Office de la Propriete Canadian CA 2873086 C 2017/04/25

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 873 086
Findustie Canada Industry Ganada 12 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2013/05/03 (51) Cl.Int./Int.Cl. F16K 41/12 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2013/11/21 (72) Inventeurs/Inventors:

(45) Date de delivrance/lssue Date: 201/7/04/25
(85) Entree phase nationale/National Entry: 2014/11/10
(86) N° demande PCT/PCT Application No.: EP 2013/001315 GEA TUCHENHAGEN GMBH. D

SUDEL, MATTHIAS, DE;
PIEPLOW, JORG, DE

(73) Propriéetaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2013/1/0931 (74) Agent: RIDOUT & MAYBEE LLP

(30) Priorite/Priority: 2012/05/15 (DE10 2012 009 585.6)

(54) Titre :

(54) Title:

SOUPAPE ET DIAPHRAGME DE SOUPAPE
VALVE AND DIAPHRAGM FOR A VALVE

164 197

M
e

AR
N

2047 ONPXK |

162 190

180

(57) Abrege/Abstract:
The invention relates to a valve (100) having a valve housing (160), which has a first port (102) and a second port (104), having a

closing m

closing m

ember (106), which Is movable along an axial direction and which can be placed Iinto a closed position in which the
ember (106) Interacts sealingly with a valve seat (108) arranged between the first port (102) and second port (104),

whereby a fluid connection between the first and second ports (102, 104) i1s blocked, and having a diaphragm (200) which Is
iImpermeable to fluid, comprises a central opening (212) through which a closing member arrangement (126) comprising the
closing member (106) extends, comprises a clamping section (206) which runs in a clamping gap oriented obliquely with respect to
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(57) Abrege(suite)/Abstract(continued):

the axial direction, and is held with sealing action at one side on the closing member arrangement (126) and at the other side on a
holding arrangement (120) on the valve housing. To provide a valve that has a reduced need for maintenance, it is proposed that
the diaphragm (200) has a first section (202) situated at an outer edge and has a second section (204) adjoining the first section
(202) radially to the inside, that the first section Is held in the holding arrangement with a force fit, that the second section Is guided
In the holding arrangement, and that the first and second sections (202, 204) are arranged at an angle (V) with respect one
another and the holding arrangement is configured such that a form fit is generated by the first section (202), second section (204)
and holding arrangement (figure 2). The invention also relates to a diaphragm for a valve.
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[Fortsetzung auf der nachsten Seite/

(57) Abstract: The invention relates to a valve
(100) having a valve housing (160), which has a
first port (102) and a second port (104), having a
closing member (106), which 1s movable along
an axial direction and which can be placed mto a
closed position mm which the closing member
(106) mteracts sealingly with a valve seat (108)
arranged between the first port (102) and second
port (104), whereby a fluid connection between
the first and second ports (102, 104) 1s blocked,
and having a diaphragm (200) which 1is
impermeable to fluid, comprises a central
opening (212) through which a closing member
arrangement (126) comprising the closing
member (106) extends, comprises a clamping
section (206) which runs mm a clamping gap
oriented obliquely with respect to the axial
direction, and 1s held with sealing action at one
side on the closing member arrangement (126)
and at the other side on a holding arrangement
(120) on the valve housing. To provide a valve
that has a reduced need for maintenance, 1t 1s
proposed that the diaphragm (200) has a first
section (202) situated at an outer edge and has a
second section (204) adjoining the first section
(202) radially to the mside, that the first section

1s held in the holding arrangement with a force fit, that the second section 1s guided in the holding arrangement, and that the first and
second sections (202, 204) are arranged at an angle (V) with respect one another and the holding arrangement 1s configured such that
a form fit 1s generated by the first section (202), second section (204) and holding arrangement (figure 2). The mvention also relates

to a diaphragm for a valve.

(57) Zusammenfassung:

[Fortsetzung auf der nachsten Seite/
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Verottentlicht: —  mit geanderten Anspriichen gemass Arvtikel 19 Absatz 1

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)

Die Erfindung betrittt ein Ventil (100) mit emem Ventilgehduse (160), welches emen ersten Anschluss (102) und emen zweiten
Anschluss (104) autweist, einem Schliel3glied (106), welches entlang einer axialen Richtung bewegbar und in eine Schliel3stellung
bringbar 1st, in der das SchlieBglied (106) mit emnem zwischen erstem Anschluss (102) und zweitem Anschluss (104)
angeordneten Ventilsitz (108) dichtend zusammenwirkt, wodurch eme Fluidverbindung zwischen erstem und zweitem Anschluss
(102, 104) unterbunden ist, einer fluidundurchldssigen Membran (200), welche eine von eimner das Schliefiglied (106)
umifassenden Schlie3gliedanordnung (126) durchsetzten Zentralofinung (212) und einen in einem schriag zur axialen Richtung
ausgerichteten Klemmspalt verlautenden Klemmabschnitt (206) umfasst und welche an der SchlieBgliedanordnung (126)
einerselts und emner ventilgehduseseitigen Halteanordnung (120) andererseits mit Dichtwirkung gehaltert 1st. Um ein Ventil mit
einer verringerten Notwendigkeit zur Wartung zu schatfen, wird vorgeschlagen, dass die Membran (200) einen an einem adulleren
Rand befindlichen ersten Abschnitt (202) und eimnen sich an den ersten Abschnitt (202) radial innen anschlielenden zweiten
Abschnitt (204) autweist, dass der erste Abschnitt kraftschliissig in der Halteanordnung gehaltert 1st, dass der zweite Abschnitt in
der Halteanordnung gefiihrt ist, und dass erster und zweiter Abschnitt (202, 204) derart in einem Winkel (V) zueinander
angeordnet sind und die Halteanordnung so angepasst ist, dass durch ersten Abschnitt (202), zweiten Abschnitt (204) und
Halteanordnung ein Formschluss gebildet 1st. Die Erfindung betrifft aulerdem eine Membran fiir ein Ventil.



CA 02873086 2016-09-14

Valve and diaphragm for a valve

The invention relates to a valve and a diaphragm for a valve according to the present

disclosure.

Valves are important components in processing systems by means of which flows of
product media are directed through piping systems in the product-conducting system.

The directing effect is based on the switching function of the valves.

A valve has a valve housing having at least one first and one second port. In the valve of
the generic type, a closing member arrangement with a closing member 1s provided that
1s movable along an axial direction. Associated with this axial mobility, the valve can be
brought into a closed position in which 1t interacts sealingly with a valve scat arranged
between the ports whercby a fluid connection between the first and second ports 1S
blocked. The axial movement of the closing member can be 1nstigated outside of the

valve housing. Generally, a pressurizing medium-operated drive is used in which the

pressurizing medium exerts pressure on a piston against the restoring torce ot a spring.

Particular demands are placed on the valve 1n aseptic applications such as in the food
industry. In such applications, the contact of the product with the surrounding air 1s to be
avoided since bacteria and germs can otherwise be introduced into the product. The

design of the seal in the valve 1s correspondingly complex. Sealing the closing member
arrangement against the surroundings of the housing 1s important, particularly where the

closing mecmber arrangement 1s connected to the drive.

DE 102007014282 A1 proposes a fluid-impermeable diaphragm that is held, on the one
hand, with a sealing effect on the closing member arrangement and, on the other hand,
on a valve-housing-side holding arrangement. The holding arrangement has a clamping
gap aligned obliquely to the axial direction. The diaphragm comprises a clamping
section running within this clamping gap and a central opening which the closing
member arrangement penetrates. The sealing effect results from the central opening
being held on the closing member arrangement and the clamping section being ﬁcld In

the clamping gap. In contrast to known materials based on elastomers, this diaphragm is
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produced from a dimcnsionally-stable plastic that is heat-resistant up to at Ileast
approximately 130°C. This yields constant dimensions under operating conditions,
especially operating pressure and operating temperature. Along with clampiﬂg the
diaphragm 1n the clamping gap, a high storage stability and an overall effective seal

result.

DE 102007014282 A1 teaches further improving the seal by providing a projection 1n

the clamping gap that increases the clamping force.

The object of the invention is to create a valve with a diaphragm, and a diaphragm, that
further mmprove the valve-housing-side scal of the diaphragm compared to the prior art

and thereby reduce the need for maintenance.
This object 1s solved by a valve and a diaphragm according to the present disclosure.

The diaphragm according to the invention has a first section that is arranged on a radial
outer edge of the diaphragm, and that is abutted radially inward by a second scction.
Both sections are offsct at an angle from each other. The first section 1s clamped in the
holding arrangement of the diaphragm, the 'second section 1s contrastingly at least
guided. The angle between the sections 1S dimensioned such that a form fit results
between the holding arrangement and the sections. The sections of the diaphragm and
the angle between them can be preformed, preferably close to the angle that 1s formed 1n
the holding arrangement. By clamping the first section, the clamping forces that bring
about the positioning of the diaphragm are incrcased overall, and larger surface sections
of the diaphragm arc¢ fixed by clamping such that, in cooperation, slippage of the
diaphragm within the clamping gap is strongly reduced. The form fit significantly
reinforces this effect such that the diaphragm remains stationary under all operating
conditions in the holding arrangement from the interaction of the clamping gap, form fit

and force fit with the first section. By mecans of the force fit, the outer edge of the

diaphragm 1s also scaled quite well against the first section and holding arrangement, and
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better than the prior art. This 1s particularly advantageous and reduces the need for
maintenance since the inventors found that product i1s drawn into the holding
arrangement, particularly the clamping gap, by the movement of the diaphragm and the
holding arrangement, particularly in the clamping gap. This contamination can result on
the one hand from the product chamber within the valve and on the other hand from the
surroundings of the housing. This 1s reliably prevented by the design of the diaphragm

and valve according to the invention.

In a development of the valve, the angle between the first and second section 1s between
60° and 135°. This produces a reliable form fit and minimizes the stress on the material
from deformation when manufacturing the diaphragm or when installing a difterently-

shaped diaphragm in the holding arrangement.

In another development, i1t is proposed to arrange the first section in a plane
approximately perpendicular to the axial direction. If the diaphragm thereby extends
substantially flat radially to the outside in the first section, also while tolerating a few
angular degrees of deviation, it yields an economical design with easily adjustable

clamping forces.

Another development provides shaping the second section substantially cylindrically
with a cylinder axis, wherein the cylinder axis is oriented in an axial direction, wherein
deviations are included within the context of production accuracies and a few angular
degrees of deviation. This yields a holding arrangement that is economical to produce

with favourable guide properties for the second section.

The invention can be developed with at least one passage in the diaphragm between the
clamping section and first section, wherein the passage interacts with a channel formed

in the valve-housing-side holding arrangement. This passage can for example be designed in
the form of a plurality of passage openings arranged distributed over the perimeter that are

connected to each other so as to be permeable to fluid, for example by means of a ring-shaped

eroove in the valve housing and/or in the second housing part. By means of this measure, any

material entering the holding arrangement, such as the clamping section, from the valve
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interior becomes visible by being conducted through the passage in the diaphragm to the

outside.

In another development, the holding arrangement is provided with a first and second
gap, wherein the first gap forms a force fit with the first section of the diaphragm, and
the second gap guides the second section. With this design of the holding arrangement,
the aforementioned advantages can be economically achieved and, in addition, the

material stress on the diaphragm can be especially minimized.

Another development relates to the design of the first gap and provides limiting this gap
with a first and second wall, wherein at least one of the walls has a structure that
increases the friction of the diaphragm in the gap, for example a groove, a projection,
waviness, etc. In this manner, the diaphragm is further held in its position by increased
frictional locking or interlocking of the diaphragm and gap extending into the form fit,

and the seal is increased.

A subsequent development relates to the design of the first clamping gap and provides
limiting this clamping gap with a first and second clamping gap wall, wherein at least
one of the walls has a structure that increases the friction of the diaphragm in the
clamping gap, for example a groove, a projection, waviness, etc. In this manner, the
diaphragm is further held in its position by increased frictional locking or interlocking of

the diaphragm and clamping gap extending into the form fit, and the seal 1s increased.

In an advantageously economical development, a pressurizing medium-operated drive,
such as a pneumatic drive, is provided that is connected to the closing member

arrangement in order to bring about the movement of the closing member along the axial

direction.

[n conjunction with a pressurizing medium-operated drive, a further development
proposes providing a rotary decoupling apparatus in the drive, or between the drive and
closing member arrangement. Pressurizing medium-operated drives frequently generate

torsional force by a helical spring. The transmission of the torsional force to the
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diaphragm is prevented by means of the rotary decoupling apparatus so that the life of

the diaphragm is extended by eliminating the stress from torsion.

According to another development, an economical design of the rotary decoupling 1s
proposed. According to the above, the rotary decoupling apparatus 1s arranged between
the drive and closing member arrangement and comprises a first decoupling member in a
cylindrical seat in which a cylindrical projection of a second decoupling member is

accommodated.

With another development, advantageous relief of the diaphragm is achieved that
significantly reduces damage and associated possibilities for transmitting germs, and
increases the life. According to the above, a first support surface is provided on the
housing side, and a second support surface is provided for the diaphragm on the closing
member arrangement. By placing at least a section of the diaphragm on one of the
support surfaces, the pressure and hence the traction is reduced which is exerted on the
part of the diaphragm located in the holding arrangement, and promotes a shift in this

part in the holding arrangement.

According to a development of the arrangement with support surfaces, the diaphragm
lies on one of the support surfaces in each case in an open position of the closing
member in which a fluid connection is created between a first port and second port,
wherein at least 50% of the overall diaphragm surface is supported. Supporting this
surface section of the diaphragm has proven to be particularly advantageous in

increasing the aforementioned advantages in regard to cleanliness and life.

An additional development relates to the material of the diaphragm and provides that the
diaphragm has a compressibility of at least 20% according to the standard ASTM F36
"Standard Test Method for Compressibility and Recovery of Gasket Materials” in the
2009 version. It was found that permanent dimensional stability is achieved in this

manner that supports the form fit for a long time and increases the clamping forces and

sealing ettect.
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A diaphragm for a valve, particularly for the food or processing industry, that comprises
a valve housing, a closing member arrangement, a valve-housing-side holding
arrangement for holding the diaphragm and a clamping gap for the diaphragm running
obliquely to an axial direction, wherein the diaphragm has a conical section suitable for
being accommodated in the clamping gap and a central opening through which the
closing member arrangement can penetrate, achieves the cited advantages for the valve
according to the invention. This is developed in that a first section is provided on a radial
outer edge of the diaphragm against which a second section abuts radially to the inside
that 1s at an angle to the first section which is dimenstoned such that the first section and
second section can be accommodated in the holding arrangement while forming a form
fit. This type of shaping that is created in the diaphragm production process betore
installation in a valve reduces the load on the diaphragm in an installed state since
deformation occurs during the production process instead of permanent deformation.

This prevents a constant, strong load, the life is extended, and the seal and cleanliness

are improved.

In a development of the diaphragm, the angle between the first and second section 1s
between 60° and 135°. This type of deformation during production creates an effective
form fit after installation in a valve and advantageously minimizes the material stress

from deformation during installation in a holding arrangement in the valve.

Another development of the diaphragm provides at least one passage in the second
section such that the passage is positioned between clamping points of the holding
arrangement. This advantageously causes any material that nonetheless enters the

holding arrangement to pass through the passage and thereby become visible.

A further development of the diaphragm provides that the diaphragm comprises a
material with a compressibility of at least 20% according to ASTM F36. It was found

that permanent dimensional stability is achieved in this manner that supports the form fit

for a long time and increases the clamping forces and sealing effect.

The invention will be further explained, and details of the effects and advantages will be
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described with reference to an exemplary embodiment and its developments.

In the figures:

Fig. 1: shows a longitudinal section of a valve and schematic partial section of a drive
coupled to the valve;

Fig. 2: shows a detailed view of the area of the valve framed with a dashed line in Fig.
1

Fig. 3: shows a schematic sectional representation of the holding arrangement that
holds the diaphragm on the housing side;

Fig. 4. shows a section of the diaphragm along the longitudinal axis;

Fig. 5: shows a section of the valve in the area of the diaphragm when the closing
member arrangement 1s in an open position; and
Fig. 6: shows a section of the valve in the area of the diaphragm when the closing

member arrangement 1s in a closed position.

A valve 100 is depicted in a partial longitudinal sectional view in Fig. 1. It has a first
port 102 and a second port 104 that can be connected with pipes, such as a food industry
processing system. Within a valve housing 160, a closing member 106 is provided that
can be brought into sealing contact with a valve seat 108 that 1s arranged between the
first and second ports 102 and 104. A closed position is created by this contact of the
valve seat 108 and closing member 106. The sealing effect prevents a fluid connection
and hence product flow between the first and second port 102 and 104. When the valve
100 is in an open position, the closing member 106 and valve seat 108 are separate from
each other so that the fluid connection is established between the first and second port

102 and 104, and product can flow between the two ports 102 and 104.

The movement of the closing member 106 from the open position to the closed position
and vice versa is caused by a drive 110. In the example, this is done under the operation
of a pressurizing medium. A pressurizing medium moves a piston 114 against the force
of a spring 112 that causes a resetting of the piston 114. The piston 114 is coupled by a
suitable means, such as a valve rod, to the closing member 106. The direction of

movement of the closing member 106 establishes an axial direction M. According to Fig.
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1, the piston 114 is moved along the axial direction M by the application of pressurizing
medium such that the open position is reached. The spring 112 contrastingly brings about

the closed position.

The mode of action of the drive 110 can also be designed in reverse such that the closing
member 106 is held in an open position by the force of the spring 112, and the closed

position is brought about by applying pressure.

The spring 112 for generating the opposing force can interact with a second actuator.
This can be designed as the application of pressurizing medium to the piston 114 which
generates a force acting in the direction of the spring. In this manner, the closing
member 106 can be brought into positions in an axial direction with the assistance of the
drive 110 that are between the closed position and open position, and hence produce

intermediate positions of the closing member 106.

The valve 110 comprises a fluid-impermeable diaphragm 200 that i1s arranged and
designed to prevent product entering the valve housing 160 through one of the ports 102
and 104 from contacting the surroundings of the valve 100 in the area of a closing
member arrangement 126 guided through the valve housing 160. The closing member
arrangement 126 comprising the closing member 106 penetrates the diaphragm 200
impermeable to product and is held sealed on the closing member arrangement 126 and

in a holding arrangement 120 on the valve housing side.

To achieve a simple design that can be quickly assembled, the closing member
arrangement 126 comprises a plurality of parts connectable to each other such as the
closing member 106, an optional spacer 116 and a second decoupling member 136. At
the connecting point between the spacer 116 or closing member 106 and the decoupling

member 136, a clamping area 142 can be provided in which the diaphragm 200 i1s
clamped between the closing member 106 and decoupling member 136. The clamping

effect is calibrated to achieve a sealing effect against product from passing through.

In one development, it is advantageous to calibrate the clamping effect so that the diaphragm 200
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does not execute a movement within the clamping area 142 that 1s noticeable by product being
entrained into the clamping area 142 when the closing member 106 moves from open position

Into closed position,

The closing member arrangement 126 can comprise a second support surface 192 on
which the diaphragm 200 lies in at least one position of the closing member 106. Such a
support of the diaphragm 200 reduces the load from active force that, for example, is

oenerated by fluid under pressure, and thereby increases the life of the diaphragm 200.

The e.g. helically-designed spring 112 of the drive 110 generates torque that, when the
drive 110 is directly connected to the closing member arrangement 126, is transmitted to

the closing arrangement and the closing member 106. Because the diaphragm is held on the
closing member arrangement 126, the torque is also transmitted to the diaphragm 200.

Additional deformation and stress on the diaphragm 200 arise from the mtroduced torque
and the housing-side holder, which therefore reduces the life of the diaphragm 200. In

addition, by introducing force into the holders, the seal at that location 1s stressed.

It is therefore an advantageous development to provide a rotary decoupling apparatus
130 between the attachment point of the diaphragm 200 on the closing member
arrangement 126 and the drive 110. The rotary decoupling apparatus 130 prevents torque
from being introduced into the diaphragm 200 by the drive 110. This accordingly

increases the life and reduces the stress on the seal.

The rotary decoupling apparatus 130 comprises for example a first decoupling member
132 that is connected to the drive 110. The first decoupling member 132 has a cylindrical
seat 134 in which a cylindrical projection 138 of a second decoupling member 136 enters

that is part of the closing member arrangement 126.

A locking member 140 is designed so that it permits the rotation of the first decoupling
member 132 relative to the second decoupling member 136, whereas an axial movement

of the decoupling members 132 and 136 relative to each other is suppressed.

The locking member 140 can for example be formed as follows: The cylindrical
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projection 138 has a peripheral groove. A lock engages therein which is designed to
prevent an axial movement of the cylindrical projection 138 relative to the cylindrical
seat 134. The lock can be moved relative to, and in the peripheral direction of, the
groove to enable the rotation of the members. And essentially U-shaped disc with a
thickness that basically corresponds to the width of the groove is an example of such a
design. The advantage of a locking member designed in this manner is the very low wear

bordering on a lack of wear.

A valve-housing-side holding arrangement 120 comprises the valve housing 160 and a
second housing part 162 that together hold the diaphragm 200. The holding arrangement

120 can advantageously comprise a first support surface 190 and a channel 180.

The design and function as well as developments of the holding arrangement 120 will be

further explained below with reference to Fig. 2 and Fig. 3.

The holding arrangement 120 of the exemplary embodiment comprises a suitably shaped
part of the valve housing 160 and the second housing part 162. Both have contours that
are shaped complementary to each other, at least in tiers, between which gaps arise in
which sections of the diaphragm 200, in particular a first section 202 and second section

204, are arranged when the valve 100 is in an installed state.

The contour located on the valve housing 160 is arranged on an opening of the housing,
and surrounds this opening. The opening is closed with a cover 164 to which the drive
110 is directly or indirectly connected. At least one of the components that create a
connection between the closing member 106 and drive 110, such as the second

decoupling member 136, penetrates the cover 164.

The cover 164 contacts the second housing part 162 and is fixed to the valve housing
160 by means of a connecting member. The connecting member can be a screwed
connection and is designed as a clamp 166 in the portrayed example. The cover 164 and
second housing part 162 are clamped against each other in the axial direction M by the

clamp 166. A force is exerted thereby on the second housing part 162 so that the
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clamping of the diaphragm 200 between the valve housing 160 and second housing part

162 arises by means of an indirect force.

The channel 180 noted as an advantageous development with reference to Fig. 1 can be
formed in the second housing component 162, for example radially inward in the
direction of the second decoupling member 136, and can interact with a passage 214 in

the diaphragm 200. If product enters the gap between the diaphragm 200 and valve
housing 160, it can be removed through the passage 214 and channel 180 out of the area

between the valve housing 160 and second housing part 162.

The contours are formed by walls as can be better seen in the detailed view in Fig. 3.

The contour of the second housing part 162 is formed by a first clamping gap wall 220, a
first guide wall 228, and a first wall 224 that are adjacent to each other and are at

different angles relative to each other.

The contour of the valve housing 160 is in turn formed by a second clamping gap wall

222, a second guide wall 230, and a second wall 226 that also are adjacent to each other

and are at different angles relative to each other.

The first clamping gap wall 220 and second clamping gap wall 222 are arranged as a pair
and border a clamping gap in which a clamping section 206 of the diaphragm 200 is
clamped. The clamp is designed to effect a seal between the clamping section 206 and
clamping gap wall 222 in addition to the local fixation. In the cross section, the clamping
cap has a direction of extension E that is aligned at an angle K relative to the axial

direction M. This angle K can preferably range between 30° and 60°, and preferably 45°.

This reduces the stress on the diaphragm 200.

A first section 202 of the diaphragm 200 is located in a first gap formed between the first
wall 224 and second wall 226. The arrangement is dimensioned so that the force

indirectly exerted on the second housing part 162 causes the first section 202 to be

clamped between the first wall 224 and second wall 226.
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A second section 204 of the diaphragm 200 is located in a second gap formed between
the first guide wall 228 and second guide wall 230. Clamping can be realized; however,

the second section 204 is at least guided by the walls 228 and 230.

An arrangement of the first section 202 and the second section 204 at an angle V relative

to each other results from the alignment of the walls 224, 226, 228 and 230. This angle V

is dimensioned so that a form fit 1s formed by the first section 202, second section 204
and the walls 224, 226, 228 and 230, and the diaphragm 200 is held in this manner in a

form fit in the holding arrangement 120.

This form fit prevents movement of the diaphragm 200 even when the forces acting on it are able

to overcome the friction between the diaphragm 200 and the housing parts 160 and 162, in
particular between the sections 202, 204 and 206 of the diaphragm and the walls 220, 222,

224,226, 228 and 230.

There are a few advantageous design options for the alignment of the walls 224, 226,
228 and 230 with reference to the axial direction M and the choice of the angle V which

can be selected individually or in combination.

The walls can be shaped so that the angle V between the first section 202 and the second
section 204 is between 60° and 135°. This produces a reliable form fit and

simultaneously minimizes the stress on the material from deformation when
manufacturing the diaphragm 200 or when installing a differently-shaped diaphragm 200

in the

holding arrangement 120.

According to a subsequent design option, the first section 202 is arranged in a plane

approximately perpendicular to the axial direction M. If the diaphragm 200 thereby
extends substantially flat radially to the outside in the first section 202, also while
tolerating a few angular degrees of deviation, it yields an economical design with easily

adjustable clamping forces.
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The next design option provides shaping the second section 204 substantially cylindrical
with a cylinder axis, the cylinder axis being oriented in an axial direction M, wherein
deviations are included within the context of production accuracies and a few angular
degrees of deviation. This yields a holding arrangement 120 that 1s economical to

produce with favourable guide properties for the second section 204.

According to one development, the passage 214 can be advantageously provided in the
second section 204 and hence between two clamped sections 202 and 206 of the
diaphragm 200. This not only allows product leakage to be identified, it also allows the
problem area to be restricted before the seal and holder of the diaphragm 200 have

completely failed.

The fixation of the diaphragm 200 can be improved by the following measures. A first
elevation 170 can be provided on the first wall 224 that is pressed in while being
installed in the first section 202 of the diaphragm 200. Alternatively or in addition, a
eroove 172 can be provided on the second wall 226 in which the first section 202 1s
formed under the effect of clamping force. Also, only one groove can be provided in the
first wall 224. At least one groove or a projection can also be provided m the clamping

gap on one of the clamping gap walls 220 and 222, for example a second elevation 174

on the second clamping gap wall 222.

With the assistance of a groove or elevation, the number and dimensions of which are
established in consideration of the material of the diaphragm 200, structures are created

that increase the friction of the diaphragm 200 in the gap formed by the respective

pairing of the walls 220, 222, 224, 225, 228 and 230. In this manner, the diaphragm 200
is further held in its position by increased frictional locking or "interlocking” of the

diaphragm 200 and the gap extending into the form fit, and the seal is increased.

In Fig. 4, the diaphragm 200 is depicted as a preformed component. Preformed means
that the individual sections are formed by permanently shaping the diaphragm blank
before installation in the valve 100. The material of the diaphragm 200 is selected so that

deformation of the diaphragm 200 is possible by moving the closing member during the
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operation of the valve 100.

The diaphragm 200 in the depicted example has a plurality of radially neighboring

sections.

The first section 202 is provided on the edge lying radially to the outside. It can be
formed basically extending in a plane perpendicular to the axial direction M. The second
section 204 abuts the first section 202 radially within the first section. This can be
shaped substantially cylindrical with a cylinder axis, the cylinder axis being oriented in
an axial direction M, wherein deviations are included within the scope of production

accuracies and a few angular degrees of deviation.

The first section 202 and the second section 204 are arranged oriented at an angle W
relative to each other that is always different from 180° and preferably lies within a
range between 60° and 135°. It can be 90° to simplify production which includes a few
angular degrees of deviation. This preformed angle W can deviate from the angle V of
the holding arrangement. Particularly easy and reliable installability is achieved when
the angles W and V are close within a few angular degrees, for example, have a
deviation of less than 10°. This also reduces the material stress arising from deformation

during installation.

A third section abuts the second section 204 radially inward that corresponds to the
above-mentioned clamping section 206. This approximately forms a cone and is hence

shaped so that it can be clamped between the first clamping gap wall 220 of the second

housing part 162 and the second clamping gap wall 222 of the valve housing 160.

A fourth section 208 follows the clamping section 206 radially inward. In this section,
the contour of the diaphragm 200 is subject to the greatest changes when the closing
member 106 is moved by the drive 110. In addition, forces act on this fourth section 208
when the product is under pressure. To reduce the stress from such forces, this section is
preformed so that it interacts with the support surfaces 190 and 192 when the valve is an open or

closed position. This will be explained further with reference to Fig. 5 and 6.
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A fifth section 210 abuts the fourth section 208 radially inward and extends in a plane
that is substantially perpendicular to the axial direction M. This fifth section 210
surrounds a central opening 212 through which the second decoupling member 136 or
component associated therewith can be guided. In this manner, the fifth section 210 1s
designed to be clampable on the closing member arrangement 126, preferably in an axial

direction M, which effects fixation and, on the other hand, a seal.

Preferably, a material with high dimensional stability and a temperature resistance of at
least 130°C 1s used for the diaphragm 200. Given the dimensional stability, it 1s possible
to dispense with support means such as support diaphragms connected to the diaphragm
200. Preferably, the material has a high media resistance. In particular, it should have
little creep, preferably a compressibility of at least 20%, preferably 25%, and
advantageously more than 30% according to ASTM F36. It can for example be a
compound of a plurality of layers containing polytetrafluoroethylene (PTFE), wherein at

least one of the layers contains a filler such as silicon oxide.

Fig. 5 and Fig. 6 serve to illustrate the deformation of the diaphragm 200 during the

operation of the valve 100, and serve as a basis for explaining the advantageous support

surfaces 190 and 192.

The open position of the valve 100 in which the closing member 106 is lifted oft of the

valve seat 108 and hence 1s at a distance to create a fluid connection between the ports
102 and 104 is depicted in Fig. S. The closed position with the interrupted fluid

connection is shown in Fig. 6.

In the open position according to Fig. 5, the closing member arrangement 126 1s shifted
in the axial direction M toward the drive 110. Part of the extension of the fourth section
208 of the diaphragm 200 lies on the first support surface 190 of the second housing part
162. The first support surface 190 has an extremum 194 which the fourth section 208
also abuts, and it transitions from there continuously without kinks and discontinuities
into the clamping section 206. The first support surface 190 and hence the support

terminates radially to the inside in an edge 196 that is advantageously shaped rounded.
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The first edge 196 and extremum 194 and hence the area of the first support surface 190 can be

dimensioned such that at least 50% of the diaphragm surface of at least one of the support

surfaces 190 and 192, or the sum of the support surfaces 190 and 192, are supported In the open

position.

In the closed position according to Fig. 6, the fourth section 208 of the diaphragm 200
lies on the first support surface 190 extending up to a second edge 198 on the closing
member arrangement 126. The fourth section 208 abuts the extremum 194 on the valve
housing side. The position of the second edge 198 and extremum 194 can be
dimensioned such that at least 50% of the diaphragm surface is supported by at least one
of the support surfaces 190 and 192, or the sum of the support surfaces 190 and 192, in

this position as well.

Since the diaphragm 200 rests on the extremum 194 in both positions of the closing
member arrangement 126, the influence of the deformation on the third section 206
clamped in the clamping gap is kept as small as possible. In particular, forces on the
diaphragm 200 directed perpendicular to the path of the clamping gap are avoided since

the diaphragm runs largely without a change in direction at the free end of the clamping

£ap-

Fig. 5 and Fig. 6 show an advantageous embodiment of the holder of the diaphragm 200
on the closing member arrangement 126. The fifth section 210 of the diaphragm 200 1s
clamped in a clamping area 142 between two components of the closing member
arrangement 126. This clamping can basically be realized in a plane perpendicular to the

axial direction M. Together with the second support surface 192 that is curved and, toward the

middle, is designed to transition into the clamping plane, this yields a small load on the fifth
section 210 when the closing member arrangement 126 moves. The holder and seal can be

additionally improved with a peripheral projection 176 that is provided on the closing member

arrangement 126 and is pressed into the fifth section 210 of the diaphragm 200.

The invention was presented with reference to a single-seated valve but i1s however not
restricted to use within this valve type. The invention can also be usefully applied in

valves that have several seals on the closing member, so-called double-seal valves, or in
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switching valves, as well as double-seat valves with a plurality of closing members n
order to seal the closing member against the valve housing where the closing member
arrangement is connected to the drive. Given the presented functionality, the possible
applications within the food industry and processing industry are apparent to a person

skilled in the art in the field of valve engineering.
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List of reference numbers

100 Valve

102 First port

104  Second port

106  Closing member

108  Valve seat

110 Drive

112 Spring
114 Piston
116  Spacer

120  Holding arrangement
126  closing member arrangement

130  Rotary decoupling apparatus

132 First decoupling member
134  Cylindrical seat

136 Second decoupling member
138  Cylindrical projection

140  Locking member

142 Clamping area

160  Valve housing

162 Second housing part
164  Cover

166  Clamp

170 First elevation
172 Groove

174  Second elevation

176  Projection in the central clamping
180  Channel

190  First support surface
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192  Second support surface
194  Extremum
196  First edge
198  Second edge
200  Diaphragm
202  First section
204  Second section
206  Clamping section
208  Fourth section
210  Fifth section
212 Central opening
214 Passage
220  First clamping gap wall
222 Second clamping gap wall
224 First wall
226  Second wall
228 First guide wall
230 Second guide wall
M Axial direction
W Angle between the first and second section
W Preformed angle between the first and second section
K Angle between the axial direction and clamping section
E Direction of extension
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A valve with a valve housing that has a first port and a second port, with a
closing member which 1s movable along an axial direction and can be brought
into a closed position in which the closing member interacts sealingly with a
valve seat arranged between the first port and second port, whereby a fluid
connection 1S blocked between the first and sccond port, with a fluid-
impermeable diaphragm that comprises a central opening penetrated by a closing
member arrangement comprising the closing member and a clamping section in
a clamping gap aligned obliquely to the axial direction, and that is held with a
sealing effect, on the one hand, on the closing member arrangément and, on the
other hand, on a valve-housing-side holding arrangement, wherein the diaphragm
has a first section located on an outer edge, and a second section abutting the first
section radially to the inside, the first section is held in a force fit in the holding
arrangement, the second section 1s guided in the holding arrangement, and that
the first and second section are arrangéd at an angle (V) relative to each other,
and the holding arrangement is adapted so that a form fit is formed by the first
section, second scction and holding arrangement, and that a third section
corresponding to the clamping section abuts the second section radially to the
inside wherein the diaphragm has at least one passage between the clamping
section and first section that interacts with a channel formed in the valve-house-

side holding arrangement.

The valve according to claim 1, wherein the angle (V) is from 60 degrees to 135

dcgrees.

The valve according to claim 1 or 2, wherein the first section is arranged in a

plane perpendicular to the axial direction (M).

The valve according to claim 1 or 2, wherein the second section is shaped

cylindrically with a cylinder axis, and the cylinder axis is oriented in the axial

direction (M).
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The wvalve according to any one of claims 1 to 4, whercin the holding

arrangement has a first gap in which the first section 1is held in a force fit, and a

- second gap 1in which the sccond section 1s guided.

The valve according to claim 5, wherein the first gap 1s formed by a first wall
and a second wall , and at least one of the walls has a structure that increases the

friction of the diaphragm in the gap.

The valve according to any one of claims 1 to 6, wherein the clamping gap 1s
formed by a first clamping gap wall and a second clamping gap wall, and at least
one of the clamping gap walls has a wall structure that increases the friction of

the diaphragm 1n the clamping gap.

The valve according to any one of claims 1 to 7, wherein a pressurizing
medium-operated drive 1s provided that 1s connected to the closing member

arrangemcnt.

The valve according to claim 8, whercin a rotary decoupling apparatus 1s

arranged 1n the drive, or between the drive and the closing member arrangement.

The valve according to claim 9, wherein the rotary decoupling apparatus is
arranged between the drive and the closing member arrangement and comprises
a lirst decoupling member with a cylindrical seat in which a cylindrical

projection of a second decoupling member 1s accommodated.

The valve according to any one of claims 1 to 10, wherein a first support surface
1s provided at the valve housing side, and a sccond support surface 1s provided

on the closing member arrangement to support the diaphragm .

The valve according to claim 11, wherein 1n an open position of the valve in

which a fluid connection 1s established between the first port and the second port,
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and 1n the closed position of the valve, the diaphragm lies on one of the support

surfaces, and at least 50% overall of its surface is supported.

The valve according to any one of claims 1 to 12, wherein the diaphragm has a

compressibility of at least 20% according to ASTM F36.

A diaphragm for a valve 1n the food or processing industry, that comprises a

~valve housing, a closing member arrangement, a valve-housing-side holding

arrangement for holding the diaphragm and a clamping gap for clamping the
diaphragm running obliquely to an axial direction, wherein the diaphragm has a
conical section suitable for being accommodated i1n the clamping gap and a
central opening which the closing member arrangement can pénctrate, wherein a
first section 1s provided on a radial outer edge of the diaphragm against which a
second section abuts radially to the inside that 1s at a preformed angle (W) to the
first section which 1s dimensioned such that the first section and second section
can be accommodated in the holding arrangement while forming a form f{it, and
a third section that corresponds to the conical section abuts the second section
radially to the inside wherein at least one passage is provided in the second

section.

- The diaphragm according to claim 14, wherein the preformed angle (W) is from

60 degrees to 135 degrcees.

The diaphragm according to claims 14 or 15, whercin the diaphragm has a

compressibility of at least 20% according to ASTM F36.
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