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(57) Abstract: A valve assembly having a valve housing, the
valve housing defining a passageway. A flapper valve ar-
ranged within the passageway is coupled to a rotatable valve
shaft. A flexible wall, sealed along opposed edges to the
valve housing, is controllable to at least two positions. The
first position seals against the flapper valve and the second
position releases the flapper valve allowing for ready move-
ment of the valve.
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RADIAL SEALING BUTTERFLY VALVE

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/104,285, filed January 16, 2015. The entire teachings of the above application are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Butterfly valves are commonly used in vacuum pressure control systems, such as
those employed in semiconductor fabrication systems. A butterfly valve, or “flapper valve,”
typically comprises a thin flapper coaxially disposed within a passageway of the valve
housing. The flapper is secured to the valve assembly by a rotatable valve shaft extending
laterally across the passageway. Rotation of the valve shaft controls the position of the
flapper with respect to the valve housing.

[0003] Butterfly valves are capable of providing good control performance and sealing
near closed positions by a variety of methods. Most commonly, a radially sealing o-ring is
implemented in the flapper. In this case, as the valve approaches the closed position, the o-
ring is compressed radially. O-rings are made of an elastomer material allowing them to
deform slightly when under compression but having enough elasticity to prevent them from
permanent deformation when uncompressed. O-rings can enable a positive vacuum seal of a
butterfly valve.

[0004] However, the use of o-rings as sealing mechanisms, particularly for valves used in
vacuum pressure control systems, carries several disadvantages. O-rings experience a high
amount of shear force when sealing, and as a result, they degrade quickly. Additionally,
specialized gases used during fabrication processes may react with, or otherwise affect, the
elastomer material of the o-ring. Some fabrication processes generate high temperatures
and/or pressures which may further degrade the elastomer material.

[0005] As a result, o-rings must be replaced frequently. Frequent replacement carries its

own disadvantages in addition to the inconvenience of frequent replacement. For example,
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handling and installing them may introduce contaminants, such as skin oils, lint, or

nlasticizers from olastic gloves, into an otherwise clean system.

SUMMARY OF THE INVENTION

[0006] The valve assembly is designed with a radial sealing mechanism capable of
providing vacuum isolation and overcoming several of the disadvantages of utilizing o-rings.
The sealing mechanism may be constructed from a thin metal providing added durability and
requiring less maintenance.

[0007] A valve assembly may comprise a valve housing, the valve housing defining a
passageway. A flapper valve arranged within the passageway may be coupled to a rotatable
valve shaft. A flexible wall, sealed along opposed edges to the valve housing, may be
controllable to at least two positions. The first position seals against the flapper valve and the
second position releases the flapper valve, allowing for ready movement of the valve.

[0008] A method of operation of a valve assembly may comprise providing a flapper
valve within a valve housing, moving the flapper valve to a closed position, and moving a
flexible wall against the flapper valve when the flapper valve is in the closed position. The
flexible wall may be sealed along opposed edges to the valve housing.

[0009] The flexible wall of the valve assembly may be controllable to a range of positions
between the first position and the second position, providing variable leakage. The flexible
wall may be u-shaped between the opposed edges. One opposed edge of the flexible wall may
be displaced radially relative to a second opposed edge. Vacuum isolation may be provided
when the flexible wall is in the first position. The valve assembly may comprise an array of
actuator arms to control the flexible wall between positions. The actuator arms may pivot
about a fulcrum located within the valve housing. The actuator may pivot in response to a
pneumatic actuator, a spring, or both. Alternatively, the flexible wall may be controlled
between positions by a pneumatic actuator, other pressure regulating actuator, or an
electromagnetic actuator. The valve assembly may further comprise an elastomer material,
which may be on a perimeter of the flapper valve, coated onto an inner radial perimeter of the

flexible wall, or both.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing will be apparent from the following more particular description of

example embodiments of the invention, as illustrated in the accompanying drawings in which
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like reference characters refer to the same parts throughout the different views. The drawings
are not necessarily to scale, emphasis instead being placed upon illustrating embodiments of
the present invention.

[0011] Fig. 1A is a front view of a flapper valve in a substantially open position.

[0012] Fig. 1B is a front view of a flapper valve in a completely open position.

[0013] Fig. 1C is a front view of a flapper valve in a closed position.

[0014] Fig. 2 is a perspective cross-sectional view of a flapper valve having a sealing
device constructed in accordance with the present disclosure.

[0015] Fig. 3 is a cross-sectional side view of the valve assembly, with the valve shaft
extending into the page and the flapper valve in a closed position.

[0016] Fig. 4 is a cross-sectional side view of the valve assembly as in Fig. 3 with the
flapper valve in an open position.

[0017] Fig. 5 is a cross-sectional side view of the valve assembly, rotated 90° with regard
to Fig. 3 and the valve shaft extending across the page, with the flapper valve in a closed
position.

[0018] Fig. 6 is a cross-sectional side view of the valve assembly as in Fig. 5 but with the
flapper valve in a open position.

[0019] Fig. 7 1s a perspective view of a flexible wall outside of a valve housing.

DETAILED DESCRIPTION OF THE INVENTION

[0020] A description of example embodiments of the invention follows.

[0021] Movement of a flapper valve 55 in relation to a valve housing 25 is illustrated in
Figs. 1A-1C. In Fig. 1A the flapper valve 55 is shown in a substantially open position. The
flapper valve rotates within a valve bore 60. Fig. 1B illustrates the flapper valve 55 in a
completely open position. Elastomer material 20 is visible along the circumference of the
flapper valve 55. Fig. 1C illustrates the flapper valve 55 in a completely closed position.
[0022] A valve assembly 100 having a valve housing 25a, 25b with the valve bore 60
defining a passageway is shown in Fig. 2. Within the valve bore 60 is a closed flapper valve
55 coupled to a rotatable valve shaft 15 extending across the valve bore 60. The flapper valve
55 includes a thin layer of elastomer material 20 about its circumference. Within the valve
housing 25 is a flexible wall 50 sealed at opposed edges 70, 75 to the valve housing 25. The
geometry of the flexible wall 50 is u-shaped. Within the valve housing 25 is an actuating

mechanism comprising an actuator arm 40, which rotates about a fulcrum 45, a pneumatic
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tube 30, and a spring 35. A first end of the actuator arm 40 is located between pneumatic tube
30 and spring 35. A second end of the actuator arm 40 is adjacent to and touching the flexible
wall 50. Ideally, multiple actuating mechanisms are located within the housing, providing
actuation of the flexible wall 50 at several points along the circumference of the valve bore
60.

[0023] Cross sectional views of the valve assembly 100 with the flapper valve 55 in a
closed position are shown in Figs. 3 and 5. The flexible wall 50 may be constructed from a
thin metal, such as stainless steel, capable of deflection. In this embodiment, the u-shaped
geometry of the flexible wall 50 permits the wall to deflect inwards, towards the flapper valve
55. In this position, the hoop stress in the flexible wall is minimized. This allows the flexible
wall to have significant deflection without compromising fatigue life. The flexible wall
provides radial motion capability while maintaining an ideal vacuum cavity.

[0024] Cross sectional views of the valve assembly 100 with the flapper valve 55 in an
open position are shown in Figs. 4 and 6. In this position, the metal wall is deflected
outwards from the flapper valve 55 and allows for ready movement of the valve. The
movement required for the actuator arm 50 to cause deflection of flexible wall 50 may be
subtle (as depicted in Figs. 3-6) or it may be more pronounced (not shown).

[0025] Flexible wall 50, without the valve housing 25, is shown in Fig. 7. The opposed
edges 70, 75 are visible. Opposed edge 70 forms the surface of the flexible wall 50 that is
internal with respect to valve housing 25a. Opposed edge 75 forms the surface which faces
the flapper valve 55.

[0026] Actuation of the radial sealing mechanism may operate as follows. The area
within the valve housing in which the actuating mechanism resides may be at atmospheric
pressure or at a controlled pressure other than atmospheric pressure. Assuming that it is
exposed to atmospheric pressure, on the atmosphere side of the flexible wall 50, an array of
actuator arms 40, located periodically about the circumference of the valve bore 60, transfers
force to provide a compression force to the flexible wall 50. Such transfer force is provided
by a spring 35, which applies load to the first end of the actuator arm 40. The pneumatic tube
30 provides a reactionary force to the spring force. In this embodiment, the spring force will
cause the valve to seal, and the pneumatic force will cause the valve to unseal. Alternative
arrangements are possible. For example, the location of the pneumatic tube and the spring
may be reversed. Additionally, with either arrangement, the pneumatic force may cause the

valve to seal while the spring force causes the valve to unseal. In yet another alternative
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embodiment, the force applied to the flexible wall may be accomplished with solely a spring
force, or solely a pneumatic force. The pneumatic force may be provided by other types of
pneumatic actuators other than pneumatic tube 30. For example, pneumatic cylinders,
pneumatic motors, or other pneumatic devices may be used, either alone or in combination.
Alternative embodiments may include other pressure regulating devices, such as hydraulic
actuators, or electromechanical devices, such as solenoids, to control the flexible wall
between positions.

[0027] While the embodiment illustrated in valve assembly 100 includes elastomer
material 20 located about the circumference of the flapper valve 55, alternative embodiments
are possible. For example, the elastomer material may be applied to the inner circumference
of the flexible metal wall, to both the flexible metal wall and the flapper valve, or not applied
at all. Further, the embodiment illustrated in valve assembly 100 may be combined with other
sealing mechanisms, such as the dynamic circumference seal shown in U.S. Pat. No.
6,439,255, which is assigned to the assignee of the present disclosure.

[0028] In an alternative embodiment, the flexible wall may be controllable to a range of
positions between a first position, sealing against the flapper valve, as depicted in Figs. 3 and
5, and a second position, allowing for ready movement of the valve, as depicted in Figs. 4
and 6. The pressure for the pneumatic actuator may be modulated in order to achieve a
controllable, variable leak that is close to zero.

[0029] The manufacture of the valve assembly 100 may involve a process by which the
flexible wall 50 is first welded to the valve housing 25 on the internal surface (outside radial
edge 70, as shown in Fig. 2), followed by installation of the actuating mechanisms, followed
by a second weld of the flexible wall 50 to the surface of the valve housing 25 which faces
the flapper valve 55 (inside radial edge 75, as shown in Fig. 2).

[0030] While this invention has been particularly shown and described with references to
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

1. A valve assembly, comprising:
a valve housing, the valve housing defining a passageway;
a flapper valve arranged within the passageway and coupled to a rotatable
valve shaft;
a flexible wall sealed along opposed edges to the housing, the flexible wall
controllable to at least two positions, including a first position sealing against the
flapper valve and a second position releasing the flapper valve to allow for ready

movement of the valve.

2. The valve assembly of Claim 1, wherein the flexible wall is controllable to a range of
positions between the first position and the second position to provide variable

leakage.

3. The valve assembly of Claim 1 or Claim 2, wherein the flexible wall is u-shaped

between the opposed edges.

4. The valve assembly of any one of Claims 1-3, wherein one opposed edge of the

flexible wall is displaced radially relative to a second opposed edge.

5. The valve assembly of any one of Claim 1-4, wherein the flexible wall provides

vacuum isolation in the first position.

6. The valve assembly of any one of Claim 1-5, further comprising an array of actuator

arms to control the flexible wall between positions.

7. The valve assembly of Claim 6, wherein each actuator arm pivots about a fulcrum

located within the valve housing.

8. The valve assembly of Claim 6 or Claim 7, wherein each actuator arm pivots in

response to a pneumatic actuator.

9. The valve assembly of any one of Claims 6-8, wherein each actuator arm pivots in

response to a spring.
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15.

16.
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19.

20.

21.
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The valve assembly of any one of Claims 1-5, further comprising a pressure

regulating actuator to control the flexible wall between positions.

The valve assembly of any one of Claims 1-5, further comprising an

electromechanical actuator to control the flexible wall between positions.

The valve assembly of any one of Claims 1-11, further comprising an elastomer

material on a perimeter of the flapper valve.

The valve assembly of any one of Claims 1-12, further comprising an elastomer

material coated onto an inner radial perimeter of the flexible wall.

A method of operation, comprising:
providing a flapper valve within a valve housing;
moving the flapper valve to a closed position;
moving a flexible wall, sealed along opposed edges to the housing, against the

flapper valve when the flapper valve is in the closed position.

The method of Claim 14, wherein the flexible wall provides vacuum isolation when

the flapper valve is in the closed position.

The method of Claim 14 or Claim 15, wherein the flexible wall is controllable to a

range of positions to provide variable leakage.

The method of any one of Claims 14-16, wherein the flexible wall is u-shaped

between opposed edges.

The method of any one of Claims 14-17, wherein one opposed edge of the flexible

wall is displaced radially relative to a second opposed edge.

The method of any one of Claims 14-18, wherein the flexible wall is controlled to at

least two positions by an array of actuator arms.

The method of Claim 19, wherein each actuator arm pivots about a fulcrum located

within the valve housing.

The method of Claim 19 or Claim 20, wherein each actuator arm pivots in response to

a pneumatic tube.
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23.

24.
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26.
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The method of any one of Claims 19-21, wherein each actuator arm pivots in response

to a spring.

The method of any one of Claims 14-18, wherein the flexible wall is controlled to at

least two positions by a pressure regulating actuator.

The method of any one of Claims 14-18, wherein the flexible wall is controlled to at

least two positions by an electromechanical actuator.

The method of any one of Claims 14-24, further comprising an elastomer material on

a perimeter of the flapper valve.

The method of any one of Claims 14-25, further comprising an elastomer material

coated onto an inner radial perimeter of the flexible wall.
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