, the second predefined opening degree being higher than the first
predefined opening degree. In this way, when the rate of flow of the fiuid that must flow through
the valve is sufficiently high so as to guarantee a high opening degree of the valve and to thus
avoid the chattering effect, the sealing element is let free to displace under the effect of the rate
of flow of the fluid flowing through the valve. For example, in this way, if the fluid stops flowing,

the sealing element of the valve can close.

According to a further embodiment of the present invention, a method is provided wherein the
check valve comprises a shaft adapted to rotate around its longitudinal axis so as to displace the
sealing element from a sealing position to a plurality of non-sealing positions and vice versa and
where the determination of the increase of the opening degree of the valve comprises the
determination of the rotation angle of the shaft around its longitudinal axis with respect to the
position of the shaft corresponding to the sealing position of the sealing element.

BRIEF DESCRIPTION OF THE FIGURES

The present invention will be described with reference to the appended Figures wherein the
same reference signs relate to the same parts and/or to similar parts of the system. In the

Figures:
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Figure 1 schematically displays a section of a check valve according to an embodiment of the

present invention;
Figure 2 schematically displays a section view on plane 2 shown in Figure 1;

Figure 3A schematically displays a portion of the shaft and of the coupling element of a check

valve according to an embodiment of the present invention;
Figure 3B schematically displays a portion of the shaft shown in Figure 3A;

Figures 4A to 4D schematically display in section the positions of the shaft and of the coupling
element of a check valve during the operation of the valve according to an embodiment of the

present invention;

Figures 5A to 5C schematically display in section the positions of the shaft and of the coupling
element of a check valve during the operation of the valve according to an embodiment of the

present invention;

Figure 6 schematically displays a pneumatic circuit for the control of the sealing element of a
check vale according to an embodiment of the present invention;

Figure 7 schematically displays an electric circuit for the control of the pneumatic circuit shown in
Figure 6.

DETAILED DESCRIPTION

In the following, the present invention is described with reference to particular embodiments as
shown in the enclosed drawings. Nevertheless, the present invention is not limited to the
particular embodiments described in the following detailed description and shown in the Figures,
but, instead, the embodiments described simply exemplify several aspects of the present
invention, the scope of which is defined by the appended claims.

Further modifications and variations of the present invention will be clear for the person skilled in
the art. Therefore, the present description has to be considered as including all the
modifications and/or variations of the present invention, the scope of which is defined by the

appended claims.
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Figure 1 schematically displays a section of a check valve 100 according to an embodiment of
the present invention. The opening direction is shown by arrow F. In particular, arrow F shows
the direction of the flow flowing through the valve 100 during normal operation of the valve.

The check valve 100 comprises a valve body 102 and a sealing element 101. The sealing
element 101 may be placed in several positions inside the valve body. In particular, the sealing
element 101 may be placed in a sealing position T wherein the flow is prevented from flowing
through the valve. When the sealing element 101 is in the sealing position T, the valve is
closed. The sealing element 101 may be brought to the sealing position T, for example,
because of its own weight. In particular, in the event of absence of flow inside the valve, the
sealing element 101 may assume the sealing position T because of its own weight.
Furthermore, the sealing element 101 may also be brought into the sealing position T in the
presence of a flow in an opposite direction with respect to the direction shown by arrow F. In
this case, the flow in an opposite direction compared to arrow F (reflux) pushes the sealing
element 101 into the sealing position T so that the check valve 100 is closed and prevents reflux.

The sealing element 101 may also be brought into the sealing position T by the rotation of the
shaft 201 by means of the actuator 202 when the actuator is de-energized. In particular, the
actuator 202 may comprise elastic means adapted to bring the sealing element 101 into the
sealing position T when the actuator is de-energized. The elastic means may, for instance,

comprise a spring.

The sealing element 101 may be placed in a plurality of non-sealing positions. When the sealing
element 101 is in a non-sealing position, the valve 100 is open and the flow can flow in the
direction shown by the arrow F. The sealing element 101 may be brought into a non-sealing
position because of the flow flowing in the direction shown by the arrow F. In particular, the flow
flowing in the direction shown by the arrow F pushes the sealing element 101 and forces it to be
placed in a non-sealing position opening the valve 100 and thus allowing the flow of fluid.
Furthermore, the sealing element 101 may be brought into a non-sealing position by means of

the actuation system as described in detail below.

Each of the different non-sealing positions of the sealing element 101 corresponds to a different

opening degree of the valve 100.

In particular, in Figure 1, the non-sealing position NT of the sealing element 101 corresponding

to the maximum opening degree of the valve is shown by means of the thin line.
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The opening degree of the valve at a certain moment corresponds to a measure of the flow
capacity of the valve at that moment. For example, several non-sealing positions of the sealing
element 101 may correspond to several different sections of the area which is left open for the

flow of fluid by the sealing element 101.

The sealing element 101 may comprise, for example, a disc or shutter comprising none, one or

more gaskets.

The valve 100 shown in Figure 1 comprises a shaft 201 connected to the sealing element 101 so
as to be integrated with same. Specifically, the shaft 201 is adapted to rotate around its own
longitudinal axis so as to displace the sealing element 101. The longitudinal axis a of the shaft
201 is perpendicular to the plane of Figure 1 and is clearly shown in Figure 2 which displays a
section view of the system on the plane indicated by reference number 2 in Figure 1. The
rotation of the shaft 201 around its own longitudinal axis a implies the displacement of the
sealing element 101 from the sealing position T to one of the possible non-sealing positions.
Furthermore, the displacement of the sealing element 101 from one position to another implies
the rotation of the shaft 201 around its own longitudinal axis a. In other words, when the shatft is
rotated, for example by means of an actuator, the sealing element 101 is displaced.
Furthermore, when the flow flowing through the valve displaces the sealing element 101, the
shaft 201 is rotated.

In the example schematically shown in Figure 1, when the sealing element 101 goes from the
sealing position T to the non-sealing position NT, the shaft 201 rotates in an anticlockwise
direction around its longitudinal axis a. When the sealing element 101 goes from the non-
sealing position NT to the sealing position T, the shaft 201 rotates in a clockwise direction
around its longitudinal axis a. Similarly, when rotating the shaft 201 in an anticlockwise
direction, it is possible to open the valve and it is thus possible to displace the sealing element
101 from the sealing position T to a non-sealing position NT. Furthermore, when rotating the
shaft 201 in an anticlockwise direction, it is also possible to displace the sealing element 101
from a non-sealing position corresponding to a predetermined opening degree of the valve to a
non-sealing position corresponding to a higher opening degree of the valve. When rotating the
shaft 201 in a clockwise direction, it is possible to close the valve and it is thus possible to
displace the sealing element 101 from any non-sealing position NT to a sealing position T.
Furthermore, when rotating the shaft in a clockwise direction, it is also possible to displace the
sealing element 101 from a non-sealing position corresponding to a determined opening degree

of the valve to a non-sealing position corresponding to a lower opening degree of the valve.

10
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The shaft 201 may have a length such as to protrude laterally from the valve body 102 of the
check valve 100 as schematically shown in Figure 2. This allows, for example, easy coupling of
the shaft 201 to an actuator 202 which is placed outside the valve body 102 of the valve 100.

The actuator 202 allows rotation of the shaft 201 around its longitudinal axis a and thus, to
displace the sealing element 101. According to the present invention, the actuator 202 may
consist, for example, of a quarter turn actuator. This is particularly advantageous when a
quarter of a turn, i.e. a rotation of the shaft 201 by 90° around its own longitudinal axis a, allows
displacing the sealing element 101 from the sealing position T to the non-sealing position NT
corresponding to the maximum opening degree of the valve and vice versa. According to the
present invention, the actuator may be a pneumatic actuator, a hydraulic actuator or an electric

actuator.

The coupling between the actuator 202 and the shaft 201 may be realized by means of a
coupling element 205 as schematically shown in Figure 3A. In particular, the shaft 201 may
comprise a protruding element 204 as schematically shown in Figure 3B. The coupling element
205 may comprise a cavity 206 adapted to house the protruding element 204 of the shaft 201 so
that displacement of the cavity 206 can force the displacement of the protruding element 204
and thus the rotation of the shaft 201 around its longitudinal axis a. Furthermore, the coupling
element 205 may be adapted to rotate around the longitudinal axis a of the shaft 201 and the
cavity 206 may be such that the rotation of the coupling element 205 forces the rotation of the
shaft 201 only for predetermined rotation angles of the coupling element 205. In particular, the
cavity 206 may be such that the shaft 201 can freely rotate around the axis a with respect to the
coupling element 205 for predetermined rotation angles of the shaft 201. This may be realized,
for example, by allowing the cavity 206 to occupy an arc of the circumference of the shaft 201
which is longer than the arc of the circumference of the shaft 201 occupied by the protruding
element 204. In this way, the protruding element 204 may freely move inside the cavity 206 and
the shaft 201 may thus rotate independently of the coupling element 205.

Figures 4A to 4D and 5A to 5C schematically show in section the positions of the shaft 201 and
of the coupling element 205 of a check valve during operation of the valve according to an
embodiment of the present invention. The longitudinal axis a of the shaft 201 is perpendicular to
the plane of the Figures 4A to 4D and 5A to 5C.

Similarly to what is schematically shown in Figure 1, and also in Figures 4A to 4D and 5A to 5C,
the rotation in the anticlockwise direction of the shaft 201 around its longitudinal axis a implies

11
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an increase of the opening degree of the valve while the rotation in the clockwise direction

implies the decrease of the opening degree of the valve.

The section views of Figures 4A to 4D and 5A to 5C also show the cavity 206 of the coupling
element 205 and the protruding element 204 of the shaft 201 housed inside the cavity 206. The
coupling element 205 is adapted to rotate around a longitudinal axis a of the shaft 201.
Furthermore, the coupling element 205 surrounds the shaft 201. The cavity 206 of the coupling
element is such that it occupies an arc of the circumference of the shaft 201 longer than the arc
occupied by the protruding element 204. In this way, the shaft 201 can rotate around its own
longitudinal axis a independently of the coupling element 205. In particular, the shaft 201 can
rotate between a first and a second position wherein the first position corresponds to the contact
between the protruding element 204 and a first side wall 206a of the cavity 206 and the second
position corresponds to the contact between the protruding element 204 and a second side wall
206b of the cavity 206. The shaft 201 can thus take any configuration corresponding to a
position of the protruding element 204 comprised between the contact position with the first side
wall 206a and the contact position with the second side wall 206b.

In the example schematically shown in Figures 4A to 4D and 5A to 5C, the cavity 206 occupies
an arc of the circumference of the surface of the shaft 201 corresponding to an angle of about
g0°. In particular, the cavity 206 occupies an arc corresponding to an angle of 85°. For
appropriate positions of the coupling element as described in detail below, the shaft 201 can
thus freely rotate around its own longitudinal axis a by an angle corresponding to approximately,
90°, i.e. by approximately a quarter of a turn.

Since the shaft 201 is integrally rigid with the sealing element 101, the rotation of the shaft 201 is
not only constrained by the side walls 206a and 206b of the cavity 206 but also by the end points
of the travel range of the sealing element 101. In particular, the rotation of the shaft 201 around
its own longitudinal axis a is constrained between the position of the shaft corresponding to the
sealing position T of the sealing element 101 and the position of the shaft corresponding to the
non-sealing position NT of the sealing element 101 corresponding to the maximum opening
degree of the valve 100. In the example shown in Figure 1, the travel range of the sealing
element 101 between the sealing position T and the non-sealing position NT corresponding to
the maximum opening degree of the valve corresponds to a rotation of the shaft 201 around its
own longitudinal axis by about 90°. This is shown in Figures 4A to 4D and 5A to 5C by the line
u. When the protruding element 204 is aligned with the line u (line t coinciding with line u), the
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sealing element 101 is in the non-sealing position NT corresponding to the maximum opening

degree of the valve.

It is thus advantageous that the cavity 206 of coupling element 205 occupies an arc of the
circumference of the shaft 201 corresponding to an angle substantially equal or greater than the
rotation angle of the shaft between the sealing position T and the non-sealing position NT
corresponding to the maximum opening degree of the valve. In this way, it is possible to position
the coupling element in such a way that the shaft 201 is completely free to rotate between the
sealing position T of the sealing element 101 and the non-sealing position NT corresponding to

the maximum opening degree of the valve.

Figure 4A schematically shows the situation wherein the shaft 201 is in a position corresponding
to the sealing position T of the sealing element 101 (valve closed). Line r shown in Figures 4A
to 4D and 5A to 5C schematically shows the position of the shaft 201 corresponding to the
condition of valve closed. In particular, when the protruding element 204 of the shaft 201 is
aligned to line r, the sealing element 101 is in the sealing position T and the valve 100 is closed.

In Figures 4A to 4D and 5A to 5C, line t is schematically shown corresponding to the position of
the protruding element 204. In the case shown in Figure 4A, lines r and t coincide, showing that
the sealing element 101 is in the sealing position T and the valve is closed.

A clockwise rotation of the shaft 201 is not possible because the sealing element 101 is in the
sealing position T and thus at the end point of its travel range. The shaft 201 can rotate instead
in the anticlockwise direction and thus displace the sealing element 101 from the sealing position
T to any non-sealing position. This rotation of the shaft 201 may nevertheless be limited by the
coupling element 205 and, in particular, by the position of the cavity 206 as described in detail

below.

Line s shown in Figures 4A to 4D and 5A to 5C represents the position of the first side wall 206a

of the cavity 206 of the coupling element 205.

In the situation shown in Figure 4A, the position of the cavity 206 of the coupling element 205 is
such that line s is at an angle a with respect to line t. The shaft 201 is thus free to rotate around
its longitudinal axis a in an anticlockwise direction by an angle corresponding at the maximum to
a. The sealing element 101 can thus be displaced from the sealing position T to a non-sealing
position, for example, because of the flow of fluid flowing through the valve. Nevertheless, this
displacement is limited because of the position of the coupling element 205 and in particular
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because of the position of the cavity 206 so that it is not possible that the sealing element is
brought to a non-sealing position corresponding to the maximum opening degree of the valve.
For example, the angle a may be substantially equal approximately to 5°.

In the situation shown in Figure 4B, the valve is closed (line t coinciding with line r) and the
coupling element 205 is rotated so that the second side wall 206b of the cavity 206 is in contact
with the protruding element 204 of the shaft 201. Line s is thus at an angle to line r by an angle
corresponding to the angle occupied by the cavity 206 (85° in the example shown in Figure 4B).

In this configuration, the shaft 201 can freely rotate from the position corresponding to the
sealing position T of the sealing element 101, to the position corresponding to the maximum
opening degree of the valve. When the shaft 201 rotates up to the position corresponding to the
maximum opening degree of the valve, line t coincides with line s.

In the configuration shown in Figure 4B, the sealing element 101 of the valve 100 can be pushed
by the flow flowing through the valve so as to take any non-sealing position and so as to open
the valve. In the event of absence of flow, the sealing element 101 may go back to the sealing
position T, for example, because of its own weight.

Figure 4C shows the configuration of the system in the presence of a flow forcing the opening of
the valve. The flow pushes the sealing element 101 and displaces it from the sealing position T
to a non-sealing position. As a consequence, the shaft 201 rotates in an anticlockwise direction
and line t reaches a position at an angle B1 with respect to line r. In the case shown in Figure
4C, the coupling element is in the same position shown in Figure 4B.

The chattering effect as explained above could arise if the angle B1 assumes low values. For
example, the chattering effect could arise for values of 1 comprised between 1° and 5°.

For this reason, as shown in Figure 4D, the system is configured so that when the shaft 201 is
rotated around its own longitudinal axis a by an angle equal to a first threshold angle g1 with
respect to the position corresponding to the sealing position T of the sealing element, the
coupling element is forced to rotate so as to force a further rotation of the shaft 201 and thus, a
further opening of the valve to an opening degree which is higher than a predefined opening
degree. In fact, in Figure 4D, the coupling element 205 is rotated in an anticlockwise direction
so that the second side wall 206b of the cavity 206 pushes the protruding element 204 of the
shaft up to a position wherein line t forms a first predefined angle at with line r. Angle a1 may
be, for example, an angle of at least 10° so as to guarantee an appropriate opening degree of
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the valve. In this way, the valve is forced to be kept open so as to prevent the chattering effect
from arising. The first threshold angle B1 may be advantageously selected so as to be equal to
1° s0 as to guarantee the removal of the chattering effect when the flow capacity of the valve is

very low.

In the configuration shown in Figure 4B, the opening degree of the vaive can increase, for
example, because of the increase of the flow capacity of the flow flowing through the vaive.
Cavity 206 is in fact positioned so that the shaft 201 can freely rotate further in an anticlockwise
direction. Furthermore, as schematically shown in Figure 4D, line s has gone beyond line u in
an anticlockwise direction and the sealing element 101 is free to open up to the maximum
opening degree of the valve.

When the flow of the valve is such as to rotate the shaft 201 by an angle equal or higher than a
second threshold angle B2 higher than the first predefined angle a1, the system is configured so
that the shaft 201 becomes free again to rotate between the sealing position and any non-
sealing position under the effect of the fluid flowing in the valve and of its own weight if there is
no flow. This is schematically shown in Figures 5A and 5B.

Figure 5A shows that, with respect to the situation shown in Figure 4D, the flow in the valve is
increased and the shaft 201 is further rotated in an anticiockwise direction until line d (position of
the protruding element 204) forms an angle B2 with respect to line r, and B2 is higher than angle
o1 to which the shaft 201 was forced in the configuration of the system shown in Figure 4D.
Figure 5A shows that the coupling element 205 is in the same position shown in Figure 4D.

When the flow in the valve has such a rate as to open the sealing element behind the threshold
represented by angle B2, it is advantageous to allow the shaft 201 to be freely rotatable under
the action of the flow. In particular, it is advantageous to allow the sealing element 101 to be free
to close in the sealing position, for example under the effect of its own weight, in case the flow
stops flowing through the valve, or in case of reversal of the flow.

For this reason, as shown in Figure 5B, the system is configured so as to bring the coupling
element back to the position wherein the shaft 201 is free to rotate so that the sealing element
101 can take all positions comprised between the sealing position T and the non-sealing position
NT corresponding to the maximum opening degree of the valve. In the configuration shown in
Figure 5B, line s coincides again with line u. Basically, in the configuration shown in Figure 5B,
the coupling element 205 is brought back to the position which it occupied in the configurations

shown in Figures 4B and 4C. Advantageously, angle B2 is chosen so as to be equal to at least
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20°. When the flow in the valve is such as to force the sealing element 101 in a non-sealing
position corresponding to a rotation of the shaft 201 of at least 20° with respect to the sealing
position, it is advantageous that the sealing element 101 is free to displace under the action of
the flow. In particular, it is advantageous that, in case of stop of the flow or reversal of the flow,
the sealing element is allowed to go back to the sealing position.

Figure 5C shows in fact that, in case of stop or reversal of the flux of the flow, the shaft 201 can
rotate to the sealing position wherein the protruding element is aligned with line r (line t

coinciding with line r).

The system according to the present invention may be operated by means of a pneumatic

circuit.

An example of a pneumatic circuit adapted to operate a system according to the present
invention is schematically shown in Figure 6.

The pneumatic circuit 300 comprises a first valve 301, a second valve 302 and a third valve 303.
One or more of the three valves can be for example an electrovalve. The three valves are
adapted to feed the system so as to actuate, for example by means of the actuator 201, the
movement of the coupling element 205.

In particular, third valve 303 is adapted to enable and disable the pneumatid supply towards the
actuator 202. When the third valve 303 is activated, the actuator 202 can be supplied and thus
displaced by means of the first valve 301 and of the second valve 302. When the third valve 303
is not activated, actuator 202 cannot be supplied and the coupling element 205 is in a position
such as the one schematically shown in Figure 4A. In particular, the coupling element 205 is in a
position such that the shaft can rotate so as to open the valve. Nevertheless, the shaft can only
rotate by an angle o which is lower with respect to the angle corresponding to the maximum

opening degree of the valve. a can be for example equal to 5°.

Valves 301 and 302 control the displacement of the coupling element 205 when the third valve
303 is activated.

First valve 301 allows the flow of supply gas at a first pressure P1. In particular, the system 300
is supplied with a gas having a pressure P and valve 301 receives an input gas having the
reduced pressure P1 obtained by means of the pressure reducer 311.
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The first valve 301 delivers gas having pressure P1 to the actuator 202 by means of the selector
320 and positioner 330. Pressure P1 may be for example equal to 13.7 PSI (1PSI = 0,0689 bar).

When the actuator 202 is supplied with pressure P1, coupling element 205 is forced to take a
position wherein the shaft 201 can freely rotate between the sealing position and the non-sealing
position corresponding to the maximum opening degree of the valve. In particular, when the
actuator 202 is supplied with pressure P1, coupling element 205 is forced to take the position
shown for example in Figures 4B, 4C, 5B and 5C.

Second valve 302 allows the flow of supply gas having a second pressure P2 which is higher
than pressure P1. Reducer 312 allows the supply of the second valve 302 with the gas having
pressure P2 starting from pressure P with which the circuit 300 is supplied. Second valve 302
delivers therefore gas having pressure P2 to the actuator 202 by means of selector 320 and
positioner 330. Pressure P2 may be for example equal to 16 PSI.

When actuator 202 is supplied with pressure P2 higher than pressure P1, coupling element 205
is forced to take the position wherein the shaft 201 is forced to rotate so as to open the valve. In
particular, when actuator 202 is supplied with pressure P2 which is higher than pressure P1,
coupling element 205 is forced to take a configuration shown in Figures 4D and 5A.

Pneumatic circuit may further comprise a fourth test valve 304. Fourth test valve 304 can be
activated on purpose by the user so as to visually control that the coupling element moves
towards the position shown in Figure 4A. When the fourth test valve 304 is deactivated, the
coupling element goes back to the position determined by the configuration of the valves 301,
302 and 303 of the circuit 300.

The operations of the pneumatic circuit 300 can be controlled by an electric circuit 400. An
example of such a circuit is schematically shown in Figure 7.

The circuit is such that when there is no potential difference between points A and B, each of the
three valves 301, 302 and 303 is deactivated, the coupling element 205 is in the position shown
in Figure 4A, and the sealing element 101 is in the sealing position T because of its weight.

When the circuit is instead supplied and there is a potential difference between points A and B,
third valve 303 and first valve 301 are activated so as to bring the coupling element 205 in the
position shown in Figures 4B and 4C. In particular, actuator 202 is supplied by pressure P1 by
means of the first valve 301.
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Circuit 400 comprises a threshold reader 401. The threshold reader may be connected to the
coupling element 205 by means of a position sensor 250. Position sensor 250 may for example
comprise a first sensor and a second sensor. The first sensor may be adapted to detect when
the increase of the opening degree of the valve with respect to the sealing position is equal to or
higher than the predefined threshold. The second sensor may be adapted to detect when the
opening degree is equal to or higher than the second predefined opening degree. For example,
first sensor may comprise a micro-switch installed in the coupling element so as to detect the
rotation of the shaft by an angle equal to at least B1 with respect to the position corresponding to
the sealing position. The second sensor may comprise a micro-switch installed in the coupling
element so as to detect when the shaft is rotated by an angle equal to at least 2 with respect to

the position corresponding to the sealing position.

When the threshold reader 401 detects the signal that corresponds to an increase of the opening
degree equal to or higher than the predefined threshold (rotation by at least B1 with respect to
the sealing position), switch 402a is closed so as to supply the second valve 302 through the
contact 402b. Second valve 302 is thus activated and supplies actuator 202 with pressure P2
higher than pressure P1 so as to force the coupling element 205 in the position shown in Figure
4D so as to ultimately force opening of the valve and to avoid the chattering effect.

When the threshold reader detects a signal corresponding to a reaching of the opening degree
equal to or higher than the second predefined opening degree (angle $2), contact 404 is closed
so as to activate relay 406 and to close contact 405 which in turn allows relay 406 to remain
activated. In this way, second valve 302 is deactivated by means of contact 402b while first
valve 301 remains activated. Actuator 202 is thus newly supplied only by pressure P1 and for
this reason the coupling element 205 goes back to the position shown for example in Figure 5B.

In case of emergency, it is possible to remove the power supply between points A and B of the
circuit so as to deactivate all three valves 301, 302 and 303. In this case, valve 303 can be for
example adapted to guarantee discharge in air of the supply pressure of the coupling element
205 so as to bring the system in a position as schematically shown in Figure 4A.

Advantageously, third valve 303 may be certified to level SIL3 (Safety Integrity Level).
Furthermore, the actuator 202 adapted to displace the coupling element 205 may be
advantageously certified to level SIL3.

Even if the present invention was described with reference to the particular embodiments
described above, it is clear for the person skilled in the art that it is possible to realize several
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modifications, variations and improvements of the present invention in the light of the teaching
described above and in the ambit of the appended claims without departing from the subject
matter and the scope of protection of the invention.

For example, the travel range of the sealing element from the sealing position to the position
corresponding to the maximum opening degree of the valve may correspond to a rotation of the
shaft around its own longitudinal axis by an angle which is different from 90° (quarter of a turn).
The system according to the present invention may be for example employed for travel ranges
corresponding to rotations which are higher or lower than 90°.

Furthermore, the system and method according to the present invention may be employed for
several kinds of check valves, for example for check valves having different dimensions, for
check valves adapted for flow of gas, for check valves adapted for flow of liquids and so on.

Furthermore, those aspects which are believed to be known for the person skilled in the art,
have not been described so as not to unnecessarily obscure the invention described.

Accordingly, it has to be understood that the invention is not to be limited by the specific
illustrative embodiments, but only by the scope of the appended claims.
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CLAIMS

1. System for the actuation of the sealing element (101) of a check valve (100) comprising a
controller configured so that said sealing element (101) is forced in a non-sealing position
(NT) corresponding to an opening degree of the valve (100) equal to or higher than a first
predefined opening degree when the increase of the opening degree with respect to the
sealing position (T) of said seéling element (101) is equal to or greater than a predefined
threshold.

2. System according to claim 1, wherein said controller is further configured so as to .
suppress the forcing of said sealing element (101) in a non-sealing position (NT) when
the opening degree is equal to or higher than a second predefined opening degree, said
second predefined opening degree being higher than said first predefined opening

degree.

3. System according to one of claims 1 or 2, further comprising a shaft (201) adapted to
rotate around its longitudinal axis (a) so as to displace said sealing element (101) from a
sealing position (T) to a plurality of non-sealing positions (NT) and vice versa, and
wherein said controller is configured so as to force the rotatfon of said shaft (201) around
its longitudinal axis (a) by a first predefined angle (a1) with respect to the position
corresponding to the sealing position (T) of the sealing element (101) when said shaft
(201) is rotated around its longitudinal axis (a) by an angle equal to or higher than a first
threshold angle (B1) with respect to the position corresponding to the sealing position (T)
of the sealing element (101) so as to force said sealing element (101) in a non-sealing
position corresponding to an opening degree of the valve (100) which is equal to or
higher than the opening degree of the valve (100) at the non-sealing position
corresponding to said first threshold angle (B1).

4. System according to claim 3, wherein said first threshold angle (B1) is greater than or
equal to 1° and lower than or equali to 5°.

5. System according to one of claims 3 or 4, wherein said first predefined angle (al) is

equal to at least 10°.

6. System according to one of claims 3 to 5, wherein said controller is configured so as not
to force the rotation of said shaft (201) when said shaft (201) is rotated around its
longitudinal axis (a) by an angle equal to or higher than a second threshold angle (82)
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with respect to the position of the shaft (201) corresponding to the sealing position (T) of
the sealing element (101), said second threshold angle (82) corresponding to a non-
sealing position of said sealing element (101) corresponding to an opening degree of the
valve (100) which is higher than the opening degree of the valve (100) at the non-sealing
position corresponding to said first predefined angle (at).

System according to one of claims 3 to 6, wherein said controller is configured so that
said shaft (201) is free to rotate from the position corresponding to a non-sealing position
(NT) to the position corresponding to the sealing position (T) and vice versa when said
shaft (201) is rotated around its longitudinal axis (a) by an angle equal to or higher than a
second threshold angle (B2) with respect to the position of the shaft (201) corresponding
to the sealing position (T) of the sealing element (101), said second threshold angle (B2)
corresponding to a non-sealing position of said sealing element (101) corresponding to
an opening degree of the valve (100) which is higher than the opening degree of the
valve (100) at the non-sealing position corresponding to said first predefined angle (at).

System according to one of claims 6 or 7, wherein said second threshold angle (B2) is

equal to at least 20°.

System according to one of claims 3 to 8, further comprising an actuator (202) adapted to
couple said controller to said shaft (201).

System according to claim 9, wherein said actuator (202) consists of a quarter-turn

actuator.

System according to one of claims 9 or 10, wherein said shaft (201) further comprises a
protruding element (204) and wherein the coupling between said actuator (202) and said
shaft (201) is realized by means of a coupling element (205) comprising a cavity (206)
adapted to house said protruding element (204) so that the displacement of said cavity
(206) can force the rotation of said shaft (201) around its longitudinal axis (a) by means

of said protruding element (204).

System according to claim 11, wherein said coupling element (205) is adapted to rotate
around the longitudinal axis (a) of said shaft (201) and wherein said cavity (206) is such
that the rotation of said coupling element (205) forces the rotation of said shaft (201) only
for predefined rotation angles of said coupling element (205).
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System according to one of claims 11 or 12, wherein said cavity (206) occupies an arc of
the surface of said shaft (201) substantiaily corresponding to the rotation angle of said
shaft (201) when the sealing element (101) moves from the sealing position (T) to the
non-sealing position (NT) corresponding to the maximum opening degree of the valve

and vice versa.

System according to one of claims 11 to 13, wherein said controller comprises an electric
circuit (400) configured to control the displacement of said cavity (206).

System according to claim 14, wherein said electric circuit (400) controls the operation of
a pneumatic circuit (300) adapted to actuate the displacement of said cavity (206).

Check valve (100) comprising a sealing element (101) and a system for the actuation of
said sealing element (101) according to one of claims 1 to 15.

Method for the operation of a check valve (100) comprising a sealing element (101), said

method comprising the following steps:

determination of the increase of the opening degree of the valve (100) when said sealing
element (101) is displaced from the sealing position (T) to a non-sealing position;

forcing said sealing element (101) in a non-sealing position corresponding to an opening
degree of the valve (100) equal to or higher than a first predefined opening degree when
said increase is equal to or higher than a predefined threshold.

Method according to claim 17, wherein said forcing is suppressed when the opening
degree of the valve (100) is equal to or higher than a second predefined opening degree,
said second predefined opening degree being higher than said first predefined opening

degree.

Method according to one of claims 17 or 18, wherein said check valve (100) comprises a
shaft (201) adapted to rotate around its longitudinal axis (a) so as to displace said sealing
element (101) from a sealing position (T) to a plurality of non-sealing positions and vice
versa and wherein said determination of the increase of the opening degree of the valve
(100) comprises the determination of the rotation angle of the shaft (201) around its
longitudinal axis (a) with respect to the position of said shaft (201) corresponding to the
sealing position (T) of the sealing element (101).
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