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qt(57) Abstract: A pressure reducing fluid regulator having a housing with a flange including a plurality of ear-shaped protrusions is 

Disclosed. Each of the protrusions includes at least one aperture configured to receive fastener such that the circumferential spacing 

Between first and second fasteners is less than the circumferential spacing between the second' fastener and a third fastener. The 

regulator includes a valve having a valve seat, a valve dise, a valve stem coupled to the valve dise and a valve guide that holds the 

valve stem. A lever having a first end coupled to the valve stem and a second end coupled to a diaphragm applies a force to the valve 
stem in a direction that is non-parallel to the longitudinal axis of the valve stem to cause the valve stem to friction.ally engage the 
valve guide. The valve stem includes a stop that limits travel of the valve stem and dise toward the valve seat.
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PRESSURE REDUCING FLUID REGULATORS 

FIELD OF THE DISCLOSURE 

[00011 The present disclosure relates generally to regulators and, more specifically, to 

5 pressure reducing fluid regulators.  

BACKGROUND 

[0001A] Any discussion of the prior art throughout the specification should in no way 

be considered as an admission that such prior art is widely known or forms part of 

common general knowledge in the field.  

io [0002] In controlling the transmission of fluids in industrial processes such as, for 

example, oil and gas pipeline distribution systems, chemical processes, etc., it is often 

necessary to transmit the process fluid at a relatively high pressure through portions of 

the distribution system or process demanding a high volume or flow rate of the process 

fluid. As the high pressure process fluid travels through the distribution system or 

15 process, the pressure of the process fluid may be reduced at one or more points to supply 

a lower volume of the process fluid at a lower pressure to a sub-system that uses or 

consumes the process fluid.  

[00031 Pressure reducing fluid regulators are typically used to reduce and control the 

pressure of a process fluid. In general, a pressure reducing fluid regulator varies the 

20 restriction through a valve that is serially interposed in the fluid flow path. In this 

manner, the pressure reducing fluid regulator can control the fluid flow rate and/or 

pressure provided at a downstream outlet of the regulator. Pressure reducing fluid 

regulators are typically implemented using either a pilot operated control mechanism or 

a direct acting control mechanism.  

25 100041 Pilot operated fluid regulators typically include a pilot stage diaphragm having 

a relatively small surface area. The pilot stage diaphragm typically responds to regulator 

output pressure to drive a second or main control stage that employs a
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diaphragm having a relatively large surface area. The larger diaphragm of the main 

stage provides the large forces needed to actuate the regulator valve.  

[00051 Direct acting fluid regulators eliminate the pilot stage so that the fluid 

output pressure typically acts on a single relatively large diaphragm that is directly 

coupled to the regulator valve. As a result, a direct acting fluid regulator may be 

provided in a relatively compact housing having a relatively small mounting 

envelope.  

[0006] A wide variety of pressure reducing fluid regulators, each of which may 

have a different set of design features suitable for a different application, are 

commonly available. For example, pressure reducing regulators designed for use in 

controlling the pressure of natural gas at a consumer site (e.g., a residence or 

commercial building) or other custody transfer point, are typically required to be 

relatively accurate. High regulator accuracy is usually achieved by configuring the 

regulator to have a high proportional band gain (i.e., a high mechanical gain). Several 

factors may be varied to achieve a high proportional band gain. For example, the 

regulator diaphragm area and lever ratio (i.e., a unit amount of diaphragm travel 

divided by the amount of valve stem and disc travel produced by the unit amount of 

diaphragm travel) substantially control the proportional band gain of a regulator.  

Generally speaking, a larger diaphragm area generates larger forces at any given 

pressure drop across the regulator and, thus, allows a corresponding reduction in the 

lever ratio. A reduction in the lever ratio results in a higher proportional band gain for 

the regulator, which increases the accuracy with which the regulator can control its 

output pressure.  

[0007] On the other hand, pressure reducing fluid regulators designed for use in 

controlling the distribution of liquefied petroleum (LP) gas are relatively compact, 

2
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which enables these regulators to be more easily mounted in confined spaces (e.g., tank 

domes). Accuracy is not as important for LP gas applications as it is for natural gas 

applications. Thus, a relatively smaller diaphragm can be used to minimize the 

mounting envelope of LP gas regulators. In addition, because pressure reducing 

5 regulators used in LP gas applications are often required to control relatively large 

pressure drops, the lower proportional band gain of these regulators tends to reduce the 

instability problems that are common in these applications.  

100081 Thus, the different performance requirements associated with different 

pressure reducing regulator applications have historically been in tension. The required 

10 design tradeoffs resulted in different regulator designs for different applications. For 

example, the use of a pressure regulator designed for use in a natural gas system is 

typically not suitable for use within a LP gas system due to the relatively large mounting 

envelope of a natural gas regulator. Further, the relatively larger proportional band gain 

of a natural gas regulator aggravates instability problems typically associated with the 

15 large pressure drops often encountered in LP gas applications. Likewise, due to their 

relatively low proportional band gains, pressure reducing regulators designed for use 

with LP gas systems are typically not sufficiently accurate for use in natural gas systems.  

SUMMARY 

100091 According to a first aspect of the invention, there is provided a fluid regulator, 

20 comprising: 

a housing; 

a flange with a first radius defining an inner portion of the flange and a second 

radius greater than the first radius that defines a mounting envelope of the fluid 

regulator; 

25 wherein the flange includes a plurality of protrusions that are 

circumferentially spaced so that first and second ones of the plurality of protrusions are 

separated by a first circumferential spacing and the second one and a third one of the 

plurality of protrusions are separated by a second circumferential spacing greater than 

the first circumferential spacing; 

30 wherein each of the plurality of protrusions includes at least one aperture 

configured to receive a fastener such that more than four apertures are provided by the 

flange:
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a valve having a seat, a valve disc and a stem coupled to the valve disc; 

a valve guide that holds the stem to maintain a sealing surface of the valve 

disc in a substantially coplanar relationship to the seat; and 

a lever having a first end coupled to the stem and a second end coupled to a 

5 diaphragm disposed within the fluid regulator, wherein the lever is coupled to the stem 

to apply a force component to the stem in a direction that is substantially perpendicular 

to the longitudinal axis of the stem.  

100101 According to a second aspect of the invention, there is provided a fluid 

regulator, comprising: 

10 a housing; 

a diaphragm disposed within the housing; 

a valve disposed within the housing and having a valve seat, a valve disc and a 

valve stem; 

a valve guide configured to hold the valve stem so that a sealing surface of the 

15 valve disc is substantially coplanar to the valve seat; 

a lever having a first end coupled to the valve stem and a second end coupled 

to the diaphragm, wherein the first end is coupled to the valve stem to force the valve 

stem in a direction that is non-parallel to a longitudinal axis of the valve stem; and a stop 

coupled to the valve stem to limit the travel of the valve disc toward the valve seat.  

20 [00111 According to a third aspect of the invention, there is provided a fluid 

regulator, comprising: 

a housing; 

a diaphragm disposed within the housing; and 

a valve disposed within the housing and having a valve seat, a valve disc and a 

25 valve stem, wherein the valve stem includes a stop configured to limit the travel of the 

valve disc toward the valve seat; and 

a lever having a first end coupled to the valve stem and a second end coupled 

to the diaphragm, wherein the first end of the lever is coupled to the valve stem to apply 

a force component to the valve stem in a direction that is substantially perpendicular to 

30 the longitudinal axis of the valve stem.
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[0011A] According to a fourth aspect of the invention, there is provided a fluid 

regulator, comprising: 

a flange with a first radius defining an inner portion of the flange and a second 

radius greater than the first radius that defines a mounting envelope of the fluid 

5 regulator, wherein the flange includes a plurality of protrusions that are circumferentially 

spaced so that first and second ones of the plurality of protrusions are separated by a first 

circumferential spacing and the second one and a third one of the plurality of protrusions 

are separated by a second circumferential spacing greater than the first circumferential 

spacing, and wherein each of the plurality of protrusions includes at least one aperture 

10 configured to receive a fastener such that more than four apertures are provided by the 

flange; 

a valve having a seat, a valve disc and a stem coupled to the valve disc; 

a valve guide that holds the stem to maintain a sealing surface of the valve 

disc in a substantially coplanar relationship to the seat 

15 a lever having a first end coupled to the stem and a second end coupled to a 

diaphragm disposed within the fluid regulator, wherein the lever is coupled to the stem 

to apply a force to the stem in a direction that is non-parallel to a longitudinal axis of the 

stem; and 

a stop integral with the stem and configured to limit the travel of the valve 

20 disc toward the seat.  

[0011B] According to a fifth aspect of the invention, there is provided a fluid regulator, 

comprising: 

a valve assembly including a valve stem and guide; 

a lever engaged with the valve stem to side load the valve stem against the 

25 guide to control the friction therebetween; and 

a flange configured to receive at least five fasteners such that at least two 

circumferential spacings are associated with the at least five fasteners.  

[0011C] Unless the context clearly requires otherwise, throughout the description and 

the claims, the words "comprise", "comprising", and the like are to be construed in an 

30 inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the 

sense of "including, but not limited to".
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BRIEF DESCRIPTION OF THE DRAWINGS 

100121 Fig. I is a cross-sectional view of a known direct acting pressure reducing 

fluid regulator.  

[0013] Fig. 2 is a cross-sectional view of an example of a direct acting pressure 

5 reducing fluid regulator that uses a stop integral with the fluid regulator valve stem.
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10014] Fig. 3 is a partial cross-sectional view of another known direct acting 

pressure reducing fluid regulator.  

[0015] Fig. 4 is a partial cross-sectional view of an example of a fluid regulator 

that uses a lever configuration that side loads the fluid regulator valve stem.  

[0016] Fig. 5 is a plan view of a known fluid regulator flange configuration.  

[0017] Fig. 6 is a plan view of another known fluid regulator flange configuration.  

[00131 Fig. 7 is a more detailed cross-sectional view depicting the manner in 

which a beaded diaphragm is used with the fluid regulator flange configuration shown 

in Fig. 6.  

[0019] Fig. 8 is an example of a fluid regulator flange configuration that provides a 

reduced mounting envelope and which may be used with a flat gasket.  

DETAILED DESCRIPTION 

[0020] Fig. 1 is a cross-sectional view of a known direct acting pressure reducing 

fluid regulator 100. The direct acting pressure reducing fluid regulator 100 shown in 

Fig. 1 may, for example, be used to control the flow and/or pressure of natural gas.  

As shown in Fig. 1, the fluid regulator 100 has a process fluid inlet 102 at which a 

relatively high pressure process fluid is presented and a fluid outlet 104 to which the 

fluid regulator 100 provides the process fluid at a lower regulated pressure. The fluid 

regulator 100 includes an upper housing portion 106 and a lower housing portion 108 

that are joined at respective flange portions 110 and 112.  

[0021] A diaphragm 114 is captured between the flange portions 110 and 112.  

The diaphragm 114 forms an output pressure control cavity or chamber 116 that is 

sealed with respect to the ambient (e.g., atmospheric pressure) surrounding the fluid 

regulator 100 and which is, under normal operating conditions, sealed with respect to 

an upper cavity or chamber 118. The diaphragm 114 may include a circumferential 

5
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roll portion 120 as shown in Fig. I to enable a substantially linear motion of the 

diaphragm 114 in response to pressure changes across the diaphragm 114.  

[0022] The fluid regulator 100 includes a valve assembly 122 having a valve seat 

124 with a passage 126 therethrough that fluidly couples the fluid inlet 102 to the 

fluid outlet 104. The valve assembly 122 also includes a valve disc 128 that is 

coupled to a valve stem 130. A valve guide 132 holds the valve stem 130 so that a 

sealing surface 133 of the valve disc 128 maintains a substantially coplanar 

relationship to the valve seat 124 as the stem 130 and valve disc 128 slide along the 

longitudinal axis of the valve stem 130.  

[00231 A lever 134 is fixed to the lower housing portion 108 via a pivot 136. A 

first end 138 of the lever 134 is coupled to the valve stem 130 and a second end 140 

of the lever 134 is coupled to the diaphragm 114 as shown and described in greater 

detail below. The lever 134 also includes a stop 142 that contacts an end 144 of the 

valve stem 130. As described in greater detail below, the stop 142 limits 

counterclockwise rotation of the lever 134 about the pivot 136 and, thus, the travel of 

the valve stem 130 and disc 128 toward the valve seat 124.  

[0024] In operation, a spring 146 biases the diaphragm 114 toward the lower 

housing portion 108, thereby forcing the second end 140 of the lever 134 downward 

and rotating the lever 134 clockwise about the pivot 136. The clockwise rotation of 

the lever 134 about the pivot 136 causes the first end 138 of the lever 134 to move 

away from the valve seat 124, thereby causing the valve stem 130 and disc 128 to 

withdraw from the valve seat 124. In addition, the stop 142 is not in contact with the 

end 144 of the valve stem 130. With the valve disc 128 separated or spaced from the 

valve seat 124, the passage 126 fluidly couples the fluid inlet 102 to the output 

6
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pressure control chamber 116 and the fluid outlet 104. *Thus, the valve assembly 122 

is configured to be in a normally open condition.  

10025] As pressurized fluid enters the inlet 102, travels through the passage 126 

and into the output pressure control chamber 116, the pressure in the output pressure 

control chamber 116 and at the outlet 104 increases. As the pressure in the output 

pressure control chamber 116 increases, the diaphragm 114 is forced upward against 

the spring 146 and the second end 140 of the lever 134 is pulled toward the upper 

housing portion 106. Such upward movement of the second end 140 of the lever 134 

rotates the lever 134 counterclockwise about the pivot 136 and causes the first end 

138 of the lever 134 to move along the longitudinal axis of the valve stem 130 toward 

the valve seat 124. In this manner, the first end 138 of the lever 134 forces the valve 

disc 128 toward the valve seat 124 to increase the fluid flow restriction of the valve 

assembly 122. The valve 122 is configured to provide a relatively large change in 

fluid flow rate for a relatively small change in the gap or separation between valve 

disc 128 and the valve seat 124. As a result, the pressure in the output chamber 116 

will tend to reach an equilibrium point (for a given output control pressure) at which 

the diaphragm 114 is driven against the spring 146 to cause the second end 140 of the 

lever 134 to a corresponding fixed point or position within the output pressure 

chamber 116.  

[0026] To prevent damage (e.g., indentation or other deformation) to the sealing 

surface 133 of the valve disc 128 as a result of excessive pressures (e.g., an 

overpressure condition) in the output pressure chamber 116, the stop 142 is 

configured to contact the end 144 of the valve stem 130 to limit counterclockwise 

rotation of the lever 134 about the pivot 136. This rotational limit serves to limit 

movement of the valve stem 130 and disc 128 along the longitudinal axis of the valve 

7
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stem 130, thereby limiting the amount of force with which the valve disc 128 can be 

driven against the valve seat 124. The stop 142 also enables a relief valve 150 to 

function in the event that the output pressure in the chamber 116 exceeds a 

predetermined maximum limit.  

100271 As shown in Fig. 1, at the control point (i.e., the equilibrium point at which 

the valve disc 128 is in proximity to the valve seat 124), the forces exerted by the first 

end 138 of the lever 134 on the valve stem 130 are substantially parallel to (e.g., 

coaxial with) the longitudinal axis of the valve stem 130. In other words, the first end 

138 of the lever 134 does not apply any significant force perpendicular to the 

longitudinal axis of the valve stem 130 (i.e., does not side load the valve stem 130 

against the guide 132). As a result, the valve stem 130 and valve disc 128 are 

relatively free to move along the longitudinal axis of the valve stem 130 due to the 

very limited friction between the valve stem 130 and guide 132. Such freedom of 

longitudinal movement may be compounded by any freeplay or lash that may exist 

between the engagement of the first end 138 of the lever 134 and the stem 130. In 

operation, this freedom of movement along the longitudinal axis of the stem 130 can 

result in oscillation of the valve stem 130 and disc 128 (and, thus, the output pressure) 

at the control point, particularly in applications requiring a high pressure drop across 

the fluid regulator 100 (e.g., LP gas control applications). Such oscillations may 

result in poor output pressure control and premature wear and/or failure of regulator 

components such as, for example, the valve disc 128 and seat 124.  

[00281 A further difficulty with the fluid regulator 100 shown in Fig. 1 is that the 

stop 142 is integral with the lever 134. Unfortunately, the tolerances associated with 

the location of the pivot 136 (which is attached to the lower housing portion 108), the 

dimensions of the lever 134 and the valve stem 130 can stack up. This tolerance stack 

8
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up can cause a relatively wide variation in the amount of force with which the valve 

disc 128 is driven against the valve seat 124 when the stop 142 contacts the end 144 

of the stem 130.  

[00291 The tolerance stack up can also detrimentally affect the performance (e.g., 

the relief pressure) of the relief valve 150. In particular, as the point at which the 

upward motion of the diaphragm 114 is limited by the stop 142 varies, the pre-load 

force applied to the relief valve 150 by the spring 146 varies. For example, if the 

tolerance stack up is such that the upward motion of the diaphragm 114 is stopped 

closer to the upper housing 106, the pre-load force applied by the spring 146 on the 

diaphragm 114 and, thus, the relief valve 150 is increased. As a result, the pressure at 

which the relief valve 150 begins to open is increased. Of course, if the tolerance 

stack up is such that the upward motion of the diaphragm 114 is stopped further from 

the upper housing 106, the pressure at which the relief valve begins to open is 

decreased.  

[00301 Fig. 2 is a cross-sectional view of an example of a direct acting pressure 

reducing fluid regulator 200. In general, the fluid regulator 200 is similar in design 

and operation to the fluid regulator 100 shown in Fig. 1. However, several 

differences between the fluid regulator 200 and the known regulator 100 are described 

in detail below.  

[0031] The regulator 200 includes a valve assembly 202 having a valve seat 204, a 

valve disc 206, a valve stem 208 that is coupled to the valve disc 206, and a valve 

guide 210 that holds the valve stem 208 so that a sealing surface 212 of the valve disc 

206 is maintained in a substantially coplanar relationship with a sealing surface 214 of 

the valve seat 204. A lever 216 is fixed to a lower housing portion 218 of the 

9
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regulator 200 via a pivot 220. The lever 216 has first end 222 that is coupled to the 

valve stem 208 and a second end 224 that is coupled to a diaphragm 226.  

[00321 In contrast to the known regulator 100 shown in Fig. 1, the valve stem 208 

includes a stop 228. The stop 228 may be integrally formed on the valve stem 208 or 

may be a separate component that is suitably fixed to the stem 208. In either case, the 

stop 228 limits the linear travel of the valve stem 208 (i.e., the movement of the stem 

208 along its longitudinal axis within the valve guide 210) and, thus, the valve disc 

206 toward the valve seat 204 to prevent damage (e.g., indentation, cutting, etc.) of 

the sealing surface 212 of the valve disc 206. Fixing the stop 228 to the valve stem 

228 substantially reduces the effects of tolerance stack up so that the forces applied to 

the sealing surface 212 at the stopping point can be more precisely controlled. In 

addition, this improved control of the stopping point improves the pressure relief 

performance of the regulator 200.  

[00331 Fig. 3 is partial cross-sectional view of another known fluid regulator 300.  

The fluid regulator 300 is typical of the pressure reducing regulators that are often 

used within LP gas systems. As shown in Fig. 3, the regulator 300 includes a valve 

assembly 302 that is operatively coupled to a diaphragm 304 via a lever 306. The 

valve assembly 302 includes a valve seat 308 and a valve disc 310. The valve disc 

310 is fixed to a stem 312, which is supported by a valve guide 314. The lever 306 is 

coupled to the stem 312 via a pin or post 316 and rotates about a pivot 318 to drive 

the valve stem 312 and disc 310 along the longitudinal axis of the stem 312 and guide 

314 toward or away from the seat 308.  

[00341 With the known configuration of the lever 306 and the pin 316 shown in 

Fig. 3, the force applied by the lever 306 against the pin 316 and, thus, the stem 312, 

are substantially parallel (e.g., coaxial) to the longitudinal axis of the stem 312 as 

10
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represented by the arrow at reference numeral 320. As a result, the stem 312 is not 

side loaded against the guide 314, which minimizes the friction between the stem 312 

and guide 314. As a result of this minimal friction, lash or freeplay between, for 

example, the engagement of the pin 316 with the lever 306 may allow the stem 312 

and disc 310 to oscillate (as well as the output control pressure) at the control point, 

particularly if the regulator 300 is controlling a large pressure drop.  

[0035] Fig. 4 is a partial sectional view of an example of a lever configuration 400 

that may be used within a pressure regulator, such as, for example, the regulators 200 

and 300 shown in Figs. 2 and 3, respectively. As shown in Fig. 4, a lever 402 is 

coupled to a regulator housing 404 via a pivot 406. A valve assembly 408 includes a 

valve seat 410, a valve disc 411 and a valve stem 412. The valve stem 412 includes a 

protrusion 414 that is disposed within a recess 416 in the lever 402. The protrusion 

414 may be a cylindrically-shaped pin or any other suitable shape to maintain 

engagement with the lever 402 via the recess 416.  

[0036] As depicted in Fig. 4, the recess 416 is shaped so that the resultant force 

exerted by the lever 402 against the protrusion 414 is not parallel or coaxial to the 

longitudinal axis of the stem 412. An example of one such resultant force vector is 

indicated at reference numeral 420. The shape of the recess 416 depicted in Fig. 4 is 

angled so that the wall of the recess 416 contacting the protrusion 414 is not 

perpendicular to the longitudinal axis of the stem 412. As a result, the point of 

contact between the wall of the recess 416 and the protrusion occurs at the tip of the 

arrow representing the resultant force vector shown at the reference numeral 420. In 

this manner, the lever 402 exerts a substantial force on the valve stem 412 that is 

perpendicular to the longitudinal axis of the valve stem 412 (i.e., the component of the 

11
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resultant force 420 that is perpendicular to the longitudinal axis of the valve stem 

412).  

10037] The force exerted perpendicularly to the longitudinal axis of the valve stem 

412 side loads the stem 412 against the guide 418, thereby increasing the frictional 

force between the stem 412 and the guide 418. This increased fictional force serves 

to substantially minimize or eliminate oscillations of the valve stem 412 and disc 411 

at the control point to provide a highly stable regulator output pressure under high 

pressure drop conditions.  

10038] Of course, the recess 416 shown in Fig. 4 is merely one example of a recess 

geometry that may be used to enable the lever 402 to apply a force to the stem 412 

that is not coaxial or parallel to the longitudinal axis of the stem 412. In general, any 

mechanical engagement between the lever 402 and the protrusion 414 that applies a 

resultant force on the valve stem 412 having a substantial component that is 

perpendicular to the longitudinal axis of the stem 412 could be used to produce a 

sufficient frictional force between the valve guide 418 and the stem 412.  

[0039] Additionally, a stop 422, similar or identical to the stop 228 shown in Fig.  

2, may be included. As with the stop 228, the stop 422 limits the linear travel of the 

stem 412 and disc 411 to prevent damage and/or excessive wear to the seat 410 and 

disc 411.  

[0040] Fig. 5 is a plan view of a known regulator body flange configuration 500 

that is typically used to implement the flanges of a pressure regulator such as, for 

example, the flange portions 110 and 112 of the regulator 100 shown in Fig. 1. As 

shown in Fig. 5, the flange 500 has an inner surface 502 having a first radius and an 

outer surface 504 having a second radius greater than the first radius. Thus, the flange 

500 forms a ring of uniform width (i.e., the difference between the second radius and 

12
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the first radius). The flange 500 also includes a plurality of apertures (one of which is 

indicated at 506) that are uniformly circumferentially spaced. In other words, the 

circumferential distance or radial angle between each of the apertures is substantially 

equal. The apertures are configured to receive fasteners such as, for example, bolts, 

self-tapping screws, or any other suitable fasteners.  

100411 Mating flanges employing the known flange configuration 500 depicted in 

Fig. 5 are typically sealed together via an inexpensive flat gasket. Unfortunately, the 

equal fastener spacing of the flange configuration 500 shown in Fig. 5 results in a 

relatively large regulator mounting envelope.  

[0042] Fig. 6 is a plan view of another known regulator flange configuration 600 

that is typically used to reduce the mounting envelope of a pressure regulator. As 

shown in Fig. 6, the flange configuration 600 includes four ears or protrusions 602, 

604, 606 and 608. Each of the ears 602-608 has a respective aperture 610, 612, 614 

and 616 that is configured to receive a fastener such as, for example, a self-tapping 

bolt or screw. The distance between the apertures 610 and 612 and the distance 

between the apertures 614 and 616 is equal to the distance between the apertures 610 

and 616 and the distance between the apertures 612 and 614.  

[00431 While the known flange configuration 600 of Fig. 6 can be used to reduce 

the mounting envelope of a regulator, the relatively few fasteners used by the 

configuration 600 and the relatively large spacing therebetween results in a large 

amount of flange deflection. To compensate for the relatively large flange deflections 

to prevent pressure leaks, the flange configuration 600 usually includes a diaphragm 

bead groove or channel 620 to enable use of a beaded diaphragm.  

[00441 Fig. 7 is a partial cross-sectional view that depicts the manner in which a 

beaded diaphragm 702 may be used to seal opposing flanges 704 and 706 that are 

13
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based on the configuration 600 of Fig. 6. As shown in Fig. 7, the beaded diaphragm 

702 has a bead portion 708 that is disposed within a bead groove or channel 710 of 

the flange 704. Displacement of the additional material associated with the bead 708 

by the flanges 704 and 706 enables the flanges 704 and 706 to flex (e.g., separate) 

without compromising the seal provided by the diaphragm bead 708 against the bead 

channel 710.  

[0045] Unfortunately, beaded diaphragms are relatively expensive to manufacture 

due to high defect rates and expensive process steps. Additionally, the tooling 

required to form a bead groove or channel (e.g., the bead channels 620 and 710 shown 

in Figs. 6 and 7, respectively) within the flange results in relatively expensive tool 

maintenance. In particular, the tight radius areas of the tooling that form the bead 

groove or channel are susceptible to heat stress cracking.  

[0046] Fig. 8 is a plan view of an example flange configuration 800 that may be 

used with a fluid regulator such as, for example, the example fluid regulator 200 

shown in Fig. 2. The flange configuration 800 has a first radius 802 defining an inner 

portion 804 of the flange 800 and a second radius 806 greater than the first radius 802 

that defines a mounting envelope 808. The flange 800 includes a plurality of 

circumferentially spaced ear-shaped protrusions or ears 810, 812, 814 and 816. The 

ears 810-816 have respective outer portions 818, 820, 822 and 824 that define a third 

radius 826 that is greater than the second radius 806.  

[00471 The ears 810-816 include respective pairs of apertures 828 and 830, 832 

and 834, 836 and 838, and 840 and 842. The apertures 828-842 are configured to 

receive fasteners such as, for example, bolts, self-tapping screws, etc. As shown in 

the example of Fig. 8, the circumferential spacing between the apertures 828 and 830 

is substantially the same as the circumferential spacing between the apertures 832 and 

14
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834, 836 and 838, and 840 and 842. In addition, the spacing between aperture pairs 

(e.g., 828 and 830) is less than the circumferential spacing between, for example, the 

apertures 830 and 832. In contrast to the known flange configuration 500 of Fig. 5, 

the example flange configuration 800 provides the same number of fasteners for 

strength but substantially reduces the mounting envelope. In addition, unlike the 

known flange configuration 600 of Fig. 6, the example flange configuration 800 of 

Fig. 8 provides a reduced mounting envelope without requiring the use of a beaded 

diaphragm. Instead, the example flange configuration 800 of Fig. 8 may be used with 

a relatively inexpensive flat gasket because the maximum spacing between fasteners 

is reduced (while maintaining a minimal mounting envelope) in comparison to known 

four bolt flange designs such as that shown in Fig. 6, thereby reducing flange flexing.  

[0048] Several advantageous fluid regulator features have been disclosed herein.  

In particular, a stop integral with a regulator valve stem is disclosed. Such an integral 

stop reduces the effects of tolerance stack up to enable more precise control of the 

extent to which the valve disc may be driven against the valve seat. This improved 

control over the travel of the valve stem and disc with respect to the valve seat can be 

used to significantly reduce the wear and/or damage that may be imparted to the 

sealing surfaces of a regulator valve assembly, particularly as a result of overpressure 

conditions. In addition, improved control of the travel of the valve stem and disc may 

also provide more precise control of regulator relief valve operation.  

[00491 A lever configuration that side loads the valve stem against the valve guide 

to increase the friction therebetween is also disclosed. Specifically, by controlling the 

resultant force vector with which the lever drives the valve stem to have a significant 

force component perpendicular to the longitudinal axis of the valve stem, the stem 

may be side loaded within the guide. Such side loading introduces a controlled 

15
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friction between the stem and guide to significantly reduce or eliminate oscillation of the 

stem and disc at the control point, particularly where relatively large pressure drops are 

being controlled by the regulator.  

100501 Still further, a flange configuration that provides a reduced mounting envelope 

5 and which may be used with a relatively inexpensive flat gasket (as opposed to a beaded 

diaphragm) is disclosed. The disclosed flange configuration uses a plurality of fasteners 

for each flange ear or protrusion to eliminate the flange flexing problems commonly 

experienced with known reduced mounting envelope flange designs.  

100511 Any of the valve stem stop, lever configuration and flange configuration 

10 features disclosed herein could be used individually or in any desired combination to 

achieve a particular objective or to satisfy a particular application. For example, all 

three features could be combined within a single device to provide a regulator product 

suitable for use in both natural gas and LP gas applications. In particular, the reduced 

mounting envelope flange configuration and side loaded valve stem features would be 

15 particularly advantageous within LP gas applications due to the space constraints and 

high pressure drops (which tend to produce output pressure oscillations) that are 

commonly found in those applications. Further, a regulator having such features could 

also be made to have the control accuracy requirements needed to satisfy natural gas 

applications. Specifically, the disclosed flange configuration enables a relatively large 

20 diaphragm to be used, which enables a relatively low lever ratio to be used. As 

discussed above, a lower lever ratio improves proportional band gain and, thus, output 

pressure control accuracy.  

100521 Although the invention has been described with reference to specific examples 

it will be appreciated by those skilled in the art that the invention may be embodied in 

25 many other forms.
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embodiments fairly falling within the scope of the appended claims either literally or 

under the doctrine of equivalents.  

17
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A fluid regulator, comprising: 

a housing; 

5 a flange with a first radius defining an inner portion of the flange and a second 

radius greater than the first radius that defines a mounting envelope of the fluid 

regulator; 

wherein the flange includes a plurality of protrusions that are circumferentially 

spaced so that first and second ones of the plurality of protrusions are separated by a first 

10 circumferential spacing and the second one and a third one of the plurality of protrusions 

are separated by a second circumferential spacing greater than the first circumferential 

spacing; 

wherein each of the plurality of protrusions includes at least one aperture 

configured to receive a fastener such that more than four apertures are provided by the 

15 flange; and 

a valve having a seat, a valve disc and a stem coupled to the valve disc; 

a valve guide that holds the stem to maintain a sealing surface of the valve disc in 

a substantially coplanar relationship to the seat; and 

a lever having a first end coupled to the stem and a second end coupled to a 

20 diaphragm disposed within the fluid regulator, wherein the lever is coupled to the stem 

to apply a force component to the stem in a direction that is substantially perpendicular 

to the longitudinal axis of the stem.  

2. A fluid regulator as defined in claim 1, wherein each of the protrusions includes at 

least two apertures.  

25 3. A fluid regulator as defined in claim 2, wherein the at least two apertures 

associated with each of the protrusions are circumferentially spaced at the first 

circumferential spacing.  

4. A fluid regulator as defined in any one of claims 1 to 3, wherein the protrusions 

are ear-shaped.
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5. A fluid regulator as defined in any one of claims I to 4, wherein the stem includes 

a stop configured to limit the travel of the valve disc toward the seat.  

6. A fluid regulator as defined in claim 1, wherein the stem includes a protrusion and 

the first end of the lever includes a recess that is configured to receive the protrusion.  

5 7. A fluid regulator, comprising: 

a housing; 

a diaphragm disposed within the housing; 

a valve disposed within the housing and having a valve seat, a valve disc and a 

valve stem; 

10 a valve guide configured to hold the valve stem so that a sealing surface of the 

valve disc is substantially coplanar to the valve seat; 

a lever having a first end coupled to the valve stem and a second end coupled to 

the diaphragm, wherein the first end is coupled to the valve stem to force the valve stem 

in a direction that is non-parallel to a longitudinal axis of the valve stem; and a stop 

15 coupled to the valve stem to limit the travel of the valve disc toward the valve seat.  

8. A fluid regulator as defined in claim 7, wherein the lever is configured to apply a 

force to the valve stem that is substantially perpendicular to the longitudinal axis of the 

valve stem.  

9. A fluid regulator as defined in claim 7 or claim 8, wherein the lever engages the 

20 valve stem via a recess.  

10. A fluid regulator as defined in claim 9, wherein the recess has a wall that is angled 

to be non-perpendicular to the longitudinal axis of the valve stem.  

I1. A fluid regulator as defined in claim 7 or claim 8, wherein the valve stem includes 

a protrusion and wherein the first end of the lever includes a recess that receives the 

25 protrusion.  

12. A fluid regulator as defined in claim 7, wherein the stop is integral with the valve 

stem.  

13. A fluid regulator, comprising:
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a housing; 

a diaphragm disposed within the housing; 

a valve disposed within the housing and having a valve seat, a valve disc and a 

valve stem, wherein the valve stem includes a stop configured to limit the travel of the 

5 valve disc toward the valve seat; and 

a lever having a first end coupled to the valve stem and a second end coupled to 

the diaphragm, wherein the first end of the lever is coupled to the valve stem to apply a 

force component to the valve stem in a direction that is substantially perpendicular to the 

longitudinal axis of the valve stem.  

10 14. A fluid regulator as defined in claim 13, wherein the stop is integral with the valve 

stem.  

15. A fluid regulator as defined in claim 13 or claim 14;, wherein the first end of the 

lever is coupled to the valve stem to force the valve stem in a direction that is non

parallel to the longitudinal axis of the valve stem.  

15 16. A fluid regulator as defined in claim 15, wherein first end of the lever engages the 

valve stem via a protrusion integral with the valve stem.  

17. A fluid regulator, comprising: 

a flange with a first radius defining an inner portion of the flange and a second 

radius greater than the first radius that defines a mounting envelope of the fluid 

20 regulator, wherein the flange includes a plurality of protrusions that are circumferentially 

spaced so that first and second ones of the plurality of protrusions are separated by a first 

circumferential spacing and the second one and a third one of the plurality of protrusions 

are separated by a second circumferential spacing greater than the first circumferential 

spacing, and wherein each of the plurality of protrusions includes at least one aperture 

25 configured to receive a fastener such that more than four apertures are provided by the 

flange; 

a valve having a seat, a valve disc and a stem coupled to the valve disc; 

a valve guide that holds the stem to maintain a sealing surface of the valve disc in 

a substantially coplanar relationship to the seat;
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a lever having a first end coupled to the valve stem and a second end coupled to 

the diaphragm, wherein the first end of the lever is coupled to the valve stem to apply a 

force component to the valve stem in a direction that is substantially perpendicular to the 

longitudinal axis of the valve stem; and 

5 a stop integral with the stem and configured to limit the travel of the valve disc 

toward the seat.  

18. A fluid regulator, comprising: 

a valve assembly including a valve stem and guide; 

a lever engaged with the valve stem to side load the valve stem against the guide to 

10 control the friction therebetween; and 

a flange configured to receive at least five fasteners such that at least two 

circumferential spacings are associated with the at least five fasteners.  

19. A fluid regulator as defined in claim 18, further including a stop integral with the 

stem, wherein the stop controls the extent to which a valve disc can drive against a valve 

15 seat.  

20. A fluid regulator as defined in any one of claim 18 or 19, further including a 

diaphragm sized so that the fluid regulator is configured to control the pressure of at 

least two different types of fluids.  

21. A fluid regulator as defined in claim 20, wherein the at least two different types of 

20 fluids include natural gas and liquefied petroleum gas.  

22. A fluid regulator being substantially as herein described with reference to any one of 

the embodiments of the invention illustrated in the accompanying drawings and/or 

examples.
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