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SYSTEMS FOR FILLING A GAS CYLINDER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a non-provisional application that claims priority to and the
benefit of the filing date of U.S. Provisional Application No. 61/787,331, filed on March 15,
2013, and entitled “AUTOMATIC FLOW CONTROL VALVE,” which is hereby incorporated

by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The subject matter described herein relates generally to systems for filling a gas
cylinder.
[0003] Current cylinder filling products require the operator of the equipment to

manually adjust a restrictor valve to control the rate at which air is transferred into a cylinder for
storing a gas, such as a self-contained breathing apparatus (SCBA) or self-contained underwater
breathing apparatus (SCUBA) cylinder. If the cylinder(s) are filled too rapidly, the air heats up
to such a degree that expansion of the air creates a condition causing the cylinder to be less than
completely filled when the air subsequently cools down. Additionally, when the cylinder is
filled too slowly this creates an inefficient use of the operator’s time. The filling process may be
dependent on the skill level of the operator experience as the valve may require continuous

adjustment to achieve an optimal filling rate.

[0004] In order to help achieve the optimum fill rate known cylinder filling products may
include an automatic flow control valve. For example, Figure 1 illustrates a currently known
automatic flow control valve 45. The automatic flow control valve 45 may incorporate a needle
valve 50 controlled through a spring 52 and a piston 54 that is acted upon by storage pressure.
As such, when the storage pressure is high, the needle valve 50 closes to restrict the gas flow rate
through the automatic flow control valve 45. However, the gas flow rate may be controlled in
proportion to storage pressure. This may be disadvantageous in that the needle valve may remain
at its most restricted position if the storage pressure remains high, even as the pressure in the
cylinder being filled increases resulting. The restricted positioning of the needle valve may
result in a steadily decreasing gas flow rate. Other known systems utilize a manual control to

control the gas flow rate. Figure 2 illustrates a schematic of a known gas cylinder filing system
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with manual control. As shown in Figure 2, the cylinder filling system utilizes a manually
operated control valve 56 to control the amount of pressure delivered to one or more cylinders 58

from a compressor 60.

BRIEF DESCRIPTION
[0005] In an embodiment, a flow control valve is provided. The flow control valve
includes a housing defining a cavity therein. The housing has an input port for receiving a gas
from a gas supply, and an output port for delivering the gas to a gas cylinder. The cavity defines
a staging area fluidly connected to the input port, a delivery area fluidly connected to the output
port, and a pressurization area fluidly connected to a feedback sensing port. The feedback
sensing port is configured to receive pressurized fluid that is pressurized to a pressure level
representative of a pressure level of gas delivered to the gas cylinder. The flow control valve
also includes a piston slidably positioned in a channel extending between the pressurization area
and the delivery area. The position of the piston changes a rate of flow of gas through the flow

control valve. The piston position moves in response to a pressure at the feedback sensing port.

[0006] In certain embodiments, the flow control valve includes an aperture situated
between the delivery area and the staging area. The piston includes a needle valve that extends

through the aperture. The needle valve controls the flow of gas through the aperture.

[0007] In certain embodiments, the needle includes a tapered portion having a varying
diameter such that a diameter at an end of the needle is slightly less than a diameter of the

aperture.

[0008] In certain embodiments, the tapered region restricts the flow of gas through the

aperture when the piston is in a minimum flow position.

[0009] In certain embodiments, the flow control valve includes an adjusting screw and a
control spring. The control spring engages a flange on the piston at a proximal end and engages
the adjusting screw at a distal end. The adjusting screw is configured to exert a bias force on the

flange.
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[0010] In certain embodiments, the flow control valve includes a pressure check
assembly configured to maintain a greater pressure in the staging area than the pressurization

area.

[0011] In certain embodiments, the pressure check assembly includes a pin and a return
spring. The pin and return spring extend through a cavity in the piston. The return spring is

configured to extend based on a pressure in the feedback sensing port.

[0012] In certain embodiments, the input port, the output port, and the sensing are

located at a proximal end of the flow control valve.

[0013] In certain embodiments, the housing includes a threaded portion configured to be

mated to a port on a pneumatic control manifold.

[0014] In certain embodiments, the position of the piston is based on a pressure

difference between a pressure in the staging area and the pressurization area.

[0015] In an embodiment, a charging system is provided. The charging system includes
a storage cylinder configured to supply gas. The charging system ako includes a gas cylinder
configure to store gas. The charging system also includes a pneumatic control manifold
configured to receive a flow control valve. The flow control valve includes a housing defining a
cavity therein. The housing has an input port for receiving a gas from a gas supply, and an
output port for delivering the gas to a gas cylinder. The cavity defines a staging area fluidly
connected to the input port, a delivery area fluidly connected to the output port, and a
pressurization area fluidly connected to a feedback sensing port. The feedback sensing port is
configured to receive pressurized fluid that is pressurized to a pressure level representative of a
pressure level of gas delivered to the gas cylinder. The flow control valve also includes a piston
slidably positioned in a channel extending between the pressurization area and the delivery area.
The position of the piston changes a rate of flow of gas through the flow control valve. The

piston position moves in response to a pressure at the feedback sensing port.

[0016] In certain embodiments, the flow control valve includes an aperture situated
between the delivery area and the staging area. The piston includes a needle valve that extends

through the aperture. The needle valve controls the flow of gas through the aperture.
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[0017] In certain embodiments, the needle includes a tapered portion having a varying
diameter such that a diameter at an end of the needle is slightly less than a diameter of the

aperture.

[0018] In certain embodiments, the tapered region greatly restricts the flow of gas

through the aperture when the piston is in a minimum flow position.

[0019] In certain embodiments, the flow control valve includes an adjusting screw and a
control spring. The control spring engages a flange on the piston at a proximal end and engages
the adjusting screw at a distal end. The adjusting screw is configured to exert a bias force on the

flange.

[0020] In certain embodiments, the flow control valve includes a pressure check
assembly configured to maintain a greater pressure in the staging area than the pressurization

area.

[0021] In certain embodiments, the pressure check assembly includes a pin and a return
spring. The pin and return spring extend through a cavity in the piston. The return spring is

configured to extend based on a pressure in the feedback sensing port.

[0022] In certain embodiments, the input port, the output port, and the sensing are

located at a proximal end of the flow control valve.

[0023] In certain embodiments, the housing includes a threaded portion configured to be

mated to a port on a pneumatic control manifold.

[0024] In certain embodiments, the position of the piston is based on a pressure

difference between a pressure in the staging area and the pressurization area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 illustrates a currently known automatic flow control valve.
[0026] Figure 2 is a schematic of a known gas cylinder filling system with manual
control.
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[0027] Figure 3A is a system diagram of a gas cylinder filling system formed in

accordance with an embodiment herein.

[0028] Figure 3B illustrates a cross-sectional view of a flow control valve formed in

accordance with an embodiment herein.

[0029] Figure 4 is a schematic of a gas filling system having a flow control valve formed

in accordance with an embodiment herein.

[0030] Figure § illustrates a cross-sectional view of a flow control valve configured as a

cartridge formed in accordance with an embodiment herein.

[0031] Figure 6 illustrates a cross-sectional view of a flow control valve configured as a
cartridge installed in a pneumatic control manifold formed in accordance with an embodiment

herein.

DETAILED DESCRIPTION
[0032] The subject matter described herein relates to cylinder filling devices, and more
specifically to systems for filling self-contained breathing apparatus (SCBA) gas cylinders. The
subject matter herein describes a flow rate control valve that controls gas flow rate in proportion
to a storage pressure, and in proportion to a pressure in a cylinder being filled allowing the gas
flow rate to depend on a pressure difference between the storage pressure and the cylinder

pressure.

[0033] Figure 3A is a system diagram of a gas cylinder filling system 110. The gas
cylinder filling system 110 includes a charging station 112 configured to fill a gas cylinder 24
with gas from a gas supply, such as a storage cylinder 22. In the illustrated embodiment, the
storage cylinder 22 is shown as a gas tank. However, the storage cylinder 22 may any source of
gas, such as, for example, a compressor. The gas may be any gas, such as, but not limited to, a
breathing gas (such as, but not limited to, air, oxygen, nitrogen, and/or the like) and/or the like.
The gas cylinder 24 may be any type of gas cylinder, such as, but not limited to, a gas cylinder
for a self-contained breathing apparatus (SCBA) for fire fighters and first responders, a space

suit, medical equipment, a self-contained underwater breathing apparatus (SCUBA), or the like.
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Although shown as generally cylindrical in shape, in addition or alternatively to the cylindrical

shape, the gas cylinder 24 may include any other shape(s).

[0034] The charge station 112 includes a flow control valve 100 configured to govern the
flow of gas from the storage cylinder 22 to the gas cylinder 24 as the charge station 112 fills the
gas cylinder 24. The flow control valve 100 is fluidly coupled to the storage cylinder 22 via a
supply line 120. For example, the supply line 120 may be coupled to a valve 122 on the storage
cylinder 22, and coupled to an input port 124 on the flow control valve 100. The flow control
valve 100 is also fluidly coupled to the gas cylinder 24 via a delivery line 126. For example, the
delivery line 126 may be coupled to an output port 128 on the flow control valve 100, and
coupled to a valve 130 on the gas cylinder 24. For example, the valve 130 may be a pillar valve
on a tank. The valve 130 is also coupled to a pressure feedback sensing port 132 on the flow
control valve 100 via a pressure return line 134. For example, the valve 130 may be configured
to provide pressure in the return line 134 representative of a pressure level in the gas cylinder 24.
The lines 120, 126, and 134 may be any suitable connection means, such as, for example,
pressurized tubing. In various embodiments, the charge station 112 may include supporting
components interposed between the lines 120, 126, and the control valve 100, such as, for -
example, bleed valves, regulators, relief valves, boost pumps and/or compressors, pressure

gauges, and/or the like.

[0035] The ports 124, 128, and 132, may be selectively pressurized. For example, the
port 124 may be pressurized to a pressure P1. The pressure P1 may represent a pressure level
downstream of the storage cylinder 22 in the line 120. The feedback sensing port 132 receives
pressurized fluid that is pressurized to a pressure level P2. The pressure P2 may represent a
feedback or sensing pressure level representative of the pressure entering the valve 130. The
pressure P2 is concurrently varied in real-time with the pressure P1. In other words, the pressure
P2 is dynamically varied in common with the pressure P1 based on the pressure in the cylinder
24. Accordingly, the pressure P2 provides a fluid feedback loop to allow the flow control valve
- 100 to pneumatically control the gas flow rate without requiring electronic sensing means or

electronic control systems.
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[0036] The port 128 may be pressurized to a pressure P3. The pressure P3 may represent
a delivery pressure level indicative of the pressure being supplied to the valve 130. The pressure

P3 may be simultaneously varied based on the pressures P1 and P2.

[0037] The flow control valve 100 includes an adjusting screw 34 configured to control
the gas flow rate through the flow control valve 100. As is discussed below, the flow control
valve 100 includes a feedback mechanism to maintain a substantially constant gas flow rate

through the flow control valve 100.

[0038] In operation, when the gas cylinder 24 is desired to be filled, the gas cylinder 24
may be fluidly connected to the output port 128 and the pressure feedback sensing port 132 of
the flow control valve 100. The adjusting screw 34 may then be adjusted to set the flow rate of
gas from the storage cylinder 22 being delivered to the gas cylinder 24. Once initially set, the
flow control valve 100 automatically and continually adjusts the rate of flow of gas delivered to
the gas cylinder 24 such that a substantially linear gas flow rate may be achieved. The adjusting
screw 34 may then be locked with a fastener (e.g., a nut) to prevent further adjustment.
Accordingly, an operator need not continually adjust the adjusting screw 34 while the gas
cylinder 24 is being filled. Although one flow control valve 100 and one gas cylinder 24 are
shown, the charge station 112 may include any number of storage cylinders 22 and any number

of flow control valves 100, for example, for concurrently filling any number of gas cylinders 24.

[0039] Figure 3B illustrates a cross-sectional view of the flow control valve 100 shown
in Figure 3A. In the illustrated embodiment, the flow control valve 100 may be a stand-alone or
“free hand” type such that the flow control valve 100 may be directly connected to pressure lines.
However, in other embodiments, other arrangements are possible. For example, Figures 5 and 6

illustrate a cartridge type flow control valve that may be mounted to a manifold.

[0040] The flow control valve 100 includes a housing 138 having a multi-chamber cavity
140 therein that extends along at least a portion of the length of the housing 138. For example,
the cavity 140 may be formed from a pressurization area 150, a channel 148, a staging area 142,
and a delivery area 144. The housing 138 holds the adjusting screw 34 such that the adjusting
screw 34 may travel in and out of the cavity 140. For example, the housing 138 may include

threads (not shown) configured to hold the adjusting screw 34 such that the adjusting screw 34
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enters the cavity 140 when the adjusting screw 34 is tightened, and extends out of the cavity 140
when the adjusting screw 34 is loosened. As another example, the housing 138 may provide a

friction fit between the housing 138 and the adjusting screw 34.

[0041] The adjusting screw 34 allows for biasing the preload of a control spring 32 in
order to control or tune the flow through the flow control valve 100. The adjusting screw 34
preferably has an O-ring 172 to provide a seal to keep gas from leaking out of the automatic flow

control valve 100.

[0042] The housing 138 includes various openings. A first opening may define the input
port 124, a second opening may define the output port 128, and a third opening may define the
pressure feedback sensing port 132. The ports 124, 128, and 132 fluidly coupled to the cavity
140. For example, the input port 124 may open to the cavity 140 such that gas may be delivered
to the cavity 140 through the input port 124.

[0043] The cavity 140 includes the staging area 142 and the delivery area 144 separated
by an aperture 146 (e.g., an orifice). The staging area 142 is configured to receive gas from the
storage cylinder 22 through the input port 124. The delivery area 144 is configured to deliver
gas to the output port 128. The cavity 140 also includes the channel 148 situated between the
delivery area 144 and a pressurization area 150. The pressurization area 150 is configured to

receive gas from the pressure feedback sensing port 132.

[0044] The flow control valve 100 includes a piston 28 slidably situated within the
channel 148 such that the piston 28 may move along a longitudinal axis 154 within the channel
148. As is discussed below, the position of the piston 28 within the channel 148 governs the gas
flow rate through the flow control valve 100. The piston 28 includes a needle valve 26 at a distal
end and a flange 158 at a proximal end. The flange includes an outer surface 160 and an inner
surface 162. The inner surface 162 may abut against an interior surface 164 in the pressurization

area 150 to limit the movement of the piston 28 in a direction D.

[0045] The control spring 32 is situated in the pressurization area 150. The control
spring 32 abuts against the outer surface 160 of the flange 158 at a first, proximal end 166 and

the adjusting screw 34 at a second, distal end 168. The control spring 32 may be a compression
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spring such that the control spring 32 is caused to be compressed when the adjusting screw 34 is
screwed into the housing 138. When compressed the control spring 32 exerts a bias force on the

flange 158 causing the piston 28 to move in the direction D.

[0046] The piston 28 includes the needle valve 26 at the distal end. The needle valve 26
is configured to extend through the aperture 146. The needle valve 26 may be selectively sized
and shaped to control the gas flow rate through the aperture 146. For example, the needle valve
26 may include a tapered portion 157 having a varying diameter such that a diameter at a distal
end of the needle valve 26 is greater than a diameter of the aperture 146. The diameter of the
needle valve 26 at the proximal end is slightly less than the diameter of the aperture 146. As
such, proximal end of the needle valve 26 may extend through the aperture 146. In the
illustrated embodiment, the needle valve 26 includes a single taper angle, however, in other
embodiments, the needle valve 26 may include other appropriate shapes, such as without

limitation a curved profile or a stepped taper.

[0047] The needle valve 26 may govern the gas flow rate through the flow control valve
100. The needle valve 26 may move within the aperture 146 as the piston 28 moves within the
channel 148. When the flange 158 is abutted against the interior surface 164, the needle valve 26
allows gas to flow from the staging area 142 to the delivery area 144. In this position, the piston
28 is defined as in an “open” position. When the piston 28 is caused to move in a direction C,
the tapered region 157 of the needle valve 26 may gradually travel into the aperture 146
substantially reducing the flow area between the staging area 142 and the delivery area 144. In
this position, the piston 28 is defined in a “minimum flow” position. As such, tapered region
157 greatly restricts the flow of gas from input port 124 to the output port 128 when the piston
28 is in the minimum flow position. In other words, the needle valve 26 greatly restricts gas
flow through the aperture 146 when in the minimum flow position. Additionally or optionally,
the piston 28 and/or the needle valve 26 may include one or more piston sealing O-rings 131
configured to limit the amount of gas that may be transfer between the staging area 142, the

delivery area 144, and/or the pressurization area 150.

[0048] The movement of the piston 28 may be based on the amount of pressure in the
staging area 142 and the pressurization area 150. The staging area 142 has a storage pressure P1

therein. The storage pressure P1 may be based on the pressure from or within the storage
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cylinder 22 (shown in Figure 3A). The storage pressure P1 applies on shoulder areas 170 of the
piston 28 creating a force that pushes the piston 28 in the direction C. The force created by the
storage pressure P1 is countered by the control spring 32 and a feedback sensing pressure P2 in
the pressurization area 150. The feedback sensing pressure P2 applies on the projected area of

the piston 28 creating a force in the direction D.

[0049] In operation, as the cylinder 24 fills with gas, pressure in the return line 134
(shown in Figure 3A) and the feedback sensing pressure P2 increases. The feedback sensing
pressure P2 acting against the piston 28 gradually counteracts the force caused by the storage
pressure P1 on the other end of the piston 28 allowing the spring force of the control spring 32 to
displace the piston 28 and needle valve 26 in the direction D. Displacement of the piston 28 in
the direction D increases the gas flow rate through the aperture 146 by increasing the effective
flow area through the aperture 146. By continuously varying the position of the piston 28 and
the needle valve 26, the flow control valve 100 maintains the gas flow rate at a substantially
constant value. For example, as the pressure P2 increases, the piston 28 moves in the direction
D to increase the flow rate through the aperture 146. The adjusting screw 34 allows a preload on
the control spring 32 to be varied so that a desired flow rate for can be achieved by increasing or

decreasing the bias force on the piston 28.

[0050] For example, when the charge station 112 begins filling the cylinder 24, the
feedback sensing pressure P2 will be lower compared to the pressure P1 representative of
pressure of the storage cylinder 22. As such, the pressure difference will cause the piston 28 to
move in the direction C to limit the gas flow rate through the aperture 146. As the pressure in the
cylinder 24 increases, the sensed pressure P2 increases, reducing the pressure difference between
the sensed pressure P1 and P1. Accordingly the piston 28 is driven to the open position by the
control spring 32. Proper shaping of the needle valve 26 can cause the air flow to be held

relatively constant over a wide range of changes in both storage and SCBA pressures.

[0051] Optionally, in various embodiments, the piston 28 may include a cavity 175 and a
pressure check assembly 174 housed therein. The pressure check assembly 174 is configured to
maintain a greater pressure in the staging area 124 than the pressurization area 150. The
pressure check assembly 174 includes a pin 176 and a return spring 38. The piston 28 may

include a forward portion 178 and a separate aft portion 180. The pin 176 extends from the

10
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forward portion 178 and extends into the cavity 175. The return spring 38 is situated between a
flanged portion 182 of the pin and an interior wall 184 of the cavity 175. The return spring 38
extends coaxially along a length of the pin 176. The pin 176 may be configured to secure the
forward portion 178 to the aft portion 180. For example, the pin 176 may be a threaded fastener,

such as a screw.

[0052) The return spring 38 may be configured as a “light” spring (e.g., having a relative
low spring constant compared to the control spring 32). The return spring 28 may be configured
to extending based on the feedback sensing pressure P2. The return spring 38 may act as a check
valve to prevent gas flow from the pressurization area 150 past piston 28 when the storage
pressure P1 is greater than the feedback sensing pressure P2. In other words, the return spring 38
extends to move the forward portion 178 of the piston 28 towards the surface of the aft portion
180 seating the piston sealing O-ring 131 in the channel 148 when the pressure P1 (from the
storage cylinder 22) is greater than the feedback sensing pressure P2 (from the cylinder 24).
Conversely, when the sensing pressure P2 is greater than the storage pressure P1, the pressure
differential acting on the piston 28 will overcome the spring force of the return spring 38 causing
the piston 28 to travel in the direction D until the piston sealing O-rings 131 disengages from the
wall of the channel 148. Accordingly, gas may flow past the piston 28 until the pressure P1 and
pressure P2 equalize. Once the pressures equalize, the piston sealing O-rings 131 will reengage
with the channel 148. A check valve between the automatic flow control valve 100 and the

storage cylinder 22 prevents gas in the cylinder 24 from emptying into the storage cylinder 22.

[0053] Figure 4 is a schematic of a gas cylinder filling system 110 having the flow
control valve 100. The flow control valve 100 is fluidly coupled to the supply line 120. In the
illustrated embodiment, the supply line 120 includes a bypass to a pressure gauge 186 configured
to measure the pressure P1 (shown in Figure 2B). The flow control valve 100 is also fluidly
coupled to the return line 134. The flow control valve 100 is also fluidly coupled to the delivery
line 126. In the illustrated embodiment, the delivery line 126 includes a pressure regulator 188

and control valve 190, a safety valve 192, among other components.

[0054] Figure 5 illustrates a cross-sectional view a flow control valve configured as a
cartridge 200 formed in accordance with an embodiment. Figure 6, with continued reference to

Figure 5, illustrates a cross-sectional view of the cartridge 200 installed in a pneumatic control

11
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manifold (PCM) 202. The cartridge 200 and the PCM 202 may be used in addition to, or in
place of, the flow control valve 100 in the charge station 112 (shown in Figure 3A). As shown
in the illustrated embodiments, lines 122, 126, and 134 and the ports 124, 128, 132 are
substantially located at a proximal end of the cartridge 200. In this manner, the cartridge 200
may be installed in a port 201 in the PCM 202 such that interference of the lines 122, 126, and
134 may be substantially reduced or eliminated. Accordingly, a plurality of PCMs 202 may be

placed adjacent to one another to concurrently service a plurality of cylinders 24.

[0055] The cartridge 200 includes a housing 204 defining a cavity 206 therein. The
housing 204 may include a threaded portion 203 configured to threadably engage complementary
threads 205 in the port 201 to secure the cartridge 200 to the PCM 202. In other embodiments,
other securing means may be used, such as, a friction fit or a snap fit. The housing 204 may
include O-rings 207 to provide a hermetic seal between the ports 124, 128, 132, on the cartridge
200 and the port 201 on the PCM 202.

[0056] Portions of the cavity 206 may be pressurized. The cavity 206 includes a staging
area 208 opening to the input port 124 on the housing 204. The input port 124 is fluidly coupled
to the supply line 120 (shown in Figure 6). The staging area 208 may be pressurized to the
pressure P1 by gas delivered through supply line 120. The housing 204 includes a duct 210
configured to fluidly couple the pressure feedback sensing port 132 to a pressurization area 212.
The pressure feedback sensing port 132 is fluidly coupled to the return line 134. The feedback
sensing port 132, duct 210, and the pressurization area 212 may be pressurized to the pressure
P2. The cavity 206 includes a delivery area 214 fluidly coupled to the output port 128. As
discussed above in relation to Figure 3B, pressure differences between the staging area 208 and
the pressurization area 212 govern the position of the piston 28, and accordingly, regulate the gas

flow rate through the cartridge 200.

[0057] A technical effect of embodiments described herein include increased efficiency
in filling a cylinder with a gas. A technical effect of embodiments described herein include

reduced reliance on operator skill in filling a cylinder with a gas.

[0058] The automatic flow control valve may eliminate the need for manual adjustment

and monitoring by the equipment operator and provides a constant flow rate into SCBA or

12
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SCUBA cylinder(s), because it continuously adjusts the needle valve opening in response to the

differential pressure between the storage cylinder(s) and the cylinder(s) being filled.

[0059] It is to be understood that the above description is intended to be illustrative, and
not restrictive. For example, the above-described embodiments (and/or aspects thereof) may be
used in combination with each other. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from its scope.
While the dimensions, types of materials and coatings described herein are intended to define the
parameters of the invention, they are by no means limiting and are exemplary embodiments.
Many other embodiments will be apparent to those of skill in the art upon reviewing the above
description. The scope of the invention should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims are entitled. In
the appended claims, the terms "including" and "in which" are used as the plain-English
equivalents of the respective terms "comprising" and "wherein." Moreover, in the following
claims, the terms "first,”" "second," and "third,” etc. are used merely as labels, and are not
intended to impose numerical requirements on their objects. Further, the limitations of the
following claims are not written in means — plus-function format and are not intended to be
interpreted based on 35 U.S.C. § 112 (f), unless and until such claim limitations expressly use

the phrase “means for” followed by a statement of function void of further structure.

13
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CLAIMS

WHAT IS CLAIMED IS:

1. A flow control valve (FCV) comprising:

a housing defining a cavity therein, the housing having an input port for receiving a gas
from a gas supply, and an output port for delivering the gas to a gas cylinder;

the cavity defining a staging area fluidly connected to the input port, a delivery area
fluidly connected to the output port, and a pressurization area fluidly connected to a feedback
sensing port, the feedback sensing port configured to receive pressurized fluid that is pressurized
to a pressure level representative of the pressure level of gas delivered to the gas cylinder; and

a piston slidably positioned in a channel extending between the pressurization area and
the delivery area, a position of the piston changing a rate of flow of gas through the flow control

valve, the piston position moving in response to a pressure at the feedback sensing port.

2. The flow control valve of claim 1, further comprising an aperture situated between
the delivery area and the staging area, and the piston further comprising a needle valve extending

through the aperture, the needle valve configured to control the flow of gas through the aperture.

3. The flow control valve of claim 2, wherein the needle includes a tapered portion
having a varying diameter such that a diameter at an end of the needle is slightly less than a

diameter of the aperture.

4. The flow control valve of claim 3, wherein tapered region restricts the gas flow

through the aperture when the piston is in a minimum flow position.

5. The flow control valve of claim 1, further comprising an adjusting screw and a
control spring, the control spring engaging a flange on the piston at a proximal end and engaging
the adjusting screw at a distal end, the adjusting screw configured to exert a bias force on the

flange.

6. The flow control valve of claim 1, further comprising a pressure check assembly

configured to maintain a greater pressure in the staging area than the pressurization area.
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7. The flow control valve of claim 6, wherein the pressure check assembly includes a
pin and a return spring; the pin and return spring extending through a cavity in the piston; the

return spring configured to extend based on a pressure in the feedback sensing port.

8. The flow control valve of claim 1, wherein the input port, the output port, and the

sensing port are located at a proximal end of the flow control valve.

9. The flow control valve of claim 1, wherein the housing includes a threaded

portion configured to be mated to a port on a pneumatic control manifold.

10. The flow control valve of claim 1, wherein the position of the piston is based on a

pressure difference between a pressure in the staging area and the pressurization area.

11. A charging system comprising:

a storage cylinder configured to supply gas;

a gas cylinder configured to store gas;

a pneumatic control manifold (PCM) configured to receive a flow control valve, the PCM
fluidly coupling the flow control valve to the storage cylinder and the gas cylinder; the flow
control valve having:

a housing defining a cavity therein, the housing having an input port for receiving a gas
from the storage cylinder, and an output port for delivering the gas to the gas cylinder;

the cavity defining a staging area fluidly connected to the input port, a delivery area
fluidly connected to the input port, and a pressurization area fluidly connected to a feedback
sensing port, the feedback sensing port configured to receive pressurized fluid that is pressurized
to a pressure level representative of a pressure level of gas delivered to the gas cylinder; and

a piston slidably positioned in a channel extending between the pressurization area and
the delivery area, a position of the piston changing a rate of flow of gas through the flow control

valve, the piston position moving in response to a pressure at the feedback sensing port.
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12.  The flow control valve of claim 11, further comprising an aperture situated
between the delivery area and the staging area, and the piston further comprising a needle valve
extending through the aperture, the needle valve configured to control the flow of gas through the

aperture.

13.  The flow control valve of claim 12, wherein the needle includes a tapered portion
having a varying diameter such that a diameter at an end of the needle is slightly less than a

diameter of the aperture.

14.  The flow control valve of claim 13, wherein tapered region greatly restricts the

gas flow through the aperture when the piston is in a minimum flow position.

15.  The flow control valve of claim 11, further comprising an adjusting screw and a
control spring, the control spring engaging a flange on the piston at a proximal end and engaging
the adjusting screw at a distal end, the adjusting screw configured to exert a bias force on the

flange.

16.  The flow control valve of claim 1, further comprising a pressure check assembly

configured to maintain a greater pressure in the staging area than the pressurization area.
17.  The flow control valve of claim 16, wherein the pressure check assembly includes
a pin and a return spring; the pin and return spring extending through a cavity in the piston; the

return spring configured to extend based on a pressure in the feedback sensing port.

18.  The flow control valve of claim 11, wherein the input port, the output port, and

the sensing port are located at a proximal end of the flow control valve.

19.  The flow control valve of claim 11, wherein the housing includes a threaded

portion configured to be mated to a port on the PCM.
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20.  The flow control valve of claim 11, wherein the position of the piston is based on

a pressure difference between a pressure in the staging area and the pressurization area.

17



WO 2014/152197 PCT/US2014/027060

1/9
S s
7
7 50
2z 2L s
/% -z
7 3

R 1%

L

EIE S
2z

0

SS

(LU

FIG. ]

SUBSTITUTE SHEET (RULE 26)



WO 2014/152197 PCT/US2014/027060

2/9
Y TOFG 2
! REVOLVE AIR CHARGE STATION
| BLEED VALVE)(
! AUX.
! TRUNION REGULATED
A
| CONNECTIONS VALYE PORT
: | 3
: SCBA BREATHING
| AIR CYLINDERS PRESSURE
]
) ~ X
; BLEED VALVE & J ' 062
| (GA 2| | “DOOR CLOSED"
| CONNECTIONS 2| | SAFEIY AIR VALVE
| 58 £ CHARGE FILL
| $CBA BREATHING = (ONTROL VALVE
! AIR CYLINDERS = - ORIFICE ABVO279%
e I
| -
| ORIFICE ! — T0F6B
:)/ABVOZI% e T et :
| , ! MUY |
: P o bl 6?06}@?[(001) i
1 |
| , HIGH PRESURE .1 SHECRDOT |
| i ISOLATION SRt !
; ! i VANE 1L OLNER
! ! o RS e
| 1 ! o
: MM kil “”’“"""’i
i ? TR ) i |
! i I UFVAVE |
| . ! isieioe
| U EAOWREUE ! R BURST DISC (007
| > Lty ASHE OR DOT ¢
! ®
: | 1! ISOLATION SORAGE |
| | VAL P%'S (VLINDER
i : Y.
: ! ! R BURST DISC {DoT) |
Lo ¢ | LOWPRESSURE | o 5 ((UT):
; KON OASMWR L
------------------------------ | e g |
_____________________ )
f16. 24

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/027060

WO 2014/152197

6l/__l’ bt— !
_ = |
! == L !
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII = | o= =0 e 1
1 P R e DIW(H I
e == == oSTA—
! —r— | s S Sor—
1 o r.lm | I~o=Rune= == =] |
1 = == P e e —{— I W e I |
] A= o | == ]
[ ]
1 =20, o [ . \ N
1 PBO — T ]
! === | | ool " '
| R~ | [ — ] ] ] [
= 4 ! o = _
=S w . " = ]
e . G | - B w B _
e O 1 1
| BTt ! ==o| S22 | S =m =0 =1~ ]
= ! == S i= | = >a-. =2 == !
1 P Em ﬂ”—hm I —t —B. 1 e -I-IHO Ho VA [ Y N L m e |
[T =gz plie—1 = L E=E=I= e e i — 1 =0
| — T I-I.w o —t—r ! H. . G. ..MA_w_ —t— o] oo, 1
| MT..... e __ o=t =} | StSeR  |e=tma—=1aat ! Ly a2 oz 1
| =G - = b e Al | ﬁ '
| =N — ——— — — - 1ty =T <<ﬁ ,Zﬁ
j— e T i i === —_ 1
| BT e == =J
tarar] ' o -z [}
) S & . 1 = ~ ! 11
ey { = o=
) [~ e 1 = | [3rwrjwrer] 1
D | { < ) oY e
| oo 1 famey ¥ =11 [ 1
| [u ) ] [} 1 A= | e = m N
R.I | 1 wnal gl o I —
ﬁ ! =e= 1 1 MO ! o Sola=! “r.J.-l.S m !
o) ! 20 Zhusos U N =Nl g0 < S
| i e A AR | S ez 1 | o ] = 1
' == oot ey =1 ) R = e — _&DM —
Sl =t Lo e <! o2 =
] — i =DM [ e { W) furer) 1= | oo [
- S et ] e | H SIS RS =
a_ocin | e=0T=— 1 1
] S=lley o= a o= |IRvyis! i
[=T—w{ver—g [~ t - <D 1= ! =
l—= = 1 P RT P Ry = !
a2 o ===\ " I® = |a= == o |
= ] .I_VQ " =1 177 1 )
_MEOPL EM - ! ! 1 1
IAe=sr— =<t o= ! = [ 1
— — =X, | >< 1 1!
ISH=aRa ' =3 1 !
|l s ] o] e e e e - - 1 | f
IS —C O ) e ' !
R = — g g g g S S U
AAoasa = ]
ESesS X == "
(- =y ="
ESN= w2 o \S0E INITIH F3ANTIAD JOVHOLS
S Rue-= Jeme .

FROMFIG2A - - ----~-

INITII ¥3ANDIAD V/9

—

FROM FIG 24 - -
FROMFIG2A ——
FROM FIG 24

FI6. 2B

SUBSTITUTE SHEET (RULE 26)



WO 2014/152197 PCT/US2014/027060

4/9
/no
{/”2
128
{ !
P3 100 /
1267 Pl 2]
141 120
13051 /
122
N G
2
\_/
f16. 3A

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/027060
5/9

WO 2014/152197

q¢

091
bl 0/l 0Ll

b/
991 291 / 91
891 Z€l
w qJP Jiq

174 o1
vl ,. v
f ) 8El
7 N 4 N
% // 3
7z mmW , ld
N7 / X 2 [/ 2
- N = —
\\ N/ w\\.\ q » J 7 81
¥l \ \ DD 7~ //
N
12 tll \
oL brl - ovl
8C
161 LEL
0sl 8¢ 07
28l 08l

x//cc_

SUBSTITUTE SHEET (RULE 26)



WO 2014/152197 PCT/US2014/027060

/9 192 190

v D Wi TOFIG 28
i REVOLVE AIR CHARGE STATION
: BLEFD VALVE
| AUY,
: TRUNION REGULATED
(GA
| CONNECTIONS VALTE PORT
= iy
' S(BA BREATHING
| AIR CYLINDERS PRESURE
i BLEED VALVE SR 0FG48
: "DOOR (LOSED"  CHARGEFILL
| (6A SAFETY AIR VALVE  CONTROL VALVE
| CONNECTIONS | T0FIG 48
: o
| =0
| SBA BREATHING 27 (
| AIR CYLINDERS S| \-ORIFICE ABY02796 —_
;_::::::::::::::::::::::::::::::::)::' ------------------- TUHG4B
[ O -
g i S r—— WHG48
| , I BELEFYALNE
: 4 o @15%&%5( !
: L HIGHPRESSURE [ 1! |
EN A r % |
i ' LSOATION © Oé}%" T
|
i : e O e i
| ! o BE ey
i e ! @ISASMEL6SUUP i
| L MDINPESIRE [} RBURSTDIC {007
| | ' SOLATON O ASUEORDOT
: l CWE 0L Colie |
: ’ ! PRESS |
| | ! RUFVNE |
‘ 0 " bR 30K DI o
: U ME/OWRRESURE ! (0,
| > T ASHEORDOT 1
l : 1! ISOLATION STORAGE |
: | A O CUNR
: ! ! RELIFFVALVE |
| : i e
| ? ! LOW PRESSURE i o R BURST DISC {DOT) !
i iils(‘)lm]EUN (d;f OASME 0R DOT i
--------- i Y il i
_____________________ J
FI6.4A

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/027060

WO 2014/152197

126

FROMFIG2A - - -~ -~~~

_.Nuo.

FROM FIG 44

A=

@
REGU
2000 26

PRESSURE

2
125
Bl

=
<
0__

T0R
000-
5P

SETAT

PRE
RE
VALVE
=
/

5

RELIEF
VALVE 165 P

X4 CONTROLLER

1
)
)
o )
=!,
p—
B- |||||||
= &> |
=1l |
-
=l ! |
=Tl |
= !
1) 1
= ay
) P
2 e = !
A_ =" |
R__ —_—
5 4 =
=! L =
R__ g |
= | =1
N__ e
=
(__ D_
=
== ! =4
> h |
! 1
! 1
} 1
! 1
! 1

|||||||||||||||||||||||||||||||||||||

INITIIIIY $IANTTAD 3DV

015

t At —————

ONITIL YIANTIAD V/9

FROM FIG 44 - - -
FROM FIG 4A
FROM FIG 44

FI6.4B

SUBSTITUTE SHEET (RULE 26)



WO 2014/152197 PCT/US2014/027060

8/9

200
v

NASSNSNNNNVRRAN]
NN

AARASY
iz
\A

y

/,%)
/1
g
\

=

NNNE

\\\\\\:\\
\E

132

|

14

SUBSTITUTE SHEET (RULE 26)



WO 2014/152197 PCT/US2014/027060

9/9

202

A\
> W INE

~
o=
~d

120

200
34

FIG. 6

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings

