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TITLE OF THE INVENTION
A ball valve and valve operating method

BACKGROUND OF THE INVENTION
The invention relates to a valve, in particular a ball valve, to regulate, direct or control a

fluid flow through the valve. Such valves are commonly known and usually include at least
the following components:
- a body with a first port, a second port and an interior space extending between the
first and second port;
- aseat arranged in the interior space of the body;
- avalve member moveably arranged inside the interior space of the body to
cooperate with the seat; and

- astem engaging with the valve member to move the valve member.

The valve member usually includes a valve disc configured to engage with the seat in an
engagement position of the valve member, e.g. to close the fluid flow through the seat or
to direct the fluid flow to travel along a predetermined flow path.

Many ball valves are of the type in which the valve member is rotated inside the body
while being kept in contact (or sliding contact) with the seat. This type of ball valve poses
a problem in that the valve member is rotated or slidingly rotated while being kept in
contact with the seat member continuously applying a surface pressure, the seat and/or
the valve disc is worn away and hence the sealing capability may not last for a long period

of time.

In order to address this problem, another type of ball valve has been proposed in US
patent publication US3,515,371. US3,515,371 teaches to use a stem that engages with
the valve member and is moved axially by rotating an inwardly threaded nut relative to an
outwardly threaded portion of the stem. A guide pin is arranged in the housing to
cooperate with a groove formed on an outer circumference of the stem thereby controlling
movement of the stem and thus the valve member during axial movement of the stem.
The groove has a straight guide portion and a rotation guide portion. When the guide pin
is received in the rotation guide portion, a rotation transmitting part of the stem is in
contact with the valve member allowing to rotate the valve member about a rotation axis.
When the guide pin is received in the straight guide portion, rotation of the valve member
about said rotation axis is prevented and a pressing-force transmitting part of the stem

with inclined surfaces is in contact with the valve member to press the valve member
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against the seat. During the entire movement of the valve member, the coupling between
the stem and the valve member is the same, namely that the same end of the stem is in
operational contact with the same portion of the valve member. It is further noted that the
valve member is moved by first simultaneously translating and rotating the stem and

subsequently only translating the stem without rotating the stem.

A drawback of this type of ball valve is the required installation space of the ball valve.
Further, due to the use of the rotatable nut and the outwardly threaded portion of the stem
to move the stem in axial direction, it takes considerable time to move the valve member
which makes the ball valve less suitable for automatic flow-rate control or the like. It
further takes considerable high force to open or close the valve.

To address the drawbacks of US3,515,371, yet another type of ball valve has been
proposed in US patent publication US2008/0093574. US2008/0093574 teaches to use
two stems, namely a first stem connected to the valve member so as to be capable of
transmitting rotational force about a rotational axis to the valve member, and a second
stem to be oppositely located to the first stem with the valve member therebetween. The
second stem is rotatable about an axis coaxial or parallel with the first stem to press the
valve member towards the seat. Again, during the entire movement of the valve member,
the coupling between the two stems and the valve member is the same, namely that the
same ends of the first and second stem are in operational contact with the same
respective portions of the valve member. It is further noted that the valve member is
moved by first rotating the first stem and subsequently by rotating the second stem

without rotating the first stem.

A drawback of this type of ball valve is that it is required to operate two stems at opposite
sides of the valve which makes operation more complex compared to other regularly used
ball valves. It further introduces the risk that the first stem is already operated when the
valve member is still pressed against the seat, so that there is again a risk of wearing the
valve disc and thus deteriorating the sealing capability, and the risk that operating the
second stem is forgotten for sealing off and thus the valve is not closed entirely.

BRIEF SUMMARY OF THE INVENTION
In view of the above, it is an object of the invention to provide a valve, in particular a ball

valve, with a reduced size and easy and instant operation while being capable of
minimizing, preferably avoiding, the wearing of the seat and/or the valve disc of the valve

member.
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According to a first aspect of the invention, there is provided a ball valve to regulate, direct
or control a fluid flow through the valve, comprising:

- a body with a first port, a second port and an interior space extending between the

first and second port;
- aseat arranged in the interior space of the body;
- avalve member moveably arranged inside the interior space of the body to
cooperate with the seat; and

- astem engaging with the valve member to move the valve member,
wherein the valve member includes a valve disc configured to engage with the seat in an
engagement position of the valve member, wherein the valve member is moveable
between the engagement position and a first position via a second position, wherein in the
second position of the valve member the valve disc is aligned with the seat at a distance
from the seat, wherein in the first position of the valve member the valve disc is at a larger
distance from the seat than in the second position, wherein the valve member is rotatable
between the first position and the second position with the valve disc maintaining a
distance from the seat and the body, wherein the valve member is moveable between the
second position and the engagement position in a direction substantially perpendicular to
a contact plane defined by the seat, wherein the stem is rotatable about a longitudinal axis
thereof between a first rotational position corresponding to the first position of the valve
member and a third rotational position corresponding to the engagement position of the
valve member with a second rotational position corresponding to the second position of
the valve member in between the first and third rotational position, wherein in between the
first and second rotational position of the stem the valve member and the stem are
coupled according to a first configuration allowing to move the valve member between the
first position and the second position, and wherein in between the second and third
rotational position of the stem, the valve member and the stem are coupled according to a
second configuration different from the first configuration allowing to move the valve

member between the second position and the engagement position.

The first aspect of the invention is based on the insight that reduced build-in dimensions
and easy and instant operation can be obtained by simply rotating the stem between the
first and third rotational position, wherein a first motion of the valve member is carried out
between the first and second rotational position due to a first coupling configuration
between stem and valve member, and wherein a second motion, different from the first
motion, is carried out between the second and third rotational position due to a second

coupling configuration between stem and valve member that is different from the first
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configuration. As a result thereof, the single rotation of the stem results in two different
motions of the valve member including approaching the seat in a direction substantially
perpendicular to a contact plane defined by the seat allowing to minimize or even avoid
wear of the seat and/or the valve member and without having to axially move the single
stem thereby reducing the installation space compared to the prior art. Wear of the seat
and/or the valve disc during the first motion is avoided by keeping a distance between the
valve disc and the seat and between the valve disc and the body.

The ball valve according to US3,515,371 is considered to have the same purpose as the
claimed first aspect of the invention as this ball valve also requires rotation of one
component only, in this case the nut operating on the stem, to carry out different motions
of the valve member. However, during the entire movement of the valve member, the
coupling between the stem and the valve member is the same, namely that the same end
of the stem is in operational contact with the same portion of the valve member. It is
further noted that the valve member is moved by first simultaneously translating and

rotating the stem and subsequently only translating the stem without rotating the stem.

In an embodiment, the valve member includes a flow channel extending through the valve
member such that in the first position of the valve member the flow channel is aligned with
the first and second port, and wherein the valve disc is a non-through opening portion of
the valve member. The first position of the valve member may be referred to as open
position allowing a fluid flow through the ball valve, the second position of the valve
member may be referred to as an obstructed position as the valve member is at least
partially obstructing a fluid flow through the ball valve, and the engagement position of the
valve member may be referred to as a closed position preventing a fluid flow through the
ball valve.

In an embodiment, in the first configuration, the valve member and the stem are coupled
to each other at two distinct locations allowing the valve member to rotate along with the
stem about the longitudinal axis of the stem, and wherein in the second configuration the
valve member and the stem are coupled to each other only at one of the two locations. By
uncoupling the stem and valve member at one location, the valve member is allowed to
move in another direction between the second position and the engagement position
when the stem is rotated further. Preferably, in the second configuration, the valve
member is coupled to the body to prevent rotation of the valve member about the
longitudinal axis of the stem and move the valve member in a direction or pivot the valve

member about a direction that is perpendicular to the longitudinal axis of the stem towards
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or from the seat when the valve member and stem are coupled to each other according to

a second configuration.

It is noted here that the first and second configurations of the coupling between stem and
valve member may alternatively be referred to as the first coupling configuration and the

second coupling configuration of the stem and valve member.

In an embodiment, the stem includes a stem portion that is received in a corresponding
recess in the valve member, which stem portion and recess are arranged eccentric
relative to the longitudinal axis of the stem and which are configured in the second
configuration to move the valve member between the second position and the

engagement position.

In an embodiment, the body comprises an associated coupling element with a
corresponding recess, wherein the stem comprises an associated coupling element with a
corresponding recess, wherein the valve member comprises a coupling element with a
first locking member and a second locking member connected to a common member that
is pivotably connected to the valve member, wherein the first locking member is
configured to be received in the recess of the coupling element of the stem in the first
configuration, and wherein the second locking member is configured to be received in

recess of the coupling element of the body in the second configuration.

An advantage is that the coupling element of the valve member switches between
coupling with the stem in the first coupling configuration and with the body in the second
configuration, which coupling element is automatically operated upon rotation of the stem.

In an embodiment, the ball valve is configured such that the stem is rotated 90 degrees
between the first rotational position and the third rotational position of the stem. Although
any angle may be used, the 90 degrees rotational movement of the stem between a
corresponding open and closed position and any multiple thereof (i.e. 180 and 270
degrees) provide advantages over any other angle as it can be clearly distinguished which
rotational position corresponds to an open valve and a closed valve and whether the stem
has sufficiently been rotated to complete the entire movement between first and third
rotational position. It is for instance well known to connect a handle to the stem, wherein
the handle in the operational position of the ball valve that corresponds to the open
position is aligned with a fluid flow direction through the ball valve, i.e. extending from the
first port to the second port or vice versa, and wherein the handle in the other operational
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position of the ball valve that corresponds to the closed position is perpendicular to a fluid
flow direction through the ball valve, i.e. extending perpendicular to a direction from the
first port to the second port. In this well-known example, the handle as rotated 90 degrees,
but the same advantage applies to a rotation of 270 degrees or 180 degrees.

In an embodiment, the ball valve is configured such that the stem is rotated a degrees
between the first rotational position and the second rotational position, and B degrees
between the second rotational position and the third rotational position, where a and 3

may have values as shown below in table 1.

Table 1: possible values for a and B in degrees

a (15t to 2 rotational position) | B (2" to 3 rotational position)
45 45
50 40
55 35
60 30
65 25
70 20
75 15
80 10
85 5

Preferably, a is larger or equal to B. Although table 1 includes only values dividable by 5, a
can be any value in the range of 45-89 degrees, preferably in the range of 50-85 degrees,
more preferably in the range of 60-85 degrees and most preferably in the range of 70-85
degrees with 8 being chosen such that the sum of a and B is 90 degrees. As an example,
a may be 82 degrees and B may be 8 degrees or a may be 83 degrees and 3 may be 7
degrees.

The above embodiment relates to a total rotation of 90 degrees between first and third
rotational position. Multiplying the provided values with a factor 2, 3 or 4 changes the
embodiment to the situation in which the total rotation is 180, 270 or 360 degrees,

respectively.
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In an embodiment, irrespective of the total angle, it is preferred that the angle a is at least

larger than angle B, preferably at least 1.5 times larger, more preferably at least 2 times

larger, and most preferably at least 3 times larger.

The first aspect of the invention also relates to a method to operate a ball valve to

regulate, direct or control a fluid flow through the valve, said valve comprising:

a body with a first port, a second port and an interior space extending between the
first and second port;

a seat arranged in the interior space of the body;

a valve member moveably arranged inside the interior space of the body to
cooperate with the seat, wherein the valve member includes a valve disc
configured to engage with the seat in an engagement position of the valve
member; and

a stem engaging with the valve member to move the valve member,

and said method comprising the following steps:

a)

b)

rotating the stem about a longitudinal axis thereof from a first rotational position
corresponding to a first position of the valve member to a second rotational
position corresponding to a second position of the valve member, wherein in the
second position of the valve member the valve disc is aligned with the seat at a
distance from the seat, wherein in the first position of the valve member the valve
disc is at a larger distance from the seat than in the second position, and wherein
the valve member is rotated due to a first coupling configuration between valve
member and stem from the first position to the second position with the valve disc
maintaining a distance from the seat and the body; and

rotating the stem further from the second rotational position to a third rotational
position corresponding to the engagement position of the valve member, wherein
the valve member is moved due to a second coupling configuration between valve
member and stem that is different from the first coupling configuration from the
second position to the engagement position in a direction substantially
perpendicular to a contact plane defined by the seat.

The first aspect of the invention further relates to a method to operate a ball valve to

regulate, direct or control a fluid flow through the valve, said valve comprising:

a body with a first port, a second port and an interior space extending between the
first and second port;

a seat arranged in the interior space of the body;
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- avalve member moveably arranged inside the interior space of the body to
cooperate with the seat, wherein the valve member includes a valve disc
configured to engage with the seat in an engagement position of the valve
member; and

- astem engaging with the valve member to move the valve member,

and said method comprising the following steps:

a) rotating the stem about a longitudinal axis thereof from a third rotational position
corresponding to the engagement position to a second rotational position
corresponding to a second position of the valve member, wherein in the second
position of the valve member the valve disc is aligned with the seat at a distance
from the seat, wherein the valve member is moved due to a second coupling
configuration between valve member and stem from the engagement position to
the second position in a direction substantially perpendicular to a contact plane
defined by the seat; and

b) rotating the stem further from the second rotational position to a first rotational
position corresponding to a first position of the valve member, wherein in the first
position of the valve member the valve disc is at a larger distance from the seat
than in the second position, and wherein the valve member is rotated due to a first
coupling configuration between valve member and stem that is different from the
second coupling configuration from the second position to the first position with the

valve disc maintaining a distance from the seat and the body.

It is explicitly noted here that features and embodiments of the first aspect of the invention
relating to the ball valve may also readily apply to the corresponding methods without
repeating these features and embodiments here again. As a mere example, the
mentioned angles over which the stem is rotated between first and second rotational
position and between second and third rotational position may apply here as well.

According to a second aspect of the invention, there is provided a ball valve comprising:

a housing provided with an inlet opening and an outlet opening, which are in fluid
communication with each other, and with a flow path that extends from the inlet opening to
the outlet opening;

a closing body, which comprises a flow channel, the closing body being rotatably
received in the housing in the flow path between the inlet opening and the outlet opening,
such that the flow channel in the closing body in the first open position of the closing body

is part of the flow path;



10

15

20

25

30

35

WO 2019/229265 PCT/EP2019/064246

a valve seat, which is arranged in the housing for cooperation with the closing
body;

the closing body being rotatable between a first open position and a second closed
position; wherein the closing body in the second closed position engages with the valve
seat using a closed part of the closing body and closes the flow path;

a valve bolt, that is connected to the closing body to rotate the closing body,

wherein the closing body has a third pivot position between the first open position
and the second closed position, wherein the closing body rotates contact free in the
housing between the first open position and the third pivot position,

and wherein between the third pivot position and the second closed position the
closing body is locked in the housing in the rotational direction such that the closing body

moves radially relative to the valve bolt and engages with the valve seat.

By rotating the closing body from the open position to the pivot position, at a distance from
the housing and the valve seat, there will be no wear between the housing parts and the
closing body, preventing leakage of the ball valve. By locking the closing body in the
rotational direction, and by displacing the closing body in the radial direction only relative
to the valve bolt towards the valve seat in the last rotation part range of the valve bolt, a
good seal of the ball valve is obtained without relative tangential displacement or rotation
between the closing body and the housing. In case of contamination, scaling, etc., in the
ball valve, the closing body is first returned to its freely rotatable pivot position, such that
without any direct contact between the closing body and the housing the closing body can

be rotated to the open position.

Preferably, the ball valve is provided with an eccentric assembly used to move the closing
body towards the valve seat between the third pivot position and the second closed
position. This eccentric assembly moves the closing body radially from and to the valve
seat when the closing body is locked to the housing and the closing body can no longer
rotate in the housing. The eccentric assembly converts the second rotation part range of
the valve bolt into a radial (pivotal) movement of the closing body towards the valve seat.
In particular, the eccentric assembly comprises: a bolt eccentric element that is connected
to the valve bolt or forms an integral part therewith, and a closing body part, wherein due
to rotation of the valve bolt about its axis the bolt eccentric element rotates relative to the
closing body part such that the closing body is displaced radially relative to the valve bolt.
Because the closing body is locked with respect to the housing to prevent a rotational

movement, the rotational movement of the valve bolt and the bolt eccentric element
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connected thereto can move the closing body radially relative to the valve bolt towards the

valve seat.

In a preferred embodiment of the invention, the closing body is provided with a locking
element, wherein the locking element in a first locking position between the first open
position and the third pivot position of the closing body locks (couples) the closing body
with the valve bolt (possibly via the bolt eccentric element), and wherein the locking
element in a second locking position between the third pivot position and the second
closed position of the closing body locks (couples) the closing body with the housing.
Due to these measures the closing body can be coupled (locked) with the bolt eccentric
element in the first rotation part range of the valve bolt and subsequently be coupled

(locked) with the housing in the second rotation part range.

Preferably, the bolt eccentric element is provided with a first guiding element with a first
stop element; and wherein the housing is provided with a second guiding element and a
second stop element. Due to this the locking element can change the coupling of the
closing body with the valve bolt and/or the bolt eccentric element in the third pivot element
for a rotational movement to a coupling with the housing for a radial (pivot) movement

towards the valve seat.

In particular the locking element comprises a first locking member and a second locking
member, wherein the first locking member cooperates with the first stop element of the
first guiding element, and the second locking member cooperates with the second stop
element of the second guiding element. By using two locking members on the locking
element the closing body can be locked to the valve bolt and/or the bolt eccentric element
in the first rotation part range for rotating the closing body and the closing body can be
locked to the housing in the second rotation part range to prevent further rotation of the

closing body.

In the shown embodiment, the locking element is provided with a locking axis, with which
the locking element can rotate relative to the closing body.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described in a non-limiting way by reference to the

accompanying drawings in which:
Fig. 1 schematically depicts an exploded perspective view of a valve according to
an embodiment of the first aspect of the invention;



10

15

20

25

30

35

WO 2019/229265

Fig. 2A

Fig. 2B

Fig. 3A

Fig. 3B
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schematically depicts a cross-sectional view of the valve of Fig. 1 with the
valve member in a first position;

schematically depicts a cross-sectional view of the valve of Fig. 1 with the
valve member in a second position;

schematically depicts an exploded perspective view of a body portion with
seat of the valve of Fig. 1;

schematically depicts a cross-sectional view of the body portion and seat of
Fig. 3A;

schematically depict the transition of the valve member from the first
position to an engagement position;

schematically depicts a coupling element of the valve of Fig. 1;

depicts an exploded view of the ball valve according to the second aspect
of the invention;

depicts a cross section of the ball valve of Fig. 6 in the first open position of
the closing body;

depicts a cross section of the ball valve of Fig. 6 in the second closed
position of the closing body;

depicts the housing with valve seat of the ball valve according to the
second aspect of the invention;

depicts a cross section of the housing of Fig. 8A;

schematically depict the first open position, the third pivot position and the
second closed position of the closing body, respectively, of the ball valve
according to the second aspect of the invention; and

depicts the locking element according to the second aspect of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

Figs. 1, 2A and 2B schematically depict a ball valve 1 according to an embodiment of the

first aspect of the invention. Fig. 1 depicts an exploded perspective view of the valve 1

while Fig. 2A and Fig. 2B depict a cross-sectional view of the valve 1 in two different

states.

The valve 1 is configured to regulate, direct or control a fluid flow, e.g. a gas or a liquid,

through the valve 1. In this embodiment, the valve 1 has two states, an open state, in

which the fluid flow through the valve 1 may be maximal, and a closed state in which there

is no fluid flow through the valve 1. However, the first aspect of the invention is also

applicable to other types of valves, e.g. a three-way or a four-way valve. Valves according
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to the first aspect of the invention are frequently used in the process industry and
installations and arranged in between two or more pipe portions.

The valve 1 comprises a body 2 having a first port 3, a second port 4 and an interior
space 2a extending between the first port 3 and the second port 4. The first and second
port 3, 4 are passages that allow fluid to pass through the valve.

In this embodiment, the body 2 includes a bottom part 2b with the first port 3 and the
second port 4 and delimiting most of the interior space 2a. Figs. 3A and 3B depict the
bottom part 2b in more detail, where Fig. 3A is an exploded perspective view and Fig. 3B

iS a cross-sectional view.

At the top side the interior space 2a is delimited by a top part 12 of the body 2. Bolts 12a
and nuts 12b are used to connect the top part 12 to the bottom part 2b. The bottom part
2b includes threaded holes 2c¢ to receive corresponding threaded ends of the bolts 12a.
The top part 12 also comprises a hole 12c¢ per bolt 12a. The opposite ends of the bolts
12a that extend through the holes 12¢ are also threaded to mate with the nuts 12b thereby
allowing to clamp the top part 12 to the bottom part 2b. In Fig. 1 only some of the bolts
12a, nuts 12b, holes 2¢ and holes 12¢ and in Fig. 3A only some of the holes 2c¢ are
indicated using a corresponding reference symbol to keep the drawings as clear and

simple as possible.

The first port 3 and the second port 4 include fastening means, in this case threaded
holes, to connect a pipe portion (not shown) to the respective port. In Fig. 1 only threaded
holes 4a associated with the second port 4 are visible and again only a few holes have
been indicated using reference symbol 4a to keep the drawing as clear and simple as
possible. Other connection methods such as compression fittings, glue, cement, flanges

or welding are also envisaged.

Although not necessary per se, the body 2 in the embodiment of Fig. 1 has a cylindrical
sidewall including the first and second ports 3, 4 at opposite sides of the sidewall, a
bottom 2d connected to the cylindrical sidewall to form the bottom part 2b and a lid
forming the top part 12. Other shapes and configurations of the body 2 are also
envisaged. The body 2 may alternatively be referred to as outer casing and the top part 12
may alternatively be referred to as bonnet.
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The valve 1 further comprises a seat 10 at the first port 3 and thus arranged in the interior
space 2a of the body 2. The seat 10 cooperates with a valve member 8, alternatively
referred to as ball, to close or open the first port 3. The ball 8 therefore comprises a valve
disc 11, and a flow channel 9 extending through the ball 8.

The ball 8 is moveably arranged inside the interior space 2a of the body 2. In this case the
ball 8 is rotatable about a rotation axis RA1 defined by axle 13 arranged at the bottom 2d
of the body 2 and engaging with the ball 8 at a lower side, and a stem 6 engaging with the
ball 8 at an upper side opposite the lower side.

The stem 6 extends through the top part 12 and is configured to transmit motion from a
handle and/or controlling device (not shown) to the ball 8. The ball 8 is rotatable about
rotation axis RA1 by the stem 6 between a first position as shown in Fig. 2A and Fig. 4A
and a second position as shown in Fig. 2B and Fig. 3B.

In this embodiment, in the first position, the flow channel 9 is aligned with the first and
second port 3, 4 to allow the passage of fluid from the first port 3, via the flow channel 9 to
the second port 4 or vice versa. Hence, the first port 3 may function as inlet, exit or both,
and the second port 4 may function as exit, inlet or both, respectively. In the embodiment
of the Figs. 1 and 2A, a longitudinal axis 5 of the flow channel 9 extends between the first
and second port 3, 4, and preferably extends through a center of the first and second port
3, 4. In a preferred embodiment, a cross-sectional area of the flow channel is at least as
large as the cross-sectional are of the first and second port, so that the flow channel does

not introduce additional flow resistance or pressure drop over the valve 1.

Movement of the ball 8 in the body 2 will now be described in more detail by also referring
to Figs. 4A to 4C. Each Fig. 4A to 4C depicts a cross-sectional view of the ball 8 and the
seat 10 along a plane extending perpendicular to the rotation axis RA1 and through the
longitudinal axis 5 of the flow channel 9. Above the cross-sectional views a side view is
provided depicting the corresponding mutual positions and orientations of the stem 6, the
ball 8 and the body 2 by indicating the position of a coupling element 21, which is part of
or connected to the stem 6, a coupling element 30 pivotably connected to the ball 8, and a
coupling element 37 which is part of connected to the body 2, see also Fig. 1, 2A and 2B.

The coupling element 30, which is depicted in more detail in Fig. 5, comprises a first

locking member 32 and a second locking member 33 connected to a common member
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34. The member 34 is pivotably connected to an upper part 22 of the ball 8 to pivot about
a pivot axis that in this case is perpendicular to the rotation axis RA1.

The coupling element 21 has a portion 35 including a recess 36 to receive first locking
member 32. The coupling element 37 includes a recess 38 to receive the second locking
member 33.

In the first position of the ball 8 relative to the body 2, as shown in Fig. 4A, the first locking
member 32 of the coupling element 30 is received in the recess 36 of the coupling
element 21 thereby coupling the ball 8 to the coupling element 21 and thus to the stem 6
according to a first coupling configuration. Rotation of the stem 6 about the rotation axis
RA1 between a first rotational position and a second rotational position thus allows to
rotate the ball 8 between the first position of Fig. 4A, corresponding to the first rotational
position of the stem 6, and the second position of Fig. 4B, corresponding to the second
rotational position of the stem 6. The coupling element 37 is configured such that during a
rotation between the situations in Fig. 4A and Fig. 4B, the coupling element 30 and thus
the ball 8 is free to rotate relative to the body 2. In fact, as is preferred, Fig. 4A shows that
the coupling element 37 is configured such that the first locking member 32 is not able to

leave the recess 36 when travelling between the situations in Fig. 4A and Fig. 4B.

Fig. 4B depicts the situation in which the ball 8 reaches the second position as mentioned
before. At the same time, the second locking member 33 of the coupling element 30
reaches the recess 38 in the coupling element 37 so that the first locking member 32 can
leave the recess 36 and the second locking member 33 can move into the recess 38
thereby uncoupling the ball 8 from the coupling element 21 and coupling the ball 8 to the
body 2. As a result thereof, rotation of the ball 8 about the rotation axis RA1 relative to the
body is no longer possible. Hence, the coupling configuration between stem 6 and ball 8
has changed from the first coupling configuration, in which the ball 8 is engaged with or
coupled to a protrusion 21a of the stem 6 and is also coupled to the coupling element 21
of the stem 6, to a second coupling configuration in which the ball 8 is only engaged with
or coupled to the protrusion 21a of the stem 6.

It is noted that in this embodiment, the ball is only rotated a part of its rotation, here about
75 degrees, between the first position and the second position. However, as the coupling
element 21 has been uncoupled from the ball 8, the stem 6 and the coupling element 21
are able to rotate further in the same direction to a third rotational position of the stem 6 as
shown in Fig. 4C. In the situation of Fig. 4C, the stem 6 and the coupling element 21 have
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rotated the remaining part of its 90 degrees rotation, here an additional 15 degrees,
compared to the second rotational position of Fig. 3B. Hence, in total, the stem 6 and the
coupling element 21 have rotated about 90 degrees between the first rotational position in
Fig. 3A and the third rotational position in Fig. 3C while the ball 8 only has rotated a part
thereof, here about 75 degrees, about the rotation axis RA1. During the remaining part of
the rotation, here during the additional 15 degrees, the stem 6 causes the ball 8 to be
pressed against the seat 10 with its valve disc 11 thereby obtaining a seal-tight connection

between the ball 8 and the seat 10 and obstructing any fluid flow through the valve 1.

Pressing the valve disc 11 against the seat 10 is caused by a protrusion 21a of the stem 6
that is received in a corresponding recess 22a in the upper part 22 of the ball 8, which
protrusion 21a and recess 22a are positioned eccentric with respect to the rotation axis
RA1 of the stem 6. Hence, when the stem 6 is rotated about rotation axis RA1 and
rotation of the ball 8 about the rotation axis RA1 is blocked, the eccentric protrusion 21a
and recess 22a cause the ball 8 to move towards the seat 10. In this embodiment, this
movement of the ball 8 towards the seat 10 is in fact a pivotal movement of the ball 8
about a pivot axis that is perpendicular to the rotation axis RA1 and perpendicular to the
plane of the drawing in Fig. 2A. It is noted that the axle 13 and/or the ball 8 may be
embodied such that this movement does not result in undesired deformations or loads in
the ball 8, body 2 or axle 13. The position of the ball 8 in Fig. 4C is referred to as the
engagement position as this is the position of the ball 8 in which the valve disc 11 of the
ball 8 engages with the seat 10.

It is noted that the valve disc 11 being at a larger distance from the seat 10 in the first
position than in the second position is obtained in the above described embodiment by
rotation of the valve member 8 about the rotation axis RA1, such that the valve disc 11 is
rotated away from the seat when moving from the second position to the first position.

Although in the above embodiment, the valve disc is a non-through opening of the valve
member, so that the valve disc in the engagement position of the valve member closes of
the first port 3. However, the first aspect of the invention also applies to a valve in which
the valve disc surrounds an opening in the valve member so that the valve disc in the
engagement position of the valve member allows fluid to flow through the valve member.

Fig. 6 depicts an exploded perspective view of the ball valve according to the second
aspect of the invention. The ball valve 1 comprises a housing 2, in which an inlet opening
3 and an outlet opening 4 are provided. The ball valve is arranged in a pipe portion (not
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shown) with the inlet opening and the outlet opening, so that the fluid flow through the
pipe can be interrupted externally by closing the ball valve. To this end, the ball valve is
provided with a closing body 8 in the housing 2. The closing body 8 is provided with a flow
channel 9 through which the fluid can flow when the flow channel makes a connection
between the inlet opening and the outlet opening and forms a flow path. The closing body
is connected to a valve bolt 6, which extends through the lid 12 of the housing 2, such that
upon rotation of the valve bolt, e.g. using a lever, the closing body is partially rotated, so
that the flow channel in the closing body is at an angle with the flow path between the inlet
opening and the outlet opening, and a closed part 11 of the closing body interrupts the
fluid flow.

To obtain a good sealing between the closed part 11 of the closing body 8 and the inlet
opening 3 of the housing 2, the inlet opening is provided with a valve seat 10, in the
shown exemplary embodiment embodied as a ring-shaped sealing ring. To prevent
leakage of the fluid through the closed ball valve the closing body 8 needs to be pressed
with some force against the valve seat 10. To prevent wear of the closing body 8 and the
valve seat 10 the closing body is frictionlessly, without making contact with the housing
and/or the valve seat, rotated from the open position to the closed position. To this end an
eccentric assembly 20 is provided and a locking element 30. Operation of the ball valve

according to the invention will be described in more detail in the below figures.

Figs, 7A and 7B depict a cross section of the ball valve 1 of Fig. 6, where Fig. 7A depicts
the ball valve in the first open position and Fig. 7B depicts the ball valve in the second
closed position. In the open position in Fig. 7A, a flow path 5 is formed between the inlet
opening 3 and the outlet opening 4 allowing the fluid in the piping to flow freely through
the ball valve. In the closed position of Fig. 7B, the closed part 11 of the closing body 8 is
pressed against the valve seat 10, so that the inlet opening 3 is closed and no fluid is able
to flow from the inlet opening 3 to the outlet opening 4 and vice versa. The closing body is
connected to the valve bolt 6, such that due to rotation of the valve bolt the closing body is
rotated between the open position and the closed position. The housing 2 is provided with
a pivot bolt 13 at the opposite side of the valve bolt 6. The closing body 8 is able to freely
rotate about the pivot bolt 13 at a certain distance from the housing, such that there is no
friction between the housing and the closing body.

The ball valve 1 is further provided with an eccentric assembly 20, which in the shown
exemplary embodiment comprises a bolt eccentric element 21 and a closing body part 22.
The purpose of this eccentric assembly is to pivot the closing body to the valve seat 10 or,



10

15

20

25

30

35

WO 2019/229265 PCT/EP2019/064246

17

generally speaking, to move/displace the closed part 11 of the closing body 8 in a
substantially radial direction relative to the valve bolt from and to the valve seat 10. In the
shown embodiment of Fig. 7A and 7B, the valve bolt 6 and the bolt eccentric element 21
connected thereto can freely rotate relative to the closing body and the closing body part
22. For coupling the closing body to the valve bolt a locking element 30 is provided on the
closing body (see Fig. 6). By means of the locking element 30, the closing body 8 can be
coupled to the valve bolt 6 or to the housing 2. This allows the possibility to frictionlessly
rotate the closing body in the housing 2 in a first rotation part range of the valve bolt and
to radially move the closing body towards the valve seat 10 in a second rotation part
range of the valve bolt without rotating the closing body relative to the housing.

The Figs. 8A and 8B the housing is depicted in more detail. At the inside of the inlet
opening 3, in the interior of the housing 2, the valve seat 10 is arranged, here in the form
of a ring-shaped sealing ring. At the bottom of the housing 2, the pivot bolt 13 is arranged,
The flow path 5 extends between the inlet opening 3 and the outlet opening 4. The inlet
opening 3 and the outlet opening 4 can be provided with a pipe connection, to connect to
the piping.

Figs. 9A, 9B, 9C schematically depict in more detail the operation of the ball valve
according to the invention. At the bottom side of Fig. 9A, a cross section of the closing
body 8 in the first open position is depicted. The flow path 5 extends from the inlet
opening 3 to the outlet opening 4 through the valve seat 10. It is clearly seen that there is
no contact between the closing body 8 and the valve seat 10 and that the closing body
can rotate without friction with the valve seat. In Fig. 9A the rotation of the valve bolt from
0 to 90 degrees is depicted above the closing body 8 in a rotational indication. Above the
rotational indication a side view is depicted of the locking assembly with the locking
element 30, first guiding element 35 and second guiding element 37. Second guiding
element 37 is part of, or is connected to, the housing 2. First guiding element 35 is part of,
or is connected to, the valve bolt and/or the bolt eccentric element 21. The locking
element 30 is rotatably connected to the closing body (not shown) about a rotation point
34, with the aid of a rotation axis 31 (see also Fig. 10). The locking element 30 is provided
with a first locking member 32 and a second locking member 33. The first guiding element
35 is provided with a first stop element 36 and the second guiding element 37 is provided
with a second stop element 38.

In the first open position of the ball valve in Fig. 9A is the first locking member 32 received
in and locked in the first stop element 36 of the first guiding element 35 in the first locking
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position of the locking element 30. When the valve bolt and the therewith connected first
guiding element 35 are rotated in the direction of the arrow, the first stop element 36 will
take the first locking member 32 and the locking element 30 along and rotate them and
thus also rotate the closing body 8.

In the third pivot position of the ball valve in Fig. 9B the valve bolt has traveled along the
first rotation part range for about 75 degrees. The closing body 8 is also rotated about 75
degrees and the closed part 11 of the closing body is now positioned opposite the valve
seat 10. The distance between the valve seat 10 and the closing body is approximately
equal to the distance at the first open position in Fig. 9A, so that the closing body was able
to rotate frictionless with respect to the housing. Further rotation of the closing body is
now prevented by the second guiding element 37 with the second stop element 38. During
the transition from the first locking position to the second locking position of the locking
element 30 in the third pivot position the second stop element 38 receives the second
locking body 33 of the locking element 30 and allows the locking element 30 to pivot or
rotate downwards, thereby displacing the first locking member 32 out of the first stop
element 36 and disengaging the lock between the first guiding element 35 and the locking
element and the closing body connected therewith. When the valve bolt is rotated further
along the second rotation part range of about 75 degrees to 90 degrees, the valve bolt
connected thereto and/or the bolt eccentric element 21 and the first guiding element 35
rotate further in the direction of the arrow in Fig. 9B such that the closing body 8 does not
rotate further. The eccentric assembly 20 will move the closing body 8 now towards the
valve seat 10.

Fig. 9C depicts the second closed position of the ball valve, wherein the closed part 11 of
the closing body 8 is pressed tight to the valve seat and closes the inlet opening. The
locking element 30 is in the second locking position and is not rotated further with respect
to Fig. 9B. The first guiding element 35 has been rotated in the second rotation part range,
thereby displacing the closing body 8 to the valve seat 10 by the eccentric assembly.

Fig. 10 depicts in more detail an embodiment of the locking element 30. The locking
element 30 is connected to the closing body via a rotation axis 31. The locking element 30
is provided with a first locking member 32 and a second locking member 33. The first and
second locking member can rotate relative to the closing body 8 about rotation point 34
using rotation axis 31 from the first locking position to the second locking position and vice

versa.
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CLAIMS

1. A ball valve (1) to regulate, direct or control a fluid flow through the valve,
comprising:
- abody (2) with a first port (3), a second port (4) and an interior space (2a)

extending between the first and second port;
- aseat (10) arranged in the interior space of the body;
- avalve member (8) moveably arranged inside the interior space of the body to
cooperate with the seat; and

- astem (6) engaging with the valve member to move the valve member,
wherein the valve member includes a valve disc (11) configured to engage with the
seat in an engagement position of the valve member,
wherein the valve member is moveable between the engagement position and a
first position via a second position, wherein in the second position of the valve
member the valve disc is aligned with the seat at a distance from the seat, wherein
in the first position of the valve member the valve disc is at a larger distance from
the seat than in the second position,
wherein the valve member is rotatable between the first position and the second
position with the valve disc maintaining a distance from the seat and the body,
and wherein the valve member is moveable between the second position and the
engagement position in a direction substantially perpendicular to a contact plane
defined by the seat,
characterized in that
the stem is rotatable about a longitudinal axis thereof between a first rotational
position corresponding to the first position of the valve member and a third
rotational position corresponding to the engagement position of the valve member
with a second rotational position corresponding to the second position of the valve
member in between the first and third rotational position,
in that in between the first and second rotational position of the stem the valve
member and the stem are coupled according to a first configuration allowing to
move the valve member between the first position and the second position,
and in that in between the second and third rotational position of the stem, the
valve member and the stem are coupled according to a second configuration
different from the first configuration allowing to move the valve member between
the second position and the engagement position.

2. A ball valve according to claim 1, wherein the valve member includes a flow

channel (9) extending through the valve member such that in the first position of
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the valve member the flow channel is aligned with the first and second port, and
wherein the valve disc is a non-through opening portion of the valve member.

A ball valve according to claim 1 or 2, wherein in the first configuration the valve
member and the stem are coupled to each other at two distinct locations allowing
the valve member to rotate along with the stem about the longitudinal axis of the
stem, and wherein in the second configuration the valve member and the stem are
coupled to each other only at one of the two locations.

A ball valve according to claim 3, wherein in the second configuration the valve
member is coupled to the body to prevent rotation of the valve member about the
longitudinal axis of the stem.

A ball valve according to any of the preceding claims, wherein the stem includes a
stem portion (21a) that is received in a corresponding recess (22a) in the valve
member, which stem portion and recess are arranged eccentric relative to the
longitudinal axis of the stem and which are configured in the second configuration
to move the valve member between the second position and the engagement
position.

A ball valve according to claim 4, wherein the body comprises a coupling element
(37) with a corresponding recess (38), wherein the stem comprises a coupling
element (21) with a corresponding recess (36), wherein the valve member
comprises a coupling element (30) with a first locking member (32) and a second
locking member (33) connected to a common member (34) that is pivotably
connected to the valve member, wherein the first locking member is configured to
be received in the recess of the coupling element of the stem in the first
configuration, and wherein the second locking member is configured to be
received in recess of the coupling element of the body in the second configuration.
A ball valve according to any of the preceding claims, wherein the ball valve is
configured such that the stem is rotated 90 degrees between the first rotational
position and the third rotational position.

A ball valve according to claim 7, wherein the ball valve is configured such that the
stem is rotated a degrees between the first rotational position and the second
rotational position and 3 degrees between the second rotational position and the
third rotational position, and wherein a is larger than .

A ball valve according to claim 8, wherein a is in the range of 45-89 degrees,
preferably in the range of 50-85 degrees, more preferably in the range of 60-85
degrees and most preferably in the range of 70-85.

A method to operate a ball valve to regulate, direct or control a fluid flow through

the valve, said valve comprising:
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a body with a first port, a second port and an interior space extending between
the first and second port;

a seat arranged in the interior space of the body;

a valve member moveably arranged inside the interior space of the body to
cooperate with the seat, wherein the valve member includes a valve disc
configured to engage with the seat in an engagement position of the valve
member; and

a stem engaging with the valve member to move the valve member,

and said method comprising the following steps:

a) rotating the stem about a longitudinal axis thereof from a first rotational
position corresponding to a first position of the valve member to a second
rotational position corresponding to a second position of the valve member,
wherein in the second position of the valve member the valve disc is
aligned with the seat at a distance from the seat, wherein in the first
position of the valve member the valve disc is at a larger distance from the
seat than in the second position, and wherein the valve member is rotated
due to a first coupling configuration between valve member and stem from
the first position to the second position with the valve disc maintaining a
distance from the seat and the body; and

b) rotating the stem further from the second rotational position to a third
rotational position corresponding to the engagement position of the valve
member, wherein the valve member is moved due to a second coupling
configuration between valve member and stem that is different from the
first coupling configuration from the second position to the engagement
position in a direction substantially perpendicular to a contact plane defined
by the seat.

11. A method to operate a ball valve to regulate, direct or control a fluid flow through

the valve, said valve comprising:

a body with a first port, a second port and an interior space extending between
the first and second port;

a seat arranged in the interior space of the body;

a valve member moveably arranged inside the interior space of the body to
cooperate with the seat, wherein the valve member includes a valve disc
configured to engage with the seat in an engagement position of the valve
member; and

a stem engaging with the valve member to move the valve member,

and move the valve member,
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and said method comprising the following steps:

a) rotating the stem about a longitudinal axis thereof from a third rotational
position corresponding to the engagement position to a second rotational
position corresponding to a second position of the valve member, wherein
in the second position of the valve member the valve disc is aligned with
the seat at a distance from the seat, wherein the valve member is moved
due to a second coupling configuration between valve member and stem
from the engagement position to the second position in a direction
substantially perpendicular to a contact plane defined by the seat; and

b) rotating the stem further from the second rotational position to a first
rotational position corresponding to a first position of the valve member,
wherein in the first position of the valve member the valve disc is at a larger
distance from the seat than in the second position, and wherein the valve
member is rotated due to a first coupling configuration between valve
member and stem that is different from the second coupling configuration
from the second position to the first position with the valve disc maintaining
a distance from the seat and the body.

A method according to claim 10 or 11, wherein the stem is rotated 90 degrees
between the first rotational position and the third rotational position.

A method according to claim 12, wherein the stem is rotated a degrees between
the first rotational position and the second rotational position and  degrees
between the second rotational position and the third rotational position, and
wherein a is larger than .

A method according to claim 13, wherein a is in the range of 45-89 degrees,
preferably in the range of 50-85 degrees, more preferably in the range of 60-85
degrees and most preferably in the range of 70-85.

Ball valve comprising:

Ball valve according to claim 15, wherein the ball valve is provided with an
eccentric assembly, which is used to move the closing body towards the valve seat
between the third pivot position and the second closed position.

Ball valve according to claim 16, wherein the eccentric assembly comprises: a bolt
eccentric element that is connected to the valve bolt, and a closing body portion,
wherein rotation of the valve bolt about its axis causes rotation of the bolt eccentric
element relative to the closing body part so that the closing body moves radially
relative to the valve bolt.

Ball valve according to claim 17, wherein the closing body is provided with a
locking element, wherein the locking element in a first locking position between the
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first open position and the third pivot position of the closing body couples the
closing body to the valve bolt and/or the bolt eccentric element, and wherein the
locking element in a second locking position between the third pivot position and
the second closed position of the closing body couples the closing body to the
housing.

Ball valve according to claim 18, wherein the valve bolt and/or the bolt eccentric
element is provided with a first guiding element with a first stop element; and
wherein the housing is provided with a second guiding element with a second stop
element.

Ball valve according to claim 19, wherein the locking element comprises a first
locking member and a second locking member, wherein the first locking member
cooperates with the first stop element of the first guiding element, and the second
locking member cooperates with the second stop element of the second guiding
element.

Ball valve according to claim 20, wherein the locking element is provided with a

locking axis, allowing the locking element to rotate relative to the closing body.
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