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METHOD AND SYSTEM OF COORDINATING AN
INTENSIFIER AND SIEVE BEDS

BACKGROUND

Many patients with lung and/or cardiovascular problems may be required to
breathe therapeutic gas in order to obtain sufficient dissolved oxygen in their blood
stream. So that these patients may be ambulatory, therapeutic gas may be delivered
from a portable cylinder. A portable cylinder may, however, provide only limited
volume, and therefore periodically needs to be refilled. While it is possible to have
these cylinders exchanged or refiled by way of commercial home health care
services, some patients have systems within their homes which generate therapeutic
gas and fill portable cylinders with the therapeutic gas. Systems such as these have
come to be known as transfer-fill or “trans-fill” systems. However, the trans-ill
systems of the related art fill the portable cylinders very slowly, and are prohibitively
expensive for most patients.

SUMMARY

The problems noted above are solved in large part by a method and system of
coordinating an intensifier and sieve beds. At least some of the illustrative
embodiments are methods comprising coordinating control of an intensifier with cycles
of a sieve bed fluidly coupled to the intensifier such that there is at least one low
pressure stroke of the intensifier and at least one high pressure stroke of the intensifier
during a fill cycle of the sieve bed.

Other illustrative embodiments are systems comprising a compressor, a first
sieve bed and a second sieve bed which selectively fluidly couple to the compressor
(wherein the first sieve bed produces an enriched gas stream while the second sieve
bed purges, and the second sieve bed produces the enriched gas stream while the
first sieve bed purges), and an intensifier with a motive portion and a compressive
portion (the motive portion fluidly coupled to the compressor and the compressive
portion fluidly coupled to the enriched gas stream, wherein the motive portion has a
low pressure stroke and a high pressure stroke). The intensifier is coordinated to
begin at least a low pressure stroke and a high pressure stroke while the first sieve
bed produces the enriched gas stream, and at least a low pressure stroke and a high
pressure stroke while the second sieve bed produces the enriched gas stream.

The disclosed devices and methods comprise a combination of features and
advantages which enable it to overcome the deficiencies of the prior art devices. The
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various characteristics described above, as well as other features, will be readily
apparent to those skilled in the art upon reading the following detailed description, and
by referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of the preferred embodiments of the invention,
reference will now be made to the accompanying drawings in which:

Figure 1 illustrates a trans-fill system in accordance with the embodiments of
the invention;

Figure 2A illustrates a timing diagram in accordance with the embodiments of
the invention;

Figure 2B illustrates a timing diagram in ‘accordance with the embodiments of
the invention; and

Figure 3 illustrates a flow diagram in accordance with the embodiments of the
invention.

NOTATION AND NOMENCLATURE

Certain terms are used throughout the following description and claims to refer
to particular system components. This document does not intend to distinguish
between components that differ in name but not function.

In the following discussion and in the claims, the terms ‘“including” and
“comprising” are used in an open-ended fashion, and thus should be interpreted to
mean “including, but not limited to...”. Also, the term “couple” or “couples™ is intended
to mean either an indirect or direct connection. Thus, if a first device couples to a
second device, that connection may be through a direct connection, or through an
indirect connection via other devices and connections. {'

Further, when describing “pressure” in this specification, and in the claims, the
pressure reference shall be to gauge pressure rather than absolute pressure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates a trans-fill system 1000 for filling portable cylinders in
accordance with embodiments of the invention. Devices such as illuétrated in Figure 1
may be used, for example, in a patient’'s home to fill portable oxygen cylinders for
ambulatory use. Trans-fill systems in accordance with embodiments of the invention
comprise both electrical components and mechanical components. In order to
differentiate between electrical connections and fluid connections, Figure 1 illustrates
electrical connections between devices with dash-dot-dash lines, and fluid connection,

(e.g. tubing connections between devices), with solid lines.
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Figure 1 illustrates that a ftrans-fill system 1000 in accordance with
embodiments of the invention comprise a compressor 10. Compressor 10 draws air
through inlet 12, compresses the air (in some embodiments to approximately 30 PSl),
and provides the air to other devices of the trans-fill system 1000, particularly the sieve
beds 14 and 16 and the intensifier 18. In accordance with at least some
embodiments, compressor 10 is an electric motor driven compressor having model
number 2680CE56-XXX available from Thomas Compressor (A Gardner Denver
Product) of Quincy, lllinois. |

Sieve beds 14 and 16 form at least a part of an oxygen concentrator, and in
particular a pressure swing absorption (PSA) system. Each sieve bed 14 and 16 is a
vessel that is filled in whole or in part with a molecular sieve material, such as OXY-
SIEVE 5 available from UOP, LLC of Chicago, lllinois. In accordance with some
embodiments, each of sieve bed 14 and 16 hold approximately 1.5 pounds of
molecular sieve material, but greater or lesser amounts of sieve material may be
equivalently used. Consider for purposes of explanation sieve bed 14, with the
understanding that the description is equally applicable to sieve bed 16. Atmospheric
air is forced through the sieve bed 14 by compressor 10. As the air moves through the
molecular sieve material, the nitrogen flow is impeded while oxygen and argon move
through less impeded. The gas stream exiting the sieve bed 14 has increased oxygen
content (e.g., 90% oxygen content or greater), and may be referred to as enriched gas
or as an enriched gas stream. Forcing atmospheric air into to the sieve bed may also
be referred to as “filling” the sieve bed, and the period of time when air is forced
through may be referred to as the “fill cycle.”

However, atmospheric air cannot be forced through the sieve bed 14
indefinitely as the bed eventually becomes loaded with nitrogen. Thus, generation of
the enriched gas stream by the sieve bed 14 is periodically stopped and the nitrogen
trapped in the sieve bed is purged, such as by venting the sieve bed 14 to atmosphere
and/or back-flowing enriched gas. The period of time when a sieve bed is vented
and/or purged maybe referred to as the “purge cycle.” Considering now both the sieve
beds 14 and 16, while one sieve bed generates the enriched gas stream, the second
sieve bed purges, such that at least one of the sieve beds produces the enriched gas
stream at any one time.

Valving system 20 controls the fill cycles and purge cycles of the sieve beds 14
and 16. Valving system 20 may take several forms. In some embodiments, valving

system 20 may be a single valve having a plurality of ports to accomplish the control.
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In other embodiments, and as illustrated, valving system 20 comprises two valves 22
and 24. In these embodiments, each valve 22 and 24 is a solenoid operated three-
port valve that selectively fluidly couples one of two ports to a common port (labeled
“C” in the drawings, and the arrow direction does not necessary indicate flow
direction). Three-port valves 22 and 24 may be Humphrey Mini-Mizers having part
number D3061A, available from John Henry Foster Company of St. Louis Missouri. In
the valve positions illustrated in Figure 1, three-port valve 22 fluidly couples the
compressor 10 to the sieve bed 14, and thus implements the fill cycle of sieve bed 14.
Likewise, three-port valve 24 fluidly couples sieve bed 16 to an atmospheric vent, and
thus implements the purge cycle of sieve bed 16. At some earlier or later time, these
roles reverse, with three-port valve 22 coupling sieve bed 14 to atmospheric vent, and
three-port valve 24 coupling compressor 10 to sieve bed 186.

The enriched gas stream exiting a sieve bed in the fill cycle flows through a
check valve 28, and then to the product tank 26. Likewise, when sieve bed 16 is in the
fill cycle, the enriched gas stream passes through check valve 30 and then flows to the
product tank 26. Although check valves 28 and 30, and the remaining check valves of
the figure, are illustrated to be ball-check valves, any suitable check valve may be
equivalently used. The check valves 28 and 30 prevent back flow from the product
tank through the purging sieve bed. However, in order to assist purging, a controlled
portion of the enriched gas stream is provided from the sieve bed in the fill cycle to the
sieve bed in the purge cycle by way of a fluid connection through orifice 32. In
accordance with at least some embodiments, the orifice 32 has an aperture diameter
of approximately 30 thousandths of an inch, a length of approximately three-quarters
of an inch, and allows enriched gas flow in either direction. The portion of the enriched
gas stream flowing from the sieve bed in the fill cycle to the sieve bed in the purge
cycle aids the purging by flushing with enriched gas. The trans-ill system 100
illustrated in Figure 1 further comprises a purge valve 34. Much like the orifice 32, the
purge valve 34 provides a portion of the enriched gas stream from the sieve bed in the
fill cycle to the sieve bed in the purge cycle, but in accordance with embodiments of
the invention the purge valve 34 operates near the end of the purge cycle to “pre-
charge” the sieve bed with enriched gas for the next fill cycle. The time of use of the
purge valve 34 is discussed below with respect to Figures 2A and 2B. In accordance
with some embodiments, the purge valve is a two—pbrt solenoid operated valve, such
as Humphrey two-port valves having part number D2048 available from the John
Henry Foster Company.
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In at least some embodiments, compressor 10 generates a compressed air
stream having a pressure from approximately 20 PSI to approximately 35 PSI. Thus,
the enriched gas stream accumulates in the product tank with a pressure of
approximately 20 PSI to 35 PSI. However, in order to fill a portable cylinder, such as
cylinder 36, the pressure of the enriched gas stream needs to be increased. In order to
increase the pressure of the enriched gas stream, the trans-fill system 1000 further
comprises the intensifier 18. The intensifier 18 fluidly couples to the product tank 26
through valve 68. The purpose and operation of valve 68 is discussed more below.
The intensifier increases the pressure of the enriched gas stream to a pressure
sufficient to fill a cylinder. For example, if the “full’ pressure of cylinder 36 is 2200 PSI,
the intensifier 18 generates a peak pressure at its outlet 40 of approximately 2700 PSI.
Other “full” pressures and peak pressures may be equivalently used.

The term “intensifier” in this specification and in the claims refers to a class of
compressor devices that compresses in stages using pistons, and where the motive
force for the compression is also supplied by a piston. Thus, the illustrative
intensifier 18 has a first stage 42 comprising a piston and cylinder, and also has
second stage 44 comprising a piston and cylinder. The first stage 42 and the second
stage 44 form the compression or compressive portion of the intensifier. The motive
force for the compression comes from a motive portion 46 comprising a piston and
cylinder coupled to the first stage 42 and the second stage 44 by way of a shaft 48. In
the orientation of Figure 1, as the first stage 42 piston shuttles right, the piston draws
low pressure enriched gas from the product tank 26. The motive portion 46 then
forces second stage 44 piston to shuttle left, which compresses the enriched gas in
the first stage 42 and draws the partially compressed enriched gas to the second
stage 44. As the second stage 44 compresses the enriched gas to produce a high
pressure enriched gas supplied to the cylinder 36 through a cylinder fill connector 49,
the first stage again draws enriched gas from the product tank 26. The intensifier 18
may be a part number 200336-1 intensifier produced through Chad Therapeutics, Inc.,
of Chatsworth, California.

As llustrated in Figure 1, the motive portion 46 of the intensifier 18 is preferably
driven by compressed air supplied by the compressor 10. Valving system 50 controls
the shuttling of the intensifier 18, and may take several forms. In some embodiments,
valving system 50 may be a single valve having a plurality of ports to appropriately
apply the compressed air to accomplish the shuttling of the intensifier. In other
embodiments, and as illustrated, valving system 50 comprises two valves 52 and 54.
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In these embodiments, each valve 52 and 54 is a solenoid operated three-port valve
that selectively fluidly couples one of two ports to a common port (labeled “C” in the
drawings, and the arrow does not necessarily indicate flow direction). Like three-port
valves 22 and 24, three-port valves 52 and 54 may be Humphrey Mini-Mizers
available from John Henry Foster Company. In the valve positions illustrated in
Figure 1, three-port valve 52 fluidly couples the compressor 10 to motive portion 46 to
perform the high pressure stroke of the second stage 44, and simultaneously valve 54
vents its side of the motive portion 46. Thereafter, three-port valve 54 fluidly couples
the compressor 10 to motive portion 46 to'perform the low pressure stroke of the first
stage 42, and simultaneously three-port valve 54 vents its side of the motive
portion 46. In some embodiments, the shuttling of the intensifier 18 is coordinated to
the fill cycle and purge cycle of the sieve beds 14 and 16.

Trans-fill system 1000 in accordance with embodiments of the invention also
comprises a processor 56. The processor 56 may be a microcontroller, and therefore
the microcontroller may be integral with read only memory (ROM) 58, random access
memory (RAM) 60, a digital output (DO) module 62 and an analog-to-digial (A/D)
converter 66. In alternative embodiments the processor 56 may be implemented as a
standalone central processing unit in combination with individual ROM, RAM, DO and
A/D devices.

The ROM 58 stores instructions executable by the processor 54. In particular,
the ROM 58 comprises software programs that coordinate control of the sieve beds
and intensifier by controlling the various two-port and three-port valves in the trans-fill
system 1000. The RAM 60 is the working memory for the processor 56, where data is
temporarily stored, and from which instructions are executed. Processor 54 couples to
other devices within the trans-fill system by way of the digital output module 62 and
A/D module 66. In particular, the processor 54 electrically couples to and controls
three-port valves 22 and 24 of the valving system 20, and valves 52 and 54 of the
valving system 50, by way of digital output module 62. Processor 56 also electrically
couples and controls three-port valve 68, as well as two-port valves 34 and 70, by way
of the digital output modﬁle 62. Finally with respect to the digital output module 62, the
processor couples to and implements on/off control off the compressor 10.

A trans-fill system 1000 in accordance with at least some embodiments of the
invention also has a plurality of analog signals of interest within the system, and thus
the processor couples to devices creating analog signals by way of the A/D

converter 66. In particular, processor 56 may couple to a pressure transducer 72 and
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a gas analyzer 74 by way of the A/D converter. Gas analyzer 74 fluidly couples to and
samples the enriched gas stream as it exits the product tank 26, but the enriched gas
stream may be equivalently sampled at other locations as well. The gas analyzer 74
determines the oxygen content of the enriched gas. The gas analyzer 74 may be, for
example, an oxygen-selective sensor such sensors based on zirconium oxide,
galvanic, or paramagnetic technologies. In accordance with embodiments of the
invention, if on start-up of the trans-fill system the oxygen content of the enriched gas
stream is below a predetermined threshold (e.g. 90% oxygen), or during operation the
oxygen content falls below the predetermined threshold, then the enriched gas stream
is preferably not provided to cylinder 36.

At initial start-up of the trans-fill system 1000, it may take several fill cycles and
purge cycles of the sieve beds 14 and 16 before the enriched gas stream meets or
exceeds the predetermined threshold of oxygen concentration. In some
configurations, the sieve beds 14 and 16 may need to be operational for three to five
minutes before the enriched gas meets or exceeds the threshold. Likewise during
operation, when the oxygen content drops, the sieve beds 14 and 16 may need to be
operational for several fill cycles and purge cycles before the enriched gas oxygen
content again meets or exceeds the predetermined threshold. In order not to provide
the enriched gas below the predetermined threshold to the cylinder 36, when the
enriched gas oxygen content falls below the predetermined threshold, the enriched
gas stream is blocked from the intensifier 18 by way of valve 68 under control of the
processor 56. However, there are several considerations when ceasing the enriched
gas flow, such as what to do with the substandard enriched gas stream, and how to
handle operation of the intensifier 18 when the enriched gas stream is blocked. The
latter is addressed first.

Still referring to Figure 1, illustrative trans-fill system 1000 uses compressor 10
to supply compressed air both the sieve beds 14 and 16, and as the driving force of
the motive portion 46 of the intensifier 18. Thus, compressor 10 has sufficient capacity
to supply both the sieve beds and the intensifier; however, if the compressed air
produced is not consumed, the compressor 10 tends to over-pressure, which may
cause activation of pressure relief valves of the compressor 10. In order to avoid this
situation, and in accordance with embodiments of the invention, the intensifier 18
continues to operate even in the absence of the enriched gas stream being provided
to the intensifier. Stated otherwise, the motive portion 46 of the intensifier continues to
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draw compressed air from the compressor 10 when the valve 68 blocks flow of
enriched gas from the product tank.

The other consideration when ceasing enriched gas flow to the intensifier 18 is
that the sieve beds 14 and 16 still need to generate the enriched, though substandard,
gas stream so that the oxygen concentration can be improved. Thus, enriched gas in
the product tank needs to be released. Releasing the enriched gas from product
tank 26 may take many forms. In some embodiments, the product tank 26
continuously releases a portion of the enriched gas, such as through orifice 76. In
these embodiments, a portion of the enriched gas is released from the product tank at
all times. In these embodiments where gas is released from the product tank 26
continuously, the orifice 76 may be selected or adjusted to release approximately 0.5
liters per minute.

Rather than release enriched gas at all times, alternative embodiments utilize
the dump valve 70 and orifice 78. In these embodiments, when the intensifier 18 is
not provided the enriched gas stream, the dump valve 70, under control of the
processor 56, is opened to release the substandard enriched gas from the product
tank 26. At times when the oxygen content of the enriched gas is above the
predetermined threshold, the dump valve 70 closes and valve 68 (in these
embodiments operated as a two-port on-off valve, though not specifically illustrated as
such) allows the enriched gas stream to flow to the intensifier. In accordance with the
embodiments using dump valve 70, the orifice 78 may be selected or adjusted to
release approximately 2 liter per minute.

Rather than selectively release enriched gas through dump valve 70, or
continuously release enriched gas through orifice 76, yet still further alternative
embodiments use three-port valve 68 coupled between the product tank 26 and the
intensifier 18 for this purpose. In a first valve position, the three-port valve supplies the
enriched gas stream to the intensifier 18; however, when the oxygen content of the
enriched gas stream drops below the predetermined threshold, the valve 68, under
control of the processor 56, changes position and releases the substandard enriched
gas through orifice 80. In these embodiments, the orifice 80 may be selected or
adjusted to release approximately 2 liters per minute.

Still referring to Figure 1, regardless of the precise embodiments used to
release enriched gas from the product tank, at least some embodiments release the
gas inside the case of the trans-fill system 1000. More particularly, in at least some
embodiments the released enriched gas flows through tubing 64 that terminates
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proximate to the air inlet 12 of the compressor (e.g., within approximately three
inches). In embodiments where the compressor 10 comprises an inlet filter, the
enriched gas may be released anywhere inside the housing of the inlet filter. In this
way, the enriched gas released is, in whole or in part, drawn in by the compressor 10.
Re-compressing the substandard but otherwise enriched gas, and providing that gas
to the sieve beds 14 and 16, may shorten the amount of time it takes the sieve beds to
reach a state where the enriched gas stream is of sufficient oxygen content, or shorten
recovery time when oxygen content falls below the predetermined threshold. In yet
still further alternative embodiments, the enriched gas released by any of the
mechanisms discussed above may couple to a port accessible through an aperture in
the case. Using this port, a home care provider or other interested person may
independently verify the oxygen content using a separate gas analyzer. In
embodiments that release the enriched gas using the dump valve 70 or the valve 68,
the home care provider or interested person may force a release even when the gas
analyzer 74 of the trans-ill system 1000 shows the oxygen content to be above the
predetermined threshold and the intensifier is supplied the enriched gas. For
example, the home care provider or other interested person may force release by way
of the user interface 82.

The discussion now turns to coordination of control of the various components
of the trans-fill system 1000. For purposes of this discussion it is assumed that the
valving system 20 comprises two separate valves (and thus two independent control
signals). Likewise, it is assumed that the valving system 50 comprises two separate
valves (and thus two independent control signals). Further, for purposes of this
discussion, “on” or “asserted” states of control signals are illustrated as high voltage,
and “off” or “de-asserted” states of control signals are illustrated as low voltage;
however, the assignment of asserted states to voltage levels is merely exemplary, and
“asserted” in practice may equivalently be a low voltage state. Moreover, particular
actions discussed as performed in an asserted state may be equivalently performed in
a de-asserted state.

Figure 2A illustrates a timing diagram for control of various components of the
trans-fill system 1000. During time frame 200, the control signal 202 applied to the
control valve 22 for sieve bed 14 is asserted, indicating that sieve bed 14 is in the fill
cycle. Likewise during time frame 200, control signal 204 applied to the control
valve 24 for sieve bed 16 is de-asserted, indicated that sieve bed B is in the purge

cycle. After a certain amount of time, in some embodiments approximately six
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seconds, the control signal 202 becomes de-asserted while control signal 204
becomes asserted. Thus, in time frame 206 sieve bed 14 is in the purge cycle while
sieve bed 16 is in the fill cycle. The pattern of alternate fill cycle and purge cycle
continues during operation of the oxygen concentrator.

Figure 2A further illustrates control signals 208 and 210 that couple to control
valves 52 and 54, respectively. Control valves 52 and 54 control the low pressure and
high pressure stroke, respectively, of the motive portion 46 of the intensifier 18. Thus,
when control signal 210 is asserted, the motive portion 46 of the intensifier 18
performs the low pressure stroke, and when control signal 208 is asserted, the motive
portion 46 of the intensifier 18 performs the high pressure stroke. As illustrated in
Figure 2A, and in accordance with embodiments of the invention, there is at least one
low pressure stroke and one high pressure stroke during a fill cycle/purge cycle
(hereinafter, just cycle) of a sieve bed. More particularly, Figure 2A illustrates
embodiments where there are three strokes of motive portion 46 during each cycle.
Time frame 200 illustrates two low pressure strokes and one high pressure stroke,
while the contiguous time frame 206 illustrates two high pressure strokes and one low
pressure stroke. Having three strokes of the motive portion 46 during each cycle is a
function of the volume of sieve beds, the capacity of the compressor 10 and the
capacity of the intensifier 18. Holding the capacity of the compressor 10 and
intensifier 18 constant, increasing the volume of sieve beds increases the possible fill
time and therefore the number of strokes of the motive portion 46 possible during a
cycle. Decreasing the volume of sieve beds decreases the possible fill time and
therefore the number of strokes possible. Holding the amount of sieve material
constant, increasing the capabilities of the compressor 10 and/or intensifier 18
decreases the possible fill time and therefore the number of strokes of the motive
portion 46 during the cycle. Decreasing the capabilities of the compressor 10 and/or
intensifier 18 increases the possible fill time and therefore the number of strokes
possible.

Figure 2A further illustrates control signal 212 that couples to purge valve 34.
When control signal 212 is asserted, the purge valve 34 allows flow of enriched gas
between the sieve beds. In accordance with embodiments of the invention, while
enriched gas flows between the sieve beds at all times by way of orifice 32, just after
the end of a purge cycle of a sieve bed the purge valve 34 is activated to “pre-charge”
the purged sieve bed with enriched gas from the sieve bed that just completed the fill
cycle. Time frame 200 shows operation of the purge valve by illustrative pulse 214.

10
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Likewise, time frame 206 shows operation of the purge valve by illustrative pulse 216.
In accordance with at least some embodiments of the invention the purge valve is
active for approximately 100 to 400 milli-seconds. In accordance with at least some
embodiments, both the control signals 202 and 204 for the sieve beds are de-asserted
during the period of time that the control signal 212 for the purge valve is asserted;
however, the granularity of the time scale of the illustrative timing diagrams is so large
that these features are not visible. With respect to cycles where a low pressure stroke
is the last stroke of the cycle, in some embodiments the low pressure stroke ends
substantially simultaneously with the end of the fill cycle and the high pressure stroke
starts substantially simultaneously end of the fill cycle. With respect to cycles where a
high pressure stroke is the last stroke of the cycle, in some embodiments the high
pressure stroke continues after the end of the fill cycle to include the time that the
purge valve control signal 212 is asserted. At the end of the purge time, both the high
pressure stroke control signal 210 and the purge valve control signal 212 are de-
asserted, while the low pressure stroke control signal 208 is asserted. ]

Figure 2B, plotted on a corresponding “X” or time axis, but on a different “Y”
axis, shows an illustrative gas analyzer output signal 218 as function of time, and also
shows control signal 220 that couples to the control valve 68 and control signal 222
that couples to the dump valve 70. In embodiments where the control valve 68 is a
three-port valve, when control signal 220 is asserted, control valve 68 fluidly couples
the intensifier 18 to the sieve beds and/or product tank. When control signal 220 is de-
asserted, the control valve 68 releas\es enriched gas from the product tank through
orifice 80. Dashed line 224 illustrates a point in time where the oxygen concentration
of the enriched gas reaches a predetermined threshold (e.9., 90% oxygen
concentration). When the predetermined threshold is reached, the control signal 220
coupled to the control valve 68 is asserted, thus fluidly coupling the intensifier 18 to the
enriched gas stream. Figure 2B also illustrates, by dashed line 226, a point in time
where the oxygen concentration falls below the predetermined threshold. In this
situation, the control signal 220 coupled to the control valve 68 is de-asserted, thus de-
coupling the intensifier 18 from the enriched gas stream and releasing enriched gas
through orifice 80.

In alternative embodiment where control valve 68 is operated as a two-port
valve and the dump valve 70 is used, when the predetermined threshold oxygen
concentration is reached (again at the time illustrated by dashed line 224), the control
signal 222 coupled to the dump valve 78 is de-asserted, thus ceasing the release of
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the enriched gas from the product tank. Simultaneously, the control signal 220
coupled to the control valve 68 is asserted, thus fluidly coupling the enriched gas to
the intensifier 18. When the oxygen concentration falls below the predetermined
threshold (again at the time illustrated by dashed line 226), the control signal 222
coupled to the control valve 70 is asserted, thus releasing enriched gas through orifice
78. Simultaneously, the control signal 220 coupled to the control valve 68 is de-
asserted, thus blocking the flow of enriched gas stream to the intensifier.

Returning now to Figure 1, trans-fill system 1000 comprises a pressure
transducer 72 fluidly coupled to the cylinder 36 downstream of fill orifice 41. In
accordance with at least some embodiments, pressure fransducer 72 may be a part
number MLHO3KPSPO1A pressure transducer available from Honeywell of Morris
Township New Jersey. Unlike pressure switches, which open or close an electrical
contact at a predetermined pressure, a pressure transducer may provide a
substantially continuous reading of pressure. The pressure transducer72 in
accordance with at least some embodiments assists the processor 56 in performing
several functions. Firstly, the pressure transducer 72 senses the pressure of enriched
gas within cylinder 36, and when the average pressure reading of the cylinder 36
reaches the “full” pressure (e.g., 2200 PSl), the processor 56 turns off the trans-fill
system by turning off the compressor 10.

The second function that the processor 56 performs with the pressure reading
provided by the pressure transducer 72 is adjusting the time for the high pressure
stroke of the motive portion 46 of the intensifier 18. In particular, when the cylinder 36
is only partially filled (e.g., having a bottle pressure less than approximately 1200 PSlI),
the “dead-head” pressure against which the second stage 44 of the intensifier 18 must
work is relatively low. In these situations, the high pressure stroke of motive portion 46
may take about the same amount of time as the low pressure stroke. In some
embodiments, a fill cycle of a sieve bed is approximately six seconds, and with three
strokes per cycle, each siroke takes approximately two seconds. However, as the
pressure within the bottle rises (e.g., above 1200 PSI up to the “full” pressure of 2200
PSI), the dead-head pressure against which the sec;ond’ stage 44 works means that it
may take more time to complete the high pressure stroke. In accordance with at least
some embodiments of the invention, the processor 56 monitors the pressure provided
by the pressure transducer 72, and adjusts the time for the high pressure stroke of the
intensifier 18 based on the pressure. In response, time for the fill cycle of the sieve

bed may be correspondingly increased. For example, in the illustrative embodiments
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discussed, as the pressure in the bottle increases the time for high pressure stroke
may be increased from two seconds to two and a half seconds. In cycles where there
is only one high pressure stroke, the cycle time may be increased from six seconds to
six and a half seconds. Where there are two high pressure strokes, the cycle time
may be increased to seven seconds. In yet still further embodiments, the time to
complete the high pressure stroke may be directly proportional to the bottle pressure.
For example, as bottle pressure increase from 1200 PS| to 2200 PSI, the high
pressure stroke time may be correspondingly and incrementally increased from two
seconds to two and a half seconds.

In yet still further alternative embodiments, the time allotted to the high pressure
stroke may be adjusted based on other factors, such as the available pressure for the
high pressure stroke from the compressor 10. In particular, at times when the
compressed air pressure from the compressor 10 is low (e.g., the very early portions
of a fill cycle of a sieve bed), the time for the high pressure stroke may be increased to
compensate for the lower motive pressure. These time increases may be independent
of the pressure of cylinder 36. At least some embodiments attempt to lessen the
effect of reduced pressure during the very early portions of the fill cycle by
implementing an amount of time where neither sieve bed draws air from the
compressor, thus allowing the compressor time to increase just prior to beginning the
next fill cycle. The amount of time where neither sieve bed draws air from the
compressor may be on the order of approximately 100 milli-seconds. Allowing the
compressor time to build pressure may also decrease an amount of time needed to
complete the high pressure stroke of the intensifier, and thus may delay the time when
the high pressure stroke time is increased.

In addition to adjusting the time for the high pressure stroke and turning off the
compressor 10 as a function of the pressure of the cylinder 36, the processor 56 may
perform other useful functions based on the pressure read by the pressure transducer
72. For example, when the rate of pressure increase is very significant (e.g. the
average pressure arising several hundred PSI in a single high pressure stroke), this
may indicate a bad connection between the cylinder 36 and the fill connector 48.
Likewise, if the rate of pressure increase falls to zero, yet the average pressure is
below the expected “full” pressure, the trans-filled device 1000 is most likely being
operated at high altitudes and no further pressure is possible. In these situations, the
processor 56 may stop the compressor 10, and therefore filling of the cylinder 36, as
no further pressure may be achievable. Relatedly, if a cylinder 36 has been filled but
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is left coupled to the trans-fill device 1000, it may over time lose pressure. In
accordance with at least some embodiments, when the pressure leaks off to be below
a certain predetermined threshold, the processor 56 may restart the compressor 10
and re-fill cylinder 36 to the “full” level.

Figure 3 illustrates a method in accordance with embodiments of the invention.
In particulaf, the method may start (block 300) by a user placing a cylinder 36 in a
cylinder fill connector 48. Thereafter, the trans-fill system generates an enriched gas
stream (block 304). Additionally, the intensifier is operated (block 308). The enriched
gas stream is tested to determine if the oxygen content is above a predetermined
threshold (block 312). If the trans-fill system 1000 has been in a non-operational state
for an extended period of time, initially the oxygen content of the enriched gas stream
will be below the predetermined threshold. Therefore the trans-fill system operates
one or more valves (block 316) to refrain from providing the enriched gas stream to
the intensifier. In some embodiments, only valve 68 between the products tank 26
and the intensifier 18 is operated, blocking the flow to the intensifier and also releasing
therapeutic gas through orifice 80. In alternative embodiments, valve 68 acts only to
block the flow of the enriched gas stream to the intensifier, and additionally dump
valve 70 is operated to allow release of enriched gas to orifice 78. In yet further
embodiments, valve 68 operates only to block the flow enriched gas from the product
tank 26 to the intensifier 18, and the substandard enriched gas accumulated in the
product tank is released through orifice 76.

Regardless of the precise mechanisms that operates to refrain from providing
the enriched gas stream to the intensifier and releasing enriched gas from the product
tank, the next step is yet another determination of whether the oxygen content of the
enriched gas stream is above the predetermined threshold (block 320). If not, the
program loops at this step until the oxygen content of the enriched gas stream rises
above the predetermined threshold. In this instance, the one or more valves are
operated (block 324). In embodiments where enriched gas is released by operation of
a valve, those valves are operated to cease the release of enriched gas and other
valves (or possibly the same valve) are operated to provide the enriched gas stream to
the intensifier 18.

Still referring to Figure 3, thereatfter, the cylinder pressure is read (block 328),
and the program or method takes two parallel paths. On the first path, and in some
embodiments, the processor 56 adjusts the high pressure stroke time, and possibly
the cycle time, as a function of the cylinder pressure (block 336). The second path is a
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determination of whether the cylinder is full (block 226). If the cylinder is full, the
process jumps immediately to stopping the compressor (block 340) and the process
ends (block 344). If, on the other hand, the cylinder is not full (again block 336), the
next step may be determining if the rate of change of cylinder pressure is above the
predetermined threshold (block 348). As discussed above, if the rate of change of the
cylinder pressure is above a predetermined threshold, this may indicate that the
cylinder 36 is not properly coupled to the cylinder fill connector 48, and the only thing
being filled is the tubing between the intensifier 18 and the cylinder fill connector 48. If
the rate of change is above the predetermined threshold, the compressor is stopped
(block 340), and again the process ends (block 344). If, on the other hand, the rate of
change is below the predetermined threshold, the next step is a determination whether
the rate of change in cylinder pressure approximately zero (block 352). If the rate of
change in cylinder pressure is approximately zero, this may indicate that the trans-fill
system is being operated at high altitudes and may not be able to reach the “full”
pressure of the cylinder, therefore, the compressor is stopped (block 340), and the
process ends (block 344). If, on the other hand, the rate of change of cylinder
pressure is greater than zero, then process retreats to determining whether the
oxygen content is above the predetermined threshold (again block 312).

Using the amount and type of sieve material noted, the compressor and
intensifier noted, and the various control strategies noted, a trans-fill system 1000 in
accordance with embodiments of the invention should be capable of filling a cylinder at
or greater than 2 liters per minute when the cylinder pressure is less than
approximately 1200 PSI. Further, the trans-fill system 1000 should be capable of filling
the cylinder at approximately 1.75 to 2.0 liters per minute when the cylinder pressure is
above approximately 1200 PSI.

If the trans-fill system 1000 is used at high altitudes, the fill cycle time may be
increased to compensate for slower fill time of the sieve beds 14 and 16 caused by
high altitude. Correspondingly, when the fill cycle time is increased, either the time of
the various high and low pressure strokes may increase, or additional strokes may be
inserted. In some embodiments, a user may provide the trans-fill system an altitude
value of use by way of the user interface 82, and the trans-fill system 1000
compensates for altitude based on the altitude value and data from prior
experimentation. In alternative embodiments, the trans-fill system 1000 senses
pressure at the outlet of the sieve beds, and switching cycles of the sieve beds 14 and
16 may be based on when pressure at the outlet of the filing sieve bed reaches a

15



10

15

WO 2007/109379 PCT/US2007/060446

predetermined threshold (e.g., 32 PSI). Not only do the alternative embodiments that
sense outlet pressure of the sieve beds correct for altitude, but also these
embodiments compensate for lost capacity of the compressor 10 with age.

The above discussion is meant to be illustrative of the principles and various
embodiments of the present invention. Numerous variations and modifications will
become apparent to those skilled in the art once the above disclosure is fully
appreciated. For example, many of the control signals illustrated in Figure 2A and 2B
are merely logical NOTs of each other. Thus, a trans-fill system need not have
separate digital outputs for each of these signals; instead, one digital output may be
used the control signal logically noted to produce the second signal, or the controlled
valve may be selected to activate on an opposite asserted state. This specification
discusses cylinders having “full” pressure at approximately 2200 PSI; however, other
“full” pressures, both higher and lower, may be equivalently used. Further, while the
various embodiments are described as implemented in part by a processor 56, the
various controls strategies could be equivalently implemented by way of a hardware
state machine, and in some cases pneumatically (particularly the valve control
strategies). It is intended that the following claims be interpreted to embrace all such

variations and modifications.
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CLAIMS

What is claimed is:
1. A method comprising coordinating control of an intensifier with cycles of a sieve
bed fluidly coupled to the intensifier such that there is at least one low pressure stroke
of the intensifier and at least one high pressure stroke of the intensifier during a fill
cycle of the sieve bed.
2. The method as defined in claim 1 further comprising coordinating control of the
intensifier such that there is at least one low pressure stroke and at least one high
pressure stroke during a purge cycle of the sieve bed.
3. The method as defined in claim 1 further comprising:

monitoring the pressure of a high pressure gas stream created by the

intensifier; and
adjusting a time for the high pressure stroke of the intensifier based on the
pressure of the high pressure gas stream.

4, The method as defined in claim 3 wherein adjusting further comprises
lengthening the time for the high pressure stroke directly proportional to pressure of
the high pressure gas stream.
5. The method as defined in claim 3 further comprising adjusting a time for the fill
cycle of the sieve bed based on the pressure of the high pressure gas stream.
6. The method as defined in claim 5 wherein adjusting further comprises
lengthening the time for the high pressure stroke and lengthening the time for the fill
cycle directly proportional to increasing pressure of the high pressure gas stream.
7. The method as defined in claim 1 wherein coordinating further comprises
coordinating control of an intensifier such that there are three substantially complete
strokes of the intensifier, two low pressure strokes and one high pressure stroke,
during the fill cycle of the sieve bed.
8. The method as defined in claim 7 wherein coordinating further comprises
coordinating control of an intensifier such that there are three substantially complete
strokes of the intensifier, two high pressure strokes and one low pressure stroke,
during a purge cycle of the sieve bed.
O. The method as defined in claim 1 wherein coordinating further comprises
coordinating control of an intensifier such that there.are three substantially complete
strokes of the intensifier, two high pressure strokes and one low pressure stroke,
during the fill cycle of the sieve bed.
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10.

The method as defined in claim 1 further comprising producing with the sieve

bed and the intensifier a cylinder fill gas stream at or greater than 2 liters per minute

when a cylinder pressure is less than approximately 1200 PSI, and producing between

approximately 1.75 and 2 liters per minute when the cylinder pressure is above

approximately 1200 PSI.

11.

12.

13.

A system comprising:

a compressor;

a first sieve bed and a second sieve bed which selectively fluidly couple to the
compressor, wherein the first sieve bed produces an enriched gas
stream while the second sieve bed purges, and the second sieve bed
produces the enriched gas stream while the first sieve bed purges; and

an intensifier with a motive portion and a compressive portion, the motive
portion fluidly coupled to the compressor and the compressive portion
fluidly coupled to the enriched gas stream, wherein the motive portion
has a low pressure stroke and a high pressure stroke;

wherein the intensifier is coordinated to begin at least a low pressure stroke and
a high pressure stroke while the first sieve bed produces the enriched
gas stream, and at least a low pressure stroke and a high pressure
stroke while the second sieve bed produces the enriched gas stream.

The system as defined in claim 11 further comprising:

a first valve arrangement coupled between the compressor and'the first and
second sieve beds, wherein the first valve arrangement selectively:
fluidly couples the first sieve bed to the compressor and purges the
second sieve bed; and then fluidly couples the second sieve bed to the
compressor and purges the first sieve bed; and

a second valve arrangement coupled between the compressor and intensifier
motive portion, wherein the second valve arrangement activates the low
pressure stroke and then the high pressure stroke.

The system as defined in claim 12 further comprising:

a processor electrically coupled to the first and second valve arrangements;

a pressure transducer fluidly coupled to a cylinder fill gas stream created by the
intensifier; ‘

wherein the processor sets a time for the high pressure stroke of the intensifier
based the pressure of the cylinder fill gas stream.
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14.  The system as defined in claim 13 wherein the processor extends the time
when the pressure of the cylinder fill gas stream is above a predetermined threshold.
15.  The system as defined in claim 13 wherein the processor shortens the time
when the pressure of the cylinder fill gas stream is below a predetermined threshold.
16.  The system as defined in claim 13 wherein the processor sets the time to be
proportional to the pressure of the cylinder fill gas stream.

17.  The system as defined in claim 11 further comprising:

wherein the intensifier is coordinated to activate a low pressure stroke, then a
high pressure stroke, and then another low pressure stroke while the
first sieve bed produces the enriched gas stream and the second sieve
bed purges; and

wherein the intensifier is coordinated to activate a high pressure stroke, then a
low pressure stroke, and then another high pressure stroke while the
second sieve bed produces the enriched gas stream and the first sieve
bed purges.

18.  The system as defined in claim 11 wherein the intensifier produces a cylinder fill
gas stream at or greater than 2 liters per minute when a pressure of a cylinder being
filled is less than 1200 PSI, and produces between 1.75 and 2 liters per minute when
the pressure is greater than 1200 PSI.

19. A system comprising:

a means for compressing atmospheric air;

a first and second means for separating nitrogen from air to create an enriched
gas stream, the first and second means for separating fluidly coupled to
the means for compressing, wherein the first means for separating
produces an enriched gas stream while the second means for
separating purges, and the second means for separating produces the
enriched gas stream while the first means for separating purges; and

a means for increasing pressure of the enriched gas stream in at least two
stages comprising a low pressure stroke and a high pressure stroke, the
means for increasing fluidly coupled to the enriched gas stream, and
also coupled to the means for compressing;

wherein the means for increasing is coordinated to activate at least a low
pressure stroke and a high pressure stroke while the first means for
separating the enriched gas stream, and at least a low pressure stroke
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20.

10

15

and a high pressure stroke while the second means for separating
produces the enriched gas stream.

The system as defined in claim 19 further comprising:

a means controlling airflow into and purge of the means for separating, the
means for controlling airflow fluidly coupled to the means for
compressing; |

a means for controlling drive air to the means for increasing pressure, the
means for controlling driver air fluidly coupled to the means for
compressing;

a means for executing programs and instructions electrically coupled to the
means for contrdlling airflow and the means for controlling drive air; and

a means for sensing pressure of a cylinder fill gas stream created by the means
for increasing; A

wherein the means for executing sets a time for the high pressure stroke of the
mans for increasing based the pressure of the cylinder fill gas stream.
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