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PRESSURE-BALANCED FLUID PRESSURE REGULATORS 

FIELD OF THE DISCLOSURE 

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

pressure-balanced fluid pressure regulators.  

BACKGROUND 

[0002] 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.  

[0003] Fluid valves and regulators are commonly distributed throughout process control 

systems to control the flow rates and/or pressures of various fluids (e.g., liquids, gasses, etc.).  

In particular, a fluid regulator is typically used to reduce the pressure of a fluid and regulate the 

pressure 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 

pressure at an outlet. Inlet pressure is reduced to a lower outlet pressure by restricting flow 

through an orifice to match the fluctuating downstream demand. For example, a gas regulator 

associated with a piece of equipment (e.g., a boiler) may receive a gas having a relatively high 

and somewhat variable pressure from a gas distribution source and may regulate the gas to 

have a lower, substantially constant pressure suitable for safe, efficient use by the equipment.  

SUMMARY 

[0004] According to a first aspect, the invention provides a fluid regulator comprising: 

an actuator defining a first chamber and a second chamber; 

a valve body defining an inlet, an outlet, and a fluid flow passageway between the inlet 

and the outlet; 

a fluid flow control member disposed within the fluid flow passageway of the valve 

body, the fluid flow control member to move relative to a seat ring to modulate fluid flow 

through the fluid flow passageway; 

a valve stem coupling the fluid flow control member to the actuator, the valve stem 

having a pathway to allow fluid from the inlet to flow across the fluid flow control member 

between a first side of the fluid flow control member, in communication with the inlet, and a
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second side of the fluid flow control member opposite the first side and in fluid communication 

with a third chamber, to pressure-balance the fluid flow control member; and 

a biasing element disposed within the third chamber to bias the fluid flow control 

member towards the seat ring.  

[0005] 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 inclusive 

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

"including, but not limited to".  

[0006] According to a second aspect, the invention provides a fluid regulator, comprising: 

an actuator defining a first chamber and a second chamber; 

a flow control member disposed within a fluid flow passageway defined by a valve 

body, the flow control member having a metallic sealing surface that is to move relative to an 

elastomeric seating surface of a seat ring disposed within the fluid flow passageway, the 

metallic sealing surface being coupled to a disk holder via a disk retainer; and 

a valve stem to operatively couple the flow control member to a diaphragm of the 

actuator, the flow control member being threadably coupled to a first end of the valve stem via 

the disk retainer and a second end of the valve stem opposite the first end to be directly 

coupled to the diaphragm of the actuator via a diaphragm plate and having a pathway to allow 

fluid from an inlet of the fluid regulator to flow across the flow control member between a first 

side of the flow control member, in fluid communication with the inlet, and a second side of the 

flow control member, opposite the first side and in communication with a third chamber, to 

pressure-balance the fluid flow control member; and 

a biasing element disposed within the third chamber to bias the flow control member 

towards the seat ring.  

[0007] According to another aspect, the invention provides a fluid regulator comprising: 

means for modulating fluid flow through a passageway of a fluid regulator, wherein the 

means for modulating includes a metallic sealing surface coupled to a disk holder via a 

retainer; and 

means for actuating the means for modulating the fluid flow, the means for actuating 

defining a first chamber and a second chamber and being operatively coupled to the means for 

modulating via a valve stem; wherein 

the valve stem comprises means for pressure-balancing the means for modulating fluid 

flow, the means for pressure-balancing comprising a pathway through the valve stem to allow
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fluid from an inlet of the fluid regulator to flow across the means for modulating fluid flow 

between a first side of the means for modulating fluid flow, in fluid communication with the 

inlet, and a second side of the means for modulating fluid flow, opposite the first side and in 

communication with a third chamber, to pressure-balance the means for modulating fluid flow; 

and 

a biasing element is disposed within the third chamber to bias the means for 

modulating fluid flow towards a seat ring of the fluid regulator.  

[0008] In one broad example, a fluid pressure regulator includes a fluid flow control member 

disposed within a fluid flow passageway of a valve body and moves relative to a seat ring to 

modulate fluid flow through the fluid flow passageway. A valve stem couples the fluid flow 

control member to an actuator. The valve stem has a pathway to allow fluid from an inlet of 

the fluid flow passageway to flow across the flow control member between a first side of the 

flow control member and a second side of the flow control member opposite the first side to 

pressure-balance the fluid flow control member.  

[0009] In another broad example, a pressure regulator includes a flow control member 

disposed within a fluid flow passageway defined by a valve body. The flow control member 

has a metallic sealing surface that is to move relative to an elastomeric seating surface of a 

seat ring disposed within the fluid flow passageway. The metallic sealing surface is coupled to 

a disk holder via a disk retainer. A valve stem operatively couples the flow control member to 

a diaphragm of an actuator. The flow control member is threadably coupled to a first end of 

the valve stem via the retainer and a second end of the valve stem opposite the first end is 

directly coupled to the diaphragm of the actuator via a diaphragm plate.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] A preferred embodiment of the invention will now be described, by way of example 

only, with reference to the accompanying drawings in which: 

[0011] FIG. 1A is a split, cross-sectional view of a known fluid regulator.  

[0012] FIG. 1 B is an enlarged cross-sectional view of a portion of the known fluid regulator 

of FIG. 1A.  

[0013] FIG. 2 is a cross-sectional view of an example pressure-balanced fluid pressure 

regulator described herein.
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[0014] FIG. 3 is another cross-sectional view of a portion of the example fluid regulator of 

FIG. 2.  

[0015] FIG. 4 is an enlarged, partial cross-sectional view of the example fluid regulator of 

FIG. 2.  

[0016] FIG. 5 is a cross-sectional view of an example strainer of the fluid regulator of FIG. 2.  

DETAILED DESCRIPTION 

[0017] contrast to known fluid regulators, which often employ a tube to couple a flow control 

member to an actuator, the example fluid regulators described herein employ a valve stem to 

couple a flow control member to an actuator. In some examples, the valve stem may include a 

passageway to pressure-balance the flow control member, thus requiring less force to open 

and/or close the flow control member. As a result, a smaller actuator may be provided, 

thereby reducing costs. Additionally, in contrast to conventional seat rings, the example fluid 

regulators described herein employ a valve seat or seat ring that provides a seating surface 

composed of an elastomeric material (e.g., an elastomeric seal, disk or ring). As a result, wear 

to the elastomeric seal due to, for example, flow impingement or particulate in a process fluid 

is significantly reduced or prevented.  

[0018] In some examples, a screen or strainer may be coupled to the seat ring to filter or 

prevent impurities (e.g., large particulate) within a process fluid from flowing downstream of an 

outlet of the fluid regulator. In particular, the strainer may be composed of a plurality of non

continuous curved surfaces. As a result, the strainer may be less susceptible to ice formation 

when used with process fluids having relatively low temperatures.  

[0019] Further, unlike conventional fluid regulators, an actuator casing of an example fluid 

regulator described herein has an inner surface having a curved or smooth profile or shape. In 

this manner, a diaphragm of an actuator can contact the inner surface of the actuator casing 

with an increased contact surface area, which reduces stress concentration on the diaphragm 

at the areas of contact. Additionally or alternatively, a diaphragm plate that couples the stem 

to the flow control member may be smaller in size to allow the diaphragm to flex or bend more 

freely compared to a conventional fluid regulator. Allowing the diaphragm to freely flex or bend 

significantly reduces localized stresses on the diaphragm. Such reduced localized stress
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concentrations significantly increases the cycle life or fatigue life of the diaphragm, thereby 

reducing maintenance and costs.  

[0020] A brief description of a known fluid regulator 100 is provided below in connection 

with FIGS. 1A and 1B. FIG. 1A is a split, cross-sectional view of the known fluid regulator 100 

showing the fluid regulator 100 in an open position 102 on the left hand side of the figure and a 

closed position 104 on the right hand side of the figure. FIG. 1 B is an enlarged, partial cross

sectional view of the conventional fluid regulator 100 of FIG. 1A.  

[0021] Referring to FIGS. 1A and 1B, the known fluid regulator 100 includes an actuator 

106 coupled to a valve body 108. The actuator 106 moves a flow control member or throttling 

member 110 relative to a seat ring 112 to control fluid flow through a passageway 116 of the 

valve body 108.  

[0022] The flow control member 110 of the fluid regulator 100 is depicted as a disk-type 

valve. The flow control member 110 includes a sealing disk 118, a disk mount or holder 120, a 

disk retainer 122 and a stem adaptor 124. The sealing disk 118 is a substantially disk-shaped 

ring and is composed of an elastomeric material. However, the elastomeric sealing disk 118 

can be prone to wear and can experience rapid erosion and damage when used in severe 

service conditions (e.g., fluids having a relatively high velocity and/or a relatively high 

temperature). For example, as shown in FIG. 1 B, relatively large forces may be imparted on 

the sealing disk 118 due to flow impingement caused by a relatively high velocity fluid flow 

126, thereby causing the sealing disk 118 to wear. The resulting wear on the elastomeric 

sealing disk 118 can prevent the flow control member 110 from properly sealing against the 

seat ring 112 and may necessitate the shut down or bypass of a process system to replace the 

sealing disk 118. As a result, the flow control member 110 requires increased maintenance.  

[0023] In the illustrated example, the actuator 106 includes an upper casing 128 and a 

lower casing 130 that contain diaphragm plates 132 and 134. The diaphragm plates 132 and 

134 hold a diaphragm 136 in operative engagement with a tube 138. Thus, the diaphragm 

plates 132 and 134 couple the tube 138 and the flow control member 110 to the diaphragm 

136 via a tube connection 140. However, having the tube connection 140 as shown in FIG. 1A 

significantly increases manufacturing costs and complexity. For example, the tube connection 

140 requires a plurality of seals 142 to seal between the tube 138 and the valve body 108 

and/or a cage 144.
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[0024] Further, due to the tube connection 140, a travel indicator 146 is coupled to the 

diaphragm plate 132 to provide an indication of the position of the flow control member 110 

relative to the seat ring 112. The travel indicator 146 is coupled to an aperture 148 of the 

diaphragm plate 132 via a snap-fit connection. Such a snap-fit connection is not as strong as, 

for example, a threaded connection and may be susceptible to being pulled away from the 

diaphragm plate 132 (e.g., being pulled-out from the diaphragm plate 132) during operation, 

thereby requiring increased maintenance and shut-down to reconnect the travel indicator 146 

to the diaphragm plate 132.  

[0025] Additionally or alternatively, the diaphragm plates 132 and 134 transfer a load from 

the diaphragm 136 to move the tube 138 between the open and closed positions 102 and 104 

and, thus, are sized to support relatively large transfer loads. In operation, a pressure 

differential across the diaphragm 136 causes the diaphragm 136 to bend or flex, causing the 

flow control member 110 to move relative to the seat ring 112 via the tube 138 to control fluid 

flow through the passageway 116. However, the diaphragm plates 132 and 134 and/or the 

actuator casings 128 and 130 form pinch point 150 or have sharp angles or non-smooth 

contact surfaces 152. As a result, the diaphragm 136 is constrained to flex or bend about a 

relatively small surface area. Additionally or alternatively, the diaphragm 136 engages the 

sharp angled portions 150 and 152 of the diaphragm plates 132 and 134 and/or the actuator 

106 with a relatively small contact area, thereby increasing stress concentration on the 

diaphragm 136 at the areas of contact. Such localized stress concentrations imparted to the 

diaphragm 136 can significantly reduce the cycle life or fatigue life of the diaphragm 136, 

thereby causing increased maintenance and costs.  

[0026] FIG. 2 illustrates an example fluid regulator 200 described herein. FIG. 3 is a partial, 

enlarged view of the example fluid regulator 200 of FIG. 2. FIG. 4 is another partial, cross

sectional view of the example fluid regulator 200 of FIG. 2.  

[0027] Referring to FIG. 2, the example fluid regulator 200 includes an actuator 202 coupled 

to a valve body 204. The valve body 204 has an inlet 206 for connection to an upstream 

pipeline at which relatively high pressure process fluid is presented. The valve body 204 also 

has an outlet 208 for connection to a downstream pipeline to which the fluid regulator 200 

provides the process fluid at a lower regulated pressure. The valve body 204 is the main 

pressure boundary of the fluid regulator 200 and supports a seating surface or seat ring 210 

that is mounted in the valve body 204 and which defines an orifice 212 of a fluid flow 

passageway 214 defined by the valve body 204 between the inlet 206 and the outlet 208. The
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actuator 202 moves a throttling member or flow control member 216 relative to the seat ring 

210 to control or modulate fluid flow through the passageway 214.  

[0028] Unlike the known fluid regulator 100 of FIG. 1A, the example fluid regulator 200 

employs a valve stem 218 to operatively couple the flow control member 216 to the actuator 

202. Additionally, the valve stem 218 of the illustrated example includes a pathway 220 to 

fluidly couple a first side 222 of the flow control member 216 in fluid communication with the 

inlet 206 and a second side 224 of the flow control member 216 in fluid communication with a 

spring chamber 226 to provide a pressure-balanced trim apparatus or assembly 228. As 

shown, the pathway 220 of the valve stem 218 includes a first path 230 (e.g., a first bore) 

along a portion of the valve stem 218 adjacent the flow control member 216 that has an axis 

232 substantially parallel to, and/or aligned with, a longitudinal axis 234 of the valve stem 218 

and a second path 236 (e.g., a second bore or aperture) having an axis 238 that intersects 

(e.g., is substantially perpendicular to) the longitudinal axis 234 of the valve stem 218 to fluidly 

couple the first path 230 to the spring chamber 226. As a result, the pathway 220 allows fluid 

to flow from the inlet 206, across the flow control member 216 and to the spring chamber 226 

such that the pathway 220 through the valve stem 218 provides a pressure-balanced trim or 

flow control member 216 to accommodate high pressure applications. Additionally or 

alternatively, a relatively smaller actuator (e.g., in size, weight, force, etc.) may be employed 

because a pressure-balanced flow control member typically requires less force to move 

between an open position and a closed position (e.g., the position shown in FIG. 2).  

[0029] The flow control member 216 of the fluid regulator 200 is depicted as a disk-type 

valve. As shown, the flow control member 216 includes a sealing disk 240, a disk retainer 242 

and a disk holder 244. The sealing disk 240 is a substantially disk-shaped ring and is 

composed of, for example, a metallic material. The disk retainer 242 includes an aperture 

(e.g., a threaded aperture) to threadably couple to an outer surface (e.g., a threaded portion) of 

the valve stem 218 adjacent the pathway 220. The disk holder 244 is captured between the 

disk retainer 242 and a shoulder or flange 245 (e.g., a pin) along an outer surface of the valve 

stem 218. The sealing disk 240 is captured between the disk retainer 242 and the disk holder 

244 such that an opening 247 of the pathway 220 is adjacent the first side 222 of the flow 

control member 216. An end 249 of the valve stem 218 may be substantially flush relative to a 

surface of the disk retainer 242 in communication with the inlet 206. A guide 251 guides the 

disk holder 244 and the flow control member 216 as the flow control member 216 moves 

between an open position and a closed position. As described in greater detail below, the disk 

holder 244 includes a wall 253 that defines a spring seat 255.
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[0030] Further, the seat ring 210 of the fluid regulator 200 includes a seating surface or ring 

248 composed of an elastomeric material. As most clearly shown in FIG. 3, the seat ring 210 

is a two-piece structure that includes a first portion 302 composed of a metallic material (e.g., 

steel) and a second portion 304 composed of an elastomeric material. The elastomeric 

material or ring 304 may be coupled to the seat ring 210 via chemical bonding, a fastener or 

any other suitable fastening mechanism(s). In some examples, the first portion 302 may 

include a groove or channel to receive the elastomeric ring 304. In this manner, particulate in 

a process fluid and/or relatively high forces due to flow impingement are imparted to the 

sealing disk 240 of the flow control member 216 and/or the metallic portion 302 of the seat ring 

210 rather than the elastomeric ring 304, thereby increasing the operational life of the 

elastomeric ring 304. Further, the resilient, elastomeric ring 304 provides a relatively tight seal 

and/or may shift or move (e.g., self-align) when the sealing disk 240 sealingly engages the 

elastomeric ring 304 to minimize perpendicularity issues caused, for example, by misalignment 

due to imprecise manufacturing and/or installation of the components. The sealing disk 240 

and/or the metallic portion 302 of the seat ring 210 can be composed of a metal such as steel 

and the elastomeric ring 304 can be composed of an elastomeric material such as 

fluoroelastomer (FKM), Neoprene, Nitrile, etc.  

[0031] The actuator 202 of the illustrated example includes an upper casing 250 coupled to 

a lower casing 252 via fasteners 254. Referring also to FIG. 4, the lower casing 252 of the 

actuator 202 is coupled to the valve body 204 via a fastener 402. As shown in FIG. 2, the 

lower casing 252 and the valve body 204 define the spring chamber 226 when the actuator 

202 is coupled to the valve body 204. To bias the flow control member 216 toward the seat 

ring 210, a biasing element 256 (e.g., a spring) is captured between the spring seat 255 of the 

flow control member 216 and a spring seat 258. The spring seat 258 is coupled to the lower 

casing 252 of the actuator 202 via fasteners 260 and includes an aperture 262 to slidably 

receive the valve stem 218. A seal 264 is disposed within the aperture 262 to prevent fluid 

leakage between the spring chamber 226 and the actuator 202. Further, the lower casing 252 

includes a pilot supply port 266 that fluidly couples the spring chamber 226 or the inlet 206 to a 

pilot supply (not shown) via the pathway 220 of the valve stem 218.  

[0032] A sensing element or diaphragm 268 is disposed or captured between the upper and 

lower casings 250 and 252 such that a first surface or side 270 of the diaphragm 268 and the 

upper casing 250 define a first chamber 272 and a second surface or side 274 of the 

diaphragm 268 and the lower casing 252 define a second or loading chamber 276. As noted 

above, in contrast to the known fluid regulator 100 of FIG. 1A, which employs the tube 138 to
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couple the diaphragm 136 to the flow control member 110, the example fluid regulator 200 

employs the valve stem 218 to operatively couple the flow control member 216 to the 

diaphragm 268, which significantly reduces manufacturing costs and complexity compared to 

the fluid regulator 100.  

[0033] The upper and lower casings 250 and 252 also contain diaphragm plates 278 and 

280, which are coupled to the diaphragm 268 to provide support to the diaphragm 268 and 

operatively couple the diaphragm 268 to the valve stem 218. The diaphragm plates 278 and 

280 are coupled together to capture the diaphragm 268 via fasteners 282. Also, the 

diaphragm plates 278 and 280 have respective apertures to form an opening 284 to receive an 

end 286 of the valve stem 218 opposite the pathway 220. In particular, the end 286 of the 

valve stem 218 includes a reduced diameter portion that is disposed within the opening 284.  

To couple the valve stem 218 to the diaphragm 268, a fastener 288 (e.g., a nut) is coupled to 

the end 286 of the valve stem 218 to engage the diaphragm plate 278 and a shoulder 290 of 

the valve stem 218 formed by the reduced diameter portion engages the diaphragm plate 280.  

[0034] As shown, because the valve stem 218 has a relatively smaller diameter or cross

section than, for example, the tube 138 of FIG. 1A, the diaphragm plate 280 can have a 

significantly smaller dimensional footprint relative to the diaphragm plate 278. However, in 

other examples, a diameter of the diaphragm plate 278 may be smaller than a diameter of the 

diaphragm plate 280. As a result, unlike the diaphragm plates 132 and 134 of the fluid 

regulator 100 of FIG. 1A, the diaphragm plates 278 and 280 enable the diaphragm 268 to flex 

or bend more freely relative to the diaphragm plate 280. In particular, the diaphragm plates 

278 and 280 provide a non-pinch area 292 about which the diaphragm 268 can bend or flex 

during operation. Allowing the diaphragm 268 to flex or bend more freely significantly reduces 

localized stresses on the diaphragm 268.  

[0035] Additionally or alternatively, each of the inner surfaces 294a and 294b of the 

respective upper and lower casings 250 and 252 has a substantially smooth or curved profile 

or shape (e.g., a non-sharp angle or profile). As a result, the smooth, curved profile or shape 

provides an increased contact surface area to reduce localized stress concentrations on the 

diaphragm 268 at the areas of contact between the diaphragm 268 and the inner surfaces 

294a and 294b of the respective casings 250 and 252. Such reduced localized stress 

concentrations significantly increases the cycle life or fatigue life of the diaphragm 268, thereby 

reducing maintenance and costs.
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[0036] Additionally, unlike the tube 138 of the fluid regulator 100 of FIG. 1A, the valve stem 

218 provides a mounting surface to enable a travel indicator 296 to be coupled to the valve 

stem 218 via threads. As a result, the travel indicator 296 is less susceptible to being 

disconnected from (e.g., pulled-out relative to) the valve stem 218 during operation compared 

to, for example, the travel indicator 146 of FIG. 1A, which is coupled to the diaphragm plate 

132 via a snap-fit connection because the tube 138 lacks a mounting surface.  

[0037] The fluid regulator 200 of the illustrated may also include a screen or strainer 298 to 

capture, filter or remove impurities (e.g., particulate) within a process fluid flowing between the 

inlet 206 and the outlet 208. In the illustrated example, the strainer 298 is coupled to the seat 

ring 210 via fasteners 299. In particular, as most clearly shown in FIG. 5, the strainer 298 is 

composed of a mesh material and has a plurality of non-continuous arcuate or curved surfaces 

502 such that a profile or cross-sectional shape of the screen provides a non-continuous or 

non-smooth curved profile 504. As a result, the strainer 298 is less susceptible to ice 

formation compared to a screen having a continuously smooth curved surface when used with 

process fluids having relatively low temperatures. The strainer 298 also includes a flange 506 

to enable coupling the strainer 298 to the seat ring 210.  

[0038] In operation, referring to FIG. 2, movements of the flow control member 216 are 

caused by pressure differentials across the diaphragm 268, where the pressure differentials 

are proportional to a difference between an actual pressure at the outlet 208 and a desired 

pressure at the outlet 208. In particular, the flow control member 216 moves away from the 

seat ring 210 to allow fluid flow through the passageway 214 and moves toward the seat ring 

210 to prevent or restrict fluid flow through the passageway 214. In the illustrated example, 

the biasing element 256 helps to bias the flow control member 216 to a closed position.  

[0039] An access port 2100 of the lower casing 252 provides an inlet to fluidly couple a load 

pressure or control pressure (e.g., via a pilot operator) to the loading chamber 276 via a 

loading pressure control line (not shown). A downstream access port 2102 fluidly couples the 

downstream pressure (i.e., outlet pressure) to the first chamber 272 via a downstream control 

line (not shown). The flow control member 216 moves to an open position (i.e., away from the 

seat ring 210) to allow fluid flow through the passageway 214 when the loading pressure 

overcomes the spring force provided by the biasing element 256 and downstream pressure 

applied to the first side 270 of the diaphragm 268 via the first chamber 272.
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[0040] The loading pressure in the loading chamber 276 can be supplied by a monitoring 

device that monitors or senses changes in the output or downstream pressure (i.e., a 

controlled pressure) such as, for example, a pilot regulator or amplifier. However, other 

example implementations may use other types of regulators such as for example, a self

operated regulator, a pressure loaded regulator, etc.  

[0041] In pilot operation, the loading pressure (i.e., the pressure supplied by a monitoring 

device such as, for example, a pilot operator or amplifier) acts as an operating medium that 

applies a load to the second side 274 of the diaphragm 268. The loading pressure is provided 

to the loading chamber 276 through the access port 2100 via a loading pressure control line 

(not shown). A pilot supply pressure is provided to the monitoring device (not shown) via the 

pilot supply port 266 of the actuator 202. Thus, a pilot supply pressure is provided by the 

pressure at the inlet 206, which is fluidly coupled to the monitoring device via the pilot supply 

port 266 of the actuator 202 and the pathway 220 of the valve stem 218. A drop in pressure in 

the outlet 208 or downstream pressure below a desired pressure setting of the monitoring 

device causes the loading pressure (i.e., supplied by the pilot operator) to increase, and the 

increased load on the diaphragm 268 through the loading chamber 276 causes the diaphragm 

268 to displace such that the valve stem 218 and, thus, the flow control member 216 move 

away from the seat ring 210 to allow fluid flow from the inlet 206 to the outlet 208 and to a 

downstream system (not shown).  

[0042] The outlet 208 or downstream pressure opposes the loading pressure and acts on 

the diaphragm 268 from the first chamber 272 through the downstream access port 2102 via a 

downstream control line (not shown). As the outlet 208 or downstream pressure increases, 

the outlet 208 or downstream pressure is transmitted to the first chamber 272 via the 

downstream access port 2102 and acts with the biasing element 256 to cause the diaphragm 

268 to displace such that the valve stem 218 and, thus, the flow control member 216 move 

toward the seat ring 210 to restrict fluid flow through the regulator 200.  

[0043] Although certain apparatus and articles of manufacture have been described herein, 

the scope of coverage of this patent is not limited thereto. To the contrary, this patent covers 

all 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: 

an actuator defining a first chamber and a second chamber; 

a valve body defining an inlet, an outlet, and a fluid flow passageway between the inlet 

and the outlet; 

a fluid flow control member disposed within the fluid flow passageway of the valve 

body, the fluid flow control member to move relative to a seat ring to modulate fluid flow 

through the fluid flow passageway; a valve stem coupling the fluid flow control member to the 

actuator, the valve stem having a pathway to allow fluid from the inlet to flow across the fluid 

flow control member between a first side of the fluid flow control member, in fluid 

communication with the inlet, and a second side of the fluid flow control member opposite the 

first side and in communication with a third chamber, to pressure-balance the fluid flow control 

member; and 

a biasing element disposed within the third chamber to bias the fluid flow control 

member towards the seat ring.  

2. A fluid regulator according to claim 1, wherein the pathway comprises a first path 

and a second path.  

3. A fluid regulator according to claim 2, wherein the first path comprises a first bore in 

the valve stem having an axis substantially parallel to a longitudinal axis of the valve stem and 

the second path comprises a second bore having an axis that intersects the longitudinal axis of 

the valve stem.  

4. A fluid regulator according to any one of the preceding claims, wherein the seat ring 

defines an orifice of the fluid flow passageway.  

5. A fluid regulator according to any one of the preceding claims, wherein at least a 

portion of the seat ring includes an elastomeric ring.  

6. A fluid regulator according to any one of the preceding claims, wherein the seat ring 

comprises a first portion composed of a metallic material and a second portion composed of an 

elastomeric material.
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7. A fluid regulator according to any one of the preceding claims, wherein the fluid flow 

control member comprises a sealing disk composed of a metallic material that is coupled to a 

disk holder via a disk retainer.  

8. A fluid regulator according to claim 7, wherein the disk retainer threadably engages 

an end of the valve stem adjacent an opening of the pathway to couple the fluid flow control 

member to the valve stem.  

9. A fluid regulator according to any one of the preceding claims, wherein an end of the 

valve stem opposite the pathway is to be directly coupled to the actuator.  

10. A fluid regulator according to any one of the preceding claims, wherein the actuator 

comprises a diaphragm coupled to the valve stem via first and second diaphragm plates.  

11. A fluid regulator according to claim 10, wherein the first diaphragm plate has a 

diameter that is larger than a diameter of the second diaphragm plate.  

12. A fluid regulator according to any one of the preceding claims, further comprising a 

strainer coupled to the seat ring, the strainer being composed of a plurality of arcuate surfaces 

that form a non-continuous profile or shape.  

13. A fluid regulator according to any one of the preceding claims, further comprising a 

travel indicator threadably coupled to the valve stem.  

14. A fluid regulator according to any one of the preceding claims, wherein the travel 

indicator is threadably coupled to an end of the valve stem adjacent a diaphragm plate.  

15. A fluid regulator according to any one of the preceding claims, wherein the actuator 

comprises a port in fluid communication with the second side of the fluid flow control member, 

to provide a pressurized fluid from the inlet of the passageway to a supply port of a pilot 

operator.  

16. A fluid regulator, comprising: 

an actuator defining a first chamber and a second chamber; 

a flow control member disposed within a fluid flow passageway defined by a valve 

body, the flow control member having a metallic sealing surface that is to move relative to an
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elastomeric seating surface of a seat ring disposed within the fluid flow passageway, the 

metallic sealing surface being coupled to a disk holder via a disk retainer; and 

a valve stem to operatively couple the flow control member to a diaphragm of the 

actuator, the flow control member being threadably coupled to a first end of the valve stem via 

the disk retainer and a second end of the valve stem opposite the first end to be directly 

coupled to the diaphragm of the actuator via a diaphragm plate and having a pathway to allow 

fluid from an inlet of the fluid regulator to flow across the flow control member between a first 

side of the flow control member, in fluid communication with the inlet, and a second side of the 

flow control member, opposite the first side and in communication with a third chamber, to 

pressure-balance the fluid flow control member; and 

a biasing element disposed within the third chamber to bias the flow control member 

towards the seat ring.  

17. The fluid regulator according to claim 16, wherein the actuator includes a first 

housing portion coupled to a second housing portion, each of the first and second housing 

portions includes an inner surface having a curved cross-sectional shape or profile to increase 

a contact surface area between the diaphragm and the inner surface.  

18. A fluid regulator comprising: 

means for modulating fluid flow through a passageway of a fluid regulator, wherein the 

means for modulating includes a metallic sealing surface coupled to a disk holder via a 

retainer; and 

means for actuating the means for modulating the fluid flow, the means for actuating 

defining a first chamber and a second chamber and being operatively coupled to the means for 

modulating via a valve stem; wherein 

the valve stem comprises means for pressure-balancing the means for modulating fluid 

flow, the means for pressure-balancing comprising a pathway through the valve stem to allow 

fluid from an inlet of the fluid regulator to flow across the means for modulating fluid flow 

between a first side of the means for modulating fluid flow, in fluid communication with the 

inlet, and a second side of the means for modulating fluid flow, opposite the first side and in 

communication with a third chamber, to pressure-balance the means for modulating fluid flow; 

and 

a biasing element is disposed within the third chamber to bias the means for 

modulating fluid flow towards a seat ring of the fluid regulator.
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19. A fluid regulator according to claim 18, further comprising first means for coupling the 

means for modulating fluid flow to a first end of valve stem via the retainer and second means 

for coupling the means for actuating to a second end of the valve stem, wherein the first 

means for coupling is different than the second means for coupling.
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