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(57) Abstract: A diaphragm valve includes a valve
body having a passage that opens and closes to allow
fluid to pass, and to prevent fluid from passing, through
the valve body, and a bonnet assembly having a pres-
sure ring that loads/unloads a diaphragm based on a
first spring constant to seal a peripheral portion of a dia-
phragm, and having a compressor that closes/opens the
passage of the valve body. The valve-body-and-bonnet-
assembly combination has a rotational connection that
atfixes the combination together with a second spring
constant that is substantially higher than and independ-
ent from the first spring constant and that includes the
valve body having a rim/surface with two shouldered
pins arranged on opposite sides; and the bonnet as-
sembly having a corresponding rim/surface with two
keyways arranged on opposite sides. Each keyway is re-
cessed and receive/engages a respective shouldered pin
when the bonnet assembly is rotated in relation to the
valve body.
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QUICK CONNECT, POST ENERGIZED FLANGED JOINT
FOR A DIAPHRAGM VALVE

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a diaphragm valve; and more particularly

relates to a joint for a diaphragm valve.

2. Brief Description of Related Art

By way of example, Figures 1 shows a standard diaphragm valve that is
known in the art. Standard tools and fasteners for a flanged bonnet on such a
diaphragm valve require removal of several pieces in order to replace or access the
wear part (diaphragm). A “typical” flange on a one-inch valve requires four bolts,
four nuts, and eight washers, for a total of sixteen loose parts. Stainless steel bolts
are prone to galling and the joint is prone to leakage if the bolts are under loaded.
Screw threads, and holes in the body and bonnet flanges, which are partially
covered by the bolt head or nut provide areas of entrapment for cleaning solutions
and bacteria, which is highly undesirable in biopharmaceutical manufacturing
applications.

A key performance weakness of the standard joint is that the body to bonnet
connection also provides the flange seal loading. This reduces the ability for the
flange seal to be compliant to thermal expansion of the seal, for if it is made
compliant with a reduced spring constant, that lower spring constant will allow the
body and bonnet seal flanges to separate when the compressor load is applied for

valve closure.
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SUMMARY OF THE INVENTION

According to some embodiments, the present invention may take the form of
apparatus, including a diaphragm valve, that features a valve body and a bonnet
assembly. The valve body is configured with a passage to be opened to allow fluid
to pass through the valve body and to be closed to prevent fluid from passing
through the valve body. The bonnet assembly has a compressor, a pressure ring,
and a diaphragm, where the pressure ring is configured to load and unload the
diaphragm based at least partly on a first spring constant to seal a peripheral portion
of the diaphragm, and the compressor configured to close or open the passage of
the valve body. The valve body and bonnet assembly are configured with a
connection that allows the valve body and bonnet assembly to be substantially fixed
together with a second spring constant that is substantially higher than and
independent from the first spring constant.

According to some embodiments of the present invention, the connection is a
rotational connection, that may include, or take the form of, the valve body having a
rim or surface configured with at least two shouldered pins arranged on opposite
sides of the valve body; and the bonnet assembly having a corresponding rim or
surface configured with at least two keyways arranged on opposite sides of the
bonnet assembly, and each keyway being recessed and configured to receive and
engage a respective shouldered pin when the bonnet assembly is rotated in relation
to the valve body. Embodiments are also envisioned within the spirit of the present
invention where the connection is configured as, or takes the form of, a linear
connection.

According to some embodiments of the present invention, each shouldered

pin may be configured with one end coupled to the rim or surface and another end
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with a shouldered portion; and each keyway may include a first opening portion
configured to receive a respective shoulder portion of the respective shouldered pin,
and each keyway may include a second opening portion configured to receive and
engage the respective shoulder portion when the respective shouldered pin is
inserted into a respective keyway and the bonnet assembly is rotated in relation to
the valve body.

According to some embodiments of the present invention, the bonnet
assembly may include a cover configured to be rotated to cause the pressure ring to
seal the peripheral portion of the diaphragm based at least partly on the first spring
constant. By way of example, and according to some embodiments of the present
invention, the cover may be configured to attach to and rotate a central gear to
cause the pressure ring to seal the peripheral portion of the diaphragm, and the
central gear may be configured to turn multiple gear-headed screws that compress
one or more spring disc washers, which drives the pressure ring that compresses the
diaphragm against the valve body to seal the peripheral portion of the diaphragm.

According to some embodiments of the present invention, the valve body may
be configured with multiple shouldered pins, including four, arranged in a circular
pattern, substantially equi-distant in relation to one another on the rim or surface;
and the bonnet assembly may be configured with multiple keyways, including four,
arranged in a corresponding circular pattern as the multiple shoulder pins.

According to some embodiments of the present invention, the bonnet
assembly may be configured with a central load thread mechanism that includes a
bonnet portion having threads; a nut portion having corresponding threads and being
configured to engage the pressure ring, so that when the nut portion is rotated the

pressure ring loads or unloads the diaphragm based at least partly on the first spring
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constant to seal the peripheral portion of the diaphragm, and the compressor
configured to close or open the passage.

According to some embodiments of the present invention, the rotation
connection may include the valve body being configured with a surface and at least
two radially-extending flange portions arranged on opposite sides of the valve body;
and the bonnet assembly having a corresponding surface configured with at least
two channel portions, each channel portion being recessed and configured to receive
and engage a respective radially-extending flange portion when the bonnet assembly

is rotated in relation to the valve body.

BRIEF DESCRIPTION OF THE DRAWING

The drawing includes the following Figures, not necessarily drawn to scale:

Figure 1 shows a diaphragm valve that is known in the art.

Figure 2 shows a diaphragm valve according to some embodiments of the
present invention.

Figure 3 includes Figures 3a to 3e, where Figure 3a shows a perspective view
of a valve body according to some embodiments of the present invention; Figure 3b
shows a bottom perspective view of a bonnet assembly according to some
embodiments of the present invention; Figure 3¢ shows a perspective view of part of
a bonnet assembly according to some embodiments of the present invention; Figure
3d shows a cross-sectional view of a diaphragm valve according to some
embodiments of the present invention; Figure 3e shows an enlarged view of part of
the diaphragm valve shown in Figure 3d according to some embodiments of the
present invention; Figure 3f is a partial cutaway of the valve body and bonnet

assembly showing a stud keyway arrangement, according to some embodiments of
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the present invention; and Figure 3g is a partial cutaway (90°) of the valve body and
bonnet assembly showing a load travel path from gear headed screws to a pressure
ring, according to some embodiments of the present invention.

Figure 4 includes Figures 4a to 4c, where Figure 4a shows an exploded view
of a diaphragm valve according to some embodiments of the present invention;
Figure 4b shows a diaphragm valve according to some embodiments of the present
invention; and Figure 4c shows a partial cross-sectional view of a bonnet assembly
that forms part of a diaphragm valve according to some embodiments of the present
invention.

In the following description of the exemplary embodiment, reference is made
to the accompanying Figures in the drawing, which form a part hereof, and in which
are shown by way of illustration of an embodiment in which the invention may be
practiced. It is to be understood that other embodiments may be utilized, as
structural and operational changes may be made without departing from the scope of

the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Figures 2 and 3 show apparatus generally indicated as 10, such as a
diaphragm valve, according to some embodiments of the present invention. The
diaphragm valve 10 includes a valve body 12 and a bonnet assembly generally
indicated as 14. The valve body 12 is configured with a passage 13 to be opened to
allow fluid to pass through the valve body and to be closed to prevent fluid from
passing through the valve body 12. The bonnet assembly 14 has a compressor 15,
a pressure ring 34, and a diaphragm 17. The pressure ring 34 is configured to load

and unload the diaphragm 17 based at least partly on a first spring constant to seal a
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peripheral portion 17a of the diaphragm 17. The compressor 15 is -configured to
close or open the passage 13 of the valve body 12. The valve body 12 and bonnet
assembly 14 are configured with a connection or attachment, e.g., which may be a
rotational connection or attachment, that allows the valve body 12 and the bonnet
assembly 14 to be substantially fixed together with a second spring constant that is
substantially higher than and independent from the first spring constant.

Figures 3a to 3g show one version of the rotational connection or attachment,
and Figures 4a to 4c show another version of the rotational connection or
attachment, all according to some embodiments of the present invention. While the
present invention is shown and described in relation to rotation connections or
attachments, embodiments are envisioned in which a linear connection or

attachment may be configured with the scope and spirit of the present invention.

Figures 3a to 3g

Consistent with that shown in Figures 3a, the valve body 12 includes at least
two shouldered pins, studs or bolts 12a, two ports 12b, 12¢, a weir (dam) portion
12d, and a rim or surface 12e.

Consistent with that shown in Figures 3b, the bonnet assembly 14 includes a
cover 16, a knob 18, a bonnet portion 20 having a rim or surface 20a and at least
two keyways 22.

In Figure 3a, one part of the rotation connection include the rim or surface 12e
being configured with the at least two shouldered pins 12a arranged on opposite
sides of the valve body 12. In Figure 3a, the rim or surface 12e is shown configured
with four shouldered pins 12a arranged in a circular pattern, substantially equi-

distant on the rim or surface 12e. In Figure 3a, each shouldered pin 12a may be



10

15

20

25

WO 2014/015326 PCT/US2013/051428

configured with one end 12a; coupled to the rim or surface 12e and another end with
a shouldered portion 12a..

In Figure 3b, the other part of the rotational connection includes the
corresponding rim or surface 20a being configured with the at least two keyways 22
arranged on opposite sides of the bonnet assembly 14. As shown, each keyway 22
is recessed into the corresponding rim or surface 20a and is configured to receive
and engage a respective shouldered pin 12a when the bonnet assembly 14 is
rotated in relation to the valve body 12. In Figure 3b, the rim or surface is shown
configured with four keyways 22 arranged in a corresponding circular pattern as the
four shoulder pins 12a on the rim or surface 20a. In Figure 3b, each keyway 22 may
include a first opening portion 22a configured to receive a respective shoulder
portion 12a, of the respective shouldered pin 12a. Each keyway may also include a
second opening portion 22b configured to receive and engage the respective
shoulder portion 12a, when the respective shouldered pin 12a is inserted into a
respective keyway 22 and the bonnet assembly 14 is rotated in relation to the valve
body 12. As a person skilled in the art would appreciate, the shoulder portion 12a, of
the respective shouldered pin 12a is dimensioned to be smaller than the first opening
portion 22a so as to pass through and into same, and is dimensioned to be larger
than the second opening portion 22b so as to engaged and retained therein. As
shown in Figure 3f, the shoulder portion 12a, is configured with a shoulder rim
portion 12as, and the second opening portion 22b is configured with a second
opening rim portion 12c, When the respective shouldered pin 12a is inserted into the
respective keyway 22 and the bonnet assembly 14 is rotated in relation to the valve
body 12, the shoulder rim portion 12as engages the second opening rim portion 22¢

to retain the respective shouldered pin 12a in the respective keyway 22.
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In Figures 3a to 3f, multiple shouldered pins 12a and keyways 22 are used to
join the valve body 12 and bonnet assembly 14. When the multiple shouldered pins
12a are inserted into the keyways 22 and rotated, the valve body 12 and the bonnet
assembly 14 cannot be pulled directly apart. In operation, these shouldered pins
12a and keyways 22 provide the reaction or retaining force, when the flanged joint is
energized, consistent with that set froth below. In addition to the frictional resistance
between the shouldered pins 12a and the keyways 22, embodiments are envisioned
in which a detent in two or more of the keyways 22 may be used to insure that the
bonnet assembly 14 and the valve body 12 cannot rotationally disengage once the
load is applied, as the shouldered pins 12a will be loaded into the detents.

For example, energy, for the flanged joint to compress the diaphragm or
gasket 17 and provide a tight peripheral seal, is provided by turning the cover 16.
The cover 16 is attached to a central gear 28 (Figure 3c), which rotates with it. The
central gear 28 will turn multiple gear-headed screws 30. Figure 3¢ shows three
such gear-head screws 30. Figure 3g shows the load travel path from the gear-
headed screws 30, through at least one washer 31, compressing Belleville springs
32, to the pressure ring 34 (with a compressor hidden for clarity). The gear-headed
screws 30 each have an end screw portion 30a configured to compress one or more
spring disc washer(s) 31 and the Belleville springs 32 (see Figures 3e and 3g), which
in turn drive the pressure ring 34 that provides the low spring constant pressure and
compresses the peripheral portion 17a of the gasket or diaphragm 17 against the rim
or surface 12e of the valve body or body flange 12 to seal the peripheral portion 17a
of the diaphragm 17, as best shown in Figure 3e. In effect, the screws 30 force the
bonnet portion 20 apart from the combination of the one or more spring disc

washer(s) 31, the Belleville springs 32 and the pressure ring 34, thereby providing a
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downward force on the pressure ring 34 to seal the diaphragm 17, and an upward
force on the bonnet portion 20 to fix or retain the respective shouldered pin 12a in
the respective keyway 22. The reader is also referred to patent application serial no.
13/554,541, filed 20 July 2012 (911-002.051//F-EV-1202US), which is hereby
incorporated by reference in its entirety, for alternative techniques for sealing the rim,
surface or flange portion of the valve body with the peripheral portion of the
diaphragm. The compressor 15 is configured to respond to the turning of the knob
18, and to close the valve passageway by causing a central part 17b of the
diaphragm 17 to seal the weir portion 12d to prevent fluid from passing through the
valve body 12, as best shown in Figure 3d. However, the scope of the present
invention is not limited to manual actuation of the compressor 15, since
embodiments are envisioned using non-manual actuation of the compressor. For
example other types or kinds of actuation may be used that provide thrust to the
compressor 15, including, but not limited to manual, pneumatic, hydraulic, and
electric motor actuation. The reader is also referred to patent application serial no.
13/554,535, filed 20 July 2012 (911-002.049-1//F-EV-1201US), which is hereby
incorporated by reference in its entirety, for alternative two-studded diaphragm
techniques for sealing the weir portion of the diaphragm with the valve diaphragm.
One advantage of the present invention is that this mechanism allows a reduction of
the thread size used to create the peripheral load, which minimizes the frictional
torque to achieve the required seal load.

Moreover, application of the load in this technique may be achieved without
tools, however, tools may be employed to load the spring(s), and may even be

required in certain loading methods, depending on valve size.
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A key feature to the present invention is that this rotational connection or
attachment method shown in Figures 2 and 3a to 3f allows the valve body 12 to
bonnet assembly 14 to be essentially fixed with a very high spring constant, and
independent from the compliant, lower spring constant, loading of the flanged seal.
Due to these being independent features, another advantage of the present
invention is that the compressor load applied by compressor 15, which closes the
diaphragm 17, is resisted by the high spring constant shouldered pins or bolts
without disturbing the lower spring constant flange seal which allows compliance for
thermal expansion and creep reduction of the seal.

Another advantage of the present invention is the ability to make the valve
body 12 to bonnet assembly 14 connection prior to energizing the flanged joint seal.
This allows for simplicity and quick attachment/release of the connection.

As alternate attachment methods, the keyways 22 may be configured to fully
enclose the studs as shown, or may only encase only the neck of the studs. Other
simple "slide on " attachment methods may also be used prior to the load
introduction.

As an alternate loading method, the force applied by the pressure ring 34 can
be achieved by replacement of the gear-headed screws 30 (see Figures 3c to 3e)
with standard screws or threads that can be turned down incrementally in a bolt
pattern.

Figures 3a to 3g show other parts or elements that form part of the diaphragm
valve 10, but do not form part of the underlying invention, including a compressor pin

40, O-rings, and are thus not discussed in detalil.

10
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Figures 4a to 4c:

Figures 4a to 4c show the other version of the rotational connection or
attachment for a diaphragm valve generally indicated as 50 having a valve body 52
and a bonnet assembly 54, according to some embodiments of the present
invention. Parts in Figures 4a to 4b that are similar to parts in Figures 3a to 3g have
similar part labels, e.g., including the ports 12b, 12¢ and the passage 13 of the valve
body 52.

As shown, the rotation connection may include the valve body 52 being
configured with a surface and at least two radially-extending flange portions 56
arranged on opposite sides of the valve body 52. The bonnet assembly 54 has a
bonnet portion 55 having a corresponding surface 54a configured with at least two
channel portions 58. Each channel portion 58 is recessed and configured to receive
and engage a respective radially-extending flange portion 56 when the bonnet
assembly is rotated in relation to the valve body. Consistent with that set forth
above, The rotational connection or attachment allows the valve body 52 and the
bonnet assembly 54 to be substantially fixed together with a second spring constant

that is substantially higher than and independent from a first spring constant.

The Central Loaded Thread Mechanism
The flange spring load may also be achieved by other means, such as a
central thread. Figure 4c shows an example of an alternative central load thread
mechanism, including a cross sectional view showing centralized threads 55a.
As shown in Figure 4c, the diaphragm valve 50 may be configured with a
central loaded thread mechanism that forms part of the bonnet assembly 54,

according to some embodiments of the present invention.

11
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For example, the central load thread mechanism may include the bonnet
portion 55 having threads 55a; a nut portion 60 having corresponding threads 60a
and being configured to engage a spindle 51 , so that when the nut portion 60 is
rotated the pressure ring 34 loads or unloads the diaphragm 17 based at least partly

on the first spring constant to close or open the passage 12c.

The Scope Of The Invention

It should be understood that, unless stated otherwise herein, any of the
features, characteristics, alternatives or modifications described regarding a
particular embodiment herein may also be applied, used, or incorporated with any
other embodiment described herein. Also, the drawings herein are not drawn to
scale.

Although the invention has been described and illustrated with respect to
exemplary embodiments thereof, the foregoing and various other additions and
omissions may be made therein and thereto without departing from the spirit and

scope of the present invention.

12
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WHAT WE CLAIM IS:

1. Apparatus, including a diaphragm valve, comprising:

a valve body configured with a passage to be opened to allow fluid to pass
through the valve body and to be closed to prevent fluid from passing through the
valve body;

a bonnet assembly having a compressor, a pressure ring, and a diaphragm,
the pressure ring configured to load and unload the diaphragm based at least partly
on a first spring constant to seal a peripheral portion of the diaphragm, and the
compressor configured to close or open the passage of the valve body; and

the valve body and bonnet assembly being configured with a connection that
allows the valve body and bonnet assembly to be substantially fixed together with a
second spring constant that is substantially higher than and independent from the

first spring constant.

2. Apparatus according to claim 1, wherein the connection is a rotational
connection that includes:

the valve body having a rim or surface configured with at least two shouldered
pins arranged on opposite sides of the valve body; and

the bonnet assembly having a corresponding rim or surface configured with at
least two keyways arranged on opposite sides of the bonnet assembly,

each keyway being recessed and configured to receive and engage a
respective shouldered pin when the bonnet assembly is rotated in relation to the

valve body.

13
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3. Apparatus according to claim 2, wherein

each shouldered pin is configured with one end coupled to the rim or surface
and another end with a shouldered portion; and

each keyway has a first opening portion configured to receive a respective
shoulder portion of the respective shouldered pin, and each keyway has a second
opening portion configured to receive and engage the respective shoulder portion
when the respective shouldered pin is inserted into a respective keyway and the

bonnet assembly is rotated in relation to the valve body.

4. Apparatus according to claim 1, wherein the bonnet assembly comprises a
cover configured to be rotated to cause the pressure ring to seal the peripheral

portion of the diaphragm based at least partly on the first spring constant.

5. Apparatus according to claim 4, wherein the cover is configured to attach to
and rotate a central gear to cause the pressure ring to seal the peripheral portion of

the diaphragm.

6. Apparatus according to claim 5, wherein the central gear is configured to
turn multiple gear-headed screws that compress one or more spring disc washers,
which drives a pressure ring that compresses the diaphragm against the valve body

to seal the peripheral portion of the diaphragm.

14
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7. Apparatus according to claim 2, wherein

the valve body is configured with multiple shouldered pins, including four
shouldered pins, arranged in a circular pattern, substantially equi-distant in relation
to one another on the rim or surface; and

the bonnet assembly may be configured with multiple keyways, including four

keyways, arranged in a corresponding circular pattern as the multiple shoulder pins.

8. Apparatus according to claim 1, wherein the bonnet assembly is configured
with a central load thread mechanism that includes

a cover portion having threads; and

a nut portion having corresponding threads and being configured to engage
the metal elastic springs , so that when the nut portion is rotated, the pressure ring
loads or unloads the diaphragm based at least partly on the first spring constant to
seal the peripheral portion of the diaphragm, and the compressor configured to close

or open the passage.

9. Apparatus according to claim 1, wherein the rotation connection includes:

the valve body being configured with a surface and at least two radially-
extending flange portions arranged on opposite sides of the valve body; and

the bonnet assembly having a corresponding surface configured with at least
two channel portions, each channel portion being recessed and configured to receive
and engage a respective radially-extending flange portion when the bonnet assembly

is rotated in relation to the valve body.

15
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Figure 1: State-of-the-art ma Figure 2: Prototype of valve u
diaphragm valve (Prior Art) described inventions
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12e Figure 3e Figure 3d

Figure 3: Attachment and flange seal loading methods
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