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FLUID REGULATOR WITH IMPROVED PRESSURE CONTROL

FIELD OF THE INVENTION
[6001] This apphceation relates to fuid regulators, such as gas regulators, and more

particalarly to fluid regulators including a diaphragm.

BACKGROUND

16092] Flud regulators are often provided to receive g flund at an input prossure and supply
the fluid at a desired cutput pressure, which may be subsiantially less than the input pressure.
For example, a gas distribution system may supply gas according to various factors such as
overali demand, clunate, gas source, ¢ie., and a gas regulator may be utihized to reduce the
pressure of the gas supplied to end-users who may have gas appliances such as furnaces,
ovens, oo, that requite the gas to be delivered at a predetermined pressure below the capacity
of the sysiem.

{6083] Traditional fluid regulators have included either a full capacity relief valve or an over
pressure shui-off (OPSQG) device as safety features to minimize o prevent a fluid from
flowing to the end-user in the event of the fluid regulator failing. While such devices provide
protection to the end-user, they suffer from several problems. For example, full capacity
relief valves release a large amount of gas into the environment, which may produce an
explosive gas yoixture and/or be a large release of a greenhouse gas OPSO devices are
suscepiible to false tripping which can be inconvenient and cause considerable maintenance
costs to utility providers. For example, OPSO devices may suffer trom false tripping due to
high flow rates downstream {(e.g., a number of valves are opened at once, a high flow valve is
opened, eic). which may cause a pressure spike that leads to the OPSO device shutting off
gas o the consumer. Moreover, OPSO devices may be suscepiible to false tripping if
downstream valves or systems are instalied too close o the regulator with the 0PSO device

and/or if sun Hght and/or other environmental conditions heat up the conduit carrviog the gas,

SUMMARY
{6004] Hmbodiments covered by this patent are defined by the claims below, not this
sunumary. This summary is a high-level overview of various embodiments and introduces
some of the concepts that are further described in the Detailed Description section below,
This summary 13 not intended to identify key or essential fearures of the claimed subject

matter, nor is it intended 10 be used in isolation to determine the scope of the claimed subject

1

SUBSTITUTE SHEET (RULE 26)



WO 2023/113807 PCT/US2021/063911

matter. The subject matter should be understood by reference to appropriate portions of the
entire specification of this patent, any or all drawings, and each claim.

{8005] According to certain embodiments, a fluid regulator assembly for 2 fluid includes a
housing with an indet, an cutlet, and a chamber between the inlet and the outlet and in tluid
communicaiion with the inlet and the outlet. A reguiator is coupled to the bousing and
inchudes a control assembly with a plug, a diaphragm opersbly coupled 1o the plug, and a
control element. The plug is movable relative to the cutiet for controlling a fow of fluid
through the housing, and the diaphragm is contigured to control the plug responsive 1o a
control pressure acting on the diaphragm. The control element s positionable between a first
position and a second position for controlling the control pressure acting on the digphragm
where, 1n the first position, the control pressure 18 an outlet pressure downstream from the
outlet, and in the second postiion, the control pressure is at least an inlet pressure upstream
from the outlet,

{e086]  According to some embodiments, a fluid regulator assembly for a fluid includes 2
housing with an inlet, an outiet, and s chamber between the inlet and the culet and in fluid
communicaiion with the inlet and the cutlet. The fluid regulator asserbly also includes &
regulator coupled o the housing. The regulator includes a control assembly with a plug, a
diaphragm operably coupled 1o the plug, and a control element. The plug is movable relative
to the owtlet for controlling a flow of fluid through the housing. The control element is
adjustable based on an inler pressure upstream from the outler such that, when the inlet
pressure is at of below 3 predetermined threshold pressure, the diaphragm controls the plug
responsive to an ocutlet pressure downstrearn from the outlet, and when the inlet pressure
exceads the predetermined threshold pressure, the diaphragm controls the phug responsive (o
the inlet pressure.

{8087] According to various embodiments, 2 fluid regulator asserobly for a fluid includes 4
housing with a first chamber having a first chamber inlet and a first chamber cutlet and that
receives the fluid at an inlet pressure. The housing also includes a second chawber with a
second chamber inlet and a second chamber outlet, and an intermediate passage connecting
the first chamber cutlet with the second chamber inlet. The fluid regulator assembly also
includes a first regulator and a second regulator. The first regulator tncludes a first control
assembly with a first plug and a first diaphragm operably coupled to the first plug. The first
plug is movable relative to the fivst chamber outlet for controlling a flow of fluid through the

first chamber outlet, and the first diaphragm is within the first chamber and is configured to
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pasition the first plug responsive fo an intermediate pressure. The second regulator includes a
second control assembly with a second plug, 8 second disphragm operably connected to the
second plug, and a control element. The second plug is movable relative to the second
chamber outlet for controlling a flow of fhnd through the second chamber outlet, and the
second diaphragm is within the second chamber and is configured to position the second plug
responsive 1o a control pressure. The control element is configured to control the control
pressure responsive to the intermediate pressure and such that the control pressure is the
intermediate pressure or an outlet pressure downstream from the second chamber cutlet.
{8008] According to certain embodiments, a fluid regulator assembly for a flwid inclodes a
housing with an inlet, a chamber, and an cutlet. The fhuid regulator assembly alse includes &
regulator at least pargally withio the chamber and that separates the chamber into an inlet
pressure region at an infet pressure and an outlet pressure region at an outlet pressure less
than the inlet pressure. The regulator may regulate the fluid from the inlet pressure to the
outlet pressure and control a fhuid fow from the chamber through the outlet based on the
cutlet pressure. In some embodiments, the regulator selectively defines a flow path from the
wolet pressure region to the outlet pressure region within the chamber responsive to the inlet
pressure exceeding a predetermined threshold pressure.

FOO0%8]  According to various embodiments, a thad regulator assembly for a fluid wocludes a
housing, a first regulator, and a second regulator. The housing includes a first chamber with a
first chamber inlet and a first chamber outlet, a second chamber with 2 second chamber inlet
and a second chamber ouilet, and an intermediate passage fhudly connecting the first
chamber outlet with the second chamber infet. The first regulator is at least partially within
the first chamber and includes a first diaphragm and a first plug. The first diaphragm
selectively positions the first plug to control g fluid flow from the first chamber to the
intermediate passage through the firsi chamber outlet and regulate the fluid from an let
pressure {0 an intermediate pressure. The second regulator is at least partially within the
second chamber and ocludes a second diaphragm and a second plug. The secoud diaphragm
selectively positions the second plug to controd a fluid flow from the second chamber through
the second chamber outlet and regulate the fluid from the intermediaie pressure to an outlet
pressure. In some embodiments, the second regulator includes a switching diaphragm
between the second chamber inlet and the second chamber outlet that is selectively
deformable responsive to the mienmediate pressure exceeding a predetermined threshold

PHESRULe.
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{8010} According to some embodimenis, a fluid regulator assembly for a fluid includes a
housing, a first regulator, and a second regulator. The housiug includes & first charober with g
first chamber iniet and a first chamber outlet and a second chamber with a second chamber
inlet and a second chamber outlet. In some embodiments, the second chamber inlet is in fluid
communicaiion with the first chamber cutiet. The first regulator is within the first chamber
and separates the first chamber into an inlet pressure region at an inlet pressure and an
intermediate presaure region at an intermediate pressure less than the ivlet pressure. In
various embodiments, the first regulator regulates the fluid from the inlet pressure to the
intermnediste pressure and controls a fluid flow from the inlet pressure region of the first
chamber to the second chamber inlet based on the inmtermediate pressure. The second
regulator 1s withio the secoud chamber and separates the second chamber uto an intermediaie
pressure region at the intermediate pressure and an outlet pressure region al an outlet pressure
less than the intermediate pressure. The second regnlator regulates the fluid from the
intermediate pressure 1o the ouilet pressure and controls a fluid flow from the second
chamber through the second chamber outlet based on the outlet pressure. In some
embodiments, the second regulator selectively defines 2 flow path from the ntermediate
pressure region of the second chamber to the outlet pressure region within the second
chamber responsive io the intervediate pressure exceeding a predetermined threshold
pHessure.

{8011} Vanous implementations described herein may inchade additional systems, methods,
features, and advantages, which cannot necessarily be expressly disclosed herein but will be
apparent to one of ordinary skill in the art upon examination of the following detailed
description and accompanying drawings. It s intended that all such systems, methods,
features, and advantages be included within the present disclosure and protected by the

accompanying claims,

BRIEF DESCRIPTION OF THE DRAWINGS
{8012} The specification makes reference to the following appended figures, in which use of
hike reference numersls n different figores s intended to tlustrate hke or analogous
COmponents.
{6013] FIG. 1 is a perspective view of a fluid regulator assembly according to embodiments.
{8014} FIG. 2 is another perspective view of the fluid regulator assembly of FIG 1
{8015} FIG 3 is a sectional view of 2 housing of the flwd regulator assembly of FiGG. 1

[oE6] FIG 4 s s sectional view of the thad regolator asserobly of FIG 1

4

SUBSTITUTE SHEET (RULE 26)



WO 2023/113807 PCT/US2021/063911

{80171 FIG. 5 is a sectional view of a portion of the fluid regulator assembly of FIG. 1 taken
from cirele A in FIG. 4 with g control device in a closed position,

{0018] FIG O s a sectional view of a portion of the fhid regulator assembly of Fi{z 1 taken
from circle A in FIG. 4 with the control device in an open posiiion.

{B0I9) FIG 7 18 a sectional view of the fluid regnlator assembly of FIG. 1 Hlustrating

various pressure regions of the fluid regulator assembly.

DETAILED DESCRIPTION

{002¢] The sohiect matter of embodiments ¢ desoribed herein with speaificity to weet
statutory requirements, but this description 15 not necessarily intended to limit the scops of
the claime. The claimed subject matier may be embodied in other ways, may nchade different
elements or steps, and may be used in conjunction with other existing or future technologies.
This description should not be interpreted as mmplying any particular order or arrangement
among of between various steps or elements except when ihe order of wndividual steps or
arrangement of elements is explicitly deseribed. Directional references such as “up,” “down,”
“top,” “botiom,” “left,” “right” “front,” and “back,)” among others, are tntended o refer to
the orientation as iHusirated and described in the figure {or figures) to which the components
aund directions are referencing. In the figures and the description, ke numerals are intended
to represent like elements. While the systems and methods provided herein are discussed in
the context of regulating a gas, in other embodiments, they may be used to regulate other
types of fhids as desired, and reference to “gas” should not be considered limiting,

{6021} Described herein are fluid regulator assemblies for a fluid including but not limited
to 8 gas. In ceriain embodiments, & fluid reguiator assembly tncludes a housing with two
control mechanisms within the housing. Under normal operating conditions, & first control
mechanisio within the housing may reduce a Huid pressure fromw an inlet foid pressure to an
intermediate fluld pressure, and a second control mechamsm within the housing may reduce
the fluid pressure from the intermediate fluid pressure to an outlet Juid pressure. As 2 son-
Himiting example, the first control mechanism may reduce the tlnid pressure from the inlet
fluid pressure to an intermediate fluid pressure of less than or equal 1o 7 ¥Pa, and the second
conirol mechanismt may reduce the fluid pressure down to a normal operating pressure for a
domestic household, such s less than 4 kPg, such as less than 3 kPa, such as about 2.75 kPa.
In various embodiments, should the second control mechanism fail, the first conirol
mechanism may ensure that downstream pipework receives the fluid at a maximum fluid

o
7

pressure that ¢ the intermediate fluid pressure {e.g., about 7 kPa in the nov-limiting
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example}. In certain embodiments, should the first conirol mechanism fail, the second control
wechanism way close an cutlet of the housing, which may protect the downstrearn customers
from an otherwise spike in fluid pressure. In varicus embodiments, the second control
mechanism closes the outlet because a control element of the second control mechanism
deforms, thereby subjecting a balancing diaphragm of the second conirol mechanisn to the
full inlet pressure of the regulator.

{80221 In ceriain embodiments, the fiuid regulator aasemblies provided herein may allow for
reliet valves to be sef to a higher point compared to traditional reguiator assembliss. As a
non-limiting example, the fluid regulator assemblies provided herein may allow for the relief
valve to be sat at a fluid pressure of 7 kPa. The ability 1o set the relief valve to higher set
points may ensure that the Huid regulator asserably minimizes the amount of greenhouse gas
emissions coming from the regulator asserbly while ensuring a certain level of safety as
reguired.

{6023] In certain embodiments, the fluid regulator assemblics described herein include at
fcast one regulator with & plug, & diaphragm opersbly connected to the plug, and g comtrol
clement within the fluid regulator that controls the pressure acting on the diaphragm. In
certain embodiments, the control element may coniral the pressure acting on the diaphragm
io be cither an inlet pressure or an outlet pressure based on the indet pressure at an indet of the
regulator. {n some embodiments, the control element is selectively deformable such that the
inlet pressure or the cutlet pressure acts on the diaphragm based on the inlet pressure. In
ceriain embodiments, the control element may cause the inlet pressure to be the pressure
acting on the diaphragm responsive to the inlet pressure exceeding a predetermined threshold
pressure and may cause the outlet pressure 1o be the pressure acting on the diaphragm
responsive 1o the inlef pressure being at or less than the predetermined threshold pressure. In
some erbodiments, the conirol element is a switching diaphragm within the fuid regulator
that is selectively deformable based on the inlet pressure such that the inlet pressure or the
outlet pressure acts on the daphragm. o various aspects, the control elernent may selectively
define an internal flow path betwesn two pressure regions within the fluid regulator
responsive to the inlet pressure exceeding the predetermined threshold pressure.

{8024] In variouns embodiments, the control element controlling the pressure acting on the
digphragm may protect the diaphragm from bursting and may foree the regulator to shut,
thereby protecting the consumer. The countrol element optionally elinunates the need for an

P8O device, which in turn allows for a relief setting of the fluid regulator {i.e, the point at
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which the regulator vents to the environment) to be higher compared to traditional regulators.
The higher relief setting may winimize false tripping, such as false tripping due to the sun’s
radiation or other environmental heating on a conduit for the fluid, and may reduce
greenhouse gas emissions. In addition, while OPSO devices close off gas supply if the outlet
presaure 18 exceeded, the regulator with the control element may provide protection based on
upstream events and independernd from what is happening downstream, which may further
reduce the risk of false tipping. Certain other aspects of the regulaior may further provide
improved safety. As a non-limiting example, a piston of the regulator may be contigured 1o
obstruct an orifice of the regulator should the regulator fail Various other benefils and
advantages may be realized with the cooling systems described herein, and the
aforementioned description should not be considered luniting.

{8025] Fis. 1-7 dlusirate an example of a fluid regulator assembly 100 according o
various embodiments for regulating a fluid, such as a gas. The fluid regulator assembly 100
may regulate the fluid such that a pressure of the fuid {e reduced from an inlet pressure to an
cutlet pressure less than the inlet pressure. The fluid regulator assermbly 100 generally
wncludes a housing 102 and at least one regulator with a coutrol element 126 for improved
pressure control. in the embodiment illustrated, and as discussed in detail below, the tlnid
regulator assembly 100 includes two regulators, a frst regudator 104 and a second regulator
106, of which the second regulator 106 includes the control element 126,

{6026] Referning to FIGS. 377, in various embodiments, the housing 102 includes a housing
tnlet 108 for receiving a supply of fluid, such as from a supply conduit 130 connected to a gas
supply system, and a housing outlet 110 for delivering the fluid to a downstream user via a
delivery conduit 132, such as 1o a faciory, restavrant, apartment building, etc. having one or
more systems that use the fluid, As tllustrated in FIG. 7, the supply conduit 130 and/or the
delivery conduit 132 may optionally include a control valve 134 and/or other devices or
mechanisms for controlling the flow of fluid upstream or downstream from the fld regulator
assembly 100

F27] o centatn embodiments, the housing 102 wncludes at least one chamber between the
housing inlet 108 and the housing outlet 110 such that the fluid must pass through the
chamber 1o travel between the housing inlet 108 and the housing outiet 110, In the
embodiment Hustrated, the housing 102 includes two chambers — a first chamber 112 and a
second charober 114 — between the housing indet 108 and the bousing ontlet 1100 v this

embodiment, the first chamber 112 includes a first chamber inlet 113 and a first chamber
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cutiet 115, and the second chamber 114 includes a second chamber infet 137 and a second
chamber ocutlet 119 Optionaily, an intermediate passage 116 fuidly connects the first
chamber 112 and the second chamber 114, In this embodiment, the fluid flowing through the
fluid regulator assembly 100 must pass through the first chamber inlet 113, the first chamber
112, the first chamber outlet 115, the intermediate passage 116, the second chamber tnlet 117,
the second chamber 114, and the second chamber ocutlet 119 to travel between the housing
intet 108 and the housing cutlet 110

{0028] In certain embodiments, and as illustrated in FEG. 4, for example, a first cover 122
may be coupled to the bousing 102 for enclosing the first chamber 112, and a second cover
124 may be coupled to the housing 102 for enclosing the second chamber 114, In various
embodiments, the first cover 122 and/or the second cover 124 are remuovably attached to the
housing 102 such thai the chambers 112, 114 and/or componenis of the regulators 104, 106
within the chambers 112, 114 can be selectively accessed as desired. Optionally, and as
dhuatrated in FIGS. 1, 2, and 4, the first cover 122 may include a first relief feature 127 for
selectively venting the first charmber 112, Simtlarly, the second cover 124 optionally may
wuclude a second relief feature 128 for selectively venting the second chamber 114

{0029) Referring to FEG 4, the regulators 104, 106 will be discussed in detail. As
mentioned, in certain emboduments, a fluid regulator assembly need not include two
regulators, and it may instead include one regulator with the control element 126 and/or a
plurality of regulators of which at least one includes the control clement 126, In the
embodinent ilustrated, the first regulator 104 includes a first control assembly 136 for
regulating the flow of Huid through from the first chamber 112, through the first chamber
outlet 115, and into the intermediate passage 116, In certain embodiments, the first control
assembly 136 regulates the fhuid from an inlet pressure to an intermediate pressure less than
the inlet pressure based on a sensed intermediate pressure. The second regulator 106 similarly
includes a second control assembly 138 for regulating the flow of fhuid from the second
chamber 114, through the second chamber outlet 119, and to the bousing outler 110,
Compared to the first control assemrbly 136, the second control assembly 138 ncludes the
control element 126 that selectively controls whether the second comtroel assembly 138
controfs the Jow based on the intermediate pressure upstream from the second chamber
outlet 119 {e.g. within the second chamber 114 and/or the intermediate passage 116} or
based on an outlet pressure downstream from the second chamber ocutiet 119, In some

embodiments, and as discussed in detail below, the control element 126 controls the second
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control assembiy 138 responsive fo the intermediate pressure {or the pressure of the fluid
supplied to the second regulator 106} exceeding or being less than or equal to g predefined
threshold pressure. As ong non-limiting example, the control element 126 conirals the second
control gssembly 138 to be responsive to the cutlet pressure based on the intermediate
pressure being less than or equal to the predefined threshold pressure, and the conirol element
126 controls the second control assembly 138 to be responsive to the intermediate pressure
based on the intermediaie pressure exceeding the predefingd threshold presaure.

{003¢] In the embodiment iliustrated in FIG. 4, the first control assembly 136 inciudes a
plug 140, a diaphragim 142, and a pistow {or stem} 144 The plug 140 roay be various suitable
devices or features for selectively obstructing or enabling tluid flow from the first chamber
P12 and through the first chamber cutlet 115 The partcular plog 140 dlustrated wn FIG. 4
should not be considered limiting. In vartous embodiments, and as discussed in detail below,
the plug 140 is positionable by the diaphragm 142 such that the plug 140 is movable relative
io the first chamber outlet 115 between an open positicn and a closed position. Optionally,
the plug 140 includes one or more sealing elements that selectively form a seal with the first
chamber outlet 115 when the plug 140 is in the closed position. o some emsbodiments, and ag
Hiustrated in FIG. 4, the plug 140 is positioned at least partiatlly within the first chamber
outlet 115 and/or 15 at least partially dowasiream from the first chamber outlet 115, however,
in other embodiments, the plug 140 may be positionad as desired relative to the first chamber
cutlet 115 for selectively obstructing or enabling fow through the first chamber ontlet 115
{80311 The piston 144 operably connects the plug 140 with the diaphragm 142 such that the
digphragm 142 selectively positions the plug 140 relative to the first chamber outlet 115 In
various embodiments, and as illustrated in FIG. 4, 2 support 146 may support the piston 144,
and the piston 144 may be movable relative to the support 146, In some embodiments, the
support 146 may separate the first chamber 112 indo a first pressure region 148 and a second
pressure region 150, The first pressure region 148 may include the fluid at the inlet pressure
and the second pressure region 150 may juclude the fluid at the terrediate pressure. In
these embodiments, and as tlustrated in FIG. 4, the piston 144 may define a2 passage 131,
otionally with the plug 140, extending trom the intermediate passage 116 to the second
pressurs region 150 auch that the second pressure region 150 is in fluid communication with
the intermediate passage 116, In certain embodiments, the piston 144 comprises a blocking
shape or profile such that the piston 144 may block the first chamber outlet 115 should the

piston 144 fail.
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{6032] The diaphragm 142 may be supported within the second pressure region 150 of the
first chamber 112 such that the disphragme 142 senses and is responsive to the fuid at the
intermediate pressure. The diaphragm 142 may be various suitable flexible devices or
members as desired. Optionally, a biasing member 152, including but not lmited 1o & spring,
applies a biasing force to the diaphragm 142 that offsets the intermediate pressure acting on
the diaphragm 142, In certain embodiments, the biasing reember 152 is adjustable such that a
desired balancing presaure may be set by adjusting the basing member 152,

{0033] An example of control of the fluid using the first regulator 104 and regulating from
the inlet pressure to the intermediste pressure is described below. In one example, a
decreased or decreasing intermediate pressure may be sensed by the diaphragm 142 (1.2, the
wtermediate pressure acting against the diaphragm 142 18 reduced), and the detected
decreased intermediate pressure allows for the diaphragim 142 o move to the right in FIG. 4
In particular, the diaphragm 142 moves 1o the right to maintain a balance between the biasing
force applied by the biasing member 152 and the intermediate pressure. Movement of the
diaphragm 142 in turn causes the plug 140 to move away from the first chamber outlet 115
{e.g, further iuto the ntermediate passage 116) and open the first chamber outlet 113 to
increase the fluid flow through the first chamber outlet 115 and increase the intermediate
pressure. Conversely, an increased or increasing intermediate pressure may be sensed by the
diaphragm 142, and the detected increased intermediate pressure moves the diaphragm 142 1
the lett in FIG. 4. Such movement maintains the balance between the biasing force applied by
the biasing member 132 and the increased intermediate presaure. In this example, the
movement by the diaphragm 142 in turn causes the plug 140 to move towards the first
chamber outlet 113 to close and/or limit the fluid flow through the first chamber outlet 115
and decrease the intermediate pressure,

{8034] Sumilar to the fust control assembly 130, the second control assembly 138 of the
second regulator 106 includes a plug 154, a diaphragm 1506, and a piston 158, The plug 154
may be various sutiable devices or features for selectively obsiructing or enabling fuid flow
from the second chamber 114 and through the second chamber outlet 119 In some
embodiments, and as iHlustrated in FIG. 4, at least one characienstic of the plug 154 may be
different from the plug 140, howsver, in other embodiments, the plug 154 may be
substantially siratlar to the plug 140, The plug 154 is positionsble by the diaphragm 156 such
that the plug 154 is movable relative to the second charsber outlet 119 between an open

position and a closed position. In certain cases, the phug 154 optionally includss one or mose
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sealing elements that selectively form a seal with the second chamber outlet 119 when the
plug 154 is in the closed position.

{8035F The piston 158 operably connects the plug 154 with the diaphragm 156 such that the
digphragm 156 selectively positions the plug 154 relative to the second chamber outlet 119,
In vartous embodiments, and as illustrated in FIG. 4, a support 160 may support the pision
158, and the piston 158 may be movable relative to the support 160, Compared o the support
146, the support 160 defines a passage 170 {see FIG. 4) that s selectively opened or closed
by the control element 126, In some embodiments, the support 160 in conjunction with the
control element 126 may separate the second chamber 114 into g first pressure region 162
and a second pressure region 104, The first pressure region 162 may include the fluid at the
intermediate pressure and the second pressure region 164 may inclode the fluid at the outlet
pressure. In this manner, the first pressure region 162 may be an intermediate pressure region

anid the second pressure region 164 may be an outlet pressure region.
{6036] In certain embodiments, and as dlusirated in FIG 4, the piston 158 may define 2
passage 1606, optionally with the plug 154, which extends from downstream from the second
chamber ouilet 119 {0 the second pressure region 164, In such examples, the second pressure
region 164 is in fluid communication with the housing 102 downstream from the second
charsber outlet 119 via the piston 158, and the fluid at the outlet pressure can be provided to
the second pressure region 164 vig the piston 138, Similar to the piston 144, the piston 138
optionally includes a blocking shape or profile such that the piston 158 may selectively block
the second chamber outlet 119 if the piston 158 fails.

18037} The disphragm 156 may be supponted within the second pressure region 164 of the
second chamber 114 and may be varions suiiable flexible devices or members as desired.
Opticnally, a biasing member 168, including but not Hmited 1o a spring, applies a biasing
force to the digphragm 156 that offsets the pressure acting on the diaphragro 156, In certain
embodiments, the biasing member 168 is adjustable such that a desired balancing pressure
may be set by adjusting the blasing member 168, As discussed 1un detal below, the diaphragm
156 may selectively posttion the plug 154 based on the tntermediate pressure or the oudlet
pressure depending on the control element 126

{003%] The control element 126 of the second regulator 106 is supported on the support 160
such that the control element 126 and the support 160 st least partially separate the second
charober 114 into the frst pressure region 162 and the second pressure region 164, As

mentioned, it certain embodiments, the control element 126 is movable betwesn a first {or
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closed) position {see, e, FIG. 5} and a second {or open) position {seg, e.g., FIG. &) relative
to the support 160 such that the control element 126 selectively opens or closes the passage
176 to selectively defines a flow path region 171 from the first pressure region 162 to the
second pressure region 164, In some cases, in the first position, the first pressure region 162
is not fuidly connected to the second pressure region 164 within the second chamber 114
{e.g., the pressure regions 162, 164 are tully separated), and in the second position, the first
pressure region 162 is fluidly connected to the second pressure region 164 within the second
chamber 114 {2.g., the pressure regions 162, 164 are partially separated).

[B03%] In some embodiments, the control element 126 15 movable between the Hrst position
and the second position based on the intermediate pressure within the first pressure region
162, and the control element 126 may be varions suitable devices or mechamsius for sensing
and responding to the sensed intermediate pressure. In the embodiment (lustrated, the control
element 126 15 a switching diaphragm that includes a flexible material, and the switching
diaphragm may be selectively deformable to move the control element 126 from the first
position to the second position. In other embodiments, other suitable mechanisios or devices
may be used as the control element 126 as desired.

{00481 As best illustrated in FIG 5, in certain embodiments, in the first position, the control
element 126 obstructs the passage 170, and a How path 18 not defined between the pressure
regions 162, 164, In these embodiments, the diaphragm 156 controls the position of the plug
154 based on the outlet pressure. As an exarmple, the fluid at the cutlet pressure may fHow
from a region downstream from the second chamber outlet 119, through the piston 158, and
inte the second pressure region 164 such that the fluid at the outlet pressure acts on the
diaphragm 156 to position the plug 154, FIG. 4 also dusirates the control element 126 in the
first position.

{8041] As best iHlustrated in FIG. 6, in the second position, the control element 126 opens
the passage 170 such that the flow path region 171 is defined between the pressure regions
162, 164, and a fluid may flow frovo the second pressure region 164, through the flow path
region 171, and into the first pressure region 162, In the second position of the control
element 126, the diaphragm 156 controls the position of the plug 154 based on the
intermediate pressure, ot the preasure of the fluid upstream from the second chamber cutlet
i,

{8042] In various ermnbodiments, the control element 126 is movable from the first position

to the second position based on the sensed intermediate pressure exceading a predetermined
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threshold pressure. The predetermined threshold pressure may be various pressures as
desited. In some embodiments, the predetermined threshold pressure may be a safety or other
pressure above which the consumer is 1o be protected. As one non-limiting example, the
predetermined threshold pressure may be from about 6.5 kPa to about 15 kPg, such as from
about 6.5 kPa to abowt 10 kPa, such as from about 6.5 ¥Pa to about 7.0 kPa. However, in
other embodiments, the predetermined threshold pressure mav be set o be varnious other
pressures as desired.

{0043] Non-limiting examples of flow control using the second regulator 166 are described
in detail below. In a first example, the control element 126 may sense that the intermediate
pressure 15 at or below the predetermined threshold pressure and may remain in the first
position. In this example and while the intermediate pressure is at or below the predetermined
threshold pressure, the secound regulator 106 may function similar to the first regulator 104,
For example, a decreased or decreasing outlet pressure {downstream from the second
chamber outlet 1193 may be sensed by the diaphragm 156, and the detected decreased
intermediate pressure allows for the diaphragm 136 to move down in FIG. 4. In particular, the
diapbragm 136 mwoves down to maintain s balance between the biasing force applied by the
biasing member 108 and the cutlet pressure. Movement of the diaphragm 156 in turn causes
the plug 1534 to move away from the second chamber outlet 119 and open the second chamber
cutlet 119 to increase the fluid flow through the second chamber outlet 119 and increase the
cutlet pressure. Conversely, while the intermediate pressure is at of below the predetermined
threshold pressure, an increased or increasing ouilet pressure may be sensed by the
digphragm 136, and the detected increased outlet pressure moves the diaphragm 156 up in
FiG. 4. Such movement mainiains the balance between the biasing force applied by the
biasing member 108 and the increased cutlet pressure. Such movement by the diaphragm 156
o turn causes the plug 154 o move towards the second chamber outlet 119 1o close and/or
fimit the fluid flow through the second chamber cutlet 119 and decrease the cutlet pressure.
{6044] In a second example, the control element 126 way sense that the intermediate
pressure exceeds the predetermined threshold pressure and moves o the second posttion such
that the flow path region 171 is defined between the pressure regions 162, 164 as illustrated,
for example, in FH3 6 In this example and while the intermediate pressure exceeds the
predetermined threshold pressure, the intermediate pressure acts on the diaphragm 156 rather
than the cutlet pressure, and the diaphragro 156 balances the biasing force applied by the

biasing member 168 and the intermediate pressure.
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{60435 FIG. 7 tlhustrates the various pressure regions within the fluid regulator assembly 100
during normal operation of the Huid regulstor asserbly 100, Tn this embodiment, the pattern
501 of densely arranged larger dots represents regions where the fhuid is at an inlet pressure,
the pattern 503 of less densely arranged thicker dots represents regions where the fluid s at
an intermediate pressure, and the patiern 505 of densely arranged smaller dots represents
regions where the tluid is at an outlet pressure. During normal operation, the first regulator
104 reduces the pressure of the fluid from the inlet pressure to an intermediate pressure less
than the inlet pressure, and the second regulator 100 reduces the pressure of the fluid from the
intermediate pressure to the outlet pressure that is less than the intermediate pressure. In one
non-tHmiting example, the inlet pressure may be greater than 20 k¥*a, such as trom 20 kPa to
about 300 kPa, although in other embodimoents the inlet pressure may be varions other olet
pressures as desired. o a non-limiting example, the intermediate pressure may be from 4.0 -~
7.0 kPa, such as from 4.0 - 6.5 kPa, although in other embodiments the intermediate pressure
may be varicus other intermediate pressures less than the inlet pressure as desired. In a non-
Hmiting example, the outlet pressure may be from 1.0 - 3.0 kP, such as from 2.0 - 3.0 kPa,
such as from 1.1 — 1.5 kPa, although in other embodiments the cutlet pressure may be various
other outlet pressures less than the inlet pressure as desired.

[46]  As previcusly mentioned, the condrol device 126 of the second regulator 106 may
control the second regulator 106 such that the diaphragm 136 moves the plug 154 based on
the outlet prossure when the intermediate pressure is at or below the predetormined threshold
value Should the intermediate pressure exceed the predstermined threshold vahie, the control
element 126 deforms and/or otherwise opens the passage 170 such that the intermediate
pressure acts on the diaphragrm 156 and the diaphragm 156 moves the plug 154 tased on the
intermediate pressure,

{8047] Conirol of the floid using the Buid regulator assembly 100 ic discussed to an example
below. The values of the particular pressures discussed in this example should not be
constdered Hwiting. In this exarple, during normal operation, the thad regulating assembly
recetves finid at the housing inlet 108 and at an inlef pressure of 20 — SO0 kPa. The first
regulator 104 is controlled by the intermediate pressure acting on the diaphlragm 142 to
control the flow of the fluid through the first chamber outlet 115 (e g, the diaphragm 142
moves the plug 140 based on the intermediate pressure, which in turn controls the flow of the
fluid through the first chamber outlet 115) Such control by the first regulator 106 reduces the

pressure from the inlet pressure to the intermediate pressure of 4.0 - 6.5 kPa. The fluid at the
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intermediate pressure is supplied to the second regulator 106, The control element 126 of the
second regulator 106 may be set such that the predeterroined threshold pressure 18 6.5 kPa. In
this initial stage where the intermediate pressure is from 4.0 ~ 6.5 kPa {or at or below the
predetermined threshold pressure), the control element 126 remains in its first position, and
the second regulator 100 i3 conirotied by the cutlet pressure acting on the disphragm 156 to
control the flow of the flud through the second charber cutlet 119 {e.g, the diaphragm 156
moves the plug 154 based on the outlet preasure, which in turs contrels the fow of the fluid
through the sscond chamber outlet 1193 Such control reduces the pressure fromy the
intermnediste pressure to an outlet pressure of 11 - 3.0 kPa, such as 1.1 — 1.5 kPa. During
operation, the fluid regulating assembly 100 may suffer an event causing the first regulator
104 to fail and be unable to regulate the inlet pressure from 20 — 500 kPa down t0 40 - 6.5
kPa. For example, the failed first regudator 104 may regulate the inlet pressure down to an
ncreased intermediate pressure of 12 — 17 kPa. In this example, the control element 126
senses that ihe increased intermediate pressure {12 - 17 kPa) is greater than the
predeternuned threshold pressure (6.5 kPa), therehy causing the control element 126 1o
deform and/or otherwise open the passage 170 such that fuid at the increased intermediate
pressure acts on the diaphragm 156, In this example, the sudden change in pressure acting on
the diaphragro 156 G, 1.1 — 3.0 kPa 1o regular conditions ve, 12 — 17 kPa of the wocreased
intermediate pressure} causes the diaphragm 15¢ to move the plug 154 to close the second
chamber cutlet 119,

{80481 The aforementioned conirol by the conirol element 126 may protect the diaphragm
156 from bursting and protect the user from a sudden increase in fluid pressure. This control
by the control element 126 may also eliminate the need for an OPSO device. In certain
embodiments, the controf element 126 may also allow for venting via the relief features 127,
128 1o be set fo higher pressures compared to traditional regulators, which may reduce
greenhouse gases that are vented into the environment compared to traditional regulators.
{8042 A collection of exemplary embodiments are provided below, including ai least some
explictily enumerated as “Husirations” providing addittonal description of a variety of
example embodiments in aceordance with the concepts described herein. These illustrations
arg not meant o be mutually exclusive, exhaustive, or restrictive; and the disclosure not
Hrnited to these exaraple ilusirations buot rather encompasses all possible modifications and

variations within the scope of the issued claims and their squivalents.
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{6058] Hlustration 1. A fluid regulator assembly for a fluid, the fluid regulator assembly
comprising. a bousing comprising av inlet, an outiet, and a chamber between the tolet and the
outiet and in fluid communication with the inlet and the outlet; and a reguiator coupled 1o the
housing and comprising a control assembly, wherein the condrol assembly comprises a plug, a
diaphragm operably coupled to the plug, and a control element, wherein the phig ts movable
relative to the outlet for controlling a flow of fluid through the housing, wherein the
diaphragm is configured 1o conirol the plug responsive to a control pressure acting on the
diaphragny, wherein the conirol element is positionable between a first position and a second
position for cootrolling the countrol pressure acting on the diaphragr, wherein, o the first
position, the control pressure is an outiet pressure downstream from the outlet, and wherein,
o the second position, the control pressure 18 at least an inlet pressure upstream from the
outlet.

0051 Hlustration 2. The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the conirol element is movable from the
first position o the second position responsive to the imlet pressure exceeding @
predetermined threshold pressure.

{00521 Hlustration 3. The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the predetermined threshold pressure is
ereater than 7.0 kPa.

{0053 Hlustration 4. The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wheretn the control element i3 3 swiiching
digphragm within the chamber, and wherein the diaphragm is deformable within the chamber
such that the switching diapbragn is positionable between the first position and the second
positon.

{0054] Hlustration 3. The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, whersin the regulator further comprises: a piston
connecting the diaphragrm and the plug, a support within the chamber, wherein the suppost
supports the piston within the chamber such that the piston 18 movable relative to the support,
and wherein the support supports the control element within the chamber; and 2 biasing
member biasing the diaphragnm.

IB055] Dlustration ¢ The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein, in the first position, the conirol clement

separates the chamber into an inlet pressure region at the infet pressure and an cutlet pressure
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region at the outlet pressure, wherein the cutler pressure 15 less than the inlet pressure, and
wherein a flow path 15 defined through the cutlet and to the cutlet pressure region.

{0056 Hiustration 7. The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the regulator further comprises a piston
connecting the diaphragm and the plug, wherein the pision extends at feast partially into the
cutlet, and wherein the piston comprises a passage such that the flow path is defined through
the outiet, through the piston, and into the outlet pressure region of the chamber,

{0057 Hiustration 8 'The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein, in the second position, the control
element is defbrmed such that a flow path is defined within the chamber from the inlst
pressure region to the outlet pressure region.

{0058 Hlustration 9. A fluid regulator aasembly for a fhad, the fluid regulator assembly
comprising: a housing comprising an inlet, an outlet, and a chamber between the inlet and the
outlet and in fluid commumication with the inlet and the outlet; and a regulator coupled (o the
housing and comprising a control assembly, wherein the control assembly comprises a plug, a
diapbragm operably coupled to the plug, and a control elervent, wherein the plug is movable
relative to the outlet for controlling a flow of fluid through the housing, wherein the control
element 1s adjustable based on an wlet pressure upsiream from the outlet such that: when the
inlet pressure is at or below a predetermined threshold pressure, the diaphragm controds the
plug responsive 1o an outlet pressure downstream trom the outlet; and when the inlet pressure
exceeds the predetermined threshold pressure, the diaphragm controls the plug responsive to
the inlet pressure.

[059) Hhastration 10, The fuid regulator assemsbly of any preceding or subsequent
illustrations or combination of illustrations, wherein the regulator further comprises: a piston
counecting the diaphragmo and the plug, wherein the piston s configured 1o obsiroct the cutlet
responsive to a failure of the piston; and a support within the chamber, wherein the support
supports the piston within the chamber such that the piston is movable relative 1o the support,
and wherein the support supports the control element within the chamber.

{60460] Hlustration 1! The flud regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the control element separates the
chamber into an inlet pressure region at the inlet pressure and an outlet pressure region at the
outlet pressure responsive o the infet pressure beiog at or below the predetermined threshold

pressure, wherein the diaphragm is within the outiet pressure region, whersin the outlet
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pressure 15 less than the inlet pressure, and wherein a flow path is defined through the outlet
and 1o the outlet pressure region.

j0061] Hiustration 12. The fhmd regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the regulator further comprises a piston
connecting the diaphragm and the plug, wherein the pision extends at feast partially into the
cutler, and wherein the piston comprises a passage such that the flow path is defined from the
gutlet, through the piston, and inio the outlel pressurs region of the chamber,

j0062] Hiustration 13, The fhwmid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the control clement is a switching
diaphragm within the chamber, and wherein the diaphragm ts deformable within the chamber
such that the plug s controlled responsive to the outlet pressure or the inlet pressure.

{8063] @lustration 14, A fluid regulaior asserbly for a fluid, the fluid regulator assembly
comprising: a housing comprising: a frst chamber comprising g first chamber infet and a first
chamber outlei, wherein the firsi chamber inlet is configured to receive the fluid at an inlet
sressure; g second chamber comprising g second chamber indet and a second chamber outlet;
and an intermediate passage counecting the first chamber outlet with the second chamber
inlet; a first regulator comprising a first control assembly, wherein the first control assembly
somprises a first plug and a first diaphragm operably coupled to the first plug, wherein the
first plug is movable relative to the first chamber cutlet for controliing a flow of fluid through
the first chamber cutlet, and wherein the first diaphragm is within the first chamber and is
configured to position the first plug responsive to an intermediate pressure; and a second
regulator comprising a second control assembly, wherein the seconsd control gssembly
comprises a second plug, 2 second diaphragm operably connected 1o the second plug, and 2
control element, wherein the second plug is movable relative to the second chamber cutlet for
coutrolling a flow of fluid through the second chamber outlet, wherein the second diaphragm
is within the second chamber and is configured to position the second plug responsive to a
conirol pressure, and wherein the control eleroent is configured 1o coutrol the control pressure
responsive 10 the intermediate pressure and such that the control pressure is the intermediate
pressure OF an cutiet pressure downstream from the second chamber outlet.

{0064] Hiustration 15 The fhuid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, whesein the conirol element is configured to
controb the controf pressure as the interroediate pressure or the outlet pressure responsive to

the intermediate pressure exceeding a predetermined threshold pressure, wherein, at or below
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the predetermined threshold pressure, the control elements controls the second regulator such
that the outlet pressure is the control pressure, and wherein, asbove the predetermined
threshold pressure, the control element controds the second regulator such that the
intermediate pressure is the control pressure.

{6065] Hhustration 16, The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the conirel element is a swiching
diaphragm within the second chamber, and wherein the switching diaphragm is selectively
deformabie responsive to the intermediate pressure such that the second plug is positioned
responsive to the infermediate presaure or the ocutlet pressure,

{6066] Hlustration 17, The fluid regulator assembiy of any preceding or subsequent
illustrations or combination of illustrations, wherein the control element separates the second
chamber into an intermediate pressure region and an ouilet pressure region responsive (o the
intermediate pressure being at or below a predetermined threshold pressure, wherein the
intermediate presaure region is at the intermediate pressure and the ocutlet pressure region is at
the cutler pressure, wherein the second diaphragm is within the outlet pressure region,
wherein the outlet pressure 18 less than the intermediate pressure, and wherein g flow path g
defined from the second chamber outlet and fo the intermediate pressure region.

joa67] Hhustration 18 The fluid regulator asserobly of any preceding or subsequent
illustrations or combination of illustrations, wherein the second regulator further comprises a
piston connecting the second diaphragi and the second plug, wherein the piston extends at
feast partiaily into the second chamber outlet, and wherein the piston comprises 8 passage
such that the flow path i3 defined from the cutlet, through the piston, and into the outlet
pressure region of the chamber.

{6068) Hlustration 19, The fuid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the first regulator further comprises: a
piston conpecting the first diaphragm and the first plug, and a support within the first
chamber, wherein the suppost supports the piston within the first chamber such that the pision
is movable relative 10 the support, wherein the support separates the first chamber into an
infet pressure region at the inlet pressure and an intermediate pressure region at the
intermediate pressure, and wherein the first diaphragm is within the intermediate pressure
FOGION.

[6069] Hhustration 20, The fluid regulator asserbly of any preceding or subsequent

illustrations or combination of illustrations, wherein the piston extends at least partially into
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the intermediate passage, and wherein the piston defines a passage fluidly connecting the
wntermediate pressure region of the first chamber with the intermediate passage.

i007¢] Hiustration 21, A fluid regulator assembly for a fluid, the fluid regulator assembiy
comprising: a housing comprising an inlet, a chamber, and an outlet, wherein the chamber is
in fluid communtcation with the inlet and the cutlet, and a regnlator at east partially within
the chamber and configured to separate the chamber tnto an inlet pressure region at an inlet
pressure and an cutlet pressure region at an outlet pressure less than the inlet pressure,
wherein the regulator is configured to regulate the fluid from the inlet pressure to the outlet
pressure and control g fluid flow from the chamber through the outlet based on the outlet
pressure, and wherein the regulator is configured 1o define a flow path from the inlet pressure
region 1o the outlet pressure region within the chamber responsive 0 the julet pressure
exceeding a predetermined threshold pressure.

0071 Hlustration 22, The flmd regulator assermbly of any preceding or subsequent
illustrations or combination of illustrations, wherein the regulator comprises: a diaphragm
within the outlet pressure region; a biasing member applyving a biasing force against the
diapbragm, and a plug operably connected o the diaphragm, wherein the diaphragm i
configured to regulate the fhnd from the inlet pressure 1o the outlet pressurs and control a
fluid flow from the chamber throogh the outlet by balanciog the cutlet pressure with the
biasing force, and wherein balancing by the diaphragm positions the plug relative to the
cutlet.

{80721 Hlustration 23 The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the regulator further comprises a
switching diaphragm within the chamber and separating the inlet pressure region from the
cutlet pressure region, wherein the switching diaphragm is selectively deformable such that
the fow path from the inlet pressure region o the outlet pressure region is seleciively defined
by the reguniator,

{8073] Hiustration 24, The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the regulator further comprises: a
support; and a piston supported by the support and movable relative o the support, wherein
the phig is operable connected to the diaphragm via the piston, and wherein the piston is
configured to obstruct the outlet responsive to a failure of the piston.

{8074] Hhustration 25, The fluid regulator asserbly of any preceding or subsequent

illustrations or combination of illustrations, wherein the regulator further comprises: a
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support; a piston supported by the support and movable relative to the support, a first
diaphragm connecied {o the piston and configured io position the piston relative (o the
support; and a second diaphragm connected to the support and separating the inlet pressure
region from the outlet pressure region, wherein the second diaphragm is selectively
deformable reaponsive to the inlet pressure exceeding the predetermived threshold pressure,
and wherein deformation of the second diaphragim defines the tlow path from the nlet
pressure region to the cutlet pressure region within the chamber

{0075] Hiustration 26, The fhwmd regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the predetermined threshold pressure is
7.6 kPa.

[0076] Hlustration 27, A flind regulator asserbly for a fhuid, the flud regulator assembly
comprising: a bousing comprising: a {irst chamber comprising a first chamber inlet and 3 first
chamber outlet; second chamber comprising a second chamber indet and a second chamber
cutlet; and an intermediate passage fluidly connecting the first chamber outlet with the
second chamber inler; a first regulator at least partially within the first chamber and
compriging a first diaphragm and a first plug, wherein the first disphvagm is covfigured to
selectively position the first plug to control a flwid flow from the first chamber to the
intermediate passage through the first chamwber outlet and regulate the flud from av et
pressure 1o an intermediate pressure; and a second regulator at least partially within the
second chamber and comprising & second diaphragm and g second plug, wherein the second
diaphragny is contigured 1o selectively position the second phig to control a fuid fow from
the second chamber through the second chamber outlet and regulate the fluid from the
intermediate pressure 1o an outlet pressure, and wheretn the second regulator further
comprises a switching diaphragm betwesn the second chamber inlet and the second chamber
outlet that is selectively deformable responsive o the intermediate pressure exceeding 4
predetermined threshold pressure.

{8077] Hiustration 28, The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, whergin: ihe first reguslator further comprises a
first biasing member applying a first biasing force against the first diaphragm, wherein the
firat diaphragm is configured fo position the first plug to conirol a fluid flow from the first
chamber to the intermediate passage through the first chamber outlet and regulate the tluid
from the inlet pressure to the intermediate pressure by balancing the intermediate pressure

with the first biasing force, and whersin balancing by the first diaphragm positions the first
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pug relative to the first chamber cutlet; and the second reguiator further comprises a second
biasing member applying a second biasing force against the second diaphragm, wherein the
second diaphragm 15 configured to position the second plug to control a fluid flow from the
second chamber through the second chamber outlet and regulate the fluid from the
intermediate pressure (o the outlet pressure by balancing the outlet pressure with the second
biasing force, and wherein balancing by the second diaphragm positions the second plug
refative 1o the second chamber outlet.

{0078 Hiustration 29, The fhwmid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein at least one of the first biasing rnember
of the second biasing member is adjustable such that at least one of the first asing force or
the second biasing force 18 adjustable,

{6079} Hlustration 30 The fhud regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the predetermined threshold value is
greater than 6.5 kPa.

{6080} Hlustration 3! The flud regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the secound regulator further comprises &
support; and a pision supported by the support and movable relative to the support, wherein
the second plug s operable connected to the second diaphragm via the piston, and wherein
the piston is configured to obstruct the second chamber outiet responsive to a fatlure of the
PstoI.

{8081} Hlustration 32, The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein: the first regulator separates the first
chamber info an inlet presaure region at the inlet pressure and an intermediate pressure region
at the intermediate pressure less than the inlet pressure; the first diaphragm i3 in the
intermediate pressure region of the fust chamber, the fiest regulator comprises a passage
fluidly connecting the intermediate passage with the intermediate pressure region of the first
charber, the switching diapbragm of the second regulator separates the second chamber into
an intermediate pressure region at the intermediate pressure and aun outlet pressure region at
an cutlet pressure less than the intermediate pressure; the second diaphragm is in the outlet
pressurs region, and the second regulator comprises a passage fhuidly connecting the second
chamber outlet with the outlet pressure region of the second chamber.

[6082] Hhustration 33, The fluid regulator asserbly of any preceding or subsequent

illustrations or combination of illustrations, wherein the inlet pressure is greater than 20 kf*a,
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wherein the intermediate pressure is from 4.0 kPa to 6.5 kPa, inclusive, and wherein the
outlet pressure 15 less than 4.0 kPa,

{0083 Hiustration 34 A fluid regulator assembly for a fluid, the fluid regulator assembiy
comprising: a housing comprising: a first chamber comprising g first chamber inlet and a first
chamber outlet; and a second chamber comprising 3 second chamber inlet and 3 second
chamber cutlet, wherein the second chamber inlet is in fluid communication with the first
chamber outlet; a first regulator within the first chamber and configured to aeparate the firat
chamber into an inlet pressure region at an inlet pressure and an intermediate pressure region
at an intermediate pressure less than the iolet pressure, wheretn the first regulator is
configured to regulate the fluid from the inlet pressure to the intermediate pressure and
coutrol a fluid Bow from the et pressure region of the first chamber to second chamber
inlet based oo the inlermediale pressure; and a second regulator within the second chamber
anid configured to separate the second chamber into an intermediate prossure region at the
intermediate pressure and an outlel pressure reglon at an ouilet pressure less than the
intermediate pressure, wherein the second regulator is configured to regulate the fluid from
the intermediate pressure to the outlet pressure and coutrol 3 fluid flow from the secound
chamber through the second chamber outlet based on the outlet pressure, and wherein the
second regulator 18 configured to define a flow path from the intermediate pressure region of
the second chamber to the outlet pressure region within the second chamber responsive to the
intermediate pressure excesding a predetermined threshold pressure.

{8084} Hlustration 35 The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the second regulator comprises: a
diaphragm within the cutlet pressure region; a biasing member applying a asing force
against the diaphragm, and a plug operably connected {o the diaphragm, wherein the
diaphragm i3 configured to regulate the fluid from the ntermediate pressure 1o the outlet
pressure and control a fluid tlow trom the chamber through the second chamber outlet by
balancing the outlet pressure with the biasing force, and wherein balancing by the diaphragm
positions fhe plug refative to the second chamber cutlet.

{6083} Hlustration 36, The flud regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the second regulator further comprises a
switching digphragm within the second chamber and separating the intermediate pressure

region from the ouilet pressure region, wherein the switching diaphragro is selectively
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deformable such that the flow path from the inlet pressure region to the outlet pressure region
is selectively defived by the second regulator,

{0086 Hiustration 37. The fhwmd regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the second regulator further comprises: 2
support; and a piston supported by the support and movable relative to the support, wherein
the plug is operable connected to the diaphragm via the piston, and wherein the piston is
configured to obstruct the second chamber outlet responsive 1o a failure of the piston.

{0087] Hiustration 38 The fhwmd regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the second regulator further comprises: 2
support; a pisten supporied by the support and movable relative to the support, a first
diapbragm conuecied {o the piston and configured o position the piston relative io the
support; and a second diaphragm connected to the support and separating the intermediaie
pressure region from the outlet pressure region, wherein the second diaphragm 15 selectively
deformable responsive to the intermediste presaure exceeding the predetermined threshold
sressure, and wheretn deformation of the second diaphragm defines the flow path from the
inlet pressure region (o the outlet pressure region within the chamber,

{0088} Hlustration 39, The fluid reculator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the infet pressure is greater than 20 kPa,
wherein the intermediate pressure i3 from 4.0 kPa to 6.5 kPa, inclusive, and wherein the
cutiet pressure 15 fess than 4.0 kPa.

{0089} Hlustration 40 The fluid regulator assembly of any preceding or subsequent
illustrations or combination of illustrations, wherein the predetermined threshold pressure is
7.0 kPa.

{6090} The above-described aspects are merely possible examples of implementations,
merely set forth for a clear understanding of the principles of the present disclosure, Many
variations and modifications may be made to the sbove-described embodiment{s} without
departing substantially from the spivit and principles of the presemt disclosure. All such
modifications and varaiions are intended to be included heretny within the scope of the
sresent disclosure, and all possible clatms to individual aspects or corsbinations of elements
or steps are intended to be supported by the present disclosure, Moreover, although specific
terms are emploved herein, as well as in the claims that follow, they are used only in a
generic and deseriptive sense, and not for the purposes of hmiting the described

embodiments, nor the claims that foliow.
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CLAIMS
That which is claimed:

1. A method of controlling a fluid pressure of a fluid with a fluid regulator assembly, the
method comprising:
under normal conditions:
receiving at an inlet of the fluid regulator assembly the fluid at an inlet fluid pressure;
reducing the inlet fluid pressure using a first control mechanism such that the fluid is
at an intermediate fluid pressure; and
reducing the intermediate fluid pressure using a second control mechanism such that
the fluid at an outlet of the fluid regulator assembly is at an outlet fluid pressure;
wherein the method further comprises:
responsive to a failure by the second control mechanism, controlling, by the
first control mechanism, the fluid to be at the intermediate fluid pressure at the outlet
of the fluid regulator assembly; and
responsive to a failure by the first control mechanism, closing, by the second

control mechanism, the outlet of the fluid regulator assembly.

2. The method of claim 1, further comprising venting the fluid from the housing using a

relief valve based on the intermediate fluid pressure exceeding 6 kPa.

3. The method of claim 2, wherein venting the fluid comprises venting the fluid based

on the intermediate fluid pressure exceeding 7 kPa.

4. The method of claim 1, wherein the intermediate fluid pressure is less than 7 kPa, and

wherein the outlet fluid pressure is less than 4 kPa.
5. The method of claim 4, wherein the outlet fluid pressure is less than 3 kPa.
6. The method of claim 1, wherein closing the outlet by the second control mechanism

comprises deforming a control element such that the fluid at the inlet fluid pressure acts on a

balancing diaphragm of the fluid regulator assembly.
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7. A method of controlling a fluid from a fluid regulator assembly, the method
comprising:

providing the fluid regulator assembly comprising a housing, a first control
mechanism within the housing, and a second control mechanism within the housing, wherein
the first control mechanism is configured to reduce a fluid pressure of the fluid from an inlet
fluid pressure to an intermediate fluid pressure, and wherein the second control mechanism is
configured to reduce the fluid pressure of the fluid from the intermediate fluid pressure to an
outlet fluid pressure;

responsive to a failure of the second control mechanism, controlling, by the first
control mechanism, the fluid such that the fluid pressure at the outlet of the housing is at the
intermediate fluid pressure; and

responsive to a failure of the second control mechanism, closing, by the second

control mechanism, the outlet of the housing.

8. The method of claim 7, further comprising venting the fluid from the housing using a

relief valve based on the intermediate fluid pressure exceeding 6 kPa.

9. The method of claim 8, wherein venting the fluid comprises venting the fluid based

on the intermediate fluid pressure exceeding 7 kPa.

10.  The method of claim 7, wherein the intermediate fluid pressure is less than 7 kPa, and

wherein the outlet fluid pressure is less than 4 kPa.

11.  The method of claim 10, wherein the outlet fluid pressure is less than 3 kPa.

12. The method of claim 7, wherein the second control mechanism comprises a
deformable control element and a balancing diaphragm, wherein the deformable control

element is configured to control the fluid acting on the balancing diaphragm.

13. The method of claim 12, wherein closing the outlet by the second control mechanism
comprises deforming the control element such that the fluid at the inlet fluid pressure acts on

a balancing diaphragm of the fluid regulator assembly.
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14. A fluid regulator assembly for a fluid, the fluid regulator assembly comprising;

a housing comprising an inlet and an outlet, wherein the housing is configured to
receive the fluid having an inlet fluid pressure at the inlet;

a first control mechanism within the housing configured to control the fluid such that
the inlet fluid pressure is reduced to an intermediate fluid pressure; and

a second control mechanism within the housing and configured to control the fluid
such that the intermediate fluid pressure is reduced to an outlet fluid pressure,

wherein, responsive to a failure of the second control mechanism, the first control
mechanism is configured to control the fluid such that the fluid at the outlet is at the
intermediate fluid pressure, and

wherein, responsive to a failure of the first control mechanism, the second control

mechanism is configured to close the outlet.

15.  The fluid regulator assembly of claim 14, wherein the intermediate pressure is less

than or equal to 7 kPa, and wherein the outlet fluid pressure is less than 4 kPa.

16.  The fluid regulator assembly of claim 14, further comprising a relief valve configured
to vent the fluid from the fluid regulator assembly based on the intermediate fluid pressure

exceeding 6 kPa.

17.  The fluid regulator assembly of claim 16, wherein the relief valve is configured to

vent the fluid based on the intermediate fluid pressure exceeding 7 kPa.

18.  The fluid regulator assembly of claim 14, wherein the second control mechanism
comprises a deformable control element and a balancing diaphragm, wherein the deformable

control element is configured to control the fluid acting on the balancing diaphragm.

19. The fluid regulator assembly of claim 18, wherein the deformable control element is
configured deform responsive to the failure of the first control mechanism such that the fluid

at the inlet fluid pressure acts on the balancing diaphragm.

20.  The fluid regulator assembly of claim 14, wherein:

the housing comprises a first chamber, a second chamber, and an intermediate passage
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connecting the first chamber and the second chamber;

the first control mechanism is in the first chamber and comprises a first plug and a
first diaphragm operably coupled to the first plug, wherein the first diaphragm is configured
to position the first plug; and

the second regulator is in the second chamber and comprises a second plug, a second
diaphragm operably connected to the second plug, and a control element, wherein the second
diaphragm is configured to position the second plug, and wherein the control element is
configured to control the fluid acting on the second diaphragm to be the fluid at the outlet

fluid pressure or the fluid at the inlet fluid pressure.
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