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(57) Abrege/Abstract:
A fluid regulator Iincludes a regulator body having a fluid inlet and a fluid outlet connected by a fluid flow path, with a portion of the

regulator body forming a first chamber and a second chamber, an orifice disposed In the fluid flow path, a seat, and a control
element disposed within the fluid flow path and shiftable between an open position spaced away from the seat and a closed
position seated against the seat, with the control element arranged to respond to fluid pressure changes to control flow of a
process fluid through the orifice. A first diaphragm having a radially inner portion Is operatively coupled to the control element, and a
second diaphragm having a radially inner portion also Is operatively coupled to the control element.

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




WO 2013/148819 A1 |]H0FII0A V) VAR 100 O R A

CA 02868042 2014-095-19

(19) World Intellectual Property
Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

International Bureau - . o
::'f/)) (10) International Publication Number
(43) International Publication Date — WO 2013/148819 A1l
3 October 2013 (03.10.2013) WIRPO I PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GO05D 16/06 (2006.01) kind of national protection available). AE, AG, AL, AM,
. . . AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ. CA. CH. CL. CN. CO. CR. CU, CZ. DE, DK, DM,
POLUSZ1 30 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
27 March 2013 (27.03.2013) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: /M, ZW.
61/618.,557 30 March 2012 (30.03.2012) US
(84) Designated States (unless otherwise indicated, for every
(71) Applicant: EMERSON PROCESS MANAGEMENT kind of regional protection available). ARIPO (BW, GH,
REGULATOR TECHNOLOGIES, INC. [US/US]; 310 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
East University Drive, Mckinney, TX 75070 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Inventors: NASHERY, Khashayar, A.: 5602 Bent Trail, IM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Dallas, TX 75248 (US). SCHEFFLER, Douglas, J.; 5912 EE, S, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Blue Spruce Lane, McKinmey, TX 75070 (US) MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
’ ’ ' TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
(74) Agent: READ, David, C.; Marshall, Gerstein & Borun ML, MR, NE, SN, TD, TG).

LLP, 233 S. Wacker Drive, 6300 Willis Tower, Chicago,
IL 60606-6357 (US).

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: FLUID REGULATOR HAVING IMPROVED FLOW STABILITY

(57) Abstract: A fluid regulator includes a regulat-
or body having a fluid inlet and a fluid outlet con-

4] 150 1o 190 180 nected by a fluid flow path, with a portion of the
| 400 154 ﬁ'52a 138 / 169 06 regulator body formmg a first f:hamber {:md a second
| p N j a5 1] chamber, ?111 orifice dllsplosed in dthe ﬂuild ﬂ.();lx{ paﬁg
S S . | a seat, and a control element daisposed within the
152 ~ I4Ob\ ’A}gv v ' ' 178 fluid tlow path and shiftable between an open posi-
| —\( -' ’( ‘f / “ | 132 tion spaced away from the seat and a closed posi-
IZLS\ . i‘li oo “ X 1780, tion seated against the seat, with the control element
58 —_ 4 {Q: = l! / b % (34  arranged to respond to tluid pressure changes to
580— SN N QA P v 130 control flow ot a process tluid through the orifice.
- : A AT ' vl E'///( A first diaphragm having a radially inner portion is
Ay ] Ii// < 131 operatively coupled to the control element, and a
| /jL :./ﬁ T NG //\- & A secopd diaphragm having a radially inner portion
16 //// // -/ .\\k \\ _‘)((\ ' also 1s operatively coupled to the control element.
156077 H b Hor Ak & ) \128
4 }i TN
156~ % ‘@'5 4
N7 S DA — 31
140 / 11 1/ El \ WA\ —
AL =
44~ // 17 || : \
ol 175 / | l92‘6 l42a,62 (425
18 [ 194 FIG 3



CA 02868042 2014-095-19

WO 2013/148819 A1 IO A0 FYI0 R O O A A

—  before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



CA 02868042 2014-095-19

WO 2013/148819 PCT/US2013/034080

FLUID REGULATOR HAVING IMPROVED FLOW STABILITY

FIELD OF THE INVENTION

[0001] The present disclosure generally relates to fluid control devices such as gas or
fluid regulators and, more particularly, to a fluid regulator having a pair of diaphragms

engaging a control element.

DESCRIPTION OF THE PRIOR ART

[0002] 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 in these distribution systems in order 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.

[0003] Fluid regulators typically employed in such gas distribution systems are generally
well known in the art. One type of fluid regulator is a single stage pressure regulator, which
acts to reduce the incoming or source pressure to the outlet or delivery pressure in a single
step. Another type of fluid regulator is a dual stage regulator, which reduces the inlet

pressure to the outlet pressure in two steps.

[0004] In pressure regulators, a number of environmental and/or mechanical factors can
affect regulator performance. Accordingly, it may be desirable to provide a fluid or gas
regulator exhibiting reduced or minimized adverse effects due to environmental and/or

mechanical factors.

SUMMARY

[0005] In accordance with a first exemplary aspect, a dual stage fluid regulator includes a
regulator body having a fluid inlet and a fluid outlet connected by a fluid flow path, a portion
of the regulator body forming a first chamber and a second chamber, a first stage orifice
disposed In the fluid flow path and leading to a first stage seat, a second stage orifice
disposed in the fluid flow path and leading to a second stage seat, a first stage control
element disposed within the fluid flow path and shiftable between an open position spaced
away from the first stage seat and a closed position seated against the first stage seat, the

first stage control element arranged to respond to fluid pressure changes to control flow of a
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process fluid through the first stage orifice, and a second stage control element disposed
within the fluid flow path and shiftable between an open position spaced away from the
second stage seat and a closed position seated against the second stage seat. An actuator
IS attached to the regulator body, the actuator operatively coupled to the second stage
control element and arranged to respond to fluid pressure changes in the fluid outlet to move
the second stage control element between the open position and the closed position to
control flow of the process fluid through the second stage orifice. The first stage control
element is operatively coupled to a first digphragm and a second diaphragm, with the first
and second diaphragms disposed between the first chamber and the second chamber.

[0006] In accordance with a second exemplary aspect, a method of improving stability in a
dual stage regulator includes the steps of providing a conventional dual stage fluid regulator
having a regulator body, a fluid inlet and a fluid outlet connected by a fluid flow path with a
portion of the regulator body forming a first chamber and a second chamber, the regulator
further having a first stage orifice disposed Iin the fluid flow path and leading to a first stage
seat, a second stage orifice disposed in the fluid flow path and leading to a second stage
seat, a first stage control element disposed within the fluid flow path and shiftable between
an open position spaced away from the first stage seat and a closed position seated against
the first stage seat, the first stage control element arranged to respond to fluid pressure
changes to control flow of a process fluid through the first stage orifice, and a second stage
control element disposed within the fluid flow path and shiftable between an open position
spaced away from the second stage seat and a closed position seated against the second
stage seat, the regulator further having an actuator attached to the regulator body, the
actuator operatively coupled to the second stage control element and arranged to respond to
fluid pressure changes in the fluid outlet to move the second stage control element between
the open position and the closed position to control flow of the process fluid through the
second stage orifice. The method includes providing a first diaphragm, positioning the first
diaphragm between the first chamber and the second chamber, coupling a radially inner
portion of the first diaphragm to the first stage control element, providing a second
diaphragm, and coupling a radially inner portion of the second diaphragm to the first stage

control element.

[0007] In accordance with a third exemplary aspect, a dual stage fluid regulator includes a
regulator body having a fluid inlet and a fluid outlet connected by a fluid flow path, with a
portion of the regulator body forming a first chamber and a second chamber, a first stage
orifice disposed in the fluid flow path, a first stage seat, a second stage orifice disposed In
the fluid flow path, and a second stage seat. A first stage control element is disposed within
the fluid flow path and is shiftable between an open position spaced away from the first
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stage seat and a closed position seated against the first stage seat, with the first stage
control element arranged to respond to fluid pressure changes to control flow of a process
fluid through the first stage orifice. A second stage control element is disposed within the
fluid flow path and is shiftable between an open position spaced away from the second
stage seat and a closed position seated against the second stage seat, and an actuator is
operatively coupled to the second stage control element and is arranged to respond to fluid
pressure changes in the fluid outlet to move the second stage control element between the
open position and the closed position to control flow of the process fluid through the second
stage orifice. A first diaphragm includes a radially inner portion operatively coupled to the
first stage control element, and a second diaphragm includes a radially inner portion

operatively coupled to the first stage control element.

[0008] In accordance with a fourth exemplary aspect, a fluid regulator includes a regulator
body having a fluid inlet and a fluid outlet connected by a fluid flow path, with a portion of the
regulator body forming a first chamber and a second chamber, an orifice disposed in the
fluid flow path, a seat, and a control element disposed within the fluid flow path and shiftable
between an open position spaced away from the seat and a closed position seated against
the seat, with the control element arranged to respond to fluid pressure changes to control
flow of a process fluid through the orifice. A first diaphragm having a radially inner portion is
operatively coupled to the control element, and a second diaphragm having a radially inner

portion also I1s operatively coupled to the control element.

[0009] |In further accordance with any one or more of the foregoing first, second, third, or
fourth aspects, a dual stage regulator and/or method may further include any one or more of

the following preferred forms.

[0010] In some preferred forms, the dual stage regulator may include an inlet fitting
coupled to the regulator body, with the inlet fitting forming at least a portion of the first
chamber, and wherein the first and second diaphragms are secured to the regulator body by
the inlet fitting. Each of the first diaphragm and the second diaphragm may include a radially
iInner portion operatively coupled to the first stage control element, and the radially inner
portion of the first diaphragm may be spaced axially from the radially inner portion of the
second diaphragm. The first diaphragm may include a convolution, and may include a
convex portion, and the convex portion may be oriented to face the second chamber.

[0011] In other preferred forms, the dual stage regulator may further include a first spring
disposed In the first chamber and bearing against a first spring seat, with the first spring
positioned to bias the first stage control element toward the open position, a second spring
disposed In the second chamber and bearing against a second spring seat, with the second
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spring positioned to bias the first stage control element toward the closed position. The first
diaphragm may include a radially inner portion secured between the first spring seat and the
second spring seat, and the second diaphragm may include a radially inner portion engaging
the second spring seat and spaced axially away from the radially inner portion of the first
diaphragm. The regulator body may include a removable inlet fitting, with the inlet fitting
forming the first chamber and including a central support, with the first spring seat including
an inner portion and an outer portion, and with the inner portion sized to surround and slide
along the central support. The outer portion may include a flange having an upstream face
and a downstream face, with the inner portion of the second diaphragm bearing against the
upstream face, and with the downstream face operatively coupled to the radially inner
portion of the first diaphragm.

[0012] In still further preferred forms, the first stage control element may include a valve
disc coupled to a disc holder disposed In the second chamber, and the second spring seat
may be carried by the disc holder. The disc holder may include a central portion arranged to
receive the valve disc, an outer flange forming the second spring seat, and a plurality of
supports extending between the central portion and the outer flange, with the supports

separated by flow apertures.

[0013] In preferred method forms, an axial space may be provided between the radially
Inner portion of the first digphragm and the radially inner portion of the second diaphragm.
The regulator body may include a removable inlet fitting forming at least a portion of the first
chamber, and each of the first and second diaphragms may be provided with a radially outer
portion, and the Inlet fitting may be used to secure the radially outer portions to the regulator
body. The first diaphragm may be provided with a convolution having a convex portion, and
the convolution may be oriented to face toward the second chamber. The first spring seat
may be provided with an inner portion and an outer portion, with the inner portion sized to
surround and slide along the central support, the outer portion may be provided with a flange
having an upstream face and a downstream face. The inner portion of the second
diaphragm may be positioned to bear against the upstream face, and the downstream face
may be positioned toward the radially inner portion of the first diaphragm. The method may
Include providing the first stage control element with a valve disc coupled to a disc holder,
placing the disc holder in the second chamber, and providing the second spring seat on the
disc holder. The method may further include providing the disc holder with a central portion
arranged to receive the valve disc, providing the disc holder with an outer flange forming the
second spring seat, and providing a plurality of supports separated by flow apertures and
extending between the central portion and the outer flange. An inlet fitting may be

removably coupled to the regulator body, with the inlet fitting securing the radially outer

4
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portion of the first and second diaphragms to the regulator body. The radially inner portion

of the first and second diaphragms may be spaced apart axially relative to one another.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 1s a cross-sectional view of a conventional two stage regulator assembled

In accordance with the teachings of the prior art.

[0015] Figure 2 is a cross-sectional view of a two stage regulator incorporating a dual
diaphragm assembly assembled in accordance with the teachings of the present invention.

[0016] Figure 3 is an enlarged fragmentary cross-sectional view of the inlet portion of the
two stage regulator and illustrating the dual diaphragm assembly assembled in accordance
with the teachings of the present invention.

[0017] Figure 3A is an enlarged fragmentary cross-sectional view of a spring seat having

an annular flange.

[0018] Figure 4 is an enlarged fragmentary exploded view illustrating two diaphragms of

the dual diagphragm assembly adjacent the inlet fitting.

[0019] Figure 5 s an enlarged front side elevational view of a disc holder assembled In

accordance with the teachings of the present invention.
[0020] Figure 6 is a side view of the disc holder of Figure 5.
[0021] Figure 7 Is a rear side elevational view of the disc holder of Figure 5.

DETAILED DESCRIPTION

[0022] Although the following text sets forth a detailed description of one or more
exemplary embodiments of the invention, it should be understood that the legal scope of the
iInvention Is defined by the words of the claims set forth at the end of this patent. The
following detailed description is to be construed as exemplary only and does not describe
every possible embodiment of the invention, as describing every possible embodiment would
be impractical, if not impossible. Numerous alternative embodiments could be implemented,
using either current technology or technology developed after the filing date of this patent,
and such alternative embodiments would still fall within the scope of the claims defining the

invention.

[0023] Referring now to the drawings, Figure 1 illustrates a conventional dual stage fluid
regulator 10. The fluid regulator 10 includes a regulator body 11 and includes a fluid inlet 12
and a fluid outlet 14, which are connected by a fluid flow path 16 which extends generally
through the body 11. The fluid regulator is generally divided into a number of chambers,
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iIncluding a first chamber 18, a second chamber 20, and a third chamber 22. The fluid
regulator 10 includes a first stage orifice 24 disposed In the fluid flow path 16 and leading to
a first stage seat 26, and a second stage orifice 28 disposed in the fluid flow path 16 and
leading to a second stage seat 30. A first stage control element 32 is disposed within the
fluid flow path 16 and is shiftable between an open position (as shown in Figure 1) in which
the first stage control element is spaced away from the first stage seat 26, and a closed
position in which the first stage control element is seated against the first stage seat 26 (In
which the control element 16 would be positioned to the left of the open position of Figure 1).
The first stage control element 32 is arranged to respond to fluid pressure changes to control
flow of a process fluid through the first stage orifice. A second stage control element 34 Is
disposed within the fluid flow path 16 and is shiftable between an open position (as shown In
Figure 1) in which the second stage control element 34 is spaced away from the second
stage seat 30, and a closed position in which the second stage control element 34 is seated
against the second stage seat 30. The fluid regulator 10 includes an actuator 36 which is
attached the regulator body 11. The actuator 36 Is attached to or otherwise operatively
coupled to the second stage control element 34, and is arranged to respond to fluid pressure
changes In the fluid outlet 14 to move the second stage control element 34 between the
open position and the closed position, in order to control flow of the process fluid through the
second stage orifice 28. The actuator 36 may be conventional, and moves a lever 37
operatively coupled to the second stage control element 34 in order to open or close the
second stage control element, depending on pressure conditions in the chamber 22. The
actuator 36 includes a diaphragm, load springs, and a suitable stem or other suitable linkage
as would be known. The first stage control element is operatively coupled to a diaphragm
38, and the diaphragm 30 forms a pressure boundary between the chambers 18 and 20
when the first stage control element 32 is in the closed position. A spring 40 i1s disposed In
the chamber 18 and bears against the control element 32 and applies a biasing load to the
control element toward the open position, while another spring 42 Is disposed In the
chamber 20 and applies a biasing load to the control element 32 toward the closed position.

[0024] In operation, the Inlet 12 I1s exposed to a supply pressure P;, while the outlet 14 Is
exposed to an outlet or operating pressure Py, which is the operating pressure required by
the devices located downstream requiring gas at the lower operating pressure. The inlet
pressure P;Is higher than the outlet or operating pressure P,. Typically, the chamber 18 is In
flow communication with a vent 44 to atmosphere, and consequently the chamber 18 Is at
atmospheric pressure P,. Finally, the chamber 20 is typically at a middle pressure P,,
between the inlet pressure and the outlet pressure. During operation, the inlet pressure is
typically sufficiently high to keep the first stage control element 32 in the open position as
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shown in Figure 1. If the inlet pressure drops sufficiently, then the pressure within the
chamber 20 bearing against the diaphragm 38, with the assistance of the spring 42, causes
the control element 32 to shift to the left toward, or to, the closed position, closing the first
stage. Operation of the second stage is also conventional. When the pressure in the
chamber 22 drops, meaning pressure at the gas devices downstream has dropped, the load
springs In the actuator 36, which load springs bear against a diaphragm 39 of the actuator
36, overcome the gas pressure against the diaphragm. Consequently, the actuator moves
the stem and/or diaphragm plate downward, rotating the lever 37 in a direction to move the
second stage control element 34 away from the seat 30, feeding additional gas into the
chamber 22. Conversely, when the pressure in the chamber 22 increases, the actuator
causes the second stage control element 34 to move toward, or to, the seat 30, lowering the

pressure on the chamber 22.

[0025] Figure 2 illustrates a dual stage fluid regulator 110 assembled in accordance with
the teachings of a disclosed example of the present invention. For ease of reference, and to
the extent possible, the same or similar components will retain the same reference numbers
as outlined above with respect to the conventional dual stage fluid regulator discussed
above, although the reference numbers will be increased by 100. The fluid regulator 110
includes a regulator body 111 and includes a fluid inlet 112 and a fluid outlet 114, which are
connected by a fluid flow path 116 which extends generally through the body 111. It will be
understood that fluid flows through the fluid regulator 110 in a downstream direction toward
the right when viewing the drawings, from an upstream end oriented toward the inlet 112
toward a downstream and oriented toward the outlet 114. The fluid regulator again is
generally divided into a number of chambers, including a first chamber 118, a second
chamber 120, and a third chamber 122. The fluid regulator 110 includes a first stage orifice
124 disposed In the fluid flow path 116 and leading to a first stage seat 126, and a second
stage orifice 128 disposed In the fluid flow path 116 and leading to a second stage seat 130.
The second stage seat 130 Is formed by a second stage orifice fitting 131. In the example

shown, the second stage orifice includes a tapered inlet 131a.

[0026] A first stage control element 132 Is disposed within the fluid flow path 16 and is
shiftable between an open position (similar to that shown in Figure 1 with respect to the
conventional regulator), in which the first stage control element 132 Is spaced away from the
first stage seat 126, and a closed position in which the first stage control element 132 is
seated against the first stage seat 126 (as shown in Figure 2). As with the conventional
regulator discussed above, the first stage control element 132 is arranged to respond to fluid

pressure changes to control flow of a process fluid through the first stage orifice 124.
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[0027] A second stage control element 134 is disposed within the fluid flow path 116 and
IS shiftable between an open position (similar to that shown in Figure 1 in conjunction with
the conventional regulator) in which the second stage control element 134 is spaced away
from the second stage seat 130, and a closed position in which the second stage control
element 134 is seated against the second stage seat 130 (as shown in Figure 2). The fluid
regulator 110 includes an actuator 136 which is attached the regulator body 111. The
actuator 136 Is attached to or otherwise operatively coupled to the second stage control
element 134, and is arranged to respond to fluid pressure changes in the fluid outlet 114 to
move the second stage control element 134 between the open position and the closed
position, in order to control flow of the process fluid through the second stage orifice 128.
The actuator 136 may be conventional, and moves a lever 137 operatively coupled to the
second stage control element 134 in order to open or close the second stage control
element 134, depending on pressure conditions in the chamber 122. The actuator 136
Includes a diaphragm 139, load springs, and a suitable stem or other suitable linkage as
would be known, In order to convert the up and down movement of the diaphragm into
appropriate movement of the second stage control element 134.

[0028] The first stage control element 132 is operatively coupled to a first diaphragm 138,
and the first digphragm 138 forms a pressure boundary between the chambers 118 and 120
when the first stage control element 132 is in the closed position of Figure 2. The first stage
control element also includes a second diaphragm 150, and the second diaphragm 150 Is

disposed in the chamber 118. A spring 140 also is disposed in the chamber 118, and bears
against the control element 132 in order to apply a biasing load to the control element 132

toward the open position. Another spring 142 is disposed in the chamber 120 and applies a

biasing load to the control element 132 toward the closed position.

[0029] Referring now to Figure 3, the regulator body 111 preferably includes an inlet fitting
152, which may be secured to the balance of the regulator body 111 by, for example, a
plurality of threaded fasteners or bolts 154, or by any other suitable means. The inlet fitting
152 includes an internal recess 156 generally forming chamber 118, and also includes a
generally cylindrical central portion 158 having a threaded bore 160 In flow communication
with the inlet 112. A first stage orifice fitting 162 Is threaded into the threaded bore 160, with
the first stage orifice fitting 162 including a central bore 164 generally defining the first page
orifice 124. The first stage orifice fitting 162 also includes a downstream end generally
defining the first stage seat 126. In the example shown, the first stage orifice fitting 162
iIncludes an annular flange 166 which extends in a generally radially outward direction

relative to a central axis A.
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[0030] In the example shown, the diaphragm 138 includes a radially outward portion 168
and a radially inward portion 170. The diaphragm 138 also includes a middle portion 169
disposed between the portions 168 and 170. The diaphragm 138 also includes a
convolution 171 having a convex portion which, in the disclosed example, is oriented toward
the chamber 120. Similarly, the diaphragm 150 includes a radially inward portion 172 and a
radially outward portion 174, and further includes a middle portion disposed between the
portions 172 and 174. The radially outward portion 168 of the diaphragm 138 and the
radially outward portion 174 of the diaphragm 150 are secured to the regulator body 111 by
the inlet fitting 152. More specifically, the diaphragms 138 and 150 are sized such that the
radially outward portions 168 and 174 extend between cooperating mounting faces 152a and
111a on the inlet fitting 152 and the regulator body 111, respectively. The radially inward
portion of the diaphragm 138 Is secured to a surface 158a of the central portion 158 of the

inlet fitting 152 by the annular flange 166 of the first stage orifice fitting 162.

[0031] The spring 140 includes an upstream end 140a bearing against an inner surface
156a of the recess 156, and a downstream end 140b bearing against a spring seat 141. The
spring seat 141 includes an aperture 143 sized to fit over the central portion 158 of the Inlet
fitting 152. The spring 142 includes an upstream end 142a bearing against an annular
flange 180 coupled to the first stage control element 132, and also includes a downstream
end 142b bearing against a portion of the regulator body 111 disposed within the chamber
120. A face of the annular flange 180 forms a spring seat 181. As shown In Figure 3A, the
spring seat 141 is shown in fragmentary form, and includes an outer or annular flange 143
having opposing surfaces 143a and 143b. In the example shown, the surface 143b forms

the spring seat 141.

[0032] Taken together, the diaphragm 138 and the diaphragm 150 form a dual diaphragm
assembly 151. The assembly may also be modified to include more than two diaphragms.
The diaphragm 138 acts in a manner similar to that of the diaphragm 38 in the convention
regulator, while the diaphragm 150 acts as a dampener, dampening the movement of the
first stage control element 132 toward and away from the first stage seat 126. Taken
together, the diaphragm assembly 151 has a greater dampening effect on the movement of
the first stage control element 132 toward and/or away from the first seat 126 than would be

achievable with only a single diaphragm.

[0033] Referring now to the enlarged exploded view of Figure 4, the inlet fitting 152 and
the diaphragms 138 and 150 are shown in greater detail. The diaphragm 138 includes a
central aperture 138a. The central aperture 138 Is sized to fit around the first stage orifice
fitting 162, such that the radially inward portion 170 of the diaphragm 138 is held in place
between the flange 166 of the orifice fitting and the surface 158a of the central portion 158.

9
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When so secured, the middle portion 169 of the diaphragm 138 Is disposed between the
surface 143a of the spring seat 141, and the surface 180b of the annular flange 180 of the
disc holder 178. The diaphragm 150 includes a middle portion 173 disposed between the
iInward and outward portions 172 and 174. When the diaphragm 150 is disposed as shown
In Figure 3, the middle portion 173 is disposed between in the chamber 118, between the

spring seat 141 and the surrounding wall of the chamber 118.

[0034] Referring still to Figure 4, the diaphragm 150 includes a central aperture 150a,
which Is sized to fit around the spring seat 143, with the radially inward portion engaging the
surface 143b of the spring seat 141. Consequently, the radially inner portion of the
diaphragm 150 is operatively coupled to the first stage control element 132, due to the fact
that the radially inward portion 172 will move along the axis A as the first stage control
element 132 moves along the axis A toward and away from the first stage seat 126. It will
be understood that the spring seat 141 and the annular flange 180 of the first stage control
element 132 move In conjunction with one another in a generally axial direction as the first

stage control element 132 moves toward and away from the seat 126.

[0035] In accordance with the disclosed example, the provision of the diaphragm 150 (i.e.,
the addition of a second diaphragm), allows the diaphragm 150 to act as a dampening
diaphragm. In effect, the diaphragm 150 dampens or inhibits the movement of the first stage
control element 132 toward and away from the first stage seat 126. The radially outer
portion 174 of the second diaphragm 158 may also include an annular protrusion 192, which
may be sized to fit within a corresponding annular channel 194 formed in the inlet fitting 152.
In the example shown, the radially outward portions 168 and 174 of the diaphragms 138 and
150, respectively, are sized to extend between the surface 152a of the inlet fitting 152 and
the surface 111a of the regulator body, to allow the radially outward portions to be retained
In place.

[0036] Referring now to Figures 5, 6 and 7, the first stage control element 132 i1s shown In
greater detail and includes a valve disc 176 carried by a disc holder 178. The disc holder
178 Includes a receiving area 178a disposed in a radially central portion of the disc holder
178. The disc holder 178 also includes an annular flange 180 having a face 180a and a
face 180b, and the face 180b forms the spring seat 181. A plurality of supports 182 extend
In a generally radially direction between the receiving area 1/78a and the annular flange 180.
The supports 182 are separated by flow apertures 184. In the example shown, the face
180b forms the spring seat for the spring 142. As shown in Figure 6, the annular flange 180
IS disposed along a first plane, while the receiving area 178a and the valve disc 178 are
disposed along a different plane spaced away from the first plane.
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[0037] Referring again to Figure 3, the middle portion 169 of the diaphragm 138 is
disposed between the spring seat 141 and the annular flange 180. Specifically, the middle
portion 169 of the diaphragm 138 Intel between the face 143a of the spring seat 141 and the
face 180a of the annular flange 180 of the disc holder 178. It will be understood that the
spring seat 141 and the disc holder 178 are free to move slightly in an axial direction parallel
to the axis A as the first stage control element 132 moves toward and away from the first
stage seat 126. It will also be understood that the middle portion 169 of the diaphragm 138
also moves in an axial direction as the spring seat 141 and the disc holder 178 move axially

along the axis A.

[0038] Referring still to Figure 3, the radially inner portion 172 of the diaphragm 150
engages the face 143b of the spring seat 141. In accordance with one or more preferred
forms, the radially inner portion 172 of the diaphragm 150 may be secured to the face 143b
of the spring seat 141. |In any event, an axial space iIs defined between the middle portion of
the diaphragm 138 secured between the spring seat 141 and flange 180, and the radially
iInner portion 172 of the diaphragm 150, as the relevant portions of the two diaphragms are
separated by thickness of the spring seat 141. A chamber 190 may be formed between

portions of the two diaphragms 138 and 150.

[0039] [n operation, once again the inlet 112 is exposed to a supply pressure P;, while the
outlet 114 is exposed to an outlet or operating pressure P,, which is the operating pressure
required by the devices located downstream requiring gas at the lower operating pressure.
The inlet pressure P, Is higher than the outlet or operating pressure P,. Typically, the
chamber 118 is in flow communication with a vent 144 to atmosphere, and consequently the
chamber 118 is at atmospheric pressure P,. Finally, the chamber 120 is typically at a middle
pressure P, between the inlet pressure and the outlet pressure. During operation, the inlet
pressure Is typically sufficiently high to keep the first stage control element 132 in the open
position as (similar to that shown in Figure 1). If the inlet pressure drops sufficiently, then
the pressure within the chamber 120 bearing against the diaphragm 138, with the assistance
of the spring 142, causes the control element 132 to shift to the left toward, or to, the closed
position of Figure 2, closing the first stage. Once again, operation of the second stage is
conventional. When the pressure in the chamber 122 drops, meaning pressure at the gas
devices downstream has dropped, the load springs in the actuator 136, which load springs
bear against a diaphragm 139 of the actuator 136, overcome the gas pressure against the
diaphragm. Consequently, the actuator moves the stem and/or diaphragm plate downward,
rotating the lever 137 in a direction appropriate to move the second stage control element
134 away from the seat 130, feeding additional gas into the chamber 122. Conversely,

when the pressure in the chamber 122 increases, the actuator causes the second stage
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control element 134 to move toward, or to, the seat 130, lowering the pressure on the
chamber 122. As outlined above, the diaphragm 150 dampens the axial movement of the

first stage control element 132.

[0040] When assembled in accordance with the teachings of the disclosed example, the
fluid regulator 110 may experience improved flow and/or improved flow stability, and may
prove especially useful in relatively small or otherwise compact first stage regulators, or Iin
dual stage regulators. The provision of dual or multiple diaphragms operatively coupled to
the first stage control element may allow for greater flow and may counteract reduce and/or
eliminate high-frequency instability often created by higher flow rates. The dual or multiple
diaphragm arrangement creates additional friction or resistance to movement of the first
stage control element, and consequently the provision of a second diaphragm has a
dampening effect on movement of the control element. Additionally, the provision of a
second or dampening diaphragm, the first stage disc holder maybe sized to have less
restriction to flow, which consequently allows the use of larger diameter flow orifices. The
resulting fluid regulator displays flow capacities that are more consistent, and the flow
capacity Is more resistant to the potentially adverse effects of gas impurities. The disclosed
fluid regulator also may experience superior flow performance at low temperatures.
Consequently, the disclosed fluid regulator experiences improved performance and

Increased resistance to known adverse environmental factors.

[0041] When assembled in accordance with the teachings of the disclosed example, the
convolution 171 on the diaphragm 138 may be oriented such that the convex portion of the
convolution is facing the chamber 120, such that the convolution is exposed to the pressure
P 1n the chamber 120, which is typically a pressure higher than the atmospheric pressure P,

In the chamber 118. Alternatively, the convolution may be oriented to face the chamber 118.

[0042] In accordance with the disclosed example, the present invention may allow the
ready conversion of a conventional single or dual stage regulator to a regulator incorporating
the multiple or dual diaphragm assembly 151, using predominantly existing components
from the conventional regulator. Upon providing a conventional regulator, the existing inlet
fitting 1s removed to access the first stage of the device. The existing diaphragm may be
used, or the convoluted diaphragm 138 may be used. After installation or re-installation of
the spring 142 and the disc holder, such as the disc holder 178, the diaphragm 138 Is
secured In place as outlined above between the flange 166 of the orifice fitting 162 and the
appropriate surface 158a of the central portion 158, such that the middle portion of the first
diaphragm is coupled to the first stage control element. The second diaphragm is provided,
and the radially inner portion of the second diaphragm Is coupled to the spring seat 141,
such that the diaphragm 150 is effectively coupled to the first stage control element 132.
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[0043] As outlined above, the dual diaphragm assembly 151 may use two or more
diaphragms. Also, one or both of the diaphragms may be lubricated, and/or locations where
one or both of the diaphragms engage the relevant control element and/or the surrounding
structures may be lubricated. The addition of lubrication may alter the dampening effect of

the second diaphragm, allowing the dampening effect to effectively be tuned by the user.

[0044] It will be understood that with the inclusion of the dual diaphragm assembly 151,
the apertures 184 in the disc holder may be made larger, due to the greater stability afforded
by the dampening effect of the dual diaphragm assembly 151. Also, due to the greater
stability, the flow orifices 124 and 128 may be larger or smaller as desired. By adjusting the
size of the relevant flow areas, flow may be manipulated or routed around or through the
relevant apertures and orifices in order to further reduce, eliminate, or minimize any

Instability.

[0045] While certain representative embodiments and details have been shown for
purposes of illustrating the invention, it will be apparent to those skilled in the art that various
changes in the methods and apparatus disclosed herein may be made without departing

from the scope of the invention.
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CLAIMS

What Is claimed:

1. A dual stage fluid regulator comprising:

a regulator body having a fluid inlet and a fluid outlet connected by a fluid flow path, a
portion of the regulator body forming a first chamber and a second chamber;

a first stage orifice disposed in the fluid flow path and leading to a first stage seat;

a second stage orifice disposed in the fluid flow path and leading to a second stage
seat;

a first stage control element disposed within the fluid flow path and shiftable between
an open position spaced away from the first stage seat and a closed position seated against
the first stage seat, the first stage control element arranged to respond to fluid pressure
changes to control flow of a process fluid through the first stage orifice;

a second stage control element disposed within the fluid flow path and shiftable
between an open position spaced away from the second stage seat and a closed position
seated against the second stage seat;

an actuator attached to the regulator body, the actuator operatively coupled to the
second stage control element and arranged to respond to fluid pressure changes in the fluid
outlet to move the second stage control element between the open position and the closed
position to control flow of the process fluid through the second stage orifice; and

wherein the first stage control element is operatively coupled to a first diaphragm and
a second diaphragm, the first and second diaphragms disposed between the first chamber

and the second chamber.

2. The dual stage regulator of claim 1, including an inlet fitting coupled to the
regulator body, the inlet fitting forming at least a portion of the first chamber, and wherein the
first and second diaphragms are secured to the regulator body by the inlet fitting.

3. The dual stage regulator of any of the preceding claims, wherein each of the
first diaphragm and the second diaphragm includes a radially inner portion operatively
coupled to the first stage control element.

4. The dual stage regulator of any of the preceding claims, wherein, the radially

iInner portion of the first diaphragm is spaced axially from the radially inner portion of the

second diaphragm.
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S. The dual stage regulator of any of the preceding claims, wherein the first
diaphragm includes a convolution having a convex portion, and wherein the convex portion
faces the second chamber.

6. The dual stage regulator of any of the preceding claims, and including:

a first spring disposed in the first chamber and bearing against a first spring seat, the
first spring positioned to bias the first stage control element toward the open position;

a second spring disposed in the second chamber and bearing against a second
spring seat, the second spring positioned to bias the first stage control element toward the
closed position;

the first diaphragm including a radially inner portion secured between the first spring
seat and the second spring seat;

the second diaphragm including a radially inner portion engaging the second spring
seat and spaced axially away from the radially inner portion of the first diaphragm.

/. The dual stage regulator of any of the preceding claims, wherein the regulator
body includes a removable inlet fitting, the inlet fitting forming the first chamber and including
a central support, the first spring seat including an inner portion and an outer portion, the
iInner portion sized to surround and slide along the central support, the outer portion
iIncluding a flange having an upstream face and a downstream face, the inner portion of the
second diaphragm bearing against the upstream face, the downstream face operatively
coupled to the radially inner portion of the first diaphragm.

8. The dual stage regulator of any of the preceding claims, wherein the first
stage control element includes a valve disc coupled to a disc holder disposed in the second
chamber, and wherein the second spring seat is carried by the disc holder.

9. The dual stage regulator of any of the preceding claims, wherein the disc
holder includes a central portion arranged to receive the valve disc, an outer flange forming
the second spring seat, and a plurality of supports extending between the central portion and
the outer flange, the supports separated by flow apertures.
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10. A method of improving stability in a dual stage regulator, the method
comprising:

providing a conventional dual stage fluid regulator having a regulator body, a fluid
inlet and a fluid outlet connected by a fluid flow path with a portion of the regulator body
forming a first chamber and a second chamber, the regulator further having a first stage
orifice disposed in the fluid flow path and leading to a first stage seat, a second stage orifice
disposed in the fluid flow path and leading to a second stage seat, a first stage control
element disposed within the fluid flow path and shiftable between an open position spaced
away from the first stage seat and a closed position seated against the first stage seat, the
first stage control element arranged to respond to fluid pressure changes to control flow of a
process fluid through the first stage orifice, and a second stage control element disposed
within the fluid flow path and shiftable between an open position spaced away from the
second stage seat and a closed position seated against the second stage seat, the regulator
further having an actuator attached to the regulator body, the actuator operatively coupled to
the second stage control element and arranged to respond to fluid pressure changes in the
fluid outlet to move the second stage control element between the open position and the
closed position to control flow of the process fluid through the second stage orifice;

providing a first diaphragm;

positioning the first diaphragm between the first chamber and the second chamber;

coupling a radially inner portion of the first diaphragm to the first stage control
element;

providing a second diaphragm; and

coupling a radially inner portion of the second diaphragm to the first stage control

element.

11. The method of claim 10, including providing an axial space between the
radially inner portion of the first diaphragm and the radially inner portion of the second
diaphragm.

12. The method of any of the preceding claims, wherein the regulator body
Includes a removable Inlet fitting forming at least a portion of the first chamber; and

providing each of the first and second diaphragms with a radially outer portion, and

using the inlet fitting to secure the radially outer portions to the regulator body.
13. The method of any of the preceding claims, including providing first

diaphragm with a convolution having a convex portion, and orienting the convolution to face

toward the second chamber.
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14. The method of any of the preceding claims, wherein the regulator includes a
first spring disposed In the first chamber and bearing against a first spring seat and biasing
the first stage control element toward the open position, a second spring disposed In the
second chamber and bearing against a second spring seat and biasing the first stage control
element toward the closed position, and the inlet fitting forming the first chamber and
Including a central support, and

providing the first spring seat with an inner portion and an outer portion, the inner
portion sized to surround and slide along the central support;

providing the outer portion with a flange having an upstream face and a downstream
face;

positioning the inner portion of the second diaphragm to bear against the upstream
face; and

positioning the downstream face toward the radially inner portion of the first
diaphragm.

15. The method of any of the preceding claims, including providing the first stage
control element with a valve disc coupled to a disc holder, placing the disc holder in the
second chamber, and providing the second spring seat on the disc holder.

16. The method of any of the preceding claims, providing the disc holder with a
central portion arranged to receive the valve disc, providing the disc holder with an outer
flange forming the second spring seat, and providing a plurality of supports separated by
flow apertures and extending between the central portion and the outer flange.

17. A dual stage fluid regulator comprising:

a regulator body having a fluid inlet and a fluid outlet connected by a fluid flow path,
with a portion of the regulator body forming a first chamber and a second chamber;

a first stage orifice disposed in the fluid flow path;

a first stage seat;

a second stage orifice disposed in the fluid flow path;

a second stage seat;

a first stage control element disposed within the fluid flow path and shiftable between
an open position spaced away from the first stage seat and a closed position seated against
the first stage seat, the first stage control element arranged to respond to fluid pressure
changes to control flow of a process fluid through the first stage orifice;

a second stage control element disposed within the fluid flow path and shiftable
between an open position spaced away from the second stage seat and a closed position
seated against the second stage seat;
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an actuator operatively coupled to the second stage control element and arranged to
respond to fluid pressure changes in the fluid outlet to move the second stage control
element between the open position and the closed position to control flow of the process
fluid through the second stage orifice;

a first diaphragm having a radially inner portion operatively coupled to the first stage
control element; and

a second diaphragm having a radially inner portion operatively coupled to the first
stage control element.

18. The dual stage regulator of any of the preceding claims, the first and second
diaphragms each including a radially outer portion, and including an inlet fitting removably
coupled to the regulator body, the inlet fitting securing the radially outer portion of the first

and second diaphragms to the regulator body.

19. The dual stage regulator of any of the preceding claims, wherein the radially
Inner portion of the first and second diaphragms are spaced apart axially relative to one
another.

20. The dual stage regulator of any of the preceding claims, wherein the first
diaphragm includes a convolution having a convex portion, and wherein the convex portion

faces the second chamber.

21. The dual stage regulator of any of the preceding claims, including a first
spring disposed in the first chamber and bearing against a first spring seat and positioned to
bias the first stage control element toward the open position, a second spring disposed In the
second chamber and bearing against a second spring seat and positioned to bias the first
stage control element toward the closed position;

wherein the radially inner portion of the first diaphragm iIs secured between the first
spring seat and the second spring seat; and

wherein the radially inner portion of the second diaphragm engages the second
spring seat and is spaced axially away from the radially inner portion of the first diaphragm.

22. The dual stage regulator of any of the preceding claims, wherein the regulator
body includes a removable inlet fitting, the inlet fitting forming the first chamber and including
a central support, the first spring seat including an inner portion and an outer portion, the
iInner portion sized to surround and slide along the central support, the outer portion
iIncluding a flange having an upstream face and a downstream face, the inner portion of the
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second diaphragm bearing against the upstream face, the downstream face operatively

coupled to the radially inner portion of the first diaphragm.

23. A fluid regulator comprising:

a regulator body having a fluid inlet and a fluid outlet connected by a fluid flow path,
with a portion of the regulator body forming a first chamber and a second chamber;

an orifice disposed in the fluid flow path;

a seat;

a control element disposed within the fluid flow path and shiftable between an open
position spaced away from the seat and a closed position seated against the seat, the
control element arranged to respond to fluid pressure changes to control flow of a process
fluid through the orifice;

a first diaphragm having a radially inner portion operatively coupled to the control
element; and

a second diaphragm having a radially inner portion operatively coupled to the control

element.
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