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PRESSURE REGULATOR

TECHNICAL FIELD

The present invention relates to, pressure regulators, and more particularly, to a

pressure regulator that provides an output pressure that is correlated to an input pressure.

BACKGROUND OF THE INVENTION

Pressurized gas containers are generally known in the art and are used for a wide

variety of applications. The gas containers may comprise relatively large containers
used in industrial applications for providing a pressurized gas supply to one or more
workstations.  Alternatively, the gas containers may comprise relatively small
containers, which an individual user may carry. In some situations, the pressurized gas
container may be designed as a one-time use container, which is discarded or recycled
after the contents of the container are depleted completely or depleted to a
predetermined minimum pressure. One example of an application that uses such a
disposable pressurized container is taught by United States Patent 7,604,774, which is
directed towards a sterilization system utilizing a pressurized oxygen container to supply
pressurized oxygen that is combined with water to produce ozone.

One of the major problems faced with pressurized gas containers is the ability to
maintain a relatively constant output pressure to the user. Because the pressurized gas
containers are typically charged to pressures much higher than the pressure provided to
a user, the pressurized gas containers are often equipped with a pressure regulator or a
series of pressure regulators. The pressure regulator receives a pressurized fluid at an
input pressure and outputs the fluid at an output pressure, which is less than the input
pressure. Most pressure regulators are only capable of reducing input pressures within a
certain pressure range down to a desired pressure. Consequently, if the input pressure is
above the predetermined pressure range, multiple pressure regulators are used, typically
positioned in series. For example, in some respiratory or portable container
applications, the pressurized gas container may be initially filled to a pressure of
approximately 100 bar (1450.4 psi) while a user requires the fluid to be delivered with
an output pressure of approximately 1.5 bar (21.8 psi). With such an extreme change in
pressure, a single pressure regulator is not practical. Therefore, such delivery systems
often employ multiple pressure regulators in series. For example, a first stage pressure
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regulator may reduce the input pressure from approximately 100 bar (1450.4 psi1) to an
intermediate pressure of approximately 9 bar (130.5 psi) and a second stage pressure
regulator may reduce the intermediate pressure to the desired pressure, for example
approximately 1.5 bar (21.8 psi). The prior art first and second stage pressure regulators
are typically designed to provide a relatively constant output pressure regardless of the
input pressure. For example, prior art first stage pressure regulators are designed to
provide the output pressure of approximately 9 bar regardless of whether the input
pressure is at 100 bar or has partially depleted to 20 bar (290 psi). The second stage
pressure regulator can then be configured to reduce the relatively constant 9 bar pressure
output from the first stage pressure regulator down to the desired 1.5 bar pressure
desired by a user. Because the second stage pressure regulator is required to reduce the
pressure by a much smaller amount, the output of the second stage pressure regulator
can be much more constant than could be realized using only a single stage system.

Although this configuration provides adequate pressure reducing results, the
system is often expensive to manufacture and is not practical for disposable cylinders.
This is because the first stage pressure regulator can comprise an expensive component
of the system. As mentioned above, the first stage pressure regulator is typically
designed to provide a relatively constant output pressure until the pressure of the fluid in
the container reaches a threshold level. In the example provided above, the first stage
pressure regulator may be designed to output the pressurized fluid at approximately 9
bar (130.5 psi) from the point the pressurized gas cylinder is full until the pressurized
gas cylinder reaches close to the 9 bar output pressure (See FIG. 2). Once the
pressurized gas cylinder reaches the threshold level, the cylinder may need to be
discarded while leaving a substantial amount of fluid within the container. This is
because the first stage pressure regulator may close, thereby trapping some of the
pressurized fluid within the cylinder.

Because the first stage pressure regulator provides a relatively constant output
pressure, first stage pressure regulators are often combined with a pressure gauge
located upstream of the pressure regulator to indicate the pressure of the fluid within the
cylinder. Without the upstream pressure gauge, there would be no way to determine

how much fluid is remaining within the cylinder until the pressure output by the first
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stage pressure regulator suddenly dropped below the target output pressure. However,
providing an upstream pressure gauge can increase the overall cost of the system.

The present invention overcomes these and other problems and an advance in the
art is achieved. The present invention provides a first stage pressure regulator for a
pressurized fluid container. The pressure regulator of the present invention provides an
output pressure that decreases as the pressure within the pressurized fluid container
decreases. Therefore, in contrast to prior art regulators, the pressure regulator of the
present invention does not provide a relatively constant output pressure. Rather, the
pressure output by the pressure regulator is correlated to the input pressure received by
the pressure regulator. In addition, the pressure regulator of the present invention
comprises a normally open pressure regulator. Therefore, rather than trapping a portion
of the pressurized fluid within the container after the pressure drops below a threshold
pressure, the pressure regulator of the present inventiqn opens to exhaust the remaining
pressure. As a result, the present invention is particularly well suited for applications
where the pressure regulator is provided in combination with a disposable pressurized

container.,

SUMMARY OF THE INVENTION

A pressure regulator is provided according to an embodiment of the invention.

The pressure regulator includes a housing, a fluid inlet configured to receive a
pressurized fluid at an inlet pressure, and a fluid outlet configured to output the
pressurized fluid at a regulated pressure. According to an embodiment of the invention,
the pressure regulator further includes a regulating piston movable within the housing to
selectively provide fluid communication between the fluid inlet and the fluid outlet.
The regulating piston can include a first end comprising a first cross-sectional width in
fluid communication with the fluid inlet and a second end comprising a second cross-
sectional width in fluid communication with the fluid outlet. According to an
embodiment of the invention, the first and second cross-sectional widths are sized such
that the regulated pressure at the fluid outlet is correlated to the inlet pressure at the fluid
inlet.

A method of forming a pressure regulator is provided according to an

embodiment of the invention. The pressure regulator includes a housing, a fluid inlet
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configured to receive a pressurized fluid at an inlet pressure, and a fluid outlet
configured to output the pressurized fluid at a regulated pressure. According to an
embodiment of the invention, the method comprises a step of positioning a regulating
piston movably within the housing to selectively provide fluid communication between
the fluid inlet and the fluid outlet. According to an embodiment of the invention, the
method further comprises a step of locating a first end of the regulating piston
comprising a first cross-sectional width in fluid communication with the fluid inlet.
According to an embodiment of the invention, the method further comprises a step of
locating a second end of the regulating piston comprising a second cross-sectional width
in fluid communication with the fluid outlet. According to an embodiment of the
invention, the first and second cross-sectional widths are sized such that the regulated

pressure at the fluid outlet is correlated to the inlet pressure at the fluid inlet.

ASPECTS

According to an aspect of the invention, a pressure regulator comprises:

a housing;

a fluid inlet to receive a pressurized fluid at an inlet pressure;

a fluid outlet to output the pressurized fluid at a regulated pressure;

a regulating piston movable within the housing to provide fluid communication
between the fluid inlet and the fluid outlet and including:
a first end comprising a first cross-sectional width in fluid communication
with the fluid inlet; and
a second end comprising a second cross-sectional width in fluid
communication with the fluid outlet;
wherein the first and second cross-sectional widths are sized such that the
regulated pressure at the fluid outlet is correlated to the inlet pressure at
the fluid inlet.

Preferably, the pressure regulator further comprises a valve seal formed on the
first end of the regulating piston and adapted to form a substantially fluid-tight seal with
a valve seat formed in the housing.

Preferably, the pressure regulator further comprises a biasing member configured

to bias the regulating piston in a first direction.
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Preferably, the first direction is towards the fluid outlet.

Preferably, the pressure regulator further comprises a fluid passage formed in the
regulating piston and providing a fluid communication path between the fluid inlet and
the fluid outlet.

Preferably, the pressure regulator further comprises a cap coupled to the housing
and adapted to retain the regulating piston at least partially within the housing.

Preferably, the second cross-sectional width is greater than the first cross-
sectional width.

According to another aspect of the invention, a method of forming a pressure
regulator including a housing, a fluid inlet to receive a pressurized fluid at an inlet
pressure, and a fluid outlet to output the pressurized fluid at a regulated pressure
comprises steps of:

positioning a regulating piston movably within the housing to provide fluid

communication between the fluid inlet and the fluid outlet;

locating a first end of the regulating piston comprising a first cross-sectional

width in fluid communication with the fluid inlet; and

locating a second end of the regulating piston comprising a second cross-

sectional width in fluid communication with the fluid outlet;

wherein the first and second cross-sectional widths are sized such that the

regulated pressure at the fluid outlet is correlated to the inlet pressure at
the fluid inlet.

Preferably, the method further comprises a step of forming a valve seal on the
first end of the regulating piston that is adapted to form a substantially fluid-tight seal
with a valve seat formed in the housing.

Preferably, the method further comprises a step of positioning a biasing member
within the housing and configured to bias the regulating piston in a first direction.

Preferably, the first direction is towards the fluid outlet.

Preferably, the method further comprises a step of forming a fluid passage in the
regulating piston to provide a fluid communication path between the fluid inlet and the
fluid outlet.

Preferably, the method further comprises a step of coupling a cap to the housing

that is adapted to retain the regulating piston at least partially within the housing.
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Preferably, the second cross-sectional width is greater than the first cross-

sectional width.

BRIEF DESCRIPTION OF THE DRAWINGS

The same reference number represents the same element on all drawings. It

should be understood that the drawings are not necessarily to scale.

FIG. 1 shows a pressurized fluid system according to the invention.

FIG. 2 shows components of the container interface according to an embodiment
of the invention.

FIG. 3 is an exploded view of the container interface according to the invention.

FIG. 4 shows detail of a fill valve member according to the invention.

FIG. § is a partial cut-away of the container interface, showing details of the fill
valve.

FIG. 6 is a cross-section that shows the fill valve member in an unblocking (i.e.,
fill) position in the fill valve bore.

FIG. 7 is a cross-section that shows the fill valve member in a blocking position.

FIG. 8 is a cross-section that shows the break-away head of the fill valve member
after being separated from the fill valve member.

FIG. 9 shows a cross-sectional view of a pressure regulator of the container
interface according to an embodiment of the invention.

FIG. 10 shows a graph of the regulated pressure output from the pressure
regulator compared to the pressure of the container as determined during an initial
calibration, for example.

FIG. 11 shows a graph of the pressure output by a typical second stage pressure
regulator, such as the pressure regulator shown in FIG. 1 with the pressure regulator
positioned upstream.

FIGS. 12-13 show a non-return member for an outlet valve according to the
invention.

FIG. 14 shows the non-return member in an outlet valve chamber of the outlet
valve.

FIG. 15 shows the outlet valve wherein the outlet valve actuator is in position, at

least partially residing in the outlet valve chamber.
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FIG. 16 shows the outlet valve after actuation and after the outlet valve actuator

has been removed.

DETAILED DESCRIPTION OF THE INVENTION
FIGS. 1-16 and the following description depict specific examples to teach those

skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 1 shows a pressurized fluid system 100 according to the invention. The
pressurized fluid system 100 includes a pressurized fluid container 102 and a container
interface 101. The pressurized fluid container 102 holds and dispenses fluids including
liquids and/or gases. The pressurized fluid container 102 holds fluids at high pressures.

The container interface 101 is designed to be affixed to the pressurized fluid
container 102. The container interface 101 may be permanently or removably affixed to
the pressurized fluid container 102. The container interface 101 is designed to regulate
the dispensation of fluid therefrom. The container interface 101 also controls the filling
of the pressurized fluid container 102.

The container interface 101 in some embodiments can comprise a single-use
interface. The container interface 101 can comprise an interface that does not permit
refilling and/or reuse of the pressurized fluid container 102. The container interface 101
in some embodiments can control the release of pressurized fluid from the pressurized
fluid container 102.

In some embodiments, the pressurized fluid container 102 can hold a gas, such as
oxygen. Because oxygen will enable or enhance combustion, the manufacturer,
distributor, and/or seller of the pressurized fluid container 102 may desire that the
pressurized fluid container 102 be non-reusable and/or non-refillable. Further, for some
applications, regulations may dictate that a fluid container be non-refillable, including

for hygienic or safety reasons. When the pressurized fluid container 102 is empty or
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reaches a threshold minimum pressure, it may be desired that the pressurized fluid
container 102 be able to be disposed of or even crushed, without danger.

As a result, in some embodiments the container interface 101 prevents refilling
(and therefore re-use) of the pressurized fluid container 102. The pressurized fluid
container 102 comprises a disposable container in some embodiments. The pressurized
fluid container 102 therefore may be discarded when the fluid is consumed. Disposal
may include the pressurized fluid container 102 being put into a waste disposal stream.
The pressurized fluid container 102 may be crushed during waste processing as part of
the waste disposal stream. Therefore, in some embodiments, the container interface 101
may ensure the pressurized fluid container 102 is open and exhausted to the atmosphere
after being used. This may be desired in order to prevent excessive pressure buildup
when crushed.

The pressurized fluid system 100 may be connected to and supply fluid to a
variety of devices and can be employed in a variety of uses. For example, the
pressurized fluid system 100 can be used in a variety of medical and industrial uses. In
the embodiment shown, the pressurized fluid system 100 is connected to a first pressure
gauge 121, a second stage regulator 122, and a second pressure gauge 123. The first
pressure gauge 121 measures the fluid pressure delivered by the pressurized fluid
system 100. It should be understood that the container interface 101 can include a first
stage pressure regulator 500 in some embodiments (see FIG. 9 and the accompanying
discussion below). In some embodiments, the first stage pressure regulator SO0 within
the container interface 101 may comprise a pressure reducer, wherein the second stage
pressure regulator 122 exhibits fine pressure control and produces a substantially
constant working pressure. The second pressure gauge 123 can measure the pressure
developed by the second stage regulator 122.

The container interface 101 in some embodiments includes a lower body 103, an
upper body 104, and an outlet valve actuator 790. The container interface 101 includes
a fill port 112 that communicates with the interior of the pressurized fluid container 102
and a fill valve member 201 that allows only an initial fill operation through the fill port
112. The fill valve member 201 in some embodiments can allow an initial fill operation
and can prevent any subsequent fill attempts (i.e., refills) through the fill port 112. The

container interface 101 further includes an outlet port 113 that may be coupled to a
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container or device, wherein the pressurized fluid system 100 supplies pressurized fluid
to the conduit or device. The outlet port 113 may be located on the outlet valve actuator
790.

FIG. 2 shows components of the container interface 101 according to an
embodiment of the invention. In the embodiment shown, the container interface 101
includes a stopper 117 including a seal 116, a delivery conduit 108, a fill conduit 233, a
fill valve 200, a (first stage) pressure regulator 500, and an outlet valve 700.

The fill valve 200 is in fluid communication with the pressurized fluid container
102 via the fill conduit 233 and controls the filling of the pressurized fluid container
102. The fill valve 200 includes the fill port 112 shown in FIG. 1. The fill valve 200
may be independent of the pressure regulator 500 and the outlet valve 700. The fill
valve 200 may be independent of the fluid being dispensed from the pressurized fluid
container 102 via the delivery conduit 108 and the outlet port 113. The fill valve 200
may comprise a one-use fill valve 200 in some embodiments.

The pressure regulator 500 receives fluid from the pressurized fluid container
102 via the delivery conduit 108 and regulates the pressure of the fluid being released
from the pressurized fluid container 102. The pressure regulator 500 may be located
between the pressurized fluid container 102 and the outlet valve 700, wherein fluid
being supplied from the pressurized fluid container 102 must first encounter the pressure
regulator 500. The fluid can comprise a fluid and/or a gas, as discussed above. As the
fluid within the pressurized fluid container 102 may be highly pressurized, the pressure
regulator 500 may provide an initial pressure regulation or reduction. The pressure
regulator 500 may provide a substantially constant pressure or may provide a varying
pressure, wherein the varying pressure may comprise a greatly reduced pressure that
corresponds to the pressure inside the pressurized fluid container 102.

The outlet valve 700 receives fluid from the pressure regulator 500 and controls
the supply of the pressure-regulated fluid to an external fluid recipient. In some
embodiments, the outlet valve 700 is installed to the pressurized fluid system 100 in a
closed position and can be actuated only once, to an open state. The outlet valve 700
can comprise a non-return outlet valve 700 in some embodiments. After the one-time,
non-return actuation, the outlet valve 700 remains open. Consequently, all pressure

(above atmospheric pressure) in the pressurized fluid container 102 must be used or will
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be released. As a result, the pressurized fluid container 102 cannot be disposed of (or
disconnected from a system or application) without all fluid pressure being relieved.

FIG. 3 is an exploded view of the container interface 101 according to the
invention, The container interface 101 in the embodiment shown includes the fill valve
200, the pressure regulator 500, and the outlet valve 700. The container interface 101
further includes the stopper 117 and the seal 116 that sealingly fit into the pressurized
fluid container 102, and a body 103.

The fill valve 200 includes the fill port 112 and a fill valve bore 240, a fill valve
member 201 located in the fill valve bore 240, and a fill valve seal 230 (see FIGS. 4-8
and the accompanying text).

The pressure regulator 500 includes a lower body 103, a regulator biasing
member 513, a regulating piston 504 including a valve seat 506, and sealing members
512a, 512b assembled in the lower body 103 (see FIGS. 9-11 and the accompanying
text). The regulating piston 504, the biasing member 513, and the sealing members
512a, 512b positioned within the lower body 103 comprise the pressure regulator 500.
The regulating piston 504 is configured to move within the lower body 103 and regulate
the pressure of the fluid being dispensed at the outlet port 113. Not visible is a delivery
conduit 108 extending substantially through the container interface 101 and ultimately
communicating with the outlet port 113. The delivery conduit 108 communicates with
the pressure regulator 500 and the outlet valve 700.

The outlet valve 700 includes an upper body 104, an outlet valve actuator 790, a
non-return member 780, and an outlet valve member 760 (see FIGS. 12-16 and the
accompanying discussion below). The outlet valve actuator 790 resides in an outlet
valve chamber 701 in the upper body 104. The outlet valve actuator 790 includes the
outlet port 113. Fluid is received in the outlet valve chamber 701 from the pressurized
fluid container 102. The outlet valve actuator 790 may move substantially reciprocally
in the outlet valve chamber 701.

The outlet valve actuator 790 may be installed to a first, non-actuated position in
the outlet valve chamber 701 when the outlet valve 700 is manufactured or assembled.
The pressurized fluid container 102 may then be filled with fluid via the fill port 112.
Thereafter, the outlet valve actuator 790 may be pressed to move the outlet valve

actuator 790 to a second, actuated position within the outlet valve chamber 701. In the
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second, actuated position, the outlet valve 700 can control the dispensing of fluid from
the outlet port 113,

FIG. 4 shows detail of a fill valve member 201 according to the invention. The
fill valve member 201 comprises the movable valve component of the fill valve 200 (see
FIG. 5 and the accompanying text below). The fill valve member 201 comprises a
breakable component that allows an initial filling operation. The fill valve member 201
comprises a breakable component that then can block any attempts at subsequent re-
filling of the pressurized fluid container 102 through the fill port 112.

The fill valve member 201 comprises a valve member body 210, including a
blocking portion 214 that performs the selective blocking, and a break-away head 220.
The break-away head 220 is joined to the valve member body 210 by a breakable neck
228.

The breakable neck 228 may be smaller in size than the valve member body 210
or the break-away head 220. The smaller size may allow the break-away head 220 to be
broken away from the valve member body 210. Alternatively or additionally, the
breakable neck 228 may be made of a weaker or more brittle material than the body 210
or the break-away head 220. As a result, the breakable neck 228 may be the same size
or only somewhat smaller than the valve member body 110 and the break-away head
220. In another alternative embodiment, the breakable neck 228 can include one or
more fracture features 229 that weaken the breakable neck 228. The one or more
fracture features 229 can comprise any feature that makes local fracturing more likely,
including surface fracture features such as cuts, grooves, or hollows, for example, or
internal fracture features including voids, including uniform or shaped voids.

The breakable neck 228 may be configured to break at a predetermined
installation condition when the fill valve member 240 is moved to the substantially fully
closed position in the fill valve 200. In some embodiments, the fill valve member 201
can be rotated in order to break the breakable neck 228. For example, the blocking
portion 214 may contact a corresponding feature of the fill valve bore 240, preventing
further inward movement of the fill valve member 201. Forced rotation of the break-
away head 220 at that point may then break the breakable neck 228. Consequently, the
fill valve member 201 can be designed wherein the break-away head 220 may require

the application of a predetermined torque in order to break off the break-away head 220.
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Alternatively, a side-to-side motion of the break-away head 220 may break the
breakable neck 228, including through fatigue of the material. The break-away head
220 then cannot be used to manipulate the fill valve member 201, preventing the fill
valve 200 from being re-opened.

The break-away head 220 may include a manipulation feature 225. In some
embodiments, the manipulation feature 225 can comprise a socket or shaped receptacle
for receiving a tool, wherein the fill valve member 201 can be rotated by the tool. The
tool may additionally be used to twist or bend the breakable neck 228 in order to snap
the break-away head 220 from the valve member body 210. Alternatively, the
manipulation feature 225 can comprise a gripping feature on an exterior of the break-
away head 220, wherein the external manipulation feature 225 allows the break-away
head 220 to be easily gripped and manipulated by hand. The manipulation feature 225
in such embodiments can include ridging, grooving, knurling, other texturing, or a shape
or shapes that facilitate gripping. An external manipulation feature 225 may also be
used to twist or bend the breakable neck 228 in order to snap the break-away head 220
of from the valve member body 210.

The valve member body 210 can include a threaded region 212 and the blocking
portion 214. The blocking portion 214 can comprise a smaller portion that can be
selectively moved to block or unblock the fill port 112, such as internally, within the
container interface 101. The threaded region 212 can interact with a threaded bore
region 243 of the fill valve bore 240 in order to move the blocking portion 214 inward
or outward within the fill valve bore 240.

The blocking portion 214 in some embodiments includes a seal groove 216 and a
chamfer 217. The chamfer 217 may be larger than, smaller than, or the same size as a
seal surface 250 (see FIG. 6). The seal groove 216 receives a corresponding fill valve
seal 230 (see FIG. 5). The fill valve seal 230 is substantially annular and seals the fill
valve member 201 within the fill valve bore 240. In some embodiments, the fill valve
seal 230 can comprise an O-ring, for example. However, any suitable seal can be used.
The chamfer 217 can contact a corresponding seal surface 250 in the fill valve bore 240
and can create a surface-to-surface seal between the fill valve member 201 and the
stopper 117. Therefore, the fill valve bore 240 can include a correspondingly shaped

seal surface 250, such as an internal chamfer, shoulder, or bore end, for example.
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FIG. 5 is a partial cut-away of the container interface 101, showing details of the
fill valve 200. The container interface 101 includes the delivery conduit 108 that
couples the interior of the pressurized fluid container 102 to the outlet port 113. The
container interface 101 includes the fill conduit 233 that couples the passage of the fill
port 112 to the pressurized fluid container 102, passing through the stopper 117. The fill
conduit 233 may run substantially parallel to the delivery conduit 108 in some
embodiments. However, the fill valve 200 is not connected to the delivery conduit 108
and does not affect the delivery conduit 108.

The fill conduit 233 is interrupted by the fill valve bore 240. The figure also
shows a connecting conduit 219 connecting the end of the fill valve bore 240 to the
interior of the pressurized fluid container 102. It should be understood that this conduit
is optional, as the fill valve bore 240 can alternatively comprise a blind bore. In another
alternative, the fill conduit 233 can comprise a blind bore and the connecting conduit
219 couples the fill port 112 to the interior of the pressurized fluid container 102
through the fill valve bore 240.

The fill valve bore 240 receives the fill valve member 201. In some
embodiments, the fill valve bore 240 includes a threaded bore region 243 that
corresponds to and receives the threaded region 212 of the fill valve member 201,
wherein the fill valve member 201 can be screwed into the fill valve bore 240. The fill
valve bore 240 further includes a reduced diameter region 241 that receives the blocking
portion 214 of the fill valve member 201 and a smallest diameter region 242 that may be
blocked by the blocking portion 214. As a result, the fill valve member 201 will block
the connecting conduit 219 when in a fully inserted position. In addition, the blocking
portion 214 of the fill valve member 201, together with the fill valve seal 230, will block
off the fill conduit 233 when in a fully inserted position in the fill valve bore 240,
rendering the fill port 112 inoperable for re-filling of the pressurized fluid container 102
(see FIGS. 6-8 and the accompanying text below).

FIG. 6 is a cross-section that shows the fill valve member 201 in an unblocking
(i.e., fill) position in the fill valve bore 240. Fluid entering the fill port 112 can pass
down through the fill conduit 233 and into the interior of the pressurized fluid container
102. In addition, some of the pressurized fluid may pass through the connecting conduit

219 and into the interior of the pressurized fluid container 102. The blocking portion
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214 of the fill valve member 201 does not block the fill conduit 233, wherein fluid
introduced at the fill port 112 will be able to travel down into the pressurized fluid
container 102. However, it can be seen that the tip of the blocking portion 214 may
project into the fill conduit 233 and yet still allow filling.

The fill valve seal 230 is shown in place in the seal groove 216 of the fill valve
member 201. The fill valve seal 230 seals to the interior surface of the fill valve bore
240 in some embodiments. As a result, pressurized fluid cannot escape out of the fill
valve bore 240.

FIG. 7 is a cross-section that shows the fill valve member 201 in a blocking
position. As a result, the blocking portion 214 of the fill valve member 201 can move
into a substantially sealing contact with the seal surface 250 of the stopper 117. In some
embodiments, the chamfer 217 of the blocking portion 214 can move into a substantially
sealing contact with the seal surface 250.

The fill port 112 now cannot be used to fill the pressurized fluid container 102.
The blocking portion 214 prevents fluid from passing from the fill port 112 to the fill
conduit 233 and the connecting conduit 219. Further, the fill valve seal 230 prevents
fluid from escaping out of the fill valve bore 240.

However, as is apparent from the figure, the fill valve member 201 could still be
manipulated in order to unblock the fill port 112. Therefore, at this position, the
pressurized fluid container 102 is still refillable.

FIG. 8 is a cross-section that shows the break-away head 220 of the fill valve
member 201 after being separated from the fill valve member 201. The fill valve
member 201 is now not movable within the fill valve bore 240. The fill valve member
201 now cannot be rotated without taking extreme measures, such as modification of the
fill valve member 201. The fill port 112 now cannot be unblocked and the pressurized
fluid container 102 is now non-refillable.

FIG. 9 shows a cross-sectional view of the pressure regulator 500 of the
container interface 101 according to an embodiment of the invention. It should be
appreciated that while the pressure regulator 500 is shown coupled directly to the
pressurized fluid container 102, in other embodiments other components of the
container interface 101, such as the fill valve 200, may be located between the pressure

regulator 500 and the pressurized fluid container 102. Furthermore, it should be
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appreciated that in other embodiments, the pressure regulator 500 may be used alone
without the additional components of the container interface 101 discussed herein.
Therefore, the pressure regulator 500 should not be limited to use in combination with
the various components of the container interface 101.

The pressure regulator 500 can include an inlet port 508 and an outlet port 510.
The inlet and outlet ports 508, 510 may comprise a portion of the delivery conduit 108
that extends through the container interface 101. As discussed above, the pressurized
fluid container 102 may be filled with a pressurized gas or a pressurized liquid.
According to an embodiment of the invention, the pressure regulator 500 provides a
substantially fluid-tight seal with the pressurized fluid container 102.

According to an embodiment of the invention, the pressure regulator S00
comprises a housing 503. The housing 503 may be separated between a lower body 103
and an upper body 104. According to an embodiment of the invention, the lower body
103 shown in this figure may comprise a portion of the lower body 103 of the container
interface 101 or may comprise a portion of the container interface 101. The upper body
104 may comprise a portion of the upper body 104 of the container interface 101 or may
comprise a portion of the container interface 101. The pressure regulator 500 can
further include a regulating piston 504 movable within the housing 503. According to
the embodiment shown, the upper body 104 comprises a component separate from the
lower body 103. The upper body 104 may engage the lower body 103 using threads,
adhesives, brazing, bonding, welding, mechanical fasteners, etc. In other embodiments,
the upper body 104 and the lower body 103 may be integrally formed. According to an
embodiment of the invention, the upper body 104 can retain the regulating piston 504
within the lower body 103. In the embodiment shown, the outlet port 510 is formed in
the upper body 104; however, it should be appreciated that, in other embodiments, the
outlet port 510 may be formed in the lower body 103.

According to an embodiment of the invention, the regulating piston 504
comprises a first end 505 and a second end 509. According to an embodiment of the
invention, the first end 505 of the regulating piston 504 comprises a valve seal 506
configured to form a substantially fluid-tight seal with a valve seat 507 formed in the
lower body 103. The first end 505 of the regulating piston 504 comprises a first cross-

sectional width D;. The first end 505 is shown exposed to the pressurized fluid cylinder
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102 via the inlet port 508. Therefore, the first end 505 of the regulating piston 504 is
subjected to the pressure of the pressurized fluid in the cylinder 502. The inlet pressure
received by the fluid inlet 508 acts on the first end 505 of the regulating piston 504
across the first cross-sectional width D;. The inlet pressure at the fluid inlet 508,
therefore, acts to bias the regulating piston 504 up as shown in the figure to move the
valve seal 506 away from the valve seat 507.

According to an embodiment of the invention, the second end 509 of the
regulating piston 504 comprises a second cross-sectional width D,. In the embodiment
shown, the second cross-sectional width D, is greater than the first cross-sectional width
D,. The second end 509 is exposed to the fluid outlet 510 in the embodiment shown.
Therefore, the pressure of the fluid at the fluid outlet 510 acts on the second end 509 of
the regulating piston 504 across the second cross-sectional width D,. The pressure at
the fluid outlet 510, therefore, acts to bias the regulating piston 504 down, as shown in
the figures. As can be appreciated, with the second cross-sectional width D, greater
than the first cross-sectional width Dy, a lower pressure is required to act on the second
end 509 to create an equivalent force on the first end 505. It should be appreciated that
while the present invention refers to first and second cross-sectional widths D; and D,,
the regulating piston 504 is shown as comprising a substantially circular cross-section.
Therefore, providing different cross-sectional widths essentially results in different
cross-sectional areas on which the pressurized fluid acts. If the regulating piston 504
comprised a cross-sectional shape other than circular, the cross-sectional widths in at
least one direction could be different between the first and second ends 505, 509 to
provide different cross-sectional areas. Therefore, the present invention should not be
limited to a regulating piston 504 with a circular cross-section.

According to an embodiment of the invention, the first cross-sectional width D,
is between 1 mm (0.04 inches) and 5 mm (0.2 inches), and more preferably around 3.26
mm (0.13 inches). According to an embodiment of the invention, the second cross-
sectional width D, is between approximately 15 mm (0.6 inches) and 17 mm (0.67
inches), and more preferably around 16.2 mm (0.64 inches). It should be appreciated
that these are merely examples of suitable dimensions for the pressure regulator 500
according to one embodiment of the invention and those skilled in the art will readily

recognize other suitable alternatives. For example, the entire pressure regulator 500
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may be enlarged such that D, is increased from 3.26 mm (0.13 inches) to 9.78 mm (0.39
inches) while D, is increased from 16.2 mm (0.64 inches) to 48.6 mm (1.9 inches),
thereby maintaining the ratio between D, and D, of approximately 20%. The 20% ratio
is merely one example of a suitable configuration that provides a regulated output
pressure that corresponds to the inlet pressure and should in no way limit the scope of
the present invention. The cross-sectional widths D, and D, may be chosen such that
the regulated pressure at the outlet port 510 corresponds to an inlet pressure at the inlet
port 508 as described below.

According to an embodiment of the invention, the pressure regulator 500 further
includes a fluid passage 511 formed in the regulating piston 504. The fluid passage 511
comprises a fluid communication path between the fluid inlet 508 and the fluid outlet
510. Fluid communication between the fluid inlet 508 and the fluid outlet 510 can be
restricted to the fluid passage 511 using one or more sealing members 512a, 512b. The
sealing members 512a, 512b may comprise O-ring seals, for example. However, other
types of sealing members may be provided without departing from the scope of the
present invention. According to the embodiment shown, the sealing members 512a,
512b substantially limit fluid communication between the inlet and outlet ports 508, 510
by requiring pressurized fluid to travel through the fluid passage 511. In other
embodiments, the fluid passage 511 may be omitted along with the sealing members
512a, 512b thereby allowing the fluid to flow around the regulating piston 504.

According to an embodiment of the invention, the pressure regulator 500 also
includes a biasing member 513. In the embodiment shown, the biasing member 513 is
configured to bias the regulating piston 504 in an open position. In other words, the
biasing member 513 biases the regulating piston 504 up as shown in the figures to move
the valve seal 506 away from the valve seat 507 thereby allowing pressurized fluid to
flow between the inlet port 508 and the outlet port 510 via the fluid passage 511.
Therefore, according to an embodiment of the invention, the biasing member 513 is
provided to create a normally open pressure regulator. Furthermore, the biasing
member 513 can be adjusted to change a pressure differential required between the inlet
port 508 and the outlet port 510 to actuate the regulating piston 504. Therefore, in
addition to adjusting the first and second cross-sectional widths D, and D,, the biasing

member 513 can adjust the correlation between the input pressure and the output
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pressure of the pressure regulator 500. With the biasing member 513 in place and
neglecting friction, a force balance is created as Fsos + Fs13 = Fsy9, where Fsog is the force
acting on the cross sectional area of the first end 505 (as determined by the first cross-
sectional width D) of the regulating piston 504 by the pressure at the inlet 508, Fs); is
the force of the biasing member 513, and Fs,, is the force acting on the cross-sectional
area of the second end 509 (as determined by the second cross-sectional width D,) by
the pressure at the outlet 510. Therefore, the regulating piston 504 will move within the
housing 503 depending on the pressure differential between the container 102 and the
pressure at the outlet 510. The pressure differential required to actuate the regulating
piston 504 will depend upon the ratio between the first and second cross-sectional
widths D; and D, (first and second cross-sectional areas) as well as the biasing force
provided by the biasing member 513.

For example, with a relatively constant biasing force provided by the biasing
member 513, the cross-sectional widths D;, D, can be chosen such that if the force
acting on the first end 505 by the pressure at the inlet 508 plus the force of the biasing
member 513 is greater than the force acting on the second end 510 by the pressure at the
fluid outlet by a threshold level, the regulating piston 504 will move up to unseat the
valve seal 506 from the valve seat 507. With the regulating piston 504 unseated,
pressurized fluid can flow through the fluid passage 511 towards the outlet 510. If the
fluid is removed from the outlet 510 faster than it is provided, the regulating piston 504
will remain open. However, in many situations, the pressurized fluid is supplied to the
outlet 510 faster than it is removed. Consequently, the pressure at the outlet 510 acting
on the second end 509 of the regulating piston 504 may increase.

Once the pressure differential between the outlet 510 and the inlet 508 reaches a
threshold difference, the regulating piston 504 will move down due to the increased
force Fso to close or at least partially close the fluid flow between the valve seal 506
and the valve seat 507. As can be appreciated, with the first and second cross-sectional
widths D, and D, properly chosen, the threshold pressure at the outlet 510 required to
move the regulating piston 504 will depend upon the pressure at the inlet 508, i.e., the
cross-sectional widths D,;, D, can at least partially determine the required pressure
differential. Consequently, the regulated pressure, i.e., pressure at the outlet 510 will

correspond to the inlet pressure. This is because as the pressure within the container
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102 decreases, Fsps also decreases. With a relatively constant biasing force by the
biasing member 513, the force at the outlet Fsyq required to bias the regulating piston
504 closed is correlated to the inlet force Fsgg.

Once the force Fsyg acting on the first end 505 drops below a threshold level or
the force Fs), acting on the second end 509 increases due to back-pressure at the fluid
outlet 510, for example, the regulating piston 504 will move down to once again seal the
valve seal 506 against the valve seat 507. The force Fsp3 may decrease as the
pressurized fluid container 102 empties, for example. Conversely, the force Fs;o may
increase if a valve positioned down stream (non-return outlet valve 700) of the pressure
regulator 500 is closed, for example. Therefore, if the downstream valve closes while
pressurized fluid is provided to the inlet 508, the pressure at the fluid outlet 510 will
build up, thereby closing the pressure regulator 500 or at least moving the regulating
piston 504 towards the valve seat 507 to restrict the fluid flowing through the pressure
regulator 500. Movement of the regulating piston 504 will continue to move as
described above based on the forces acting on the piston 504.

As can be appreciated, with the first and second cross-sectional widths D; and D,
chosen such that the regulated pressure at the outlet port 510 corresponds to the inlet
pressure at the inlet port 508, as the contents of the pressurized container 102 decreases,
the pressure at the outlet 510 will also decrease. This decrease in pressure will cause the
regulating piston 504 to be biased up by the biasing member 513 to maintain the
regulating piston 504 in an open position, i.e., a normally open regulator. Therefore, the

pressure regulator 500 of the present invention will not trap pressurized fluid within the

‘container 102, but rather, will allow substantially all of the pressure to exhaust to the

atmosphere. As discussed above, this can be advantageous in embodiments where the
pressurized fluid container 102 is recycled after a one-time use to prevent explosion or
fire due to a built up pressure.

As mentioned above, the pressure regulator 500 is configured to output a
regulated pressure at the fluid outlet 510 that corresponds to the inlet pressure, in this
case, the pressure of the container 102. Consequently, an initial calibration can be
performed and stored that relates the output pressure of the pressure regulator 500 to the

inlet pressure as the inlet pressure decreases. As discussed above, the inlet pressure may

19



10

15

20

25

30

WO 2012/107715 PCT/GB2012/000119

decrease as the contents of the pressurized fluid container 102 decreases. FIG. 10 shows
an example graph with the results of an example calibration.

FIG. 10 shows a graph of the regulated pressure output from the pressure
regulator 500 compared to the pressure of the container 102 as determined during an
initial calibration, for example. The graph also shows the outlet pressure of a typical
prior art pressure regulator using the same inlet pressures. As can be seen, the pressure
output by the prior art regulator remains relatively constant until the pressure of the
container 102 (input pressure) reaches a threshold level, approximately 10 bar as shown
in FIG. 10. Although a constant output pressure is considered advantageous in prior art
pressure regulating systems, the constant output of the prior art regulator requires an
upstream pressure gauge as there is no correlation between the input pressure and the
outlet pressure. Therefore, while using the prior art regulator, there is no way to
determine the pressure of the container until the output pressure rapidly decreases to
zero as shown without providing an upstream pressure gauge. This rapid decrease in
pressure is due to the configuration of the prior art regulator that closes when the input
pressure (pressure of the pressurized fluid container) reaches a threshold level.
Therefore, the upstream pressure gauge provides an indication or warning of the
decreasing contents of the pressurized fluid container. While providing an upstream
pressure gauge may be suitable in some situations, there are many applications where
the increased cost associated with an upstream pressure gauge makes the system
prohibitively expensive. One situation is where the pressurized fluid container 102,
including the container interface 101, is designed to be disposable, or comprise a one-
time use. In these situations, the extra cost of an upstream pressure gauge cannot be
justified. However, users or operators still require some way to determine the amount of
fluid remaining within the pressurized fluid container 102. The determination can be
accomplished with the pressure regulator 500 of the present invention.

In contrast to the relatively constant output pressure of the prior art pressure
regulator, the output pressure of the pressure regulator 500 of the present invention
provides an output pressure that is correlated to the input pressure. As can be seen, as
the inlet pressure decreases, the outlet pressure also decreases. Therefore, by measuring
the output pressure using a downstream pressure gauge, such as the downstream

pressure gauge 201, the input pressure (pressure of the pressurized fluid container 102)
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can be determined based on a previously generated graph such as shown in FIG. 10 or a
look-up table, chart, etc. While the output pressure is shown as comprising an
approximately linear relationship with the input pressure, it should be appreciated that
other correlations are possible between the input and output pressures of the pressure
regulator 500 of the present invention. Therefore, during use, the correlation may be
used with a down stream pressure gauge, such as the pressure gauge 201, which as
discussed above, are well known in the art and do not form a part of the present
invention, to detect a pressure of the pressurized fluid container 102 or other device
coupled to the pressure regulator 500.

FIG. 11 shows a graph of the pressure output by a typical second stage pressure
regulator, such as the pressure regulator 122 shown in FIG. 1 with the pressure regulator
500 positioned upstream. Because the pressure regulator 500 substantially reduces the
pressure of the pressurized fluid container 102 to a regulated pressure, the second stage
pressure regulator 122 is only required to reduce the pressure a small amount.
Consequently, the second stage pressure regulator 122 is capable of outputting an
approximately constant output pressure (P3) regardless of the pressure in the fluid
container 102 (P1) until the pressure in the fluid container 102 is almost fully depleted.

The present invention as described above provides a pressure regulator that
outputs a regulated pressure that corresponds to an inlet pressure received by the
pressure regulator. According to an embodiment of the invention, cross-sectional
widths D, and D, of the first and second ends 505, 509 of the regulating piston 504 can
be selected such that the regulated pressure corresponds to the inlet pressure. In one
example embodiment, this correlation can be accomplished by providing a ratio of
approximately 20% between D, and D;. Furthermore, a biasing member 513 that
provides a biasing force on the regulating piston 504 to bias the valve seal 506 away
from the valve seat 507 can assist in determining the relation between the inlet and
outlet pressures. In addition, with embodiment shown and described above, the biasing
member 513 biases the regulating piston 504 away from the valve seat 507 such that the
pressure regulator 500 comprises a normally open regulator. Consequently, when the
pressure regulator 500 is implemented in a container interface, such as the container
interface 101, the contents of a coupled pressurized fluid container 102 is not trapped

within the container 102. In contrast, the pressure regulator 500 opens as the contents
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are depleted thereby allowing the pressurized fluid container 102 to substantially
completely exhaust.

FIGS. 12-13 show a non-return member 780 for the outlet valve 700 according to
the invention. The non-return member 780 in some embodiments blocks the outlet
valve 700 in a substantially open, i.e., actuated, position. The fixing occurs when the
outlet valve 700 is initially actuated. Consequently, the outlet valve 700 does not and
cannot return to a closed position once it has been actuated/opened.

The non-return member 780 can be formed of any suitable material, including an
at least partially deformable material. The non-return member 780 includes a
circumferential wall 784, a bottom 782 extending at least partially across an interior of
the circumferential wall 784, and a flange 786 extending outwardly from the
circumferential wall 784. The flange 786 in some embodiments extends at least
partially around a circumference of the circumferential wall 784 and is configured to
engage the upper groove 722 or the lower groove 725 in the snap-fit arrangement.. The
bottom 782 is located at an end of the circumferential wall 784 in some embodiments.
The flange 786 in some embodiments angles out from the wall 784 from an end opposite
the bottom 782. The flange 786 in some embodiments comprises an angled face 793
angled with respect to an axis of the non-return member 780 and configured to allow the
non-return member 780 to be moved deeper into the outlet valve chamber 701, and a
perpendicular face 794 that is substantially perpendicular to the axis of the non-return
member 780 and configured to prevent the non-return member 780 from being removed
from the outlet valve chamber 701. However, other arrangements are contemplated and
are within the scope of the description and claims. The purpose of the flange 786 is to
allow the non-return member 780 to be moved in one direction only (see FIGS. 14 and
15, for example). The purpose of the non-return member 780 is to block the outlet valve
700 in an actuated (i.e., open) position.

The non-return member 780 in some embodiments may include one or more
fluid apertures 787 in the bottom 782 that allow fluid flow through the non-return
member 780. The non-return member 780 in some embodiments may include one or
more fluid notches 789 in the circumferential wall 784 that allow fluid flow through the
pon-refurn member 780. The one or more fluid apertures 787 and the one or more fluid

notches 789 comprise openings or passages in the non-return member 780.

22



10

15

20

25

30

WO 2012/107715 PCT/GB2012/000119

Consequently, the one or more fluid apertures 787 and the one or more fluid notches
789 allow pressurized fluid to flow past the non-return member 780 when the non-return
member 780 is positioned in the outlet valve 700 and the outlet valve 700 is open.

The one or more fluid apertures 787 are shown as substantially round holes in the
figure and the one or more fluid notches 789 are shown as substantially rectangular
notches. However, the invention is not limited to these shapes or locations. It should be
understood that the shape, number, location, and size of the one or more fluid apertures
787 and the one or more fluid notches 789 may be varied according to the fluid and
according to a desired flow rate (or any other design considerations, such as structural
integrity and ease of manufacture).

FIG. 14 shows the non-return member 780 in an outlet valve chamber 701 of the
outlet valve 700. The outlet valve 700 includes a valve member 670, the non-return
member 780, and an outlet valve actuator 790 (not shown in this figure, see FIG. 15, for
example). The outlet valve chamber 701 in the embodiment shown includes an upper
chamber 704, a middle chamber 705, and a lower chamber 706. It should be understood
that the outlet valve chamber 701 can include differing numbers of chambers and/or
chamber configurations.

The upper chamber 704 receives the outlet valve actuator 790. The outlet valve
actuator 790 can move substantially reciprocally in the upper chamber 704, such as to
move the non-return member 780 and the outlet valve member 760. The outlet valve
member 760 generally resides in the lower chamber 706. The outlet valve member 760
is configured to selectively block and unblock the lower chamber 706.

The non-return member 780 is located in the middle chamber 705. The non-
return member 780 does not block or close off the middle chamber 705. The one or
more fluid apertures 787 and the one or more fluid notches 789 allow fluid to pass
through the middle chamber 705.

During manufacture or assembly, the non-return member 780 is inserted into the
outlet valve chamber 701 and down into the middle chamber 705. A force may be
required in some embodiments. The middle chamber 705 includes an upper groove 722
and a lower groove 725. Both the upper groove 722 and the lower groove 725 are
shaped to substantially correspond to the flange 786 of the non-return member 780,

wherein at least a portion of the flange 786 will fit into the upper groove 722 or the
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lower groove 725. In some embodiments, the non-return member 780 is at least
partially resilient and the flange 786 snaps into the upper groove 722 or the lower
groove 723.

The non-return member 780 is configured to be retained in one of the upper
groove 722 or the lower groove 725 in a snap-fit arrangement. When the non-return
member 780 is retained in the upper groove 722, the non-return member 780 does not
contact the outlet valve member 760. When the non-return member 780 is retained in
the lower groove 725, the non-return member 780 blocks the outlet valve member 760
in the substantially open position.

One or both of the upper groove 722 or the lower groove 725 are formed so as to
prevent the non-return member 780 from being removed from the outlet valve chamber
701 once inserted. The upper groove 722 and the lower groove 725 may be the same
size or may differ in size, if desired. In addition, the upper groove 722 and the lower
groove 725 may be of the same shape or may differ in shape, if desired. For example, it
may be desired that the non-return member 780 fit more snugly in the lower groove 725,
as it may be desirable that the 780 not be moved from the lower groove 725 once it is
moved into position in the lower groove 725.

The non-return member 780 will be positioned in the upper groove 722 during
manufacture and assembly. In addition, the outlet valve member 760 may be inserted
into the lower chamber 706 before the non-return member 780 is inserted. The outlet
valve member 760 may further include a collet 761. The collet 761 may have a press or
friction fit in the lower chamber 706. Alternatively, the collet 761 may be bonded,
welded, or otherwise affixed within the lower chamber 706. The outlet valve member
760 may move within the collet 761. The outlet valve member 760 is configured to
move between substantially open and substantially closed positions in the outlet valve
chamber 701. The outlet valve member 760 moves substantially linearly from the open
position to the substantially closed position in some embodiments.

In this position, the non-return member 780 does not contact or affect the outlet
valve member 760. The non-return member 780 does not affect movement of the outlet
valve member 760 when the non-return member 780 is retained in the upper groove 722.

The outlet valve member 760 may be held in the upward, closed position by the pressure
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in the pressurized fluid container 102. No spring or biasing device may be needed to
keep the outlet valve member 760 in the closed position.

FIG. 15 shows the outlet valve 700 wherein the outlet valve actuator 790 is in
position, at least partially residing in the outlet valve chamber 701. A flare 703 may
facilitate the insertion of the outlet valve actuator 790 into the outlet valve chamber 701.
The outlet valve actuator 790 includes a main portion 798, a neck 799, and an actuator
passage 793 that passes through the outlet valve actuator 790 and terminates in the
outlet port 113. The outlet valve actuator 790 further includes a seal groove 795 and
actuator seal 796, with the actuator seal 796 allowing the outlet valve actuator 790 to
sealingly move up and down in the outlet valve chamber 701.

The outlet valve actuator 790 is configured to contact the non-return member 780
and move the non-return member 780 from the upper groove 722 to the lower groove
725 when the outlet valve 700 is actuated, thereby blocking the outlet valve member 760
in the substantially open position. When the outlet valve actuator 790 is first assembled
to the outlet valve 700, it may contact or rest on the non-return member 780, but without
moving the non-return member 780 from the upper groove 722. As a result, the outlet
valve actuator 790 will not contact or open the outlet valve member 760.

In this figure, the outlet valve actuator 790 has forced the non-return member 780
from the upper groove 722 to the lower groove 725. The neck 799 of the outlet valve
actuator 790 may be positioned near to, or in contact with, the non-return member 780.
Due to the construction of the non-return member 780, the non-return member 780 will
not be able to move upward again, and will remain engaged in the lower groove 725.
Likewise, the downward movement of the outlet valve actuator 790 will push the outlet
valve member 760 to an open position, as shown. In addition, the collet 761 may move
a small distance farther down in the lower chamber 706. Pressurized fluid in the
pressurized fluid container 102 may now pass around the outlet valve member 760, pass
through the non-return member 780, travel into the actuator passage 793 in the outlet
valve actuator 790, and flow out of the outlet port 113.

FIG. 16 shows the outlet valve 700 after actuation and after the outlet valve
actuator 790 has been removed. It can be seen that the non-return member 780 remains
in the lower groove 725. As a consequence, the outlet valve member 760 is blocked in

the open position. No pressure will remain in the pressurized fluid container 102.
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The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of
the invention. Indeed, persons skilled in the art will recognize that certain elements of
the above-described embodiments may variously be combined or eliminated to create
further embodiments, and such further embodiments fall within the scope and teachings
of the invention. It will also be apparent to those of ordinary skill in the art that the
above-described embodiments may be combined in whole or in part to create additional
embodiments within the scope and teachings of the invention.

Thus, although specific embodiments of, and examples for, the invention are
described herein for illustrative purposes, various equivalent modifications are possible
within the scope of the invention, as those skilled in the relevant art will recognize. The
teachings provided herein can be applied to other pressurized fluid systems, and not just
to the embodiments described above and shown in the accompanying figures.
Accordingly, the scope of the invention should be determined from the following

claims.
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CLAIMS
We claim:
1. A pressure regulator (500), comprising:

a housing (503);

a fluid inlet (508) to receive a pressurized fluid at an inlet pressure;

a fluid outlet (510) to output the pressurized fluid at a regulated pressure;,

a regulating piston (504) movable within the housing (503) to provide fluid
communication between the fluid inlet (508) and the fluid outlet (510)
and including:

a first end (505) comprising a first cross-sectional width (D) in fluid
communication with the fluid inlet (508); and

a second end (509) comprising a second cross-sectional width (D) in
fluid communication with the fluid outlet (510);

wherein the first and second cross-sectional widths (D, D,) are sized such that
the regulated pressure at the fluid outlet (510) is correlated to the inlet
pressure at the fluid inlet (508).

2. The pressure regulator (500) of claim 1, further comprising a valve seal (506)
formed on the first end (505) of the regulating piston (504) and adapted to form a
substantially fluid-tight seal with a valve seat (507) formed in the housing (503).

3. The pressure regulator (500) of claim 1, further comprising a biasing member

(513) configured to bias the regulating piston (504) in a first direction.

4. The pressure regulator (500) of claim 3, wherein the first direction is towards the
fluid outlet (510).

5. The pressure regulator (500) of claim 1, further comprising a fluid passage (511)

formed in the regulating piston (504) and providing a fluid communication path between
the fluid inlet (508) and the fluid outlet (510).
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6. The pressure regulator (500) of claim 1, further comprising a cap (502) coupled
to the housing (503) and adapted to retain the regulating piston (504) at least partially
within the housing (503).

7. The pressure regulator (500) of claim 1, wherein the second cross-sectional width

(D,) is greater than the first cross-sectional width (D,).

8. A method of forming a pressure regulator including a housing, a fluid inlet to
receive a pressurized fluid at an inlet pressure, and a fluid outlet to output the
pressurized fluid at a regulated pressure, comprising steps of:
positioning a regulating piston movably within the housing to provide fluid
communication between the fluid inlet and the fluid outlet;
locating a first end of the regulating piston comprising a first. cross-sectional
width in fluid communication with the fluid inlet; and
locating a second end of the regulating piston comprising a second cross-
sectional width in fluid communication with the fluid outlet;
wherein the first and second cross-sectional widths are sized such that the
regulated pressure at the fluid outlet is correlated to the inlet pressure at

the fluid inlet.
9. The method of claim 8, further comprising a step of forming a valve seal on the
first end of the regulating piston that is adapted to form a substantially fluid-tight seal
with a valve seat formed in the housing.
10.  The method of claim 8, further comprising a step of positioning a biasing
member within the housing and configured to bias the regulating piston in a first

direction.

11.  The method of claim 10, wherein the first direction is towards the fluid outlet.
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12.  The method of claim 8, further comprising a step of forming a fluid passage in
the regulating piston to provide a fluid communication path between the fluid inlet and

the fluid outlet.
13.  The method of claim 8, further comprising a step of coupling a cap to the
housing that is adapted to retain the regulating piston at least partially within the

housing.

14.  The method of claim 8, wherein the second cross-sectional width is greater than

the first cross-sectional width.
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