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FIG. 2

& (57) Abstract: A regulator comprises a regulator valve and an actuator. The regulator valve comprises a valve body equipped with
& a customized valve port. That is, the valve seat is designed to have a customized seat height depending on a diameter of an orifice
()] through the valve port, a longitudinal dimension of an orifice through the valve port, and/or a flow capacity of the valve port. Such
a design advantageously maximizes the efficiency at which gas flows through the regulator. The actuator is coupled to the valve
body and comprises a valve disc disposed within the valve body and adapted for displacement between a closed position engaging

=

the valve seat and an open position spaced from the valve seat.
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SERVICE REGULATOR WITH IMPROVED BOOST PERFORMANCE

Cross-Reference to Related Applications

[0001])  The priority benefit of U.S. Provisional Patent Application No. 60/913,135 , entitled
“Service Regulator with Improved Boost Performance,” filed April 20, 2007, is claimed and the

entire contents thereof are expressly incorporated herein by reference.

Field of the Invention

[0002] The present invention relates to gas regulators, and more particularly, to gas

regulators having actuataors with closed-loop control.

[0003] 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.

Background

[0004] 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 a 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.

[0005] In addition to a closed loop control, some conventional gas regulators include a relief
valve. The relief valve is adapted to provide over pressure protection when the regulator or
some other component of the fluid distribution system fails, for example. Accordingly, in the
event the delivery pressure rises above a predetermined threshold pressure, the relief valve
opens to exhaust at least a portion of the gas to the atmosphere, thereby reducing the

pressure in the system.

[0006) FIGS. 1 and 1A depict one conventional gas regulator 10. The regulator 10

generally comprises an actuator 12 and a regulator valve 14. The regulator valve 14 defines
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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 regulator valve 14 includes
a valve port 36 disposed between the inlet and the outlet. Gas must pass through the valve
port 36 to travel between the inlet 16 and the outlet 18 of the regulator valve 14.

[0007] FIG. 1A depicts the regulator valve 14 including the conventional valve port 36 of the
regulator 10 in more detail. The conventional valve port 36 generally includes a one-piece
valve port having an inlet 60, an outlet 62, and an elongated, generally cylindrical orifice 64
extending between the inlet 60 and the outlet 62. Gas must flow through the orifice 64 to flow

through the regulator valve 14.

[0008]  Still referring to FIG. 1A, the valve port 36 includes a body portion 66, a hexagonal
nut portion 68, and a valve seat 70. The body portion 66 is generally circular in cross-section
and includes a plurality of external threads 72 in threaded engagement with the regulator valve
14. The hexagonal nut portion 68 includes a hexagonal cross-section and is adapted to be
engaged by a tool such as a pneumatic ratchet, for example, to install the valve port 36 into the
regulator valve 14 or remove the valve port 36 from the regulator valve 14 to replace it with
another valve port having an orifice of a different diameter to tailor the operational flow

characteristics of the valve port to a particular application.

[0009] The valve seat 70 protrudes from the hexagonal nut portion 68 in a direction opposite
from the body portion 68. The valve seat 70 includes a ring-shaped valve seat 70 having a
generally tapered, triangular cross-section converging from the hexagonal nut portion and
terminating at a seating edge 74. More particularly, the conventional valve seat 70 includes an
inner surface 76 and an outer surface 78, which meet at the seating edge 74. The inner
surface 76 is an extension of the orifice 64 in the valve body 36, and therefore has a diameter
common with the diameter of the orifice 64. The outer surface 78 extends at an angle of
approximately 45° relative to the inner surface 76. Thus, the outer surface 78 is generally

frustoconical.

[0010] Inthe conventional valve port 36 depicted in FIG. 1A, the valve seat includes a seat
height H and an orifice diameter D. However, as mentioned above, the valve port 36 may be

replaced with another valve port having an orifice with a different diameter to tailor the

operational characteristics of the regulator 10. Regardless of the diameter of orifice 64, the

seat height H is constant for conventional valve ports.
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[0011]) Referring back to FIG. 1, the actuator 12 of the conventional regulator 10 is coupled
to the regulator valve 14 to ensure that the pressure at the outlet 18 of the regulator valve 14,
i.e., the outlet pressure, is in accordance with a desired outlet or control pressure. The
actuator 12 is therefore in fluid communication with the regulator valve 14 via a valve mouth 34
and an actuator mouth 20. The actuator 12 includes a control assembly 22 for sensing and

regulating the outlet pressure of the regulator valve 14.

[0012]) The control assembly 22 includes a diaphragm 24, a piston 32, and a control arm 26
having a valve disc 28. The valve disc 28 includes a generally cylindrical body 25 and a
sealing insert 29 fixed to the body 25. The body 25 may also include a circumferential flange
31 integrally formed therewith, as depicted in FIG. 1A. The diaphragm 24 senses the outlet
pressure of the regulator valve 14. 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,

is set by the selection of the control spring 30.

[0013] The diaphragm 24 is operably coupled to the control arm 26, and therefore, the valve
disc 28 via the piston 32, controls the opening of the regulator valve 14 based on the sensed
outlet pressure. For example, 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. This allows the control spring 30 to expand and
move the piston 32 and the right-side of the control arm 26 downward, relative to the
orientation of the regulator 10 of FIG. 1. This displacement of the control arm 26 moves the
valve disc 28 away from the seating edge 74 of the valve seat 70 of the valve port 36, thereby
opening the regulator valve 14. FIG. 1A depicts the valve disc 28 in a normal, open operating
position. So configured, the appliance may draw gas through the orifice 64 in the valve port
36.

[0014] In the position depicted in FIG. 1A, the valve disc 28 is displaced away from the
valve port 36 to allow gas to flow through the regulator valve 14 during normal operational
conditions. Generally speaking, the exact position of the valve disc 28 is dependent upon a
variety of factors, one of which may include the amount of gas flowing through the valve port

36, i.e., the flow capacity of the valve port 36, which is itself dependent on the diameter and

volume of the orifice 64 in the valve port 36. For example, if the valve port 36 depicted in FIG.

1A were replaced with a valve port having a smaller orifice, and therefore, a smaller flow
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capacity, the valve disc 28 would position itself closer to the valve port 36. However, this
balance does not always create optimum flow characteristics through the regulator valve 14.

[0015] For example, when valve ports with smaller diameters are utilized, the flow of gas
through the regulator valve 14 tends to increase in velocity, while the volume of space
immediately downstream of the valve port, i.e., between the valve port and the valve disc, is
reduced. This reduced volume between the throat 11 and the valve disc 28 may detrimentally
affect the efficiency at which the gas travels from the valve port 36 to the outlet 18 of the
regulator valve 14. For example, the reduced volume may not provide sufficient space for high
velocity gas flowing through the valve port 36 to efficiently recover and emerge through the
outlet 18. In some circumstances, this can result in an increase in pressure at the outlet 18,
thereby causing the diaphragm to sense an artificial increase in sensed outlet pressure and
move the valve disc 28 toward the valve port 36 to reduce the amount of flow through the
regulator valve 14. This coincidentally, reduces the outlet pressure to a pressure that is below
the set control or desired outlet pressure. This phenomenon is known as “droop.” When
“droop” occurs, the regulator 10 may not perform optimally.

[0016] In the conventional regulator 10 depicted in FIG. 1, the control assembly 22 further
functions as a relief valve, as mentioned above. Specifically, the control assembly 22 also
includes a relief spring 40 and a release valve 42. The diaphragm 24 includes an opening 44
through a central portion thereof and the piston 32 includes a sealing cup 38. The relief spring
40 is disposed between the piston 32 and the diaphragm 24 to bias the diaphragm 24 against
the sealing cup 38 to close the opening 44, during normal operation. Upon the occurrence of a
failure such as a break in the control arm 26, for example, the control assembly 22 is no longer
in direct control of the valve disc 28 and inlet flow will move the valve disc 28 into an extreme
open position. This allows a maximum amount of gas to flow into the actuator 12.

[0017]  As the gas fills the actuator 12, pressure builds against the diaphragm 24 forcing the
diaphragm 24 away from the sealing cup 38, thereby exposing the opening 44. The gas
therefore flows through the opening 44 in the diaphragm 24 and toward the release valve 42.
The release valve 42 includes a valve plug 46 and a release spring 54 biasing the valve plug
46 into a closed position, which is depicted in FIG. 1. Upon the pressure within the actuator 12
and adjacent the release valve 42 reaching a predetermined threshold pressure, the valve plug

46 displaces upward against the bias of the release spring 54 and opens, thereby exhausting
gas into the atmosphere and reducing the pressure in the regulator 10.
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[0018] When selecting a valve port for use in a particular application, technicians are
charged with the task of maximizing flow capacity at the set control pressure while minimizing
the amount of “droop.” Typically, this is accomplished by selecting a valve port that affords
some compromise between these competing interests. However, as mentioned above, these
conventional valve ports only vary in orifice diameter and have constant seat heights.
Therefore, while some conventional valve ports may function generally efficiently, other valve
ports having different orifice diameters may not. Accordingly, the flow characteristics, and
more particularly, the “boost” characteristics of the regulator 10 may not be optimized for every
valve port.

Summary

[0019] According to a first aspect of the present invention, there is provided a fluid
regulating device, comprising:

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

an actuator coupled to the valve body and comprising a valve disc and a diaphragm
operably coupled to the valve disc, the valve disc disposed in the valve body and adapted for
displacement between an open position and a closed position relative to the throat of the valve
body in response to changes in pressure at the outlet of the valve body sensed by the
diaphragm;

a selected valve port disposed within the throat of the valve body, the selected valve
port comprising a generally cylindrical member including a valve seat that is sealingly engaged
by the valve disc when the valve disc is in the closed position, and an elongated orifice
providing a flow path for fluid to pass through the selected valve port;

a seat height that comprises a distance that the valve seat extends along the
elongated orifice; and

an orifice diameter that comprises an internal diameter of the elongated orifice,

the selected valve port being pre-selected from a plurality of valve ports, each of the
plurality of valve ports comprising an elongated orifice having an orifice diameter, and a valve
seat having a seat height, the seat heights of the plurality of valve ports varying in inverse

proportion to the orifice diameters of the plurality of valve ports.

[0020] 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".
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[0021] According to a second aspect of the present invention, there is provided a method of
installing a fluid regulation device, the method comprising:

coupling a fluid input line to an inlet of a valve body;

coupling a fluid output line to an outlet of the valve body;

selecting a valve port from a plurality of valve ports, each of the plurality of valve
ports comprising a valve seat, an elongated orifice, and a set of parameters including an orifice
diameter, which comprises a diameter of the elongated orifice, and a seat height, which
comprises a distance at which the valve seat extends along the orifice, the seat heights of the
plurality of valve ports varying in inverse proportion to the orifice diameters of the plurality of
valve ports; and

installing the selected valve port into the throat of the valve body.

[0022] According to another aspect of the present invention, there is provided a kit for use
with a fluid regulating device, the kit comprising:

a plurality of valve ports, each of the plurality of valve ports comprising an elongated
orifice having an orifice diameter, and a valve seat having a seat height, the seat heights of the
plurality of valve ports varying in inverse proportion to the orifice diameters of the plurality of

valve ports.

Brief Description of the Drawings

[0023] A preferred embodiment of the invention will now be described, by way of example
only, with reference to the accompanying drawings in which: FIG. 1 is a side cross-sectional

view of a conventional regulator;

[0024] FIG. 1Ais a side cross-sectional view of a regulator valve of the regulator of FIG. 1

including a conventional valve port;

[0025] FIG. 2is a side cross-sectional view of a regulator including a regulator valve and a
valve port, the regulator, regulator valve, and valve port constructed in accordance with the

present invention;

[0026] FIG. 3 is a side cross-sectional view of one valve port constructed in accordance with

the present invention;

[0027] FIG. 4 is a side cross-sectional view of another valve port constructed in accordance

with the present invention; and
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[0028] FIG. 5is a side cross-sectional view of still another valve port constructed in

accordance with the present invention.

Detailed Description

[0029] FIG. 2 depicts a gas regulator 100 constructed in accordance with one embodiment
of the present invention. The gas regulator 100 generally comprises an actuator 102 and a
regulator valve 104. The regulator valve 104 includes an inlet 106 for receiving 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 a first or normal
operational mode, the control assembly 122 senses 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.
Additionally, upon the occurrence of a failure in the system, the regulator 100 performs a relief
function that is generally similar to the relief function described above with reference to the

regulator 10 depicted in FIG. 1.

[0030] With continued reference to FIG. 2, the regulator valve 104 defines a throat 110 and
a valve mouth 112. The valve mouth 112 defines an opening 114 disposed along an axis that
is generally perpendicular to an axis of the inlet 106 and the outlet 108. The throat 110 is
disposed between the inlet 106 and the outlet 108, and accommodates a valve port 136
constructed in accordance with the present invention. The valve port 136 includes an inlet
150, an outlet 152, and an elongated orifice 148 extending between the inlet 150 and the outlet
152. Gas must travel through the orifice 148 in the valve port 136 to travel between the inlet
106 and the outlet 108 of the regulator valve 104.

[0031] FIG. 3 depicts the valve port 136 of the regulator 100 of FIG. 2. The valve port 136
is customized to maximize the efficiency at which gas flows through the regulator valve 104. In
addition to the inlet 150, the outlet 152, and the orifice 148, the valve port 136 includes a body
portion 166, a hexagonal nut portion 168, and a valve seat 170. The body portion 166 is
generally circular in cross-section and includes a plurality of external threads 172 adapted for
threaded engagement with the throat 110 of the regulator valve 104, as depicted in FIG. 2.
The hexagonal nut portion 168 includes a hexagonal cross-section and is adapted to be
engaged by a tool such as a pneumatic ratchet, for example, to install the valve port 136 into

the regulator valve 104 or remove the valve port 136 from the regulator valve 104 such that it
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may be replaced with another valve port having a different configuration to tailor the

operational flow characteristics of the regulator 100 to a particular application.

[0032] The valve seat 170 protrudes from the hexagonal nut portion 168 in a direction
opposite from the body portion 166. The valve seat 170 includes a ring-shaped valve seat 170
having a generally tapered, triangular cross-section converging from the hexagonal nut portion
168 and terminating at a seating edge 174. More particularly, the valve seat 170 includes an
inner surface 176 and an outer surface 178, which meet at the seating edge 174. In the
disclosed embodiment, the inner surface 176 is an extension of the orifice 148 in the valve
body 136, and therefore has a diameter that is generally equal to the diameter of the orifice
148. So configured, the orifice 148 is generally uniformly constant in diameter. In the
embodiment depicted in FIG. 3, the outer surface 178 of the disclosed embodiment extends at
an angle a1 of between approximately 15° and approximately 30°, relative to the inner surface

176. Thus, the outer surface 178 is generally frustoconical.

[0033] The valve seat 170 of the valve port 136 depicted in FIG. 3 includes a set, i.e., a
plurality, of dimensional parameters including a seat height H1, a hexagonal nut height h1, and
an orifice diameter D1. The seat height H1 is set as a function of the orifice diameter D1 such
that the seat height H1 is customized for the particular orifice diameter D1, the particular flow
capacity of the valve port 136, and/or the desired flow characteristics of the regulator 100
depicted in FIG. 2, for example. In the embodiment of the valve port 136 depicted in FIG. 3,
the seat height H1 may include a dimension that is between approximately 60% and
approximately 90% of a dimension of the orifice diameter D1. For example, in one
embodiment, the seat height H1 may be approximately 3/8" and the orifice diameter D1 may
be approximately 1/2". However, these dimensions are merely examples and alternative
embodiments having alternative dimensions are intended to within the scope of the present

invention.

[0034] FIG. 4 depicts another valve port 236 constructed in accordance with the principles
of the present invention that may be installed within the regulator valve 104 in place of the
valve port 136 described above. The valve port 236 depicted in FIG. 4 is generally similar to
the valve port 136 depicted in FIG. 3 in that it includes a body portion 266, a hexagonal nut
portion 268, and a valve seat 270. The body portion 266 is generally circular in cross-section
and includes a plurality of external threads 272 adapted for threaded engagement with the
throat 110 of the regulator valve 104 depicted in FIG. 2, for example. The hexagonal nut

portion 268 includes a hexagonal cross-section and is adapted to be engaged by a tool such
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as a pneumatic ratchet, for example, to install the valve port 236 into the regulator valve 104 or

remove the valve port 236 from the regulator valve 104.

[0035] The valve seat 270 protrudes from the hexagonal nut portion 268 in a direction
opposite from the body portion 266. The valve seat 270 includes a ring-shaped valve seat 270
having a generally tapered, triangular cross-section converging from the hexagonal nut portion
268 and terminating at a seating edge 274. More particularly, the valve seat 270 includes an
inner surface 276 and an outer surface 278, which meet at the seating edge 274. In the
disclosed embodiment, the inner surface 276 is an extension of the orifice 248 in the valve
body 236, and therefore has a diameter that is equal to the diameter of the orifice 248. So
configured, the orifice 248 is generally uniformly constant in diameter. In the embodiment
depicted in FIG. 4, the outer surface 278 of the valve seat 270 extends at an angle a2 of
between approximately 25° and approximately 60°, relative to the inner surface 276, for

example. Thus, the outer surface 278 of the disclosed embodiment is generally frustoconical.

[0036] Furthermore, the valve seat 270 of the valve port 236 depicted in FIG. 4 includes a
set, i.e., a plurality, of dimensional parameters including a seat height H2, a hexagonal nut
height h2, and an orifice diameter D2. The hexagonal nut height h2 of the valve seat 270
depicted in FIG. 4 is identical to the hexagonal nut height h1 of the valve port 170 depicted in
FIG. 3. The seat height H2 of the valve port 236 depicted in FIG. 4 is less than the seat height
H1 of the valve port 136 depicted in FIG. 3. The orifice diameter D2 of the valve port 236
depicted in FIG. 4 is greater than the orifice diameter D1 of the valve port 136 depicted in FIG.
3. Inthe embodiment of the valve port 236 depicted in FIG. 4, the seat height H2 may include
a dimension that is between approximately 15% and approximately 50% of a dimension of the
orifice diameter D2. For example, in one embodiment, the seat height H2 may be
approximately 1/4" and the orifice diameter D2 may be approximately 5/8". Thus, the seat
height H2 of the valve port 236 depicted in FIG. 4 is customized to the orifice diameter D2.

[0037] FIG. 5 depicts yet another valve port 336 constructed in accordance with the
principles of the present invention that may be installed within the regulator valve 104 in place
of the valve ports 136, 236 described above. The valve port 336 depicted in FIG. 5 is
generally similar to the valve ports 136, 236 depicted in FIGS. 3 and 4 in that it includes a body
portion 366, a hexagonal nut portion 368, and a valve seat 370. The body portion 366 is

generally circular in cross-section and includes a plurality of external threads 372 adapted for
threaded engagement with the throat 110 of the regulator valve 104 depicted in FIG. 2, for

example. The hexagonal nut portion 368 includes a hexagonal cross-section and is adapted to
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be engaged by a tool such as a pneumatic ratchet, for example, to install the valve port 336
into the regulator valve 104 or remove the valve port 336 from the regulator valve 104.

[0038] The valve seat 370 protrudes from the hexagonal nut portion 368 in a direction
opposite from the body portion 366. The valve seat 370 includes a ring-shaped valve seat 370
having a generally tapered, triangular cross-section converging from the hexagonal nut portion
368 and terminating at a seating edge 374. More particularly, the valve seat 370 includes an
inner surface 376 and an outer surface 378, which meet at the seating edge 374. In the
disclosed embodiment, the inner surface 376 of the valve seat 370 is an extension of the
orifice 348 in the valve body 336, and therefore has a diameter that is equal to the diameter of
the orifice 348. So configured, the orifice 348 is generally uniformly constant in diameter. In
the embodiment depicted in FIG. 5, the outer surface 378 of the valve seat 370 extends at an
angle a3 of between approximately 15° and approximately 50°, relative to the inner surface
376. Thus, the outer surface 378 of the disclosed embodiment is generally frustoconical.

[0039] Furthermore, the valve seat 370 of the valve port 336 depicted in FIG. 5 includes a
set, i.e., a plurality, of dimensional parameters including a seat height H3, a hexagonal nut
height h3, and an orifice diameter D3. The hexagonal nut height h3 of the valve port 336
depicted in FIG. § is identical to the hexagonal nut heights h1, h2 of the valve ports 136, 236
depicted in FIGS. 3 and 4. The seat height H3 of the valve port 336 depicted in FIG. 5 is less
than the seat heights H1, H2 of the valve ports 236, 336 depicted in FIGS. 3 and 4. In
contrast, the orifice diameter D3 of the valve port 336 depicted in FIG. § is greater than the
orifice diameters D1, D2 of the valve ports 136, 236 depicted in FIGS. 3 and 4. In the
embodiment of the valve port 336 depicted in FIG. 5, the seat height H3 may include a
dimension that is between approximately 5% and approximately 35% of a dimension of the
orifice diameter D3. For example, in one embodiment, the seat height H3 may be
approximately 3/16” and the orifice diameter D3 may be approximately 1". Thus, the seat

height H3 of the valve port 336 depicted in FIG. 5 is customized to the orifice diameter D3.

[0040] Accordingly, in light of the foregoing, the valve ports 136, 236, 336 constructed in
accordance with the principles of the present invention are designed in a custom manner to
include valve seats 170, 270, 370 having specific seat heights H1, H2, H3 to maximize the
efficiency of the flow of gas from the valve ports 136, 236, 336 and through the outlet 108 of
the regulator valve 14 of FIG. 2. In the above-described embodiments, the seat heights H1,

H2, H3 are designed as being generally inversely proportional to the orifice diameters D1, D2,

D3. For example, it can be said for the purposes of explanation that the valve port 136, 236,
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336 for any given application includes a plurality of dimensional parameters including a seat
height H, an orifice length L, and an orifice diameter D, wherein the plurality of dimensional
parameters are selected as a subset of dimensional parameters from a set of possible
dimensional parameters H1, H2, H3, L1, L2, L3, D1, D2, D3, and wherein the seat heights H1,
H2, H3 and the orifice lengths L1, L2, L3 of the set of possible dimensional parameters vary in
inverse proportion to the orifice diameters D1, D2, D3 of the set of possible dimensional

parameters.

[0041] Said another way, and for the purposes of explanation, the valve port 136, 236, 336
that is selected for any given application includes a selected set of parameters. The selected
set of parameters include an orifice diameter D which comprises an internal diameter of the
elongated orifice, and a seat height H, which comprises a distance at which the valve seat
extends from the hexagonal nut portion of the valve port and along the orifice. The selected
set of parameters D, H are pre-selected from a plurality of sets of parameters D1, D2, D3, H1,
H2, H3, wherein each of the sets of parameters comprises an orifice diameter and a seat
height such that the seat heights of the plurality of sets of parameters vary in inverse
proportion to the orifice diameters of the plurality of sets of parameters.

[(0042] In alternative embodiments, the seat heights H1, H2, H3 may be designed as a
function of any other factor such as flow capacity of the particular valve port 136, 236, 336,
desired outlet pressure, for example, or generally any other factor. Additionally, as mentioned,
the flow capacities of the valve ports 136, 236, 336 are proportional to the orifice diameters D1,

D2, D3, and as such, the flow capacities are inversely proportional to the seat heights H1, H2,
H3.

[0043]  Furthermore, as described herein, the valve seats 170, 270, 370 of the valve ports
136, 236, 336 comprise inner surfaces 176, 276, 376 that are extensions of the orifices 148,
248, 348. Therefore, the sets of parameters of each valve port 136, 236, 336 further comprise
longitudinal dimensions L1, L2, L3 (shown in FIGS. 3-5) of the orifices 148, 248, 348. The
longitudinal dimensions L1, L2, L3 include the seat heights H1, H2, H3. As such, the
longitudinal dimensions L1, L2, L3 of the orifices 148, 248, 348 of the valve ports 136, 236,
336 are also designed to vary in inverse proportion to the diameters D1, D2, D3 of the orifices
148, 248, 348.
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[0044] As will be discussed below, these customized seat heights H1, H2, H3
advantageously optimize flow performance, and more particularly, flow efficiency for each
orifice diameter D1, D2, D3.

(0045] For example, referring back to FIG. 2, the actuator 102 of the regulator 100
constructed in accordance with the present invention 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, for
example. The lower housing component 116b 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 to provide fluid communication between the actuator 102 and the regulator valve
104. In the disclosed embodiment, the regulator 100 includes a collar 111 securing the
mouths 112, 120 together. The upper housing component 116a defines a relief cavity 134 and
an exhaust port 156. The upper housing component 116a further defines a tower portion 158
for accommodating a portion of the control assembly 122, as will be described.

(0046] The control assembly 122 includes a diaphragm subassembly 121, a disc
subassembly 123, and a release valve 142. The diaphragm subassembly 121 includes a
diaphragm 124, a piston 132, a control spring 130, a relief spring 140, a combination spring
seat 164, a relief spring seat 167, a control spring seat 160, and a piston guide 159.

[0047]  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. The diaphragm 124 therefore

separates the relief cavity 134 from the control cavity 118.

[0048] The combination spring seat 164 is disposed on top of the diaphragm 124 and
defines an opening 171 disposed concentric with the opening 144 in the diaphragm 124. As
depicted in FIG. 2, the combination spring seat 164 supports the control spring 130 and the
relief spring 140.

(0049]  The piston 132 of the disclosed embodiment includes a generally elongated rod-
shaped member having a sealing cup portion 138, a yoke 173, a threaded portion 177, and a
guide portion 175. The sealing cup portion 138 is concaved and generally disc-shaped and

extends circumferentially about a mid-portion of the piston 132, and is located just below the
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diaphragm 124. The yoke 173 includes a cavity adapted to accommodate a coupler 135 which
connects to a portion of the disc subassembly 123 to enable attachment between the

diaphragm subassembly 121 and the disc subassembly 123, as will be described.

[0050] The guide portion 175 and the threaded portion 177 of the piston 132 are disposed
through the openings 144, 171 in the diaphragm 124 and the combination spring seat 164,
respectively. The guide portion 175 of the piston 132 is slidably disposed in a cavity in the
piston guide 159, which maintains the axial alignment of the piston 132 relative to the
remainder of the control assembly 122. The relief spring 140, the relief spring seat 167, and a
nut 179, are disposed on the threaded portion 177 of the piston 132. The nut 179 retains the
relief spring 140 between the combination spring seat 164 and the relief spring seat 167. The
control spring 130 is disposed on top of the combination spring seat 164, as mentioned, and
within the tower portion 158 of the upper housing component 116a. The control spring seat
160 is threaded into the tower portion 158 and compresses the control spring 130 against the
combination spring seat 164. In the disclosed embodiment, the control spring 130 and the
relief spring 140 include compression coil springs. Accordingly, the control spring 130 is
grounded against the upper housing component 116a and applies a downward force to the
combination spring seat 164 and the diaphragm 124. The relief spring 140 is grounded
against the combination spring seat 164 and applies an upward force to the relief spring seat
167, which in turn is applied to the piston 132. In the disclosed embodiment, the force
generated by the control spring 130 is adjustable by adjusting the position of the control spring
seat 160 in the tower portion 158, and therefore the control pressure of the regulator 100 is

also adjustable.

[0051]  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
diaphragm subassembly 121 is operably coupled to the disc subassembly 123, as mentioned
above, via the yoke 173 of the piston 132 and the coupler 135.

[0052]  Specifically, the disc subassembly 123 includes a control arm 126 and a stem guide
162. The control arm 126 includes a stem 181, a lever 180, and the control element 127. The
control element 127 of the disclosed embodiment includes a valve disc 128. Additionally, in
the disclosed embodiment, the valve disc 128 includes a sealing disc 129 for sealing against

the outlet 152 of the valve port 136, as depicted in FIG. 2. The sealing disc 129 may be
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attached to the remainder of the valve disc 128 with adhesive, for example, or some other
means. The sealing disc 129 may be constructed of the same material or a different material
than remainder of the valve disc 128. For example, in one embodiment, the sealing disc 129

may include a polymer sealing disc 129.

[0053] The stem 181, lever 180, and valve disc 128 are constructed separately and
assembled to form the control arm 126. Specifically, the stem 181 is a generally linear rod
having a nose 181a and a recess 181b, which in the disclosed embodiment is generally
rectangular. The lever 180 is a slightly curved rod and includes a fulcrum end 180a and a free
end 180b. The fulcrum end 180a includes an aperture 184 receiving a pivot pin 186 carried by
the lower housing component 116b. The fulcrum end 180a also includes a knuckle 187 having
an elliptical cross-section and disposed within the recess 181b of the stem 181. The free end
180b is received between a top portion 135a and a pin 135b of the coupler 135 that is attached
to the yoke 173 of the piston 132. Thus, the coupler 135 operably connects the disc
subassembly 123 to the diaphragm subassembly 121.

[0054] The stem guide 162 includes a generally cylindrical outer portion 162a, a generally
cylindrical inner portion 162b, and a plurality of radial webs 162c connecting the inner and
outer portions 162b, 162a. The outer portion 162a of the stem guide 162 is sized and
configured to fit within the mouths 112, 120 of the regulator valve 104 and lower housing
component 116b, respectively. The inner portion 162b is sized and configured to slidably
retain the stem 181 of the control arm 126. Thus, the stem guide 162 serves to maintain the
alignment of the regulator valve 104, the actuator housing 116, and the control assembly 122,
and more particularly, the stem 181 of the control arm 126 of the control assembly 122.

[0055) As mentioned, FIG. 2 depicts the regulator 100 of the present embodiment with the
valve disc 128 in a closed position. Therefore, the valve disc 128 sealingly engages the outlet
152 of the valve port 136. So configured, gas does not flow through the valve port 136 and the
regulator valve 104. This configuration is achieved because the outlet pressure, which
corresponds to the pressure in the control cavity 118 of the housing 116 and sensed by the
diaphragm 124, is greater than the force applied by the control spring 130. Accordingly, the
outlet pressure forces the diaphragm 124, the piston 132, and the valve disc 128 into the
closed position.

[0056] However, in the event that an operating demand is placed on the gas distribution

system, e.g., a user begins operating an appliance such as a furnace, a stove, etc., the
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appliance draws gas flow from the control cavity 118 of the regulator 100, thereby reducing the
pressure that is sensed by the diaphragm 124. As the pressure sensed by the diaphragm 124
decreases, a force imbalance occurs between a control spring force and an outlet pressure
force on the diaphragm 124 such that the control spring 130 expands and displaces the
diaphragm 124 and piston 132 downward, relative to the housing 116. This causes the lever
180 to pivot in the clockwise direction about the pivot pin 186, which, in turn, rotates the
knuckle 187 relative to the recess 181b in the stem 181. This moves the stem 181 and the
valve disc 128 away from the outlet 152 of the valve port 136 to open the regulator valve 104.

[0057] So configured, the gas distribution system is adapted to deliver gas to the
downstream appliance through the regulator valve 104 at a control pressure that is set by the
control spring 130. Additionally, the diaphragm subassembly 121 continues to sense the outlet
pressure of the regulator valve 104. As long as the outlet pressure remains approximately
equal to the control pressure, the control assembly 122 will keep the valve disc 128 in this
same general position. However, if the outlet flow, i.e., the demand, decreases, thereby
increasing the outlet pressure above the control pressure set by the control spring 130, the
diaphragm 124 senses the increased outlet pressure and moves upward against the bias of
the control spring 130. Alternatively, if the outlet flow, i.e., the demand, increases, thereby
decreasing the outlet pressure below the control pressure, the diaphragm 124 senses the
decreased outlet pressure and the spring 130 biases the diaphragm 124 and piston 132
downward to open the regulator valve 104. Thus, slight deviations from the outlet or control
pressure causes the control assembly 122 to react and adjust the position of the valve disc
128 accordingly.

[0058]  Accordingly, the regulator 100 equipped with any one of the valve ports 136, 236,
336 of the present invention functions generally similarly to the conventional regulator 10
described above with reference to FIGS. 1 and 1A. A distinction, however, is that each of the
custom valve ports 136, 236, 336 constructed in accordance with the principles of the present
invention optimize the efficiency at which gas flows through the regulator valve 104, and

thereby offset the effects of “droop,” which are apparent in the conventional regulator 10.

[0059]  More particularly, as described above, conventional valve ports 36 have constant
seat heights H, regardless of the specific diameter D of the orifice 64. During normal operating

conditions, the conventional regulator 10 positions the valve disc 28 in an effort to balance the

volume of space between the throat 11 of the regulator valve 14 and the valve disc 28 with the

volume of the orifice 64. Therefore, the conventional regulator 10 positions the valve disc 28
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closer to valve ports having orifices with relatively small diameters, and further from valve ports
having orifices with relatively large diameters. However, orifices with relatively small diameters
tend to accommodate higher velocity flows. These higher velocity flows tend to be more
turbulent and require more than the allotted downstream volume to efficiently transition from
the valve port 36 through the outlet 18 of the regulator valve 14. Thus, the conventional
regulator 10 equipped with the conventional valve port 36 is susceptible to phenomenon
known as “droop” in certain circumstances.

[0060] In contrast the conventional valve port 36, the valve ports 136, 236, 336 constructed
in accordance with the present invention have varying seat heights H1, H2, H3, as described
above. More specifically, the seat height H1, H2, H3 for any given valve port described above
is generally inversely proportional to the diameter D1, D2, D3 of the respective orifice 148,
248, 348. Therefore, as orifice diameter is reduced, seat height is increased.

[0061]  So configured, with reference to the vale port 136 depicted in FIG. 3, for example,
the orifice diameter D1 is relatively small compared to the diameters D2, D3 of the orifices
depicted in FIGS. 4 and 5. The valve port 136 is thus, adapted to accommodate higher
velocity flows than the valve ports 236, 336. The seat height H1 of the valve port 136 depicted
in FIG. 3, however, is relatively large compared to the seat heights H2, H3 of the valve ports
236, 336 depicted in FIGS. 4 and 5. Accordingly, during use with the regulator 100 depicted in
FIG. 2, for example, the valve port 136 depicted in FIG. 3 would cause the regulator 100 to
position the valve disc 128 a distance away from the valve port 136 that is commensurate with
the volume of the orifice 148. Because the seat height H1 of the valve disc 136 is greater than
the conventional seat height H, for example, the valve disc 128 would be positioned farther

away from the valve port 136.

[0062] So configured, the valve disc 128 would be positioned farther away from the throat
111 of the regulator valve 104 to provide a greater downstream volume for the high velocity
flow emerging from the valve port 136 to recover and travel through the outlet 108 more
efficiently. This increased efficiency therefore reduces the possibility of increased back-
pressure at the outlet 108 of the regulator valve 104, which is responsible in some cases, for
creating and/or magnifying “droop” in conventional regulators 10 equipped with conventional
valve ports 36.

[0063] It should be appreciated that the valve ports 236, 336 described in reference to
FIGS. 4 and 5 would operate similarly to the valve port 136 just described, with the exception
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that each would generate a unique flow path causing the regulator 100 to position the valve
disc 128 in a unique position commensurate with the capacity and/or velocity of flowing
therethrough.

[0064]) For example, the valve ports 236, 336 depicted in FIGS. 4 and 5, which have
diameters D2, D3 larger than the diameter D1 of the valve port 136 depicted in FIG. 3, may
cause the regulator 100 to position the valve disc 128 relative to the throat 110 of the regulator
valve 104 commensurate with the capacity and velocity of the flow of gas in the particularly

applications.

[0065] Accordingly, it should be appreciated that the present invention advantageously
provides valve ports 136, 236, 336 with customized seat heights H1, H2, H3, adapted for
increasing the efficiency of the flow of gas through the regulator valve 104 of FIG. 2, for
example. This increase in efficiency is directly related to the accuracy of performance of the
regulator 100 and, more particularly, to the offsetting or canceling of “droop,” thereby providing
a more reliable regulator 100.

[0066] In a commercial embodiment, a plurality of valve ports constructed in accordance
with the principles of the present invention, such as the valve ports 136, 236, 336 disclosed
herein, can be combined in a common packaging or kit, for example, to be provided to
consumers or installation technicians. So provided, the consumers or technicians can easily
obtain a variety of valve ports having a variety of flow capacities, thereby enabling the
consumer or technician to customize a regulator or other fluid flow device to satisfy a desired
application. For example, when assembling a regulator into a fluid distribution system, the
consumer or technician could select a valve port from the plurality of valve ports that will most
closely satisfy the flow characteristics of the specific application, and subsequently install the

selected valve port into the regulator or other flow device on-site.

[0067] It should be appreciated that while the embodiments of the present invention have
thus far been described as including customized seat heights H1, H2, H3 for the valve ports
136, 236, 336, various other aspects of the valve ports 136, 236, 336 may be similarly

customized to increase the performance of the regulator 100.

[0068] For example, in one alternative embodiment, the shape and configuration of the
seating surfaces 174, 274, 374 of the valve ports 136, 236, 336 may be customized based on

the orifice diameters D1, D2, D3, or the flow capacities, for example. In another alternative
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embodiment, an angle of the seating surfaces 174, 274, 374 of the valve ports 136, 236, 336
may be customized based on the orifice diameters D1, D2, D3, or the flow capacities, for
example. In still another alternative embodiment, the orifices 148, 248, 348 may include cross-
sections other than circular cross-sections. The orifices 148, 248, 348 may include square,
rectangular, or any other shaped cross-section. In still yet another embodiment, the orifices
148, 248, 348 may include other than uniformly cylindrical orifices 148, 248, 348, as depicted.
For example, the orifices 148, 248, 348 may include converging and/or diverging orifices or
portions. The present invention is not intended to be limited to the specific embodiments
disclosed herein.

[0069]  Still further, it should be appreciated that the present invention may be supplemented
with additional concepts for increasing flow efficiency through a regulator and/or offsetting the
effects of “droop.”

[0070] Inlight of the foregoing, the present invention provides an advantageous means of
offsetting and/or preventing the effects of “droop” in gas regulators by increasing the efficiency
at which gas flows through the regulator valve and preventing the build-up of back-pressure.
However, the regulator described herein is merely one example of a fluid control device
incorporating the principles of the present invention. Other fluid control devices including other
regulators and control valves may also benefit from the structures and/or advantages of the

present invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A fluid regulating device, comprising:

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

an actuator coupled to the valve body and comprising a valve disc and a diaphragm
operably coupled to the valve disc, the valve disc disposed in the valve body and adapted for
displacement between an open position and a closed position relative to the throat of the valve
body in response to changes in pressure at the outlet of the valve body sensed by the
diaphragm;

a selected valve port disposed within the throat of the valve body, the selected valve
port comprising a generally cylindrical member including a valve seat that is sealingly engaged
by the valve disc when the valve disc is in the closed position, and an elongated orifice
providing a flow path for fluid to pass through the selected valve port;

a seat height that comprises a distance that the valve seat extends along the
elongated orifice; and

an orifice diameter that comprises an internal diameter of the elongated orifice,

the selected valve port being pre-selected from a plurality of valve ports, each of the
plurality of valve ports comprising an elongated orifice having an orifice diameter, and a valve
seat having a seat height, the seat heights of the plurality of valve ports varying in inverse

proportion to the orifice diameters of the plurality of valve ports.

2. The device of claim 1, wherein the elongated orifices of the plurality of valve ports
further comprise longitudinal dimensions, the longitudinal dimensions of the elongated orifices
of the plurality of valve ports varying in inverse proportion to the orifice diameters of the
plurality of valve ports.

3. The device of claim 1, wherein the plurality of valve ports further comprise flow
capacities, the flow capacities of the plurality of valve ports varying in inverse proportion to the

seat heights of the plurality of valve ports.

4, The device of claim 1, wherein the elongated orifice of each of the plurality of valve

ports has a generally uniformly constant orifice diameter.

5. The device of claim 1, wherein the plurality of valve ports each further comprises a

body portion and a hexagonal nut portion disposed between the body portion and the valve
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seat, the body portion of the selected valve port in threaded engagement with the throat of the

valve body.

6. The device of claim 5, wherein the valve seats of each of the plurality of valve ports
comprises a ring-shaped valve seat having a generally tapered cross-section converging from
the hexagonal nut portion to a seating edge, the seating edge of the selected valve port

sealingly engaged by the valve disc when the valve disc is in the closed position.

7. The device of claim 5, wherein the body portions and the hexagonal nut portions of

the plurality of valve ports are identical.

8. A method of installing a fluid regulation device, the method comprising:

coupling a fluid input line to an inlet of a valve body;

coupling a fluid output line to an outlet of the valve body;

selecting a valve port from a plurality of valve ports, each of the plurality of valve
ports comprising a valve seat, an elongated orifice, and a set of parameters including an orifice
diameter, which comprises a diameter of the elongated orifice, and a seat height, which
comprises a distance at which the valve seat extends along the orifice, the seat heights of the
plurality of valve ports varying in inverse proportion to the orifice diameters of the plurality of
valve ports; and

installing the selected valve port into the throat of the valve body.

9. A kit for use with a fluid regulating device, the kit comprising:

a plurality of valve ports, each of the plurality of valve ports comprising an elongated
orifice having an orifice diameter, and a valve seat having a seat height, the seat heights of the
plurality of valve ports varying in inverse proportion to the orifice diameters of the plurality of
valve ports.

10. The device of claim 9, wherein the elongated orifices of the plurality of valve ports
further comprise longitudinal dimensions, the longitudinal dimensions of the elongated orifices
of the plurality of valve ports varying in inverse proportion to the orifice diameters of the

plurality of valve ports.

1. The device of claim 9, wherein the plurality of valve ports further comprise flow
capacities, the flow capacities of the plurality of valve ports varying in inverse proportion to the

seat heights of the plurality of valve ports.
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12. The device of claim 9, wherein the elongated orifice of each of the plurality of valve

ports has a constant orifice diameter.

13. The device of claim 9, wherein the plurality of valve ports each further comprises a
body portion and a hexagonal nut portion disposed between the body portion and the valve
seat, the body portion of the selected valve port in threaded engagement with the throat of the

valve body.

14. The device of claim 13, wherein the valve seats of each of the plurality of valve ports
comprises a ring-shaped valve seat having a generally tapered cross-section converging from
the hexagonal nut portion to a seating edge, the seating edge of the selected valve port

adapted to be sealingly engaged by a valve disc of the fluid regulating device.

15. The device of claim 9, wherein the body portions and the hexagonal nut portions of

the plurality of valve ports are identical.

16. A fluid regulating device substantially as herein described with reference to any one
of the embodiments of the invention illustrated in the accompanying drawings and/or

examples.

17. A method of installing a fluid regulation device substantially as herein described with
reference to any one of the embodiments of the invention illustrated in the accompanying

drawings and/or examples.

18. A kit for use with a fluid regulating device, the kit 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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