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(57) Abrége/Abstract:
The present invention Is directed to an apparatus

for supplying gas at a first pressure and at a second pressure. The apparatus

Includes a gas generating system having a gas generating system outlet. A flow switch Is In communication with the gas
generating system outlet and has an outlet thereof forming a gas outlet at the first pressure. A pressure regulator Is In
communication with the gas generating system outlet for regulating gas flowing to the gas outlet at the first pressure. A solenoid

valve Is electrically controlled by the flow switch

and Is In communication with the gas generating system outlet and has a

solenoid valve outlet. A pressure Intensifier Is Ir

communication with the solenoid valve for raising the pressure of the gas

generated by the gas generating system for output to an outlet at a second pressure.
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ABSTRACT OF THE DISCLOSURE

The present invention is directed to an apparatus for supplying gas at a
first pressure and at a second pressure. The apparatus includes a gas generating
system having a gas generating system outlet. A flow switch is in communication
with the gas generating system outlet and has an outlet thereof forming a gas
outlet at the first pressure. A pressure regulator is in communication with the gas
generating system outlet for regulating gas flowing to the gas outlet at the first
pressure. A solenoid valve is electrically controlled by the flow switch and is in
communication with the gas generating system outlet and has a solenoid valve
outlet. A pressure intensifier is in communication with the solenoid valve for
raising the pressure of the gas generated by the gas generating system for output

to an outlet at a second pressure.
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Docket No. LILS-172

GAS GENERATING SYSTEM WITH
MULTI-RATE CHARGING FEATURE

Field of the Invention

The present invention relates generally to gas generating systems, and
more particularly, to gas generating systems capable of producing a product gas,

such as oxygen or nitrogen, at two different pressures.

Backeground of the Invention

U.S. Patent No. 5,858,062, incorporated by reference in its entirety into
this specification and assigned to the instant assignee discloses an apparatus for
providing oxygen-enriched air at a first pressure and at a second pressure with the
second pressure being greater than the first pressure. As disclosed in the ‘062
patent the apparatus includes a pressure swing adsorption system and a pressure
intensifier. The pressure swing adsorption system is adapted to provide oxygen-
enriched air to a first outlet at the first pressure and to provide oxygen-enriched
air to a pressure intensifier at the first pressure. The pressure intensifier
pressurizes the oxygen-enriched air and provides the oxygen-enriched air to a
second outlet at the second pressure. Disadvantageously, the system disclosed in
the ‘062 patent charges or fills a high pressure vessel at constant rate whether or
not there is flow on the low pressure output port. This requires a long period of
time to charge a vessel (i.e., 8 hours to charge 240 liters at constant rate of 0.5
liters per minute (Ipm). Thus, a need exists in the art for a system which can
simultaneously provide product gas to a high pressure outlet and a low pressure

outlet where the high pressure charging rate can be varied depending upon the

~ flow required from the low pressure outlet.
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Summary of the Invention

It is, therefore, an object of the present invention to provide a gas
generating system capable of charging a gas cylinder faster than prior art systems.

These and other objects of the present invention are achieved by an
apparatus for supplying gas at a first pressure and at a second pressure. The
apparatus includes a gas generating system having a gas generating system outlet.
A flow switch is in communication with the gas generating system outlet and has
an outlet thereof forming a gas outlet at the first pressure. A pressure regulator is
in communication with the gas generating system outlet for regulating gas
flowing to the gas outlet at the first pressure. A solenoid valve is electrically
controlled by the flow switch and is in communication with the gas generating
system outlet and has a solenoid valve outlet. A pressure intensifier is in
communication with the solenoid valve for raising the pressure of the gas
generated by the gas generating system for output to an outlet at a second
pressure.

The foregoing and other objects of the present invention are achieved by a
method of charging a high pressure reservoir with product gas at a variable rate.
The method provides oxygen enriched gas to a low pressure outlet and to a
pressure intensifier. A flow rate of oxygen enriched gas is detected flowing to the
low pressure outlet. A flow rate to the pressure intensifier is controlled based on
the detected flow to the low pressure outlet.

The foregoing and other objects of the present invention are achieved by
an apparatus for supplying gas at a first pressure and at a second pressure. The
apparatus includes a gas generating system having a gas generating system outlet
in communication with a low pressure outlet and a high pressure outlet. A flow
switch and detector 1s in communication with a gas generating system outlet and
detects a gas flow rate through to a low pressure. A controller controls gas flow
to high pressure based on a signal supplied by a flow switch. A pressure

intensifier is in communication with a high pressure outlet for raising the pressure
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of the gas generated by a gas generating system for output to a high pressure

IeServoir.

The gas generating system with multi-rate charging feature according to
the present invention can easily double and up to quadruple the charging rate as
compared to prior art charging systems when there is no flow at the low pressure
outlet. This reduces the charging time in half.

Still other objects and advantages of the present invention will become
readily apparent to those skilled in the art from the following detailed description,
wherein the preferred embodiments of the invention are shown and described,
simply by way of illustration of the best mode contemplated of carrying out the
invention. As will be realized, the invention is capable of other and different
embodiments, and its several details are capable of modifications in various

obvious respects, all without departing from the invention. Accordingly, the

-drawings and description thereof are to be regarded as illustrative 1n nature, and

not as restrictive.

Brief Description of the Drawings

The present invention is illustrated by way of example, and not by
limitation, in the figures of the accompanying drawings, wherein elements having
the same reference numeral designations represent like elements throughout and
wherein:

Figure 1 is a block diagram schematic of gas generating system W1th a

multi-rate charging feature according to the present invention.

Best Mode for Carrying Out the Invention

Figure 1 depicts the gas generating system 10 having a multi-rate charging
according to the present invention. In Figure 1, functional blocks with pneumatic

connections are shown in solid lines with arrows and control signals shown in
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dashed lines. A pressure swing adsorption (PSA) system 20 is the gas generating
part of the system 10. The present invention preferably uses a PSA system
instead of other gas generating systems. However, the concept will work with
any other type of gas generating systems (solid state, selective filtering,
electrolysis, etc.). Gas generated by the PSA system 20 is regulated by a pressure
regulator 38 and made available at a low pressure outlet 30. To detect low
pressure outlet flow, a flow switch 35 is inserted in between the PSA system 20
and the outlet 30. The flow switch 35 is a device that detects flow (above or
below a threshold) and outputs a logic signal by means of either mechanical
switch contact or solid state switch. One can select normally open or normaily
closed switch contact (normally high or low logic, depends on controller). The
flow switch 35 can be used to drive the solenoid 70 to bypass the pressure
regulator 25.

Gas provided by the PSA system 20 to the pressure intensifier 40 can be
regulated by the pressure regulator 25. The resuit is a higher charging rate at the
high pressure outlet 50. The flow switch 35 logic signal is also input to the cycle
time controller 60 for changing system cycle time. With no flow, the controller
60 can shorten cycle time to increase the charging rate at the 'h.igh pressure outlet
50. The combination of pressure regulator 25 bypass and shortening cycle time
can be used to achieve desired charging rate. Typical low pressure outlet pressure
is six (6) psig. The high pressure outlet 50 is normally connected to a storage
plenum (vessel) to charge up storagé. The maximum pressure at the high pressure
outlet 50 1s 2000 psig.

A pressure intensifier 40 receives input from the PSA system 20 to
generate high pressure available at a high pressure outlet 50. An example of a
pneumatically driven pressure swing adsorber system having a pneumatically
driven compressor is disclosed in U.S. Patent No. 5,354,361 which 1ssued October
11, 1994 and is hereby incorporated by reference in its entirety into the instant

specification.
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Simultaneous flow of S liters per minute (LPM) at the low pressure outlet
and charging rate of 0.75 LPM (typical for prior art) has been demonstrated. The
cycle time is 19 seconds. By varying cycle time or bypassing the pressure
regulator 25 when low pressure outlet flow is less than a threshold (i.e., 2.5 LPM),
the charging rate can be changed to up to 3 LPM (with cycle time of 11 seconds
and 80 psig inlet pressure). The flow rate (charging rate) of the intensifier 40
depends on pressure at the intensifier 40 inlet and operating cycle. The intensifier
40 inlet pressure can be controlled by adding a pressure regulator 25 (previously
described) between the PSA system 20 and the intensifier 40.

The operating cycle is controlled by a cycle time controller 60 (normally
built-in system controller). For controlling the charging rate, the flow switch 35
can confrol a solenoid valve 70 to operate the intensifier 40 at full PSA outlet
pressure or partial (regulated) PSA 20 output pressure. Besides, the flow switch
35 input can be used to determine cycle time for the intensifier 40 to vary the
charging rate. As mentioned above, the flow switch detects a minimum flow then
switches an electrical switch or mechanical contact on and off when the flow
crosses a threshold.

An 0, sensor 32 is connected to the main controller (not shown) which
controls the charging. If oxygen concentration is below a threshold (1.e., 90%),
the cycle controller 60 stops the intensifier 40 from charging to the high pressure
outlet 50. An example of oxygen gaseous concentration monitor is disclosed in
U.S. Patent No. 5,402,665 which issued April 4, 1995. A small amount of gas
from the PSA 20 output, e.g., typically less than 250 cc per minute, is
continuously monitored by the oxygen sensor 32 to ensure that the oxygen purity
is above a predetermined value, e.g. 90%. If the purity is below the
predetermined or threshold value, a microprocessor can energize a warning light
to alert the gas that an equipment malfunction has occurred and to prevent cycling
of the pressure intensifier 40. The pressure intensifier 40 may be standard two-

stage device with a drive air cylinder and first and second stage product gas
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cylinders. Other methods and apparatus can be used other than the above
description to implement the pressure and cycle time control (using electronic
controlled pressure regulator instead of regulator and solenoid valve, etc.).

In embodiments of the present invention, the first pressure is in the range
of 0-80 psi and the second pressure 1s in the range of up to 3000 psi.

The oxygen content of the oxygen-enriched air may be varied over a wide
range but is preferably at least 85% by volume. In preferred embodiments, the
oxygen content is at least 90% by volume, especially in the range of 92-94% by
volume.

The oxygen concentrator described herein utilizes a pressure intensifier 40
to raise the pressure of a portion of the oxygen-enriched air to a suitable pressure,
e.g. 2000 psig, for storage in pressure vessels, e.g. a cylinder, for use by
ambulatory patients. It will be understood that when the cylinder is empty, the
pressure intensifier 40 will provide oxygen-enriched air at a relatively low
pressure, for instance, about the pressure in the storage plenum, e.g. 30 psig, but
that this pressure will rise as the cylinder fills, e.g. to the aforementioned 2000
psig.

The gas generating system with multi-rate charging feature according to

the present invention can easily double and up to quadruple the charging rate as

compared to prior art charging systems when there is no flow at the low pressure
outlet. This reduces the charging time in half.

It will be readily seen by one of ordinary skill in the art that the present
invention fulfills all of the objects set forth above. After reading the foregoing
specification, one of ordinary skill will be able to affect various changes,
substitutions of equivalents and various other aspects of the invention as broadly
disclosed herein. It is therefore intended that the protection granted hereon be

limited only by the definition contained in the appended claims and equivalents
thereof.



10

CA 02347323 2001-05-10

What 1s claimed 1s:

1. An apparatus for supplying gas at a first pressure and at a second
pressure, comprising:

a gas generating system having a gas generating system outlet;

a flow switch in communication with said gas generating system outlet
and having an outlet thereof forming a gas outlet at the first pressure;

a pressure regulator in communication with said gas generating system
outlet for regulating gas flowing to said gas outlet at the first pressure;

a solenoid valve electrically controlled by said flow switch and in
communication with said gas generating system outlet and having a solenoid

valve outlet; and

a pressure intensifier in communication with said solenoid valve for
raising the pressure of the gas generated by said gas generating system for output

to an outlet at a second pressure.

2. The apparatus of claim 1, further comprising a cycle timer

controller which operates to control the cycle time of the pressure intensifier.

3. The apparatus of claim 1, wherein said gas generating system is an

oxygen concentirator.

4, The apparatus of claim 2, wherein the length of time of the cycle
time is 1nversely proportional to the length of time that said flow switch is in an

open condition.

3. The apparatus of claim 3, wherein said oxygen concentrator uses

pressure swing adsorption (PSA).
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6. The apparatus of claim 1, wherein said pressure regulator is

adjustable such that the first pressure can be varnied.

7. The apparatus of claim 1, wherein said pressure regulator is
electronically controlled.
8. The apparatus of claim 1, wherein the second pressure is up to
3000 psi.
9. The apparatus of claim 1, wherein the first pressure is in the range
of 0-80 psi.

10. The apparatus of claim 1, wherein the first pressure is

approximately 6 psi.

11. A method of charging a high pressure reservoir with product gas at
a variable rate, compnsing:

providing oxygen enriched gas to a low pressure outlet and to a pressure
intensifier;

detecting a flow rate of oxygen enriched gas flowing to the low pressure
outlet; and

controlling a flow rate to the pressure intensifier based on the detected

flow to the low pressure outlet.

12. The method of claim 11, comprising cycle timing the pressure

intensifier depending upon the detected flow rate to the low pressure intensifier.

13. The method of claim 11, comprising regulating a pressure of the

oxygen enriched gas being provided using a pressure regulator.
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14.  The method of claim 13, comprising bypassing the pressure

regulator to provide oxygen enriched gas to the pressure intensifier.

15. The method of claim 11, wherein the oxygen enriched gas is being

provided by an oxygen concentrator.

16.  An apparatus for supplying gas at a first pressure and at a second
pressure, comprising:

a gas generating system having a gas generating system outlet in
communication with a low pressure outlet and a high pressure outlet;

a flow switch and detector in communication with said gas generating
system outlet and for detecting a gas flow rate through to said low pressure;

a controller for controlling gas flow to high pressure based on a signal
supplied by said flow switch; and

a pressure intensifier in communication with said high pressure outlet for
raising the pressure of the gas generated by said gas generating system for output

to a high pressure reservoir.

17.  The apparatus of claim 16, further comprising a cycle timer

controller which operates to control the cycle time of the pressure intensifier.

18.  The apparatus of claim 16, wherein said gas generating system is

an oxygen concentrator.

19.  The apparatus of claim 17, wherein the length of time of the cycle
time 1s inversely proportional to the length of time that said flow switch is in an

open condition.
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20.  The apparatus of claim 16, further comprising a pressure regulator

tor controlling the outlet pressure of said gas generating system.

21.  The apparatus of claim 16, further comprising a solenoid valve
electrically controlled by said flow switch and in communication with said gas

generating system outlet and having a solenoid valve outlet.
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