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FLUID REGULATING DEVICE WITH BIASED CONTROL ELEMENT
FIELD OF THE DISCLOSURE

The present disclosure relates to gas regulators and, more patrticularly,

to trim components for gas regulators.

BACKGROUND

The pressure at which typical gas distribution systems supply gas may
vary according to the demands placed on the system, the climate, the source of
supply, and/or other factors. However, most end-user facilities equipped with gas
appliances such as furnaces, ovens, etc., require the gas to be delivered in
accordance with a predetermined pressure, and at or below a maximum capacity
of the gas regulator. Therefore, gas regulators are implemented into these
distribution systems to ensure that the delivered gas meets the requirements of
the end-user facilities. Conventional gas regulators generally include a closed-

loop control actuator for sensing and controlling the pressure of the delivered gas.

Fig. 1 depicts one conventional gas regulator 10. The regulator 10
generally comprises an actuator 12 and a valve 14. The valve 14 defines an inlet
16 for receiving gas from a gas distribution system, for example, and an outlet 18
for delivering gas to an end-user facility such as a factory, a restaurant, an
apartment building, etc. having one or more appliances, for example. Additionally,
the valve 14 includes a throat 35 disposed between the inlet and the outlet and
receiving a valve port 36. Gas must pass through the throat 35 and valve port 36
to travel between the inlet 16 and the outlet 18 of the valve 14.

The actuator 12 is coupled to the valve 14 to ensure that the pressure at
the outlet 18 of the valve 14, i.e., the outlet pressure, is in accordance with a
desired outlet or control pressure. The actuator 12 includes a control assembly 22
for sensing and regulating the outlet pressure of the valve 14. Specifically, the
control assembly 22 includes a diaphragm 24, a piston 32 (often referred to as a
“pusher post”), a lever 25, and a stem 26 having a valve disc 28 with a sealing
surface 31. The lever 25, stem 26, and valve disc 28 are shown in cross-section,
but without cross-hatching, for the sake clarity. The outlet pressure of the valve
14 can be delivered, via a fluid delivery line (not shown), to the diaphragm 24
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through a sensing port 29 in the actuator 12. The control assembly 22 further
includes a control spring 30 in engagement with a top-side of the diaphragm 24 to
offset the sensed outlet pressure. Accordingly, the desired outlet pressure, which
may also be referred to as the control pressure, can be set by selection or

adjustment of the control spring 30.

The diaphragm 24 is operably coupled to the stem 26, and therefore the
valve disc 28, via the piston 32 and the lever 25 to control the opening of the valve
14 based on the sensed outlet pressure. More specifically, as illustrated, the
diaphragm 24 is operably coupled to the piston 32 via a diaphragm plate
assembly 33. The piston 32 is operably coupled to the lever 25 via an hourglass-
shaped recess 41 that receives a first end 25a of the lever 25. The lever 25 is
operably coupled to the stem 26 via a knuckle 37 rotatably disposed within a
recess 39 formed in the stem 26.

So configured, when an end user operates an appliance, such as a
furnace, for example, that places a demand on the gas distribution system
downstream of the regulator 10, the outlet flow increases, thereby decreasing the
outlet pressure. Accordingly, the diaphragm 24 senses this decreased outlet
pressure via the sensing port 29, which allows the control spring 30 to expand and
move the piston 32 and the first end 25a of the lever 25 upward, relative to the
orientation of Fig. 1. This displacement of the first end 25a of the lever 25 causes
the knuckle 37 to pull the stem 26 and the valve disc 28 away from the throat 35
and valve port 36. This causes the sealing surface 31 to disengage from the
valve port 26, which opens the throat 35 and allows the downstream appliance to
draw a desired amount of gas. Once the downstream appliance is turned off, for
example, the demand terminates and the pressure at the outlet 18 of the valve 14
increases and forces the diaphragm 24 downward relative to the orientation of Fig.
1, which lowers the first end 25a of the lever 25 and pushes the stem 26 and
valve disc 28 back toward the throat 35 such that the sealing surface 31 sealingly

engages the valve port 36 and stops the flow of gas therethrough.

In the conventional regulator 10, when the valve 14 is opened, i.e., the
stem 26 and valve disc 28 are moved away from the valve port 36, the flow of gas
through the valve 14 can apply a force to the sealing surface 31 of the valve disc
28. This force can cause the valve disc 28 and stem 26 to displace relative to the
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knuckle 37 on the lever 25 because manufacturing tolerances and wear, for
example, can create play in the form of gaps and/or spaces between the knuckle
37 and the walls of the recess 39 on the stem 26. The presence of these gaps
and/or spaces can cause the stem 26 to shift relative to the knuckle 37 under the
force applied to the sealing surface 31 of the valve disc 28. Additionally, this force
applied to the sealing surface can cause the first end 25a of the lever 25 to shift
within the hourglass-shaped recess 41 of the piston 32. These shifts can
therefore cause the sealing disc 28 to move away from the valve port 36 further
than desired, until the diaphragm 24 adjusts itself and corrects the position of the
valve disc 28. As such, under certain circumstances, the conventional regulator
can generate a temporary increase in fluid flow through the valve 14, which

results in an increase or bump in outlet pressure.

SUMMARY

One aspect of the present disclosure provides a fluid regulating device
including an actuator housing, a control assembly, and a biasing member. The
actuator housing defines a control cavity and an actuator mouth. The control
assembly is mounted within the control cavity and includes a piston, a stem, a
lever coupled between the piston and the stem, and a control element mounted to
the stem opposite the lever. The stem is disposed through the actuator mouth
such that the control element is disposed outside of the control cavity. The stem
is adapted for sliding displacement relative to the actuator mouth in response to
sliding displacement of the piston. The biasing member is supported at least
partly within the actuator mouth and biases the control element and the stem

toward the control cavity.

In one embodiment, the fluid regulating device further comprises a valve
body defining an inlet, an outlet, a throat disposed between the inlet and the outlet,
and a valve mouth. The valve mouth is coupled to the actuator mouth such that
the control element is disposed in the valve body for displacement between a
closed position in close proximity to the throat and an open position relatively

spaced from the throat.

In one embodiment, the fluid regulating device further comprises a guide

insert and a second spring seat. The guide insert is disposed within the actuator
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mouth and defines a bore and a first spring seat, the bore slidably receiving the
stem. The second spring seat is carried by the stem, and the biasing member is

disposed between the first spring seat and the second spring seat.

In one embodiment, the second spring seat is disposed between the

control cavity of the actuator housing and the guide insert.

In one embodiment, the first spring seat includes a radially outwardly
extending shoulder carried by the guide insert and the second spring seat
includes a circular plate fixed to the stem.

In one embodiment, the piston is slidable along a piston axis that
extends along a longitudinal dimension of the piston, and the stem is slidable
along a stem axis that extends along a longitudinal dimension of the stem. The

piston axis is substantially perpendicular to the stem axis.

In one embodiment, the lever is pivotable about a pivot axis for
transferring sliding movement between the piston and the stem.

In one embodiment, the fluid regulating device further includes a
diaphragm operably coupled to the piston. The diaphragm is movable in
response to pressure changes in the control cavity, and movement of the

diaphragm imparts sliding movement to the piston.

In one embodiment, the fluid regulating device further includes a control
spring disposed between the actuator housing and the diaphragm. The control
spring biasing the piston toward the lever.

Another aspect of the present disclosure provides a fluid regulating
device including an actuator, a first spring seat, a control assembly, a second
spring seat, and a biasing member. The actuator housing defines a control cavity
and an actuator mouth. The first spring seat fixedly mounted within the actuator
mouth of the actuator housing. The control assembly is mounted within the
control cavity and includes a piston, a stem, a lever coupled between the piston
and the stem, and a control element mounted to the stem opposite the lever. The
stem is disposed through the actuator mouth and the first spring seat such that
the control element is disposed outside of the control cavity. The stem is adapted
for sliding displacement relative to the actuator mouth in response to sliding
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displacement of the piston. The second spring seat is coupled to the stem at a
location between the first spring seat and the control cavity of the actuator
housing. The biasing member is disposed between the first spring seat and the
second spring seat, and biases the control element and the stem toward the

control cavity.

In one embodiment, the fluid regulating device further includes a valve
body defining an inlet, an outlet, a throat disposed between the inlet and the outlet,
and a valve mouth. The valve mouth is coupled to the actuator mouth such that
the control element is disposed in the valve body for displacement between a
closed position in close proximity to the throat and an open position relatively
spaced from the throat.

In one embodiment, the fluid regulating device further includes a guide
insert disposed within the actuator mouth. The guide insert defines a bore and
the first spring seat, and the bore slidably receives the stem.

In one embodiment, the second spring seat is disposed between the

control cavity of the actuator housing and the guide insert.

In one embodiment, the first spring seat includes radially outwardly
extending shoulder carried by the guide insert and the second spring seat

includes a circular plate fixed to the stem.

In one embodiment, the piston is slidable along a piston axis that
extends along a longitudinal dimension of the piston and the stem is slidable
along a stem axis that extends along a longitudinal dimension of the stem. The

stem axis is disposed substantially perpendicular to the piston axis.

In one embodiment, the lever is pivotable about a pivot axis for

transferring sliding movement between the piston and the stem.

In one embodiment, the fluid regulating device further includes a

diaphragm operably coupled to the piston.

In one embodiment, the fluid regulating device further includes a control
spring disposed between the actuator housing and the diaphragm, the control
spring biasing the piston toward the lever.
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Another aspect of the present disclosure provides a fluid regulating
device, including a valve body, an actuator housing, a guide insert, a control
assembly, a disc, and a coil spring. The valve body defines an inlet, an outlet, a
throat disposed between the inlet and the outlet, and a valve mouth. The actuator
housing defines a control cavity and an actuator mouth. The actuator mouth is
coupled to the valve mouth of the valve body. The guide insert is fixedly disposed
within the actuator mouth of the actuator housing, and includes a bore and a
radially outwardly extending shoulder defining a first spring seat. The control
assembly is mounted within the control cavity and includes a piston, a diaphragm
operably coupled to the piston, a stem slidably disposed in the bore of the guide
insert, a lever operably coupled between the piston and the stem, and a control
element mounted to the stem opposite the lever and disposed in the valve body
adjacent to the throat. The piston is slidable along a piston axis in response to
pressure changes experienced by the diaphragm. The lever is pivotable about a
pivot axis to transfer sliding movement of the piston along the piston axis into
sliding movement of the stem along a stem axis that is perpendicular to the piston
axis. The disc is coupled to the stem at a location between the first spring seat
and the control cavity of the actuator housing, and defines a second spring seat.
The coil spring is disposed on the stem between and in engagement with the first
spring seat and the second spring seat. The coil spring biases the control
element and the stem toward the control cavity and away from the throat of the
valve body.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side view of a conventional regulator showing some of the
components in cross-section, but not necessarily with cross-hatching for the sake

of clarity;

Fig. 2 is a side view of a regulator constructed in accordance with one
embodiment of the present disclosure showing some of the components in cross-

section, but not necessarily with cross-hatching for the sake of clarity;

Fig. 3 is a detail view of the regulator of Fig. 2; and
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Fig. 4 is a graphical representation of data comparing operational
characteristics of a conventional regulator with operational characteristics of a

regulator constructed in accordance with the principles of the present disclosure.

DETAILED DESCRIPTION

Although the following text sets forth a detailed description of numerous
different embodiments of the invention, it should be understood that the legal
scope of the invention is defined by the words of the claims set forth at the end of
this patent. The detailed description is to be construed as exemplary only and
does not describe every possible embodiment of the invention since describing
every possible embodiment would be impractical, if not impossible. Numerous
alternative embodiments could be implemented, using either current technology or
technology developed after the filing date of this patent, which would still fall within

the scope of the claims defining the invention.

It should also be understood that, unless a term is expressly defined in

this patent using the sentence “As used herein, the term ° is hereby
defined to mean...” or a similar sentence, there is no intent to limit the meaning of
that term, either expressly or by implication, beyond its plain or ordinary meaning,
and such term should not be interpreted to be limited in scope based on any
statement made in any section of this patent (other than the language of the
claims). To the extent that any term recited in the claims at the end of this patent
is referred to in this patent in a manner consistent with a single meaning, that is
done for sake of clarity only so as to not confuse the reader, and it is not intended
that such claim term by limited, by implication or otherwise, to that single meaning.
Finally, unless a claim element is defined by reciting the word “means” and a
function without the recital of any structure, express or implied, it is not intended
that the scope of any claim element be interpreted based on the application of 35

U.S.C. § 112, sixth paragraph.

Referring now to Figs. 2 and 3, one embodiment of a fluid regulating
device 100, e.g., a gas regulator, constructed in accordance with the principles of

the present disclosure will be described.

The gas regulator 100 generally comprises an actuator 102 and a
regulator valve 104. The regulator valve 104 includes an inlet 106 for receiving
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gas from a gas distribution system, for example, and an outlet 108 for delivering
gas to a facility having one or more appliances, for example. The actuator 102 is
coupled to the regulator valve 104 and includes a control assembly 122 having a
control element 127. During an operational mode, the control assembly 122 is
adapted to sense the pressure at the outlet 108 of the regulator valve 104, i.e., the
outlet pressure, and controls a position of the control element 127 such that the

outlet pressure approximately equals a predetermined control pressure.

With continued reference to FIG. 2, the regulator valve 104 defines a
throat 110 and a valve mouth 112. The throat 110 is disposed between the inlet
106 and the outlet 108. A valve port 136 is disposed in the throat 110 and defines
a bore 148 having an inlet 150 and an outlet 152. Gas must travel through the
bore 148 in the valve port 136 to travel between the inlet 106 and the outlet 108 of
the regulator valve 104. The valve port 136 is removable from the regulator valve
104 such that it may be replaced with a different valve port having a bore of a
different diameter or configuration to tailor operational and flow characteristics of
the regulator valve 104 to a specific application. In the disclosed embodiment, the
valve mouth 112 defines an opening 114. The valve mouth 112 and the opening
114 are disposed and centered along an axis AV that is generally perpendicular to
an axis Al/O of the inlet 106 and outlet 108 of the regulator valve 104.

The actuator 102 includes a housing 116 and the control assembly 122,
as mentioned above. The housing 116 includes an upper housing component
116a and a lower housing component 116b secured together with a plurality of
fasteners (not shown), for example. The upper housing component 116a defines
a control cavity 118 and an actuator mouth 120. The actuator mouth 120 is
connected to the valve mouth 112 of the regulator valve 104. In the disclosed
form, the lower housing component 116b defines a relief cavity 134 and an
exhaust valve 156 for performing an exhaust function as is generally understood
in the art. The lower housing component 116b further defines a tower portion 158
for accommodating a portion of the control assembly 122, as will be described.

The control assembly 122 includes a diaphragm subassembly 121 and a
linkage subassembly 123. The diaphragm subassembly 121 includes a
diaphragm 124, a piston 132, a control spring 130, upper and lower diaphragm
plates 131a, 131b, a lower spring seat 164, a combination sliding/seating
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component 166, and a piston spring 168. In Fig. 2, the components of the
diaphragm subassembly 121 are shown in cross-section, but the diaphragm
plates 131a, 131b are illustrated without cross-hatching for the sake clarity.

More particularly, the diaphragm 124 includes a disc-shaped diaphragm
defining an opening 144 through a central portion thereof. The diaphragm 124 is
constructed of a flexible, substantially air-tight, material and its periphery is
sealingly secured between the upper and lower housing components 116a, 116b
of the housing 116, as well as between the upper and lower diaphragm plates
131a, 131b, as depicted. The diaphragm 124 therefore separates the relief cavity
134 from the control cavity 118.

The combination sliding/seating component 166 includes an elongate
hollow collar 166a and a seating nut 166b threaded onto the collar 166a. The
collar 166a extends through the opening 144 in the diaphragm 124 and includes a
shoulder portion 159 engaging the upper diaphragm plate 131a. The seating nut
166b is threaded onto the collar 166a at a location opposite the shoulder portion
159 from the diaphragm 124 and diaphragm plates 131a, 131b, and serves as a
spring seat for one end of the piston spring 168. The other end of the piston
spring 168 engages a washer 165 fixed to the piston 132 with a threaded fastener
167. As illustrated, the piston 132 extends through the hollow elongate collar
166a such that during an overpressure situation, i.e., when an outlet pressure of
the regulator 100 is above a setpoint or lockup pressure, the piston spring 168
can compress against the washer 167, which allows the diaphragm and elongate
collar 166a to displace downward relative to the piston 132, relative to the
orientation of Fig. 2. Such a configuration can reduce damage to the internal

components of the device in overpressure situations.

The piston 132, as illustrated, includes a generally elongated rod-
shaped member having a coupler 172, a shoulder 174, and an annular recess 177
receiving an O-ring 175. The coupler 172 includes a recess 141 adapted to
accommodate a portion of the disc subassembly 123 to facilitate operational
coupling between the diaphragm subassembly 121 and the disc subassembly 123,
as will be described. In the disclosed form, the recess 141 has an hour-glass
shaped cross-section, which may also be referred to as a bow-shaped cross-

section, for example, or a converging/diverging shaped cross-section. So
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configured, the piston 132 defines opposing top and bottom fulcrums 141a, 141b
substantially centered in the recess 141, as shown. In other embodiments, the
recess 141 may have generally any other shape suitable for the intended purpose
of the disclosure. The shoulder 174 of the piston 132, as shown, engages the
shoulder portion 159 of the elongate collar 166a of the combination sliding/seating
component 166 to limit displacement of the elongate collar 166a in an upward
direction relative to the piston 132, based on the orientation of Fig. 2. The O-ring
175 provides a fluid tight seal between the piston 132 and the elongate hollow
collar 166a such as to enable displacement of the elongate collar 166a relative to
the piston 132 during overpressure situations while also reducing and/or

preventing leakage between the control and relief cavities 118, 134.

The control spring 130 is disposed below the diaphragm 124 and
diaphragm plates 131a, 131b and within the tower portion 158 of the lower
housing component 116b. The lower spring seat 164, which includes a threaded
disc, is threaded into the tower portion 158 and, as such, compresses the control
spring 130 against the lower diaphragm plate 131b. In the disclosed embodiment,
the control spring 130 and the piston spring 168 include compression coil springs.
Accordingly, the control spring 130 is grounded against the lower housing
component 116b and applies an upward force to the diaphragm 124 and
diaphragm plates 131a, 131b. In the disclosed embodiment, the force generated
by the control spring 130 is adjustable by adjusting the position of the lower spring
seat 164 in the tower portion 158, and therefore the control pressure of the

regulator 100 is also adjustable.

The control spring 130 acts against the pressure in the control cavity
118, which is sensed by the diaphragm 124. As stated, this pressure is the same
pressure as that which exists at the outlet 108 of the regulator valve 104.
Accordingly, the force applied by the control spring 130 sets the outlet pressure to
a desired, or control pressure for the regulator 100. The above-described
diaphragm subassembly 121 is operably coupled to the disc subassembly 123, as
mentioned, via the coupler 172 of the piston 132.

Specifically, the disc subassembly 123 includes a control linkage 126
and a biasing device 162. The control linkage 126 includes a stem 178, a lever

180, and the control element 127. These components are shown in cross-section

10
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without cross-hatching for the sake of clarity. The control element 127 of the
disclosed embodiment includes a valve disc 128 having a circular sealing surface
129. In the disclosed embodiment, the stem 178, lever 180, and valve disc 128
are constructed separately and assembled to form the control linkage 126.
Specifically, the stem 178 is a generally linear rod having a nose 178a and a
recess 178b formed in an end of the stem 178 that is opposite the nose 178a. In
the disclosed embodiment, the recess 178b is generally rectangular and defined
between first and second opposing sidewalls 181a, 181b (shown in Fig. 3) of the
stem 178. The lever 180 includes a pivot end 180a and a free end 180b. The
pivot end 180a includes an aperture 184 receiving a pivot pin 186 carried by the
upper housing component 116a. The pivot end 180a aiso includes a knuckle 187
having a round, oval, or elliptical cross-section, for example, and which is
disposed within the recess 178b of the stem 178. The free end 180b of the lever
180 includes a generally linear elongate finger portion disposed within the recess
141 of the coupler 172 of the piston 132. In the present embodiment, the free end
180b extends through the recess 141. Thus, the coupler 172 operably connects
the disc subassembly 123 to the diaphragm subassembly 121 and transfers

movement of the piston 132 to the control linkage 126, as will be described.

The biasing device 162, as shown in more detail in Fig. 3, includes a
guide insert 190 and a biasing member 192, each disposed at least partly within
the actuator mouth 120 of the actuator 102 of the fluid regulating device 100 of the
present disclosure. The guide insert 190 includes a generally cylindrically-shaped
member including a fixation portion 190a, a seating portion 190b, and a guide
portion 190c. A bore 194 extends concentrically through the entirety of the guide
insert 190, as shown, and slidably receives the stem 178 of the control linkage
126 of the disc subassembly 123 previously described. As such, the stem 178 is

disposed concentric with the guide insert 190 and the biasing member 192.

Still referring to Fig. 3, the guide portion 190c of the guide insert 190
includes an elongate sleeve extending along a majority of the length of the bore
194 and operates to guide and/or maintain the alignment of the stem 178. The
seating portion 190b includes an annular shoulder that extends radially outwardly
from the guide portion 190c of the guide insert 190 and defines an annular surface
191, as shown. In the disclosed form, the seating portion 190b is disposed within

11
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the actuator mouth 120 with the guide portion 190c and the annular surface 191
serves as a spring seat for the biasing member 192, as will be described. The
fixation portion 190a of the guide insert 190 also includes an annular shoulder that
extends radially outward from the guide portion 190c, but also extends radially
outward from the seating portion 190b. As such, it can be said that the seating
portion 190b has a maximum diameter that is larger than a maximum diameter of
the guide portion 190c, and the fixation portion 190a has a maximum diameter
that is larger than the maximum diameters of both the seating portion 190b and
the guide portion 190c. As such, the guide insert 190 can be described as having
a stepped side cross-sectional profile, for example, as illustrated. The fixation
portion 190a is disposed outside of the actuator mouth 120 of the actuator 102
and inside of the valve mouth 112 of the valve 104. More specifically, the fixation
portion 190a is at least partly disposed within an annular recess 112a of the valve
mouth 112 and sandwiched between the valve 104 and the actuator 102, which
thereby fixes the guide insert 190 into position such that the seating portion 190b
and guide portion 190c are fixedly disposed within the actuator mouth 120 in the

disclosed embodiment.

In addition to the guide insert 190 and the biasing member 192, the
biasing device 162 of the present disclosure also includes a seating plate 195
carried by the stem 178 of the control linkage 126 of the disc subassembly 123.
More specifically, the seating plate 195 can include a circular disc-shaped plate
defining an orifice 196. As shown, the stem 178 extends through the orifice 196
such that the seating plate 195 can be fixed onto the stem 178 at a location
between the nose 178a and the recess 178b, which receives the knuckle 187 of
the lever 180. As such, the seating plate 195 is fixed to the stem 178 at a location
between the control cavity 118 of the actuator 102 and the guide insert 190. The
seating plate 195 can be fixed to the stem 178 in generally any foreseeable
manner. For example, the seating plate 195 can include a set screw for
frictionally engaging the stem 178 and which would also allow for adjustment of
the position of the seating plate 195 relative to the stem 178. In another
embodiment, the stem 178 could include one or more annular recesses and the
seating plate 195 could include a split washer, for example, capable of residing in

the one or more recesses on the stem 178 to fix its location between one or more

12
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locations in an adjustable manner. In yet other embodiments, the seating plate
195 could be welded, glued, or fixed to the stem 178 in any foreseeable manner

suitable for the intended purpose.

Finally, as shown in Figs. 2 and 3, the biasing member 192 of the
presently disclosed embodiment includes a coil spring disposed between and
engaging the annular surface 191 of the seating portion 190b of the guide insert
162 and the seating plate 195 and, more particularly, a seating surface 198 of the
seating plate 195. As such, it can be said that the guide insert 190 of the
presently disclosed embodiment constitutes a first spring seat and the seating
plate 195 constitutes a second spring seat. More specifically, the annular surface
191 of the seating portion 190b of the guide insert 190 constitutes a first spring
seat and the seating surface 198 of the seating plate 195 constitutes a second

spring seat.

With the biasing device 162 configured as described, the biasing
member 192 applies a load to the seating plate 195 carried by the stem 178 to
bias the stem 178, including the control element 127, toward the control cavity
118 of the actuator 102 and away from the throat 110 and valve port 136 of the
valve 104. In some embodiments, the force generated by the biasing member
192 can be generally constant throughout the operational range of the control
element 127 within acceptable tolerances. This force maintains a compression on
the components of the control linkage 126 of the present regulator 100, thereby
advantageously reducing slop or play between the individual components, which
slop or play can be a result of manufacturing tolerances and/or system wear.

During operation, when an end user operates an appliance that places a
downstream demand on the regulator 100, the outlet flow increases, thereby
decreasing the outlet pressure. Accordingly, the diaphragm 124 senses this
decreased outlet pressure and allows the control spring 130 to displace the
diaphragm 124, diaphragm plates 131a, 131b, and the piston 132 upward relative
to the orientation of Fig. 2. As shown in Fig. 2, the piston 132 moves along a
piston axis AD that constitutes a central axis extending along a longitudinal
dimension of the piston 132. This displacement of the piston 132 displaces the
free end 180b of the lever 180 upward, which causes the lever 180 to pivot about
a pivot axis AP defined by the pivot pin 186, to which the lever 180 is mounted.
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This further causes the knuckle 187 to rotate within the recess 178b formed on
the stem 178 and to displace to the right relative to the orientation of Fig. 2. This
positional displacement of the knuckle 187 pulls the stem 178 and control element
127 away from the throat 110 and valve port 136 of the valve 104, thereby
opening the valve 104 and allowing for increased fluid supply. The stem 178
slides along a stem axis AS that constitutes a central axis extending along a
longitudinal dimension of the stem 178. In the disclosed embodiment, the stem
axis AS is the same as the axis AV along which the valve mouth 112 and actuator
mouth 120 extend and are centered. As such, the stem axis AS is also
substantially perpendicular to the axis Al/O along which the inlet 106 and outlet
108 of the valve 104 extend and are centered. Finally, in the disclosed
embodiment, the stem axis AS is also substantially perpendicular to the piston

axis AD. In alternative embodiments, the stem axis AS can be oriented differently.

With the foregoing construct, the biasing device 162 generates a
generally continuous force such that the knuckle 187 of the lever 180 is always
positioned in the same location in the recess 178b of the stem 178, and the free
end 180b of the lever 180 is always positioned in the same location in the recess
141 of the piston 132, regardless of the forces generated by any gas flow through
the valve 104. More specifically, the biasing member 192 of the biasing device
162 applies a continuous force to the seating plate 195 fixed to the stem 178 in a
direction toward the lever 180, thereby biasing the stem 178 toward the control
cavity 118. This force ensures that the first sidewall 181a of the recess 178b is in
generally continuous engagement with the knuckle 187, and the free end 180b of
the lever is in generally continuous engagement with the top fulcrum 141a of the
piston 132, regardless of the position of the stem 178 and control element 127 or
the amount of force generated by gas flowing through the valve 104. This biasing
force reduces and/or eliminates the effect of any mechanical play or slop in the
system, thereby also reducing and/or eliminating undesired fluctuations in fluid
flow and pressure such as those present in the conventional regulator 10

described above with reference t o Fig. 1.

For example, Fig. 4 presents a graph illustrating the improvement
achieved by implementation of the biasing device 162 of the present disclosure.
The solid line in Fig. 4 represents a plot of the outlet pressure versus the fluid flow
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through the conventional regulator, and the dashed line represents a plot of the
outlet pressure versus the fluid flow through the regulator 100 disclosed with
reference to Figs. 2 and 3. As illustrated by the solid line, in one test, the
conventional regulator 10 generates an abrupt increase or bump in the outlet
pressure at approximately 2800 Scfh (standard cubic foot per hour) of fluid flow
through the valve 104. Specifically, the outlet pressure abruptly increases from
approximately 4 in. w.c. (inches of water column) to approximately 5 in w.c.,
before the regulator makes the necessary adjustment and the pressure settles
back to approximately 4.5 in. w.c. By comparison, the dashed line in the graph of
Fig. 4 illustrates that the biasing device 162 assists in ensuring a generally
constant outlet pressure across fluid flows from approximately 0 Scfh to
approximately 6500 Scfh.

Based on the foregoing, the biasing device 162 of the present disclosure
compensates for any mechanical slop or play in the control linkage 126 of the fluid
regulating device 100, thereby advantageously ensuring the provision of a desired
fluid flow through the regulating device 100, absent sudden increases, bumps, or

other fluctuations.

While the disclosure has described a specific embodiment, the present
invention is not limited by the example provided, but rather, is intended to include
that which is defined by the scope and spirit of the following claims.
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WHAT IS CLAIMED:
1. A fluid regulating device, comprising:
an actuator housing defining a control cavity and an actuator mouth;

a control assembly mounted within the control cavity, the control assembly
including a piston, a stem, a lever coupled between the piston and the stem, and a
control element mounted to the stem opposite the lever, the stem disposed
through the actuator mouth such that the control element is disposed outside of
the control cavity, the stem adapted for sliding displacement relative to the
actuator mouth in response to sliding displacement of the piston; and

a biasing member supported at least partly within the actuator mouth, the
biasing member biasing the control element and the stem toward the control

cavity.

2. The device of claim 1, further comprising a valve body defining an inlet,
an outlet, a throat disposed between the inlet and the outlet, and a valve mouth,
the valve mouth coupled to the actuator mouth such that the control element is
disposed in the valve body for displacement between a closed position in close

proximity to the throat and an open position relatively spaced from the throat.

3. The device of claim 1, further comprising:

a guide insert disposed within the actuator mouth, the guide insert defining

a bore and a first spring seat, the bore slidably receiving the stem; and

a second spring seat carried by the stem, wherein the biasing member is

disposed between the first spring seat and the second spring seat.

4. The device of claim 3, wherein the second spring seat is disposed
between the control cavity of the actuator housing and the guide insert.
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5. The device of claim 3, wherein the first spring seat includes a radially
outwardly extending shoulder carried by the guide insert and the second spring

seat includes a circular plate fixed to the stem.

6. The device of claim 1, wherein the piston is slidable along a piston axis
that extends along a longitudinal dimension of the piston, and the stem is slidable
along a stem axis that extends along a longitudinal dimension of the stem, the
piston axis being substantially perpendicular to the stem axis.

7. The device of claim 6, wherein the lever is pivotable about a pivot axis

for transferring sliding movement between the piston and the stem.

8. The device of claim 1, further comprising a diaphragm operably
coupled to the piston, the diaphragm movable in response to pressure changes in
the control cavity, wherein movement of the diaphragm imparts sliding movement
to the piston.

9. The device of claim 8, further comprising a control spring disposed
between the actuator housing and the diaphragm, the control spring biasing the

piston toward the lever.

10. A fluid regulating device, comprising:
an actuator housing defining a control cavity and an actuator mouth;

a first spring seat fixedly mounted within the actuator mouth of the actuator

housing;

a control assembly mounted within the control cavity, the control assembly
including a piston, a stem, a lever coupled between the piston and the stem, and a
control element mounted to the stem opposite the lever, the stem disposed

through the actuator mouth and the first spring seat such that the control element
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is disposed outside of the control cavity, the stem adapted for sliding displacement

relative to the actuator mouth in response to sliding displacement of the piston;

a second spring seat coupled to the stem at a location between the first

spring seat and the control cavity of the actuator housing; and

a biasing member disposed between the first spring seat and the second
spring seat, the biasing member biasing the control element and the stem toward

the control cavity.

11. The device of claim 10, further comprising a valve body defining an
inlet, an outlet, a throat disposed between the inlet and the outlet, and a valve
mouth, the valve mouth coupled to the actuator mouth such that the control
element is disposed in the valve body for displacement between a closed position
in close proximity to the throat and an open position relatively spaced from the
throat.

12. The device of claim 11, further comprising:

a guide insert disposed within the actuator mouth, the guide insert defining

a bore and the first spring seat, the bore slidably receiving the stem.

13. The device of claim 12, wherein the second spring seat is disposed

between the control cavity of the actuator housing and the guide insert.

14. The device of claim 12, wherein the first spring seat includes radially
outwardly extending shoulder carried by the guide insert and the second spring

seat includes a circular plate fixed to the stem.

15. The device of claim 10, wherein the piston is slidable along a piston
axis that extends along a longitudinal dimension of the piston and the stem is
slidable along a stem axis that extends along a longitudinal dimension of the stem,

the stem axis disposed substantially perpendicular to the piston axis.
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16. The device of claim 15, wherein the lever is pivotable about a pivot axis

for transferring sliding movement between the piston and the stem.

17. The device of claim 10, further comprising a diaphragm operably
coupled to the piston.

18. The device of claim 17, further comprising a control spring disposed
between the actuator housing and the diaphragm, the control spring biasing the
piston toward the lever.

19. A fluid regulating device, comprising:

a valve body defining an inlet, an outlet, a throat disposed between the inlet

and the outlet, and a valve mouth;

an actuator housing defining a control cavity and an actuator mouth, the
actuator mouth coupled to the valve mouth of the valve body; '

a guide insert fixedly disposed within the actuator mouth of the actuator
housing, the guide insert including a bore and a radially outwardly extending
shoulder defining a first spring seat;

a control assembly mounted within the control cavity, the control assembly
including a piston, a diaphragm operably coupled to the piston, a stem slidably
disposed in the bore of the guide insert, a lever operably coupled between the
piston and the stem, and a control element mounted to the stem opposite the
lever and disposed in the valve body adjacent to the throat, the piston being
slidable along a piston axis in response to pressure changes experienced by the
diaphragm, the lever being pivotable about a pivot axis to transfer sliding
movement of the piston along the piston axis into sliding movement of the stem

along a stem axis that is perpendicular to the piston axis;
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a disc coupled to the stem at a location between the first spring seat and
the control cavity of the actuator housing, the disc defining a second spring seat;

and

a coil spring disposed on the stem between and in engagement with the
first spring seat and the second spring seat, the coil spring biasing the control
element and the stem toward the control cavity and away from the throat of the

valve body.
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