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communication with the first container through a second gas conduit. A gas flow controller such as PLC controls actuation of
valves mounted to the gas condulits.
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Abstract of the Disclosure

A component gas concentrator includes an air compressor, an air-tight first
container containing a molecular sieve bed, the first container in fluid communication with the
compressor through a first gas conduit, and an air-tight second container in fluid
communication with the first container through a second gas conduit. A gas flow controller

such as PLC controls actuation of valves mounted to the gas conduits.
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MINIATURIZED WEARABLE OXYGEN CONCENTRATOR

Field of the Invention

This invention relates to the field of gas concentrators, and in particular to a

miniaturized, portable gas concentrator and method of miniaturized gas concentration.

Background of the Invention

The pressure swing adsorption cycle was developed by Charles Skarstrom.
Figures A and B describe the operation of the Skarstrom "Heatless Dryer". In particular,
ambient humid air is drawn into the system from an intake port, by a compressor. The
pressurized air flows from the compressor through conduit 9 to a switching valve 4. With the
valve in the shown position in Figure A, pressurized air passes through conduit 5a to a
pressure vessel 6a. The air feeds into the pressure vessel to a flow-restrictive orifice 1a. The
eftect of the restrictive orifice is to restrict the flow of gas escaping the pressure vessel. As the
pressure builds up in the pressure vessel, water vapour condenses on the sieve material 8. Air
with reduced humidity passes through orifice 1a to conduit 12. At conduit junction 11, some
of the air is extracted for use from gas extraction port 2 while the remainder passes through
conduit 13 to restrictive orifice 1b. The less humid air that passes through orifice 1b is used to
blow humid air out of the unpressurized vessel 6b, through conduit 5b, through valve 4, to a
vent port 7. When valve 4 switches to the position as shown in Figure B, the opposite cycle

OCCUrs.

Thus, as valve 4 cycles from the position of Figure A to the position of Figure
B, cyclically, there is a gradual reduction of humidity in the air as sampled at port 2. Likewise

gases can be separated by adsorbing components of the gas on selective molecular sieves.




10

15

20

25

CA 02354795 2001-08-02

From laboratory observations, employing the Skarstrom cycle in the context of
an oxygen separator or concentrator, wherein nitrogen is absorbed by molecular sieve beds to
incrementally produce oxygen-enriched air, and using a precursor to the concentrator 10
arrangement of Figure 1, it was observed that miniaturized (in this case nominal 3/4 inch NPT
pipe x 6 inch long) molecular sieve beds 12 and 14 could only reach a maximum of 30%
concentrated or enriched oxygen detected at the gas extraction ports 11. It was thought that
this was because the control valve of the laboratory arrangement was switching before all the
nitrogen could be vented out of the molecular sieve beds and the exhaust lines. However,

measurements from these places showed that the oxygen concentration was higher than

normal. Therefore this was not the problem.

It was also observed that there was a lot of air flow coming out of the molecular
sieve bed before the molecular sieve bed was completely pressurized. It seemed that the
molecular sieve bed was saturated with nitrogen before the bed was finished pressurizing.
Figure 2 diagrammatically represents such a molecular sieve bed 16. Compressed air enters
the bed 1n direction A through inlet passage 16a. A volume of air B is contained within the
bed cavity. A proportion of the volume of air C escapes out through an outflow needle valve
18 while the molecular sieve bed pressurizes. It was thought that the volume of air C escaping
could be a much larger volume than the volume of air B inside the bed 16. Thus the question
became, what happens when the volume of the molecular sieve bed is decreased during

miniaturization, but everything else stays the same?

Poiseauille's Law was used in comparing the old bed volume B to the
miniaturized bed volume to calculate the flow of a fluid that passes through a small hole such

as needle valve 18 under a pressure difference.

l) 1‘4 (P]nsideBed - pOutsideBed)
Q =
3nL
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Where "Q" is the fluid flow in meters cubed per second. "r" is the radius of the

small hole. "prnsideBed - PoutsideBed” 1S €qual to the pressure difference between inside the

molecular sieve bed and outside the molecular sieve bed. "n" is the fluid viscosity, and "L" is
the depth of the small hole.

The flow rate, Q, in meters per second multiplied by the time the flow rate

occurred is equal to the volume of flow in meters cubed.

10

The variable for Q in equation 1 in this case is constant so
3) V =Kt
15 where K 1s some constant value.

Using this information to create a comparison of the Flows and Volumes of the

original oxygen concentrator's bed volume to the new bed volume may be described as:

4) V FlowNew
VBed VolumeNew
R e
V Flowold

VBed VolumeOld
20

Since the time to pressurize the molecular sieve bed can be accurately timed

using a programmable logic controller (PLC) timer, the following can be stated:
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5) KtNew

VBed VolumeNew
R =
Ktows
VBedVqumeOld
or
6) R = Ktyew V Beavotumeoid thew V BedVolumeOld
Ktow V BeavotumeNew toid V BedVolumeNew

The ratio may then be calculated by inserting values using representative values

for a prior art bed and a miniaturized bed (in this case % inch NPT x 6 inch long). Thus, for

example:

7) o (D(0.001885741)
(7)(0.0000434375)

6.2

From this it was concluded that the molecular sieve material of a nominal %
inch NPT pipe x 6 inch long molecular sieve bed (the example used in equation 7) has
approximately 6.2 times the air passing through it during its pressurization cycle than the

molecular sieve material of a prior art oxygen concentrator during its pressurization cycle.

As a consequence of the findings of this analysis it was found to be
advantageous to pressurize and vent the molecular sieve beds in a different way than the prior
art pressure swing adsorption (PSA) technique. In the method of the present invention the bed
1s not vented until the bed is substantially fully pressurized, hereinafter referred to as an air

packet system or method.
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Summary of the Invention

In summary, the gas, such as oxygen, concentrator of the present invention for

enriching a target component gas concentration, such as the oxygen concentration, and

minimizing a waste component gas concentration, such as the nitrogen concentration, in a gas

flow, includes an air compressor, an air-tight first container containing a molecular sieve bed

for adsorbing the waste component gas, the first container in fluid communication with the

compressor through a first gas conduit, and an air-tight second container in fluid

communication with the first container through a second gas conduit. A gas flow controller

such as PLC controls actuation of valves mounted to the gas conduits. The valves regulate air

flow through the conduits so as to sequentially, in repeating cycles:

(a)

(b)

prevent gas flow between the first and second containers and to allow
compressed gas from the compressor into the first container during a
first gas pressurization phase, whereby the first container is pressurized
to a threshold pressure level to create a gas packet having an
incrementally enriched target component gas concentration such as

incrementally enriched oxygen-enriched air;

prevent gas flow into the first container from the compressor and allow
gas flow from the first container into the second container during a gas
packet transfer phase, wherein the gas packet is transferred to the second

container;

prevent gas flow into the second container from the first container and
allow gas to vent to atmosphere out from the first container through a

vent valve of the first container;
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(d) allow gas flow between the first and second containers from the second
container into the first container during an air packet counter-flow

phase, wherein the gas packet flows from the second container to the

first container; and,

(¢)  prevent gas flow venting from the first container through the vent valve

of the first container.

A gas flow splitter is mounted to the second gas conduit for diverting a portion
of the gas packet into a gas line for delivery of target component gas, such as oxygen, enriched

air for an end use, including use by an end user, downstream along the gas line.

In one embodiment of the present invention, both the first and second
containers contain molecular sieve beds for adsorbing the waste component gas, in which case
the second container is also in fluid communication with the compressor; for example through
a third conduit. Also, in that case, the gas flow controller, following the air packet transfer
phase and following preventing gas flow into the second container from the first container,
allows compressed gas from the compressor into the second container during a second gas
pressurization phase, whereby the second container is pressurized to the threshhold pressure
level. The gas flow controller, following preventing the gas flow from venting from the first
container through the vent valve of the first container and following preventing gas flow
between the first and second containers during the first gas pressurization phase, allows gas to
vent to atmosphere out from the second container through a vent valve of the second container

and prevents gas flow into the second container from the compressor.

The gas flow controller may be a processor cooperating with the compressor so
as to shut off the compressor when gas flow from the compressor into both the first and second

containers 1s prevented. The processor and the compressor may be powered by a battery. The
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first and second containers, the conduits, the valves, the processor, the compressor and the

battery may be mounted in a housing.

The first and second containers may be elongate hollow conduits. The
molecular sieve beds may, where the waste component gas is nitrogen, include Zeolite as the
molecular sieve material. The first and second containers may be generally parallel and
mounted in the housing in parallel array. They may be spaced apart laterally relative to the
length of the containers so as to define a channel therebetween. The processor and the
compressor may be mounted in the channel. A valve and manifold housing may also be
mounted in the channel, the valves mounted to the valve and manifold housing. The valve and
manifold housing includes interconnecting manifolds for interconnecting the valves to the first

and second containers and the compressor via the gas conduits.

A gas reservolr may be provided, for example formed as part of the valve and
manifold housing, in fluid communication with the gas flow splitter. The reservoir is for
containing a reserve of, for example, the oxygen-enriched air for delivery to the end use. One
of the valves is a demand valve cooperating between the gas line and the reservoir for release
of the reserve into the gas line upon a triggering event triggering actuation of the demand
valve. In one embodiment, a pressure sensor cooperates with the gas line, and the triggering
event 1s a drop in pressure in the gas line sensed by the pressure sensor. The pressure sensor
provides a triggering signal to trigger the actuation of the demand valve upon detecting the
drop 1n pressure, for example to a pre-set lower threshold pressure, below which the pressure

sensor provides the triggering signal.

In one embodiment, the compressor is run intermittently upon actuation signals

from the processor so as to only run when required, including during the pressurization phase.

In the embodiments in which the end use is for example oxygen supply to an

end user such as a patient, the first and second containers may be elongate and curved along
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their length so as to conform to a body shape of the end user when the gas concentrator is worn

by the end user. In any event, when the end use is oxygen supply to an end user, it is intended

that the gas concentrator may be adapted to be worn by the end user.

Thus the method of the present invention includes the sequential steps, in

repeating cycles, of:

(a)

(b)

(c)

(d)

(¢)

preventing gas flow between the first and second containers and allowing
compressed gas from the compressor into the first container during a first gas
pressurization phase, whereby the first container is pressurized to a threshold

pressure level to create a gas packet having incrementally enriched target

component gas concentration;

preventing gas flow into the first container from the compressor and allowing
gas flow from the first container into the second container during a gas packet

transfer phase, wherein the gas packet is transferred to the second container;

preventing gas flow into the second container from the first container and
allowing gas to vent to atmosphere out from the first container through a vent

valve of the first container;

allowing gas flow between the first and second containers from the second
container into the first container during an air packet counter-flow phase,
wherein the gas packet flows from the second container to the first container;

and,

preventing gas flow venting from the first container through the vent valve of

the first container.
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Where the gas concentrator further includes a molecular sieve bed for adsorbing
the waste component gas in the second container and wherein the second container is in fluid

communication with the compressor through a third conduit, the method of the present

invention further includes the steps of:

(a) following the gas packet transfer phase and following preventing gas flow into
the second container from the first container, the gas flow controller allowing
compressed gas from the compressor into the second container during a second
gas pressurization phase, whereby the second container is pressurized to the

threshold pressure level; and

(b) following preventing the gas flow from venting from the first container through
the vent valve of the first container and following preventing gas flow between
the first and second containers during the first gas pressurization phase, the gas
flow controller allowing gas to vent to atmosphere out from the second
container through a vent valve of the second container and preventing gas flow

into the second container from the compressor.
Brief Description of the Drawings
Figures A and B illustrate the Skarstrom Heatless Air Drying Device.

Figure 1 1s, in perspective view, a prototype embodiment of the oxygen

concentrator of the present invention.

Figure la is, in partially cut-away enlarged view, one end of a molecular sieve
bed of Figure 1.
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Figure 2 1s a diagrammatic view of a singular molecular sieve bed having an
uncontrolled outlet orifice such as would be found in the prior art pressure swing adsorption

method.

Figure 3 1s a block diagram of one embodiment of the oxygen concentrator of

the present invention.

Figure 4 is a block diagram of a further embodiment of the oxygen
concentrator of the present invention during pressurization of a first molecular sieve bed

during an 1nitial pressurization phase.

Figure 5 1s a block diagram of the oxygen concentrator of Figure 4 during an

air packet transfer phase.

Figure 6 1s the oxygen concentrator of Figure 5 during pressurization of a

second molecular sieve bed.

Figure 6a 1s a block diagram of one embodiment of the oxygen concentrator of

the present invention.

Figure 7 is, in exploded perspective view, one embodiment of the oxygen

concentrator of the present invention.

Figure 8 1s, in perspective view, a further embodiment of the oxygen

concentrator of the present invention.

Figure 8a 1s a cross-sectional view along line 8a-8a in Figure 8.

10
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Figure 9 is, in end-on perspective view, a housing according to one

embodiment of the oxygen concentrator of the present invention.

Figure 10 1s, in perspective view, an end user wearing an oxygen concentrator

according to one embodiment of the present invention.

Figure 11 is a block diagram of a further embodiment of the oxygen

concentrator according to the present invention.

Figure 12 is, in perspective view, a valve and manifold housing according to

one embodiment of the oxygen concentrator of the present invention.

Figure 13 is, in side elevation view, the valve and manifold housing of Figure
12.

Figure 14 is, in plan view, the valve and manifold housing of Figure 13.

Figure 15 is a cross-sectional view along line 15-15 in Figure 12.

Figure 16 1s, in partially cut-away perspective view, a further embodiment of

the molecular sieve beds of the oxygen concentrator of the present invention.

Figure 16a 1s, in partially cut-away enlarged view, one end of the molecular

sieve beds of Figure 16.

11
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Detailed Description of Embodiments of the Invention

With reference to the accompanying figures in which like parts have the same
reference numerals in each view, details of the concentration process and apparatus of the
present invention are now provided. As used herein, including as used in the claims set out
below, all references to oxygen and oxygen-enriched are intended to include other end-use
gases which may be advantageously used in any end use once separated or concentrated
according to the present invention from a parent gas (for example ambient air) comprising the

end-use gas (for example oxygen) and waste gases (for example nitrogen) which may be

adsorbed by a molecular sieve bed.

As can also be seen in Figure 3 which is a diagrammatic illustration of an
arrangement implementing the oxygen concentrator of the present invention, air is filtered
through intake filter 20 and is pressurized by compressor 22. The air stream is directed to
pressurize bed 12 by having a supply valve 24 for bed 12 open and a nitrogen vent 26 for bed
12 closed. Control valve 28 is closed so that bed 12 pressurizes without any air venting.
Valves 24, 26 and 28 may be solenoid valves. When bed 12 is pressurized, for example to 10
psi, then supply valve 24 is closed so that no more air enters into bed 12. At the same time
control valve 28 1s opened for a time to allow oxygen-enriched air to flow through air conduit
30 and the through air flow splitter 32 so as to split a percentage of the air flow through a gas
extraction port and air flow conduit 34 so as to supply oxygen-enriched air to an end us at the
end of conduit 34 such as a patient breathing the oxygen-enriched air flow. Conduit 34
supplies flow in direction D to an end-use (such as machine requiring or using oxygen-
enriched air) or an end-user (such as seen in Figure 10) through a needle valve 36. The
remainder of the airflow continues through conduit 38 through open control valve 40 into bed
14 so as to be contained therein. Oxygen-enriched air that flows into bed 14 to purge the bed
of nitrogen, vents out through the nitrogen vent 42. In an embodiment where the compressor
1s not turned on and off to preserve battery life, while bed 12 is generating oxygen-enriched

air, pressure relief valve 44 may be venting air from compressor 22 unless the compressor is

12
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being run intermittently on a demand-based basis as better described below. Pressure may be
relieved by the use of PLC time-controlled solenoid valves or pressure relief valves. It has
been found advantageous to use 10 Angstrom Zeolite for example Oxi-sive 5 (13x)™ Zeolite

marketed by OUP 1n Calgary, Alberta, Canada, although other forms of Zeolite will also work.

The steps in concentrating oxygen are illustrated diagrammatically in Figures 4-
6. The first step is to introduce ambient air into the inside of bed 12 (i.e. a chamber filled with

Zeolite), then to pressurize bed 12.

Figure 4 illustrates pressurizing bed 12 for the first time. Herein the thickened
and darkened air supply lines 50 and the darkened bed 12 indicate pressurized flow or
pressurized static gas. The control valve 28, nitrogen vent bed 26 and supply valve 46 for bed
14 are closed, while supply valve 24 is open. At this point compressor 22 is introducing
ambient air into bed 12 and pressurizing it. This continues until the bed reaches for example
10 psi as indicated by the pressure gauge 52. Next, supply valve 24 is closed and the
pressurized air contained in bed 12 is separated into oxygen and nitrogen by the granular
Zeolite molecular sieve material 48 better seen in Figure la. At a molecular level the nitrogen
1s adsorbed by the Zeolite and held as long as the bed is under pressure. This leaves the
oxygen-enriched gas within the pressurized chamber or cavity of the bed. It has been observed

that this process occurs almost instantaneously. The pressure in bed 14 remains at ambient as

indicated by pressure gauge 54.

Next, as shown 1n Figure 5, control valve 28 is opened. The oxygen which had
been separated within the chamber of bed 12 is the first gas to leave bed 12 as pressure is
released through control valve 28. This oxygen-enriched air is fed from bed 12 into bed 14
through conduits 30 and 38. During this transfer some of the oxygen-enriched air is also
released via splitter 32 through conduit 34 to the end-use or end-user as air flow in direction D,
as regulated by adjustable needle valve 36. Splitter 32 and valve 36 may be a T-junction

having a needle valve allowing for control of the split-off flow rate. As better described

13
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below, this may also be accomplished by a calibrated orifice controlling the split-off flow rate.
As the oxygen-enriched air enters bed 14 it displaces the ambient air in bed 14 out of nitrogen
vent 42. A net increase in the oxygen concentration contained within bed 14 results. The
counter-flow is discontinued before nitrogen is entered into the system to prevent a drop in
oxygen concentration. For example, a bed initially pressurized to 20 psi, counter-flow would
be discontinued as the pressure drops to approximately 7 psi because nitrogen will start
leaching into the air-stream at that point. In a larger industrial embodiment of the present
invention, where the packet system of the present invention is employed for use with large
beds, then oxygen or nitrogen sensors may be employed to detect when optimal oxygen
concentration levels are reached (i.e. peaked) or to detect when nitrogen levels start to rise so

as to control the counter-flow duration. Such sensors may be installed for example adjacent

the control valves, for example control valves 28, 40.

The process then repeats, but in the reverse order. As seen in Figure 6, which
shows the pressurization of bed 14, the oxygen-enriched air which had been introduced into
bed 14 1s contained by closing control valve 40 and nitrogen vent 42. Next, supply valve 46 is
opened and compressor 22 begins to compress the oxygen-enriched air, again up to for
example 10 psi through air conduits 56 into bed 14. Also, at this time control valve 28 and
nitrogen vent 26 are opened to vent off the residual nitrogen from bed 12. Supply valve 24 is

closed.

After the molecular sieve material 48 and gas contained within bed 14 are
pressurized, control valve 40, control valve 28 and nitrogen vent 26 are opened. The oxygen-
enriched air is then passed back into bed 12 from bed 14. As this air is introduced into bed 12
it assists in displacing the residual nitrogen from bed 12 out from nitrogen vent 26. After an
optimized time, nitrogen vent valve 26 is closed along with control valve 28, and supply valve

24 is opened to start the cycle over again from the beginning.

14
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The process of transferring or shunting oxygen-enriched air from one bed to

another 1s known as counter-flow. A reservoir 58 mounted upstream of the inlet for each

molecular sieve bed may be employed to increase the counter flow volume to volume-to-the-

end-user gas tlow ratio.

Alternatively as seen in Figure 6a counterflow may be accomplished by use of
only one molecular sieve bed 12' and one reservoir 14'. Compressor 22 pressurizes an air flow
through valve 24' into bed 12'. Oxygen-enriched air is shunted through valve 28' from bed 12'
into reservoir 14' instead of into a second bed, and then counter-flowed from the reservoir back
into the bed using the packet air-flow system of the present invention. This also accomplishes
incremental increases per cycle in the oxygen concentration of the air packet béing shunted
back and forth from and to the bed so as to allow splitting or bleeding off to an end user of an
oxygen-enriched air supply through orifice 128' and valve 134'. Nitrogen in bed 12' is purged
or vented through valve 26'. Alternatively the oxygen concentration according to the present

invention may be accomplished by using a plurality of molecular sieve beds.

The counter-flow process is optimally timed to achieve an incremental increase
In oXygen concentration per cycle. One way this is accomplished is by placing an oxygen
concentration sensor on the end-user air flow conduit 34 and then, for example using an
adjustable or otherwise regulatable splitter 32 to vary the percentage of air flow being diverted
in direction D to the end-user and monitoring the percentage oxygen concentration in conduit
34. It has been applicant's experience that in this fashion a maximum percentage oxygen
concentration passing through conduit 34 may be ascertained, and once found, the setting of
splitter 32 has been correspondingly optimized. Once, for a particular arrangement, an
optimized flow rate or valve setting has been ascertained, splitter 32 may be replaced with a
non-adjustable flow splitter having a flow restrictor in the end-user gas flow line which is
preset or pre-sized to replicate the optimized end-user gas flow rate. Applicant has found it
advantageous when optimizing the counter-flow to start with excess counter-flow and then

reduce the amount of counter-flow (decreasing the counter-flow time), for example starting

15
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with a counter-flow time equivalent to 75% of the time it takes to pressurize the beds to 10 psi.
This 1s not to be taken, however, as implying that pressurization may only be done using a
time-based method, as it is intended that the scope of this invention include using an air packet
method which is pressure-based rather than time-based. That is, rather than pressurizing or
depressurizing the beds for a preset time, it may be that the bed pressure is monitored and the
air packet shunted upon a pre-set pressure threshold being met. Applicant has also found that
using the method of the present invention, the size of the molecular sieve beds may be reduced
from that presently found in the prior art, for example reduced to 75% of the size currently
used in the prior art. Applicant has also found that using the method and apparatus of the
present invention, that oxygen levels in the end-user gas flow line may reach in excess of 90%,

with 95% oxygen levels thought to be sustainably available.

As seen in the embodiment of Figure 7, molecular sieve beds 12 and 14 are
contained within housing 60 in parallel spaced apart array so as to dispose the beds displaced
laterally within the housing cavity thereby leaving a space between the beds running the length
of the housing. This space between the beds may be accessed in one embodiment by removal
of face plate 62 from housing 60, face plate 62 being releasably mounted to housing 60 for

example by means of screw fasteners 64.

Mounted between beds 12 and 14 within housing 60 are a compressor 66, a
valve and manifold housing 68, a splitter valve 70 (to serve the function of splitter 32) and
various flexible pipe or tubing to serve as the air conduits as better described below. The
actuation timing of the valve actuation and the actuation timing of the compressor are
controlled by signals from a PLC or other processor. In the embodiment of Figure 7, the
processor is remote from housing 60 and communicates via interface plug 74. In the
embodiment of Figure 8, which i1s otherwise substantially similar to that of Figure 7, the
remote PLC or processor is replaced with an onboard PLC or processor 76 mounted on circuit
board 78, where circuit board 78 is mounted between compressor 66 and valve housing 68.

Also, in the embodiment of Figure 8, faceplate 62 is replaced with a one-half clam shell style

16
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cover (not shown), that is, the housing is formed as a clam shell cover arrangement as better
seen 1n Figure 9 and labeled as housing 60'. An end-mounted control panel may contain an

on/off power switch 63, an air extraction port 34' a perforated air intake plate or grate 65, and a

12 volt DC connector 67.

Housing 60' may have a handle 80 mounted along one lateral side for carrying
of the oxygen concentrator of the present invention, it being understood that providing for
hand-held carrying is not intended to be limiting. The present invention is also intended in
alternative embodiments to be worn by a user, for example in or as a backpack or hip pack or
so-called tanny pack 81 such as seen in Figure 10. Conduit 34 extends from the housing to the
end-user so that, where the end-user is a patient requiring a supply of oxygen-enriched air,

conduit 34 may supply nasal tubes 35 as commonly in use in the prior art.

In the embodiments of Figures 7 and 8, beds 12 and 14 may be 2 inch inside
diameter pipe, having a length of approximately 12 inches so as to provide for carrying therein
molecular sieve material having a length of, in one embodiment, at least 9 and 1/2 inches in
order to obtain oxygen concentrations of greater than 90 per cent. The beds are sealed on their
ends by end caps 82, suitably bored or otherwise ported so as to cooperate with air conduit
tubing forming the pneumatic circuit (not shown in Figure 7 for clarity) and to allow for the
fastening of the end caps onto the ends of the bed pipes for example by the use of elongate
bolts 84 as seen 1n Figure 7. The Zeolite molecular sieve material 48 is sandwiched
longitudinally within the cylindrical pipe housing of each bed between a pair of porous
membranes 86, themselves sandwiched between a pair of porous backing plates 88. The
sandwich of porous backing plates 88, porous membranes 86, and molecular sieve material 48
may be resiliently urged to one end of the bed by a resilient biasing means such as helical
spring 90. The porous membranes 86, which may be felt porous backing material or other
material to contain material of molecular sieve bed from passing through the openings of

porous backing plates 88, sized to cover the entire opening within the cylindrical beds. Porous

17
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backing plates 88 may be rigid plates having holes drilled therethrough. The end caps 82 may
be sealed onto the ends of the piping forming the bed housings by means of O-rings 92.

Compressor 66, which may be a Thomas™ 8009DC compressor having its
mounting plate removed and adapted to rotate the head ports by 180 degrees, or a Thomas™
7006 series compressor as depicted in Figure 8, may be mounted into housing 60 by means of
a resilient mounting plate 94 which may be of open cell high density foam or Sorbothane™ or
other dampening material. A further resilient mounting plate 96, which may also be of open
cell high density foam may be employed to mount valve housing 68 into housing 60. In the
embodiment of Figure 7, valve and manifold housing 68 includes a series of 7 Humphrey' ™
310 series 24 volt DC stand-alone valves bolted into side-by-side adjacent array by means of

clongate bolts 98. As depicted in Figure 8, the valves may also be Humphrey™ HKS5 valves.

Valve and manifold housing 68 has an array of valves mounted adjacently as a
block 68a, and conveniently disposed along the back side of the block is a reservoir and
mutiler manifold 68b. Air conduits lead into the muffler cavity, which may be a bore formed
in manifold 68b and filled with sound-dampening material, for example cellulose fibre, and a
conduit leads from the muffler to the compressor so as to supply air to the compressor.
Further conduit then leads from the compressor into the valve block 68a so as to supply
compressed air to the supply valves. Thus as seen in Figure 8, coupler 100 and its
corresponding air conduit draw air from outside of the housing and feed it into muffler 102

shown in dotted outline. Muffler 102 may be accessed through end cap 104, which may be

- threadably mounted into the end of the muffler bore. Air from the air intake coupler 100

passes through muftler 102 in direction F so as to exit through the muffler output coupler 106
and its corresponding air conduit which feeds air into compressor 66, and in particular, into the
compressor cylinder head 66a. Upon compression of the air by the operation of the
compressor cylinder contained within the compressor cylinder head housing 66a by the
operation of motor 66b, air is compressed and output through compressor output coupler 108

and its corresponding air condutit.
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As better seen in Figure 8a, which illustrates the front face of valve block 68a,
seven air conduit couplers are provided. Without intending to be limiting in their arrangement,
they are the bed 12 infeed coupler 110 between supply valve 24 and bed 12, the common
nitrogen vent coupler 112 which commonly vents from both nitrogen vent 26 and nitrogen
vent 42, the compressed air infeed coupler 114 from compressor 22, the bed 14 infeed coupler
116 between bed 14 and supply valve 46, the bed 12 outfeed coupler 118 between bed 12 and
control valve 28, bed 14 outfeed coupler 120 between bed 14 and control valve 40, and the
patient air flow coupler 122. These couplers are illustrated in the diagram of Figure 11 which
also 1illustrates the common venting of nitrogen vents 26 and 42 through vent line 124 and the
removal of the pressure relief valve of Figure 3 as being unnecessary due to the switching on
and off of compressor 22. Figure 11 also illustrates features of an alternative embodiment for

valve and manifold housing 68, and in particular valve and manifold housing 126 as illustrated

in Figures 12-16.

Figure 11 also illustrates a further embodiment of the oxygen concentrator of
the present invention. Rather than using an adjustable flow splitter 32 or an adjustable needle
valve 36, the proportion of oxygen-enriched air flow flowing in direction D through conduit 34
is regulated by a pre-set optimized orifice 128 which then flows through a check valve 130
into reservoir 132. OQOutflow from reservoir 132 is controlled by demand valve 134. The air
tlow then may split between air flow to the patient along conduit 136 and air flow to a pressure
sensor (not shown) along conduit 138. The sensor on conduit 138 may then be employed to
sense when a patient 1s demanding a surge release of oxygen-enriched air from reservoir 132.
Thus when the patient creates a drop in pressure in conduit 136 such as would be caused by
suction applied to conduit 136, the sensor detects the drop in pressure below a pre-set
threshold and causes the processor to trigger the release of the reserve of oxygen-enriched air
contained within reservoir 132. In alternative embodiments, the reservoir may be large enough
to contain a sufficient supply of oxygen-enriched air for more than one inhalation on demand

by the patient through demand valve 134.
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This embodiment 1s reflected also in Figures 12-16 which illustrate a bored
reservoir 132 bored into the manifold block 126b parallel to muffler 102. As with the muffler,

the reservoir may be bored and sealed using a threaded end cap 104.

As seen 1n Figures 16 and 164, it is intended to form part of the scope of the
present invention that the molecular sieve beds 12" and 14" may be curved rather than linear.
For example, the beds 12" and 14" may be curved along their length so as to better
conformally fit about the waist of a user wearing them such as in Figure 10. End plates 69
may be bolted through bolt holes 71 to the frame or casing of the housing or beds respectively
to seal the ends of the beds. The beds may be formed as a curved adjacent parallel pair of beds
such as seen in Figure 16 or, consistent with the previously described embodiments, be
laterally spaced apart and parallel within a housing which would also then have a
correspondingly curved surface to facilitate ease and comfort of wearing the oxygen
concentrator of the present invention. In all such wearable embodiments, it may be that
control switches such as the "on/oft" switch, the air intake, the end-user air flow outlet and the
like are mounted within the carrying media, such as a back pack, fanny pack etc., so as to be
exposed from one end of the housing and from one side of the carrying media. Thus as seen in

Figure 10 the user has ease of access to the control functions and to the air flow outlet from

which the air flow conduit extends for use.

As will be apparent to those skilled in the art in the light of the foregoing
disclosure, many alterations and modifications are possible in the practice of this invention
without departing from the spirit or scope thereof. Accordingly, the scope of the invention 1s

to be construed in accordance with the substance defined by the following claims.
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WHAT IS CLAIMED IS:

1. An oxygen concentrator for enriching an oxygen gas concentration and minimizing a

nitrogen gas concentration in a gas flow comprising:

an air COMprcessor,

an air-tight first container in fluid communication with said compressor, through a first

gas conduit, an air-tight second container in fluid communication with said first

container through a second gas conduit,

wherein said first container contains a molecular sieve bed for adsorbing nitrogen,

a gas flow controller controlling actuation of valves mounted to said gas conduits, said

valves regulating air flow through said conduits so as to sequentially, in repeating

cycles:

(a) prevent gas flow between said first and second containers and to allow
compressed gas from said compressor into said first container during a first gas
pressurization phase, whereby said first container is pressurized to a threshold

pressure level to create a packet of incrementally oxygen-enriched air;

(b)  prevent gas flow into said first container from said compressor and allow gas
flow from said first container into said second container during an air packet
transfer phase, wherein said packet of incrementally oxygen-enriched air is

transferred to said second container;
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(¢) prevent gas flow into said second container from said first container and allow

gas to vent to atmosphere out from said first container through a vent valve of

said first container;

(d) allow gas flow between said first and second containers from said second

container into said first container during an air packet counter-flow phase,

wherein said packet of incrementally oxygen-enriched air flows from said

second container to said first container; and,

(e) prevent gas tflow venting from said first container through said vent valve of

sald first container,

a gas flow splitter mounted to said second gas conduit for diverting a portion of said
packet of incrementally oxygen-enriched air into a gas line for delivery of oxygen-

enriched air for an end use downstream along said gas line.

The device of claim 1 wherein both said first and second containers contain molecular
sieve beds and wherein said second container is in fluid communication with said

compressor through third conduit,

and wherein said gas flow controller, following said air packet transfer phase and
following preventing gas flow into said second container from said first container,
allows compressed gas from said compressor into said second container during a
second gas pressurization phase, whereby said second container is pressurized to said

threshold pressure level,

and wherein said gas flow controller, following preventing said gas flow from venting
from said first container through said vent valve of said first container and following

preventing gas tlow between said first and second containers during said first gas
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pressurization phase, allows gas to vent to atmosphere out from said second container
through a vent valve of said second container and prevents gas flow into said second

container from said compressor.

The device of claim 2 wherein said gas flow controller is a processor cooperating with
said compressor so as to shut off said compressor when gas flow from said compressor
into both said first and second containers is prevented, and wherein both said processor
and said compressor are battery powered by a battery, and wherein said first and
second containers, said conduits, said valves, said processor, said compressor and said

battery are mounted in a housing.

The device of claim 1 wherein said first container is an elongate hollow conduit and

wherein said molecular sieve bed is Zeolite.

The device of claim 2 wherein said first and second containers are elongate hollow

conduits and wherein said molecular sieve beds are Zeolite.

The device of claim 3 wherein said first and second containers are elongate hollow
conduits and wherein said molecular sieve beds are Zeolite and wherein said first and

second containers are generally parallel and mounted in said housing in parallel array.

The device of claim 6 wherein said array is spaced apart laterally relative to the length

of said containers so as to define a channel therebetween.

The device of claim 7 wherein said processor and said compressor are mounted in said

channel.

The device of claim 8 further comprising a valve and manifold housing mounted in

said channel, said valves mounted to said valve and manifold housing, said valve and
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manifold housing having interconnecting manifolds for interconnecting said valves to

said first and second containers and said compressor via said gas conduits.

The device of claim 9 further comprising a gas reservoir in fluid communication with
said gas flow splitter, said reservoir for containing a reserve of said oxygen-enriched
air for delivery to said end use, and wherein one of said valves is a demand valve
cooperating between said gas line and said reservoir for release of said reserve into said

gas line upon a triggering event triggering actuation of said demand valve.

The device of claim 10 further comprising a pressure sensor cooperating with said gas
line, wherein said triggering event is a drop in pressure in said gas line sensed by said
pressure sensor, wherein said pressure sensor provides a triggering signal to trigger

said actuation of said demand valve upon detecting said drop in pressure.

The device of claim 11 wherein said drop in pressure is to a pre-set lower threshold

pressure, below which said pressure sensor provides said triggering signal.

The device of claim 12 wherein said compressor is run intermittently upon actuation

signals from said processor so as to only run when required.

The device of claim 1 wherein said end use is oxygen supply to an end user, and
wherein said first and second containers are elongate and curved along their length so
as to conform to a body shape of said end user when said oxygen concentrator is worn

by said end user.

The device of claim 1 wherein said end use 1s oxygen supply to an end user and

wherein said oxygen concentrator is adapted to be worn by said end user.
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The device of claim 3 wherein said end use is oxygen supply to an end user, and
wherein said first and second containers are elongate and curved along their length so

as to conform to a body shape of said end user when said oxygen concentrator is worn

by said end user.

The device of claim 3 wherein said end use is oxygen supply to an end user and

wherein said oxygen concentrator is adapted to be worn by said end user.

In an oxygen concentrator including:

an air Compressor,

an air-tight first container in fluid communication with said compressor, through a first
gas conduit, an air-tight second container in fluid communication with said first

container through a second gas conduit,

wherein said first container contains a molecular sieve bed,

a gas flow controller controlling actuation of valves mounted to said gas conduits,

a gas flow splitter mounted to said second gas conduit for diverting a portion of said
packet of incrementally oxygen-enriched air into a gas line for delivery of oxygen-

enriched air to an end use downstream along said gas line,

said valves regulating air flow through said conduits, a method of oxygen enrichment

comprising the sequential steps, in repeating cycles, of:

(a) preventing gas tlow between said first and second containers and allowing

compressed gas from said compressor into said first container during a first gas
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pressurization phase, whereby said first container is pressurized to a threshold

pressure level to create a packet of incrementally oxygen-enriched air;

preventing gas flow into said first container from said compressor and allowing
gas flow from said first container into said second container during an air

packet transfer phase, wherein said packet of incrementally oxygen-enriched air

1s transferred to said second container:;

preventing gas flow into said second container from said first container and
allowing gas to vent to atmosphere out from said first container through a vent

valve of said first container;

allowing gas flow between said first and second containers from said second
container into said first container during an air packet counter-flow phase,
wherein said packet of incrementally oxygen-enriched air flows from said

second container to said first container; and,

preventing gas flow venting from said first container through said vent valve of

said first container.

The method of claim 18, wherein said oxygen concentrator further includes a

molecular sieve bed in said second container and wherein said second container is in

fluid communication with said compressor through third conduit, further comprising

the steps of:

(a)

following said air packet transfer phase and following preventing gas flow into
said second container from said first container, said gas flow controller

allowing compressed gas from said compressor into said second container
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during a second gas pressurization phase, whereby said second container is

pressurized to said threshold pressure level; and

(b) following preventing said gas flow from venting from said first container
through said vent valve of said first container and following preventing gas
flow between said first and second containers during said first gas
pressurization phase, said gas flow controller allowing gas to vent to
atmosphere out from said second container through a vent valve of said second

container and preventing gas flow into said second container from said

COMpressor.

The method of claim 19 wherein said gas flow controller is a processor cooperating
with said compressor, further comprising the step of shutting off said compressor while

gas flow from said compressor into both said first and second containers is prevented.

A gas concentrator for enriching a target component gas concentration and minimizing

a waste component gas concentration in a gas flow comprising:

an air Ccompressor,

an air-tight first container in fluid communication with said compressor, through a first
gas conduit, an air-tight second container in fluid communication with said first

container through a second gas conduit,

wherein said first container contains a molecular sieve bed for adsorbing a waste

component gas,
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a gas flow controller controlling actuation of valves mounted to said gas conduits, said

valves regulating air flow through said conduits so as to sequentially, in repeating

cycles:

(a) prevent gas flow between said first and second containers and to allow
compressed gas from said compressor into said first container during a first gas
pressurization phase, whereby said first container is pressurized to a threshold

pressure level to create a gas packet having an incrementally enriched target

component gas concentration;

(b)  prevent gas flow into said first container from said compressor and allow gas
flow from said first container into said second container during an air packet

transfer phase, wherein said gas packet is transferred to said second container:

(¢) prevent gas flow into said second container from said first container and allow
gas to vent to atmosphere out from said first container through a vent valve of

said first container;

(d) allow gas flow between said first and second containers from said second
container into said first container during an air packet counter-flow phase,

wherein said gas packet flows from said second container to said first container;

and,

(e) prevent gas flow venting from said first container through said vent valve of

said first container,

a gas flow splitter mounted to said second gas conduit for diverting a portion of said
gas packet into a gas line for delivery of target component gas-enriched air for an end

use downstream along said gas line.
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The device of claim 21 wherein both said first and second containers contain molecular

sieve beds and wherein said second container is in fluid communication with said

compressor through third conduit,

and wherein said gas flow controller, following said air packet transfer phase and
following preventing gas flow into said second container from said first container,
allows compressed gas from said compressor into said second container during a

second gas pressurization phase, whereby said second container is pressurized to said

threshold pressure level,

and wherein said gas flow controller, following preventing said gas flow from venting
from said first container through said vent valve of said first container and following
preventing gas flow between said first and second containers during said first gas
pressurization phase, allows gas to vent to atmosphere out from said second container
through a vent valve of said second container and prevents gas flow into said second

container from said compressor.

The device of claim 22 wherein said gas flow controller is a processor cooperating with
said compressor so as to shut off said compressor when gas flow from said compressor
into both said first and second containers is prevented, and wherein both said processor
and said compressor are battery powered by a battery, and wherein said first and
second containers, said conduits, said valves, said processor, said compressor and said

battery are mounted in a housing.

The device of claim 21 wherein said first container is an elongate hollow conduit.

The device of claim 22 wherein said first and second containers are elongate hollow

conduits.
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The device of claim 23 wherein said first and second containers are elongate hollow

conduits and wherein said first and second containers are generally parallel and

mounted in said housing in parallel array.

The device of claim 26 wherein said array is spaced apart laterally relative to the length

of said containers so as to define a channel therebetween.

The device of claim 27 wherein said processor and said compressor are mounted in

said channel.

The device of claim 28 further comprising a valve and manifold housing mounted in
said channel, said valves mounted to said valve and manifold housing, said valve and
manifold housing having interconnecting manifolds for interconnecting said valves to

said first and second containers and said compressor via said gas conduits.

The device of claim 29 further comprising a gas reservoir in fluid communication with
said gas flow splitter, said reservoir for containing a reserve of said target component
gas-enriched air for delivery to said end use, and wherein one of said valves is a
demand valve cooperating between said gas line and said reservoir for release of said

reserve into said gas line upon a triggering event triggering actuation of said demand

valve.

The device of claim 30 further comprising a pressure sensor cooperating with said gas
line, wherein said triggering event is a drop in pressure in said gas line sensed by said
pressure sensor, wherein said pressure sensor provides a triggering signal to trigger

said actuation of said demand valve upon detecting said drop in pressure.
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The device of claim 31 wherein said drop in pressure is to a pre-set lower threshold

pressure, below which said pressure sensor provides said triggering signal.

The device of claim 32 wherein said compressor is run intermittently upon actuation

signals from said processor so as to only run when required.

The device of claim 21 wherein said end use is oxygen supply to an end user, and
wherein said first and second containers are elongate and curved along their length so

as to conform to a body shape of said end user when said gas concentrator is worn by

sald end user.

The device of claim 21 wherein said end use is oxygen supply to an end user and

wherein said gas concentrator is adapted to be worn by said end user.
The device of claim 23 wherein said end use is oxygen supply to an end user, and
wherein said first and second containers are elongate and curved along their length so

as to conform to a body shape of said end user when said oxygen concentrator is worn

by said end user.

The device of claim 23 wherein said end use is oxygen supply to an end user and

wherein said oxygen concentrator is adapted to be worn by said end user.

A gas concentrator for enriching a target component gas concentration and minimizing

a waste component gas concentration in a gas flow including:

an air compressor,
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an air-tight first container in fluid communication with said compressor, through a first

gas conduit, an air-tight second container in fluid communication with said first

container through a second gas conduit,

wherein said first container contains a molecular sieve bed for adsorbing a waste

component gas,

a gas tlow controller controlling actuation of valves mounted to said gas conduits,

a gas flow splitter mounted to said second gas conduit for diverting a portion of said

gas packet into a gas line for delivery of target component gas-enriched air to an end

use downstream along said gas line,

said valves regulating air flow through said conduits, a method of oxygen enrichment

comprising the sequential steps, in repeating cycles, of:

(a) preventing gas flow between said first and second containers and allowing
compressed gas from said compressor into said first container during a first gas
pressurization phase, whereby said first container is pressurized to a threshold

pressure level to create a gas packet having incrementally enriched target

component gas concentration;

(b)  preventing gas flow into said first container from said compressor and allowing
gas flow from said first container into said second container during an air
packet transfer phase, wherein said gas packet is transferred to said second

container;
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preventing gas flow into said second container from said first container and

allowing gas to vent to atmosphere out from said first container through a vent

valve of said first container;

allowing gas flow between said first and second containers from said second
container into said first container during an air packet counter-flow phase,

wherein said gas packet flows from said second container to said first container;

and,

preventing gas tflow venting from said first container through said vent valve of

said first container.

The method of claim 38, wherein said gas concentrator further includes a molecular

sieve bed 1n said second container and wherein said second container is in fluid

communication with said compressor through third conduit, further comprising the

steps of:

(a)

(b)

following said air packet transfer phase and following preventing gas flow into
sald second container from said first container, said gas flow controller
allowing compressed gas from said compressor into said second container
during a second gas pressurization phase, whereby said second container is

pressurized to said threshold pressure level; and

following preventing said gas flow from venting from said first container
through said vent valve of said first container and following preventing gas
flow between said first and second containers during said first gas
pressurization phase, said gas flow controller allowing gas to vent to

atmosphere out from said second container through a vent valve of said second
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container and preventing gas flow into said second container from said

COMpressor.
The method of claim 39 wherein said gas flow controller is a processor cooperating

with said compressor, further comprising the step of shutting off said compressor while

gas flow from said compressor into both said first and second containers is prevented.

34



CA 02354795 2001-08-02

> ¢ 3 A B A & 40 ¢ & I P P PR 4T e

¢ % & a s F e P e
= P ® u 4 ¢ 4t napu»
4 & ¢ % 5 s 0y
> = a = & bV s e

J & 5 & & » A m m s s
P S PR e N e

¢ & 4 ¢ 2 A &0 2 +
4 = d P e e ¢ v

" e W * ¥ Pe g
a 5 & F A D A & b a4

& ¢ » & & A g p &
¢ ¥ & F P S B W -
«a 2 ¢ 4 a s ad ¢t
4 B % ¢ % 4 F " P
* 4 & vy 9> p 8 an
e I 9 & & 9 3 0 03
« 4 & F m 4 A Q@ & % a

T " b P adt e b oo
& & F ¢ 4 F A &P o a2
= uw B & & > % S P

= A 98 &8 b PFE e e S 9 9 & % 1 % &2 9 p voa
R a m & 4 = # &a & 4 99 o0
LA L I I I O B R I R BN BN R B I IO B R Y

- & " & PP A S A By Ea b PP YT Y Y GO

w4 e W R ANy YT
& » @R B % £ A P e AT A NG S TP SAE RIS
B 4 8 % 4 P E R SR I EF OEE PO E Y S A AR hY A

A A L L AL B AL L B L N R A P A I N EEE  EE R EE R E R E N I W -

=4 e e 2 & P KO AL Ay E YL AFEEY PSS l aw s " E EEE R E E EE E E EE E T E Y e e S B N

FEE IR YA Al A A Y e
PO RS A E YRR NS SRS et Amad e oa
A AR A R L O L I I DN IR BN BN N B N TR N BN TR S Y
..0-OIflo00!0.-'00.!0.0"'.-'0.0

@@ 4@ 9 5 VS A FE T AP E TR SE YT AL A AR
® P 4 V¥ A o m A A d b Aa Y sa el PP e e
A ¢ F @ 4B a@ aAd P A d T O PV EE PR PR e F e
PP AP 4P R A LS AT PR EA NN P A AL

- ®
AR I N R A A R B I R I $ ¢ % o & u e mv v EE A SAF S RE OGS ST H e P avh .4l

LI L B B N A N N I I I N N A NN EE R EEERE!

AL A N I N N
* % & P O S A s g s w0p

4@ & P % ¢ ¢ 8 o9 aw kg § e AT et aar bt r e
OO O B B RE B N B N N N I R RN L R
@ ¢ % ¢ v b 4n b AEm b

tASAsEsaessy A Y EEEEEEEE R

4 ¢ % & & ¢ 4 §4 » 4

“ % F rt e e e
® & & & » n p Y O S

B % ¢ W m p 4 m E W BN
» 4 ¢ 2 a R s b e P
¢ % % ¥ "N 4 n e b

LR S T S S S T S PN EEEEREEREEER

L0 B N D B BT BN B 2
4 ® ¢ 4 A& & 4 & »p s

a B » F & ¢ & 4 & 2
® & » % v 4 49 boae
P A A ¢t a0
& & & & ) Pk A" Fa

& & ¥ 2 9 ¢ e v a2
LI B B N T I R TS

> 4 9w b I E a0 e e P aPVvEEREDS

¢ & B & B S u oy bag >4 4 AP E P aa A

-.09.00000 ® + P s Ew BT by
P F o % % & v d Al R dw b gV PP A AaE P A4 Ao
L L B B B I BN B A N A A I N N EEEEEEE R X
L L L B I A B B BB O B R R R I R B R R R R R B I
LI I I I B B R I I R I e S A T N EE RN R N
=k AP TETY RSP NAE RSy PSP EA A VYL sERETY
P &€ F & ¢ A& F & & 4 4% 9t e m g Fa P ¢ s d bt b hE e sy ey

A ¢ % P & & 5 E PA G S ES P S VS PFY PY BTSSPy a R

N EEEEEE R E N E E R E T T E N e,

> b 4 & 2 4 Bt A AL NSRS YE TS TSN ANA S
\ N EEEREEEENRNEN NI X I A B S S B I I I I R TN I S I

N ¢ S 4 P O PP PO &t S E eSS EE Y PPN Ay
S % b g A S & A d AP A O R 48 T ¢ AS AP EAPIE AV Y ae e

P 20 A2 ¥Rt A 4 e PA AL LA R P ST YISO R s AAS
¢+ o o DO ® ¢ 3 ¢ uw v haaB RGOt tr e e PD s

* B B ¢ F L pF TRt e v d bnapa bttty ko=

® » ¢ s A 4 ® ¢ v & 2 &% = do ® &2 & 4 v ks b bde v =a ey

\ "B R ® 24 n a o F R '
L L A aee * reoe " e ¢ s 0 “a s re UK B R B + .
a s B * s » o LI I I S * 3 » .« e v e v b “ & v - 4
|« e L » 4 s r e . e e » * a a»5s 4 -
e » # 5 48 A L N I * o - u a ® an ¢ > v an .
- ¢ e ¢ % 0 (N Y L
+ o= ® 9 ¢ B A ey a *
> ® a
- ® ¢+ % w9 * o ¢ 0 7+ @ PO Y "N R ¢ ¢ Fu a L N
»PE > A s a4 & % v ww e L K B I N IR N A Qa4 h a

a a heo b LI R B B B B B 24 ¢4+ 010 P 0 v & vt =
S S P R PR B O O F % B PR &% F b 9O F RBEDP SE S YREPFPSO QA

[ I BN I B IR B B B B I I B BRI B B L L B R B O B B S
B O e P ES bR NP RSN s ee N s

¢ 2 F ¢S O P FE B S S A S Y e L 0 N DN BN BN N L I N BN I NN N BN B I
1 ¢ B § 4 % & 3 & 4 49 & F " P S 2P A e st bnar s e
tHE BN BN I O I S N R N e N NN EE I R A N BN XS

PO Y e ssasn "' EEER K, P aa e
tcee teédovw Ly ... > v v oa B ERER 'R EREER) - s
¢ L L 4 apa LI s ee 4d yoae ‘R nae e
¢oe e B e Ao -0 ana Y IR Pae e .
.- e 4s ®as0p .« 0 e v vaan Te by e
L a«a &« AN s ¥ 4w »® PP 8 e a ase e o »
Serve LB AL LA B O . & ev s e "TEREEE "PEEEREE "o e
BeEae EShEaSagEn TE w0 b «e s e veoaes EEEREEEER) R EE R *ea s

" F FFPAREDRER ST PP EFETE RSN AN AP A A
T & & 4 @ ¢ &R A A ST e PPV AP TT R AP A NS ey

e &P & BSOS S SR A S AP TEe Y R ERRY e e
a4q e b a4 e deuwae & % F " ¢ s Er e [

a % r P e

€ ¢ P A D O R ¢ AR S E S A PEE PR EFE TS EA S D
¢ P9 0 A o %o RGO F O EN PSSP R e
L R B BN B BN B BN OBE BN BN BN B N RN B B I I B BN IR IR B B O BRI
v Frew bt avw ® & 4= roe s

-« pan ® ac s a .
R a - o b o * ¢ ¢ e e v a s ae [ 3 * a
a s s 4 & & & L T ) O L N N > L
v - e s s -+ a3 I Y - P en . e a a - B
& * v B A ¢ v v e » e ¢ & u s L B B B | ]
* & ¢ n > »avre v & e A .- s e 0 * v ot * 409 00 LI
¢ » o a« P 4t e 4 b P e s b noe a faa « b h P A a9 % ¢4 10 & 6 & > & ad o L B I 2

L L B B B BN B B N TN I N BEE N BT N BN RN I I R R T R I I N I N B B B 2R B 3
® P 1 @ A B ¢ B % BT A S AP S B P AN R Py Ay REE N

® P B A QRSP OPE APPSR g F Y E Y A Y Py
A A 58 8 4 8 G ¢ A PAE S A B PFP OSSP AEhEPERES ST E e

LA R A L L B A R L NS R EEE R E R E R T Y

T4 % + 2 " b rw AW " kP &R AN L a » ke h S " n & &ad @ % e U K I B Y N B N [ R B R B
* & v *« »» oy * 49 & ¢ & s "y " P o RETR [ N B B O L 2
LA 2 « 8o & ¢ = A L I 4 4a a3 -« s a0 «a
> v > e " B > e~ * e o > s e e e
» @ » & & A & 4. 5 9 L I 2 " s & a 4 4 & °
.« * & " ko e > aw CEE IR ) P e & @ a s
L L 5 & ¢ 03 ¢ # 9% & ¢ ¢ e 0 * ¢ o0 L I
L % » & amn % v o0 *> % 2. > % ¢ R A A Sses * P * a e asa PR A

® 9 P S O F 9 ¢ 4 Y adan TS AT P AP RS ST PSP EERAP S
I N N NN L R N E N Y EEE

8 0 44N ¢ &P O rFa 9 AR E AW AR SREAE G A A ANt prad
2 % % F & 44 AT P bt rat b ¥R ER A Y EE T E S gt
® * P 9 4 PP YT TR IR EODPE P T OOV BV ORTEETRE N
4 & 3 8 a0 @ & ¢ ¢4 0 hanagp S % 2 B O P LS PP OSSP e

4
4 8 3 v ap @ ¢t a2t P h & A A C OO T PSP AE AT A e oA

vy = v =P ® P v FP Y Fe3=g @ R B N I B B R ) AR EE

Fuaas» S & &P as ® & 5 & A& - a L BB & &« B o v s s * 4 & 0 8 a0
L 4 % =9 v ® v b -r e & L N B O | a ¢ voa

na 4 ¢ A m a § & a -y P Aa A A s ¢ s 0
> e » & 9 - 9 s @ et e - %8 ® % &0 »> 4 & &

a & 9 > v vy L I B L * 9" o0 * % e o0
. a 4 9 % & & 4 4 4 » > &= & & 9 ¢ W PAha e 2P
¥ v 9 B o * 5" b p P ¥ s v uvw e e

4 & % » 4 b a» a0 AR & % a ¢ 4 L I B B
P e x v Pre ® b @ b e SR PSP QT PO e L I T Y
A LS 3 AP RE S L s s AR S ALEoa " EEEEER

LA B B 2L B N b BN BN BN BL L 2N IR b N BE B BN BL BN N BN " §JeapEnEPe

L I N N N RN REE R EEE R EEE N EE N =
NN NN EE EEEEE R I N TR T N I S N S S S Ry 1
L N BE BN BE BN B BN BN BN BN BN BN BN RN BN BN BN BN BN BE BN OBE BN OB BN BN BN BN B AN B OB BN B BN N

Cl



CA 02354795 2001-08-02

el 2andiyg

7 TONDIDvE  SNOOd

S = SIAIWA IWIN
Rl G334 12NaNYNd

_ ST 3IAWA NINGD OIONIES

™ - INVHENIN SIS
45 U g3d IAIS WWNIIUM /.
L A /\ TT3b 3ANS avNIITOH
RO . ,
A . -~ IANWA INIA TIONIVWIS

IAWA ININNED RGN X

ADYS ¥IINNDD

\\

1 g
., !
Y

2PIA WA INIA QIONIWOS ™~

h

> NUSS THINGD NOY
\/ 13N ¥IV

1P IAWA AlddNS TIONI S

1 2an31,y




Yed

> of Air the Mol:caler Siecve Bod Cen Hold
f
o
|

I

eye |

)

L W
L M

BT

Jec

MT.‘ 0y

)

CA 02354795 2001-08-02

b

&
2
q
¥
:

th~ Malecvlas Sicye

PO IO T o . . e --o--.----o--r.vo L) -
‘|.Q-“‘.-...Q-' -:b-c. ‘.‘4’..-‘0.-}. 'o.- DS AT FE P SR N a% " eta e "
. W)

e R AT e e T e

o e ...a,p'..-s.. L) e aa nq-co-...r.o’o;.
C -ty - .- . . . N L '
.l L R : - l.:.l-h.:.i.:. n.- -.‘:.:.- .‘:.C.:’?‘r".I.‘.}:'-\ '0:‘.‘.:0?‘ () C‘ .-.t‘d
4P e g eP Remr e A d - I v 4 ¢ r P P g e aa -
. .‘1.-'1-"9.._.’) et '._o_.'c‘...’u P I AT .a‘o.....-‘a.c.-.ﬁ’. -.0‘ ’,
.0‘-'1. -0 s .0'0..;"5‘0. .c. ‘s 'l‘ .0 o'o. '0..'1..-‘." ot ;l.t-‘.l -..'c c:o.o.o.
« wa'e a'y" * ‘v " el - .
}t'o SO S IS S S S MO S Y S LML I B X SO
L L R A B PO B L L DR O « s - ‘s mu LREER UL N ORI
v 'v.a"“.'D"’A"’-’....Q'le.t.. '.’~'&'0'¢'.',"'- NS S o O M o I St
vopnc.u.'..’:{‘-Q...;...-..¢-...-- ..-;.--c-.-r..a. (I
-y D A v 4w g e - - "n v e 48 -
'..0‘..\.-'.'. L) ‘.I.l.q...-.l.‘-.t.-.-.Q."-.l.-‘-‘.‘.‘.‘D’}"}D“‘Q l‘.‘!‘:.l...i‘ﬁ"
\...OI-D‘-U.I r P A s Ay g LA . o ..1.1.‘.a..‘¢..‘
Ok o o P N M o N S M N TR S o M X o )
'.’l.t.-.t.....p.:. '.’-‘v’._ RO N N .‘-.a.c'a'n..p_v’: .‘:“ :: :‘a ;
s eve s 0., 0'l‘-'o’.’o'c‘o'ﬁ’-.'.-‘-.v.o'-'-‘~‘-’C T NS t.o D) ..ﬁ
LI ) FERX LN B >+ ‘- LR} . ¢ na + nva Lk L
N i O, T ot Bt I R S Catet et 1Tt et Ny
"% B «v B u LU I - & - aer
. e+ " ang .c..a.-l-..-- . n---.-.‘val. - t.rs.-
Sl L .‘-'.'.'.’.'.'-'.‘,._’ a PRI LR SRR S P SN RN
at .‘r 3 .o_.‘-_ 4‘0.r_l - . - . + \.0.'.". v v‘o.a_o.
(oio'o'o .-.-.o_-:o_r.l_.' > :.:,.\;c:..o.-'a‘t}).t.-.t.
|.. .'- L] - 4 * A e -y -.- -.‘ -‘0_0_-.-.:{01_0.. .‘
AL SN oS A L AL e N RN aae v
.:-.:. o-.rop.-u'....-.--- PO R RO R N N O
et FOE X AR O O M :
S -.c'.’ -‘o 'e'a '!‘.'..o:. ’-‘. My l;-.. . ..'
'5‘9_-.. PPOCH AN AL M AL R DL N
mrpav R PO RS . DI T
”DIQ. -a’-!‘vlcl.o.lo' ---‘.---
a“1'a’® R Y R I E L I
LXK 001-0.0-.!0 .."l..'
'."ﬁ "ot B (MM e M T I e
Ll M ) SO X N R -
e ep ..‘l'..---.QD.‘O. -‘.-'000
"o’ o -‘-..;-’-‘-:o:-.% e Y r_v.\:p‘-‘
.- . . - s 48 W 4 ow . -
» + " p . e E
:c :‘:::’.'::o:o:-::‘tc:.: ‘0.-:I. :" -
. -
o )-'}.'l'-'-'ﬁ"'l"‘oﬁ' .t
..9.‘Inlq'--l‘¢-‘ o;.‘..- L
° ' away T,
.:.I\I "-‘d.'.:.: es'e et b- *
' J 4. X N > LI DL RS
"a’a .'.':l‘ A R TR Rt R -
t'o. -' - ..'c.a q'- [ \
[ -
» .
. ' -4 - .
- O‘I- ’ .- -'- .1 T, LI ; & :0 L
. SN M P N8
b 1" '0 -.-.-’-'b‘t'v.- v . C.Q .4.-
AN :o 1;-:-:l‘0'-. A "t .\.AQQ.I"”
(] :’. P ’ \'\

¥
o

-
.

.
¢ .-. .r.-’.
. ..
’.‘ Qc'.- lo‘s.i’! ‘s
- ) R L M

poked

"4 rqwgq -
* Y

G

LU LK

O.IQ‘
Vet

"

¥
.‘.‘

-
.0"

X

ra e

*,
-
»
* -a
.
-

v
2
S
::v
¥

=

e o ot e s
*agwey

.
-
-
-
7.
*
L
*
.
*
>
v

>

. -
r .

PR
f'o' ‘a

Ao

Fu e
-
‘.‘ Y
*
s
+*

ot MO

. . »
‘.'v‘.::’t:'- - . ..:. .
L ¥, iy wa o .’-“~ -o-
;\ﬂl o ‘.‘-QN AN O L N
KRB a _s‘u.\tq‘\‘ B IR I,
AN e
BTN TN L
‘:‘:"\:\‘-:'- . \.‘z-;-“ .
an ed h‘Q.Q\ ’t‘xﬁ\!.:z‘hc.\\-. :
.0. ‘..-.c‘ ...-.‘.'.‘,.G\b.\ -\ ‘5’ \t : ‘.
LA o-t'v.l. ‘a-a.v- o.~~\ .. \" .. ,
{‘.o SRR R AN LN SR N S
. -, .

R O

L

W

-

vd by *
- v

- ’.0-

Peanaan 1, - -
-9 Pea . .
LB L L

- . - .- .

. -
MEEXR Y -
v e e .
LSO vt A .
NN R Y
. « r W -

o

- e * =
n"‘.-: v 4+ =
. P Ve
AR R
. ;
as .% ' o
ow.
'-"u- L
- EL R *
¢ - “ -
- IS N N
o -t N
- -
£. " o .
‘ S -
L 2

'91:.'.
LIS
!
L ]

Rk

, v
t-d 2 gy,

¢ "R e d P e

* f?' ..

v

Figure 2



CA 02354795 2001-08-02

2

2€ ’

Figure 3




CA 02354795 2061-08-02

Figure 4




CA 02354795 2001-08-02

,?
Patient Air Flow
4
20 - Agdustable Needle Vaive 36
\ ~— 3¢
\T" — 40
4 , i /\/ Controi Vaive :.\
- - . 3Nt Prossuwre ‘;. (/
j « . Enish Prosmue
BED #{
_~50
T 1T ] [
Supply VYalve w Valve

Nitrogen Vent | =~ Nitrogen Vent. - ..

2 Z

(L) oo

Figure 5




Nitrogen Vent-

>4 "

CA 02354795 2001-08-02

D

Jatient Alr Fiow

72¢

'}
\‘K Adjustabie Needle Vaive 5
‘ 7

3F

4
/ 4@
7 | | gl 1Y%
Supply Vaive Supply Valve
4
AN "Z




CA 02354795 2001-08-02

M

|
T
)l
M V\.@

FI& Gq




CA 02354795 2001-08-02

34




CA 02354795 2001-08-02

b

W grre— i — i g iy v Nt Bl n Aa cm N P ey G oy o

Pron =0 A Rl T e o A Y e R A ey A e = 8 e g gl .
. - - . ——— - Fhrummt iy v v - .

. - ey 1!’;%;1'." e Y T ) o o 8 P vl gl & g J— i

g w— -

—— - - - . Ay AT A oa #

. - - - -
il‘ii&l}. I PN SN, s AW N Sy P Py i A . ARl AP i | el gn By g = A SR A . e . A - s s -
1 - i P ettt —abresre - 9
L

oA N — . *

= R —r—— . ’
\ i
- —— P iyl " ﬁbr

b [
|
: m..m
o... -*

b

)
o

. )
. -
- b <’
; 4
R .y * i gy gl . o il P P | A i VF " 8.V PR —d | = N
- ity o Poag e, WS ey Gy P - Wy o Y
d - e g - —— e i‘f‘!il‘]}i'iiiiul si’i‘?it!{.‘fi S
' by bt THE g PoM i Aip = " W a b e = A WAWY. ...t e,y aA—-——ay -
Wt Pl it libben it e v - o AW P -y A Y el W e [P — - . - .
- Ve bbb e AR - . oy Y el " AR P e e Ay . Tr . G R M A iy e J\u.J,}!!ii{I{liil“.u - A A (. MGt AR e e — -
. . * S te ca sawa - .o -~ LN Bl ot B o PRT o PV N o SR SR T m A el 4 Ay e A g e A Wy - Y . A W, - v

b4 22/

SR
»- y - ’
‘* e e
bl . l .
", R - :
- '
.‘..'

- ragdt PO s s s AR S g Y -

e RESTEE S LTS I S TN e s gt A, g it e P R e T S T

i
Mﬁ,h

VR, Sty ~ AV VR ] G F 3 ¢ E TIRENAN r Tr Aa g g, ¢ . @t S TR v S o T T R P S — »
-t

A_




CA 02354795 2001-08-02

FIGURE 8a
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FIGURE 13
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