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MODULAR REGULATOR PLATFORM

[0001] This application claims the benefit of U.S. Provisional Patent Application
Serial Number 60/913,463, filed on April 23, 2007, which 1s hereby incorporated
herein by reference in its entirety.

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates generally to fluid regulators and, more
particularly, to a modular regulator plattorm that facilitates regulator configuration
for global applications.

BACKGROUND

[0003] Process control systems utilize a variety of field devices to control process
parameters. Fluid regulators are commonly distributed throughout process control
systems to control the pressures of various fluids (e.g., liquids, gasses, etc.). Fluid
regulators are typically used to regulate the pressure of a fluid to a substantially
constant value. Specitically, a fluid regulator has an inlet that typically receives a
supply fluid at a relatively high pressure and provides a relatively lower and
substantially constant pressure at an outlet. For example, a gas regulator
associated with a piece of equipment (e.g., a boiler) may receive a gas having a
relatively high pressure from a gas distribution source and may regulate the gas to
have a lower, substantially constant pressure suitable for sate, efficient use by the
equipment.
[0004] Fluid regulators typically control the flow and pressure of fluid using a
diaphragm having a set or control pressure force applied to one of its sides via a
bias spring. The diaphragm is also operatively coupled directly or via a linkage

(e.g., a lever) to a valve disk that 1s moved relative to an onifice of a seat ring that
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fluidly couples the inlet of the re gulator to its outlet. The diaphragm moves the
di&k in response to a difference between the outlet pressure andtbe set or control
pressure to vary the flow restriction provided by the disk to achieve a substantially
constant outlet pressure, which provides a balancing force to the other side of the
diaphragm that is equal or proportional to the set or control pressure.
[0005] Different markets around the world often require different combinations of
fluid regulator operational and/or performance characteristics. In particular, a
desired or required combination of performance or operational characteristics such
as, for example, the type of trim, regulator diaphragm assembly action (e.g., direct
acting, pressure loaded, pilot operated, etc.), overpressure protection, pressure
registration (e.g., internal, external, dual internal/external, etc.) can vary widely
across the global marketplace. However, many of the desirable or required
combinations of performance or operational characteristics are exclusive of one
another and, as a result, many fluid regulator manufacturers provide a number of
differently designed regulator product families, each or which is specifically
configured to suit the particular needs of a different global market. Such an
approach to satisfying global market needs results in manufacturers having to
produce and support a large number of diverse products, which 1s logistically
difficult and costly.

SUMMARY
[0006] In one described example, a stem guide for use with a fluid regulator
includes a body having an opening to slidably receive a valve stem and an outer
surface having a plurality of circumferential seals that removably couple the body
within a bore of a regulator casing and align the body with the regulator casing or

a valve.



CA 02683389 2009-10-02
WO 2008/134246 PCT/US2008/060495

[0007] In another described example, a fluid regulator includes a first diaphragm
assembly disposed within an actuator casing and a valve body coupled to the
actuator casing. A stem guide is removably coupled within the actuator casing
and has a first passage to guide a valve stem operatively coupled to the first
diaphragm assembly. A plurality of seals between an outer surface of the stem
cguide and an inner surface of the actuator casing align the stem guide with at least
one of the actuator casing or the valve body.
[0008] In yet another descnibed example, a tluid regulator includes an actuator
casing and a valve body coupled to the actuator casing. A first diaphragm
assembly selected from a plurality of diaphragm assemblies i1s operatively coupled
within the actuator casing. The first diaphragm assembly 1s interchangeable with
a second diaphragm assembly selected from the plurality of diaphragm
assemblies. The fluid regulator also includes a first stem guide removably
coupled within the actuator casing. The first stem guide includes a bore to
slidably receive a valve stem operatively coupled to the first diaphragm assembly.
The first stem guide is selected from a plurality of stem guides and 1s
interchangeable with a second stem guide selected trom the plurality of stem
guides. A plurality of seals between an outer surface of the first stem guide and
an inner surface of the actuator casing align the first stem guide with at least one
ot the actuator casing or the valve body.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 illustrates an example modular fluid regulator described herein.
[0010] FIG. 2 is a partial cross-sectional view of the example fluid regulator of

FIG. 1 depicting an example interchangeable stem guide described herein.
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[0011] FIG. 3 illustrates an enlarged portion of the example fluid regulator and
the example stem guide shown in FIG. 1.

[0012] FIGS. 4A, 4B, and 4C illustrate another example stem guide described
herein having a selectively blockable passage to configure a fluid regulator for
iternal or external pressure registration.

[0013] FIG. 5 is a cross-sectional view of the example stem guide depicted in
FIGS. 4A, 4B, and 4C.

[0014] FIG. 6 illustrates yet another example stem guide that may be used with
the example regulators described herein.

[0015] FIG. 7 illustrates yet another example stem guide that may be used with
the example regulators described herein.

[0016] FIG. 8 illustrates an example diaphragm assembly that may be used to
implement the example regulators described herein to have no internal pressure
relief.

[0017] FIG. 9 is another view of the example diaphragm assembly of FIG. 8.
[0018] FIG. 10 illustrates yet another example diaphragm assembly that may be
used to implement the example regulators described herein to have token internal
pressure relief.

[0019] FIG. 11 illustrates yet another example diaphragm assembly that may be
used to implement the example regulators described herein to have full internal
pressure rehief.

[0020] FIG. 12 illustrates yet another example diaphragm assembly that may be
used to implement the example regulators described herein to have a pressure

loaded diaphragm.
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[0021] FIG. 13 illustrates a high pressure diaphragm assembly that may be used to
implement the example regulators described herein.
[0022] FIG. 14 illustrates a low pressure diaphragm assembly that may be used to
implement the example regulators described herein.
[0023] FIGS. 15-18 illustrate example relief valve seats that may be
interchangeably used to implement the example regulators described herein.
[0024] FIGS. 19 and 20 illustrate example pusher posts that may be
interchangeably used to implement the example regulators described herein.
[0025] FIG. 21 illustrates an example pusher post/relief valve seat assembly that
may be used to implement the example regulators described herein.
[0026] FIGS. 22-24 illustrate example valve lever assemblies that may be used to
implement the example regulators described herein.
[0027] FIG. 25 illustrates an example pressure balanced fluid regulator that may
be implemented in accordance with the examples described herein.
[0028] FIG. 26 illustrates an example pressure balanced and pressure loaded fluid
regulator that may be implemented in accordance with the examples described
herein.
[0029] FIG. 27 illustrates an example integral monitor over pressure protection
configuration that may be implemented 1n accordance with the examples
described herein.
[0030] FIG. 28 illustrates an example safety shutoft device that may be used with
the example regulators described herein.

DETAILED DESCRIPTION
[0031] The example apparatus described herein enable a fluid regulator

manufacturer to provide a single fluid regulator architecture or platform to satisfy
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the operational and performance characteristic requirements of numerous global
markets. More specitically, the example apparatus described herein significantly
increase the modularity of regulator components and, thus, enable manufacturers
and customers to reduce the number of components needed to provide fluid
regulator assemblies configured to meet the diverse needs of numerous global
markets. The increased modularity provided by the example fluid regulator
apparatus described herein results in fewer overall regulator components which, in
turn, reduces costs associated with assembly, maintenance, inventory, component
suppliers, training, etc. Further, such increased modularity (e.g., the ability to
provide virtually any combination of regulator components due to their
interchangeability) also enables a manutacturer to supply fluid regulators to a
greater number of global markets at a lower overall cost.

[0032] As described in greater detail below, the example fluid regulators
described herein may use an interchangeable stem guide and/or an interchangeable
diaphragm assembly that enable a varniety of different fluid regulator
configurations to be implemented within a common actuator casing and/or valve
body. More specifically, the example interchangeable stem guides described
herein may enable different trim styles such as pressure balanced and non-
pressure balanced to be implemented within a common actuator casing and/or
valve body. Similarly, the example interchangeable stem guides described herein
may enable different valve actions such as direct acting, pressure loaded direct
acting, and/or pilot operated valves to be implemented using a common actuator
casing and/or valve body.

[0033] Many known fluid regulators use a stem guide that is integral with a lower

actuator casing to provide acceptable alignment of the stem and disk relative to
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the seat or orifice of the valve. However, such integration significantly reduces
the application flexibility of the actuator casings, valve bodies, etc. For example,
different lower actuator casings may be needed to satisty several different
applications because each application may require features or configurations that
require a somewhat different stem guide design. However, if the stem guide can
be changed (e.g., 1s interchangeable with multiple stem guides), the actuator
casing(s) can be made substantially more universal (e.g., can be used in many
different applications and functional configurations).

[0034] In contrast to many known fluid regulators, the interchangeable stem
guides described herein may be separate from and may be removeably coupled to
the actuator casing via a plurality of circumferential seals (e.g., o-rings) positioned
between an outer surface of the stem guides and an inner wall or surface of the
actuator casing. As described in more detail below, the seals provide forces to
float or align (e.g., center) the stem guide within the actuator casing and, thus,
align the stem guide and a valve stem passing through the guide with the actuator
casing and/or a valve attached thereto. Additionally, the seals provide a pressure
seal between the actuator casing and the stem guide, provide frictional force to
facilitate the retention of the stem guide 1n the actuator casing during assembly
and/or disassembly, and apply a pre-load to the stem guide to reduce or
substantially eliminate lateral (e.g., axial) play between the stem guide and the
actuator casing.

[0035] An example stem guide described herein may alternatively or additionally
provide a bore or passage that can be selectively blocked or opened to configure a
regulator assembly for external or internal pressure registration, respectively. To

facilitate factory and/or field configuration of the regulator assembly for external
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or internal registration, the stem guide provides an insert member (e.g., a screw)
that 1s to be optionally coupled to the passage to block the passage to configure
the regulator for external registration. The insert member may be stored and
removed from an opening or aperture (e.g., a blind hole) 1n the body of the stem
guide. As a result, the regulator can be readily configured (e.g., in the field and/or
factory) for internal or external pressure registration as needed to suit the
requirements of a particular application.

[0036] The example fluid regulators described herein also incorporate highly
modular diaphragm assemblies that may be configured to satisfy a wide range of
different applications and/or operational requirements. More specifically, a first
diaphragm assembly selected from a plurality ot diaphragm assemblies 18
interchangeable with a second diaphragm assembly selected from the plurality of
diaphragm assemblies to enable a regulator to have a first operational
characteristic different from a second operational characteristic provided by the
second diaphragm assembly.

[0037] As described in greater detail below, the modular diaphragm assemblies
described herein include a plurality of interchangeabie relief valve seats, relief
valve stems, pusher post assemblies, and valve levers. In particular, different
combinations of seats and pusher posts can be made to provide different over
pressure protection (OPP) functionality such as, for example, internal relief, token
relief to support external OPP, non-relief for gas sensitive environments (e.g.,
indoor regulators near an ignition source, etc.). Additionally or alternatively, the
combinations of relief valve stems, pusher post assemblies, and valve lever arms
may enable reversal of the diaphragm operation for use in pressure loaded or

pilot-based applications and may enable the pusher post assemblies to interface
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with different lever ratio lever arms. Such different lever ratio lever arms may be
used, for example, to enable a fluid -regulater to be configured for use with non-
pressure balanced trim, which typically requires a greater lever ratio, or pressure
balanced trim, which typically requires a relatively lower lever ratio.

[0038] Still further the example regulators described herein may be configured to
provide balanced (1.e., pressure balanced) or non-balanced trim within a given
valve body and/or port size. As a result, a particular valve port size can
accommodate a wider range of inlet pressures, thereby signmificantly reducing the
total number of components needed to provide regulators to meet the diverse
requirements of multiple global markets.

[0039] Additionally, the example regulators described herein can be configured to
provide different types of OPP such as, for example, internal pressure relief (such
as that noted above), an integral monitor coupled to a primary regulator, or an
external safety shutoff device.

[0040] Before discussing the details of the example interchangeable stem guides,
relief valve seats, relief valve stems, pusher post assemblies, valve levers, etc. that
may be used to implement the example modular regulators described herein, a
description of an example fluid regulator 100 1s provided below in connection
with FIG. 1. As depicted 1n FIG. 1, the example fluid regulator 100 includes an
actuator 102 that 1s operatively coupled to a valve 104. The actuator 102 includes
an upper actuator casing 106 and a lower actuator casing 108. The actuator
casings 106 and 108 contain a modular (1.e., interchangeable) diaphragm assembly
110 that 1s operatively coupled to a valve stem 116 via a lever 117. The

diaphragm assembly 100 may be interchangeable with other diaphragm
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assemblies such as, for example, the diaphragm assembly 800 described in
connection with FIGS., 8 and 9.

[0041] The lower actuator casing 108 is attached to a valve body 118 having an
inlet 120 and an outlet 122. A seat 124 1s mounted in the valve body 118 and
defines an orifice through which tluid may flow from the inlet 120 to the outlet
122. A valve plug 128 attached to an end of the stem 116 includes a sealing disk
130, which may be made of an elastomeric material, that sealingly engages a
sealing surface of the seat 124 when the stem 116 and plug 128 are driven toward
the seat 124. As described in more detail in connection with FIGS. 2 and 3 below,
the example fluid regulator 100 includes an interchangeable stem guide 132. The
stem guide 132 includes circumferential seals to align the stem guide 132 and,
thus, the stem 116 and sealing disk 130, with at least one of the lower actuator
casing 108, the valve body 118, or the seat 124.

[0042] The interchangeable stem guide 132 1s removably coupled (e.g., via the
circumferential seals) within the actuator casing 108 and may be interchangeable
with a second stem guide selected from a plurality of stem guides such as, for
example, the stem guide 400 depicted in connection with FIGS. 4A, 4B, 4C and 5.
In this manner, a first stem guide may be selected from the plurality of stem
guides to provide a first operational characteristic different from a second
operational characteristic provided by a second stem guide selected trom the
plurality of stem guides. In one example, a tirst stem guide 1s configured to
couple to a pressure balanced trim style and a second stem guide 1s configured to
couple to a non-pressure balanced trim style.

[0043] FIGS. 2 and 3 depict the interchangeable stem guide 132 of FIG. 1 in

greater detail. As depicted in FIGS. 2 and 3, the stem guide 132 is disposed
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within a bore or passage 200 of the actuator casing 108. The stem guide 132
includes a passage or bore 202 to slidably recetve and/or guide the valve stem
116. A plurality of seals 204 and 206 are disposed between an outer surface 208
of the stem guide 132 and an inner surface 210 of the actuator casing 108. The
seals 204 and 206 frictionally engage the inner surface 210 of the actuator casing
108 to removably couple the stem guide 132 within the bore 200 of the actuator
casing 108. The seals 204 and 206 apply a pre-load or force to (e.g., to be
displaced or distorted against) the inner surface 210 of the actuator casing 108,
substantially align (e.g., center) the stem guide 132 within the passage or bore 200
of the actuator casing 108 relative to the valve body 118 and the seat 124.

[0044] More specifically, the seals 204 and 206, which may be implemented
using o-rings, may serve to provide a substantially equal inwardly directed force
(e.g., toward the stem 116) to the stem guide 132, thereby substantially centering
or otherwise aligning the stem guide 132 within the passage or bore 200. In this
manner, the seals 204 and 206 can compensate for additional tolerance variations
(e.g., tolerance stack ups) that result from having an interchangeable stem guide
configuration (i.e., a stem guide that i1s not integral with the actuator casing 103).
For instance, the additive or worst case tolerances of the stem guide 132 and the
casing 108 can be compensated for via the elastomeric properties of the seals 204
and 206. Thus, the interchangeable stem guide 132 may be self-aligning in
response to tolerance variations and/or other non-ideal characteristics of the body
of the stem guide 132, the stem 116, and/or the casing 108.

[0045] In addition to providing a centering or aligning force to the stem guide
132, the seal 204 provides a pressure seal between the bore 200 of the actuator

casing 108 and the ambient surrounding the actuator casing 108 as well as an
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outlet chamber 212 of the valve body 118. Similarly, the seal 206 provides a
pressure seal between the outlet chamber 212 and the ambient surrounding the
actuator casing 108 and the bore 200 of the actuator casing 108. Thus, in the case
where the fluid regulator 100 1s a gas regulator, potentially harmtul gasses are
prevented from being released into the ambient surrounding the regulator 100.
[0046] Further, because the seals 204 and 206 frictionally engage the inner
surface 208 of the actuator casing 108, the stem guide 132 can be easily retained
within the actuator casing 108 during assembly (e.g., factory assembly, field
repair or reconfiguration, etc.) of the regulator 100. Still further, the forces
applied by the seals 204 and 206 to the stem guide 132 also reduce or substantially
eliminate play or movement between the stem guide 132 and the actuator casing
108. For example, axial and/or lateral play of movement of the stem guide 132
may be substantially reduced or eliminated.

[0047] While the seals 204 and 206 are depicted in the example of FIG. 3 as
captured or seated against shoulders 300 and 302, the seals 204 and 206 could
alternatively or additionally be captured, at least partially, in circumterential
grooves or channels extending around the outer surtace 208 of the stem guide 132
and/or the inner surface 210 of the casing 108. Additionally, while two seals 204
and 206 are shown, more than two seals or a single seal could be used instead.
[0048] Different fluid control applications may require or permit a fluid regulator
to utilize internal pressure registration. When using internal pressure registration,
control pressure (i.e., controlled output pressure) is sensed through a passage or
passages fluidly coupling an outlet of the valve body to the actuator diaphragm.
In contrast, if more precise control over downstream fluid pressure 1s needed for a

particular application, external pressure registration 1s typically employed. When

12
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a fluid regulator 1s configured for external pressure registration, a downstream
control pressure 1§ typically tluidly coupled via an external line directly to a
chamber associated with the regulator diaphragm (e.g., a chamber within the
lower actuator casing). Also, typically, when a regulator is configured for
external pressure registration, the bore or passage, in which the stem guide is
disposed within the actuator casing, 1s blocked. This is commonly referred to as
blocking the throat to prevent fluid pressure in the outlet of the valve from being
fluidly coupled to the diaphragm. Finally, in applications in which dual
registration (1.e., internal and external pressure registration) 1s required, the throat
1s not blocked (1.e., a fluid path between the outlet of the valve body and the lower
diaphragm casing is provided) and an external line couples a downstream fluid
pressure to the lower diaphragm casing.

[0049] In many known fluid regulators, different pressure registration
configurations are achieved using numerous different regulator components. For
example, different stem guides, actuator casings, etc. may be selected to provide a
desired pressure registration configuration. In contrast to these known fluid
regulators, FIGS. 4A, 4B, 4C, and 5 depict an example stem guide 400, which
may be used to implement the stem guide 132 of FIG. 1, that enables a pressure
regulator (e.g., the example regulator 100 of FIG. 1) to be configured (e.g., in the
field using a standard screwdriver) for either internal or external pressure
registration without having to provide any additional and/or different components.
[0050] As depicted in FIGS. 4A, 4B, 4C, and 5, the stem guide 400 has a
substantially cylindrical body 402 having a bore or passage 404 to slidably receive
a valve stem (e.g., the valve stem 116 of FIG. 1A). The stem guide 400 also

includes another passage or bore 406 extending through the stem guide 400 to
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fluidly couple an outlet of a valve to a diaphragm of a fluid regulator. Still
further, the stem guide 400 includes an aperture or opening 408 (e.g., a blind hole)
that 1s to hold an insert member 410, which 1s depicted as a screw in FIG. 4C.
Thus, to configure a fluid regulator for internal pressure registration, the screw
410 may be coupled to the opening 408 so that the passage 406 1s open (i.e.,
unblocked) to fluidly couple an outlet of a valve to an actuator diaphragm of a
fluid regulator.

[0051] On the other hand, to configure a fluid regulator for external pressure
registration, the screw 410 may be removed from the opening 408 and coupled
(e.g., threaded) to the passage 4006 to block the passage 406 and prevent fluid
communication between the outlet of the valve and the diaphragm. Although not
shown 1n FIG. 4C, an o-ring or other seal may be included under the head of the
screw 410 to ensure a pressure-tight sealing of the passage or bore 406. The
pressure registration configuration apparatus or feature of the example stem guide
400 of FIGS. 4A, 4B, 4C, and 5 can be used separately as shown in FIGS. 4A, 4B,
4C, and 5 or may be combined with the features (e.g., the circumferential seals
204 and 206) of the example stem guide 132 described above in connection with
FIGS. 2 and 3.

[0052] FIG. 6 illustrates another example stem guide 600 that may be used with
the example regulators described herein. The example stem guide 600 is an open
throat design having a passage 602 that fluidly communicates or couples an outlet
pressure from a valve to an actuator diaphragm. Thus, the example stem guide
600 may be used instead of (or interchanged with) the example stem guide 132 in
the example regulator 100 (FIG. 1) to provide internal pressure registration

without an option to field contfigure the regulator 100 for external registration.
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Additionally, the passage 602 is relatively large and, thus, tacilitates and/or
improves performance of the example regulator 100 when the example regulator
100 1s configured for internal pressure registration. Although not shown in FIG.
6, the example stem guide 600 may be implemented with seals such as the
example seals 204 and 206 described in connection with FIGS. 2 and 3.

[0053] FIG. 7 illustrates yet another example stem guide 700 that may be used
with the example regulators described herein. The example stem guide 700 is
sized and configured to facilitate the use of a pressure-balanced valve mechanism
such as the example balance valve mechanism depicted in FIG. 25. Additionally,
as with the example stem guide 600, the example stem guide 700 may be
implemented with seals such as the example seals 204 and 206 described in
connection with FIGS. 2 and 3.

[0054] As stated above, the example fluid regulators described herein incorporate
highly modular diaphragm assemblies that can be contigured and/or interchanged
to satisfy a wide range of different applications and/or operational requirements.
For example, a first diaphragm assembly selected from a plurality ot diaphragm
assemblies provides a first operational characteristic different from a second
operational characteristic provided by a second diaphragm selected trom the
pluralities of diaphragm assemblies. For example, a first diaphragm assembly
may configure a regulator to have a full internal relief and a second diaphragm
assembly may configure a regulator to have a token reliet. To provide different
operational characteristics, the example modular diaphragm assemblies described
herein include a plurality of interchangeable relief valve seats, reliet valve stems,

pusher post assemblies, and valve levers.
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[0055] FIG. 8 illustrates an example modular diaphragm assembly 800 that may
be used to implement example regulators described herein to have no internal
pressure relief. The example diaphragm assembly 800 includes a diaphragm 802
and a diaphragm plate 804 to provide a rigid backing to the diaphragm 802 to
maintain a substantially constant effective area (e.g., piston diameter or area)
during operation. The example diaphragm assembly 800 includes a non-operative
relief valve assembly 806 coupled to the diaphragm 802 such that the relief valve
assembly 806 i1s prevented from opening and providing internal pressure relief,
thereby providing a non-relief assembly. Thus, the diaphragm assembly 800
configures a regulator for use in applications that do not require a pressure relief,
or an internal pressure relief (i.e., applications requiring external pressure relief).
[0056] The non-operative relief valve assembly 806 includes a relief valve seat
808 sealingly coupled to a pusher post 810 via a retainer ring 812 and an o-ring
814. The pusher post 810 includes a lever pin 816 pivotally coupled to a lever
arm (e.g., the lever arm 117 of FIG. 1) to translate movement of the diaphragm
assembly 800 into movement of a valve disk (e.g., the valve disk 130) relative to a
valve port (e.g., the valve port 124) to vary the tlow of fluid through a regulator
(e.g., the regulator 100). A fastener 818 (e.g., a bolt) passes through a recessed
portion 820 of the diaphragm plate 804 and couples to (e.g., threadably engages)
an opening 822 of the pusher post 810 to cause a rim or sealing edge 3824 of the
relief valve seat 808 to seal against a relatively thicker sealing surface 826 of the
diaphragm 802.

[0057] FIG. 9 is another view of the example diaphragm assembly 800 of FIG. &.
As shown in FIG. 9, the example diaphragm assembly 800 is circular in shape.

However, in other examples, any other suitable shapes may be employed.

16



CA 02683389 2009-10-02
WO 2008/134246 PCT/US2008/060495

Additionally, the recessed portion 820 of the diaphragm plate 804 includes an
opening 828, which can function as a relief valve passage tor assemblies (e.g.,
those described in detail below) that do not fix the diaphragm plate 804 to the
pusher post 810 to prevent internal relief operation.

[0058] FIG. 10 illustrates another example diaphragm assembly 1000 that may be
used to implement the example regulators described herein to have token internal
pressure relief. Similar to the example assembly 800 of FIGS. 8 and 9, the
example diaphragm assembly 1000 includes a diaphragm 1002 and a diaphragm
plate 1004. The example diaphragm assembly 1000 also includes a relief valve
assembly 1006 having a relief valve seat 1008, a pusher post 1010, a retainer ring
1012, an o-ring 1014, and a lever pin 1016. Additionally, the diaphragm plate
1004 includes a recessed portion 1020. The relief valve seat 1008 has a sealing
rim or edge 1024 that sealingly engages a relatively thicker diaphragm portion
1026 of the diaphragm 1002.

[0059] However, in contrast to the example diaphragm assembly 800, the relief
valve assembly 1006 is operative. In particular, instead of a fastener (e.g. the bolt
818 of FIG. 8), the example assembly 1000 includes a relief valve stem 1028
slidably coupled within an opening 1030 of the diaphragm plate 1004 and the
diaphragm 1002. Additionally, a portion of the relief valve stem 1028 engages an
opening 1022 of the pusher post 1010 to operatively couple the reliet valve stem
1028 the pusher post 1010. A relief valve spring 1032 1s captured between a
retainer 1034 and the adjuster 1035 and the diaphragm plate 1004 to provide a
desired pre-load to establish a desired pressure relief point or discharge pressure.
The retainer 1034 and the adjuster 1035 engage or couple to the relief stem 1028

at a distance from the diaphragm plate 1004. The adjuster 1035 may be a threaded
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nut or the like that can be threaded onto the valve stem 1028 to preload the spring
1032 as needed to set a relief pressure.

[0060] In operation, when the control pressure applies a sufficient force to a
control side 1036 of the diaphragm 1002 to exceed the pre-load force applied by
the spring 1032, the thicker diaphragm portion 1026 lifts away, disengages, or
moves out of sealing engagement with the sealing rim or edge 1024 of the relief
valve seat 1008. As a result, pressurized fluid on the control pressure side 1036 of
the diaphragm 1002 travels past the rim or edge 1024 and through an opening
(e.g., similar to the opening 828 depicted in FIG. 8) in the recessed portion 1020
of the diaphragm plate 1004. The pressurized fluid passing through the relief
valve assembly 1006 may then subsequently be routed to the atmosphere.

[0061] FIG. 11 illustrates yet another example diaphragm assembly 1100 that may
be used to implement the example regulators described herein to have full internal
pressure relief. The assembly 1100 1s similar to the diaphragm assembly 1000 of
FIG. 10, except the assembly 1100 includes a relief valve assembly 1106 having a
relief valve stem 1128 and a retainer 1134. The retainer 1134 couples to the relief
stem 1128 via a groove or slot 1135 of the relief stem 1128. In this manner, the
retainer 1134 is fixed (e.g., fixed in place) to the stem 1128 such that the relief
valve assembly 1106 can provide full (i.e., not just token) internal pressure relief.
[0062] FIG. 12 illustrates another example diaphragm assembly 1200 that may be
used to implement the example regulators described herein to have a pressure
loaded diaphragm. In contrast to the example diaphragm assemblies 1000 and
1100 of FIGS. 10 and 11, respectively, the example diaphragm assembly 1200
includes a diaphragm 1202 that is installed in an opposite orientation (e.g., upside

down) relative to the diaphragms 1002 and 1102 of FIGS. 10 and 11. In this
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manner, the upper casing of the regulator s pressurized to provide a loading
element, thereby improving regulator performance.

[0063] Additionally, the example diaphragm assembly 1200 includes a first
diaphragm plate 1204 and a second diaphragm plate 1205, which can be omitted if
desired, to ensure the diaphragm 1202 provides a substantially constant active
surface area in response to pressures being applied to both sides of the diaphragm
1202. Further, 1in contrast to the previous examples, the example diaphragm
assembly 1200 includes a pressure relief assembly 1206. The pressure relief
assembly 1206 includes a relief valve seat 1208 having a fixed size bleed hole or
passage 1210. A closing stem 1228 seals the seat 1208 against the diaphragm
1202 to provide no relief operation between the seat 1208 and the diaphragm
[202. A closing spring (not shown) may be disposed between an upper spring
seat 1230 and a lower spring seat 1232 to provide a mechanical fail-safe closing of
a valve to which the example diaphragm assembly 1200 is operatively coupled.
[0064] FIG. 13 illustrates an example high pressure diaphragm assembly 1300
that may be used to implement the example regulators described herein. The
example diaphragm assembly 1300 includes a diaphragm 1302 and a restrictor
plate 1304 that cooperate so that the diaphragm assembly 1300 has a relatively
small effective area, thereby providing maximum resistance for high pressure
applications. The example assembly 1300 1s shown without a relief valve seat.
However, such a seat could be included in a manner similar to that shown in FIG.
1.

[0065] FIG. 14 illustrates an example low pressure diaphragm assembly 1400 that

may be used to implement the example regulators described herein. The example
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assembly 1400 includes a diaphragm 1402 having a relatively large effective area
for use in applications requiring sensitivity to low pressures.

[0066] FIGS. 15-18 illustrate respective example seats 1500, 1600, 1700, and
1800 that may be interchangeably used to implement the example regulators
described herein. The example seat 1500 1s a general purpose relief valve seat
that may be used, for example, in a relief diaphragm assembly such as that shown
in FIGS. 10 and 11. The example seat 1600 is a general purpose non-relief valve
seat that may be used, for example, in a non-relief diaphragm assembly such as
that shown in FIG. 8. The example seat 1700 is a general purpose seat having a
fixed restriction or bleed hole that may be used, for example, 1n pressure loaded
configurations such as that shown in FIG. 12. The example seat 1800 1s a high
capacity relief valve seat.

[0067] FIGS. 19 and 20 illustrate example pusher posts 1900 and 2000 that may
be interchangeably used to implement the example regulators described herein.
The example pusher post 1900 1s contigured to enable 1ts connection or coupling
to a relatively longer lever arm to provide a high lever ratio and, thus, 1s
particularly usetul in non-pressure balanced regulator applications. In contrast,
the example pusher post 2000 1s configured to enable its connection or coupling to
a relatively shorter lever arm to provide a relatively low lever ratio and, thus, 1s
particularly useful in pressure balanced regulator applications.

[0068] FIG. 21 illustrates yet another example pusher post/relief valve seat
assembly 2100 that may be used to implement the example regulators described
herein.

[0069] FIGS. 22-24 illustrate example valve lever assemblies 2200, 2300, and

2400 that may be used to implement the example regulators described herein. The
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example valve lever assembly 2200 1s a high lever ratio assembly that provides
maximum resistance to fluid forces and 1s typically used to control non-pressure
balanced valves. The example valve lever assembly 2300 provides a somewhat
lower lever ratio than that provided by the assembly 2200 of FIG. 22 and is
typically used to accommodate high control pressure applications with pressure
balanced valves. The example valve lever assembly 2400 provides a lower lever
ratio than that provided by the assembly 2300 of FIG. 23 and may be particularly
useful in controlling pressure balanced valves.

[0070] Additionally, a lower actuator casing (e.g., the casing 108) includes a
plurality of mounting locations or positions to receive lever arm pivot pins 2202,
2302, and 2402, thereby enabling a single lower casing to be more flexibly
adaptable to the needs of different applications (e.g., high pressure applications,
low pressure applications, pressure-balanced applications, etc.). For example, the
a plurality of slots and/or other openings to receive the pins 2202, 2302, and 2402
may be provided in locations corresponding to different levers providing difterent
lever ratios and the pins 2202, 2302, and 2402. The pins 2202, 2302, and 2402
may be held in place (e.g., in a slot, hole, opening, etc.) using one or more screws,
crimping of the sides or walls of the slots, openings, etc., or using any other
suitable fastening method(s).

[0071] The tforegoing example stem guides, diaphragm assemblies, and valve
lever assemblies can be interchangeably combined for use within a single or
relatively few regulator casings to provide a highly modular regulator product
line. More specifically, the interchangeability of the toregoing assemblies and
related components enables a wide range of global regulator applications (e.g.,

performance requirements, operational characteristics, etc.) to be satisfied using
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relatively few components. Further, the interchangeability of the foregoing
assemblies and related components facilitates the provision of regulators having
combinations of operational and/or performance characteristics that have not been
previously provided.

[0072] FIG. 25 illustrates an example pressure balanced fluid regulator 23500 that
may be implemented in accordance with the examples described herein.

[0073] FIG. 26 depicts an example pressure balanced and pressure loaded tluid
regulator 2600 that may be implemented in accordance with the examples
described herein.

[0074] FIG. 27 illustrates an example integral monitor over pressure protection
configuration 2700 that may be implemented in accordance with the examples
described herein.

[0075] FIG. 28 illustrates an example safety shutoff device 2800 that may be used
with the example regulators described herein.

[0076] Although certain example apparatus have been described herein, the scope
of coverage of this patent is not limited thereto. On the contrary, this patent
covers all apparatus and articles of manufacture tairly talling within the scope of

the appended claims either literally or under the doctrine ot equivalents.
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What 1s claimed 1s:

. A stem guide for use with a fluid regulator, comprising:

a body having an opening to slidably receive a valve stem and an outer
surface having a plurality of circumferential seals that removably couple the body
within a bore of a regulator casing and align the body with the regulator casing or
a valve.

2. A stem guide as defined in claim 1, wherein the body or the regulator
casing comprises a plurality of shoulders or grooves to retain the circumferential
seals.

3. A stem guide as defined in claim 1, wherein the body further comprises a
passage extending through the body to fluidly couple an outlet ot the valve to a
diaphragm of the fluid regulator.

4. A stem guide as defined in claim 3, wherein the body further comprises an
aperture to hold an insert member, and wherein the 1nsert member 1s to be
removed from the aperture and coupled to the passage extending through the body
to block fluid communication between the outlet and the diaphragm of the fluid
regulator.

J. A stem guide as defined in claim 1, wherein the opening of the body 1s

configured to receive a pressure-balanced valve mechanism.

6. A stem guide as defined in claim 1, wherein the circumtferential seals are
O-11ngs.
7. A stem guide as defined in claim 6, wherein the o-rings provide a seal

between the outer surface of the body and an internal surface of the regulator

casing.
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8. A stem guide as defined in claim 6, wherein the o-rings apply a pre-load to
the stem guide to reduce axial play between the stem guide and the regulator
casing.

9. A flmid regulator, comprising:

a first diaphragm assembly disposed within an actuator casing;

a valve body coupled to the actuator casing;

a stem guide removably coupled within the actuator casing and having a
first passage to guide a valve stem operatively coupled to the first diaphragm
assembly; and

a plurality of seals between an outer surface of the stem guide and an inner
surface of the actuator casing to align the stem guide with at least one of the
actuator casing or the valve body.

10. A tluid regulator as defined in claim 9, wherein the each of the seals
comprises an o-ring.

I1. A fluid regulator as defined in claim 9, wherein the seals frictionally
engage the actuator casing to retain the stem guide within the actuator casing.

12. A fluid regulator as defined in claim 9, wherein the stem guide or the inner
surface of the casing comprise shoulders to hold the seals.

13. A fluid regulator as defined in claim 9, wherein the stem guide comprises a
second passage extending through the stem guide to fluidly couple an outlet of the
valve body to a diaphragm of the first diaphragm assembly.

14. A fluid regulator as defined in claim 13, wherein the stem guide further
comprises an opening to retain a screw, and wherein the screw is to be removed
from the opening and threaded into the second passage extending through the stem

guide to configure the fluid regulator for external pressure registration.
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13. A fluid regulator as defined in claim 9, wherein the first diaphragm
assembly 1s interchangeable with a second diaphragm assembly to enable the
regulator to have a first operational characteristic different from a second
operational characteristic provided by the first diaphragm assembly.

16. A fluid regulator as defined in claim 15, wherein the second operational
characternistic provided by the first diaphragm assembly enables the regulator to
have a tull internal reliet and the second diaphragm assembly enables the
regulator to have a token rehef.

7. A modular regulator assembly, comprising:

an actuator casing;

a valve body coupled to the actuator casing;

a tirst diaphragm assembly selected from a plurality of diaphragm
assemblies and operatively coupled within the actuator casing, wherein the first
diaphragm assembly 1s interchangeable with a second diaphragm assembly
selected from the plurality of diaphragm assemblies;

a first stem guide removably coupled within the actuator casing, wherein
the first stem guide includes a bore to slidably receive a valve stem operatively
coupled to the first diaphragm assembly, and wherein the first stem guide is
selected from a plurality of stem guides and 1s interchangeable with a second stem
guide selected trom the plurality of stem guides; and

a plurality of seals between an outer surface of the first stem guide and an
inner surface of the actuator casing to align the first stem guide with at least one of

the actuator casing or the valve body.
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18. A modular regulator assembly as detined in claim 17, wherein the plurality
of diaphragm assemblies comprises a plurality of interchangeable relief valve
seats, relief valve stems, pusher posts, diaphragms, diaphragm plates and levers.
19. A modular regulator assembly as defined in claim I8, wherein a
diaphragm assembly from the plurahity of diaphragm assemblies provides a non-
relief internal pressure assembly, a token internal pressure relief assembly, a full
internal pressure reliet assembly, a high pressure diaphragm assembly, or a low
pressure diaphragm assembly.

20. A modular regulator assembly as defined in claim 17, wherein the each of
the seals 1s an o-ring.

21. A modular regulator assembly as defined 1n claim 17, wherein the seals
frictionally engage the inner surface of the actuator casing to retain the first stem
guide within the actuator casing.

22. A modular regulator assembly as defined in claim 17, wherein the first
stem guide couples to a pressure balanced trim style and the second stem guide
couples to a non-pressure balanced trim style.

23. A modular regulator assembly as detined in claim 17, wherein the first
stem guide further comprises a passage extending through the valve body to
fluidly couple an outlet of the valve body to the first diaphragm assembly.

24. A modular regulator assembly as detined in claim 23, wherein the first
stem guide further comprises an opening to hold a screw, and wherein the screw is
to be removed from the opening and coupled to the passage extending through the
body to block fluid communication between the passage and the first diaphragm

assembly.
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25. A modular regulator platform as defined in claim 17, wherein the regulator
is a direct acting regulator, a pressure loaded regulator, or a pilot operated

regulator.
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