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DIAPHRAGM INTERFACE APPARATUS TO IMPROVE A CYCLE LIFE OF A
DIAPHRAGM

FIELD OF THE DISCLOSURE
[0001] This patent relates generally to fluid regulators and, more particularly, to
diaphragm interface apparatus to improve a cycle life of a diaphragm.
BACKGROUND
[0002] Fluid regulators are commonly distributed throughout process control systems to
control the pressures of various fluids (e.g., liquids, gasses, etc.). Fluid regulators are
typically used to regulate the pressure of a fluid to a substantially constant value.
Specifically, a fluid regulator has an inlet that typically receives a supply fluid at a relatively
high pressure and provides a relatively lower and substantially constant pressure at an outlet.
To regulate the downstream pressure, fluids regulators commonly include a sensing element
or diaphragm to sense an outlet pressure in fluid communication with a downstream pressure.
Elastomeric diaphragms are cost effective and are typically used with low-pressure
applications or non-corrosive process fluids. For high-purity applications, high-pressure
applications or highly corrosive process fluids, fluid regulators often employ a metal
diaphragm (e.g., a stainless steel diaphragm).
[0003] To couple a metal diaphragm to a fluid regulator, conventional fluid regulators
clamp a peripheral edge of a metal diaphragm between a regulator valve body and a bonnet.
Such a clamped connection localizes deformation and stresses on the metal diaphragm.
Further, to provide support to the metal diaphragm, fluid regulators typically employ a back-
up plate having a substantially flat or planar contact surface that engages the metal
diaphragm. However, some metal diaphragms include convolutions or wave-shaped contours
to increase a sensitivity of the diaphragm. A backup plate having a substantially planar
contact surface engages a diaphragm having convolutions with a relatively small contact area,
thereby increasing stress concentration on the metal diaphragm at the areas of contact. Such
localized stress concentrations imparted to the diaphragm can significantly reduce the cycle
life or fatigue life of the metal diaphragm, thereby causing increased maintenance and costs.
SUMMARY
[0004] In one example, a fluid regulator includes a fluid flow passageway between an
inlet and an outlet, where a sensing chamber defines a portion of the fluid flow passageway.

A diaphragm senses a pressure in the sensing chamber and a diaphragm interface adjacent the
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sensing chamber has a curved surface to contact a portion of the diaphragm that moves in
response to pressure changes in the sensing chamber. The curved surface affects an amount
of stress imparted to the portion of the diaphragm during operation of the fluid regulator.
[0005] In another example, a fluid regulator includes a diaphragm support disposed
between a bonnet and a valve body to support a movable portion of a diaphragm of the fluid
regulator. The diaphragm support a curved surface that is substantially complementary to a
curved surface of a face of the movable portion of the diaphragm to increase a contact surface
area between the diaphragm support and the movable portion of the diaphragm during
operation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1A illustrates a known fluid regulator.
[0007] FIG. 1B illustrates an enlarged view of a portion of the known fluid regulator of
FIG. 1A
[0008] FIG. 2A illustrates an example fluid regulator described herein having a metal
diaphragm and shown in a closed position.
[0009] FIG. 2B illustrates the example fluid regulator of FIG. 2A shown in an open
position.
[0010] FIG. 3A is an enlarged view of a portion of the example fluid regulator of FIGS.
2A and 2B.
[0011] FIG. 3B is another enlarged view of a portion of the example fluid regulator of
FIGS. 2A, 2B and 3A.
[0012] FIG. 4 illustrates an example retainer described herein of the example fluid
regulator of FIGS. 2A, 2B, 3A and 3B.
[0013] FIG. 5A illustrates an example diaphragm plate described herein of the example
fluid regulator of FIGS. 2A, 2B, 3A and 3B.
[0014] FIG. 5B is a cross-sectional view of the diaphragm plate of FIG. 5A.

DETAILED DESCRIPTION
[0015] Example fluid regulators described herein substantially improve a cycle life or
fatigue life of a sensing element or diaphragm. More specifically, the example fluid
regulators described herein include one or more diaphragm interfaces or diaphragm supports
to reduce localized deformation or stress concentrations to portions of the diaphragm that

move (e.g., flex or bend) during operation of the fluid regulator.
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[0016] An example fluid regulator described herein includes a diaphragm interface
adjacent a sensing chamber of the fluid regulator. The diaphragm interface has a curved
surface to contact a portion of the diaphragm that moves in response to pressure changes in
the sensing chamber. The curved surface affects an amount of stress imparted to the movable
portion of the diaphragm during operation. In particular, the curved surface described herein
engages such movable diaphragm portions with increased contact surface area to distribute
stresses across a larger portion of the diaphragm thereby reducing localized stress
concentrations to the portions of the diaphragm that move during operation.

[0017] In some examples described herein, a curved surface of a diaphragm interface
comprises a face or engagement surface having a curved profile complementary to a profile
of a portion of a diaphragm in which the diaphragm interface engages during operation. For
example, a diaphragm interface of a fluid regulator described herein includes a support or
contact surface that has a cross-sectional shape or profile that is substantially similar to a
cross-sectional shape or profile of a diaphragm to substantially increase a contact surface area
between the diaphragm interface and the diaphragm. In other words, the contact surface is
configured or shaped to substantially, matably engage the diaphragm when the diaphragm
bends or flexes to engage the diaphragm interface. As a result, the increased contact surface
area between the diaphragm interface of the fluid regulator and the diaphragm reduces stress
concentrations by distributing stresses imparted on the diaphragm across a greater area or
portion of the diaphragm, thereby significantly reducing localized stresses or fatigue
deformation of the diaphragm. As a result, the diaphragm interface significantly improves
the cycle life or fatigue life of the diaphragm.

[0018] Before discussing the example fluid regulator described herein, a brief description
of a known fluid regulator 100 is provided in FIGS. 1A and 1B. Referring to FIGS. 1A and
1B, 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 assembly
110 is disposed within the bonnet 104 and is adjustable to provide a load to a diaphragm 112,
where the load 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. Further, 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
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side 126 of the diaphragm 112. The diaphragm 112 is a metal diaphragm having a plurality
of wave-shaped contours or convolutions 128 to increase a sensitivity of the diaphragm 112.
A poppet 130 moves relative to a valve seat 134 to regulate or throttle the flow of fluid
between the inlet 106 and the outlet 108. A biasing element 136 biases the poppet 130
toward the valve seat 134. The poppet 130 also includes a stem 138 to engage the diaphragm
112 and the back-up plate 122.

[0019] In operation, the diaphragm 112 and the back-up plate 122 move away from the
stem 138 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 by the load assembly 110 to
the second side 126 of the diaphragm 112. As a result, the poppet 130 sealingly engages the
valve seat 134 to restrict fluid flow between the inlet 106 and the outlet 108. When the fluid
pressure at the outlet 108 decreases so that the force provided to the first side 116 of the
diaphragm 112 is less than the force provided to the second side 126 of the diaphragm 112 by
the load assembly 110, the diaphragm 112 flexes or moves toward the valve body 102 and
engages the poppet stem 138, which causes the poppet 130 to move away from the valve seat
134 to allow fluid flow between the inlet 106 and the outlet 108. The pressurized fluid flows
between the inlet 106 and the outlet 108 until the forces on the sides 116 and 126 of the
diaphragm 112 are balanced.

[0020] As most clearly shown in FIG. 1B, 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 140. Such
a clamped connection is disadvantageous because it generates relatively high stress
concentration at an area or point 142 immediately adjacent the pinch point 140 when the
diaphragm 112 flexes or bends during operation. In other words, the area 142 of the
diaphragm 112 bends or flexes (i.e., moves during operation) while subjected to a relatively
high stress concentration, which may cause the area 142 to fracture or fatigue during
operation. As a result, the highly concentrated or localized stresses may reduce or limit the
cycle life or fatigue life of the diaphragm 112.

[0021] Additionally, although not shown, in some known examples, the planar contact
surface 124 of the back-up plate 122 engages the wave-shaped contours 128 of the diaphragm
112 when the diaphragm 112 moves relative the valve seat 134. In particular, because the
contact surface 124 of the back-up plate 122 is substantially flat, the contact surface 124
engages the diaphragm 112 via peaks 144 of the wave-shaped contours 128 of the diaphragm
112. Thus, the back-up plate 122 engages the peaks of the wave-shaped contours 128 with a
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relatively small contact surface area. As a result, the back-up plate 122 may cause increased
or localized stress concentration to be imparted on the diaphragm 112 via the peaks 144. As
noted above, such localized stresses can cause the diaphragm 112 to fracture or fatigue,
thereby reducing the cycle life or fatigue life of the diaphragm 112 and increasing
maintenance costs.

[0022] FIGS. 2A and 2B illustrate an example fluid regulator 200 described herein. FIG.
2A illustrates the example fluid regulator 200 in a closed position 202 and FIG. 2B illustrates
the example fluid regulator 200 in an open position 204.

[0023] Referring to FIGS. 2A and 2B, the example fluid regulator 200 includes a
regulator body having an upper body portion or bonnet 206 coupled (e.g., threadably
coupled) to a lower body portion or valve body 208. The valve body 208 forms a fluid flow
path between an inlet 210 and an outlet 212 of the fluid regulator 200. A diaphragm 214 is
captured between the valve body 208 and the bonnet 206 so that a first side 216 of the
diaphragm 214 and the bonnet 206 define a load chamber 218 to receive a load assembly 220.
A second side 222 of the diaphragm 214 and an inner surface 224 of the valve body 208
define a sensing chamber 226. The sensing chamber 226 is fluidly coupled to the outlet 212
via a passage 228 and senses the pressure of the fluid at the outlet 212. In the illustrated
example, the diaphragm 214 is a metal diaphragm composed of, for example, stainless steel.
[0024] The load assembly 220 is operatively coupled to the diaphragm 214 via a
diaphragm plate or back-up plate 230 and provides a reference force or load (e.g., a pre-set
force) to the diaphragm 214. In this example, the load assembly 220 includes a biasing
element 232 (e.g., a spring) disposed within the load chamber 218 that provides a load to the
diaphragm 214 via the back-up plate 230. A spring adjuster 234 adjusts (e.g., increases or
decreases) the amount of a preset force or load that the biasing element 232 exerts on the first
side 216 of the diaphragm 214. As shown, the spring adjustor 234 includes a control knob
keyed to a screw 236 that is threadably coupled to the bonnet 206 and engages an adjustable
spring seat 238. Rotation of the control knob in a first direction (e.g., a clockwise direction)
or a second direction (e.g., a counterclockwise direction) varies the amount of compression of
the biasing element 232 (e.g., compresses or decompresses the biasing element 232) and,
thus, the amount of load exerted on the first side 216 of the diaphragm 214.

[0025] A valve apparatus or valve cartridge assembly 240 is disposed within a bore 242
of the valve body 208 that defines an inlet chamber 244 fluidly coupled to the inlet 210. The

valve apparatus 240 includes a poppet 246 that moves toward a valve seat 248 to restrict fluid
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flow between the inlet 210 and the outlet 212 when the fluid regulator 200 is in the closed
position 202. The poppet 246 moves away from the valve seat 248 to allow fluid flow
between the inlet 210 and the outlet 212 when the fluid regulator 200 is in the open position
204. A biasing element 250 biases the poppet 246 toward the valve seat 248. A seal 252
(e.g., an O-ring) is disposed between the valve apparatus 240 and the valve body 208 of the
fluid regulator 200 to provide a seal between the sensing chamber 226 and the inlet chamber
244,

[0026] In operation, the example fluid regulator 200 fluidly couples to, for example, an
upstream pressure source providing a relatively high pressure fluid (e.g., a gas) via the inlet
210 and fluidly couples to, for example, a low pressure downstream device or system via the
outlet 212. The fluid regulator 200 regulates the outlet pressure of the fluid flowing through
the fluid regulator 200 to a desired pressure corresponding to the preset load provided by the
adjustable load assembly 220.

[0027] To achieve a desired outlet pressure, the control knob is rotated (e.g., in a clockwise
or counterclockwise direction) to increase or decrease the load exerted by the biasing element
232 on the first side 216 of the diaphragm 214. The load provided by the biasing element
232 is adjusted to correspond to a desired outlet pressure. With the reference pressure set, the
sensing chamber 226 senses a pressure of the pressurized fluid at the outlet 212 via the
passage 228, which causes the diaphragm 214 to move in response to pressure changes in the
sensing chamber 226.

[0028] For example, as the fluid flows between the inlet 210 and the outlet 212, the pressure
of the fluid at the outlet 212 increases. As the pressure of the pressurized fluid in the sensing
chamber 226 increases, the pressure of the fluid exerts a force on the second side 222 of the
diaphragm 214 to cause the diaphragm 214 and the biasing element 232 to move in a
rectilinear motion away from the valve body 208. In turn, the biasing element 250 of the
valve apparatus 240 causes the poppet 246 to move toward the valve seat 248 to restrict fluid
flow between the inlet 210 and the outlet 212. A pressure of the fluid in the sensing chamber
226 that exerts a force on the second side 222 of the diaphragm 214 that is greater than the
reference pressure or force exerted by the load assembly 220 on the first side 216 of the
diaphragm 214 causes the back-up plate 230 to move away from the valve body 208 to allow
the poppet 246 to sealingly engage the valve seat 248 to restrict or prevent fluid flow through
the fluid regulator 200 as shown in FIG. 2A.
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[0029] When the pressure of the pressurized fluid in the sensing chamber 226 is less than the
reference pressure or force exerted by the biasing element 232 on the first side 216 of the
diaphragm 214, the diaphragm 214 moves, bends or flexes toward the valve body 208. In
turn, the back-up plate 230 engages a stem portion 254 of the poppet 246 to move the poppet
246 away from the valve seat 248 to allow or increase fluid flow between the inlet 210 and
the outlet 212. The poppet 246 moves toward the valve seat 248 to prevent or restrict fluid
flow between the inlet 210 and the outlet 212 when the pressure differential across the
diaphragm 214 is substantially near zero (i.e., the pressure of the fluid in the sensing chamber
226 is regulated to a pressure that generates a force substantially equal to the load provided
by the load assembly 220).

[0030] During operation as shown in FIGS. 2A and 2B, the diaphragm 214 moves flexes, or
bends between a first position shown in FIG. 2A to move the poppet 246 toward the closed
position 202 and a second position shown in FIG. 2B to move the poppet 246 toward the
open position 204.

[0031] FIGS. 3A and 3B illustrate enlarged portions of the fluid regulator 200 of FIGS. 2A
and 2B. As most clearly shown in FIGS. 3A and 3B, the diaphragm 214 of the illustrated
example includes a peripheral edge 302, a central portion 304, and an intermediate, movable
or flexible portion 306 between the peripheral edge 302 and the central portion 304. Each of
the peripheral edge 302 and the central portion 304 has a substantially planar or flat surface.
The intermediate portion 306 has a plurality of wave-shaped contours or convolutions 308
that flex or bend when the diaphragm 214 moves between the first and second positions
shown in FIGS. 2A and 2B. In particular, each of the contours 308 of the intermediate
portion 306 includes a convex portion or curved surface 310 and a concave portion or curved
surface 312 that form a continuous smooth curve or wave-shaped contour or convolution 308.
Each of the convex portions 310 and/or the concave portions 312 may have substantially
similar radius of curvatures or may have varying radius of curvatures. For example, a first
convex portion 310a and/or concave portion 312a of a contour 308a may have a first radius of
curvature and a second convex portion 310b and/or concave portion 312b of a contour 308b
may have a second radius of curvature different from the first radius of curvature. The
contours 308 significantly increase the sensitivity of the diaphragm 214 to enable the fluid
regulator 200 to have a more compact dimensional envelope. The diaphragm 214 is

composed of a metallic material such as, for example, stainless steel.
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[0032] To reduce stress concentration on the intermediate portion 306 of the diaphragm 214,
the fluid regulator 200 includes one or more diaphragm interfaces or support surfaces 314,
316 and/or 318 adjacent the sensing chamber 226. Each of the diaphragm interfaces 314, 316
and/or 318 increases the cycle life or fatigue life of the diaphragm 214. In particular, each of
the diaphragm interfaces 314, 316 and/or 318 substantially increases a contact surface area
when engaged with the diaphragm 214, thereby reducing the stress concentrations on the
diaphragm 214 during operation. In some examples, a fluid regulator only employs one of the
diaphragm interfaces 314, 316 or 318. However, any combination of the interfaces 314, 316
and 318 may be used.

[0033] In the illustrated example, the diaphragm interface 314 is integrally formed with the
valve body 208 as a unitary piece or structure. As shown, the valve body 208 has an annular
wall 320 that defines the diaphragm interface 314 at an upper edge or portion 322 of the
annular wall 320 adjacent the inner surface 224. The diaphragm interface 314 of the valve
body 208 includes a ring-shaped seat or diaphragm mount 324 to hold, receive or engage the
peripheral edge 302 of the diaphragm 214. The ring-shaped seat 324 includes a curved,
slanted or ramped surface 326 that includes a rounded or radiused edge 326a adjacent the
diaphragm mount 324 to support a portion of the peripheral edge 302 and/or the intermediate
portion 306 of the diaphragm 214 that moves or flexes during operation of the fluid regulator
200.

[0034] The diaphragm mount 324 has a substantially planar or flat surface to receive or
engage the peripheral edge 302 of the diaphragm 214. As shown, the diaphragm mount 324
is substantially perpendicular to the inner surface 224. The ramped portion 326 and radiused
edge 326a are located between the diaphragm mount 324 and the inner surface 224. The
ramped portion 326 may include a curved surface having uniform radius of curvature or a
plurality of curved surfaces having varying radii of curvatures that form a continuous ramped
portion. The ramped portion 326 and/or the diaphragm mount 324 provide a substantially
tight metal-to-metal seal when the diaphragm 214 is coupled to the fluid regulator 200. In
some examples, to facilitate a metal-to-metal seal, a shoulder 325 of the diaphragm mount
324 adjacent a stepped, annular wall 327 of the valve body 208 is offset (e.g., a 0.015 inch
offset) relative to the ramped portion 326 (e.g., lower than the ramped portion 326 in the
orientation of FIG. 3A). In this manner, when the bonnet 206 coupled to the valve body 208,
a torque applied to the ramped portion 326 of the valve body 208 causes at least a portion of

the ramped surface 326 to deform or flatten to provide a substantially tight metal-to-metal
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seal. The valve body 208 may be composed of a relatively softer material than the material
of the diaphragm 214.

[0035] In operation, the ramped portion 326 enables a portion of the diaphragm 214 adjacent
the peripheral edge 302 to flex or roll along the ramped portion 326. For example, when the
intermediate portion 306 of the diaphragm 214 adjacent the peripheral edge 302 moves or
flexes toward the valve body 208 to the second position (e.g., the position of FIG. 2B), the
second side 222 of the intermediate portion 306 adjacent the peripheral edge 302 engages the
ramped portion 326 of the valve body 208. The ramped portion 326 increases the contact
surface area between the intermediate portion 306 and the valve body 208 to more evenly
distribute or reduce stresses imparted to the intermediate portion 306 across the area or
portion of the diaphragm 214 that engages or rolls about the ramped portion 326. In other
words, the ramped or curved surface 326 enables the intermediate portion 306 adjacent the
peripheral edge 302 to flex or bend while subjected to significantly reduced stress
concentration.

[0036] For example, in contrast to the known fluid regulator 100 of FIGS. 1A and 1B, the
diaphragm interface 314 or ramped portion 326 of the valve body 208 significantly reduces or
eliminates a pinch point or area (e.g., the pinch point 140 of FIG. 1A and 1B) between the
valve body 208 and the bonnet 206. The ramped portion 326 enables a larger portion or area
of the diaphragm 214 adjacent the peripheral edge 302 to roll or flex about the ramped
portion 326 with less rigidity or stiffness compared to the pinch point 140 of FIG. 1B, thereby
reducing concentration of stresses by distributing the stresses over a larger contact surface
area of the diaphragm 214 adjacent the peripheral edge 302. In other words, the diaphragm
214 bends about the ramped portion 326 with less compressive stress imparted to the second
side 222 of the diaphragm 214 and less tensile stress imparted to the first side 216 of the
diaphragm 214 compared to the compressive and tensile stresses imparted to the diaphragm
112 of the fluid regulator 100 of FIGS. 1A and 1B when the diaphragm 112 bends about the
pinch point 140. Thus, the ramped portion 326 increases a contact surface area between the
valve body 208 and the intermediate portion 306, thereby reducing stress concentration
across the intermediate portion 306 of the diaphragm 214 adjacent the peripheral edge 302.
The ramped portion 326 may be formed via machining, casting or any other suitable
manufacturing process(es). As shown, to provide a redundant seal and/or to facilitate
assembly when a substantially tight metal-to-metal seal is not required, the diaphragm

interface 314 or diaphragm mount 324 may optionally include a recess 328 to receive an O-
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ring 330 to provide a seal (e.g., a redundant seal) between the valve body 208 and the bonnet
206. The O-ring 330 may facilitate assembly because it requires less torque to provide a seal
compared to a torque required to provide a metal-to-metal seal.

[0037] In the illustrated example, the fluid regulator 200 employs a ring-shaped clamp or
retainer 332 to hold or clamp the diaphragm 214 between the bonnet 206 and the valve body
208. Also, the retainer 332 defines the diaphragm interface 316 that provides support to the
intermediate portion 306 adjacent the peripheral edge 302. The diaphragm interface 316
includes a diaphragm clamping portion 334 and a diaphragm support portion 336 adjacent the
diaphragm clamping portion 334.

[0038] As shown, the peripheral edge 302 of the diaphragm 214 is clamped between the
diaphragm clamping portion 334 and the diaphragm mount 324 of the valve body 208. In
particular, the diaphragm clamping portion 334 of the retainer 332 transfers a load to the
peripheral edge 302 of the diaphragm 214 when the valve body 208 is coupled to the bonnet
206 to help provide a metal-to-metal seal between the diaphragm 214 and the valve body 208
when a torque is applied to the bonnet 206 during assembly of the bonnet 206 and the valve
body 208. When coupled to the valve body 208, the bonnet 206 provides a compressive load
to the peripheral edge 302 of the diaphragm 214 via the retainer 332. In this example, the
retainer 332 is composed of, for example, a metallic material such as stainless steel to provide
a metal-to-metal contact between the retainer 332, the valve body 208, the bonnet 206 and the
diaphragm 214.

[0039] The diaphragm support portion 336 of the diaphragm interface 316 includes a curved
or arcuate surface 336a that protrudes away from the diaphragm clamping portion 334 and
inwardly from the peripheral edge 302 toward the sensing chamber 226. For example, the
diaphragm support portion 336 extends beyond or past the inner surface 224 or upper edge
322 of the annular wall 320 of the valve body 208. Such an extension enables the diaphragm
support portion 336 to engage the first side 216 of the intermediate portion 306 adjacent the
peripheral edge 302 to support the diaphragm 214. In particular, the diaphragm support
portion 336 engages at least a portion 337 of the concave portion 310 of the contour 308 of
the first side 216 of the diaphragm 214. Thus, the retainer 332 or the diaphragm interface
316 and the ramped portion 326 or diaphragm interface 314 engage opposing faces or sides
216 and 222, respectively, of the diaphragm 214. Further, as shown, in FIGS. 3A and 3B, the

curved surface 336a has a shape or profile substantially similar to the shape or profile of the
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intermediate portion 306 adjacent the peripheral edge 302 such that the curved surface
matably engages the intermediate portion 306 adjacent the peripheral edge 302.

[0040] FIG. 4 depicts a cross-section of the retainer 332 of FIGS. 3A and 3B. Referring also
to FIG. 4, the retainer 332 is a ring-shaped clamp 402 having an outer diameter 404 and an
inner diameter 406. For example, the outer diameter 404 may be approximately 64.5
millimeters and the inner diameter 406 is approximately 44.5 millimeters. In this example,
the diaphragm clamping portion 334 has a length 408 and the diaphragm support portion 336
has a length 410. For example, the length 408 is approximately 5.25 millimeters and the
length 410 is approximately 4.75 millimeters. However, other lengths and/or diameters may
be used to suit the needs of a particular application.

[0041] Also, in the illustrated example, the curved surface of the diaphragm support portion
336 has a radius of curvature 412 that is substantially similar to a radius of curvature of the
intermediate portion 306 adjacent the peripheral edge 302. Thus, the curved surface 336a
may have a curved profile that is complementary to a curved profile of the intermediate
portion 306 adjacent the peripheral edge 302. For example, the radius 412 of the curved
surface is approximately 8.5 millimeters. However, the radius of curvature may be varied as
needed to suit the needs of a particular application.

[0042] In this manner, the curved surface 336a engages the intermediate portion 306 adjacent
the peripheral edge 302 with a relatively greater contact surface area compared to, for
example, the fluid regulator 100 of FIG. 1A and 1B, thereby reducing stress concentration at
the intermediate portion 306 adjacent the peripheral edge 302 when the diaphragm 214
moves between the first and second positions during operation. For example, the retainer 332
significantly reduces high compressive stress concentrations on the first side 216 of the
diaphragm 214 and high tensile stress concentrations on the second side 222 of the diaphragm
214 when a pressure or force is applied to the second side 222 of the diaphragm 214 via the
sensing chamber 226 compared to the compressive and tensile stresses imparted to the
diaphragm 112 of the fluid regulator 100 of FIGS. 1A and 1B when the diaphragm 112 bends
about the pinch point 140. As a result, the diaphragm interface 316 significantly improves
the cycle life or fatigue life of the diaphragm 214. In other examples, the curved surface
336a may have a radius of curvature that is different than the radius of curvature of the
intermediate portion 306 of the diaphragm 214.

[0043] Although not shown, the retainer 332 and/or the diaphragm interface 316 or the
diaphragm support portion 336 may be integrally formed with the bonnet 206 as a unitary
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piece or structure. In other words, the diaphragm support portion 336 may extend from an
inner surface 338 of the bonnet 206 and the retainer 332 may be eliminated.

[0044] FIGS. 5A and 5B illustrate the back-up plate 230 of the fluid regulator 200. Referring
to FIGS. 2A, 2B, 3A, 5A and 5B, the back-up plate 230 includes the diaphragm interface or
support surface 318 to engage and support the diaphragm 214. The back-up plate 230 has a
cylindrical body portion 502 having a cavity 504 to receive the biasing element 232 of the
load assembly 220. As shown, the diaphragm interface 318 includes a curved support surface
or face 506 to increase a contact surface area between the diaphragm 214 and the back-up
plate 230. In the illustrated example, the diaphragm interface 318 of the back-up plate 230
includes a substantially planar or flat engaging surface 508 to engage the central portion 304
(FIG. 3A) of the diaphragm 214.

[0045] The curved support surface or face 506 has a curved profile that is complementary to
a profile of the portion of the diaphragm 214 that engages the back-up plate 320. In this
manner, the curved support surface 506 provides a relatively greater contact surface area to
engage the intermediate portion 306 or the contours 308 of the diaphragm 214. In the
illustrated example, the curved support surface 506 includes a concave curved portion 510
adjacent a convex curved portion 512 to provide a smooth continuous wave-shaped curved
support surface. In other words, the cross-sectional shape of the curved support portion 506
is substantially similar to the cross-sectional shape of the contours 308 of the diaphragm 214.
For example, the concave curved portion 510 of the curved support surface 506 has a radius
of curvature that is substantially similar to the radius of curvature of the convex portion 310
of the contours 308 of the diaphragm 214. Likewise, the convex curved portion 512 of the
curved support surface 506 has a radius of curvature that is substantially similar to the radius
of curvature of the concave portion 312 of the contours 308 of the diaphragm 214.

[0046] Also, a first concave curved portion 510a of the curved support surface 506 may have
a radius of curvature that is different than, or similar to, a radius of curvature of a second
concave curved portion 510b of the curved support surface 506. For example, the radius of
curvature of the concave curved portions 510 may range between 6.0 and 8.0 millimeters.
Similarly, a first convex curved portion 512a of the curved support surface 506 may have a
radius of curvature that is different than, or similar to, a radius of curvature of a second
convex curved portion 512b. For example, the radius of curvature of the convex curved

portions 512 may range between 8.0 and 10.0 millimeters.
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[0047] Thus, in contrast to the back-up plate 122 of FIG. 1A, the diaphragm interface 318 of
the back-up plate 230 substantially matably engages the intermediate portion 306 of the
diaphragm 214 to provide an increased contact surface area between the back-up plate 230
and the diaphragm 214 that affect (e.g., reduces) an amount of stress imparted to the
intermediate portion 306 of the diaphragm 214 that moves in response to pressure changes in
the sensing chamber 226. In this example, the diaphragm support surface 506 reduces
localized stress concentrations on the diaphragm 214. For example, when the diaphragm 214
moves between the position shown in FIG. 2A and the position shown in FIG. 2B, the back-
up plate 230 engages (e.g., matably engages) the intermediate portion 306 of the diaphragm
214 with a relatively great contact surface area. As a result, a reduction in localized stress
concentrations significantly improves or increases the cycle life or fatigue life of the
diaphragm 214.

[0048] In other examples, the diaphragm interface 318 of the back-up plate 230 includes a
shape, profile or cross-section that is different than a shape, profile or cross-section of the
diaphragm 214. For example, a radius of curvature between the curved support surface 506
and the contours 308 of the diaphragm 214 may be different such that the diaphragm 214
does not matably engage the back-up plate 230, but still provides an increased contact surface
area relative to the back-up plate of FIGS. 1A and 1B.

[0049] Thus, the fluid regulator 200 described herein includes the diaphragm interfaces 314,
316 and/or 318, which may be configured to have a shape or profile that is substantially
similar to the shape or profile of the diaphragm 214 to increase a contact surface area
between the diaphragm interfaces 314, 316 and/or 318 and the diaphragm 214. For example,
each of the diaphragm interfaces 314, 316 and/or 318 may include a respective curved
surface or portion to increase a contact surface area when engaged by the diaphragm 214 to
reduce stress concentration imparted to a portion of the diaphragm 214 that moves during
operation. In some examples, a support surface of the diaphragm interfaces 314, 316 and/or
318 has a cross-sectional shape or profile that is substantially similar to the cross-sectional
shape or profile of the diaphragm 214 such that the diaphragm interfaces 314, 316 and/or 318
matably engage at least a portion of the diaphragm 214. As a result, the diaphragm interfaces
314, 316 and/or 318 reduce stress concentrations imparted to the diaphragm 214, thereby
increasing the cycle life or fatigue life of the diaphragm 214. For example, the cycle life of
the diaphragm 214 is approximately 85,000 cycles while the life cycle of the diaphragm 112
of FIGS. 1A and 1B is approximately 10,000 cycles. In some examples, the fluid regulator

- 13-
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200 may be implemented with only one of the diaphragm interfaces 314, 316 and/or 318 or
any combination of the interfaces 314, 316 and 318.

[0050] Although certain example methods, apparatus and articles of manufacture have been
described herein, the scope of coverage of this patent is not limited thereto. On the contrary,
this patent covers all methods, apparatus and articles of manufacture fairly falling within the

scope of the appended claims either literally or under the doctrine of equivalents.
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What is claimed is:

1. A fluid regulator comprising:

a fluid flow passageway between an inlet and an outlet;

a sensing chamber defining a portion of the fluid flow passageway;

a diaphragm to sense a pressure in the sensing chamber; and

a diaphragm interface adjacent the sensing chamber, the diaphragm interface having a
curved surface to contact a portion of the diaphragm that moves in response to pressure
changes in the sensing chamber, the curved surface to affect an amount of stress imparted to
the portion of the diaphragm during operation of the fluid regulator.

2. The fluid regulator of claim 1, wherein the diaphragm interface comprises a
ring-shaped seat to hold a peripheral edge of the diaphragm, and wherein the curved surface
comprises a radiused inner edge of the ring-shaped seat that contacts the portion of the
diaphragm that moves during operation of the fluid regulator.

3. The fluid regulator of any of the preceeding claims, wherein the diaphragm
interface further comprises a ring-shaped clamp to hold the peripheral edge of the diaphragm,
and wherein the curved surface further comprises a portion of the ring-shaped clamp that
projects inwardly from the peripheral edge of the diaphragm and contacts only one side of the
portion of the diaphragm during operation of the fluid regulator

4. The fluid regulator of any of the preceeding claims, wherein the portion of the
ring-shaped clamp and the radiused inner edge contact opposing faces of the portion of the
diaphragm during operation of the fluid regulator.

5. The fluid regulator of any of the preceeding claims, wherein the diaphragm
interface comprises a ring-shaped clamp to hold the peripheral edge of the diaphragm, and
wherein the curved surface comprises a portion of the ring-shaped clamp that projects
inwardly from the peripheral edge of the diaphragm and contacts only one side of the portion
of the diaphragm during operation of the fluid regulator.

6. The fluid regulator of any of the preceeding claims, wherein the portion of the
ring-shaped clamp has a curved profile that is complementary to a curved profile of the
portion of the diaphragm.

7. The fluid regulator of any of the preceeding claims, wherein the diaphragm
interface comprises a diaphragm plate, and wherein the curved surface comprises a face of
the diaphragm plate having a curved profile complementary to a profile of the portion of the

diaphragm.
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8. A fluid regulator of any of the preceeding claims, wherein the curved surface
is to increase a contact surface area between the diaphragm interface and the portion of the
diaphragm.

0. A fluid regulator, comprising:

a diaphragm support disposed between a bonnet and a valve body to support a
movable portion of a diaphragm, wherein the diaphragm support has a curved surface that is
substantially complementary to a curved surface of a face of the movable portion of the
diaphragm to increase a contact surface area between the diaphragm support and the movable
portion of the diaphragm during operation.

10. A fluid regulator of claim 9, further comprising a valve body having a
diaphragm mount adjacent an inner surface that at least partially defines a sensing chamber,
wherein the valve body has an angled surface between the diaphragm mount and the inner
surface, the angled surface extending away from the diaphragm mount and another face of
the diaphragm.

11. A fluid regulator of any of the preceeding claims, wherein the diaphragm
support comprises a retainer having a diaphragm clamping surface adjacent a diaphragm
support surface, wherein the diaphragm support surface extends away from the diaphragm
clamping surface and the face of the diaphragm.

12. A fluid regulator of any of the preceeding claims, wherein the diaphragm
support surface comprises a curved surface that is substantially complimentary to curved
surface of the face of the diaphragm adjacent a peripheral edge of the diaphragm.

13. A fluid regulator of any of the preceeding claims, wherein the retainer is to
transfer a load to the peripheral edge of the diaphragm when the valve body is coupled to the
bonnet.

14. A fluid regulator of any of the preceeding claims, wherein the diaphragm
support comprises a back-up plate having a support surface to engage the face of the
diaphragm.

15. A fluid regulator of any of the preceeding claims, wherein the support surface
of the back-up-plate includes a central portion having a substantially planar support surface
and an outer portion adjacent the central portion, the outer portion having a wave-shaped

contour.
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16. A fluid regulator of any of the preceeding claims, wherein the diaphragm is
disposed between the valve body and the bonnet, the diaphragm having a central portion, a
peripheral edge and an intermediate portion disposed between the central portion and the
peripheral edge, wherein each of the peripheral edge and the central portion comprises a
substantially planar surface, and wherein the intermediate portion comprises a plurality of
wave-shaped contours to increase the sensitivity of the diaphragm.

17. A fluid regulator of any of the preceeding claims, wherein the central portion
of the back-up plate is to engage the central portion of the diaphragm, and the curved support
surface of the back-up plate is to engage a substantially complementary wave-shaped contour
of the intermediate portion of the diaphragm adjacent the central portion.

18. The fluid regulator of any of the preceeding claims, wherein a wave-shaped
contour of the curved support surface of the back-up plate includes a radius of curvature that
is substantially similar to a radius of curvature of a wave-shaped contour of the intermediate
portion of the diaphragm.

19. A fluid regulator, comprising:

means for regulating fluid flow through a fluid flow passageway, wherein the means
for regulating fluid flow includes a diaphragm composed of a metallic material; and

means for reducing stress concentration imparted to a movable portion of the
diaphragm during operation.

20. A fluid regulator of claim 20, wherein the means for reducing stress includes
means for increasing a surface contact area between the portion of the diaphragm that moves

and the means for reducing stress.
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