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(57) Abstract: Fluid flow control members for use with valves are de-
scribed herein. An example tluid flow control member for use with a valve
includes a body having a first seating surface to control a flow of fluid
through the valve. The body defines a second seating surface opposite the
first seating surface to control a flow of fluid through the valve. Addition-
ally, the body defines an aperture to receive a stem of the valve, and a bore
surrounded by the first seating surface to receive at least one of a seal or a
sliding member each of which have a first surface to be engaged by a sec-
ond surface of a spring seat coupled to the stem to control a fluid flow
through the valve.
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FLUID FLOW CONTROL MEMBERS FOR USE WITH VALVES

RELATED APPLICATION
[0001] This patent is a continuation-in-part of U.S. Patent Application No.
12/202876, which is hereby incorporated herein by reference in its entirety.
FIELD OF THE DISCLOSURE
[0002] This patent relates generally to fluid flow control members and, more
specifically, to fluid flow control members for use with valves.
BACKGROUND
[0003] Internal valves are used in a variety of commercial and industrial
applications to control fluid flow between a fluid storage container and another
container, hose, pipeline, etc. Typically, internal valves are provided with an
equalization member to equalize fluid pressure across the valve prior to fully opening
the valve. The rate at which the fluid pressure equalizes across the valve is associated
with the size of the valve and the fluid flow rate through the equalization member.
[0004] To equalize the pressure across known internal valves, these valves are
provided with a stem having a cut-away portion or grove that varies the fluid flow rate
through the equalization member depending on the position of the cut-away portion or
groove relative to an aperture that fluidly couples the valve to the container, hose,
pipeline, etc. Specifically, if the cut-away portion or groove is adjacent the aperture,
the size of the fluid flow path is relatively large and, in contrast, if the cut-away
portion or groove is at a distance from the aperture, the size of the fluid flow path is
relatively small.
[0005] Different internal valves have different diameter apertures and different
size stems. Accordingly, the diameter of the aperture is restricted by the size of the
valve and the amount of material that may be removed from the stem to create the cut-
away portion or groove is restricted by the size of the stem. Generally, removing
material from a body decreases its structural integrity and, therefore, the amount of
material that can be removed from the stem is limited to an amount that enables the
structural integrity of the stem to be maintained while providing a fluid flow path to

equalize the pressure across the valve. As a result, the speed at which known internal
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valves can be fully opened is limited by the amount of material that can be removed
from the stem.
[0006] Additionally, the cut-away portion or groove creates a non-cylindrical
surface on the stem. Due to manufacturing tolerances, the stem may rub against the
aperture as the stem is moved. Unlike smooth cylindrical surfaces, the non-
cylindrical surface has edges that may wear a groove(s) within the aperture, which
decreases the useful life of the valve. Additionally, in some instances, the
engagement between these edges and the aperture causes the valve to malfunction.
SUMMARY
[0007] An example poppet for use with an internal valve includes first and second
opposing seating surfaces to control fluid flow through the internal valve.
Additionally, the example poppet includes an aperture to receive a stem of the internal
valve and a plate coupled to the poppet. The plate defines an opening sized to limit
the fluid flow through the poppet when a spring seat coupled to the stem is proximate

the opening.

[0008] Another example poppet for use with an internal valve includes a first
body having a first seating surface to sealingly engage a second body of the valve.
Additionally, the first body includes a second seating surface opposite the first seating
surface to sealingly engage a plug of the valve. Further, the example poppet includes
an aperture to receive a stem of the valve and a bore coaxially aligned with the
aperture. The bore is sized to limit the fluid flow through the poppet when a spring
seat coupled to the stem is positioned adjacent the bore.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 depicts a known internal valve.
[0010] FIG. 2 depicts a stem used to implement the known internal valve of FIG.
1.
[0011] FIG. 3 depicts a portion of an example poppet and excess flow valve
assembly in a closed position.
[0012] FIG. 4 depicts the portion of the example poppet and excess flow valve of
FIG. 3 in an opened position.
[0013] FIG. 5 depicts an alternative example sliding member that may be used to

implement the poppet and excess flow valve of FIG. 3.
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[0014] FIG. 6 depicts an example poppet that may be used to implement the
example poppet and excess flow valve of FIG. 3.
[0015] FIG. 7 depicts a top view of the example poppet of FIG. 6.
[0016] FIG. 8 depicts a bottom view of the example poppet of FIG. 6.
[0017] FIG. 9A depicts an example alternative configuration that may be used to
implement the example poppet and excess flow valve of FIG. 3.
[0018] FIG. 9B depicts another example alternative configuration that is similar
to the example depicted in FIG. 9A and which may be used to implement the example
poppet and excess flow valve of FIG. 3.
[0019] FIG. 10 depicts another example alternative configuration that may be
used to implement the example poppet and excess flow valve of FIG. 3.
[0020] FIG. 11 depicts an example spring seat that may be used to implement the
poppet and excess flow valve of FIG. 3.
[0021] FIG. 12 depicts a portion of another example poppet and excess flow
valve assembly.
[0022] FIG. 13 depicts a portion of another example poppet and excess flow
valve assembly.

DETAILED DESCRIPTION
[0023] Certain examples are shown in the above-identified figures and described
in detail below. In describing these examples, like or identical reference numbers are
used to identify the same or similar elements. The figures are not necessarily to scale
and certain features and certain views of the figures may be shown exaggerated in
scale or in schematic for clarity and/or conciseness. Additionally, several examples
have been described throughout this specification. Any features from any example
may be included with, a replacement for, or otherwise combined with other features
from other examples.
[0024] The example poppet and excess flow valve apparatus described herein
increases the rate at which, for example, an internal valve may be fully opened. In
particular, the example apparatus (e.g., a poppet) is provided with a plurality of fluid
flow channels that fluidly couple a chamber of the valve to another chamber, hose,
pipeline, etc. Specifically, the plurality of fluid flow channels may have a cross-
sectional area that is approximately sixteen times greater than the cross-sectional area

provided by a fluid flow channel of known internal valves. As a result, when a seat of

-3-



WO 2010/027627 PCT/US2009/053819

the example apparatus disengages a seating surface, fluid may rapidly flow through
the plurality of fluid flow channels to quickly equalize the pressure across the valve.
Once the pressure is equalized, the valve may be fully opened. Additionally, the
example apparatus described herein enables the valve to be implemented using a
substantially cylindrical stem, which prevents the problems encountered by known
stems (e.g., stems having cut-away portions or grooves) used to implement known
internal valves.

[0025] Additionally, the example apparatus may include a spring seat that
engages a surface of, for example, a poppet when the valve is fully open to prevent
the flow of fluid through the fluid flows channels, thereby maintaining the proper
function of an excess flow valve associated with the poppet. In some examples, the
surface is a surface of a sliding member positioned and biased within a bore of the
poppet. If a stem of the valve further extends while the spring seat engages the
surface, the sliding member slides within the bore to enable, for example, a cam to
rotate between 50° and 70° travel, which fully opens the valve. Once the spring seat
disengages the surface, a biasing element within the bore returns the sliding member
to a rest position.

[0026] As described herein, the example apparatus may include a disc retainer
that defines an opening sized to limit the fluid flow through a poppet when a spring
seat coupled to a valve stem is positioned proximate and/or adjacent the opening. In
such examples, the disc retainer may include a symmetrical curved surface that
surrounds the opening to guide the spring seat relative to the opening as well as to
reduce errors during assembly (i.e., prevent the disc retainer from being installed
upside down). Additionally or alternatively, the example apparatus described herein
may define a bore that is coaxially aligned with an aperture that receives a valve stem.
The bore may be sized to limit the fluid flow through a poppet when a spring seat
coupled to a valve stem is positioned proximate and/or adjacent the bore.

[0027] FIG. 1 depicts a known internal valve 100 that has a body 102, a poppet
104, and a bonnet assembly 106. The bonnet assembly 106 is coupled to the body
102 and the poppet 104 sealingly engages a surface 108 of the body 102 to control
fluid flow through the internal valve 100.

[0028] The body 102 includes exterior threads 110 that engage an opening (not

shown) of a chamber or tank (not shown) such as a pumping system, a stationary
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storage tank, transport truck, etc. Additionally, the body 102 defines a bore 112
having a first opening 114 and a second opening 116 to fluidly couple the chamber or
tank to another chamber, a hose, a pipeline, etc. Specifically, the bore 112 includes
internal threads 118 to threadingly engage another body (not shown) such as, for
example, a coupling of a LPG hose.

[0029] The bonnet assembly 106 is coupled to the body 102 via a plate 120. The
bonnet assembly 106 includes a shaft 122 that is partially positioned within and
rotationally coupled to a bonnet 124. The shaft 122 includes an external lever 126 to
rotate the shaft 122 relative to the bonnet 124 and the body 102. A cam 128 is
coupled to the shaft 122 opposite the external lever 126 and is positioned within the
bore 112. As the shaft 122 is rotated, the cam 128 engages a surface 130 to move a
stem assembly 132 within the bore 112.

[0030] The stem assembly 132 includes a stem 134, a first spring 136, a second
spring 138 and a plug 140. A first spring seat 142 is coupled to an end 144 of the
stem 134 and is positioned opposite a second spring seat 146 that surrounds the stem
134. A surface 148 of the second spring seat 146 engages a guide bracket 150 that
guides the stem 134 relative to the body 102. The first spring 136 is positioned
between the first spring seat 142 and the second spring seat 146 and the second spring
138 is positioned between the second spring seat 146 and the poppet 104. The plug
140 is coupled to the stem 134 opposite the first spring seat 142 and engages a seating
surface 152 defined by the poppet 104. Additionally, a portion of the stem 134 is
positioned within an aperture 154 defined by the poppet 104 adjacent the seating
surface 152.

[0031] In operation, to equalize a pressure between a chamber or tank in which
the internal valve 100 is mounted and the other chamber, hose, pipeline, etc. coupled
to the second opening 116, the external lever 126 is rotated to position the cam 128 at
a mid-point (e.g., 70° travel), which moves the stem assembly 132 to disengage the
plug 140 from the seating surface 152 and positions a cut-away portion or groove 202
(FIG. 2) of the stem 134 adjacent to the aperture 154. As discussed above,
positioning the cut-away portion or groove 202 (FIG. 2) adjacent to the aperture 154
increases the size of a fluid flow channel 156 between the stem 134 and a surface 158

of the aperture 154, which enables a relatively large amount of fluid to bleed between
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the chamber or tank and the other chamber, hose, pipeline, etc. to equalize the
pressure across the internal valve 100.

[0032] Once the fluid pressure is equalized, the internal valve 100 may be fully
opened. Specifically, the external lever 126 may be rotated to position the cam 128 at
a high-point, which moves the stem assembly 132 to enable a seating surface 160 of
the poppet 104 to disengage the surface 108 to allow fluid to flow from the other
chamber, tank, etc. in which the internal valve 100 is mounted through the first
opening 114. However, if the fluid flow increases to a magnitude greater than a
predetermined fluid flow (e.g., an excess flow limit), a force exerted by the fluid flow
against an external surface 162 of the poppet 104 overcomes a force exerted by the
second spring 138 and causes the seating surface 160 of the poppet 104 to reengage
the surface 108 even though the cam 128 is positioned at the high-point. In this
position, while the seating surface 160 of the poppet 104 engages the surface 108, the
plug 140 is at a distance from the seating surface 152 and a cylindrical portion 204
(FIG. 2) of the stem 134 is positioned adjacent the aperture 154. As discussed above,
positioning the cylindrical portion 204 (FIG. 2) adjacent the aperture 154 decreases
the size of the fluid flow channel 156 between the stem 134 and the surface 158 of the
aperture 154, which enables a relatively small amount of fluid to bleed between the
chamber or tank and the second opening 116.

[0033] FIG. 3 depicts a portion of an example poppet and excess flow valve
assembly 300 that may be used in connection with internal valves such as, for
example, the internal valve 100. Specifically, as described in more detail below, the
assembly 300 may be used in place of the poppet 104, the stem assembly 132, and the
plug 140 of FIG. 1. The poppet and excess flow valve assembly 300 includes an
example fluid flow control member or poppet 302, a stem 304 and a plug 306.
Additionally, the assembly 300 includes a sliding member 308, a spring seat 310, a
first biasing element 312, a second biasing element 314 and a plate 316 that is coupled
to a body 318 of the poppet 302.

[0034] The body 318 defines an aperture 320 that receives the stem 304, a bore
322 that is coaxially aligned with the aperture 320 and a plurality of fluid flow
channels 324 that may be coaxially aligned with the aperture 320. The plurality of
fluid flow channels 324 fluidly couple a chamber of a valve (not shown) to another

chamber or vessel such as, for example, a pumping system, a stationary storage tank,
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a transport truck, or any other suitable chamber, etc. In contrast to the fluid flow
channel 156 of FIG. 1, the plurality of fluid flow channels 324 do not significantly
impact or impair the structural integrity of the stem 304 or the poppet 302. As a
result, a cross-sectional area of the plurality of fluid flow channels 324 may be at least
approximately sixteen times greater than the cross-sectional area of the fluid flow
channel 156. In other example implementations, the cross-sectional area of the
plurality of fluid flow channels 324 may vary depending on the application and/or the
size of the valve with which the poppet 302 is used. As discussed in more detail
below, providing a relatively larger fluid flow area enables the fluid flow rate through
the valve to be significantly increased during opening of the valve, which also
increases the rate at which pressure across the valve equalizes and, as a result, the rate
in which the valve may be fully opened.

[0035] Additionally, the poppet 302 has a first seating surface 326 and a second
seating surface 328 that is opposite the first seating surface 326. The first seating
surface 326 surrounds the bore 322 and includes a seal, gasket or o-ring 327 that is
positioned between the body 318 and the plate 316. In some example
implementations, the first seating surface 326 is to sealingly engage the surface 108
(FIG. 1) of the internal valve 100 (FIG. 1) to control fluid flow through the internal
valve 100 (FIG. 1). Similarly, the second seating surface 328 is to be sealingly
engaged by a seat 330 of the plug 306 having a seal, gasket or o-ring 331. The
interaction between the seat 330 and the second seating surface 328 controls fluid
flow through the plurality of fluid flow channels 324.

[0036] In this example implementation, the plurality of fluid flow channels 324
are substantially coaxial with the aperture 320. Additionally, each of the plurality of
fluid flow channels 324 has a first opening 332 that is opposite a second opening 334.
The first opening 332 is positioned between the aperture 320 and the second seating
surface 328 and the second opening 334 is adjacent a surface 336 of the bore 322.
[0037] The first biasing element 312 (e.g., a spring) is positioned within the bore
322 between the surface 336 and the sliding member 308 to urge the sliding member
308 away from the body 318. Specifically, the first biasing element 312 drives a
surface 338 of the sliding member 308 toward the plate 316. The second biasing
element 314 (e.g., a spring) is partially positioned within the bore 322 between the

surface 336 and a first surface 340 of the spring seat 310. The second biasing element
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314 urges the spring seat 310 away from the body 318 and urges the seat 330 of the
plug 306 toward the second seating surface 328. To couple the spring seat 310 to the
stem 304, the stem 304 defines a stepped portion 342. The spring seat 310 surrounds
the stem 304 and a second surface 344 of the spring seat 310 engages the stepped
portion 342.

[0038] In some examples, to equalize the pressure across the valve in which the
assembly 300 is mounted (e.g., a valve similar to the internal valve 100 of FIG. 1), the
external lever 126 (FIG. 1) is rotated to position the cam 128 (FIG. 1) to the mid-point
(e.g., 70° travel), which moves the stem 304 and disengages the seat 330 from the
second seating surface 328. The size of the aperture 320 substantially corresponds to
the size of the stem 304 to guide the stem 304 relative to the poppet 302. As shown in
FIG. 4, once the seat 330 disengages the second seating surface 328, fluid rapidly
flows through the plurality of fluid flow channels 324 in a direction generally
indicated by arrows 402. As the fluid flows through the plurality of fluid flow
channels 324, the pressure across the valve equalizes. However, in other examples, a
fluid may flow in a direction substantially opposite the direction indicated by arrows
402 such as, for example, during a fluid backflow.

[0039] Turning briefly to FIG. 2, as discussed above, due to manufacturing
tolerances, the stem 134 of the known internal valve 100 may rub against the aperture
154 (FIG. 1) as the stem 134 and/or the poppet 104 (FIG. 1) move to control the fluid
flow through the internal valve 100 (FIG. 1). For example, the cut-away portion or
groove 202 has edges 206 that may wear a groove(s) within the aperture 154 (FIG. 1),
which decreases the useful life of the poppet 104 (FIG. 1) and/or increases the rate at
which maintenance must be performed on the internal valve 100 (FIG. 1).
Additionally, the engagement between the edges 206 and the aperture 154 (FIG. 1)
may cause the plug 140 (FIG. 1) and/or the poppet 104 (FIG. 1) to become stuck in an
open position enabling fluid to continue to flow through the internal valve 100 (FIG.
). In contrast, providing the poppet 302 with the plurality of fluid flow channels 324,
enables the stem 304 to have a cylindrical body, which eliminates the problems
discussed above encountered with the known internal valve 100 (FIG. 1) .

[0040] Once the fluid pressure is equalized across the internal valve 100 and/or
between the other chamber (e.g., a hose, a pipeline, tank, etc. coupled to the second

opening 116) and the chamber of the valve, the internal valve 100 may be fully
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opened. Specifically, the external lever 126 (FIG. 1) may be rotated to position the
cam 128 (FIG. 1) at a high-point, which moves the stem 304 and disengages the first
seating surface 326 from the body of the valve to enable fluid to flow from the other
chamber, hose, pipeline, etc. through, for example, the first opening 114 of FIG. 1.
[0041] Turning now to FIG. 4, if the fluid flow increases to a magnitude greater
than a predetermined fluid flow (e.g., an excess flow limit), a force exerted by the
fluid flow against an external surface 404 of the poppet 302 overcomes a force
exerted by the second biasing element 314 and causes the first seating surface 326 to
reengage the body of the valve even though the cam 128 (FIG. 1) is positioned at the
high-point. In this position, while the first seating surface 326 of the poppet 302
engages the body of the valve, the plug 306 is at a distance from the second seating
surface 328 and a surface 406 of the spring seat 310 engages a surface 408 of the
sliding member 308 to control fluid flow through the valve. Specifically, the
engagement between the surface 406 of the spring seat 310 and the surface 408 of the
sliding member 308 limits the fluid flow through the plurality of fluid flow channels
324 to be at or below a leakage rate of, for example, an effective aperture
corresponding to a number 60 drill size. However, other leakage rates and/or aperture
sizes may be used to suit the needs of a given application.

[0042] The sliding member 308 has an exterior surface 410 that slidably and
sealingly engages a surface 412 of the bore 322. If the stem 304 further extends after
the surface 406 of the spring seat 310 engages the surface 408 of the sliding member
308, the sliding member 308 moves along with the stem 304 and the spring seat 310
within the bore 322. As the stem 304 retracts and the surface 406 of the spring seat
310 moves away from the body 318, the first biasing element 312 moves the sliding
member 308 away from the body 318 and toward the plate 316.

[0043] To install (e.g., retrofit) the example assembly 300 on the known internal
valve 100 (FIG. 1), initially, the fluid pressure is reduced (e.g., drained) from the
chamber or tank and the internal valve 100 (FIG. 1) is then unscrewed from the
chamber or tank. The bonnet assembly 106 (FIG. 1) is then removed from the
internal valve 100, and the plug 140 is unthreaded from the stem 134 (FIG. 1) to
remove the poppet 104 (FIG. 1). The stem assembly 132 is then removed from the
internal valve 100 (FIG. 1).
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[0044] To install the example assembly 300 on the internal valve 100, the first
spring seat 142 (FIG. 1) is threaded onto the stem 304 and the first spring 136 (FIG.
1) and the second spring seat 146 (FIG. 1) are positioned around the stem 304. The
stem 304 is then guided through an opening 164 (FIG. 1) of the guide bracket 150
(FIG. 1) and the spring seat 310 is positioned on the stem 304 adjacent the stepped
portion 342. Next, the second biasing element 314 is positioned around the stem 304
adjacent the first surface 340, and the stem 304 is then guided through the aperture
320 that includes the first biasing element 312 and the sliding member 308 positioned
within the bore 322 by the plate 316 (e.g., a lip 346 of the plate 316). The plug 306 is
then positioned on the stem 304 and a nut 348 is threaded onto a threaded end 350 of
the stem 304 to position the plug 306 between the nut 348 and the body 318. The
bonnet assembly 106 (FIG. 1) may then be reattached to the internal valve 100 (FIG.
).

[0045] FIG. 5 depicts an example symmetrical sliding member 500 that may be
used to implement the example assembly 300 of FIG. 3. The symmetrical sliding
member 500 is similar to the sliding member 308 of FIG. 3. The symmetrical sliding
member 500 includes an exterior surface 502 that slidably and sealingly engages the
surface 412 (FIG. 4) of the bore 322 (FIG. 4). Additionally, the symmetrical sliding
member 500 includes a first portion 504 and a second portion 506. The first portion
504 is positioned on an opposite side of the exterior surface 502 as the second portion
506. The first portion 504 is substantially the same size as the second portion 506.
Forming the first portion 504 substantially the same size as the second portion 506
increases the ease of manufacture of the symmetrical sliding member 500.
Additionally, forming the first portion 504 to be substantially the same size as the
second portion 506 decreases the likelihood that the symmetrical sliding member 500
is installed incorrectly (e.g., upside down) within the bore 322 of the poppet 302
during assembly.

[0046] FIG. 6 depicts an example fluid flow control member or poppet 600 that
may be used to implement the example assembly 300 of FIG. 3. The poppet 600 is
similar to the poppet 302 of FIG. 3. The poppet 600 has a body 602 that defines an
aperture 604, a bore 606 that is coaxially aligned with the aperture 604, a plurality of
fluid flow channels 608, a first seating surface 610 and a second seating surface 612

that is opposite the first seating surface 610. Additionally, the body 602 defines a
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plurality of openings, cavities or crevices 614 that reduce the amount of material used
during casting to make the overall weight of the poppet 600 substantially the same as
the weight of the known poppet 104 of FIG. 1.

[0047] Although the poppet 302 (FIG. 3) is depicted as implemented in
connection with the assembly 300 (FIG. 3) for use with an internal valve, in other
example implementations, the poppets 302 or 600 or any other example apparatus
described herein may be implemented in connection with any other suitable fluid
control device such as, for example, emergency shut off valves.

[0048] FIG. 7 depicts an external surface 702 (e.g., a tapered external surface) of
the example poppet 600, the second seating surface 612 and the plurality of fluid flow
channels 608. While two fluid flow channels 608 are depicted in the example poppet
600, any other number of fluid flow channels (e.g., 1, 2, 3, 4, etc.) having any other
suitable shape (e.g., circular, oval, triangular, rectangular, etc.) or size may be used
instead. The external surface 702 defines a plurality of substantially flat step-shaped
surfaces 704 that may be advantageously used to enable gripping the poppet 600 in,
for example, a bench vice or any other suitable holding device.

[0049] In operation, the poppet 600 may be exposed to substances and/or
chemicals that corrode, for example, the gasket or o-ring 327 (FIG. 3) of the first
seating surface 610, which prevents a substantially bubble tight seal between the first
seating surface 610 and the body of the valve. To replace the gasket or o-ring 327
(FIG. 3), the poppet 600 is removed from the valve as described above and the plate
316 (FIG. 3) may then be removed from the body 602. Unfortunately, during removal
of the plate 316 (FIG. 3), due to exposure to the substances and/or chemicals, a
plurality of fasteners (not shown) (e.g., screws) that couple the plate 316 (FIG. 3) to
the body 602 may break off within the body 602. To remove the damaged fastener(s),
a pilot hole (not shown) is drilled into the fastener, an end (not shown) of an extractor
(not shown) is tapped into the pilot hole, and then the extractor is turned (e.g.,
counter-clockwise) to remove the damaged fastener. If a technician attempts to clamp
the known poppet 104 of FIG. 1 between the jaws of a vice, any contact point on the
external surface 162 of the poppet 104 (FIG. 1) has a circular cross-section, which
only enables each jaw of the vice to engage a single contact point on the poppet 104
(FIG. 1), which allows the poppet 104 (FIG. 1) to move and/or slip while a damaged
faster is extracted from the poppet 104 (FIG. 1) and/or the gasket or o-ring 327 (FIG.
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3) is replaced. In contrast, the flat surfaces 704 of the example poppet 600 are
substantially parallel to one another. The parallel alignment of the flat surfaces 704
enables the jaws of a vice to engage numerous contact points on the flat surfaces 704
and, thus, securely position the poppet 600 between the jaws of the vice while a
damaged faster is extracted, the gasket or o-ring 327 is replaced and/or any other
procedure is performed while the poppet 600 is secured between the jaws of the vice.
After the plate 316 (FIG. 3) is removed from the body 602, the gasket or o-ring 327 is
replaced and the plate 316 may then be recoupled to the body 602.

[0050] FIG. 8 depicts a plurality of threaded holes 802 that each receive one of
the plurality of fasteners to couple the plate 316 (FIG. 3) to the body 602.
Additionally, FIG. 8 depicts the plurality of fluid flow channels 608, the plurality of
openings, cavities or crevices 614 and the aperture 604 that is sized to guide the stem
304 (FIG. 3) relative to the poppet 600.

[0051] FIG. 9A depicts an alternative example configuration 900 in which a seal
902 (e.g., a gasket or o-ring) is positioned within a bore or groove 904 between a plate
906 and a poppet 908. The plate 906 is coupled to the poppet 908 via a plurality of
fasteners (not shown). In operation, as discussed above, if the fluid flow increases to
a magnitude greater than a predetermined fluid flow (e.g., an excess flow limit), a
force exerted by the fluid flow against an external surface 910 of the poppet 908
overcomes a force exerted by the second biasing element 314 and causes a first
seating surface 912 to reengage the body of the valve even though the cam 128 (FIG.
1) is positioned at the high-point. In this position, while the first seating surface 912
of the poppet engages the body of the valve, the plug 306 is at a distance from a
second seating surface 914 and the surface 406 of the spring seat 310 engages a
surface 916 of the seal 902 to control fluid flow through the valve. Specifically, the
engagement between the surface 406 of the spring seat 310 and the surface 916 of the
seal 902 limits the fluid flow through a plurality of fluid flow channels 918 to be at or
below a leakage rate of, for example, an effective aperture corresponding to a number
60 drill size.

[0052] FIG. 9B depicts an alternative example configuration 950 in which a seal
952 (e.g., a gasket or o-ring) is positioned between a plate 954 and the poppet 600.
The plate 954 is coupled to the poppet 600 via a plurality of fasteners 956. The

operation of the example configuration 950 is substantially similar to the operation of
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the example configuration 900 and, thus, the operation of the example configuration
950 will not be repeated here.

[0053] FIG. 10 depicts an alternative example configuration 1000 in which a seal
1002 (e.g., a gasket or o-ring) is coupled and/or molded to a plate 1004. In operation,
if the fluid flow increases to a magnitude greater than a predetermined fluid flow
(e.g., an excess flow limit), a force exerted by the fluid flow against the external
surface 702 of the poppet 600 overcomes a force exerted by the second biasing
element 314 (FIG. 3) and causes the first seating surface 610 to reengage the body of
the valve even though the cam 128 (FIG. 1) is positioned at the high-point. In this
position, while the first seating surface 610 of the poppet 600 engages the body of the
valve, the plug 306 (FIG. 3) is at a distance from the second seating surface 612 and
the surface 406 (FIG. 4) of the spring seat 310 (FIG. 3) engages a surface 1006 of the
seal 1002 to control fluid flow through the valve. Specifically, the engagement
between the surface 406 (FIG. 4) of the spring seat 310 (FIG. 3) and the surface 1006
of the seal 1002 limits the fluid flow through the plurality of fluid flow channels 608
to be at or below a leakage rate of, for example, an effective aperture corresponding to
a number 60 drill size.

[0054] FIG. 11 depicts an example spring seat 1100 that includes a seal 1102 to
engage a surface and/or the lip 346 (FIG. 3) of the plate 316 (FIG. 3). The spring seat
1100 has a body 1104 that defines a bore 1106 and an opening 1108. The diameter of
the opening 1108 substantially corresponds to the diameter of the stem 304 (FIG. 3).
[0055] In operation, if the fluid flow increases to a magnitude greater than a
predetermined fluid flow (e.g., an excess flow limit), a force exerted by the fluid flow
against the external surface 404 (FIG. 4) of the poppet 302 (FIG. 3) overcomes a force
exerted by the second biasing element 314 (FIG. 3) and causes the first seating
surface 326 to reengage the body of the valve even though the cam 128 (FIG. 1) is
positioned at the high-point. In this position, while the first seating surface 326 of the
poppet 302 (FIG. 3) engages the body of the valve, the plug 306 (FIG. 3) is at a
distance from the second seating surface 328 (FIG. 3) and a surface 1110 of the seal
1102 engages the surface and/or the lip 346 (FIG. 3) of the plate 316 (FIG. 3) to
control fluid flow through the valve. Specifically, the engagement between the
surface 1110 of the seal 1102 and the surface and/or the lip 346 (FIG. 3) limits the
fluid flow through the plurality of fluid flow channels 324 (FIG. 3) to be at or below a
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leakage rate of, for example, an effective aperture corresponding to a number 60 drill
size.

[0056] FIG. 12 depicts a portion of an example poppet and excess flow valve
assembly 1200 that is similar to the example poppet and excess flow valve assembly
300 (FIGS. 3 and 4), the example poppet 600 (FIGS. 6-8) and the example
configurations 900, 950 and 1000 (FIGS. 9A, 9B and 10) described above. However,
in contrast to the examples described above, the example poppet and excess flow
valve assembly 1200 includes a plate 1202 (e.g., a main disc retainer) that defines an
opening 1204 sized to substantially limit the fluid flow through a poppet 1206 when a
spring seat 1208 is positioned proximate and/or adjacent the opening 1204,
Additionally, the plate 1202 includes a curved surface 1210 that surrounds the
opening 1204 to align the spring seat 1208 relative to the opening 1204. In some
examples, the curved surface 1210 may be symmetrical relative to a lateral axis 1212
of the plate 1202, which decreases the likelihood that the plate 1202 is installed
incorrectly (e.g., upside down) relative to a surface 1214 of the poppet 1206.
Specifically, the plate 1202 may be coupled to the poppet 1206 such that a first
surface 1215 of the plate 1202 is adjacent the surface 1214 or a second surface 1217
of the plate 1202 is adjacent the surface 1214 of the poppet 1206. Additionally or
alternatively, in some examples, an end 1218 of the spring seat 1208 may include a
curved surface 1220 to further align the spring seat 1208 relative to the opening 1204.
[0057] The opening 1204 may be sized such that there is a distance less than
approximately 0.2 millimeters or approximately 0.09 millimeters between an
innermost portion 1216 of the curved surface 1210 and an exterior surface 1222 of the
spring seat 1208 when the spring seat 1208 is partially positioned in a bore 1224
defined by the poppet 1206. Generally, as the spring seat 1208 moves toward and/or
through the opening 1204, the fluid flow through a plurality of fluid flow channels
1226 decreases. Such an approach adequately controls the fluid flow through the
plurality of fluid flow channels 1226 when, as described above, the fluid flow
increases to a magnitude greater than a predetermined fluid flow (e.g., an excess flow
limit) and a first seating surface 1228 of the poppet 1206 reengages the body of the
valve even though the cam 128 (FIG. 1) is positioned at the high-point.

[0058] FIG. 13 depicts a portion of an example poppet and excess flow valve

assembly 1300 that is similar to the example poppet and excess flow valve assembly
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1200 of FIG. 12. However, in contrast, the example poppet and excess flow valve
assembly 1300 includes a bore 1302 that defines an opening 1304 and which is sized
to substantially limit the fluid flow through a poppet 1306 when a spring seat 1308 is
positioned proximate and/or adjacent the bore 1302 and/or the opening 1304.
Additionally, the bore 1302 includes a curved surface 1310 that surrounds the opening
1304 to align the spring seat 1308 relative to the opening 1304.

[0059] The bore 1302 and/or the opening 1304 may be sized such that there is a
distance less than approximately 0.2 millimeters or approximately 0.09 millimeters
between a surface 1312 of the bore 1302 and an exterior surface 1314 of the spring
seat 1308 when the spring seat 1308 is at least partially positioned in the bore 1302.
[0060] Although certain example methods, apparatus and articles of manufacture
have been described herein, the scope of coverage of this patent is not limited thereto.
On the contrary, this patent covers all methods, apparatus and articles of manufacture
fairly falling within the scope of the appended claims either literally or under the

doctrine of equivalents.
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What is claimed is:
1. A poppet for use with an internal valve, comprising:

first and second opposing seating surfaces to control fluid flow through the
internal valve;

an aperture to receive a stem of the internal valve; and

a plate coupled to the poppet, wherein the plate defines an opening sized to
limit the fluid flow through the poppet when a spring seat coupled to the stem is
proximate the opening.
2. The poppet as defined in claim 1, further comprising a curved surface that
surrounds the opening to align the spring seat relative to the opening.
3. The poppet as defined in claim 1, wherein the curved surface is symmetrical
relative to a lateral axis of the plate to enable the plate to be coupled to the poppet via
either a first side of the plate or a second side of the plate.
4. The poppet as defined in claim 1, wherein the opening is sized to provide a
distance of approximately 0.09 millimeters between a surface adjacent the opening
and an exterior surface of the spring seat when the spring seat is positioned adjacent
the opening.
5. The poppet as defined in claim 1, further comprising at least one fluid flow
channel through the poppet to fluidly couple a chamber of the internal valve and
another chamber.
6. The poppet as defined in claim 5, wherein the at least one fluid flow channel

is positioned between the aperture and the second seating surface.
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7. A poppet for use with an internal valve, comprising:
a first body having a first seating surface to sealingly engage a second body of
the valve, wherein the first body defines,
a second seating surface opposite the first seating surface to sealingly
engage a plug of the valve;
an aperture to receive a stem of the valve; and
a bore coaxially aligned with the aperture, wherein the bore is sized to
limit the fluid flow through the poppet when a spring seat coupled to the stem
is positioned adjacent the bore.
8. The poppet as defined in claim 7, further comprising a curved surface that
surrounds an opening of the bore to align the spring seat relative to the opening.
9. The poppet as defined in claim 7, wherein the bore is sized to provide a
distance of approximately 0.09 millimeters between a surface of the bore and an
exterior surface of the spring seat when the spring seat is positioned adjacent the
opening.
10. The poppet as defined in claim 7, further comprising at least one fluid flow
channel through the poppet to fluidly couple a chamber of the internal valve and
another chamber.
1. The poppet as defined in claim 10, wherein the at least one fluid flow channel

is positioned between the aperture and the second seating surface.
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12. An internal valve, comprising:

a body that defines a chamber, wherein the body includes external threads to
threadably engage another body;

a stem assembly having at least one biasing element, wherein the stem
assembly is to exert a force on a poppet to urge the poppet toward the body to control
fluid flow through the internal valve; wherein the poppet comprises:

an aperture to receive a stem of the internal valve; and
a bore coaxially aligned with the aperture; and

a plate coupled to the poppet,

wherein at least one of the plate or the bore define an opening sized to
substantially limit the fluid flow through the poppet when a spring seat coupled to the
stem is positioned adjacent the opening.

13. The internal valve as defined in claim 12, further comprising a curved surface
that surrounds the opening to align the spring seat relative to the opening.

14. The internal valve as defined in claim 12, wherein the plate includes a
symmetrical curved surface adjacent the opening to align the spring seat relative to
the opening.

15. The internal valve as defined in claim 14, wherein the symmetrical curved
surface enables the plate to be coupled to the poppet via either a first side of the plate
or a second side of the plate.

16. The poppet as defined in claim 12, wherein the opening is sized to provide a
distance of approximately 0.09 millimeters between a surface adjacent the opening
and an exterior surface of the spring seat when the spring seat is positioned adjacent
the opening.

17. The internal valve as defined in claim 12, further comprising at least one fluid
flow channel through the poppet to fluidly couple a chamber of the internal valve and
another chamber.

18. The internal valve as defined in claim 17, wherein the at least one fluid flow
channel is positioned between the aperture and a seating surface.

19. The internal valve as defined in claim 17, wherein the at least one fluid flow
channel is to decrease a time required to equalize a fluid pressure across the internal

valve.

- 18 -



WO 2010/027627 PCT/US2009/053819

20. The internal valve as defined in claim 12, wherein the poppet defines a

plurality of substantially flat surfaces to enable gripping an exterior surface of the

poppet.
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