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APPARATUS TO INTERFACE WITH A CORRUGATED DIAPHRAGM

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to fluid regulators and, more particularly, to

apparatus to interface with a corrugated diaphragm.
BACKGROUND

[0002] Fluid regulators are commonly distributed throughout process control systems
to control flow rates and/or pressures of various fluids (e.g. liquids, gases, etc.). Fluid
regulators are commonly used to regulate the pressure of a fluid to a substantially constant
value. A fluid regulator typically has an inlet to receive a supply fluid, an outlet to provide
the supply fluid, and a sensing element or diaphragm to measure and regulate pressure within
the fluid regulator. Some diaphragm fluid regulators have a seating element that moves when
fluid contacts and displaces the diaphragm. In some such diaphragm fluid regulators, the
movement of the sealing element affects the amount of fluid flowing between the inlet and
the outlet.

[0003] Elastomeric diaphragms are cost effective and are typically used with low-
pressure and low-temperature applications. For high-pressure and high-temperature
applications, fluid regulators often employ a metal diaphragm (e.g., a stainless steel
diaphragm). Some metal diaphragms include convolutions or wave-shaped contours to
increase a sensitivity of the diaphragm.

SUMMARY

[0004] In one example, an apparatus for use with a fluid regulator includes an
elastomeric ring having a corrugated profile that corresponds to a corrugated profile of a
diaphragm of the fluid regulator. The elastomeric ring is to be positioned between a valve
body and a bonnet of the fluid regulator to clamp the diaphragm between the valve body and
the bonnet. A metallic ring positioned between the valve body and the bonnet engages the
elastomeric ring to support the elastomeric ring.

[0005] In another example, an apparatus includes a valve body defining a fluid flow
passageway, a diaphragm having a corrugated profile and positioned between the valve body
and a bonnet, and a washer to engage an outer circumferential portion of the diaphragm to
clamp the diaphragm between the valve body and the bonnet. The washer is positioned
between the valve body and the bonnet and includes an elastomeric ring having a corrugated
profile that corresponds to and engages a portion of the diaphragm having the corrugated

profile.



WO 2016/190875 PCT/US2015/032919

[0006] In another example, an apparatus includes means for sensing pressure within a
fluid flow passageway. The means for sensing has a corrugated profile and is positioned
between a valve body and a bonnet. The apparatus includes means for clamping the means
for sensing between the valve body and the bonnet. The means for clamping is positioned
between the valve body and the bonnet and includes means for engaging the means for
sensing. The means for engaging has a corrugated profile that corresponds to and engages a
portion of the means for sensing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a cross-sectional view of a known fluid regulator.

[0008] FIG. 2 is enlarged cross-sectional view of a portion of the known fluid
regulator of FIG. 1.

[0009] FIG. 3 is a cross-sectional view of an example fluid regulator in accordance
with the teachings herein.

[0010] FIG. 4 is an enlarged cross-sectional view of the example fluid regulator of
FIG. 3.

[0011] FIGS. 5 and 6 are isometric views of a corrugated washer of the example fluid
regulator of FIGS. 3-4.

[0012] FIG. 7 is an enlarged cross-sectional view of the corrugated washer of the
example fluid regulator of FIGS. 3-6.

[0013] The figures are not to scale. Instead, to clarify multiple layers and regions, the
thickness of the layers may be enlarged in the drawings. Wherever possible, the same
reference numbers will be used throughout the drawing(s) and accompanying written
description to refer to the same or like parts. As used in this patent, stating that any part (e.g.,
a layer, film, area, or plate) is in any way positioned on (e.g., located on, disposed on, or
formed on, etc.) another part, means that the referenced part is either in contact with the other
part, or that the referenced part is above the other part with one or more intermediate part(s)
located therebetween. Stating that any part is in contact with another part means that there is
no intermediate part between the two parts.

DETAILED DESCRIPTION

[0014] Many known fluid regulators employ a diaphragm that interacts with a fluid in
a sensing chamber. The fluid may displace the diaphragm which, in turn, displaces a valve
stem. Such displacement of the valve stem causes a sealing poppet fixed to the valve stem to
displace, thereby altering the fluid flow and/or the pressure differential between an inlet and

an outlet of the fluid regulator. For high-pressure and high-temperature applications, a metal
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diaphragm (e.g., a stainless steel diaphragm) is often employed within a fluid regulator.
Repeated cycling of the metal diaphragm may cause premature failure or cyclical loading
failure (e.g., fatigue) due to stress concentrations. Alternatively, repeated cycling of the
metal diaphragm may result in a portion of the diaphragm becoming dislodged (e.g.,
unclamped) and, thus, may cause performance degradation and/or loss of the primary
function of the fluid regulator.

[0015] The geometry of the diaphragm may also significantly impact stress
concentrations within the diaphragm. For example, some known metal diaphragms have
wave-shaped contours or corrugations to increase sensitivity of the diaphragm. However,
stress concentrations within such corrugated diaphragms often occur where the corrugated
surface of the diaphragm is clamped and/or constrained. The manner in which the diaphragm
is constrained (e.g., clamped) may also have a significant impact on the stress concentrations
within the diaphragm and/or the likelihood of the diaphragm becoming dislodged. Some
known fluid regulators clamp a peripheral edge of a metal diaphragm between a regulator
valve body and a bonnet. Such a clamped connection can cause stress concentrations in the
diaphragm, which can lead to premature failure or fatigue of the diaphragm and/or the
diaphragm being pulled out of its peripheral restraints, thereby reducing the life cycle of the
diaphragm and/or increasing maintenance costs.

[0016] The example fluid regulators described herein substantially improve a cycle
life or fatigue life of a corrugated sensing element or diaphragm. More specifically, the
example fluid regulators described herein reduce localized stress concentrations to portions of
the corrugated diaphragm by including a corrugated elastomeric ring or retainer to constrain
or clamp the corrugated diaphragm between a valve body and a bonnet of the example fluid
regulators.

[0017] An example fluid regulator described herein includes a corrugated elastomeric
ring or retainer adjacent a sensing chamber of the fluid regulator to clamp a peripheral
portion of the corrugated diaphragm between a valve body and a bonnet of the fluid regulator.
The corrugated surface and the elastomeric material of the retainer affect the amount of stress
imparted to the corrugated diaphragm during operation. For example, the corrugated surface
of the retainer has a cross-sectional shape or profile that is substantially similar to a cross-
sectional shape or profile of the peripheral portion of the diaphragm engaged by the retainer
to substantially increase a contact surface area between the retainer and the corrugated

diaphragm.
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[0018] To further increase the contact surface area between the retainer and the
corrugated diaphragm of the example fluid regulator, the retainer is composed of, for
example, an elastomeric material. The elastomeric material of the retainer allows the
corrugated surface of the retainer to conform to the corrugated surface of the diaphragm.
Because the elastomeric corrugated retainer can conform to the corrugated surfaces of the
diaphragm, the elastomeric material allows for increased manufacturing tolerances compared
to a less elastic material such as, for example, a metallic material.

[0019] The increased contact surface area between the corrugated elastomeric retainer
and the corrugated diaphragm reduces stress concentrations by distributing stresses imparted
on the corrugated diaphragm across a greater area or portion of the diaphragm and, thus,
significantly reduces localized stresses or fatigue deformation of the corrugated diaphragm.
As aresult, the corrugated elastomeric retainer significantly improves the cycle or fatigue life
of the corrugated diaphragm.

[0020] In some example fluid regulators described herein, the corrugated elastomeric
retainer may be received by a metallic ring or retainer to form a washer. For example, the
corrugated elastomeric retainer may be inserted into a circumferential groove of the metallic
retainer. With such example fluid regulators, the metallic retainer of the washer may provide
structural support to the corrugated elastomeric retainer as it clamps the corrugated
diaphragm between the valve body and the bonnet. Additionally or alternatively, the
corrugated elastomeric retainer and the metallic retainer of the washer may be positioned
within a cavity adjacent the sensing chamber of the fluid regulator that is formed by a
shoulder of the valve body and a shoulder of the bonnet. For example, a first portion of the
washer may be received within a groove defined by the shoulder of the valve body, and a
second portion of the washer may be received within a groove defined by the shoulder of the
bonnet.

[0021] In other example fluid regulators described herein, a corrugated pusher plate
coupled to a stem engages a portion of the corrugated diaphragm. For example, a portion of
the pusher plate has a corrugated surface with a cross-sectional shape or profile that is
substantially similar to a cross-sectional shape or profile of a portion of the corrugated
diaphragm.

[0022] Before discussing the example fluid regulator described herein, a brief
description of a known fluid regulator 100 is provided in FIGS. 1 and 2. As illustrated in
FIG. 1, the example fluid regulator 100 includes a valve body 102 threadably coupled to a
bonnet 104 that defines a fluid passageway between an inlet 106 and an outlet 108. A load
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assembly 110 is disposed within the bonnet 104 and is adjustable to provide a load to a
diaphragm 112 that corresponds to a desired fluid outlet pressure. A peripheral edge 114 of
the diaphragm 112 is clamped or captured between the bonnet 104 and the valve body 102
such that a first side 116 of the diaphragm 112 and the valve body 102 define a sensing
chamber 118 that is in fluid communication with the outlet 108 via a passageway 120. To
provide support to the diaphragm 112, the fluid regulator 100 includes a back-up plate 122
having a substantially flat or planar contact surface 124 that engages a portion of a second
side 126 of the diaphragm 112. The diaphragm 112 of the known fluid regulator 100
illustrated in FIG. 1 is a metal diaphragm having a plurality of wave-shaped contours or
convolutions 128 to increase a sensitivity of the diaphragm 112. To regulate or throttle the
flow of fluid between the inlet 106 and the outlet 108, a poppet 130 moves relative to a valve
seat 132. The poppet 130 includes a stem 134 to engage the diaphragm 112 and the back-up
plate 122. Also, as illustrated in FIG. 1, a biasing element 136 biases the poppet 130 toward
the valve seat 132.

[0023] In operation, the diaphragm 112 and the back-up plate 122 move in a direction
away from the stem 134 when a fluid pressure at the outlet 108 provides a force to the first
side 116 of the diaphragm 112 that is greater than or equal to the force provided to the second
side 126 by the load assembly 110. As a result, the poppet 130 sealingly engages the valve
seat 132 to restrict fluid flow between the inlet 106 and the outlet 108. When the fluid
pressure at the outlet 108 decreases such that the force provided to the first side 116 is less
than the force provided to the second side 126 by the load assembly 110, the diaphragm 112
flexes or moves toward the valve body 102 and engages the stem 134. As a result, the poppet
130 moves in a direction away from the valve seat 132 to allow pressurized fluid flow
between the inlet 106 and the until the forces on the sides 116 and 126 of the diaphragm 112
are balanced.

[0024] As most clearly illustrated in FIG. 2, the peripheral edge 114 of the diaphragm
112 is clamped between the bonnet 104 and the valve body 102 at a pinch point or area 202.
Clamping the diaphragm 112 in such a manner is disadvantageous because it generates
relatively high stress concentration at an area or point 204 immediately adjacent the pinch
point 202 as the diaphragm 112 flexes or bends. The pinch point 202 subjects the area 204 of
the diaphragm 112 to a relatively high stress concentration. As a result, the pinch point 202
may cause the area 204 to fracture or fatigue during operation. Thus, the highly concentrated

or localized stresses may reduce or limit the cycle life or fatigue life of the diaphragm 112.
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[0025] FIG. 3 illustrates an example fluid regulator 300 described herein. The
example fluid regulator 300 includes a regulator body 302 having an upper body portion or
bonnet 304 coupled to a lower body portion or valve body 306 via, for example, threaded
fasteners 308. The valve body 306 forms a fluid flow path between an inlet 310 and an outlet
312 of the fluid regulator 300. A diaphragm 314 is clamped between the valve body 306 and
the bonnet 304 via a ring, washer or retainer 316. For example, the diaphragm 314 is
positioned such that a first side 318 of the diaphragm 314 and the bonnet 304 define a load
chamber 320 to receive a load assembly 322. Additionally, a sensing chamber 324 may be
defined by a second side 326 of the diaphragm 314 and an inner surface 328 of the valve
body 306. The sensing chamber 324 may be fluidly coupled to the outlet 312 via a passage
330 to sense the pressure of the fluid at the outlet 312, for example.

[0026] To provide a reference force or load (e.g., a preset load) to the first side 318 of
the diaphragm 314, the load assembly 322 may be operatively coupled to the first side 318 of
the diaphragm 314 via a diaphragm plate or back-up plate 332. As illustrated in FIG. 3, the
load assembly 322 includes a first biasing element 334 (e.g., a spring) disposed within the
load chamber 320 to provide a load to the diaphragm 314 via the back-up plate 332. For
example, the load is adjusted via a screw 336 of a spring adjuster 338 that engages an
adjustable spring seat 340 coupled to an end 342 of the first biasing element 334. The screw
336 of the spring adjuster 338 may be held in place relative to the bonnet 304 via a jam nut
344. For example, the load provided by the first biasing element 334 may be adjusted to
correspond to a desired outlet pressure.

[0027] As illustrated in FIG. 3, the second side 326 of the diaphragm 314 may engage
a pusher plate 346 that is coupled to a first end 348 of a stem 350 of a valve apparatus or
valve cartridge assembly 352. For example, the pusher plate 346 couples to the back-up plate
332 via an aperture 354 in the diaphragm 314. A valve plug or poppet 356 of the valve
apparatus 352 is coupled to and/or adjacent a second end 358 of the stem 350 and is disposed
within a cavity 360 of a valve plug guide 362. For example, a biasing element 364 is also
disposed in the cavity 360 and engages the poppet 356 to bias the poppet 356 toward a valve
seat 366. When the fluid regulator 300 is in a closed position, the poppet 356 engages the
valve seat 366 to restrict fluid flow between the inlet 310 and the outlet 312. Conversely,
when the fluid regulator 300 is in an open position, the poppet 356 is positioned away from
the valve seat 366 to allow fluid flow between the inlet 310 and the outlet 312.

[0028] In operation, the example fluid regulator 300 fluidly couples to, for example,

an upstream pressure source providing a relatively high pressure fluid (e.g., a gas) via the

-6 -



WO 2016/190875 PCT/US2015/032919

inlet 310 and fluidly couples to, for example, a low pressure downstream device or system
via the outlet 312. The fluid regulator 300 regulates the outlet pressure of the fluid flowing
through the fluid regulator 300 to a desired pressure that corresponds to the preset load
provided by the adjustable load assembly 322. For example, the sensing chamber 324 senses
a pressure of the pressurized fluid at the outlet 312 via the passage 330, which causes the
diaphragm 314 to move, flex or bend in response to pressure changes in the sensing chamber
324. More specifically, the diaphragm 314 moves between a first position associated with the
closed position of the fluid regulator 300 and a second position associated with the open
position of the fluid regulator 300.

[0029] For example, as the fluid flows between the inlet 310 and the outlet 312, the
pressure of the fluid at the outlet 312 increases and causes the diaphragm 314 to move to the
position associated with the closed position of the fluid regulator 300. More specifically, as
the pressure of the fluid at the outlet 312 and within the sensing chamber 324 increases, the
pressure of the fluid exerts a force on the second side 326 of the diaphragm 314 to cause the
diaphragm 314 and, thus, the pusher plate 346 to move in a rectilinear motion away from the
valve body 306. In turn, the stem 350 causes the poppet 356 to move toward the valve seat
366 to reduce fluid flow between the inlet 310 and the outlet 312.

[0030] When a force exerted on the second side 326 of the diaphragm 314 by the
pressurized fluid is greater than or equal to the reference force exerted by the load assembly
322 on the first side 318 of the diaphragm 314, the diaphragm 314 and, thus, the pusher plate
346 may move toward the first position (i.e., the position associated with the closed position
of the fluid regulator 300). More specifically, the poppet 356 may move toward the valve
seat 366 to prevent or restrict fluid flow between the inlet 310 and the outlet 312 when the
pressure differential across the diaphragm 314 is substantially near zero (i.e., the pressure of
the fluid in the sensing chamber 324 is regulated to a pressure that generates a force
substantially equal to the load provided by the load assembly 322).

[0031] Conversely, when the force exerted by the biasing element 364 and the
pressurized fluid on the second side 326 of the diaphragm 314 is less than the reference force
exerted by the first biasing element 334 on the first side 318 of the diaphragm 314, the
diaphragm 314 and, thus, the pusher plate 346 may move toward the second position (i.e., the
position associated with the open position of the fluid regulator 300). In turn, the stem 350
moves away from the bonnet 304, which causes the poppet 356 to disengage from the valve

seat 366 to allow or increase fluid flow between the inlet 310 and the outlet 312.
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[0032] FIG. 4 illustrates an enlarged portion of the fluid regulator of FIG. 3. As
illustrated in FIG. 4, the diaphragm 314 includes a peripheral portion 402, a central portion
404, and a flexible intermediate portion 406 between the peripheral portion 402 and the
central portion 404. For example, each of the peripheral portion 402 and the central portion
404 has a substantially flat or tabular surface. The intermediate portion 406 has a plurality of
wave-shaped contours, convolutions or corrugations 408 that flex or bend when the
diaphragm 314 moves between the first position associated with the closed position and the
second position associated with the open position.

[0033] As illustrated in FIG. 4, each of the corrugations 408 includes a convex
portion (in the orientation of FIG. 4) or curved surface 410 and a concave portion (in the
orientation of FIG. 4) or curved surface 412 to form a continuous smooth curve or wave-
shaped corrugation 408. The convex portions 410 and/or the concave portions 412 may have
substantially similar radii of curvature or may have varying radii of curvature. For example,
a first convex portion 414 and/or a first concave portion 416 of a first corrugation 418 may
have a first radius of curvature and a second convex portion 420 and/or a second concave
portion 422 of a second corrugation 424 may have a second radius of curvature different from
the first radius of curvature. The corrugations 408 may significantly increase the sensitivity
of the diaphragm 314 to enable the fluid regulator 300 to have a more compact dimensional
envelope. The diaphragm 314 may be composed of a metallic material such as, for example
stainless steel.

[0034] FIG. 4 also illustrates the pusher plate 346 of the fluid regulator 300. For
example, the pusher plate 346 has an opening or aperture 426 that receives the first end 348
of the stem 350. For example, the first end 348 of the stem 350 also receives a portion 428 of
the back-up plate 332 that is positioned through the aperture of 354 of the diaphragm 314 and
within the aperture 426 of the pusher plate 346.

[0035] As illustrated in FIG. 4, the pusher plate 346 has an expanded diameter 430
that is equivalent to a diameter 432 of the central portion 404 of the diaphragm 314 and at
least a portion of a diameter 434 of the flexible intermediate portion 406 of the diaphragm
314. In other words, at least a portion of the pusher plate 314 engages the corrugations 408
of the flexible intermediate portion 406 of the diaphragm 314. For example, the portion of
the pusher plate 346 that engages the flexible intermediate portion 406 of the diaphragm 314
has a wave-shaped contour, convolution or corrugation 436 that engages at least one of the
corrugations 408 of the diaphragm 314. In particular, the corrugation 436 of the pusher plate

346 may have a shape or profile that is substantially similar to the shape or profile of
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corrugations 408 of the flexible intermediate portion 406 of the diaphragm 314 such that the
corrugations 408 and 436 matably engage.

[0036] In operation, the diaphragm 314 engages and directs movement of the pusher
plate 346. For example, the diaphragm 314 pushes the pusher plate 346 toward the valve
body 306 as the diaphragm 314 flexes toward the valve body 306, and the pusher plate 346
pushes the diaphragm 314 away from the valve body 306 as the diaphragm 314 flexes away
from the valve body 306. The enlarged diameter 430 of the pusher plate 346 increases the
surface area over which the pusher plate 346 engages the diaphragm 314. Thus, pressure
applied to the diaphragm 314 by the pusher plate 346 may be reduced. More specifically, the
surface area over which the pusher plate 346 engages the diaphragm 314 is increased and,
thus, the pressure applied to the diaphragm 314 is reduced by having the corrugations 436 of
the pusher plate 346 match and engage the corrugations 408 of the diaphragm 314. By
increasing the surface area over which the pusher plate 346 and the diaphragm 314 engage,
the stress concentrations within the corrugations 408 of the flexible intermediate portion 406
of the diaphragm 314 are reduced. As a result, the cycle or fatigue life of the diaphragm 314
is significantly increased.

[0037] FIG. 4 also illustrates the peripheral portion 402 of the diaphragm 314 being
clamped or captured between the bonnet 304 and the valve body 306. In particular, the
retainer 316 may be employed to facilitate clamping the peripheral portion 402 of the
diaphragm 314 between the bonnet 304 and the valve body 306. For example, the retainer
316 is at least partially positioned within a cavity 438 formed by a groove 440 of the bonnet
304 and a groove 442 of the valve body 306 that is adjacent the groove 440 of the bonnet
304. Asillustrated in FIG. 4, the retainer 316 also engages a portion of the intermediate
portion 406 of the diaphragm 314.

[0038] The retainer 316 includes a substantially rigid support ring 444 and a
substantially elastic ring 446 to be received within a groove 448 of the support ring 444. As
illustrated in FIG. 4, the elastic ring 446 engages portions of the peripheral and intermediate
portions 402 and 406 of the diaphragm 314. Additionally or alternatively, a surface of the
support ring 444 may engage a portion of the peripheral portion 402 of the diaphragm 314 to
further clamp the diaphragm 314 between the valve body 306 and the bonnet 304. The
support ring 444 may be composed of, for example, a metallic material such as, for example,
stainless steel, aluminum, or steel.

[0039] As illustrated in FIG. 4, the elastic ring 446 may define a wave-shaped

contour, convolution or corrugation 450 that engages one of the corrugations 408 of the

-9.



WO 2016/190875 PCT/US2015/032919

diaphragm 314. In particular, the corrugation 450 of the elastic ring 446 may have a shape or
profile that is substantially similar to the shape or profile of one of the corrugations 408 of the
diaphragm 314 such that the corrugations 450 and 408 matably engage. Although not shown,
the elastic ring 446 may define more than one corrugation 408 that engage more than one of
the corrugations 408 of the diaphragm 314. The corrugations 408 and 450 of the diaphragm
314 and the elastic ring 446, respectively, having substantially similar profiles increases the
contact surface area between the retainer 316 and the diaphragm 314 and, thus, reduces stress
or strain concentrations within the diaphragm 314 by distributing stresses imparted on the
diaphragm 314 across a greater area. As a result, the cycle or fatigue life of the diaphragm
314 may be significantly increased.

[0040] The elastic ring 446 may be composed of, for example, an elastomeric
material such as, for example, thermoset polyurethane, thermoplastic polyurethane, or EPDM
(i.e., ethylene propylene diene monomer (M-class) rubber). Because the elastomeric material
of the elastic ring 446 may flex or compress to match the corrugations 408 of the diaphragm
314, the elastic ring 446 conforms to and improves engagement with the diaphragm 314. The
elastic ring 446 conforming to the diaphragm 314 reduces the stress or strain that the retainer
316 imparts on the diaphragm 314. Conversely, the elastic ring 446 conforming to the
diaphragm 314 reduces the stress or strain that the diaphragm 314 imparts on the elastic ring
446. As aresult, the cycle or fatigue life of the elastic ring 446 may be significantly
increased. Also, because the elastomeric material of the elastic ring 446 may conform to the
shape of the diaphragm 314, the elastomeric material allows for increased tolerances in
manufacturing the retainer 316 and, in particular, the elastic ring 446.

[0041] FIGS. 5 and 6 show alternative isometric views of the support ring 444 and the
elastic ring 446 of the retainer 316. More specifically, FIG. 5 illustrates an outer
circumferential surface 502 of the support ring 444 that defines a substantially flat outer
circumferential edge 504 of the retainer 316. A first surface 506 of the support ring 444
having a substantially flat or tabular surface may be positioned between the outer
circumferential edge 504 and an inner circumferential edge 508 of the retainer 326.

[0042] FIG. 6 illustrates the elastic ring 446 that is received by the groove 448 of the
support ring 444. For example, a surface 510 of the elastic ring 446 defines a substantially
flat circumferential portion 512 to engage part of the peripheral portion 402 of the diaphragm
314 (FIG. 4) and defines the corrugation 450 to engage at least part of the intermediate
portion 406 of the diaphragm 314 (FIG. 4). More specifically, the corrugation 450 of the

elastic ring 446 may form a circumferential convex surface 514. In particular, the
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corrugation 450 of the elastic ring 446 may have a shape or profile that is substantially
similar to the shape or profile of one of the corrugations 408 of the intermediate portion 406
of the diaphragm 314 (FIG. 4).

[0043] FIG. 6 also illustrates that the groove 448 of the support ring 444 is adjacent
an inner circumferential surface 516 and a substantially flat or tabular second surface 518 of
the support ring 444. The elastic ring 446 aligns with the support ring 444 when the elastic
ring 446 is received by the groove 448 of the support ring 444. For example, an inner
circumferential surface 520 of the elastic ring 446 aligns with and is adjacent the inner
circumferential surface 516 of the support ring 444 to form the substantially flat inner
circumferential edge 508 of the retainer 326. Also, as illustrated in FIG. 6, the surface 510 of
the elastic ring 446 aligns with and is adjacent the second surface 518 of the support ring 444.
For example, the second surface 518 of the support ring 444 is adjacent the surface 510 of the
elastic ring 446 and, in particular, the convex surface 516, to form a surface 522 of the
retainer 316 that engages the diaphragm 314 (FIG. 4).

[0044] FIG. 7 illustrates an enlarged cross-sectional view of the retainer 316 engaging
the diaphragm 314 within the fluid regulator 300. For example, the retainer 316 is positioned
at least partially within the cavity 438 between the valve body 306 and the bonnet 304. A
portion of the retainer 316 may be received by the groove 440 formed by a shoulder 702 of
the bonnet 304, and another portion of the retainer 316 may be received by the groove 442
formed by a shoulder 704 of the valve body 306. More specifically, the first surface 506 of
the support ring 444 may engage a first surface 706 of the bonnet 304. A portion of the first
surface 506 of the support ring 444 may extend beyond the shoulder 706 toward the center of
the fluid regulator 300, for example. As illustrated in FIG. 7, the outer circumferential edge
504 of the retainer 316 is substantially flush with an outer edge 708 of the peripheral portion
402 of the diaphragm 314. For example, the outer circumferential edge 504 of the retainer
316 may abut a second surface 710 of the bonnet 304 and a portion of a first surface 712 of
the valve body 306. The outer edge 708 of the diaphragm 314 may abut a portion of the first
surface 712 of the valve body 306. Alternatively, a small gap may exist between the outer
circumferential edge 504 and the respective surfaces 710 and 712 of the bonnet 304 and the
valve body 306 and between the outer edge 708 of the diaphragm 314 and the first surface
712 of the valve body 306.

[0045] As illustrated in FIG. 7, at least a portion of the peripheral portion 402 of the
diaphragm 314 is positioned within the cavity 438. A first surface 714 of the diaphragm 314

engages the surface 522 of the retainer 316 and an opposing second surface 716 of the
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diaphragm 314 engages the shoulder 704 of the valve body 306. Although not shown in FIG.
7, the position of the retainer 316 and the diaphragm 314 may be alternatively positioned
such that the support ring 444 engages the valve body 306 and a surface of the diaphragm
engages the bonnet 304.

[0046] FIG. 7 illustrates the surface 510 of the elastic ring 444 and the second surface
518 of the support ring 446 engaging the first surface 714 of the diaphragm 314. More
specifically, the second surface 518 of the support ring 444 and the substantially flat portion
512 of the elastic ring 446 engage the peripheral portion 402 of the first surface 714, and the
corrugation 450 of the elastic ring 444 engages a portion of the intermediate portion 406 of
the first surface 714. For example, the elastic ring 444 may extend beyond the shoulder 704
of the valve body 306 to engage the intermediate portion 406 of the diaphragm 314. The
corrugation 450 of the elastic ring 446 may have a shape or profile that is substantially
similar to the shape or profile of one of the corrugations 408 of the intermediate portion 406
of the diaphragm 314. Configuring the corrugations 408 and 450 of the diaphragm 314 and
the elastic ring 446, respectively, to have substantially similar profiles increases the contact
surface area between the elastic ring 446 and the diaphragm 316 and, thus, reduces stress or
strain concentrations by distributing the stress or strain across a greater surface area. As a
result, the cycle or fatigue life of the diaphragm 314 and the retainer ring 446 of the retainer
314 may be significantly improved.

[0047] As illustrated in FIG. 7, the second surface 716 of the diaphragm 314 engages
a second surface 718 of the valve body 306. For example, the second surface 718 of the
valve body 306 may include a curved or chamfered edge 720 to more evenly distribute or
reduce the stress imparted to the diaphragm 314 during operation by increasing the contact
area between the diaphragm 314 and the valve body 306 as the diaphragm 314 flexes toward
the valve body 306. However, repeated displacement of the diaphragm 314 may cause the
intermediate portion 406 of the diaphragm to impart repeated force onto the retainer 316.
Such repeated force may create localized stress or strain within the elastic ring 316, causing
the elastic ring 446 to fracture, break, erode and/or otherwise fail. In instances in which the
elastic ring 446 of the retainer 316 fails, the elastic ring 446 may be removed from the groove
448 of the support ring 444, and a replacement elastic ring 416 may be inserted in its place.
Because only a portion of the retainer 316 must be replaced upon failure, the elastic ring 446
may significantly reduce material costs associated with replacing the retainer 316.

[0048] Although certain example apparatus and articles of manufacture have been

disclosed herein, the scope of coverage of this patent is not limited thereto. On the contrary,

-12 -



WO 2016/190875 PCT/US2015/032919

this patent covers all methods, apparatus and articles of manufacture fairly falling within the

scope of the claims of this patent.

- 13-



WO 2016/190875 PCT/US2015/032919

What Is Claimed Is:
1. An apparatus for use with a fluid regulator, the apparatus comprising:
an elastomeric ring having a corrugated profile that corresponds to a
corrugated profile of a diaphragm of the fluid regulator, the elastomeric ring to be positioned
between a valve body and a bonnet of the fluid regulator to clamp the diaphragm between the
valve body and the bonnet; and
a metallic ring positioned between the valve body and the bonnet to engage
the elastomeric ring to support the elastomeric ring.

2. The apparatus of claim 1, wherein the metallic ring comprises a groove to
receive the elastomeric ring.

3. The apparatus of any of the preceding claims, wherein the groove of the
metallic ring is adjacent an inner circumferential surface of the metallic ring.

4. The apparatus of any of the preceding claims, wherein an inner circumferential
surface of the metallic ring is adjacent an inner circumferential surface of the elastomeric
ring.

5. The apparatus of any of the preceding claims, wherein a surface of the metallic
ring is to engage a portion of the diaphragm having a substantially flat profile.

6. The apparatus of any of the preceding claims, wherein an outer circumferential
surface of the metallic ring is adjacent an outer circumferential edge of the diaphragm.

7. The apparatus of any of the preceding claims, wherein the surface of the
metallic ring that is to engage the diaphragm is adjacent a corrugated surface of the
elastomeric ring.

8. An apparatus comprising:

a valve body defining a fluid flow passageway;

a diaphragm having a corrugated profile and positioned between the valve
body and a bonnet; and

a washer to engage an outer circumferential portion of the diaphragm to clamp
the diaphragm between the valve body and the bonnet, the washer positioned between the
valve body and the bonnet and comprising an elastomeric ring having a corrugated profile
that corresponds to and engages a portion of the diaphragm having the corrugated profile.

0. The apparatus of claim 8, wherein the washer further comprises a metallic ring
to support the elastomeric ring.

10. The apparatus of any of the preceding claims, wherein the metallic ring

comprises a groove to receive the elastomeric ring.
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11. The apparatus of any of the preceding claims, wherein a first surface of the
washer is to engage a surface of the diaphragm.

12. The apparatus of any of the preceding claims, wherein a second surface of the
washer opposite the first surface is to engage a surface of the bonnet.

13. The apparatus of any of the preceding claims, wherein the washer is received
by a cavity formed by a shoulder of the valve body and an opposing shoulder of the bonnet.

14. The apparatus of any of the preceding claims, wherein the shoulder of the
valve body defines a first groove that is to receive a first portion of the washer.

15. The apparatus of any of the preceding claims, wherein the shoulder of the
bonnet defines a second groove that is to receive a second portion of the washer.

16. The apparatus of any of the preceding claims, further comprising a pusher
plate coupled to a stem to engage a portion of the diaphragm, at least a portion of the pusher
plate having a corrugated profile that corresponds to and engages the corrugated profile of the
diaphragm.

17. The apparatus of any of the preceding claims, wherein a portion of the pusher
plate has a substantially flat profile that corresponds to and engages a portion of the
diaphragm having a substantially flat profile.

18. An apparatus comprising:

means for sensing pressure within a fluid flow passageway, the means for
sensing having a corrugated profile and positioned between a valve body and a bonnet; and

means for clamping the means for sensing between the valve body and the
bonnet, the means for clamping positioned between the valve body and the bonnet and
comprising means for engaging the means for sensing, the means for engaging having a
corrugated profile that corresponds to and engages a portion of the means for sensing.

19. The apparatus of claim 18, wherein the means for clamping further comprises
means to support the means for engaging.

20. The apparatus of any of the preceding claims, wherein the means to support

has a groove to receive the means for engaging.
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