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(57) Abstract: The present invention relates to a valve (1) comprising a closing means (6) arranged in a flow channel and mov-
able in the flow channel, and a sealing ring (8), which comprises at least a first sealing point (9) and a second sealing point (11),
the first one of which is arranged to be set tightly against the closing means (6) and the second one tightly against a body (2, 3). In
all situations, the first and second sealing point (9, 11) of the tight valve are arranged radially at a distance from one another, and
to allow said first sealing point (9) to move in the axial direction (A) with respect to said second sealing point (11) due to fluid
pressure, the sealing ring (8) is provided with a bellows (14) between said first sealing point (9) and said second sealing point
(11), and the body (2, 3) is provided with space for allowing said axial movement (A).
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VALVE AND SEALING RING

Field of the invention

The present invention relates to a valve and a sealing ring and par-
ticularly to a solution providing a structure, by which the tightness of a valve
can be ensured.

Description of prior art

There is known a valve in which a flow channel is provided with a
closing means, which can be moved by means of a shaft protruding from the
closing means. The closing means is pressed against a sealing ring at the
valve body when the closing means, in the closed position, closes a flow path
between a first and second opening of the valve.

A problem with the above-mentioned known valve is tightness in
each situation, notwithstanding on which side of the closing means pressure
affects the closing means. Under pressure, the closing means, the shaft of the
closing means or even the bearing points of the shaft may yield to such an ex-
tent that the closing means moves with respect to the body, whereupon the
valve starts to leak.

Summary of the invention

It is an object of the present invention to provide a solution, by
which the tightness of a valve may be improved further. This object is achieved
by a valve as claimed in independent claim 1, and a sealing ring as claimed in
independent claim 9.

A tighter valve is provided by utilising a valve, in which a bellows is
provided between a first and second sealing point of the sealing ring. The bel-
lows allows the first sealing point to move axially with respect to the second
sealing point. Due to the axial movement, the first sealing point may move due
to pressure and the valve tightness may be maintained more efficiently regard-
less of the direction of flow over the valve or a great pressure difference.

Brief description of the figures

The invention will be described in the following in greater detail by
way of example and with reference to the accompanying figures, in which:
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Figure 1 shows a first embodiment of a valve according to the in-
vention,
Figure 2 shows a first embodiment of a sealing ring according to the
invention,

Figure 3 shows the operation of the sealing ring when pressure is
applied from the side of a closing means,

Figure 4 shows the operation of the sealing ring when pressure is
applied from the side of the sealing ring, and

Figure 5 shows a second embodiment of the sealing ring.

Description of at least one embodiment

Figure 1 shows a first embodiment of a valve 1 according to the in-
vention. In this embodiment, it is assumed by way of example that a valve
body comprises at least two parts, the larger one of which will be called a cas-
ing 2 and the smaller one a flange ring 3. In practice, the flange ring 3 may be
attached to the casing 2 by bolts, for instance, whereupon a sealing ring 8 ar-
ranged between the flange ring 3 and the casing 2 is fixed in its place in a gap
provided between these contact surfaces.

A flow channel between a first opening 4 and second opening 5 of
the valve 1 is provided with a closing means 6 having a protruding shaft 7, by
which the closing means may be moved in the flow channel to close and open,
respectively, a flow connection between the first opening 4 and the second
opening 5. In practice, the shaft 7 of Figure 1 may be connected to an actuator,
which rotates the shaft 7 during use so that the closing means 6 turns to a de-
sired position in the flow channel. In the case of Figure 1, the flow connection
is open. In the closed position of the closing means 6, the sealing ring 8 is ar-
ranged to be pressed between the valve body and the closing means 6 to
close the flow connection between the first 4 and the second opening 5.

The example of Figure 1 shows that the closing means 6 consists of
a flap, i.e. a round disk, the side of which facing the sealing ring 8 in the closed
position is flat. However, this is not necessary in all embodiments, but the
shape of the closing means may also be different. It may deal with a ball valve,
in which case the closing means is ball-shaped. Furthermore, the surface of
the closing means that comes into contact with the sealing ring 8 may be ellip-
tical (as in Figures 3 and 4). If the shape of the closing means is elliptical, it
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may, when coming into contact with a circular sealing ring, change the shape
of the sealing ring elliptical. '

The body parts, in this case the casing 2 and the flange ring 3, of
the valve as shown in Figure 1 and the closing means 6 are preferably made of
a metal suitable for the purpose, such as steel.

Figure 2 shows a first embodiment of the sealing ring according to
the invention. The sealing ring 8 of Figure 2 is suitable for use in the valve of
Figure 1, for instance. Only a part of the sealing ring 8 is shown in Figure 2 in
order to illustrate its shape by means of the cross section of the ends.

In the example of Figure 2, the sealing ring comprises a mainly cy-
lindrical first sealing point 9 and a protrusion 10 protruding from the first sealing
point 9. In this example, the protrusion 10 protrudes in the radial direction R
(arrow R in Figures 3 and 4) outwards from the first sealing point 9. A protru-
sion refers as a whole to a part which protrudes in some direction outwards
from a sealing point, i.e. a part protruding radially outwards in the example of
Figure 2, and a portion of which is shaped into a bellows and the end of which
that is distally located to a sealing point is provided with a second sealing point
11.

The protrusion 10 comprises a sealing point 11 radially at a distance
from the first sealing point 9. The expression “radially at a distance” means that
the first sealing point 9 and the second sealing point 11 are at different dis-
tances from the central axis of the sealing ring. However, a line that is thought
to run via the first sealing point 9 and the second sealing point 11 is not neces-
sarily parallel to the radius of the sealing ring. In other words, it is not neces-
sary that the protrusion 10 protrudes specifically in the radial direction R, but it
is possible that it protrudes in a direction that forms an angle to the radial direc-
tion R of the sealing ring, whereby the first sealing point 9 and the second seal-
ing point 11 are nevertheless located radially at a distance from one another.

In the examples of Figures 2 to 4, the second sealing point 11 com-
prises two opposite sealing surfaces 12, which are sealed against the valve 1
body during use. However, two sealing surfaces are not required in all em-
bodiments, and the structure of the sealing point 11 may also vary in other
ways known to a person skilled in the art.

A bellows 14 is formed between the second sealing point 11 and the
first sealing point 9 in the sealing ring 8 to allow the first sealing point 9 to
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move in the axial direction A (Figures 3 and 4) with respect to the second seal-
ing point 11 of the protrusion 10. In the example of Figure 2, this bellows 14 is
provided specifically at the protrusion 10. A bellows refers to a back and forth
winding structure as shown in Figure 2, for example, which allows a larger ax-
ial movement for the first sealing point 9 without making the material exceed its
yield point, for instance, or leading to cracks in the sealing ring material caused
by material fatigue, compared to a situation where no bellows is applied. Due
to springing of the bellows 14, the first sealing point 9 may move continuously
in the axial direction although the second sealing point 11 of the protrusion 10
remains in its place.

The sealing ring 8 is not necessarily circular, but may also be ellipti-
cal, for instance. Furthermore, it is possible that the sealing ring 8 is circular
but changes its shape (elliptical, for instance) when the closing means is
pressed against it to close the flow path. The sealing ring of Figure 8 also al-
lows radial mobility, i.e. centring of the sealing.

In the example of Figure 2, the first sealing point 9 comprises a re-
cess 19 on the inner surface for providing space for rotational motion of the
closing means 6. The sealing ring 8 may be made of a material required by the
application, such as metal, rubber or plastic. if it deals with a sealing ring of a
valve that must withstand very high pressures (even 120 bar or more), the
sealing ring is preferably made of metal, such as steel.

Figure 3 shows the operation of the sealing ring 8 when pressure is
applied to the side of the closing means, and Figure 4 shows the operation of
the sealing ring 8 when pressure is applied from the side of the sealing ring. In
Figures 3 and 4, the sealing ring according to Figure 2 is mounted on the valve
1 of Figure 1.

In the embodiment of Figures 3 and 4 the second sealing point of
the sealing ring 8, comprising the sealing surfaces 12, is arranged in a gap 13
provided at the interface between the casing 2 and the flange ring 3 forming
the valve body. However, such a gap is not necessary in all embodiments, but
the sealing ring may be tightly attached to the body by an alternative solution.

In the case of Figure 3, pressure of the fluid in the flow channel of
the valve affects from the side of the closing means, i.e. in the direction shown
by arrow P. Thus, when the closing means 6 is in the closed position as shown
by Figure 3, it is pressed more tightly against the first sealing point 9 of the
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sealing ring 8 due to pressure. In this example, the inner surface of the sealing
ring comprises a sealing surface 15, against which the closing means 6 is
pressed. The opposite sealing surfaces 12 at the sealing point 11 of the pro-
trusion 10 of the sealing ring 8 are, for their part, sealed against the side walls
of the groove 13. Leakage of the fluid through the sealing surfaces 12 and 15
is thus prevented.

In the case of Figure 4, pressure affects the closing means 6 from
the opposite direction (compared to Figure 3), i.e. from the direction of the
sealing ring 8, as shown by arrow P. The fluid pressure thus tends to move the
closing means 6 away from the sealing ring 8. In this example, the bellows 14
formed at the protrusion 10 of the sealing ring 8 thus allows the first sealing
point 9 of the sealing ring 8 to move in the axial direction A towards the closing
means 6, i.e. upwards in Figure 4. Such an axial movement is made possible
by back and forth winding portions of the bellows 14, which improve the spring-
ing characteristics of the sealing ring 8 considerably.

The axial movement of the first sealing point 9 of the sealing ring 8
is produced by the same fluid pressure P in the flow channel that also affects
the closing means 6. In the example of Figure 4, this fluid pressure can affect
through an unsealed surface or gap 16 between the protrusion 10 of the seal-
ing ring 8 and the wall of the groove 13, whereupon pressure presses the pro-
trusion 10 and/or bellows 14 of the fluid-impermeable sealing ring 8 upwards in
Figure 4, making the bellows 14 yield. Thus, the first sealing point 9 moves in
the axial direction A towards the closing means 6, as a result of which a tight
contact between the closing means 6 and the first sealing point 9 remains also
when the closing means 6 is able to move upwards in Figure 4 due to pressure
P. To allow the axial movement, the valve body 2, 3 and the groove 13 are
shaped in such a manner that a required space is provided for the movement.
Figure 3 shows such a first space S1 at the gap 13 and a second space S2 at
the body above the first sealing point 9.

To control the springing movement of the bellows 14 and thereby
the length of the axial movement of the first sealing point by taking into account
the characteristics of the material (to avoid immediate material damage or fa-
tigue-induced damage), the wall of the groove 13 on the side of the closing
means 6 is arranged at a predetermined distance from the bellows 14 in the
embodiment of Figure 4. Hence, after a predetermined axial movement the
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bellows 14 comes into contact with the wall of the groove 13, and the springing
movement is made to stop in a controlled manner and in good time before any
material damage is caused.

In the embodiment of Figures 3 and 4, the side wall of the groove
13 on the side of the closing means 6 is also provided with steps 17, which are
seen most clearly in Figure 3. Instead of the steps, the surface of the side wall
at that point may have a bevelled shape in the cross section shown by the fig-
ure. It is essential that the springing movement of the bellows can be ended in
a controlled manner after a specific, predetermined displacement.

To control uncontrolled vibration of the sealing ring 8 and particu-
larly the first sealing point thereof when the closing means 6 is entirely or partly
in the open position in which it allows a flow through the flow channel, the seal-
ing ring 8 is prestressed in an embodiment. in the example of Figures 3 and 4,
this is achieved by providing the side wall of the groove 13 with an elevation
18, which can be seen most clearly in Figure 4. Due to this elevation, a desired
prestress is produced at the bellows 14 of the ready-fitted sealing ring 8 also
during flow, preventing or substantially reducing vibration of the sealing ring
during flow.

To prevent the second sealing point 9 from moving away from the
closing means 6 due to pressure, the valve body, for instance the casing 2,
may, in contrast to the embodiment of Figures 3 and 4, be provided with a
support member, which is in contact with the sealing ring 8 and prevents it
from moving away from the closing means.

Figure 5 shows a second embodiment of the sealing ring 8. The
embodiment of Figure 8 corresponds to a great extent to the embodiment ex-
plained in connection with Figures 1 to 4, wherefore the embodiment of Figure
5 is explained in the following primarily by disclosing differences between
these embodiments.

Also in the embodiment of Figure 5, the sealing ring 8’ comprises a
first sealing point 9 and a protrusion 10’ which protrudes from the first sealing
point and for which a groove 13’ is provided at the valve body. However, the
body consisting of the casing 2’ and the flange ring 3’ is shaped in a different
manner than in the previous embodiment. Thus, the groove 13’ is not straight,
but the protrusion 10’ of the sealing ring 8’ that is inserted thereto is in this ex-
ample shaped so as to extend past the two corners in the groove 13’. In this
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example, the sealing point 11 radially at a distance from the first sealing point 9
of the protrusion 10' comprises a graphite seal 22.

Similarly as in the previous embodiment, a bellows 14 is provided
between the second sealing point 11 and the first sealing point 9 in the sealing
ring 8 to allow the first sealing point 9 to move in the axial direction A with re-
spect to the sealing point 11 of the protrusion 10’. To allow the axial A move-
ment of the first sealing point, the groove 13 is provided with a space S1 for
axial springing movement of the bellows, and the body is also shaped so that
there is provided a space S2 above the first sealing point 9 (in Figure 5) for
allowing the first sealing point 9 to move axially upwards therein.

When fluid pressure is applied to the closing means 6 in the direc-
tion of arrow P, fluid may leak from a gap 16 (or an unsealed surface) between
the protrusion 10’ and the side wall of the groove into a space 20, i.e. a space
between the protrusion 10’ and the flange ring 3’ in Figure 5. This fluid pres-
sure causes the springing movement of the bellows 14, due to which the first
sealing point 9 moves in the axial direction A towards the closing means 6.

Also in the embodiment of Figure 5, the bellows 14 may be
prestressed, the prestress being produced as a result of the uppermost surface
21 of the flange ring 3' in Figure 5 being in contact with the protrusion 10'".
Hence, when the closing means 6 is in a position allowing a flow through the
valve, the prestress of the bellows 14 prevents the vibration of the sealing ring
8.

It is also explained in the above by way of example that the sealing
ring and the closing means may be made of a suitable metal material, such as
steel. In this case, the sealing surfaces themselves, i.e. the sealing surface of
the first sealing point and the sealing surfaces at the second sealing point of
the sealing ring, may provide sealing by means of a metal-metal contact. Alter-
natively, it is possible that a suitable sealing material, such as rubber, plastic or
graphite, is provided at the sealing surface points. '

It is to be understood that the above description and the related fig-
ures are only intended to illustrate the present invention. It will be obvious to a
person skilled in the art that the invention may also be varied and modified in
other ways without departing from the scope of the invention.
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Claims

1. A valve (1) comprising,

provided at a valve body (2, 3; 2', 3’), a first opening (4), a second
opening (5), and a flow channel connecting the first and the second opening
for allowing a flow between the first (4) and the second opening (5),

a closing means (6) arranged in the flow channel and being mov-
able in the flow channel by means of a shaft (7) to close and open, respec-
tively, a flow connection between the first opening (4) and the second opening
(5), and

a sealing ring (8, 8’) comprising at least a first sealing point (9) and
a second sealing point (11), the first one of which is arranged to be set tightly
against the closing means (6) and the second one tightly against the body (2,
3, 2', 3') to seal a gap between the body (2, 3; 2', 3') and the closing means (6),
characterized in

that said first and second sealing point (9, 11) are arranged ra-
dially at a distance from one another,

that, to allow said first sealing point (9) to move in the axial direc-
tion (A) with respect to said second sealing point (11) due to fluid pressure, the
sealing ring (8, 8') is provided with a bellows (14) between said first sealing
point (9) and said second sealing point (11), and

that at least the body (2, 3; 2’, 3’) is provided with space (S1, S2) for
allowing said axial (A) movement.

2. Avalve as claimed inclaim1,characterized in

that a groove (13) for said second sealing point (11) is arranged in
the body (2, 3; 2’, 3’) of the valve (1),

that the bellows (14) is inserted at least partly into said groove (13),

that, on the inner surface, the first sealing point (9) comprises a
sealing surface (15), against which the closing means (6) is set to close the
flow connection,

that the bellows (14) and said groove (13) are dimensioned with
respect to one another so that they provide a space (S1) in the groove for al-
lowing an axial movement (A) of the bellows in the groove (13), and
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that an unsealed surface or gap (16) is arranged between the seal-
ing ring and a wall of said groove (13) on the side of the sealing ring opposite
to the closing means (6), via which fluid pressure may affect the sealing ring to
press the first sealing point (9) in the axial direction (A) towards the closing
means (6). _

3. Avalve as claimed in claim 2, characterized in that the
sealing ring and the wall of the groove (13) are arranged to be pressed against
one another to provide an axial (A) prestress at the sealing ring.

4. Avalve as claimed inclaim2or 3, characterized in that,
to limit the length of the axial (A) movement of said first sealing point (9), the
wall of the groove (13) is arranged at a predetermined distance from the part
(10, 14) of the sealing ring, with which said wall comes into contact after the
axial (A) movement of a predetermined length of the first sealing point (9).

5. A valve as claimed inclaim 2 or 3, characterized in that
the wall of the groove (13) on the side of the closing means (6) is provided with
steps (17) that limit the axial (A) movement of the bellows (14).

6. A valve as claimed in any one of claims 1to 5, character-
ized in that said sealing ring (8, 8’) is made of metal.

7. A valve as claimed in any one of claims 1to 6, character-
ized in

that the closing means (6) is arranged to rotate around said shaft (7)
so that, in the closed position, the closing means (6) protrudes partly into the
sealing ring and is set against the sealing surface (15) on the inner surface of
the first sealing point (9), and

that the first sealing point (9) comprises a recess (19) on the inner
surface for providing space for rotational motion of the closing means (6).

8. A valve as claimed in any one of clams 2to 7, character-
ized in that the valve body (2, 3; 2’, 3') consists of at least two parts (2, 3; 2,
3’) attached to one another, said groove (13) being provided on a contact sur-
face between these parts.

9. A sealing ring (8, 8’) comprising:

a first sealing point (9) and

a second sealing point(11), characterized in

that said first and second sealing point (9, 11) are arranged radially
at a distance from one another, and
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that the sealing ring (8, 8’) is provided with a bellows (14) between
said first and second sealing point (9, 11) to allow the first sealing point (9) to
move in the axial direction (A) with respect to the second sealing point (11).

10. A sealing ring as claimed in claim 9, characterized in
that said sealing ring (8, 8’) is made of metal.

11. A sealing ring as claimed inclaim 9 or 10, characterized
in that the first sealing point (9) comprises a sealing surface (15) and a recess
(19) on the inner surface for providing space for rotational motion of the closing
means (6).

12. A sealing ring as claimed in any one of claims 9 to 11, char-
acterized in that at least the first or the second sealing point (9, 11) is
provided with a separate sealing material (22).
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