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Plaintiff SEQUAL TECHNOLOGIES, INC. for its Complaint againét Defendant INOGEN,
INC. alleges and states as follows:
THE PARTIES |

1. Plaintiff SEQUAL TECHNOLOGIES, INC. (“SeQual”) is a corporation organized
and existing under the laws of the State of Delaware w1th its principal place of business located at
11436 Sorrento Valley Road, San Diego, California. |

2. Defendant INOGEN, INC. (“Inogen”) is a corporation organized and existing under
the laws of the State of Delaware with its principal place of business located at 326 Bollay Drive,
Goleta, California.

JURISDICTION AND VENUE |

3. This is a civil action for patent infringement arising under the Patent Laws of the
United States, 35 U.S.C. sectlons 1 et seq. Subject matter jurisdiction is therefore proper under 28
US.C. sectlons 1331 and 1338(a). ,

- 4, Venue is proper in this judicial district under 28 U.S.C. sections 1391(b) and (c) énd
1400(b) because a substantial part of the events or omissions givihg rise to the clqirns occurred in
the district aﬁd the defendant resides in this distn'ét by virtue of being subject to personal
julfisdiction in this judicial district by, among others, its repeatedly availement and direction of its
activity toward this district, and engaging in acts of infringement in this judicial district.

FIRST CLAIM FOR RELIEF
' INFRINGEMENT OF U.S. PATENT NO. 5,593,478

5. SeQual realleges all allegations in this Complaint as if stated herein.

6. On January 14, 1997, United States Patent Number 5,593,478 (*478 Patent) entitled
“Fluid Fractionator,” was duly and legally issued to SeQual, who has the right to enforce this patent,
A true and correct copy of this Patent is attached hereto as Exhlbxt 1 and incorporated herein by
reference.

7. Inogen has iﬁfﬁnged and continues to infringe (literally and under the doctrine of
equivalents) the *478 Patent by making, using, selling, offering for sale, importing, and/br activel)"

inducing others to use (for example, end users of their products by providing instructions and/or
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manuals) ambulatory oxygen systems, such as the Inogen One, covered by one or more claims of
the *478 Patent, and is thus liable for patent infringement pursuant to 35US.C. §271..

8. Inogen has also announced a new product, the Inogen One G2 Portable Oxygen
Concentrator, for which Inogen has said that the changes from the Inbgen One to this new product |
are minor. SeQu‘al is informed and believes that Inogen has not publicly released the Inogen One
G2 as of yet, but on information and belief, Inogen has used this product and infringed the "478
Patent, ‘ '

9. Inogen’s infringement of the 478 Patent has caused and continues to cause d,amagé
to SeQﬁal in an amount to be détefmined at trial.

.10 Inogen’s infrihgement of the 478 Patent has caused and will continue to cause
immediate and irreparable harm to SeQual for which there is no adequate remedy at law, unless-this
Court enjoihs and restrains such activities.

11, SeQﬁal is informed and believes and, on that bases alleges, that Inogen knew of the'
’478 Patent and tﬁat Inogen’s iﬂﬁ*ingement of the *478 Patent is willful and deliberate, entitling
SeQual to enhanced daniages pursuant to 35 US.C. § 284, and costs incurred prosecuting this
action. | |

SECOND CLAIM FOR RELIEF
INFRINGEMENT OF U..S. PATENT NO. 5,730,778

12.  SeQual realleges all allegaﬁons in this Complaint as if stated herein.

13. On March 24, 1998, United States Pa;ent Number 5,730,778 (*778 Patent) 'enti.tled.
“Fluid Fractionator,” w'as duly and legally issued to SeQual, who has the right to enforce this patent,
A true and correct copy of this Patent is attached hereto as Exhibit 2 and incorporated herein by
reference. ' 4 ' |

14. . Inogen has infringed and continues to infringe (literally_anci under the doctrine of

equjvaients) the 778 Patent by making, using, selling, offering for sale, importing, and/or actively

inducing others to use (for example, end users of their products by providing instructions and/or

manuals) ambulatory oxygen systems, such as the Inogen One, covered by one or more claims of

the *478 Patent, and is thus liable for patent infringement pursuant to 35 U.S.C. § 271.

3 :
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15.  Inogen has also announced a new product, the Inogen One G2 Portable Oxygen
Concentrator, for which Inogeh has said that the changes from the Inogen One to this.new product
are minor. SeQual is informed and believes that Inogen has not publicly released the Inogen One
G2 as of yet, but on information and belief, Inogen has used this product and infririged the *778
Patent. ‘

16. Inogen's infringement of the *778 Patent has caused and continues to cause damage
to SeQ'ual in an amount to be determined at trial.

17.  Inogen’s infringement of the *778 Patent has caused énd will continue to cause
immediate and irreparable harm to SeQual'for which there is no adequate remedy at law, unless this
Court enjoins and restrains such activities.

18.  SeQual is informed and believes and, on that bases alleges, that Inogen knew of the
*778 Patent and that its mfrmgement of the *778 Patent is willful and deliberate, cntltlmg SeQual to
enhanced damages pursuant to 35 U.S.C. § 284, and costs incurred prosecuting this action.

THIRD CLAIM FOR RELIEF
INFRINGEMENT OF U.S. PATENT NO. 6,691,702

19.  SeQual realleges all allegations in this Complaint as if stated herein.

20. On Febfuary 17,'2004, United States Patent Numbér 6,691,702 (’702 Pa‘;ent) entitled
“Portable Oxygen Concentration System and Method of Using the Same,” was duly and legally
issued to SeQual and Teijin Limited, with SeQual having the right to enforce this patent. A true and
correct copy of this Patent is attached hereto as Exhibit 3 apd incorporated herein by reference.

21.  Inogen has infringed and continues to infringe (literally anci under the doctrine of
ecjuivalents) the *702 Patent by making, using, selling, offering for sale, importing, and/or actively
inducing others to use (for example, end users of their pfoducts by providing instructions and/or
manuals) ambulator; oxygen systems, such as the Iﬁogen One, covered by one or more clahné of
the *702 Patent, and is tilus liable fér patent infringement pursuant to 35 U.S.C. § 271.

22.  Inogen has also announced a new product, the Inogen One G2 Portable Oxygen
Concentrator, for which Inogen has said that the changes from the Inogen One to this new product

are minor. SeQual is informed and believes that Inogen has not publicly released the Inogen One
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G2 as of yet, but on information and belief, Inogen has used this product and infringed the *702

Patent,

23.  Inogen’s infringement of the *702 Patent has caused and continues to cause damage
to SeQual in an amount to be determined at triaL

24.  Inogen’s infringement of the *702 Patent has caused and will continue to cause
immediate and irreparable harm to SeQual for which there is no adequate remedy at law, unless this
Court enjoins and restrains such activities.

25.  SeQualis infdrmed and believes and, on that bases alleges, that Inogen knew of the
>702 Patent and that its infringement of the *702 Patent is _willful and deliberate, entitling SéQual to
enhanced damages pursuant to 35 U.S.C. § 284, and costs incurred prosecuting this ‘action.

| * PRAYER FOR RELIEF
- WHEREFORE, SeQual prays for relief as follows:
. For judgment éniered in favor of SeQual that one or more claims of the *478 Patent,

the *778 Patent, and/or the *702 Patent are infringed by Inogen;

2. That SeQual be granted an accbunting of all damages incurred from Inogen’s
infringement; '
3. That SeQual be awarded its actual damages along with prejudgment interest

according to pro'of, and enhanced damages pursuant to 35 U.S.C. § 284;
4.~ Fora preliminary and permanent injunction enjoining Inogen’s acts of i.nfringement
and those of its parents, subsidiaries, officers, directdrs, agents, employees, licensees, and any
persons acting in concert with Inogen, along with related individuals and entities, representatives,
OEMs, dealers, distributors, and customers; ‘
" s, That SeQual be awarded its attorney’s fees and costs pursuant to 35 U.S.C. § 285 or

as otherwise provided by law, whether by statute, common law or the Court’s inherent power; and

6. For all other and further relief deemed just and proper by the Court.

b}
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PRAYER FOR RELIEF

SeQual demands trial by jury on all issues triable as a matter of right at law.

Dated: February 22,2010

MINTZ LE COHN FERRIS GLOVSKY &
POPEO '

Abdtew D. Skale, Esq.

Attorneys for Plaintiff
SEQUAL TECHNOLOGIES, INC.
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United States Patent (9 1] Patent Number: 5,593,478
Eﬂl et al, 451 Date of Patent: Jan, 14, 1997
[54] FLUID FRACTIONATOR OTHER PUBLICATIONS

{75) Inventors: Charles C. Hill, Del Mar; Theodore B.
Hill, Sen Diego, both of Calif,

[73] Assignee: Sequal Techuologles, Inc., San Diego,
Cali.

[21] Appl. No.: 314,213
[22] Filed:  Sep, 28, 1994

[51] Int, C1 BO1D 53/053

52] US. Cl e e I6/11L; 96/115; 96/124; .

96/130; 96/133; 96/144; 96/149
[38] Field of Search ..cwemmmasnms 96/109-117, 124,
96/126-130, 133, 144, 149

(56} References Cited
U.S. PATENT DOCUMENTS

8/1982. McCOMmbS €t il oeemersronn 96/109

A Design Engineer's Guide to Smart Air Technology, The,
Marriage of Electronics to Pneumatics; Gast Manufacturing,

Primary Examiner—Robert Spitzer
Attorney, Agent, or Firm—Elsworth R. Roston; Charles H.
Schwartz

5N ABSTRACT

A mtary valve at the inlets of a plurelity of columns
cyclically (1) selects first columns on & cyclic basis to
receive compressed air, adsorb nitrogen and other compo-
nents in the compressed air and pass oxygen and argon to &
user (e.g. patient), second colurmns to desorb the edsorbed
components in such columns and (3) third columns to
cqualize pressures where the first columns change progres-
sively to the second columns and vice versa. A compressor
havingadjusfablechnmctuis’ticsmdmgdawdinanopenot
closed loop introduces the compressed air through the valve
to the first columms 10 provide an adjustable air fiow for

" 4342573
4 .37%:;82 471983 MCCOmYS e e " 9g117  Obaining s prescribed oxygen flow 1o the user. An indication
4,491,459  1/1985 - . may be provided when the compressor characteristics regn-
4,576,616 3/1986 * lated for obtaining the prescribed oxygen flow rate are
- 4,648,888  3/1587 omside paricular limits. The valve may bave a varigble
4,802,899 2/1989 speed related to the compressor flow variatons to regulate
:'g?g’g: ggg oy PRk the air pressure in the columus in accordance with the air
Miller m—————" fow rate fnto the columns. A variable orifice in a valve in
:'ggﬁz ;ggg ﬁ“‘f “::;. m—— gzig each colomn outlet becomes constricted with decreases in
5112367 5992 Bl mommsmsoeeme, 967124 X 1€ OXyEen flow rate in each column, thereby further rogu-
5268021 1271993 Biletal ... . 96124 X  lating the oxygen pressure in such columm. A parous plug in
5366,541 111994 Hilletal oo, 96/124 8 closed chamber receiving the desorbed pressurized com-
5041559 B/1995 Petitetal. smmesceronr weer 96/130 X ponenits releases, such components slowly, without pulsatils
5496388 3/1996 TEMHEr .eorrrorersessrncermenen S5/210 DOISG, to the atmosphere. The equipment sccordingly pro-
duces the desired oxygen flow rate with minimal power
FOREIGN PATENT DOCUMENTS consumption, minimal nofse and optimel efficiency, reliabil-
0135921 4/1985 E Pat. OF. 96/109 ity and life span. The equipment may be designed to pass
63-016027 171988  JApED errrsessvesomarn musrimses 36/113  Other components than oxygen.
4016212 J1992  JAPAR .cvrrmressssvomssonsacesessmrasonnes 96/109 .
5084418 471993  JBPED ..cvvmressessimmcrmmasiomenemans 96/109
WOR/15698 /1994  WIPD summrsomeemsssssssssonsse 96/130 72 Claims, 9 Drawing Sheets . .
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5,593,478

1
FLUID FRACTIONATOR

This invention relates to apparatug for, and methods of,

purifying & finid by perodically/cyclically passing a par-
ticular component in the fluid through 2 molecular sieve and
adsorbing other components in the fluid in the molecular
sieve and subsequently periodically/cyclically desorbing
such other components from the molecuiar sieve, The inven-
tion further relates to apparatus for, and methods of, passing
oxygen in compressed air {(and argon) for introduction to &
patient and for adsorbing nitrogen and the other components
- in the compressed air and subsequently desorbing the
adsorbed componeats to the atmosphere. The invention
particularly relates to apparatus for providing any prescribed
rate of flow of oxygen with minimal power consumption,
minimal noise and optimal efficiency, relishility and life
span.
" - Apparatus Is in existence for receiving a fluid such as
compressed air, for separating the oxygen from the air and
for passing the oxygen for subsequent use as by a patient.
The apparatus also includes material fn a molecular sieve for
adsorbing the nitrogen and the other components in the
compressed air. When the axygen separated from the com-
pressed air has been passed, the adsorbed components in the
compressed air are desorbed by release to the atmosphere,
The apparatus can operate an a cyclic basis to continuously
provide oxygen to a user such as a patient.

The oxygen can be used for many purposes, One of the -

- primary uses of the oxygen is for providing oxygen to
patients such as the elderly and those having ssthma and
emphysema, When the apparatus is used for such patients,
the apparatus should bave certain desirable charactedstics, It
should be able to provide the oxygen to each patent in a
variable delivery rate and high concentration dependent
- upon the needs of: the.patient, it should be able to provide

this oxygen in an efficient and reliable mammer end with 8

minimal power consumption, particularly since many sick
and eldedy paticnts have only limited income and the
" eleciiic power cost for operating the apparatus i3 substantisl
and significant, The apparatus should also operate quietly so

25

30

2
sound pulse every time that the compressed fluid in one of

‘the columns is released to the atmosphere.

This invention provides a system which substantially
overcomes the disadvantages in the apparatus of the prior
art. In the system of this invention, the compressor operates
at a speed, ar with displacement characteristics, adjustable in

.accordance with the desired rate of oxygen fiow (o the user

(eg. the patient). The apparatus of this invention is also
advantageous in that it releases the desorbed fluid to the
atmosphere at a sieady and controlled rate, thereby signifi- .
cantly reducing the noise geuemed from such release.

In one embodiment of the invention, a rotary valve at the
inléts of a plurality of colomns selects first columns on &
cyclic basis to receive compressed air, adsorb nitrogen and
other components in the compressed air and pass oxygen
and argon 10 a user (e.g. patient). The valve also cyclically
selects second columns to desorb the nitrogen and the other

.cormponents in such columns and cyclically equalizes the
-prcsmmlhndcolumnawhere!heﬁrstcol‘ummchangc

progressively to the second columns and vice versa.

A compressor having adjustable characteristics and regu-
lated in an open or closed Joop introduces the compressed air
through the valve 1o the first columns to provide an adjust-
able air flow for obtaining & prescdbed oxygen flow to the
user. An indication may be provided when the compressor
characteristics regulated for obtaining the preseribed oxygen
flow rate are outside particular limits,

The valve may have a variable speed related 1o the

- compressor flow vasiations to regulate the air pressure in the

columns in accordance with the air flow rate into the
columns, A varable orifice in a valve in each column’s
outlet becomes constricted with decreases in the oxygen
flow vate in each column, thereby further regulating the
oxygen pressure in such column,

A porous plug in a closed chamber receiving the des~
orbed componenis relenses such components slowly, with-
out pulsatile nojse, to the atmosphere. The cquipment

. accordingly prodnces the desired oxygen flow rate with

40

85 not to be offensive to the patient and to those around the -

patient, The apparatus shonld also have a long operative life

without any breakdown, These parameters are particularly
" important becauss the apparatus operates continuously in the
. home environment without attendance.

The apparatus now in use fails 1o completely meet the
criteria specified in the previous paragraph. The apperatus
inclodes a compressor for introducing compressed air to

- columns which include a molecular sieve for passing oxygen
and argon and for adsorbing nirogen and other components
io the compressed air and for subsequenily desorbing the
adsorbed components. In the appamatus now in vse, the
compressors are operated to deliver a constant maximum
flow and concentration of oxygen regardiess of the flow of
oxygen prescribed for the user. The desired flow of oxygen

" to the patient is then adjusted by a throttling valve i the
product bleed line to the user. As will be appreciated, this is
inefficient if less than maximum flow capacity is needed,
particularly since the compressor and the motor driving the
compressor require a large amount of power.
’ The compressor generates a large amount of noise as it
operates, This results partly from the operation of the motor
and tbe compressor, particularly since the motor and the
compressor is driven at 2 fixed high speed. It also results
partly from the desorption to the atmosphere of the com-
pressed fluid which s adsorbed in the columns. This release
occurs almost instantancously, thereby creating a noise/

45.

55

& 8
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power consumption, minimal noise and optimal
efficiency, relishility and life span, The equipment may be”
designed to pass other components than oxygen.
In the drawings:
FIG. 1 is a schematic mpmentanon of a mspxmury
support sysiem, including a fivid fractionator, of the prior

art;

FIG. 2 is a side elevation of a portion of the support
system shown in FIG. 1 and particularly shows a fluid
fractionator incleded in such support system;

FIG. 3 1s a sectional view of the fractionator as taken on -
a line 3--3 of FIG. 2;

FIG. 4 is & sectional view of the fluid fractionator as
teken on a line 4—4 of FIG. 3; .

FIG. 5 is an enlarged sectional view of the fluid frac-
tionstor a5 taken on & line 5—S5 of FIG. 4;

FIG. 6 is a top plan view, partially cut away, of a rotor
shoe included in the finid fractionator;

FIQ. 7 is a sectional view of the yotor shoe as taken oo
the line 77 of FIG. 6;

FIG. 8 13 a top plan view of & port plate incloded in the
fluid fractionator shown in FIGS. 1-7;

FIG. 9:sasecdonalwcwmkcnontheline9—9ofFIG.

FIG. 10 is a schematic diagram of a closed loop system
constituting one embodiment of an invention for use with
the fluid fractionator shown in FIGS. 1-9 for regulating the
variable characteristics of a compressor and other compo-
nents to obtain a desired or prescribed rate of flow and
concentration of a particular finid component such as oxy-
gen;

_Exhibit 1, Page 017
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.3
FIG. 11 is & schematic diagram of a closed laop system
constituting another embodiment of the invention for use
" with the fluid fractionator shown in FIGS. 1-9 for ragulating
the variable characteristics of a compressor and other com-
ponents to-obtain 8 desired or prescribed rate of flow and
concentration of a particular fiuid companent suck as oxy-

FIG. 12 is a schematic diagram of an open loop system
constituting an additional embodiment of the inveation for
use with the fluid frectionator shown in' FIGS. 1-9 for
controlling the variable characteristics of 2 compressor and
other componeats to obtain a desired or prescribed rate of
- flow and concentration of a particular fluid component sach
as oxygen; ’

FIG., 13 i3 a schemetic sectional view of an orifice which
may be used in the respiratory support system of this
invenmtion and which provides vardable characteristics in
accordance with the rate of flow of the particwlar fiuid
component such es oxygen;

FIG. 14 is an elevational view, parially in section, of
apparatus which may be included in the invemion so reduce
the nolse geoerated in the system when fluid adsorbed in the
fluid fractionator is desorbed; ’

FIG. 15 provides curves showing (s) the relationship
between different compressor speeds and the percentage of
concentration of oxygen in the product flow from the fluid
fractionator and (b) the relationship between different com-
pressor speeds and the flow rate of oxygen to the product
holding tank 19 in liters per minute; and )

FIG. 16 is a schematic disgram showing a fluid fraction-
ator which may be comsidered a5 a conventional fiuid
fractionater of the prior art and which may be modified to
incorporate the features of this invention; and
- FIG. 17 provides curvzs showing the relationship

between compressor flow rates and discharge
pressures for a normal system of the prior ant and for the
system of this invention. :

FIGS. 1-9 Dlustrate an oxygen-concentrating System,
generally indicated at 10, which may be used in this inven-
tion and which is disclosed in the prior art in U.S. Pat, No.
5,268,021 issucd to Charles C. Hilt and Theodore B. Hill on
Dec. 9, 1993, for an “Improved Fluid Fractionator” and
assigned of secord to the assignes of record of this applica-
tion, The embodiment shown in FIGS. 1-9 of this applica-
tion corresponds to the embodiment shown in FIGS, 1-9 of
U.S. Pat. No. 5,268,021. In the prior art system shown in
FIGS. 1-9, air is drawn from the atmosphere through an air
inlet 6 into a dust filter 11 which removes dust from the atr.
The air is then compressed in & compressor I3 and the
compressed air is introduced through a conduit 14 into a beat
exchanger 15 which removes some of the heat produced
Quring the ‘compression. A fan 12 may be driven by the
compressor 13 to remove heat from the heat exchanger 15,

The compressed air then passes into the inlet port 16 of
8 fluid fractionator, generally indicated at 20, which is
included in this invention. The fluld fractionator 20 inclades
a product tenk 19, Included in the tank 19 are 4 plurality of
adsorber columns 18 (FIG. 3) the construction and operation

of which will be described in detail subsequently. Oxygen -

‘(and argon) flow from the product tank 19 through an
" oxygen outlet 7 in FIG. 2.
Each colomn 18 separates the oxygen and argon in the
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compressed air from the other components in the com- .

pressed eir and passes some of the oxygen and argon through
an outlet port 17 (FIG. 1) to a dispensing conduit 22a, The
oxygen and argon then pass through a valve 23 (which may
- be manually controlled) to a filter 24, The filter 24 may be

63

. 4
8 high efficiency particle arrestor (HEPA). The oxygen and
argon then pass to a conduit 257 for use for one of & mumber
of purposes. For example, the oxygen and argon may be
introduced to a patient to increase the level of the oxygen in
the blood of the patient. .

As shown in FIG, 3, the bolding tank 19 contains a
cluster or armay of the adsorber columns 18 within its
hoosing. The columns are proferably disposed in a closely
packed configuration, Preferably a plurslity, more than two
(2), of such columns are provided in & closely packed
rejationship, Twelve (12) columns are shown in FIG. 3 but
it will be appreciated that any other mumber may be pro-
vided. The finid fractionator 20 also includes a rotary valve
distributor assembly generally indicated at 21 (FIG. 2), a
gear motor 22 having a ddve shaft 23 and g two-picce
manifold 24 (FIG. 2). ] .

Each of the colmmns 18 may be in the form of a cylinder,
Eech of the columns 18 contains a bed packed with adsor-
bent matesial 25 (FIG, 4) which is selective for a particular
molecular species of field or contaminant, For example,
zeolite SA may constitute the adsorbent material 25 when
oxygen is to be separated from alr, The packed bed is held
in place by a plate 26 at the bottom of the bed. A pressure-
dropping means such as a small orifice 27 extends through
the plate 26, Perforated plates 28 are disposed at the top and
bottom of the bed of the adsorbent material 25, the bottom
plate 28 being disposed botween the plate 26 and the
adsorbent materia] 25,

A spring 29 is disposed in the column 18 gbove the upper
perforated plate 28 to maintain the plates 28 and the adsor-
bent material 25 in a packed relationship against the plae
26. When the adsorbeat material 25 is zeolite SA, the
matesial adsorbs all of the components (including nitrogen)
in the compressed air and passes argon and oxygen. The
oxygen and argon are thus able to pass through the perfo-
rated piates 28, the adsarbent material 25 and the orifice 27
in the plate 26,

The rotary valve distributor assembly 21 js affixed to the
holding tank 19 by a clamp bend 30z (FIG. 4). The rotary
distributor valve assembly 21 shown in FIG. 4 includes the
two-piece manifold 31 which is posted and channeled, The
manifold 31 has a top section 32 which is ported and
channeled to receive a stream of fluid through the inlet port
16 and to channe] the fluid through an air feed passage 33

- into 8 centrally located inlet port 34 in & ported rotor shoe 35,

Subsequently the finid exiting the rotor shos 35 is channeled
radially from a circalar array of inlet ports 38 in & port plate
39 toward each of the columms 18,

Ths ported rotar shoe 35 is included in a rotor 41, The
totor tums in & circumferential ball bearing unit 42, The
rotor is driven by the gear motor 22 (FIG. 2) at a suitable
speed such s approximately two (2) revolutions per mimute,
A conical disc or Belleville spring 43 urges a cover plate 44
and the rotor shoe 35 downwardly to secure the cover plate
and the rotor shoe in position. The rotor 41 and its associated
components are enclosed within a cover 45 which is suitably
sttached to the menifold 24, | :

The part plate 39 is made from a suitably hard material,
The port plate 39 is recessed into the top of the manifold 31 )
and {s sealed and immobilized by a slot and a key. The port
plate 39 is coaxial with tho exit port of an air fead channel
47 in the manifold 31. The port plate 39 has a number of
holes equally spaced from one another in a circular pattern.
This mumber is equal to the number of entry pors of
chanaels to the individuel columns 18. An air inlet rotary
seal 48 is provided in the manifold 31 at a position interior
1o the port plate 39.
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The rotor shoe 35 i made from a matedal known in the
art to be suitable for use with the hardened material of the
port plate 39, The rotor shoe 35 slides on the port plate 39.
The Belleville spring 43 presses the rotor shoe 35 against the
port plate 39 doring such sliding movement. There are three
(3) chamels in the rotor shoe 35. One is & pressurizing
chamnel or air feed channel 50 (FIGS. 4 and 5) which
origingtes &t the central fluid inlet port 34. The part SO
radintes into an arcuate slot 51 which provides a conduit
simultaneonsly into several of the annulardy positioned ports
52 (FIG, 5) in the port plate 39, As the rotor shoe 35 roiates,

each new port 52 comnmnicating with the forward end of the -

grcuate slot 51 is pressurized by the compressed finid. At the
same time, the port 52 at the rear end of the slot 51 is
depressurized:

1n a second channel in the rotor shoe 35, an arcuals slot
54 (FIGS. 5 and 6) recelves the adsorbed fiuid components
in the columns 18 which communicate with the exhaust
ports. As previously described, when compressed air is the
fluid and is introduced 1o the columns 18, the desorbed fluid
components include all of the gases in air except oxygen and
argon. The desorbed components in the columms 18 are
vented upwardly from the arcuate slot 54 throngh an exbaust
port 55 (FIGS. 4 and 6) in the rotor shoe cover plate 44 into
& rotor void space, The desorbed fluid then passes into the
atmmosphere through an exhaust port 58.

The third channel in the rotor shoe 33 is a cross-port
chamel 60 (FIG. 6), The chanuel 60 serves as a conduit
berween two (2) of the columns 18, these two (2) columus
being in transition between the pressurizing and desorbing
phases of a cycle. Its function is to apply cqualizing pres-
sures in columns rensitioning between the adsorbing pres-
sure in each cycle. The egnalizing pressure provides for a

- pressure drop in fluid in each coluren before such colnmn
enters the desorption phase in each cycle. This prevents a
very rapid decompression in each column and thus prevents
an excessively high flow of the desorbed fiuid initially from
the column. This enhances the concentration of the particu-
lar component such as oxygen and argon in each column,

The apparats described above is disclosed and claimed
inU.S. PaL No. 5,268,021 issued on Dee. 7, 1993, to Charles
C. Hill and Theodore B. Hill for a “Fluid Frectionator” and
assigned of record to the assignee of record of this applica-
tion. It has several important advantages over the prior art.
1t provides a smoother opcration than the prior art because
several of the columns 18 ars receiving the fluid under
pressure at any instant and ssveral of the other columns 18
are exhausting the desorbed fluld to the atmosphere at that
instant, Thus, any trensition of a column from &n adsorbing
operation to a desorbing operation at any instant will not
producs as great & transitory pulse in operation as in the prior
art since several other columns will be adsorbing and several
other columns will he desorbing at that instant. Furthermore,
the equalization of the pressure in the columns 18 in
trensition will also tend to reduce trensitory pulses. These
factors tend to enbance the cfficiency in the operation of the
apparatus and to reduce the noise in the operation of the
apparatus. The reduction in the noise resulis from the
equalization in pressure provided by the chennel 60 and the
relatively large number of columns,

In spite of the advanteges discussed in the previous
paragraph, there is room for improvement in the fluid
fractionator 20 and in the system 10 including such fluid
fractionator. In that system, the positive displacement com-
pressor 13 oporates at a constant maximum speed regardless
of the flow rate and conceatration of the oxygen that the
patient desires or needs. The compressor 13 and the motor
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driving the compressor consume a Yarge amoum of power’

when they operale at 8 maximum speed. For example, the
cansumption of a home size oxygen concentrator is on the
order of approximately four thousand (4000) kilowatt-hours
per year, This emounis to a cost in electricity of several
himdred dollars per year. This is a significant amount of
money to mpst families and particularly to families of
elderly or retired patients or to patients who are unable to
work because of such aflments es asthma or emphysema.
The cantinuous operation of the compressor 13 at & maxi-
mum power is also disadvantageous becanse it limits the
operative Jife of the compressar and the motor Grving the
compressar. :

Home oxygen concentrators generally have a capacity of
providing oxygen in a range to approximately six liters per
minute (6 LPM) of oxygen flow to the patient. The flow rate

.of oxygen required by an individual patient is prescribed by

the patient’s physician. The most common prescription rate
is two liters per minute (2 LPM), The prescription is
ordinarily for continuous administration twenty four hours
(24 br)) per day year-in and ycar-out. As the disease of soms
patients progresses to later stages, the oxygen flow rmates
prescribed for some patients may be increased. When the
flow rate prescribed is less then the maximom rate, the
reduced rate is obtained in the pdor art by throttling the
oxygen flowing to the user (e.g. the patient).

It will be appreciated that not all of the oxygen in the
product tank 19 flows to the patient cven when the oxygen
fiows to the patient at a rate of approximately six (6) Jiters
pér minute, Bven at this flow rate, a substential partion of the
oxygen and the argon in the prodnct tank 19 flows to the
columms 18 which are bieing desorbed. This flow of oxygen
and argon facilitates the purging of the desorbed gases in
such columns. In this way, the cohumms are ready to receive
‘the compressed air in the next cycle of operation,

As will be appreciated, oxygen and argon flow through

- the calumns 18 to the product tank. Oxygen constitutes

approximately tweaty one percent (21%) of air and argon
constitutes approximately one percent (1%) of air. When

‘oxygen and argon flow through the coluoms 18, oxygen
compriscs approximately ninety four percent (94%) of the

product in the oxygen tank. This increased concentration of
argon (approximately six percent (6%)) in the product tank
19 has no harmful effect on the patient since argon is & noble,
inert gas. -

This invention provides a system for adjusting the flow
characteristics of the compressor 13 in accordance with the
product flow rate desired or prescribed. For example, when
the compressar 13 has g varisble speed, the speed of the
compressor may be varied in accordance with the flow rate
desired or prescribed. A varisble speed compressor drive
may take different forms including the following:

1. An alternating corrent (AC) induction motor with a
varizhle frequency/variable voltage supply, This may be the
preferred embodiment. .

2. A direct current motor (brushless preferred),

3. A pole-changing AC induction motor for two (2) or
three (3) operating speeds. °

4. A fixed speed AC motor with a continuously variable
mechenical transmission.

All of the above are considered to be within the scope of the
invention, A variable speed motor 79 for the compressor 13
is shown in FIG. 10,

A variable displacement compressor may also be consid-
ered to be within the scope of the invention. Such a
compressor may include the following: .

1. Arotary vano compressor with a variable displacement
in an edjustment in the rotor eccentricity.
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2, A variehle angle swash plate drve for en axial piston
compressar.

3. A plston compressor having a crank shaft drive with a
variable throw.

FIG. 10 schematically illustrates 2 system generally indi-
cated at 78 and constituting an embodiment of the invention
for regulating the desired flow rate of tke oxygen to.the
patient. The system shown in FIG. 10 includes the heat
exchanger 15, the compressor 13, the columns 18, the
orifices 27 in the columns and the product tank 19, all shown
in FIG. 1, and the rotery valve distributor assembly 21
shown {a FIG, 2. The system shown in FIG. 10 also includes
a contro) 80 which is pre-set to any desired value in
accordance with the flow rate desired or prescribed for the
particular companent such as oxygen. This seiting may be
provided in recordance with the values indicated in a
look-up table, The control 80 may preferably be a micro-
Pprocessor control,

The microprocessor contro] 80 may be influenced by an
indication from a temperature sensor 81 the output of which
is introduced to the control, The microprocessor control 80
may be farther influenced by an indication from a pressure
sengor 82 the output of which {5 introduced 1o the control.

‘The particular component such as oxygen (and argon)
fiows from the product tank 19 through a line 84. A regulator

-85 may be provided in the line 84 10 reduce the pressure of

the particular component (e.g. oxygen) flowing from the
product tank 19 because there may be a significant change
in the pressure of the particular component in the progduct
taok over the flow range which may bs provided from the
compressor 13.

The particular comporent (e.g. oxygen) then flows
throigh a flow contral device 86 to' the patient, The flow
coutrol device 86 may provide an additional regulation, such
as 2 fine control, over. the rate at which the particalar
component such as oxygen flows to the user such as the
paticnt. The rate of flow of the particalar component through
the flow control device 86 is introduced to the micropro-
cessor control 80. A concentration monitor 88 may deter-

mine the purity of the particalar componeat such 25 oxygen.

through the line 84 at cach instant and may indicate this
determination to the microprocessor, .

As will be seen, the microprocessar conteol 80 is reg-
lated on 8 closed Joop basis by the temperatre of the
concentrated fluid passing to the colunms 18, the pressure of
such concentrated fiuid, the speed of the compressor 13, the
output of the concentration monitor 88 and ths rate of flow
of the particular compogent through the fiow control device
86. All of these inputs w the microprocessor control 80
cause the control to adjust the spced of the compressor 13 to
produce a flow of the particular fluid component to ths user
al the desired or prescribed mate. The valve 21 iz elso
adjusted to control the rate at which air is introduced into the
columns 18. ’

The regulated output from the control 80 may also be
introduced to a cooling system 89 which regulates the
temperature of the compressor 13 end the heat exchanger 15.
The output from the microprocessor control 80 may also be
introduced to the flow control device B6 to regulate the
operation of the fow control device in prodocing the flow of
the particular fiuid component to the user at the desired or
prescribed valus, The output of the control 80 may be
additionally introduced to the orifices 27 1o regulate the size
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The system shown in FIG. 10 and described above has
certain important advantages including the following:

1. Thexs is a significant reduction in power consumption
because of the reduced speed for the compressor 13 at
reduced flow rates of the particular Suid component such as
oxygea. The reduction in the power conshmption also sesults
from the reduced speed of the motor 79 driving the com-
pressor 13. .

2. The amount of noise produced by the fluld fractionator
20 (or oxygen concentrator) is siguificantly reduced. This
results in part from the reduced speed of the campressor 13
emd the motor 79. It also results in part from the fact that the
desorption of the edsorbed flud compoments to the atmo-
sphero ig initiated from a reduced pressure of the desorbed

* fluid components in each column 18,

3. Becemse of the reduced compression of the fiuid in the
columns 18, the temperature rise in the compressed fluld is
redoced, This provides for a reduction in the operation of the

. cooling system 89 and a resultant reduction in the power for

operating the cooling system,

4, A power supply can be included which operates at all
frequencles and voltages in all markets with substamtially
equal effectivencss in the different markets, .

§. The life of the compressor 13 is significantly increased
because the compressor is operated at & reduced speed.

6. There is reduced vibration in the system. This also
contributes to a Jong life in the system.

7. The size and wedght of the compressor 13 and the motor
79 can be reduced, particularly when the compressor is o be
operated at relatively low speeds. Purthermore, if and when
the compressor is to be operated at maxinum speeds, it
waould probably be for only relatively short periods of time,
This would allow the compressor 13 and the motor 79 to be
opergted above their mted speed without damaging the
compressor 13 or the motor 79, This is enother reason why
the size and weight of the compressor 13 and the motor 79
can be considerably reduced in most instances. :

8. The timing of the rutary valve distributor assembly 21
and the opening of the orifice 27 can be tailored for all flow
rates (0 provide an optimal operation of the system. -

9. There is a potentlal 1o compensate for a reduced.

compressor inlet density es a result of a high smbient -

temperature or a high altitnde, This will be discussed in
detail subsequently, - :

The timing of the rotary distributor valve assembly can be
provided in various ways. One altemative is that a synchro-
nous motor can be provided with a variable frequeacy drve
as the motor 22 (not shown in FIG. 10 but shown in FIG, 11),
Other alternatives involve the use of a stepper motar as the
motor 22 or a DC gear motor to drive the rotary valve
distributor assembly 21, Another alternative is to provide a

" pnesmatic actuation with speed sensitive to compressor

33

of the arifices. This is desirable since the rate of flow of the -

particular fluid component can be regolated by regulating
the size of the orifices, This will be described in dotai

~ subseguently. . .
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speed. The valve timing can be controlled by a micropro-
cessor for molors responsive to a microprocessor control or
by digital/analog circuits in the controller,

Regulating ‘the speed of the iotary distributor valve

assembly 21 in accondance with the variations in the speed

of the compressor 13 may be desirable wnder certain cir-
cumstances. As the speed of the compressor 13 is decreased
while maimaining the speed of the distributor valve assem-
bly 21 constant, the pressure of the fluid in the columns 18
is decreased. This causes the pressure of the nitrogen and the
other components adsorbed in the molecular sievss in the
colomns 18 1o decrease.

In FIG. 15, progressive speeds of the compressor are

shown on the horizontal axis and progressive concentrations -

of oxygen in the fluid in the product holding tank 19 ere
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shown on the vertical axis, A3 will be seen at 130 in FIG. 15,
the concentration of the oxygen in the mixture in the product
holding tank 19 remsins substantially constant af a value of
approximately ninety fonr percent (94%) for compressor
speeds between approximately nine hundred revolutions per
minute (900 1pm) and thirteen hundred revolutions per
minute (1300 rpm). At compressor speeds progressively
below approximately nine hundred revolutions per minule
(500 rpm), the concentration of the oxygen in the mixture in
the product holding tank 19 becomes progressively reduced.
At compressor speeds of approximately six hundred revo-
ludons per minme (600 rpm), the concentration of the
oxygen in the mixtare in the holding tank 19 is spproxi-
mately cighty eight percent (88%).
1t is desirable to maintain the concentration of the oxygen
in the mixmure in the product holding tank 19 at a value of
at least ninety percent (30%) regardless of the speed of the
compressor 13, This can be accomplished by decreasing the
rotary speed of the distributor valve assembly 21 es the
speed of the compressor 13 is decreased. By decreasing the
fotary speed of the distributor valve assembly 21, each
column 18 is provided with an increased thme to receive air
under pressure from the compressor 13, As a result, the
pressure of the air in each column 18 increases and the
pressure of the axygen and argon in the product holding tank
19 correspondingly increases. This inhibits nitrogen ip the
columns 18 from passing into the product holding tank 19,
In this.way, the concentration of the oxygen in the product
holding tank 19 can be meintained at a valus of at least
ninety percent (50%) even as the flow rate of the oxygea and
nitrogen into the product holding tank decreases. FIG. 15
also shows at 132 the flow rate of the oxygen at different
compressor speeds. As will be scen, the flow rate of the
oxygen to the patient in Jiters per minute increases substan.
linlly linearly with increased compressor speeds.
FIG. 17 illustrates at 134 the relationship between flow
rates of the fiuid from the compressor 13 and the compressor
discharge pressure in psig for a normal system of the prior
. art. FIG, 17 also iliustrates at 136 the relationship between
flow rates of the fluid from the compressor 13 and the
compressar discharge pressure for a system which includes
certain features of applicants’ systern. These include the
rotary valve distributor assembly 21 operating at varisble
speeds and the valve providing a varieble orifice as shown

10

microprocessor contro] 101, The microprocessor coatrol 101
then varies the operation of the compressor 13, the motor 22
and the flow control 90 to regulate the rate of flow of the
oxygen (o the patient st the desired or prescribed rate. The
system shown in FIG., 11 operates on a closed loop basis to
provide the desired regulation of the oxygen flow. As will be

- seen, the systsm shown in FIG, 11 does not include such

15
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in FIG. 13. As shown in FIG. 17, operation of the system of 45

this invention is advantageous over the syatems of the prior
art becanse it provides significantly higher compressor dis-
charge rates throughout most of the range of the compressor
flow rates,

FIG, 11 illustrates a simplified system for controlling the
rate of flow of a fluid such as oxygen to 8 user suchas a
patient. The system includes the compressar 13, the columns
18, the product tank 19, a microprocessor control 101
corresponding (o the control 80 in FIG, 10, the oxygen
concentration monitor 88, the rotary valve distribator assem-
bly 21 and the motor 22 (not shown) for driving the valve
distributor assembly 21. The compressor 13 may be a

wobble piston compressor and the motor 22 may be &'

synchronous gear motor. A flow contro) 90 corresponding to
the fow control 85 may be included for controlling the rate
of fow of the particular finid component such as oxygeo to
a user such as a patient. The flow control 90 may be a
standard flow control or it may be elecironic. A regulator
such as the regulator 85 may be included in the line between
the prodnct tank 19 and the flow control device 90.

* The system shown in FIG. 11 senses the rate of oxygen
flow in the monitor 88 and introduces this sensed rats to the

30

controls as the temperature sensor 81, the pressure sensor 82
and the cooling system 89,

-FIG. 12 illustrates an open loop system for regulating the
sate of oxygen flow to the patieat, As will be seen, the system
shown in FIG. 12 is similar to the system shown in FIG. 11
except that it eliminates the lines from the' microprocessor
control 101 to the oxygen monitor 88, the compressor 13 and
the motor 79, In this system, the microprocessor cantrol 101
indicates a desired flow of oxygen w the patlent, The
corapressor 13, the motor 79 and the flow control 90 are then
set to desired valoes far obtaining this desired oxygen flow.
The oxygen monitor 88 is then read during the operation of
the system, On ths basis of this reading, adfustments-are
made mannally in the compressor 13, the motor 79 and the

_-flow control 90 to obtain the desired or prescribed rate of

oxygen flow to the patieat. These adjustments may bs made
on the basis of a look-up table establishing individual values
for these parameters under different sets of conditions,
The systems shown in FIGS. 10, 11 and 12 may include
an indicator 100 for indicating when certain componeats
such as the compressor 13 bave 1o be replaced. As will be
appreciated, the operation of the gystems shown in FIGS. 10,
11 and 12 may becoms degraded with tims as a result of a
mmber of factors. These inchude dirty filters, compressor
wear, motor wear and pneumstic leaks, The systems shown
in FIGS. 10, 11 and 12 compensate for these system deg-
radations by increasing the compressor flow to maimtain the

_ purity/concentration of the particular fiuid corponent such

as oxygen at the desired or prescribed flow rate. The
indicator 100 indicates when the speed or other variable
characteristics of the compressor 13 as sensed by the indi-
cator 100 exceed particular limits for the rate of fluid flow
desired or prescribed. : )

As shown in FIG. 13, the orfice 27 in each column 18
may be formea from a molded elastomeric matorial 110 such
as rubber. As the pressure of the particular fluid component
such a8 oxygen flowing through the orifice 27 decreases, the
clastomeric material 110 defining the orifice 27 has a
decreased flexure, This decreases the size of the odfice 27 in
each column 18, In this way, the orifice 27 in each column
18 becomes closed with decreases in the pressute of the fluid
such as oxygen. This provides an increase in the pressure of
the fluid in the column 18, This is desirable at low rates of
oxygen flow to the-patent to maintein the’ oxygen concen-
iration in the oxygen holding tank at a value of at Jeast ninety
percent (90%). By decreasing the size of the orifice 27 at
thess low flow rates, the pressure of the fluid in the columns
18 i8 increased. The concentration of the oxygen holding
tank 19is accordingly maintained at a value of at least ninety
percent (909%).

In the embodiment shown in FIGS. 1-9, the desorbed.

“fluid components are passed throngh the chamber 57 and the

exhaust port 58 to the atmosphere. This causes a relatively,
lond noise to be produced every time that the desorbed fluid
in one of the columns 18 s released to the chamber 57 and
from the chamber to the exhaust port 58. FIG. 14 shows an
arrangement for significantly reducing the noiss produced
every time that the adsorbed finid in one of the colomng 18
is desorbed. ) .
The cmbodiment shown in FIG, 14 includes the port plate
39, the rator shoe 35, and the manifold 31. The menifold 31
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has a cover 111, A bearing carrier 112 is suitably attached to
the manifold cover 111 as by screws 114, A rotor shaft 116
is disposed within an opening in the bearing carrier 112 and

a bearing 117 is disposed between the bearing carrier 112

and the bearing shaft 116,

" The bearing carvier 112 and the manifold cover 111 define
8 chamber 118 which is enlarged relative to the embodiment
shown in FIGS. 1-7. The desorbed flmid from each column
18 pases into the chamber 118 and is retainred in the
enclosore since en exhanst port corresponding to the exhaust
port 58 s not provided in the embodiment shown in FIG, 14.
Porous plups 120 are disposed in 122 in the
bearing carrier 112, Since the desorbed fiuid in the chamber
118 is under’some -pressure, it is slowly relessed to the
atmosphere throngh the porous plugs 120. -

The decrease in nofse in the operation of .the system
showa ig FIG, 14 results from several factors. One factor is
the increised volums of the chamber 118 relative to the
corresponding chamber 87 shown in FIG. 4. A second factor
is that the desorbed fluid in the chamber 118 is retsined
within the chamber and is relcesed slowly to the atmosphere
through the plugs 120. This is fecilitated by ths fatt that the

" desorbed fiuid in the chamber 118 i5 not released to the

amosphere through a port such as the port 58 in FIG, 4.

It will be appreciated that -all of the featues of this
invention can be provided in a conventional two (2) column
system of the prior art. Such & conventional two (2) column
system i5 shown in FIG. 16. It includes the compressor 13,
adistribator valve 148, 2 pair of the columns 18, the orifices
27, the product holding tank 19 and a contro) valve 150 for
controlling the rate at which the oxygen or argon flow to the
user (e.g. the patient).

It will also be appreciated that the systems constituting
this invention can be used to provide other fuids than
oxygen and to provide -sach flvids 10 users other than a
patient without departing from the scope of the invention.
For example, the system of this invention can be used to
provids fluids for industrial purposes. One nse Mllustratively
is to provide nitrogen to industrial organizations which

provide an inert atmosphere. Another {lfustrative use is |

oxygen for welding. ]

The apparatus constitating this invention has several
important advantages. It provides for a controlled and
adjustable speed of the compressor 13 to adjust the rats of

" flow of a fluid such as oxygen to auser (e.g. & paticnt). The
adjustable control of the compressor specd can be either on”

8 closed loop basis or an open loop basis. Furthermare, an
indication can be provided as to when the compressor speed
bas been adjusted out of a normal range of valnes to obtain
a prescribed flow of the fluid, such as oxygen to the user (e.g.
patient), at-a required parity. .

The apparzatos of this invention also has other advantages,
As the speed of the compressor becomes reduced below &
particular valne, the concentration of the oxygea tends to
become reduced below & desirable value, The apparams of
this jnvention provides for an adjustment in the rotary speed
of the distributor valve assembly 21 in the finid fractionator
20 to increass the pressure of the fluid in the colurons 18 in
the fluid fractionator 20. The adjustable orifices 27 at the
ontlet of the fluid fractionator 20 also tend to close with
decreases in the pressure of the fluid in the fluld fractionator
20, thercby maintaining the pressure of the fluid in the
colummns 18 in the fluid fractionator, -

As the speed of the compressor 13 is decreased, the noise
generated by the compressor decreases. The nolss in ‘the

* fluid fractionator 20 is also significantly decreased by pro-

viding the porous piugs 120 in the bearing carrier 112 and by

35
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increasing the gize of the chamber 118, In this way, the
desorbed components in the chember 118 provide 2 minimal
noise when they enter the chamber and when they leak

" glowly into the atmosphere from the chamber.

Althongh this invention has been disclosed and fllustrated
with reference to particular embodiments, the principles
involved are suscaptible for use in numesous other embodi-
ments which will be apparent to persons skilled in ths art.
The invention is, therefore, to be limited only as indicated by
the scope of the appended claims, .

- 1. In combination for removing a first component from a

compressed finid also having a second component and for

providing for the flow of such first component to 8 user at a
ale,

a plurality of columns constructed to provids initially for
the introduction of the compressed fluid into such
columns and to adsorb the second component of the
compressed fluld in such columns and to pass the first
component in such columns and constructed to desorb
the gecond component in such columas, :

first mcams for compressing the fluid befors the fntroduc-
tion of the compressed fluid into the colurmns in the
plurality, : .

second means for providing for the introduction of the
compressed fuid into at least a first ons of the columns
in the plurality on a cyclic basis to obtain the adsorption
of the second component in such at least fivst one of the
colunms and the passage of the first component from
such at least first ene of the columns and for providing .
for the passage of the compressed fluid from at least a
second one of the columns in the plurality on the cyclic
basis to obtain the desorption of ths second component
from sech at least second one of the columns,

third means for collecting the first component passing
through the at least fint one of the columns in the
plurality on the cyclic basis, and ’

fonrth means having variable charecteristics for providing
for the compression of the fiuid by the first means at a
variahle rate of flow dependent npon the presceibed rats
of the first componerit through the at Jeast first one o:
the colomns in the plurelity. :

2, In a combination as set forth in claim I, .

the variable characteristics of the fourth means constitut-
ing variations in speed, '

the fourth weans being operatively coupled to the first
means for varying the compression provided on the

" finid by the first means in accordance with the varia-
tions in the speed of the fousth ineans, .

. the fowrth means being operable at the variable speed to
obtain the prescribed rate of flow of the first component
through the at Jeast first one of the columns,

the fourth means being operative to obtain the operation
ofthcﬁmmeansatthcvaﬁabkspeeddcpendmmppn
the prescribed rate of flow of the fifst component
throogh the at least first one of the columns in the

plorality. "

3. In a combination as set forth in clatm 1, - )

the first means incheding a rotatsble member with char-
acteristics variabls to vary the rate of flow of the first
component through the at least first one of the columns
in the plurality, and

the fourth means being operatively coupled to the firat
means for obtaining a varlation in the compression of
the fluid by the first means to obtaln the prescribed rate
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of flow of the first component through the at least first
one of the columms.
4. In a combination as et forth in claim 1,
means for controlling the desorption of the second com- -
ponent components in the at least second one of the S
columns in the plurality.
5. In & combination as set forth in claim 1, )
means for decreasing the compression of the fluid in the
at least fiost one of the columns in the plurality in
accordance with decreases in the rate of flow of the first 10
component through such at Jeast first one of the col-
urnns. :
6. In comhination for removing a first component from a
compressed fluid also having a second component and for
providing for ths flow of such first component to s userata 15
prescribed rate,
8 phurality of columns whereln at lsast a first one of such
© columns adsorbs the second component in the com-
pressed fluid and passes the first component in the
compressed fluid and at least @ second one of which 20
.desarbs the second component previously adsorbed in
such column,
valve means for providing for the selection of the at least
first one of the columns in the plurality and the at Jeast
second one of the columns in the plurality on a cyclic »
- basis,
compressor means for feceiving and compressing the fluid -
and for introducing the compressed fluid to the at least
. first one of the columns in the phurality in accordance
" with the operation of the valve means,
first means for adjusting the operation of the compressor
mesns to the prescribed magnitnde of flow rate for the
passage of the first componcent through the at least first
one of the columns in the plorality, and 35
second means for collecting the first component passing
through the at least first one of the columns in the
Pplurality,
7. In a combination as set forthi in claim 6,

third means for providing a controlled adjustment by the 40

first means in the compression provided by the com-
pressor means in the fluld to adjust the rate of flow of
the first component through the at least first one of the
columns in the phorality.

8, In a combination as sct forth in claim 6, a3

the compressor means having variable chasacteristics to
adjust the compression provided by the compressor
means, and the first means including third means for
adjusting the varlable characteristics of the compressor
means in accordance with the prescribed rate of flow of ¥
the first component through at least the first one of the
colurmms in the plurality.

9. In a combination as set forth in claim 8,

a product tank far holding the first component after the
pasgsage of the first component thmugh the at least ﬁmt
one of the columns in the plurallty, and

‘means responsive to changes in the concentration of the
first component in the at least first one of the columns
in the plurality for adjusting the characteristics of the ¢g
valve means to maintain the concentration of the first
component in the product tank at & particular value,

10. In a combination as set forth in claim 6,

at least a third onc of the columns in the plurality
providing for an equalization of the pressure in the at 65

_ least first one of the columns and the at least second of
the columms when such columns are being transitioned

14
on the cyclic basis between the at least first one of the
columns in the plurality and the at Jeast sccond one of
the columns in the phurality.
n InacomblnanonasaatfonhinclmmG the velve
means rotary.
12, In & combination as set forth in claim 6,

the valve means.communicating on the cyclic basis with
the at Jeast first one of the columns in the plurality and
the &t Jeast second one of the columns in the plurality
al a rate dependent upon the tae of flow of the first
component through the &t least first oo of the columns
in the plurality to adjust the-compression of the fuid in
the at Jeast first one of the columns in the plurality.
13, In a combination as set forth in claim 6,
means for minimizing any noise in the at least second one
of the colomms in the plurality during the desorption of
the second component in the at least seoondoneofthe
columns in the plurality.
14, In combination for removing a first component from
a compressed fluid also having a second component and for
providing for the flow of such first component 10 a user at a
prescribed rate, :

a plurality of columms constructed 1o provide initislly for -

the introduction of compressed fnid into such columns

and to adsorb the second component in the compressed

fluid and to pass the first component in the compressed

fluid through such columns and constructed to desorb

the second componeant in such columns after the pas-
- sage of the first compouent through such columns,
COMprESsOr means having variable characteristics for

compressing the fluid for introduction to ths columnsin’

the plurality,

contro] means for varying !hechmactcﬂatics of the com-
pressor means in accordance with the prescribed rate of
flow of the first component through the columns in the
plurality, and -

rotary valve means for selecting at least a first one of the
columms in the plurality on a cyclic basis to provide for
the introduction of the campressed fiuid into such at
least ﬁrsloneofthecolumandfuraelmgatlem
a second onc of the colurans in the plurality on the
cychcbasismmvidcfurthnduoxpﬁnn of the second
component in such at least second ons of the columns.

15, In a combination as set forth in claim 14,

means for varying the rotery speed of the rotary valve
means in accordance with the prescribed rate of flow of
the first component through the at least first one of the
columns in the plurslity.

16. In a combination as sclfonhmdaimlS

each individual ons of the colomns in the plurality baving
an ardfice for passing the first component from such
individual one of the columns, the orifice in each
individual one of the colummns being edjustable in
accordance with the rate of flow of the first component
through such individual one of the columns,

17. In 2 combination as set forth in claim 14,

each individual one of the columns in the plurality having
‘an orifice for passing the first component from such
individual one of the columms, the orifice in each
individual one of the columms being adjnsteble in
accardance with the rate of flow of the first component
through soch individual one of the columns.

18, In a combination ag set forth in claim 14,

ths second component in each individual one of the
columns being desorbed to the atmosphere at a variable
rate, and
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means for varying the rete at which the sccond component
in cach individual one of the colonms is desorbed to the
atmosphere,

19. In a combination as set forth in claim 14,

means for boosting the pressure of the fivid in the at least
first one of the columms in-the plurality upon an
occurrence of decreases in the mte of flow from the
prescribed rate of - the first component through the at
Ieast first one of the columns in the plurality.

20. In combination for removing a first component from

2 compressed finid also having a second component and for
providing for the flow of such first component to s user et a
prescribed rate, .

a plurality of columns censtructed to receive the com-
pressed fluid and to adsorb the secorid component in the
compressed fluid in snch columns and to pass the fist
component in the compressed fluid in such columns
.&d constructed to desarb the second component in
such columns after the passage of the first component
through such columns, .

valve means for selecting at least & first one of the
columns in the plorality on & cyclic basis to provide for
the introduction of the compressed fluid into snch at
least first ons of the columns on the cyclic basis and the
adsorption of the sccond componeat in the compressed
fuid ini the at least first one of the components and the

3

passage of the first cornponent through such at least

first one of the columns and for selecting at least a
sccond one of the columns in the plurality on the cyclic
basis to provide for the desorption of the second
component from such at least second-one of the col-
umns, .

first means for providing a compression of the finid
passing to the ut least first one of the columns in the
plurality in accordance with the operation of the valve
means, and ' :

second means for vafying the rate of flow of the ﬁmtl

component through the at least first one of the columns
independently of the operation of the valve meens and
in accordance with verlations in the prescribed rate of
flow of the first component through the st Jéast first one
of the columps in the plurality,

21. In a combination es set forth in claim 20,

means for varylng the rate on the cyclic basis, indepen-
dently of the oparation-of the first means, at which the
at least first one of the columns {n the plurality and the
at least second one of the columss in the plurality are
selected by the valve means.

22. In a combination as set forth in claim 20,

the valve means constituting first valve meaus,

a plurality of second valve mesns each disposed in an
individual one of the columns in the plurality and each
operative in response to variations from the prescribed
ree of fiow of the first component through the at least
firat one of the columns in the plurality to vary the
pressure of the fluid in the at least first one of the
columns in the plurality.

23. In a combination as set forth in claim 20,

third means defining a chamber for receiving the second
component in the at least second one of the columns in
the pluratity, and

fonrth means included in the third means for providing a
controlled passege of the second component from the
chambez, ‘

24. In a combination as set forth in claim 23,

16

the third means including & cover,

the fourth means including a porous plug disposed in the
cover for providing for a controlled fiow to the atmo-
sphere of the second component in gt least the secand
oxng of the columns in the plurality in the chamber.

25, In e combination as set forth in claim 23,

men; for varylng the rate on the cyclic basis, indepen-
deatly of the operation of the first means, at which the
ot least first one of the columns in the plurality and the

at least second one of the columns in the plarality are

selected by the valve means.

26. In a combination as set forth in claim 25,

the valve means constituting first valve means,

a plurality of second valve means each individual one of
which is disposed in an individua) one of the columns
in the plurality and each indjvidual one of which is
operative in response to ths varations from the pre-
scribed rate of flow of the first component through the
at least first ome of the columns in the plurality to vary
the pressure of the fluid in the at least first one of the
columms in the plurality.

27. In combination for removing a first component from

& compressed Buid also having & second component and for
providing for the flow of such first component to a user at 2
prescribed rate, . ‘

& phurality of colpmns constructed to receive the com-
pressed fluld and to adsorb the second component in the
compressed fuid in such columns and tq pass the first
component in the compressed fluid through such col-
umns and constructed to desorb the second component

in such columns after the passage of the first compo-

nent through such columns, .

valve means for sclecting at least a first one of the
columns in the pluratity on & cyclic basts to provids for
the introduction of the compressed fuid into such at
Jeast first one of the colurmms on the cyclic basis and for

sclecting at least a second one of the columas in the

pluratity on the cyclic basis to provide for the desorp-
tion of the second component in such second one of the
columns,

first means for introducing the compressed fiuid into the
at least first ons of the columns in the plurality, .

second means defining a chamber for recelving the des-
orbed second component in the at least sccond one of
the columns in the plarality, and

third means for providing a controlled rélease to the
atmosphere of the second component in the chamber,

238, In a combination as set forth in claim 27,

the sccond means incleding & cover enclosing the valve
means and the colomns in the plurality, and

the third means including a poroos plug communicating at

* one end with the chamber and at an opposite end with

the atmosphere to pass the second component in the
chamber to the atmosphere,

29. In a comhination as set forth in claim 28,

fourth means operative independantly of the introduction
of the comprassed fluld by the first meaus into the at
least first one of the calumns in the plurality for varying
the rate et which the valve means selects the at least
first one of the columms in the plorality and the at least
s:t;iundoneofme columns in the plurality on the cyclic
basis, ' :

30. In' @ combination as set forth in claim 27,

fourth means for varying the operation of the first means

. in introducing the compressed fiuid into the at least first
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one of the columns in the plarality m@endwﬂyafthe 36. In a combination as set forth in claim 33,
operation of the valve means. @ pluratity of orifices, each individual one of the arifices

31. In a combination as set farth in claim 27,

fourth means operstive independently of the intreduction
of the compressed fluid by the first means into the at
least first one of the columns in the plurality for varying
the rate at which the valve means selects the at least
first one of the columns in the plurality on the cyclic
basig and the at least second ong of the columns in the
plurelity on the cyclic basis.

32. In a combination as set forth la claim 27,

a plurality of valves, cach individoal one of the valves
being disposed in an individus) one of the columns in
the plurality and each individual one of the valves
having e-varisble orifice to pass the first component in
the at least first one of the columms through such
individual one of the valves and each individua) ons of
the valves being constructed to vary-the orifice in such
individval one of the valves, in accordance with
changes in the rate of fow of the first

10

component
through the orifice in such individoal one of the values, 2

in adirection to increase the pressure of the fnid in the
individual one of the columns in the plorality,

the valves in the plurality being different from the valve
means,

33. In combination for removing a first component from

a compressed fluid also having a second component and for
providing for the flow of such first component 1o auserat a
prescribed rate,

2 plurality of columns constructed to provide initially for
the introduction of the compressed finid into such
columns and w adsorb the second component in the
.compressed fluid in such columns and to pass the first

- componeat through such columns and constructed to
desorb the second component in such columns after the
passage of the first component through such columns,

first means for compressing the first and second compo-
nents of the fluid before the introduction of such
compressed components of the fluid into the columns in
the plurality,

second means for introducing the compreseed finid into a!
least a first one of the columns'in the plurality on a
cyclic basis to obtain the adsarption of the second
component in the at least fixst one of the columms and
the passage of the first component through such at least
first ane of the colums and for providing for the
desorption of the second component from =n at least
second ane of the columns in the plurality on the cyclic
basis, third meens for collecting the first component
passing through the at Jeast first one of the columns in
the plurality on the cyclic basis,

fourth means including a cover defining a closed chamber
for receiving the second component in the at least
second one of the colurons in the plumlity, and

fifth means disposed in the cover for controllably releas-
ing to ths atmosphere the second component in the
closed chamber,

- 34. In a combination as set forth in claim 33, the fifth
means including at least a first porous plug for releasing to
the atmosphere the secand component in the chamber,

35, In a'combination as set forth {n claim 33,

the first component being introduced into the at least first
one of the columns in the plurality at a variable rate,

sixth means far adjusting to a prescribed rate the variable
rate at which the first component is introduced into the
at least first one of the columns by the second means,

43

55

being disposed in an individual one of the colomns in
the plurality and each individual one of the orifices
having a veriable constriction and each individual one
of the orifices being operative to provide an increasing
constrictlon with decreases in the rate of flow of the
first component through the at.least first one of the
columns in the plurality, )
37. In a combination as set forth in claim 33,
means for varying the rate of flow of the first component
through the at least first one of the columns in the
plurality, and
means for varying the fluid compression provided by the
first means in accordance with ths variations in the sate
of flow of the first component through the at least first
one of the columns in the pluratity.
- 38, In combination for removing a first componeat from
a compressed fluid also having a second component and for
providing for the flow of such first component to a userat a
prescribed rate, .
a plurality of columns constricted to provide initislly for
the. introduction of the compressed fluid into such
columns and to edsorb the second component in such
columns and to pass the first component and con-
stracted to desorb the second components in such
columns after the passage of the firgt component
through such columns,
first means for compressing the first and second compo-
nents of the fiid before the introduction of such
compressed components of the fluid into the columus in
the pluraliy, ,
second means for introducing the compressed finid into at
" least a first one of the columns in the plurality on a
cyclic basis to obtain the adsorption of the second
component in the at least first one of the columnis and
the passage of the first component throngh such at least
first onc of the columns and for providing for the
passage 1o the atmosphere of the second component
from at least a second one of the columns in the
plurality on the cyclic basis to obtain the desorption of
such second component from the at Jeast second one of
the columns,
third means for collecting the ‘first component passing
through the at Jeast first one of the columns in the
plorality on the cyclic basis,
fourth means for adjusting the concentration of the first
component in the at least first one of the columns in the
phurality, and
g plumlity of valves, cach individual one of the valves
being disposed in an individual one of the columns in
the plurality and each individual one of the valves
having an orifice variable in accordance with changes
in the rate of flow of the first component through the at
least first one of the columns in the plurality.
39. In a combination s set forth in claim 38,
the otifice in the individual one of the valvesin the-at least
first one of the columns being constructed to betome
constricted with decreases in the rate of flow of the first
component through the at 1east first one of the columns
in the plurality from the prescribed rate and with
decreases in the compression of the first component in
the at least first one of the columns in the plurglity to
adjust the concentration of the first component in the at
least first one of the columns,
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40, In a combination as set forth in claim 39,
the fourth means being operative 1o adjust the rate of low
of the compressed fiuid into the at least first one of the
columms in the plurality on the cyclic basis to adjust the
concentration of the first component in the at least first
one of ths columns. .
41, In a combination as set forth in claim 39,
the second means being operative to adjust the rate of flow
of the first component thraugh the at least first one of
the columns in the plurality on the cyclic basis and the
rate of the passage to the atmosphere of the second
compouent from the at least sccond one of the columns
in the plurality on the cyclic basis.
42, 1n a combination as set forth in claim 41,
valve means operable on the cyclic basis at a variable ratc
1o increass the compression of the first component in
_the at Jeast first one of the columns in the plurality in
accordance with decreases in the rate of flow of the first

component through the individual one of the orifices in 2

suoh at least first one of the columns.

43. In combination for removing a first component from

a compressed fuid also having a second component and for
providing for the flow of such first component to a userat a
prescribed rate, .

2 plurality of columns constructed to provide initially for
the introduction of the compressed fluid Into such
columns and to adsorb the second component in the
fluid in such columns and to pass the first component
through such columns and constructed to desorb the
second component in such columns after the passage of
the first component through such colunms,

first means for providing & variable compression of the
fluid before the introduction of the compressed fuid to
the columns in the plurality, the first- means having

. variable characteristics of providing such compression,

second means for introducing the compressed fluid into at

‘least a first one of the columns in the plurality on a
cyclic basis to obtain the adsorption of the second
component in such-at least first one of the columns and
to-obtain the passage of the first component through
such at lcast first one of the columns and for providing
for the passage of the sccond component from & least

a second onc of the- columns in the plurality on the
cyclic basis to obtain the desorption of the second
component from the at least second ons of the columns,
third means for adjusting the characlcristics of the first
- means to obtain a particnlar concentration of the first
" component in the at least first one of the columns in the

" plurality, and '

fourth means for indicating when the characteristics of the
first means are outside of particular limits,

44, In a combination as set forth in claim 43, fith means

defining a closed loop with the first means and the third

means for maintaining the particuler concentration of the -

first component i the at least first one of the colummns in the
plurality.

45. In a combination as set forth in claim 44, _

a valve associated with the columns in the plurality for
communicating with such columns in the plarality on
the cyclic basis to select the at least first one of the
columns in the plurality on the cyclic basis and the at
Jeast second one of the columns in the phrality on the
cyclic basis, and

means for varying the operation of the valve to adjust the

43
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time, fn accordance with the adjustrents in the par-
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ticular concentration of the firt componeant in the at

least first one of the columns in ths plurality, in which

each individual one of the columns in the plurality

operates as the at least first coe of the columns in the

plurality on the cyclic basis and as the at least second

one of the columns in the plurality on the cyclic basis.
- 46. In a combination as set farth in claim 45,

& plurality of valve means, each Individnal one of the
valve means being associated with an individual one of
the columns in the plurality for increasing the com-
pression of the fluid in suck individual ons of the
columns in the plurality in rezponse: to a decrease in the
rate of flow of the first component through the at least
first one of the columns in the plurality,

the valve belng different. from the phurality of valve
msans,

47, In combination for removing a first component from
a compressed fiuid also having 8 second corponent and for
providing for the flow of such first comaponeat to 2 user at g
prescribed rate, '

a plorality of columms wherein at Jeast a first one of such
columng adsorbs the second component in the com-
pressed fluid and passes the first component in the
compressed fluld and at legst a second one of such
colunms desorbs the second component previously
adsarbed in such at least second ane of the columns,

valve means for sclecting the at least first one of the
columns on & cyclic basis and the at least second one of
the columns on a cyclc basis,

compressor means having varigble characteristics for
receiving and compressing the Auid in accordance with
the variations in such characteristics and for introduc-
ing the compressed fiuid to the at least first one of the
calumns in the plurality in accordance with the selec-
tion of the first one of the columns by the valve means
on the cyclc basts, }

first means for indicating variations in the lemperature of
the flvid in the at least first one of the colunms, and

- secand means for verying the characteristics of the com-
pressor means in accordance with the variations in the
temperature indicated by the first means to maintain the
flow of the first component in the compressed fluid to
the user at the prescribed rate.

48. In a combination as set forth in claim 47,

third means for adjusting the times for the selection of the
at least first ono of the columns oa the cyclic basis and
the at Jeast second one of the columms on the cyclic -
basis in accordance with the variable characteristics of
the compressor means by the second means,

49. In a combinztion &3 set forth in claim 47,

a pluratity of erifices, each imdividual one of the orifices
being disposed in an individual one of the columns in
the plurality and being varisble in size, and

third means for varying the size of the orifices in the
plurality in accordance with variations in the compres-
_sion of the fiuid in the columms in the plurality,

50. In a combination a5 set forth in claim 47,

third means for indicating the variations in the pressure of
the finid in the colunms in the plurality,

the second means being responsive to the indications by
" the third means of the variations in the prossure of the
fiuid in the columns {n the plurality for varying the
characteristics of the compressor means,

51. In & combination as set forth in clalm 47,

third means associated with the columns in the plurality
for defining a chamber for recelving the second com-
" ponent desorbed from the columns in the plurality, and
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fourth means included in the third means for providing a
controlled release of the secand component in the
chamber to an atmospheric preasure.

52. In a combination as set forth in claim 47,

a plurality of orifices, each individual one of the arifices
_being disposed in an individual one of the columas in
the plurality and being variable in size,

third means for varying the size of the orifices in the
plurality in accordance with varations in the operation
of the compressor means in compressing the fivid in the
columns in the plurality,

fourth means for indicating variations in the pressure of
the fluid in the columns in the plurality,

the second means being responsive to the indications by
the fonrth means of the variations in the pressure of the

. fluid in the columns. in the phirality for varying the
characteristics of the compressor means,

fifth means associated with the colurmns in the plurality
for defining a chamber for receiving the secand com-

. ponent desorbed from the columns in the plurality, and

sixth means included in the fifth means for providing &

controlled release of the second component in the
cbamber to atmospheric pressure,

53. In combination for removing a first component from
& compressed fuid also having a second component and for
providing for the flow of such first component to a user at a
prescribed rate,

a plurality of columns wherein at Jeast a first one of such
columns adsorbs the second component of the com-
pressed fluid and passed the first component of the
compressed fluid through the at least first one of 1he
colnmns, -

valve means for selecting the at least first one of the
columns on a cyclc basis and the at least second one of
the columns on the cyclic basis,

compressar means having varisble characteristics for
receiving and compressing the fluld in accordancs with
the variations in such characteristics and for introduc-
ing the compressed fluid to the at least first one of the
columns in the plurality in accordance with the selec-
ton of the at least first one of the columns by the valve
means on the cyclic basis,

fiow -control means for receiving the first compament
passing through ut least the first one of the columns and
for passing the first component to the uger at a particu-
lar rate dependent upon the operation of the fiow

_ control means, and

first means responsive to variations in the mats at which the
flow control means passes the first component to the
uscr for. varying the characteristics of the compressor
means (o maintain at the particular rate the passage of
the first component from the flow control means to the
user,

"54. In a combination es set forth in claim 53,

second means for indicating variations in the temperature
of the fluid in the at least first one of the columns,

the first means being responsive 1o the variations in the
temperatore as indicated by the second means for
adjusting the charactérigtics of the first means to main-
tain at the particular rate the passage of the fist
component from the flow control mesans to the user.

55, In a combinaton as get forth in claim 53,

second means for adjusting the times for the selection of
the at least first one of the colunms on the cyclic basis
and the atleast second oze of the columas on the cyclic

10

45

55

60

65
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basis in accordance with the variations in the charac-

teristics of the campressor means by the first means.

56. In & combination as set forth in claim 585,

the compressor means having a varisble speed,

means for increasing the pressure of the first component
passing from the Jeast first one of the columns in
accordance with decreases in the speed of the compres-
0T means,

§7. In a combination as sct forth in claim 56,

third meams for indicating variations in the temperature of
the fluid in the at Jeast first one of the columns,

+ the first meams being responsive to the indications by the
third meang of the variations in the temperature for
adjosting the chamcteristics of the first meens to main-
tzin at the particolar rate the passage of the fist
component from the flow contral means to the user,

fourth means for adjusting the times for the selection of
the at Jeast first one of the columns on the cyclie basis
and the at least second one of the columns on the cycc
basls in accordance with the variations in the charac-
teristics of the compressor means by the first means.

S8, In a combination as set forth in claim 53,

a plurality of crifices, each individual one of the erifices
being disposed in an individual one of the columns in
the plurality and being variable in size, and

second means for varying the size of the orifices in the
plurelity in accordance with variations in the compres-
sion of the fliid in ths columns in the plurality.

59, In a combination as s¢t forth in claim §3,

the compressor means having a variable speed,

. means for increasing the pressure of the first component
passing from the least first ane of the columns in
.accordance with decreases in the speed of the compres-
SOT Means.

60. In a combination as set forth in claim 53,

second means associated with the columns in the plurality
for defining a chamber for receiving the second com-
ponent desorbed from the columns in the plurality, and

third means included in the second means for providing a
controlled release of the second component in the
chamber to atmospheric pressure,

61. In combination for removing a first component from

a compressed fiuid also having a second component and for

providing for the flow of such first component 1o auserat a

prescribed rate, . .

a plurality of columns wherein at least a first one of such
colums edsarbs the sccond component of the com-
pressed fluid and passes the first component of the
compressed fluid through the at least first one of the
columns znd at least @ second one of such columns
desorbs the second component previously adsorbed in
the at least first one of the columns, .

valve means for selecting the at least first one. of the
columns on a cyclic basis and the at least second oue of
the columns on the cyclic basis,

compressor means having variable characteristics for
receiving and-compressing the fluid in accordance with
the variations in such characteristics and for introdue-
ing the compressed fluid 10 the at Jeast first ans of the
columns in the plurality in accordance with the selec-
tion of the at Icast first one of the columns by the valve
msans on the cyclic basis,

flow control means for receiving the first component

passing throngh the at least first one of the columns and
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for passing the first component to the pser, the flow
control mesms baving variable characteristics, and

first means responsive to the variations in the character-
istics of the compressor means for varying the charac-
teristics of the flow control méans to maintain the §
passage of the first component from the flow control
means to the user at & particular rate,

62. In a combimation as set forth In claim 61,

second means for indicating variation, in the temperature A

of the fluid in the at least first one of the colomns, and 10

third means responsive ta the indications of ths variations
in the tempeoature by the second means for varying the
chmmﬂsﬁcsofﬂ?eymmpmsormm!omaimainﬁle
paseage of the first component to the user at the
particular rate, . 18

63. In a combination as set forth in claim 62,

fourth means for indicating variations in the pressure of
the fluid in the first component in the at Jeast first one
of the columns,

Aifth means respansive to the indications of the varlations 20

- in the pressure by the second means for varying the
characteristics of the compressor mezns 10 maintain the
passage of the first compouent to the wser at the
particular rate,

sixth means for indicating the variations in the character- 25
istics of the flow contro) means, and

the fifth means being respansive to the indicaion by the
sixth means of the variations in the characteristics of -
the flow control means for varying the-charecteristics of 30

the compressor means to mainwin the passage of the
first component from the Bow control means to the user

. at the particular rate, ‘

64, In a combination as set forth in claim 61,

* second means for indicating variations in the pressure of g

the fiuid in the at'least first one of the components,

third means responsive to the indications of the variations
in the pressure by the second means for varying the
characteristics of the compressor means to makntain the
‘passage of the first component to the user at the 40
pasticular rate. ’

65. In » combination as set forth in claim 61,

second means for indicating the variations in the charac-
.terigtics of the flow control means, and .

third means responsive to the indications by the secon
means of the variations in the characteristics of ths flow
control means for varylng the characteristics of the
COmpressor means to maintafn the passage of the first
component from the flow contro! means to the user at
the particular rate, 0

66. In combination for removing a first component from

a compressed fluid also having a second component and for

providing for the flow of such first compounent to a user at a

prescribed rate,

a plurality of colerms wherein at least a first one of the
coluriing adsorbs the second component of the com-
pressed fivid end passes the first component of the
compressed fluid through the at Jeast first ane of the
columns and at least a second one of the columns &

desorbs the second component previously edsorbed in
the at least first one of the columns,

" valve means for sclecting the at least first one of the
columns on a cyclic basis and the at least second one of |
the columms on the cyclic basis, ' &

compressor means having variable charaoteristics for

* receiving and compressing the fluid in accordance with

24
the variations in such characteristics and for introduo-
ing the compressed finid to the at least first one of the
columns in the plarality in accordance with the selec-
tion of the at least first ane of the columns by the valve

meams on the cyclic basis,
first meams having variable characteristics for cooling the
compressor mcans in accordance with such variable

. . characterigtics, and

second means responsive 1o variations in the characteris-
tics of the cormpressor means for varying the charac-
teristics of the first means in cooling the compressor
means. :

67. In a combination es set fosth in claim 66,

flow control means for receiving the first companent after
the passags of the first component throngh the at least
first one of the columns and for passing the first
companent to ths user, the flow contra] means kaving
vexdable characteristics, and

third meang responsive to the variations in the character-
istics of the compressor means for varying ths charec-
teristics of the flow control means to maintain the
passage of the first component from the Sow control
means to the vser at & particuler rate.

68. In a combination as set forth in claim 66,

the second means including a microprocessor,

the varlable chatacteristics of the compressor means con-
stituting changes iu speed,

the variable characteristics of the cooling means consti-
tating changes in the rate at which the cooling means
cools the campressor means,

the sccond means including the microprocessor being
responsive to the changes in the speed of the compres-
sor means for varying the rate at which the cooling
means cools the contpressor means,

69. In a combination as set forth in claim 68,

the valve means having variable characteristics for vary-
ing the rate at which the valve means selects the at least
first one of the columns on the cyclic basis and the at
least second one of the columns on the cyclic basis, and

third means including the microprocessor for varying the
characteristics of the valve means in accordance with
the variations in the speed of the compressor msans.

" 70, In a combination as set forth in claim 68,

third means for indicating variations in the temperature of
the compressar means, and

fourth means incloding the microprocessor for varying the

speed of the compressor means in accordance with the

- . indication by the third means of the varlations in the

temperature of the compressor means,
71, In a combination as sot forth in claim 68,
third means for indicating variations in the concentration

of the first componsat in the at least first one of the '

columns, and

fourth means including the microprocessor for varying the
speed of the compressor means in accordance with the
indications by the third means of the variations in the

. concentration of the first component in the at least first
onc of the columna.

72, In a combination as set forth in claim 68,

flow control means for recedving the first component after
the passage of the first component through the at least
first one of the cohmms and for passing the first
component to the usez, the flow control means having
varigble characteristics,
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" third means responsive to the variations in the character-
istics of the compressor means for varying the charac-
teristics of the flow control means to maintain the
passage of the first component from the flow control
means to the user at a particular rate,

the valve means having variable characteristics for vary-
ing the rate at which the valve means selscts the at Jeast
first one of the columns on the cyclic basis and the at
Jeast second one of the columms on the cyclic basis,

fourth means including the microprocessor for varying the
_characteristics of the valve means in accordance with
the variations in the speed of the compressor means,

fifth means for indicating variations in the temperatare of
the compsessor means, and -

10

26

 sixth means including the microprocessor for varying the

speed of the compressor means in accordance with the
‘indication of variations in the temperature of the com-
pressor means,

seventh means for indicating variations in the concentra-
tion of the first component in the at Jeast first one of the
columns, and ,

eighth means including the microprocessor for varying
the speed of the compressor means in accordance with

the indications representing the -variatons in the con-

ceatration of ths first component in the at least first one
of the columns. ] .

* * ¥ * %
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A rotary valve mtbelnletsofnplmahtyofeolumns
cydically (1) selects first columns on a cyclic basis to
receive compressed air, adsorb nitrogen and other compo-
wents in the compressed air and pass oxygen and argonto 2
user (c.g. paticat), sccond columns to desorb the adsorbed
components in such colwnns and (3) third ‘columns to
equalize pressures where the first columns change progres-
sively to the second columas and vice versa. A compressar
having adjustabe characteristics and regulated in &n open or
closed loop introduces the compressed air twough the valve
to the first columns to provide an adjustable air flow for
obtaining & prescribed oxygea fiow 1o the user. An indication
msy be provided when the compressor charactesistics regu-
lated for obtaining the prescribed oxygen flow rate arc
outvide particular limits. The valve may have a variable
speed related to the compressar flow variations to regulate
the air pressure in the columns n accordance with the aly

- flow rate ioto the columns. A variable orifice in 8 vaive in

cach column outlet becomes constricted with decreases In
the oxygen flow rate In cach eolumn, thereby further regu-
lating the axygen pressure fn such column. A porous plug in
& closeid chambey recelving the desorbed. pressurized coro-
ponents releases such components slowly, without pulsatile

poise, to (he atmosphere. The cquipment accordingly pro-

duces the desired oxygen flow rate with minimal powes
consumption, minimal nofsc.and optimal efficiency. reliabil-
ity and life.span. The cquipment may be designed 10 pass
other composents than oxygen.

26 Claims, 10 Drawing Sheets
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1
FLUID FRACTIONATOR

This is a division of application Ser. No. 08314.213
filed, now U.S. Pat. No. 5593478 Sep. 28, 1994,

This invention relates to apparatus for, and methods of.
pnifying a fluid by periodically/cyclically passing a par-
ticulay component in the fiuid through a molecular sieve and
adsorbing other components in the finid in the molecular
sieve and subsoquently periodically/cyclically desorbing
such other camponents from the molecular sicve. The inven-
tion further relates to apparams for, and methods of, passing
oxygen in compressed air (and argon) for introduction to a
paticnt and for adsorbing nitrogen and the other compoucnts
in the compressed air and subsequently desorbing the
adsorbed components to the atmosphere. The invention
particularly relates to apparatus for providing any prescribed
rate of flow of oxygen with minimal power consumption,
rainimal noise and optimal efficlency, reliability and lfe
span.

Apparatus is in existence for receiving a fluld such as
~ compressed air. for separating the oxygen from the alr and
for passing the oxygen for subssqueat nse as by a patient.
The apparatus also includes material in a molecular sieve for
adsorbing the nitrogen and the other componests jo the
compressed air. When the oxygen separated from the com-
pressed air has been passed, the adsorbed components in the
compressed alr are desarbed by release 1o the atmosphere.
The apparatus can opcrate on a cyclic basis to continnoosly
provide oxygen to a user such as a patient.

. The oxygen can be used for many purpeses. One of the
primary nses of the oxygen is for providing oxygen to
paticnts such as the clderly and those having asthma and
emphysems. When the apparatus is used for sach paticats,
the apparatus should have cermain desirable characteristics. It
should be able to provide the oxygen to cach patient in a
varigble delivery rate and high conceutration dopendent
upon the needs of the paticat. It should be able to provide
this oxygen in an efficient and reliable manper and with &
minimal powes consumption, particularly since many sick
and elderly patients have only limited incoms and the
electric power cost for operating the apparams is substantial
and significant. The apparatus should also operate quietly so
as not to be offensive to tho paticnt and to thase around the
patient. The apparatus should also have a long operative lifc
without any breakdown. These parameters arc particularly

important because the apparatus operates continuously in the -

home cnvironment without attendance.

The apparatus now in use fails to completely mest the
criteria gpecified in the previous paragmph. The apparatus
includes a compressar for introducing compressed air to
columns which Includes a molecular sieve for passing oxygen
and argon and for adsorbing nitrogen and other componsats
in the compressed air and for subscquently desorbing the
adsorbed components. In the apperatus now in usc, the

compressors are operated to deliver a constant maximum

flow and concentration of oxygen regardiess of the flow of
oxygen prescribed for the user. The desired flow of oxygen
to the patient is then adjusted by a throttling valve in the

product bleed ling to the user. As will be appreciated, this {5

inefficient if less than maximum flow capacity iz nesded,
particularly since the compressar and the motor driving the
compressor require a large amount of power.

The compressor generates a large amount of noisc as it
operates, 'This results partly from the operation of the motor
and the compressor, particolarly since the motor and the
compressor is driven at a fixed high speed. It also results

partly from the descrption to the atmosphexe of the com-

Al

30

38

.. oxygen pressure In such colurmn.

30

§s

[

-2
pressed fluid which is edsorbed in the columns, This release
occurs almost instantancously, thereby creating a nolse/
sound pulse cvery time that the compressed fluid in one of
the columns is released to the atmosphae.
This invention provides a systerm which substantially
overcomes (he disadvantages in-the apparatus of the prior

“art. In the system of this nvention, the compressor ¢

operutes
at a speed. or with displacement characteristics. adjustable In
accardance with the desired rate of oxygen flow to the user
(e.g- the patient). The apparatus of this invention is also .
advantageous in that it releascs the desorbed fluld to the
atmosphere at & steady and controlled rate, thereby signifi-
cantly reducing the noiss generated from such release.

In one cmbodiment of the invention. a rotary valve at the
inlcts of a plorality of columns selects first columas on a
cyclic basis to recelve compressed air. adsorb nitrogen md
other components in the compressed air and pass oxygen
and argon to a user (¢.g. patlent). The valve also cyclically
selects second colamns to desorb the nitrogen and the other
components in soch columns and cyclically equalizes the
pressure in third columns where the first columns chaoge
progressively to the second columns and vice versa.

A compressar having adjustable characteristics and regu-
lated in an open or closed loop introduces the compressed air
through the valve to the first columns to provide au adjust-
able air fow for obtaining a prescribed oxygen flow 1o the
user. An Indication may be provided when the campressor
characteristics segulated for obtaining the prescribed oxygen
flow rate are outside particular limits.

The valve may have a varisble speed related to the
comgpressor fiow variations toregulate the air pressure {n the
columns in accordance with the air flow rate into the
columns. A variable orfice in a valve in cach column’s
outlet becomes constricted with decreases in the oxygen
flow rate in each column. thereby fimther regulating the

A porous plog in a closed chamber recelving the des-
orbed componcuts relcases such components slowly. with-
out pulsatile noisc, to the atmosphers. The egquipment
accordingly the desired oxygen flow mte with
minimal power consumptiof. minimal noise and optimal
cfiicicacy, relability and life span. The equipment may be
designed to pass other componeats than oxygen.

In the :

FAG 1isa sciuanntic representation of a8 respiratory
suppott system, including a fluid fractionator, of the prior

a .

FIG. 2 is a side elevation of a portion of the support
system shown in FIG. 1 aod particularly shows & fluid
feactionstor incinded in such support gystem; :

FIG. 3 Is a sectional view of the fractionator as taken on
a Hoe 33 of FIG. 2; '

FIQ. 4 15 a sectional view of the fluid fractionator as
taken on a fine 44 of FIG. 3;

FIG. § is an enlarged scctional view of the fluid frac-
tionator as taken on a line 5—S of FIG. 4;

FIG. 6 is  top plan vicw. partially cut away, of a sotor
shoe Included in the fluid fractionator;

FIQG. 7 is a sectional view of the rotor shoc as taken on
the Hne 7—7 of FIG. 6

FIG. 8 Is a top plan view of s port plate included in the
fluid fractionator shown lu FIGS. 1-7;

FIG. 9 is a scctional vicw taken on the line 9-9 of FIG.
8;

FIG. 10 i8 a schematic diagram of a closed loop system

constituting onc embodiment of an invention for use with
the fluld fractionator shown in FIGS. 1-9 for regulating the
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3
variablo characteristics of a compressor and other compo-
neats to obtain a desired or prescribed mte of flow and
conceatration of a particular fiuid component such as oxy-

gen;

FIG. 11 is a schematic diagram of a closed loop system
constituting another embodiment of the invention for uss
with the fluid fractionatar shown in FIGS. 1-9 for regulating
the variable characteristics of a compressor and other com-
ponents to cbtaln a desired or prescribed rate of flow and
concentration of a particular fluid component such as oxy-
gen;

FIG. 12 is a schématic diagram of an open loop system
copstituting o additional embodiment of the invention for
use with the fluid fractdonater shown in FIGS. 1-9 for
controlling the variable characteristics of a compressor and
other components to obtain a desired or prescribed sate of
flow and concentration of a particutar fuid component such
as oxygen; : :

FIG. 13 is a schematic sectional view of an orifice which
may be used in the respiratory support system of this
invention and which provides variable characteristics in
accordance with the rate of flow of the particular fluid
component such as oxygen;

FIG. 14 is an clevationsl view, partially in scction, of
apparatus which may be included in the invention to reduce
the noise generated in the system when fluld adsorbed in the
fluid fractionator is desorbed;

FIG. 15 provides curves showing (a) the relationship
between differeat compressor speeds and the pescentage of
concentration of oxygen in the product flow from the fluid
fractionator and (b) the selationship between different com-
pressor speeds and the flow rate of oxygen to the product
holding tank 19 in liters per minute; and

FIG. 16 is a schematic diagrem showing a finid fraction-
. ator which may be considered as a conventional fluld

fractionater of the prior mt and which may be modified to
incorporate the features of this invention; and

FIG. 17 provides curves showing the relationship
‘between compressor flow rates and campressor discharge
pressures for a nonmal system of the prior ant and for the
system of this favention.

FIGS. 1-9 fllustrate an oxygen-concentrating systern.
generally indicated at 10. which may be used in this inven-
. ton and which is disclosed in the prior art in U.S. Pat. No.

5.268.021 Issued to Charles C, Hill and Theodore B. Hill on
Dec. 9, 1953, for an “Tmproved Fluid Fractionator™ and
assigned of record to the assignee of record of this applica-
tion, The embodiment shown in FIGS. 1-9 of this applica-
tion carresponds 10 the embodiment shown in FIGS. 1-9 of
- U.S. Pat. No. 5.268,021, In the peior art system shown in
FIGS. 1-9, air is drawn from the atmosphérs through an alr
inlct 6 into a dust filter 11 which removes dust from the air.
The air is then compressed in 2 compressor 13 and the
compressed air is introduced through a conduit 14 into a heat
exchanger 1S which removes soms of the heat prodaced
during the compression, A fan 12 may be driven by the
compressor 13 to remove heat from the beat exchanger 15.
‘The compressed air then passes into the inlet port 16 of
a fluid fractionator, geuexally indicated at 20, which is
- Included in this invention. The fluid fractionator 20 includes
a product tank 19, Included in the tank 19 are a plurality of
adsorber columns 18 (FIG, 3) the construction and operation
of which will be described in detail subsequently. Oxygen
(snd argon) flow from the product tank 19 through an
oxygen outlet 7 in FIG. 2. -
Each column 18 scparates the oxygen and argon in the
compressed alr from the other components in the com-
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pressed alr and passes some of the axygen and argon through
ap outiet port 17 (FIG. 1) to a conduit 224, The
oxygen and argon then pass through & valve 23 (which may
be manually controllcd) to a filter 24. The filter 24 may be
a high efficiency particls arrestar (HEPA), The oxygen and
argon then pass to a conduit 282 for use for one of a number
of purposes, For example. the oxygen and argon may be
introduced to a patient to increase the level of the oxyges in
the blood of the patieat.

As shown in FIG. 3, the holding tank 19 contains a
clustes or amray of the adsosber columng 18 within its
housing. The columns are preferably disposed in a closely
packed configuration, Preferably a plarality, more than two

(2), of such columns are provided in a closcly packed

relationship. Twelve (12) colurns are shown in FIG. 3 but
it will be appreciated that 'any other pumber may be pro-

“vided. The fluid fractionatar 20 also includes a rotary valve

distributor asserbly generally indicated at 21 (FIG. 2). &
gear motor 22 having a drive chaft 23 and a two-piece
mauifold 24 (FIG. 2). . . .

Each of the columns 18 may be in the form of a cylinder.
Each of the colurans 18 contains a bed packed with adsar-
bent materdal 25 (FIG. 4) which {s sclective for a particular
malecular species of fluid or contaminant. For example,
zcalitc SA may constitnte the adsorbent material 25 when
oxygen i3 to be scparated fram air. The packed bed is held
in place by a plate 26 at the bottom of the bed, A pressure-

means such as a small orifice 27 extends through
the plate 26. Perforated plates 28 arc disposed at the top and
bottom of [he bed of the absorbent material 25, the bottom
plate 28 being disposcd between the platc 26 and the
adsorbent material 25,

A spring 29 is disposed in the column 18 above the upper
pesforated plate 28 to maintain the plates 28 and the adsor-
bent material 25 In & packed relationship against the plate
26. When the adsarbent material 25 is zeolite SA. the
material adsarbs all of the components (including nitrogen)
in the compressed air and passes argon and oxygen. The
oxygen and argon arc thus able to pass through the perfo-
rated plates 28, the adsorbent material 25 and the orifice 27
in the plate 26.

The rotary valve distributor assembly 21 is affixed to the

holding tank 19 by a clamp band 382 (FIG. 4). The sotary -

distributor valve assembly 21 shown in FIG. 4 includes the
two-piccs manifold 31 which is ported and channcled. The
manifold 31 has a top scction 32 which is ported and
channeled to recelve a stream of flnid through the inlet post
16 and (o chanpel the Buld through an air feed passage 33
into a centrally located Inlet port 34 in a posted rotor shoe 38,
Subsequently the fiuid exiting the rotar shoe 35 is channeled
sedially from a circular array of inlet ports 38 in a part plate
39 toward cach of the columns 18 )
The ported rotor shoe 3 s included in a rotar 41, The
rotor turns in a circamferential ball bearisg Gnit 42. The
rotor Is driven by the gear motor 22 (FIG. 2) at a suitable
speed such as approximately two (2) revolutioas per minute,
A conical disc or Belleville spring 43 urges a cover plate 44
and the rotar shoe 35 downwardly to secure the cover plate

and the rotor shoc in position. The rotor 41 and its associated . -

components arc caclosed within a cover 45 which is suitably
attached to the manifold 24. ’ :

The paort plate 39 is made from 8 suitably hard material,
The port plate 39 is recessed into the top of the manifold 31
and is sealed and immobilized by u slot and a key. The part
plate 39 is coaxial with the exit port of an air feed channel
47 in the manifold 31. The part plate 39 has a number of
holes cqually spaccd from onc another in a circular pattern,
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This number is equal to the mumber of entry ports of

channels to the individual columns 18. An air inlet rotary

" scal 48 Is provided in the manifold 31 af a position interior
t0 the port plate 39,

* The rotor shoc 35 is made from a materiel known in the
art to be sultable for use with the hardened material of the
poat plate 39, The rotor shoc 35 slides on the port plate 39.
The Belleville spring 43 presses the rotor shoe 35 against the
port platc 39 during such sliding movement. These are throe
(3) channels In the rotor shoe 35, One is a presswrizing
channel or air feed chennel 50 (FIGS. 4 and 5) which
originates at the ccatral fluld inlet port 34, The part 50
radiates into an arcuate slot §1 which provides a conduit
simultaneously into sevexal of the anoularly positioned ports
52 (FIG. 5) in the port plate 39. As the rotor shos 35 rotates,
each new port 52 communicating with the forward end of the
arcuate slot 51 §s pressurized by the compressed fluld. At the
same time, the port 52 at the rear end of the slot 51 is

depressurized. |

In 8 scoond chanel in the rotar shoe 35, &n arcuste slot

54 (FIGS. 8 and 6) receives the adsorbed flnid components
in the columns 18 which communicatc with the exhaust
ports, As previously described, when compressed alr i3 the
fiuid and is introduced 1o the columns 18, the desarbed fluid

components include all of the gases in air except axygen and -

argon. The desorbed components in the colunns 18 are

veated upwerdly from the arcuate slot 54 through an exhaust -

port 55 (FIGS. 4 and 6) in the rotor shoe cover plate 44 into
a rotor void space, The desorbed flufd then passes into the
atmosphere through an exhaust part 58, '

The third channel in the sotor shoe 35 is a cross-port
channel 60 (FIG. 6). The channel 60 serves as a conduit
between two (2) of the columns 18. these two (2) columns
being In transition between the pressurizing and desorbing
phases of a cycle. Its function is to apply equalizing pres-
. sures in columns trassitioning between the adsarbing pres-
swre in each cycle. The equalizing pressure provides for a
pressure drop in fluid iv each colmmn before such column
enters the desarption phase in each cycle. This preveats &
very apld decampression in each column and thus prevents
an excessively high flow of the desorbed fluld initially from
the column. This eahances the conceatration of the particn-
lar component such as oxygen and argon in each colomn,

The apperatus desaribed above 15 disclosed and claimed
in U.S. Pat. No. 5.268.021 issucd on Dec. 7, 1993, to Charles
C. Hill and Theodore B, Hill for a “Fluid Fractionator” and
assigned of record to the assignee of record of this applica-
ton. It has several impartant advantages over the pelor art,
It provides a smoother operation than the prior art because
several of the columns 18 are recciving the. fluid under
pressure at ey instant and several of the other colwuns 18
are cxhausting the desorbed fluld to the atmosphere at that
instant. Thus, any transition of a column from an adsorbiog
operation to a desorbing operation at any instant will not
produce es greata transitcgy pulse in operation as in the peor
art sinoe several other columos will be adsorbing and several
other columns will be desorbing at that instant, Furthenmore,
the cqualization of the presswre in the columas 18 in
transition will also tend to reduce transitory pulses. These
factors tend to enhance the efficicncy in the operation of the
apparatus and to reduce the noise in the operation of the
apparatus, The reduction in the noisc resulis from the
equalization in pressure provided by the channel 60 and the
relatively large number of columns,

In spitc of thc advantages discussed in the previous
paragraph, there is room for improvement in the fluid
fractionstor 20 and in the system 10 including such fluid
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fractionator. In that system, the positive displacement cora-
pressor 13 operates at 8 constant maximum speed regardless
of the flow rate and.concentration of the axygen that the
patient desires or needs. The compressar 13 and the motor
driving the compressor consome a large amount of power
when they opesate at a maximum speed. For example, the
consumption of a home size oxygen concentrator is on the
order of approximately four thousand (4000) kilowatt-hours
per year. This amounts to a cost in electicity of scveral
hundred dollars per year. This is a sigaificant amount of
monsy to most families and particularly to familles of
elderdy or retired paticuts or to paticots who are unable to
work because of such ailments g0 asthma or emphysema.
The continuous opération of the sor 13 at a maxi-
mum is also disadvantageous becausc it Iimits the
operative fife of the compressor and tie motar driving the
compressor.

Homs oxygen concentrators generally have a capacity of
providing oxygen in a range to appraximately six liters per
minute (6 LPM) of oxygen fiow to the paticnt. The flow rate
of oxygen required by an individozl patient is prescribed by
the patient’s physician. The most common prescription rate
is two lters per minute (2 LPM). The prescription is
ordinarily for continuous administration twenty four hours
(24 hr.) per day year-in and year-out. As the discase of some
paticnts progresses ¢o later stages, the axygen How rates
preseribed for some patients may be increased. Whean ‘the
flow rate prescribed s less then the maximum rate, the
reduced rate is obtained in the prior art by throttting the
oxygen flowing to the user (¢.g. the patient).

It will bo appreciated that not all of the oxygen in the
product tank 19 flows to the paticnt even whea the oxygen
flows to the patient at a rate of approximately six (6) Hters
per minute, Bven at this Bow mtc, a substantial portion of the
oxygen and the argon in the product tank 19 flows to the
columns 18 which are being desorbed. This flow of oxygen
and argon facilitates the purging of the desorbed gases in
such colurmas, In this way. the columns are ready to receive
the compressed air in the next cyde of operation.

As will be appreciated. oxygen and argon flow through
the columns 18 to the product mnk. Oxygen constitutes
approximately twenty one percent (21%) of air and argon
constitutes approximately one percent (1%) of air. When
oxygen and argon flow through the columns 18, oxygen
compriscs approximately ninety four percent (94%) of the
product in the oxygen tank. This increased concentration of
argon (approximately six perceat (6%)) in the product tank
19 has no harmful effcct on the patient since argon Is a noble,
inext gas,
This invention provides a system for adjusting the flow
characteristics of the compressor 13 in accordance with the
product flow rate desired or presaribed. For example. when
the compressor 13 has a variable speed, the speed of the
compressar may be varied in accordance with the flow rate
desired or prescribed. A varlable speed compressor drive
may take different forms {ncluding the following:

1. An altemnating cunrent (AC) induction motor with &

variable frequency/varizble voltage supply.-
This may be the prefenred embodiment.
2. A direct current motor (brushless preferred).
3. A pole-changing AC induction motor for two (2) or
three (3) opemting speeds.
4, A fixed speed AC motos with a continuously variable
mechanical transmission. ‘
All of the above arc considered to be within the scope of the
Invention. A variable speed motor 79 for the compressor 13
{s shown in FIG. 10.
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A variable displacement compressor may also be consid-
cred to be within the scope of the invention, Such a
compresser may include the following: .
1, A rotary vane with a variable displaceracnt
in an adjustmcnt in the rotar cocentricity,
2. A variable anglc swash plate drive for an axial piston
compressor. . :
3. A piston coropressor having a crank shaft drive with 8
variable throw.

FIG. 10 scheratically illustrates a system genevally indl-
cated at 78 and copstituting an embodiment of the invention
for regulating the desired flow rate of the oxygen to the
patient. The system shown in FIG. 10 includes the heat
exchanger 15, the compressor 13, the columns 18, the
orifices 27 In the columns and the product tank 19, all shown
in FIG. L and the rotary valve distdbutor assembly 21

shown in FIG. 2, The system shown in FIG, 10 also includes

a control 80 which is pre-set to any desired veloc in
accordance with the flow rate desired or prescribed for the
particular component such as oxygen. This setting may be
provided In accordance with the values indicated in &
lock-up table. The control 80 may preferably be a micro-
processor control.

The microprocessor control 80 may be influcnced by an
indication from a temperature sensor 81 the butpat of which
is introduced to the control. The microprocessor control 80
may be further influcnced by an fodication from a pressare
scasor 82 the output of which is introduced to the contrel.

The particutar component such as oxygen (and arpon)
flows from the product tank 19 through a line 84. A regulator
85 may be provided in the line 84 to reduce the pressurc of
the particuler component (e.g. oxygen) flowing from the
product tauk 19 because there may be a significant change
in the pressure of the particular component in the product
tank over the flow range which may be provided from the
compressor 13,

The particular component (¢.g. oxygen) then flows
through a flow control device 86 to the patient. The flow
contro) device 86 may provide an additional regulation. such
as a fins control, over the rate at which the particular
componcat such as oxygen flows to the user such as the
paticnt. Therate of flow of the particuler componeat through
the flow control device 86 is introduced to the micropro-
cessor contral 89. A conceatration moaitor 88 may deter-
mine the purity of the particular component such as oxygen
through the line 84 at cach instant and may indicate this
determination to the microprocessor,

As will be seen, the microprocessor contru} 80 is rego-

lated on a closed loop basls by the temperatue of the

- concentrated fluid passing to the columns 18, the pressure of
such concentrated fluid, the speed of the compresser 13, the
output of the conceatration monitor. 88 and the rate of flow
of the particular component through the flow control device
86. All of these inputs to the microprocessor control 80
cause the control to adjust the spoed of the compressar 13 to
produce a flow of the particular fluld componént to the user
at the desired or rate. The valve 21 is also
adjusted to contral the rate at which air is introduced into the
columns 18,

s

8
additionally introduced to the orifices 27 to regulats the size
of the orifices. This i desirable since the rate of flow of the
parcticular fluld componeat can be regulated by regulating
the size of the orifices, This will be described in detall
subsequently.

The sysem shown in FIG. 10 and described above has .

certain important advantages {ncluding the following:
1. There is a significant reduction in power consumption
becanse of the reduced speed for the compressor 13 at

10 rednced flow rates of the particular fluid component

such as oxygen. The reduction in the power consump-
tion also results from the reduced speed of the motor 79
driving the compressor 13,

2. The amount of poise produced by the fluid fractionator
20 (or oxygen conceatrator) is significantly reduced.
This results in part from the reduced speed of the

13 and the molar 79, 1 also results in pant
from the fact that the desorption of the adsorbed fluid
components to the atmosphers is initiated from a

2 reduced pressure of the desorbed fuid compouents in

35

cach column 18.

3. Because of the reduced compression of the fluid in the
columns 18, the temperature rise in the compressed
fluid is reduced. This provides for a reduction in the
operation” of the coaling system 89 and a resultant
reduction in the powex for operating the cooling sys-
tem.

4, A power sopply can be inclodod which operates at all
frequencies and voltages in all markets with substan-

b tially equal effectivonoss in the different markets,
5. The life of the compressor 13 Is significantly increased

becanse the compressar is operated at a reduced speed.

6. There is roduced vibration in the system. .

This also contibutes to a long life in the system.

7. The size and weight of the compressor 13 and the motor
79 can be reduced, particulady when the compressor is
to be operated at relatively low speeds. Furthermore, if

and when the compressor is to be operated at maximum'

0 specds, it would probably be for only relatively short

45

periods of time, This would allow the compressor 13
and the maotor 79 to be operated above their rated specd
without damaging the compressor 13 or the motor 79,
This is another reason why the size and weight of the
compressor 13 and the motor 79 can be considarably
reduced in most instances,

8. The timing of the rotary valve distributor asscmbly 21
and the opening of the orifice 27 can be taflored for all

flow ratcs to provide an optimal operation of the

s - system.

s

9. There is a potential to compensats for 2 reduced

inlet density as a result of a high ambient

temperatare or a high altitude, This will be discussed in
detail subscquendy. .

The timing of the rotary distributor valve assembly 21 can

be provided in various ways. Onc alterative is that a

synchronous motor can be provided with a variable fre-'

quency drive as the motor 22 (not shown in FIG. 10 but
shown In FIG. 11). Other alternatives involve the use of a

‘The regulated output from the control 80 may also be 60 sieppar motor as the motor 22 or 8 DC gear motor to drive

introduced to a cooling system 89 which regulstes the
temperature of the compressar 13 and the heat exchanger 18,
The output from the microprocessor control 80 muy also be
introduced to the flow controd device 86 to rcgulate the

the rotary valve distributor assembly 21. Another alternative
is to provide a pneumatic actuation with speed sensitive to
compressor speed. The valve timing can be controlled by a
- microprocessar for motors responsive to a microprocessor

operation of the flow control device in prodacing the flow of 65 control or by digital/analog circuits in the controller,

the particular fluid compaonent to the user at the desired o
prescribed value. The output of the coatrol 80 may be

Regulating the specd of the rotary distributor valve
assembly 21 in accordance with the variations in the speed
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of the compressor 13 may be desirable upder certain cir-
cumstances. As the speed of the compeessor 13 is decrcased
while maintaining the speed of the distributor valve assem-
bly 21 constant, the pressure of the fluid in the catumas 18
is decreased, This causes the pressare of the nitrogen and the
other components adsorbed in the molecular sieves in the
columns 18 to decrease. o

In FIG, 15. popressive speeds of the compressor are
shown on the horizontal axis and progressive concentrations
of oxygen in the fluld in the product holding tank 19 are
‘shown on the vertical axis. As will be scen at 130 in FIG. 15,

the concentration of the oxygen in the mixture in the product
holding tank 19 remanins substantlally constant at a value of -

approximately aincty four percent (34%) for compressor
speeds between approximately nine hondred revolutions per
minute (900 spm) and thirteen hundred revolutions per
* migute (1300 rpm). At compressor speeds progressively
below approximately nine hundred revolutions per minute
(500 rpm), the concentration of the oxygen in the mixture in
the product holding tank 19 becomes progressively reduced.
At camepressor speeds of approximately six hundred revo-
lutions per mipute (600 rpm). the concentration of the
oxygen in the mixture in the holding tank 19 is approxi-
malcly cighty cight percent (88%).

& is desirable to maintain the concentration of the axygen
in the yofxture in the product halding tank 19 at a value of
at least ninety percent (90%) regardless of the speed of the
compressor 13. This can be accomplished by decreasing the
Totary speed of the distributor valve asscrably 2] as the
speed of the compressor 13 is decreased. By decreasing the
rotary spesd of the distibutor valve asscmbly 21, each
column 18 is provided with an increased time to receive air
under pressure from the compressor 13, As 8 result, the
pressure of the air In cach column 18 incrcases and the
prossure of the oxygen and argon is the product holding tank
19 comrespondingly increascs. This iohibits nitrogen in the

columns 18 from passing into the product holding tank 19, .

10 .

wobble plston compressar and the motor 22 may be a
mdnunwsmmoﬁw.ﬁ.ﬂowmd”mespondﬂngm
the flow control 85 may be included for controlling the rato
of flow of the particular fluid component such as oxygen to
a user such as a patient. The flow control 99 may be a
standard flow coatrol or it may be clectronic. A segulator
sch as the regulator 85 may be included in the line between
the product.tank 19 and the flow control device 90,

The system shown in FIG. 11 senses the rate of oxygen
flow in the monitor B8 and introduces this scnsed rate to the
microprocessor control 101, The microprocessor control 161
then varies the operation ¢of the compressor 13, the motor 22
and the flow control 90 to regulate the mtc of flow of the
oxygea to the patient ot the desired or prescribed rate. The
gystem shown in FIG. 11 operates on a closed loop basis to

provide the desired regulation of the axygen flow. Aswillbe

seen, the system shown in FIG. 11 does not include such

" controls as the temperaturc sensor 81, the pressure seasor 82

20

and the oooling system 89, .
FIG. 12 illustrates ap open loop system for reguladng the
rate of oxygen flow to the patlent. As will be scen, the systcm
shown In FIG. 12 Is similar to the system shown In FIG. 11
excopt that it eliminates the lines from the microprocossar

* ¢ogtrol 101 to the axygen monitor 88, the compresser 13 and

25

33

In this way, the concentration of the oxygen in the product

holding tank 19 can be maintained st a valus of at least
ninety percent (90%) even as the flow rate of the oxygen and
nitrogen into the product holding tank decreases, FIG. 18
also shows at 132 ths fiow ate of the oxygen at different
compressor specds. As will be seen, the flow rate of the
oxygen to ths patient in liters per minute Increases substan-
tially Hneardy with increased compressor speeds.

FIG. 17 fllustrates at 134 the relationship between flow
rates of the fluid from the compressor 13 and the compressar
discharge pressure In psig for 2 normal system of the prior
art, FIG. 17 also illustrates at 136 the relationship between
fiow rates of the fluid from the compresser 13 and the
- compressor discharge pressuse for a system which includcs
cortain features of applicants' system. These include the
rotasy valve distributor assembly 21 operating at variable
speeds and the valve providing a variablo arifice as shown
in FIG. 13. As shown in FIG. 17, operation of the system of
this invention is advantageous over the systems of the prior
art because it provides significantly higher compressor dis-
charge rates throughout most of the range of the compresser
flow rates.

FIG. 11 lusteates a simplified system for conrolling the
mate of flow of a fluid such as oxygen to a user such as a
patient. The system includes the compressor 13, the columns
18, the product tank 19, a microprocesser control 101
caresponding to the control 80 in FIG. 19, the oxygen
concentration monitor 88, the rotary valve distributor assem-
bly 21 and the motor 22 (not shown) for driving the valve
digtributor assembly 21. The compressor 13 may be a

40
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the motar79. In this system. the microprocessor contro) 101
indicates a desired flow of oxygen to the paticnt. The
compressor 13, the motor 79 and the flow contro) 99 are thea
set to desired values for obtaining this desired axygen flow.

The axygen monitor 88 is then read during the operation of -

the system. On the basis of this reading, adjostments arc
mado manually in the compressor 13, the motor 79 and the
flow control 90 to obtain the desired or prescrdbed rate of
oxygen flow to the paticnt. These adjustments may be made
on the basis of a look-up table establishing individuat values
for these paremeters under different sets of conditions.
The systems shown In FIGS. 10. 11 apd 12 may include
an indicatar 100 for indicating when certain componeats
such as the compressor 13 have to be As will be
appreciated. the operation of the systems shown in FIGS. 10,
11 and 12 may become degraded with time as a result of &
ummber of factors. These include dirty- filters. compressor
wear, motor wear and pncumatic Ieaks. The systemas shown

‘in FIGS. 16, 11 and 12 compensate for these system dep-

radations by incressing the compressor fiow to maintain the
puarity/concentration of the particular fluid component such
ns oxygen at the desired or flow rate. The
indicator 100 indicates whes the speed or other varlable
characteristics of the compressor 13 as sepsed by the indl-

.cator 100 exceed perticolar limits for the rate of finid flow

desired ar prescribed.

As shown in FIG. 13, the arifice 27 in cach column 18
may be formed from & molded elastomeric matesial 110 such
as rubber. As the pressure of the particular fluid componcent
such as oxypen flowing through the orifice 27 decreases. the
clastomeric material 110 defining ehe orifice 27 has a
dscreased fiexure. This decreases the size of the arifice 27 in
each colomn 18. In this way, the orifice 27 in ¢ach column
18 becomes closed with decreases in the pressure of the fluid
such a3 oxygen. This provides an increase in the pressure of
the finid io the colurnn 18. This is desixable at low rates of
oxygen flow to the patient to maintain the axygen concen-
tration in the oxygen holding tank at 8 valuc of at least ninety

.percent (90%). By decxreasing the size of the orifice 27 at

_ thesc low flow rates, the pressure of the fluid in the columns

€5

18 {5 increased. The concentration of the oxygen holding-
tank 19 is accordingly maintained at a value of atlcastninety -

percent (90%).
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In the cmbodiment shown in FIGS. 1-9, the desorbed
fiuid componexts are passed through the chamber 57 and the
exhaust port §8 to tho atmosphere. This causes a selatively
loud noise to be produced cvery time that the desarbed fluid
In one of the cotumns 18 is released to the chambar 87 and
from the chamber to the exhsust part 58, FIG. 14 shows aa
arvangement for significantly redocing the nolse produced
every time that the adsorbed finid in one of the colamns 18
is desorbed,
. The embodirnent shown in FIG. 14 includes the port plate
39. the rotor shoc 35, and the manifold 31. The manifold 31
has a cover 111, A bearing carrier 112 is suitably attached to
the manifold cover 111 as by screws 114, A rotor shaft 116
Is disposed within an opening in the bearing catricr 112 and
a bearing 117 Is disposed between the bearing carier 112

. and the bearing shaft 116.

Thebcadngcan-lall:andmcmmfoldcuvallldzﬁne
8 chamber 118 which is enlarged relative to ths embodiment
shown in FIGS. 1-7. The desarbed fluld from each column
18 passes into the chamber 118 and is setained in the

enclosure since an exhaust part corresponding to the exhanst -

port 88 is not provided in the embodiment shown in FIG. 12
Porous plugs 120 are disposed in spertures 122 in the
bearing carrier 112. Since the desorbed fluid in the chamber
118 is undar some pressure, it is slowly rcleased to the
atmosphere through the porous plugs 120,

- The decrease in noise In the operation of the system
shown in FIG, 14 results from several factors. One factor is
the increased volume of the chamber 118 relative to the
corresponding chamber S7 shown in FEG. 4. A second factor
is that the desorbed fluld in the chamber 118 is retained
within the chamber and is released slowly to the atmosphere
through the plogs 120. This Is facilitated by the fact that the
desorbed fluid in the chamber 118 Is not seleased to the
atmosphere through & port such as the past 58 in FIG. 4.

It will be appreciated that all of the features of this
invention can be provided jn a conventional two (2) column
system of the prior art. Such a conventionat two (2) columa
systean is shown in FIG. 16. It includes the compressor 13.
a distributor valve assembly 21, the pair of the columns 18,
the orifices 27, the product holding tank 19 asd a control
valve 150 for controlling the ratc at which the oxygen or
argon flow to the user (c.g. the patient),

It will also' be appreciated that the systems constituting
this Invention can be used to provide other fuids than
oxygen and to provide such fluids to users other than a
patient without departing from the scope of the inveation,
For cxample, the system of this inveation can bo used to
provide plaral fluids for industrial purposes. One vse illus-
tratively is to provide nitrogen to industrial organizations
which provide an inert atmosphere, Another fllustrative use
is oxygen for welding.

The apparatas constituting this invention has scveral
important advantages. It provides for a controlled and
adjustablc spoed of the compressar 13 to adjust the sate of
flow of a fluid such as oxygen to 8 user (e.g. a patient), The
adjustable control of the compressor speed can be either on
a closed loop basis or an open loop basis. Furthermore, an
indication can be provided as to when the compressor spoed
has been adjusted out of a normal range of values to obtain
- aprescribed flow of the fluld, such as axygen to the nser (e.g.
patient), at a required purity.

The apparatus of this invention also has other advantages,
As the speed of the compressar becomes reduced below a
particular value, the concentration of the oxygen tends to
become reduced below a desirable value. The apparatus of
this invention provides for an adjustment in the rotary specd
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of the distributor valve assembly 21 in the fluid fractionator
20 to increase the pressure of thoe fluid in the columns 18 in
the fiuid fractionator 28. The a e orifices 27 at the
outlet of the fluld fractionator 20 also tend to close with
s decreases in the pressure of the fluid in the fluid fractionator
20, mmbymmhhghbmmdmauid'in the
columns 18 in the fluid fractionator. .
As the speed of the compressos 13 is deareased, the poise
generated by the compressar decreases. The noise In the
0 fiuld fractionator 20 is also significantly decreased by pro-
viding the parous plugs mmlhcbeadngcauicruzandby
increasing the slze of the chamber 118. In this way, the

desorbed componcats In the chamber 118 provide a miniraal
nojse when they enter the chamber and when they leak:

slowly into the from the chamber,

35 Although this Invention has been disclosed and Mustrated
with refesence to particular embodiments, the principles
Involved are susceptible for use in numerous other embodi-
ments. which will be apparent to persons skilled in the art,
The invention is, therefore, to be Jimited only as indicated by

2 the scope of the appended claims,

We claim:

1. In a method of recciving a first component from a
compressed ftuid aiso having a second component and of
providing for the flow of such first component to a user at a

& prescribed rate, the steps of:

providing a plarality of columns, more than two (2),

constructed to pass the first component through the
columns and to adsorb the second component in the
columns and to desord the second compounent in the

30 columns after the passage of the first component

through the columns,

sequentially selecting 2t least first oncs of the colamns on

a cyclic basis to pass the first component in such at Jeast
first ones of such columns and adsorb the second

35 component in the at least first oncs of the columns on

& cyclic basis and simultancously selecting at least
sccond ones of the columns on the cyclic basis to
desarb the second component in the at lecast scoond
@ oncs of the columns on the cyclic basis,
compressing the fluid befare the iatroduction of the fluid
to the at least first ones of the columus on the cyclic
basis, and
varylog the compression of the fiuid before the introduc-
tion of the compresscd fluld to the at least first ones of
the columns to maintain the flow of such first compo-
vent to the user at the prescribed rate.
2. In a method as set forth In claim 1, the steps of:
providing a flow contro! of the first component after the
50 passage of the first coraponent through the at least fixst
ones of the columns onthe cyclic basis and before the
passage of the first component to the user,
indicating variations in the mte of flow of. the first
component throogh the flow control,’
ss  varying the compression of the finid in accordance with
the indjcations of the variations in the rate of flow of the
first component through the flow control, before the
introduction of the compresscd flufd to the at least first
ones of the columns on the cyclic basls, to maintain the
60 flow of the first component to the user at the peescribed
rate.
3. In 2 method of receiving a first component from a
compressed fluld also having a second component and of

providing for the flow of such first component toauserata

&s prescribed rate, the steps of:
providing a plurality of colunns constructed to pass the
. first component through the columns and to adsord the
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second component in the columns and to desarb the
second componest in ths columns after the passage of
the first component through the columns,
selecting at least a first ons of the colamns to pass the first
componeat in such at least first one of the columps and
adsorb the second component in the at least first one of
the columns oo a cydlic basis and sclecting at least a
second one of the columns to desorb the sscond com-
pouceat in the at feast second one of the columns on the
cyclicbas'w,
compressing the fAuid befare the introduction of the fluid
tothes!leastfustoneonhecolmnnsonmccydic
basls,

varylngtheoompmslonottheﬂuldbcfmemmm
tion of the compressed fluld to the at least fisst onc of
the columns to majntain the flow of such first compo-
nent to the user at the prescribed rate,

indicating variations in the temperature of the fluid in the

at Jeast first onc of the columns, and

. varying the compression of the fluid in accardance with
the indications of the variations in the temperature of
the fiuid in the at least first one of the columns, before
the introduction of the compressed fluid to the at least
first one of the columns on the cyclic basis. to maintain
the flow of such first component to the user at the
prescribed rate.

4, In a method of receiving a first compooent from a
compressed fluld also having a second component and of
providing for the flow of such first componont to a user at a
prescribed rate, the steps of:

providing a plurality of columns constructed to pass the

first component through the columns and to adsorb the
second component fn the columns and to desrb the
seoond componeat In the columms after the passage of
the first component through the columns,

selecting at least o first onc of the columns to pass the first

- coruponent in such at least figst one of the colnmes and

adsorb the scoond camponent in the at least first one of
the columns on a cyclic basls and selecting at least a
second ono of the columns to desorb the second com-
poneat in the at least second one of the colurans on the
. cyclic basis,
compressing the fluld before the introduction of the fluid
to the at least first one of the columns on the cyclic
basis,

varying the compression of the fluid before the introduc-

tion of the compressed fluid to the at least first one of
the columns to majntain the flow of such first compo-

" nent to the aser at the prescribed rate, '

indicating variations in the pressurs of the fluid in the at

least first one of the columps and

varying the compression of the fluld in accordance with

the indications of the variations in the pressure of the
fuid in the at lcast the first one of the colnmns, before
the introduction of the compressed fluid to the at least
first one of the columas on the cyclic basis, to maintain
the fiow of such first component to the user at the
prescribed rate,

5. In s method of receiving a- first component from a
compressed fluld also having a second component and of
providing for the flow of such first component to a user at 8
prescribed rate, the steps of: '

providing a plurality of columns constructed to pass the

* first component through the columns and to adsorb the

second component in the columss and to desorb the
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sccond compopent in the columns after the passage of
the first component through the columns,

selecting at Jeast a first oné of the columns to pass the first
component in such at least fimt one of the columns and
adsosb the second component {n the at least first one of
the columns on a cyclic basis and selecting at least a
second one of the columns to desord the second com-
poncn!inmculzastsewndoneofﬂ\ecommnswme
cyclic basis,

compressing the finid before the Introductioa of the Suid
tothca!bestﬁrslnneofmecolumnaonmecydk
basis, and -

varying the compression of ﬂte fluid before the iatroduc-
tion of the compressed fluid to the at least first onc of
the columus to maintain the flow of such first compo-
nent to the user at the prescribed rate,

indicating varlations in the concentation of the first
componeat in the at least first one of thes columns, and

varying the compression of the flujd in accordance with
the variations In the concentration of the first compo~
nent in the at least first one of the columns, before the
introduction of the compressed finid to the at least first
onc of the columns on the cyclic basis, to maintain the
flow of the first component to the user at the prescribed
rate.

6. Inameﬂwdd’xecdvmguﬁxstcomponw&mna

comgressed fuid also having a sccond componcat and of

providing for the flow of such first component to a user at a

30 prescribed rate, the steps of:

s

&

s

pwvldlngaplmmyofcdumns constructed to pass the
first compoueat through the columns and to adsorb the
sccond compouent in the columns and to desorb the
scoond component in the columns after the passage of
the first component through the columns,

sclecting at lcast a first one of the cohimns to pass the first

component {n such at least first one of the columns and

* adsorb the second component in the at least first one of

the columns on a cyclic basis and selecting at least &
second oxne of the columns to desarb the second com-
pomt]nmeatleastsecondoneofthecolumnsonme
cycl!cbask
the fluid before the lnuoducdon of the fluid
lotheaxlcastﬁrstoneouhceolumnson the cyclic
basis, and
vmyingmemmzmono!’meﬂlﬂdbefmmeinmdm-
- tion of the compressed fiuid to the at least first one of
the columns to maintain the flow of such first compo-
nent to the user at the prescribed rate,

the compression of the fluld being provided by a

compressar.

cooling the compressor, and

varying the cooling of the compressar in acoardance with

the variations in the compression provided on the fluid
the compeessor. .

7. In a method of receiving a first component from a
compressed fluid also having a sccond component and of
providing for the flow of such first component to a user et a
prescribed rate, the steps of: <

providing a plurality of columns constructed to pass the

first component throngh the columns and to adsord the
second component in the columns and to desorb the

- second component in the columns after the passage of

the first component through the columns,

sclecting at least a first one of the columns to pass the first

component In such at least first one of the columns and
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adsorb the second componeat in the at Jeast first one of
the colamns on a cyclic basis and selecting at least a
second one of the columns to desord the second com-
ponent in the at lcast second one of the columns on the
cyclic basis,

compressing the fuid before the introduction of the fluid
to the at least first one of the columns on the cydic
basls,

varying the compression of the fluid before the introduc-
tion of the compressed fiuld to the ot least first ons of
the columns to maintain the flow of such first compo-
neat to the user at the prescribed mte, -

indicating variations in the temperature of the fluid in the
at least first one of the columns,

varying the compression of the fluid in accordance with
the indications of the variations in the temperature of
the fluid in the at least first one of the columns, before
the introduction of the compressed fluid to the at least

- first one of the columas on the cyclic basis, to maintain
the Bow of such first compoacnt to the user at the
prescribed rate,

indicating variations in the pressure of the fluld in the at
least first ouc of the colnmns,

varying the compression of the Auid in accordance with
the indications of the veriations in the pressure of the

fluid in the at jeast the first one of the columns, before

the introduction of the compressed fluid to the at least
first one of the columns on the cyclic basis, to maintain
the flow of sach first component to the user at the
presaribed rate,

. providing & flow control of the first camponent after the
passage of the first component through the at least first
one of the columns on the cyclic basis and before the
passage of the first componeat 10 the uscr.

varying the compression of the fluid in accordancs with
the indications of the variations in the rate of flow of the
first companent through the flow control, before the
Introduction of the compressed fluid to the at loast first
onc of the columns on the cyclic basis, to maintain the
flow of the first component to the uscr at the prescsibed
rate,

indicating veriations in the sats of flow of the first
component through (s flow control.

varying the compression of the fluld in accordance with
the indications of the variations in the rate of flow of the
first component through the flow control. befare the
introduction of the compressed fuld to the at least first
one of the columns on the cyclic basis. to maintain the
flow of the first component to the user at the prescribed
rate,

indicating variations in the concentration of the first
compoucut in the at least first one of the columns, and

varying the compression of the fluid in accordance with

the varlations in the concentration of the first compo- -

oent in the at least first one of the columns, before the
introduction of the compeessed fluid to the af least first

as

S5

one of the columns on the cyclic basis, to maintain the

flow of the first component 10 the user at the prescribed
rate. L
8. In a method of recelving a first component from a
compressed fluid also' having a second component and of
providing for the flow of such first component to a user ata
prescribed rate, the steps of:
providing a plurality of columns constructed to pass the
first component through the columns and 1o adsorb the

[
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second component in the columns and to desorb the
second componeat from the columns after the passage
of the first compoaent through the columns,

selecting at least a first one of the columns on a cyclic
basls to pass the first component in such at least first
one of the columns and to adsorb the second compo-
nent In such at least first one of the columns and
selecting at least a second one of the columns on the
cyclic basis to desorb the second camponent in the at
least second one of the columns,.

the selection of the least first one of the columns and the
at least second ope of the columas including a valve
operstive on the cyclic basis in a varfable time,

compreszging the fiuid before the introduction of the fluid-

to the at least first cne of the columns on the cydlic
basis. . '

varying the compression of the fiuid before the introduc-
tion of the compressod finid to the at least first one of
the columps to maintain the flow of the first component
to the user at a prescribed rate, and

_varying the time for the operation of the valve oo the

cyclic basis in accordance with the variations in the
compression of the fluid. .
9. In a method as set forth in claim 8, the.steps of:

desarbing the adsorbed scoond componeat in the at Jeast

first one of the columns into a chamber afier the
passage of the first component through the at least first
ong of the columns, and

providing for a controlled release of the desorbed second
component from the chamber into the atmosphere.

'10. In a method as set forth in claim 8, the steps of:

providing the compression of the fluid in a compressor.

providing a variable cooling of the compressor. and

varying the cooling of the compressor in accordance with
the variations in the compression of the fluid in the

compressor,
1L In-a method as set fosth in claim 8. the steps of:
providing a fiow control with variable characteristics for
the introduction of the first component 1o the user after
the passage of the first component through the at least
first one of the columns, and )
varying the chamacteristics of the fiow control in accor-
dance with the varations in the compression of the
fiuid to maintain the flow of the first component to the
user at the prescribed rate.
12. In a method as sct forth la claim 8, the steps of:
indicating variations in the concentration of the first
* component in the at least first one of the columas, and
varying the compression of the fluld, before the introduc-
tion of the compressed fluid to the at least first ono of
ths columns on the cyclic basis, In accordancs with the
indications of the variations in the concentration of the
first cormponent in the at least first one of the columns,
13, In a method as set forth in claim 9, the steps of:
desorbing the adsorbed sccond componcut in the at least
first one of the columas iato a chamber, )
providing for a controlled release of the desorbed second
component from the chamber into the ammosphere,
providing the compeession of the fluid in a compressor,
providing a varizble cooling of the compressor, and
varying the cooling of the compressor in accardance with
the variations in the compression of the fluld in the
_compresgar. )

providing a flow costrol with variable charaé:ﬁsﬁcs for ‘

the {ntroduction of the first component to the user after
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the passage of the first component through the at least columns to maintain the flow of such first component to
- first one of the columns, and the user at the prescribed rate,

varying the characteristics of the flow control in accor-
dance with the variations in the compression of the
finid to maintain the flow of the first component to the
user at the prescribed rate,

14. In a methed of recelving a first cainponent from a
compressed fluid also having a second component and of
providing for the flow of such first component to a user at a
prescribed rate, the steps of:

providing a plurality of colurnms coastructed to pass the

first component through the columns and to adsorb the
sccond component in the columns and to desarb the
second component from the columns after the passage
of the first component through the columns,

selecting at least a first one of the columns on a cydlic

basis to pass the first component in such at least firzt
one of the columns and to adsorb the sccond compo-
pent in such at least first one of fhe columns end

. selecting at least a scoond one of the columns on the

cydlic basis to desorb the second component in the ai
least second one of the columns,

10

13

the seloction of the Icast first onc of the columns and the

at least second one of the columns Including a valve
operative on the cyclic basis in a variable ms,

compressing the fluid before the introdaction of the fuid
:,omeatlemﬁmoncofmemhnnmonme‘cydic
asis.
varying the compression of the fiuid before the introduc-
tion of the compressed fluld to the at Jeast first one of
the columns to mzintain the fiow of the first component
1o the user at a prescribed rate,

varying the time for the operation of the valve on the
cyclic basis in accordance with the varistions in the
compression of the fluid, :

providing a plurality of arifices, each individual one of the
orifices being disposed in an individuad one of the
columns and cach individual onc of the orifices having
variable characteristics to pass the first component
through the individual onc of the colimmns to the user in
accordance with the variations In the characteristics of
such individual one of the orifices, and

varying the characteristics of the orifice in the at lcast first

oue of the columns in accordance with the variations in
the compression of the fluid introduced to the at least
first one of the columns on the cyclic basis.
15. In a method of recelving a first component from a
compressed fuid elso having a second component and of
providing for the flow of such first component toa userat a
prescribed rate, the steps of:
providiog a plurality of columns constructed to pass the
first component through the colurans and to adscsb the
second component in the columns and to desarb the
second component fram the columns afiey the passage
of the first companeat through the columns,

selecting at least a first one of the columns on a cyce
basls to pass the first component in the least first one of
the columns and adsorb the second component in the at
1cast first one of the columns oxn the cyclic basis and
sclecting at least a second one of the columms on the
cyclic basis to desarb the second component in the at
least second one of the columns after the passage of the
first component through the at least first one of the
columas,

compressing the fluid befors the introduction of the

fluid to the at least first one of the colwmns
on the cyclic basis, )

varying the compression of the fluld before the introdne-

tion of the compressed fluid to the least first one of the

controlling the flow of the first component to (he user after
the of the first component through the at least
first one of the columns, aud

varying the coatrol of the flow of the first componeat 10
the uscr in accordance with the variations in the com-
presslon of the fuid, afier the passage of the first
componeat through the at Jeast first one of the columns.
to maintain the flow of the first componeut to the user
at the prescribed rate.

16, In 2 method as set forth in dlaim 1S, the steps of:

providing an indication of variations in the temperaturc of
the fluid In the at least first one of the columns, and

varying thc compression of the fluld in accordance with
the indications of the variations in the temperatse of
the fluid in the at least first ons of the columns, before
the introduction of the fuid to the at least first one of
the columns on the cyclic basis, to maintain the flow of
the first component to the user at the prescribed rate,

17. In a method as set forth in clalm 16. the steps of:

indicating variations in the peessurc of the fluld in the at
Jeast first one of the columns, ’

varying the of the fluid in accordance with
the indications of the variations in the pressure of the
fluid in the at least first one of the columns on the cyclic
basis, before the introduction of the compressed fluid to
the at least first one of the cohumns on the cyclic basis,
to maintain the flow of the first compoaent to the uscr
at the prescribed rate,

fndicating variations in the concentration of the fluid in
the at least first oae of the columnns, and

varying the compression of the fluld in accordance with
the indications of the variations in the concentration of
the fiuid in the at least first one of the columns, before
the lntroduction of the compressed fluid to the &t least
first one of the colomns on the cyclic basis, 1o maintain
the flow of the first component to the user at the
prescribed rate, :

indicating variations in the rate of fiow of the first
component to the user after the flow of the first com-
poncat from the at least first one of the columns on the
cydlic basis, and

varying the ssion of tho fluld in accordance with
the indications of the variations in the rato of the flow
of the fluid to the user, before the ntroduction of the
compressed fluid to the at least first one of the columns
on the cyclic basis, to maintein the rate of flow of the
fluid to the user at the rate. :

18. In a method as set fosth in clalm 18, the steps of:

indicating variations in tho pressure of the fluid in the &t
least first one of the columus, and

" varying the compression of the fuld in accardance with

the indications of the variations in the pressure of the
fluid in the st least first one of the columns, before the
fotrodoction of the sed fluld to the at least first
one of the columus on the cyclic basis, to rhaintain the
flow of the first component o the user at the prescribed
Tate.

19. In a method as set forth in claim 15, the steps of:

varistions in the concentration of the finid in

the at lcast first one of the columns, and

varying the compsession of the fluld in accordance with
the indications of the varistions in the concentration of
the fluld in the at least first one of the columns, before
the introduction of the compressed fluid to the at least

- first one of the columns oo the cyclic basis, to maintaip

the flow. of the first component to the user at the
paescribed rate. :
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20, In 2 method as set forth in claim 15, the steps of:

indicating variations in the rate ‘of flow of the first
component o the user after the flow of the first com-
ponent from the at least first one of the columas. and

“varying the compression of the fluid in accordance with
the variations in the rate of the flow of the fiuid to the
usez, before the introduction of the sed floid to
the at least first one of the columns on the cyclic basis,
to maintain the rate of flow of the fiuld to the nser gt the

preseribed rate.
21 In a method of recciving a first component from a
compressed fluid also having a second ent and of

providing for the flow of such first component to a user ata
prescribed e, the steps of;
providing a plurality of columns constructed to pass the
first compoaent through the columns and to adsord the
. second component in the columns and to desorb -the
second component from the columns after the passage
of the first component throuph the colnmns,

_ selecting at least a first onc of the columns to pass the first |

component in the at least first one of the columns and
adsord the second componeat in at least the first one of
the columps oz a cyclic basls and selecting at least a
second one of the columns to desarh the second com-
poncat in the at Jeast second one of the columas on the
cyclic basis after the passage of the first component
through the columas,
the fluid in a compressar before the intro-
Wduaion‘dngftheﬂuldtoﬂwatlcmﬂrstoneoflhe
colnmns on the cyclic basis,
. varyibg the sion of the fluld before the inwrodné-
tionofﬂaem sed fluid to the st least first one of
. the columns on the cyclic basis to maintain the flow of
such first component to the user at the prescribed rate,

cooling the compressar, and :

varying the cooling of the compressor In accordance with'

thcvariaﬁonsohhacompussionoﬂheﬂuldi'nme

compressor.

22 In a mothod as set farth in claim 21,

indicating variations in the tempersture of the fiuld in the
least first one of the columns, and :

varying the compression of the fluid in the at least first one
of the columns in accardance with the indications of the
varlations in the temperature of the fiuid in the at least
first one of the columns, befors the introduction of the
coxapressed fiuld Into the at least first one of the
‘columns en the cyclic basis, to malntain the fiow of

. Such first component 10 the at least first one of the
columns at the prescribed rate.

23. In a method &s set forth in clatm 21, the steps of:

indicating variations in the pressure of the fluld in the at
least first one of the columns, and

varying the compression of the fluid in accordance with

the indications of the variations In the pressure of the .

finid ip the at least first one of the columns, before the
introduction of the compressed fluid into the at least
first one of the columas on the cyclic basis, to maintain
the flow of the first component to the user at the
rate.
24. In a mothod as set forth in claim 21, the steps of;
indicating variations in the counceutration of the fluid in
the at least first one of the columns, and
‘varying the n of the fuid In accordance with
the indications of the variations in the concentration of
the fluld in the at least first one of the columns, before
the introduction of the compressed finid into the at least
first one of the colwmms on the cyclic basis, to malntain
the flow of the first componeat to the user at the
prescribed rate,
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25. In a method of recelving a first componenmt from a
compressed finld also having a scoond component and of
providing for the flow of such first component to a user &
prescribed rate, the steps of:

providing a plurality of cotumns constructed to pass the

first companent through the columns and to adsord the
sccond component in the columns and to desorb the

sccond component from the columns after the passage

- of the first component through the colnmns,
selecting ot least a first ons of the columns to pass the first
campouent fn the at least first one of the columns and
adsorb the second componeat in the at least the first onz
of the columns on & cyclic basis and selecting at least
a second one of the columns to desorb the second
compontat is the at least second one of the columns on
the cyclic basls after the passage of the first component
through the columns, .
sing the fluld in'a compressor before the intro-
-duction of the fluid to the at least first onc of the
columns oa the cydic basis,
varying the compression of the uid before the introduc.
tion of the compressed fluid to the at least first one of
the columns on ths cyclic basis to maintain the flow of
such first camponent to the user at the prescribed rate.
cooling the compressor,
varying the cooling of the compressor in accordance with
the veriations of the compression of the fuid in the
compressar, :
the first & flow coatral havin
pa:dngvm mmmnﬂegmmofmcﬂmmg
poncat from the at feast first one of the columns on the
cyclic basis, for controlling the rate of passage of the
first component to the user, and
adjusting the aperture in the flow contrad in accordance
" with the varlations in the compression of the fluid to

maintain the flow of the first component to the user at .

the prescribed mte,
26, In & method as set forth in claim 28, the steps of!
indicating variations in the temperature of the fiuld in the
least first one of the columns, and ’
varying the compression of the fuld in the at least first one
of the columns in accordance with the indication of the
variations in the temperature of the fluid in the at least
first ope of the columns, before the introduction of the
compressed fluld into the at least first one of the
columns on the cyclic basis, to maintain the flow of
such first camponent to the at Ieast first one of the
" cofumns, '
indicating variations in the pressure of the fluid in the at
least first cne of the columns, and

varying the compression of the fluid in accordance with

the indication of the varjations in the pressure of the
fluid in the at least first ane of the columns, beforo the
inwroduction of the compressed fluid into the at least
first one of the columns an the cyclic bagis, to maiotaln
the flow of the first component to the user at the
prescribed rate, . .

Indicating variations in the concentration of the flnid in
tho at Jeast first one of the colurmns, and

varying the compression of the fiuld in acoardance with

the indication of the variations in the concentration of .

the fluid In the at least first one of the columns, before
the introduction of the compressed fiuld into the at least
first ouc of the columns on the cychic basis, to maintain
the flow of the first component to the user at the

pzuaipednm.A
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PRO- . VAC- FLOWRATE ADlABATICi WORK
PRO- | FEED (sipm) w)
DUCT| RE- UUM
: DUCT [PRES-
FLOW|COVERY| 5, ol oo |PRES- VA A
RATE| (%) | oy | (0= | SURE | COMP, o |comP. UAS-ToTaL
(slpm)|- (psig)
3.0 | 551 91.7 | 7.7 |.-70 | 238 | 208| 17.9 | 20.6] 385
30 | 538 904 | 72 | 70 | 241 | 211 | 17.1 | 21.2] 38.3
30 3.6 900 4 72 | -7.0 | 242 | 21.2| 17.2 | 21.2] 384
0 1.6 916 | 8.0 %. 8.0 .'zi.o 69 | 7.0] 13.9]
20 7.2 20 [106 | -7. 163 [ 13.3 2 | 13.3]728.4
3.0 923196 | 7. 24.0 | 210 218 | 228] 44.7 .
28 51.7 93.6_| 10.1 <74 | 241 | 21.3| 229 | 2281 458 :
25 | 46.3 845 (103 | -7b | 243 | 21.8] 23.5 | 23.81 47.2
3.2 6.3 | 90.7 | 99 | .75 | 246 | 214 23.0 | 233] 46.3
34 | 584 | 880 | 89 | 7.0 | 244 | 21.0] 22.8 | 20.9] 43.7
20 | 469 94.7 1121 | -71 | 183 [ 17.3| 213 | 17.5| 38.8
22 3 943 [ wg 721183 17.5 §1.g ' 1761 386
24 | 55, 7.3 | 18.3 | 16, 8 | 1 :
25 :_g % 111 | 73 'g_.‘z 16.6 | 19.7 1;% 37.1
28 . 890 1113 | -72 | 192 | 16 '_zTo.o 16.8] 37.0
15 | 581 | ©4.3 [10.8 | -7 12 81 11371 10.7] 214
5 | 50,9 .0 |10.8 [~ 2 97] 113 16.0] 21.3
16 | 673 90.1 [104- | 73 | 112 [ 04 109 | 9.9] 208
10.1 640 | 9411 60 | 727170 | 60| 6.4 | 6.2] 12.3]
1.2 | 704 86.3 | 85 | -74 70 | 58| 581 62| 12.0
1.1. ] 68.] 903 | 8.7 | 7.2 70 | 58| 58 6.2] 120 :
B 145 844 | 05 | 6.1 | 24.7 | 222 223 [ 188l 4111 S
28 | 505 93.7 | 8.7 62 | 248 | 22 28 | 18.8] 41.7 -
30 | 541 925 1101 | 83 | 244 | 214 | 232 | 18.8] 41.8 :
|-3.27 663 90.7 | 9.9 | B84 | 246 | 21,4 229 | 18.8] 41.7 :
| 35 | 592 | B74 | 87 | 64 | 246 | 211 227 [ 16.8] 415 "
10 | 460 | 908 | 58 | 53 | 94 | 8.4 59 115
20| 478 805 | 6.7 | 54 | 180 [ 16.0] 12.0 | 11.6] 236
30 | 482 80.7 T10.1 | 56| 269 [ 23.9]| 256 | 17.9] 43.5
10 | 623 923 57 | 8.1 84 | 7. 491 61] 110
01 513 o111 63 0] BB 75| 4. 6.2 10.8
20 51.3 g%g ;,;51 -g.g 17.1 | 1511 122 12.2] 24.4
2. 5 . . 5. 166 | 146 11.7 | 11.8] 235
"3'.'8 4%‘_6 80.9 | B5 | 58 | 284 | 234 21.8 | 18.3] 40.1]
3.0 | 480 907 | 88 | 5.8 | 26,6 | 23.6| 228 | 18.4] 40.0 ‘
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S |
PORTABLE OXYGEN CONCENTRATION
SYSTEM AND METHOD OF USING THE -
SAME .

This application is a continuation-ia-part of pending
prior application Aer. No, 09/632,099, filed on Aug. 3, 2000,

BACKGROUND OF THE INVENTION

The ficld of this invention relates, in general, 1o oxygen
concentrators and, in particular, {o portable oxygen concen-
tration systems for ambulatory respiratory patients that
allow them to load nonmal and productive lives.

There is a burgeoning need for home and ambulatory

oxygen. Supplemental oxygen is necessary for paticnts
sufferiog from lung disorders; for example, pulmonary
fibrosis, sarcoidosis, or occupational lung disease. For such
patients, oxygen therapy is an increasingly beneficial, life-
giving devclopment, While not & cure for lung disease,

- supplemental oxygen increases blood oxygenetion, which
reverses hypoxemia. This therapy prevents long-term effects
of oxygen deficiency on organ sysiems—in particular, the
heart, brain and kidneys,

Oxygen treatment is also prescribed for Ctronic Obstruc-
tive Pulmonary Discass (COPD), which afflicts about six-
hundred million people in the U.S., and for other ailments

" that weaken the respiratory system, such as heart disease and
AIDS. Supplemental oxygea therapy is also prescribed for
asthma and cphysema. - ]

The normal prescription: for COPD patients requises
supplemental oxygen flow via nasal cannuia or mask twenty
four hours per day. The average patient prescription is two
liters per minute of high concentration oxygen o increase
the oxygen level of the total air inspired by the patient from
the normal 21% to shout 40%. While the average oxygen

. flow requirement is two liters per mimute, the average
oxygen concentrator. has a capacity of four to six liters of
oxygen per minute. This extra capacity is occasionally
necessary for certain patients who have developed mors
severe problems, are not generally able to Jeave the home (as
ambulatory patients) and do not require a portable oxygen
supply.

There are currently three modalities for supplemental
medical oxygen: high pressure gas cylinders, cryogenic
liquid in vacuum insulated containers or thermos boftles
commonly called “dewars,” and oxygen concentrators.
Some patients require in-home oxygen only while others
require in-home as well as ambulatory oxygen depeading on
their preseription. All thres modalitics are used for in-home
use, although oxygen concentrators are prefemred becauss
they do not require dewar refilling or cxchange of empty
cylinders with full oncs. Home oxygen concentrators,
however, do bave their drawbacks. They consume relatively
large amounts of electricity (350400 Watis), are relatively
Jarge (about the size of a pight stand), are relatively heavy
(weight about SO Ibs.), emit quite 2 bit of heat, and are
relatively noisy. :

Only small bigh pressure gas bolles and small liquid
dewars are ruly poriable enough to be used for ambulatory
needs (outside the home). Either modality may be used for
both in-home and ambulatory use or may be combined with
an oxygen concentrator which would provide in-home uss,

As described bslow, the current oxygen-supplying meth-
0ds and devices have proven cumbersome and unwieldy and

s

-
=]

b1

60

thers has been a long-felt need for an improved portable .

device for supplying oxygen to the user. )
For people who need to have oxygen and operate away
from an oxygen-generating or oxygen-storage source such

2

as a slationary oxygen system (or even a portabls syslem
which cannot be readily transported), the two most pre-
scribed options generally available to patients are: (a) 1o
carry with them small cylinders typically in a wheeled
stroller; and (b) to carry portable containers typically on 2
shoulder sling. Both these gassous oxygen and liquid oxy-
gen options have substantial drawbecks, but from a medical
view, both have the ability to increese the productive life of
a patient,

The major drawback of the gaseous oxygen option is that
tho small cylinders of gaseous oxygen can only provide gas
for & short duration. Another drawback is that a patient’s
high-pressure gaseous .oxygen cylinders are not allowed in
soms locations such as airplancs because of safety consid-
crations. A further drawback of the gascous oxygen option
is the refill requirement for oxygen oace the oxygen has been
dopleted from the cylinder. These small gas cylinders must
be picked up and refilled by the bome care provider at a

- specialized facility, This requires regular visits (o a palient’s

bome by & provider and a substantial investment in small
cylinders by the provider because so many are lefl at the
patisnt’s home and refilling facility, Although it is techni-
cally pessible to refill these cylinders in the paticnt’s home
using a commercial oxygen concentrator thal extracts oxy-
gen from the air, this task would typically require an on-site
oxygen compressor 10 boost the output pressure of the
concentrator 10 & high level in order to fill the cylinders,
Some disadvantages of common on-site oxygen compres-
sors are that they are oxpensive, loud and emit a lot of heat,
Additiopally, attempting to compress the oxygen in pressur-
ized canisters in the home is potentially ‘dangerous, espe-
cially for untrained poople.

This approach of courso presents several safoty concerns
for in-home use. For example, in order 10 put coough of this
ges in a portable container, it must typically be compressed
to high pressure (~2000 psi) Compressing oxygen from S psi
(the typical output of an oxygen concenirator) to 2600 psi
will produce a large amount of heat. (Enough 1o raise the
temperature 165 degrees C. per slage based on three adia-
batic compression stages with intercooling.) This heat, com-
bined with the oxygen which becomes more resctive at
higher pressures, sels up a potential combustion bazard in
the compressor in the patient’s home. Thus, operation of a
high-pressure gas systom in the patient’s home is dangerous
and not a practical solution,

The convenience and safety issues are not the oaly
drawbacks’ of this compréssed oxygen spproach. Another
drawback is that the comprossors or pressure booslens
needed are cosily becanse they require special care and

“materials oeeded for high pressure oxygen compatibility.

Turning now to the liquid oxygen storage option, its main
drawback is that it requires a base rescrvoir—a stationary
rescrvoir base unit within the paticot’s home about the size
of a standard beer keg—which may be refilled sbout once a
week from an outside source. Liquid oxygen can then be
transferred from (he patient’s base unil 1o & portable dewar,
which can be used by the ambulatory patient. Also, with the
liquid oxygen aption, there is substantia) waste, as a certain
amount of oxygen is lost during the transfer to the portable
containers and from cvaporation. It is cstimated that 20% of
the cntire contents of the base cylinder will be lost in the
course of two weeks because of losses in transfer and normal
evaporation. These units will typically boil dry over a period
of 30 to 60 days even if no oxygen is withdrawn.

Home refilling systerns that produce liquid oxygen and
have the capability of refilling portable liguid oxygen dew-
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ars bave been proposed. However, thess devices require the
user 10 perform the task of refilling bottles and add tens of
dollars per month to the user’s eleciric bill, which is not
reimbursable.

There sre other complications with these portable high-
pressure cylioders and liquid dewars. Typicslly, supplemen-
tal oxygen is supplied to the pationt by a home care provider,
in exchange for which the provider receives a fixed mon-
* ctary payment from insurance companics or Medicare

regardless of the modality. Oxygen concentrators are pre-
ferred by the provider as the least expensive option for
supplying the patient’s at-home needs. For outside the home
us¢, however, only small high-pressure gas bottles and small
liquid dewars are poriable enough to be used for ambulatory
needs. Either ong of thess two modalities may be used for
both in-home and ambulatory use or may be combined with
an oxygen conceotrator, which would provide in-home use.
In either case, the home care provider must make costly
weckly or biweekly trips to the patient’s home 1o replenish
the oxygen. Oue of the objecis of this invention is to
climinate these castly milk runs.”

. So-called “portable™ oxygen concentrators are commer-
cially available for providing patients with gascous oxygen
by converting ambient air into conceatrated gaseous oxygen.

. However, these devices are only “portable” in the sense that
they are capable of being transported to another point of use
via an automobile or an airplane. One of these devices is
packaged in a sujtcase and is billed as a transportable

. machine rather than a truly portable oxygen conceatrator.

The device weighs abont 37 1bs. without battery and requires

135 Watts of power at a 2 LPM (liters per minute) oxygen

. flow rate. Operation from an automobile battery is possible

when in route in a car, bal operation from a separate baltery
is impractical. Another device is a 3 LPM concenirator
monnted oz its own carl. It weighs 22 Ibs. without battery
and also requires about 135 Watts of power, A further device
weighs about 28 Ibs. without battery and has a similar flow
rate and power requircments to the above devices. Even

- without a bettery, these devices are 1oo heavy for the average
ambulatory respiratory patient. With the weight of a battery,
these prior art devices are not “portable” in ths true sense of
the word because they can not be readily transported from
one point to another. Because thess devices have relatively

large power consurnption requirements, they also require.a
sizable battery,

Purther, in addition to the weight acd power consumption
problems with the above oxygen concentrators, none of
these prior art concentrators are particularly quict. They
produce noise levels similar to those produced by a home
concentrator. In fact, one of these devices specifie’s noise
production at 60 dBA (decibols), about twics the noise of &
home concentrator. Consequently, none of these so-called
“poriable” oxygen concenirators are suitable for use in
environments where low noise is éspecially important, e.g.,
restaurams, libraries, churches and theatres. .

Thus, a long-felt need exists for a truly “portabls” oxygen
concentration sysicm that eliminates the need for high-
pressure gas cylinders and liquid dewars, the constant
refilling/replacing requircments associated with bigh-
pressure gas cylinders and liquid dowars, and the nsed for a
separaic home oxygen concentration system for ambulatory
respiratory patients. A truly “portable” oxygen concentration
system would be light enough so that, even with a battery,
an average ambulatory respiratory patient could carry the
device. Inherently the device would have to be designed to

* have relatively low power consumption requirements so that

a light-weight batlery pack or other energy source could bs

4

used. Purther, the device should be small enrough so that it
can be conveniently carried by the user, emit a relatively low
amount of noise and should only emit 2 small amount of
heat.

SUMMARY OF INVENTION

An aspect of the present iovention mvolves a portable
oxygen concentrator system adapied (o be readily trans- -
ported by a user. The portable oxygen concenirator system
includes a rechargeable cncrgy source and 2 concentrator
powered by the energy source. The concentrator comverts
ambient air into concentrated oxygen gus for the user and
includes a plurality of adsorption beds and a rotary valve
assembly. The rotary valve assembly is relatively rotalable
with respect to the plurality of adsorption beds to provide
velving action for selectively transferring fuids through the

. plurality of adsorption beds for converting ambient air into

concentrated oxygen gas for the user. The ratio of adiabatic
power 1o oxygen flow for the concentrator s in the range of
6.2 W/LPM to 23.0 W/LPM. i

Another aspect of the invention involves 2 rolary valve
assembly for a pressure swing adsorplion system having a
plurality of adsorption beds. The rotary velve assembly
includes a valve port plate and a rotary velve shoe having
respective engaged surfaces and are relatively rotatable
about a common center of rotation to provide valvidg action
for selectively transferring Auids therethrough. The valve

- port plate includes at least two ports interconnected with at

least two adsorption beds, The rotary valve shoe includes a
second valve surface opposite ths cngaged surface with at

- least one equalization passage 1o register with the at least

40

two ports of the pori plate to equalize pressure betwesn the
at Jeast two adsorption beds.

Other and further objects, featuses, aspects, and advan-
tages of the prescat inventions will become better undes-
stood with the following detailed description of the accom-
panying drawings.

" BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is » block diagram of a portable oxygen concen-

" tration system constructed in accordance with an embodi-

45

35

65

ment of the invertion;

FIG. 2 is a block diagram of a portable oxygen cancen-
tration system comstructed in accordance with another
cmbodiment of the invention, and illustrates, in particular,

. an embodiment of an air separation device;

FIG. 3A is a perspoctive, cul-away view of an embodi-
ment of a concentrator that may be used with the portable
oxygen coacentration system.

FIG. 3B is a perspective, exploded view of the concen-
rator illustrated in FIG. 3A., :

FIG. 4 s a top perspective view of an embodiment of a top
manifold and multiple adsorption beds that may be used
with the concentrator illustrated in FIGS. 3A and 3B.

FIGS. 5A and SB arc a botiom plan vicw and a top plan
view respectively of an embodiment of a rotary valve shoe
that may be used with the conocntrator lustrated in FIGS,
3A and 3B.

FIQ. 6A is a top plan view of an embodiment of a valve
port plaie that maey be used with the concentrator illustrated
in FIGS. 3A and 3B. :

FIG. 6B is a flow chart of an exemplary process cycle for
the concentraotor illustrated in FIGS. 3A and 3B.

FIGS. 7A and 7B are a top plan view and a botiom plan
view respectively of an embodiment of a media retention
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cap tha! may be used with the concentrator illustrated in
FIGS. 3A and 3B.

FiGS.8A and 8B arc a lop pcrspaclxve, exploded view and
& bottom porspective, exploded view respectively of an
embodiment of a rotary valve assembly including a canter-
ing pin that may be used with the concentrator illustrated in
FIGS. 3A and 3B.

FIGS. 9A and 9B are a bottom perspective, exploded view
and a top perspective, exploded view respectively of an
embodiment of a rotary valve assembly inclnding a center-
ing ring that may be used with the concentrator illustrated in
FIGS. 3A and 3B.

FIG. 10A is a bottom perspective view of an embodiment
of a rolary valve shoe, & motor drive, and a pair of elastic
chain links that may be used with the concentrator fllustrated
in FIGS. 3A and 3B.

FIGS. 10B and 10C are a top perspective, exploded view
and a bottom perspective, exploded view respectively of the
rolary valve shoe, motor drive, and pair of elastic chain links

" illusirated in FIG. 10A.

FIG. 11 is a table of experimental data for a portable
oxygen concentralion system including the concentrator

illustrated in FIGS. 3A and 3B.

" FIG. 12 is a schematic illustration of a further cmbodi-
ment of the porteble oxygen concentration'system and an
embodiment of a cradle for use with the portable oxygen
concenliration systom;

FIG. 13 is a block diagram of the one or more scnsors that
may be used with an cmbodimen of the portable oxygen
concentralion sysiem;

F1G. 14 is a block diagram of the oo or more componcats
that may be controlled by the control unit of the pérmblc
oxygen concentration sysiem;

"FIG. 15 is a block diagram of a portable oxygen concen-
. tration system constructed in accordance with additional
embodiment of the invention; and

FIG. 16 is a schematic illustration of apother embodiment
of a portable oxygen conceptration system including a
high-pressure reservoit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
L. Portable Oxygen Concentration System
. With reference to FIG. 1, a portable oxygen concentration
system, indicated generally by the reference numeral 100,
constructed in accordance with an embodiment of the inven-
tion will aow be described. The oxygea concentration sys-
tem 100 inchudes an air separation device such as an oxygen
"gas generator 102 that scparates concentrated oxygen gas
from ambient air, an energy source such as rechargeable
battery, battery pack, or fuel coll 104 that powers at least a
portion of the oxygen gas generator 102, one or more output
sensors 106 used 1o sense one or more conditions of the user
108, environment, etc. o determine the oxygen output
needed by the user or réquired from the system 100, and a
control unit 110 linked to the output sensor 106, the air
separation device 102, and the eRergy sourcs. 104 10 control
the operation of the air separation device 102 in response to
- the one or more condilions sensed by the ons or more output
sensors 106,
In 2n altcmative embodimont, the system 100 may not
include the one or more oulput sensors 106 coupled to the
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user interface 111 (FIG. 14) that allows the user, provider,
doctor, otc. to coter information, ¢.g., prescription oxygen
level, flow rate, etc. 1o control the oxygen output of the
system 100.

Each clement of the system 100 will now be described in
more detail.

A. Air Separation Device

With reference to FIG. 2, the air separation dsvice is
preferably an oxygen generator 102 generally including a

pump such as a compressor 112 and an oxygoen concentrator
114 (OC). which may be integrated.

The oxygen generator 102 may also include one or more
of the clements described below and shown within the
segmented boundary lise in FIG. 2, Ambient air may be
drawn through an inlet muffler 116 by the compressor 112,
The compressor 112 may be driven by one or more DC
motors 118 (M) that run off of DC electrical curreat supplied
by ibe rechargeable battery 104 (RB). The motor 118 also
proferably drives the cooling fan part of the heat exchanger
120. A variable-speed controller (VSC) or compressor motor
speed controller 119, which is described in more detail
below, may be integral with or separate from the control unit
110 (CU) and is preferably coupled to the motor 118 for
conserving electricily consumption. The compressor 112

" delivers the air under pressure to the concentrator 114,
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contro! upit 110, In this embodiment, conditions of the '

sysiem 100 such as flow rate, oxygen concentralion level,
elc. may be constant for the system or may be manually
controllable. For example, the system 100 may include a

65

- In a preferved embodiment, al a maximum speed air is
delivered to the concentrator 114 at 7.3 psig nominal and
may range from 5.3 to 12.1 psig. At maximum speéd, the
flow rats of feed is a minimum of 23.8 SLPM at inlet
conditions of 14.696 psi absolule, 70 degrees F, 50%
relative homidity.

A heat exchanger 120 mny be located between the com-
pressor 112 and the concentrator 114 to cool or heat the air
to a desired lomperature before entering the concentrator
114, a filter (not ‘shown) mey be located between the
compressor 112 and the concentrator 114 to remove any
impurtics from the supply air, and a pressure transdueer 122
may be located between the compressor 112 and the, con-
cenfrator 114 to get a pressure reading of the air fiow
entering the concentrator 114,

The conceatrator 114 separates oxygeo gas from air for
eventual delivery to the user 108 in 8 well-known manner.
One or more of the following components may be located in
a supply line 121 between the concentrator 114 and the user
108: a pressure seosor 123, a lemperalure sensor 125, 2
pump 127, a low-pressure reservoir 129, a supply valve 160,
a flow and purity sensor 131, and a conservetion device 190.
As used herein, supply line 121 refers to the tubing,
conaeciors, etc. used to connect the components in the ling.
‘The pump 127 may be driven by the motor 118. The oxygen
(gas may be stored in the low-pressure reservoir 129 and
delivered therefrom via the supply line 121 to the user 108.
The supply valve 160 may be used to control the delivery of
oxygea gas from the low-pressure reservoir 129 to the user
108 at atmospheric pressure.

Bxhaust gas may also be dispelled from the concentrator
114, In a preferred embodiment of the invention, a vacuum
generalor 124 (V), which may also be driven by the motor
118 and integrated with'the compressor 112, draws exhaust
ges from the concentrator 114 1o improve the recovery and
productivity of the concentrator 114. The exhaust gas may
exit the system 100 through en exhaust muffler 126. A
pressure transducer 128 may be Jocated between the con-
centrator 114 and the vacuum generator 124 10 get a pressure
reading of the exhaust flow from the concentrator 114, At
maximum rated speed and a flow rale of 20.8 SLPM, the
pressure at the vacuum side is preferably —5.9 psig nominal
and may range from ~8.8 Io -4.4 psig,
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1. Compressor/Variable Spced Controller’

Example of compressar technologies that may be used for
the compressor 112 include, but not by wey of limitation,
rolary vane, linear piston with wrist pin, lincar piston
‘without wrist pin, nutating disc, scroll, rolling piston, dia-
phragm pumps, and acoustic. Preferably the compressor 112
and vacuum geacrator 124 are integrated with the motor 118
and are oil-less, preventing the possibility of oil or grease
from entering the air flow path. ' .

The compressor 112 preferably includes, a1 a minimum, a

* 3:1 speed ratio, with a low speed of at lsast 1,000 rpm and
a 15,000 hour operating life when run at full speed. Oper-
aling temperature surrounding the compressor/motor system
is preferably 32 to 122 degrees F. Storage lemperature is
preferably -4 to 140 degree F. Relative humidity is prefer-
ably S to 95% RH noncondensing. Voltege for the compres~
sor 112 is preferably 12 V DC or 24V DC and the electrical
power requirements are preferably less than 100 W at full
speed and rated flow/nominal pressure and less than 40 W at
¥ speed and % flow at rated pressure. A shaft mounted fan
or blower may be incorparated with the compressor 112 for
compressor cooling and passible compléte system cooling.
Preferably, the maxiinum sound pressure level of the come
pressor 112 may bo 46 dBA st a maximum rated speed and
flow/pressure and 36 dBA at % raied speed. Preferably the

" compressor 112 weighs less than 3.5 pounds.

It is desirable for the compressor 112 to run at a variety
of speeds; provide the required vecuum/pressure levels and
flow rates, cmit little noisc and vibration, emit little heat, be
small, not be heavy, and consume little power. .

The variable-speed controller 119 is important for réduc-
ing the power consumption requirements of the compressor
112 on the rechargesble battery 104 or other energy source.

. Wilh a variable-speed controller, the speed of the compres-

sor 112 may be varied with the activity level of the user,
meiabolic condition of the user, environmental condition, or
other condition indicative of the oxygen needs of the user as

determined through the one or more output sensors 106,

For cxample, the variable-speed controller may decrease
the speed of the motor 118 when it is determined that the

oxygen requiroments of the user 108 are relatively low, e.g.,

when the user is sitting, sleeping, at lower elevations, elc.,
and increased when it is determined that the oxygen require-

ments of the user 108 are relatively high or bigher, e.g.,

when the user stands, when the user is active, when the user
is at bigher elevations, cic. This helps 1o conserve the Lifs of
the battery 104, reduce the weight and size of the battery

104, and reduce the compressor wear mito, improving its

reliability.

One of the inventors of the present invention was a
co-inventor on a variable-speed controller in the past that
regulated the compressor speed to operate the compressor

H
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ment a pressure swing adsorption (PSA) process, a vacuum
pressure swing adsorption (VPSA) process, a rapid PSA
process, a very rapid PSA process or other process. If a PSA
process is implemented, the concentrator may include a
rotating valve or a non-rotating valve mechanism 1o control
air flow through multiple sieve beds therein. Examples of
ATF cogcentrators are shown and described in U.S, Pat,
Nos, 5,268,021, 5,366,541, Re. 35,099, which arc bereby
incorporaled by reference as though sst forth in full. The
sieve beds may be tapered so that they have larger diameter
where gaseous flow enters the beds and a smaller diameter
where gaseous Sow exits the beds. Tapering the sieve beds

"in this manper requires less sieve material and less flow to

obtain the same outpul.

Although an ATP concentrator 114 is vsed in a preferred
embodiment, it will be readily apparent to those skilled in
the an that other lypes of concentrators or air-separation
devices may be used such as, but not by way of limitetion,
membrane separation types and electrochemical cells (hot or
cold). If other types of concentralors or air-separation
devices are nsed, it will be readily apparent to those skilled
in the art that some aspects described herein may change
accordingly. For example, if the air-separation device is a
mombranc separation type, pumps other than a compressor
may be used to move air through the sysiem.

The ATF preferably used is significantly smaller that ATFs
designed ip the past. The inventors of the present invention
recognized that reducing the size of the ATF concentrator
114 not only made the system 100 smaller and more
porable, it also improved the recovery percentage, i.c., the
percentage of oxygen gas in air that is recovered or produced
by the concentsator 114 aod the productivity (liters per
minute/lb. of sieve material) of ibe concentrator 114. Reduc-
ing tho size of the ATF decrsases the cycle time for the
device. As a result, productivity is increased.

Further, the inventors also determined that finer sicve
materials increassd recovery rates and productivity. The
time constant Lo adsorb unwanted gases is smaller for finer
particles because the fiuid path is shorler for the gases than
for larger particles. Thus, finc sicve materials baving small

time constanis ars preferred. An exampls of a sieve material -

that may bs used in the ATF concentrator 114 is described in
U.S. Pal. No. 5,413,625 1o Chao, et al., which is incorpo-
rated by reference as though sct forth in full, The sieve
material may be a LithiumX Zeolite Ihat allows for a high
exchange of Lithium ioos. The bead size may, for example,
be 0.2-0.6 mm. Io an altemnative cmbodiment, the Zeolite
may be in the form of a rigid structure such as an extruded

- monolith or in the form of rolled up paper. In this

H
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embodiment, the Zeolite structurs would allow for rapid
pressure cycling of the material without introducing signifi-

- canl pressure drop between the feed and product streams,

only at the speed and power noeded to deliver oxygen at the

user's prescribed flow rate. This variable-speed controlier is
discussed in U.S. Pat, Nos. 5,593,478 end 5,730,778, which
are hereby incarporated by reference as though set forth in
full .

- The variable-speed controller 119 allows the compressor
112 to operate at a low average rate, typically the averago
rate or speed will be between full speed and ¥ full specd of
the compressor 112, resulting in an increase in battery life,
decrease in battery size and weight, and decrease in com-
pressor noisc and emitted heat.

.2, Concentrator

In g preferred embodiment, the concentrator 114 is an
.Advanced Technology Fractionator (ATF) that may be used
for medical and industrial applications. The ATF may imple-

60
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‘The size of the concentrator 114 may vary with the flow
rale desired. For example, the concentrator 114 may come in
a 1.5 Liter per minute (LPM) size, a 2 LPM size, a 2.5 LPM

.sizc. a 3 LPM sizs, etc.

The oxygen gas gencrator 102 may also include an
oxygen source in addition to the concentrator 114 such as,
but mot by way of limitation, a higb-pressure oxygen
reservoir, as described in more detail below.

An ATF valve controller 133 may be imegral with or
separate from the control unit 110 and is coupled with valve
electronics in the concentrator 114 for controlling the valve
(s) of the concentrator 114.

The concentrator may have one or more of the following
energy saving modes: a sleep modo, a conserving mode, and

an active mode. Selection of these modes may bs done
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manually by the user 108 or anlomatically such as throngh
the described one or more sensors 106 and control unit 110.

With reference to FIGS. 3A and 3B, en embodiment of a
concentrator 114 that may be vsed in the oxygen generator
102 will now be described in more detail Although the
concentrator 114 will be described as separating oxygea
from air, it should be noted that the concentrator 114 may be
used for other applications such as, but oot by way of
limitation, air scparations for the production of nitrogen,
hydrogen purification, water removal from air, and argon
concentration from air. As used herein, ths term “fluids”
includes both gases and liquids,

The concentralor 114 described below includes numerous
improvements over previous concenirators that resull in
increased recovery of the desired component and increesed
system productivity, Improved recovery is important sinoe it
is a measure of the eiﬁcxency of the concentralor. As a
concentralor’s recovery ncreases, the amount of fesd gas

. required to producs a given amount of product dscreascs.
Thus, a concentrator with higher recovery may require &
smaller, feed compressor (e.g., for axygen concentration
from air) or may be able to more efiectively utilize feed gas
10 recover valuable species {¢.g., for hydrogen purification
from a reformate stream). Improved productivity is impor-
lant since an increase in productivity relates directly 10 the
size of the concentrator. Productivity is measured in wnits of
product flow per mass or volume of the concentrator. Thus,
a concentrator with higher productivity will be smaller and
weigh less than 3 concentrator that is less productive,
resulting in a more attractive product for many applications.
Therefore, concentrator improvements in recovery,
productivity, or both are advantageous. The specific
improvements that lead to improved recovery and produc-
tivity are detailed below,

The concentrator 114 includes five adsorption beds 300,
each containiog a bed of adsorbent material which is selec-
tive for a particular molecular specics of fluid or
contaminant, a rotary valve assembly 310 for selectively
trapsferring fluids through the adsorption beds 300, an
integrated tube-assembly and mainifold “maifold” 320, a
product tank cover 330, and a valve asscmbly enclosure 340,

The adsorption beds 300 are preferably straight,
elongated, molded, plaslic vessels surounded by the product
1ank cover 330, which is made of metal, preferably alumi-
sum. The mplded plastic adsorption beds 300 surrounded
by the metal cover 330 make for a low-cost design without
the deirimental effects of waler influx that occur with

* prior-art plastic housings or covers. Plastic adsorption beds

" * have the inherent problem of the plastic bcmg permeable to

water. This allows waler to penctrate into the adsorbent
material, decreasing the performance of the adsorbent mate-
rial. Surrounding the plastic adsorption beds 300 with the
aluminum cover 330, which also may serve as a product
accumulation tank, maintains the low cost of the desigo and
docs not sacrifice performance,
- Eacb adsorption bed 300 includes a product end 350 and
a feed end 360. With reforence additionally to FIG. 4, the
product ends 350 of the beds 300 communicate with incom-
ing product passages 370 of the manifold 320 tbrough
product lines 380 for communication with the rotary valve
assembly 310. The feed ends 360 of the beds 300 commu-
nicate with outgoing feed passages 390 of the manifold 320
for communication with the rotary valve assembly 310,
The menifold 320 may also include outgoing product
passages 400 thal communicate the rolary valve assembly
310 with the interior of the product tank 330, ar incoming
feed passage 410 that communicates the rotary valve assem-
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bly 310 withi a feed pressure line 420, and a vacunm chambar
430 that communicates the rotary valve assembly 310 with
a vecuum presswe line 440, A product delivery line 450,
which may be the same as the supply line 121 described
above with respect to FIG. 2, compnunicates with the interior
of the product tank 330, The vacuum pressure linc 440 may
communicate dircctly or indirectly with the vacuum genera-
lor 124 for drawing exhaust gas from the conceatrator 114.
In usc, air flows from the compressor 112 to the feed
pressure lins 420, through the incoming feed passage 410 of
the manifold 320. From there, air flows (o the: rotary valve
assembly 310 where it is distributed back through outgoing
feed passages 390 of the manifold 320. From there, the feed
air flows to the feed ends 360 of the edsorption beds 300,
The adsorption beds 300 include adsorbem media that is
sppropriate for the species that will be adsorbed. For oxygen

‘concentration, it is desirable o have a packed particulate

adsorbent material that preferantially adsorbs nitrogen rela-
tive to oxygen in the feed air so that oxygen is produced as
the non-adsorbed product gas. Ao adsorbent such as a highly
Lithium exchanged X-type Zeolite may be used. A leysred
adsorbent bed that contains two or more distinct adsorbent
materials may 'also be used. As an cxample, for oxygen
concentration, a layer of activated alumina or silica gel used
for water adsarption may be placed near the feed end 360 of
the adsorbent beds 300.with a lithium exchanged X-type
zeolite used 2s the majority of the bed toward the product
end 350 to adsorb nitrogen. The combination of materials,
used correctly, may be more effective than a single type of
adsorbent. In an altsmative embodiment, the adsorbent may
be a styuctured material and may incorporate both the water
adsorbing and nitrogen adsorbing materials.

The resulting product oxygen gas flows lowards the
products ends 350 of the adsorplion beds 300, through the
product Haes 380, through incoming product passages 370
of the manifold 320, and o the rotary valve asssmbly 310,
where it is distriboted back through the manifold 320 via the
outgoing product passage 400 and into the product tank 330.
From the product tank 330, oxygen gas is supplied to the
usor 108 through the product delivery line 450 and the
supply line 121.

With reference to FIGS. 3B, SA, 5B, 6A, BA, and 8B, an
embodiment of the rolary valve essembly 310 will now be
described. The rotary valve assembly 310 includes a rotary -
valve shoe or disk S00 and a valve port plate or disk 510. The .
rotary valve shoe 500 and valve port plate 510 are both
preferably circular in construction and made from a durable
material such as ceramic, which can be ground 1o a highly
polished flat finish 10 enable the faces of the valve shoe 500
and port plate 510 to form 2 fluid-tight seal when ptessed

_ logether.

With reference specifically-to FIG. SA, the rotary valve
shoe 500 has a flat, bottom engagement surface 520 and a
smooth cylindrical sidewall 530. The valve shoe S00 has
several symmetrical arcualo passages or chaanels cut into
the engagoment surface 520, all of which have as their center
the geometric center of the circular engagement surface 520.
The passages or chaonels include opposite high-pressure
fecd channels 340, equalization channels 350, opposite
low-pressure cxhaust passages 560, circular low-pressure
exhaust groove 570.which communicates with exhaust pas-
sages 360, opposite product delivery chaanels 580, opposite
purge channels 590, a high-presure central feed passage 600,

. a first enoular vent groove 610, and a sccond anouler vent -

§5

groove 620.
With reference additionally to FIG. §B, a paraliel, top,
second valve surface 630 of the rotary valve shoe 500 will
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now be described. The purge channels 580 of the engage-
ment surface 520 communicate with cach other through
vertical, cylindrical purge passages 640 and a rainbow-
shaped purge groove 650 on the top surface 630, The
equalization channels 550 of the engagement surface 520
extcod vertically through the valve shoe 500. Pairs of

equalization chanoels 550 communicate through equaliza-.

tion grooves 660 on the top surface 630. The equalization
" grooves 660 arc generally U-shaped and extend around
receiving holes 670, Equalization routing via the grooves
. 660 on the segond valve surface 630, in a plane out of and

_paraliel to a plane defined by the engagemont surface 520,
" helps 1o maintain the relatively small size of the rotary valve
shoe- 500 while at the same time cpabling more complex
fluid routing through the valve shoe 500. The equalization
grooves allow the secondery valve surface to be used to
equalize pressures between adsorption beds 300.

With reforence 1o FIGS. 3B, 8A, and 8B, a first valve shos
cover 680 is disposed over the second valve surfaco 630 10
isolato the various grooves and passages on the second valve
surfacs 630, Both the first valve shos cover 680 and the
second valve shoe cover 690 include aligned ceatral holes
691, 692, respectively, for communicating the cenlral feed
pessage 600 with a high-pressure feed fluid chamber formed
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around the periphery of a cylindrical bass 693 of the second -

valve shoe cover 690. The first valve shoe cover 680 also
includes a plurality of holes 694 near its periphery for the
purpose of faintaining a balance of pressure during opera-
tion os cither side of the first valve shoc cover 680 between,
the cylindrical bass 693 and the second valve surface 630.
Routing the high-pressure feed fluid into the high-pressure
fecd fluid chamber on the top or backside of the valve shoe
500 causes pressure balancing on the valve shoe 500 that
counteracts the pressure force urging the vafve shoe S00
away from the port plate 510, A spring or other type of
passive sealing mechanism (nol shown) may be vsed to hold
ths rotary valve shoc 500 agunst the port plate 510 when the
concentrator 114 is not operating.

With reference to FIG. 5A, to additionally counteract the
pressure foree that works fo unseat the rotary valve shoe 500
from the port plate 510, the exhaust goove 570 is sized such
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that, when the concentrator 114 is operated at nominai feed .

and purge (vacuum) pressures, ths sealing force dus to the
vacuum in the exhaus! groove 570 subtantially balances this
unscating pressure force. This enables the use of relatively

small passive sealing mechanisms, reducing the torque and

power required to turn the rotary valve shoc S00 and also
reduces the weight and size of the concentrator 114,
. With reference o FIG. 6A, the valve port plate 510 will
now be described in greater detail. The valve port plate 510
bas a flat engagememt surface 700 that engages the flat
engagement surfce 520 of the rotary valve shoe S00 and a
smooth cylindrical sidewall 710, With reference additionally
to FIG. 3B, an-underside of tbe valve pont plate 510 is
disposed on 3 manifold gasket 720. The valve port plate 510
includes multiple sets of generally symmetric concentrically
disposed ports or openings aligned with openings in the
manifold gasket 720 10 communicate the pons in the plate
810 with the passages in the manifold 320. The ports extend
vertically through the valve port plate §10 in a direction
generally perpendicular to the engagement surface 700. In
an alternative embodiment, the ports extend vertically
through the valve port plate 510 in an angular direction
toward the engagement surface 700. Preferably, all of the
ports of each concentric set have the same configuration,
Each concentric set of ports will now be described in tum.
A firsl set of cight circular vacuum porls 730 concentri-
cally disposed at a first radius from the geometric center of
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the valve port plate 510 comrmounicate with the vacuum
chamber 430 of the manifold 320 and the exhaust gas
grooves 570 of the valve shoe 500. In the prefered
embodiment, eight ports are used as they allow sufficicnt gas
flow through the valve without significant pressure drop. o
an alternative embodiment, & number of ports different from
cigbt conld be uscd.

A second set of five round outgoing feed ports 740
concentrically disposed at a second radius from the geomel-
ric center of the valve port plate S10 communicate with
outgoing feed passages 390 of the manifold 320, the feed
channels 540 of the valve shoe 500, and the vacuum ports
730 via tho exhaust passages 560 of the valve shoe S00.

A third set of five generally clliptical incoming product
ports 750 concentrically disposed at a third radius from the
geometric center of the valve port plate 510 communicate
with the incoming product passages 370 of the manifold
320, the equalization channels 530 of the valve shoe 300, the
purge channels 390 of the valve shoe 500, and the product
delivery channels 580.

A fourth set of five circular outgoing product ports 760 -
concentrically disposcd at a fourth radius from the geometric
center of the valve pont platc 510 communicate with the
oulg,omg product passages 400 of the manifold 320 and the
incoming praduct purls 750 via the product delivery chan-
nels 580.

A fifth set of three circular port plate alignment holes 731
concentrically disposed at a fifth radius from the geometric
ceater of the valve port plate 510 align with alignment pins
321 (FIGS. 3B, 4) on the manifold 320. The alignment holes
731 easure the port plate 510 will sit in proper alignment
with the manifold 320. In an altcrnative embodiment, two or
more alignment holes located al one or more radiuses from
the geometric center of the valve port plate 510 may be
ahgwd with an equal aumber of ahgnmenl pins located at
set positions on the manifold 320.

A round centra! incoming foed port 770 disposed at the
geometric center of the valve port plate 510 and the center
of rotation of the valve assembly 310 commupicates with the
incoming feed passage 410 of the manifold 320 and the
ceatral feed pasage 600 of the rotary valve shoe 500,

In the rotary valve assembly 310 described above, &
maximum of 1 PS! pressure drop occurs (hmugh any port of
the valve ascmbly 310 when the system is producing 3 LPM
of oxygen product. At lessar flows, the pressure drop is
negligible.

With reference edditionally to FIG. 6B, a single pressure
swing adsorption cycle of the concentrator 114 will now be
described. During uss, the rotary valve shoe 500 rotates with
respect to the valve pont plate 510 so that the cycle described
below is sequentially and continuously established for each
adsorplion bed 300, The specd of rotation of the rofary vaive
shoe 500 with respect to the valve port plate 510 may be
varied alone, or in combination with a variable-speed
cOMpressor, in order to provide the optimal cyclo timing and
supply of ambient air for a givea production of product, To
belp the reader gain a belier undersianding of the invealion,
the following is 2 description of what occurs in a single
adsorption bed 300 and the rotary valve assembly 310
during 1 single cycle. It should be noted, with sach revolu-
tion of ths rotary valve shoe 500, the adsorption beds 300
undergo two complete cycles. For each cycle, the steps
include: 1) pre-pressurization 774, 2) adsorption 776, 3) first
equalization down 778, 4) sccond equalization down 780, 5)
co-currsnt blowdown 782, 6) low-pressure venting 784, 7)
counter-current purge and low-pressure venting 786, 8) first
equalization up 788, and 9) second equalization up 790.
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Each of these steps will be described in tum below for an
adsorption bed 300. . .
In the pre-pressurization step 774, air flows from the
compressor 112 to the feed pressuse line 420, through the
incoming feed passage 410 of the manifold 320. From there,
air flows through the contral incoming feed port 770 of the
pont plate 510, through the central feed passage 600 and oul
the feed channels 540 of the valve shoc 500, through ths
oulgoing feed ports 740, and through cutgoing feed passages
390 of the manifold 320, From there, the feed air lows lo the
feed ends 360 of the adsorption beds 300. With reference to
FIG. SA, because the feed channel 540 is advanced with
respect to the product delivery channel 580 (i.c., initially the
feed channcl 540 is in communication with outgoing fecd
port 740 and the product delivery channc)- 580 is blocked,

. not in communication with the iscoming product port 750),

the feed end 360 of the adsorption bed 300 is pressurized
with feed gas, i.e., pressurized, prior to the commencement
of preduct delivery. In alternative embodiments, ths product
end 350 may be pre-pressurized with product gas, or the
product end 350 may be pre-pressurized with product gas

and the feed end 360 may be pre-pressurized with feed gas.-

In the adsorption step 776, because the product delivery
channel 580 is in communication with the incoming product
pon 750, adsorption of Nitrogen occurs in the bed 300 and
the resulting product oxygen gas flows towards the product
cnds 350 of the adsorption beds 300, through the product
lines 380, and through incoming product passages 370 of the
manifold 320. From there, oxygen gas flows through the
incoming product port, into and out of the product delivery
channe] 580, through ouigoing product port 760, through the

‘outgoing product passage 400, and into tho product tank

330. From the produc! tank 330, oxygen gas is supplied to
the user 108 through the product delivery line 450 and the
supply line 121. . : ’

In the first equalization-down step 778, the product end
350 of the bed 300, which is at a high pressure, is equalized
with the product end of another bed, which is a1 a low

. pressure, to bring the product end 350 of the bed 300 t0 a

lower, intermediate pressure. The product ends 350 com-
municale through the product lines 380, the incoming prod-
uct passages 370, the incoming product ports 750, the
equalization channels 550, and the equalization groove 660.
As indicated above, equalization routing vie the grooves 660
on the sccond valve surface 630, in & plane out of and
parallel 1o s plane defined by the engagement surface 520,
helps (o maintain the relatively small size of the rotary valve
shoe 800, in order to keep the torque required to turn the
valve shoe 500 &s low as possible, whilc al the same time
enabling more complex fluid routing through ths valve shos
500. In this step 778 and the equatization steps 780, 788, 790
10 be discussed below, the adsorption beds 300 may be
equalized at cither the foed end 360, the product end 350, or

In the second equalization-down step 780, the product end
350 of the bed 300, which is at an intermediate prossure, is
equalized with the praduct end of another bed, which is at
a lower pressure, to bring the product end 350 of the bed 300
further down (o en oven lower pressure than in step 778.
Similiar to the first equalization-down step 778, the product
ends 350 communicate through the product kines 380, the
incoming product passages 370; the incoming product ports
759, the equalization channels 550, and the cqualization
groove 660.

In the co-cumrent blowdown (“CCB™) step 782, oxygen
enriched ges produced from tho product end 350 of the
adsorption bed 300 is used to purge a second adsorption bed

s
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300. Gus flows from the product side of the adsorption bed
300, through product lins 380, incoming product passage
370, end incoming product port 750. The gas further flows
through purge channe] 590, purge passage 640, through the
purge groove 650, out the purge passage 640 on the opposite
side of the valve shoc 500, through the purge channel 590,
through the incoming product port 750, through the incom-
ing product pasasge 370, through the product line 380, and

into the product end 350 of adsorption bed 300 1o serve as:

a purge stream. o an alternative embodiment, in this step
782 and the following step 784, co-current blowdown may
be replaced with counter-current blowdown.

In the low-pressure venting (“LPV™) step 784, the adsorp-
tion bed 300 is vented to low pressure through the feed end
360 of the adsorption bed 300. Thes vacuum in the exhaust
groove 570 of the rotary valve shos 500 communicates with
ths oxhaus! passage S60 and the feed end 360 of the

" adsorption bed 300 (via the outgoing feed port 740 and
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outgoing feed passage 390) to draw the regeperation exhaust
gas out of the adsorption bed 300. The low pressure venting
sicp 784 oceurs without introduction of oxygen coriched ges
because the exhaust passage 560 is in communication with
the outgaing feed port 740 and the purge channe] 590 is not
in comammication with the incoming product pont'750.

In the counter-curtent purge and Jow-pressure venting
(“LPV") step 786, oxygen enriched gas is introduced into
the product end 350 of the adsorption bed 360 in the manner
deseribed above in step 782 concurrently with the feed cnd
360 of the adsorption bed 300 being vented 10 low pressure
as was described in the above sicp 784, Counter-current
purge is introduced into the product end 350 of the adsorbent
bed 300 through fluid commuoication with the product end
350 of a second adsorption bed 300. Oxygen enriched gas
flows from ths product end 350 of the second adsorption bed
300 through the product line 380, incoming product passage
370, incoming product port 750, through purge chasue! 590,

purge passage 640, through the purge groove 650, ont the .

purge passage 640 on the opposite side of the valve shoe

_ 500, tbrough the purge channc! 599, through the incoming

product port 750, through the incoming product passage
370, through the product line 380, and into the praduct end
350 of adsorption bed 3(H. Because the exhaust passage S60
is also in communication with the cutgoing feed port 740
during this step 786, oxygen cariched gas flows from the
product ead 350" to the feed end 360, regenerating the
adsorption bed 300. The vacuum io 1he exhaust groove 570
of the rolary valve shos 500 communicates with the exhaust
passago 560 and the feed end 360 of the adsorption bed 300
(via the outgoing feed port 740 and outgoing feed passage
390) to draw the regencration exhaust gas ont of the adsorp-
tion bed 300. From the exhaust passage 560, the exhaust gas
flows through the vacwum ports 730, into (be vacunm
chamber 430, and out the vacuum presure line 440, In an
aliemalive embodiment, the vacuum may be replaced with
a low-pressure vent that is near atmospheric pressure or
anotber pressure that is low relative (o the feed pressure. In
another embodiment, product gas from the product tank 330
is ogsed to purge the product end 350 of the adsorbent bed
300. : ’

In the first equalization-up step 788, the product end 350

.of the bed 300, which is at a very low pressure, is equalized

with the product end of another bed, which is at a high
pressure, to bring the adsorption bed 360 10 a higher,
intermediate pressure. The product ends 350 communicate
through the product lines 380, the incoming product pas-
sages 370, the incoming product ports 750, the equalization
channels 550, and the equalization groove 660,
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In the second equalization-up step 790, the product end
350 of the bed 300, which is at an intermediate pressure, is
equalized with the product end of another bed, which is at
a higher pressuse, to bring the product end 350 of the bed
300 further up to an even higher pressure thao in step 788,
Similiar to the first equalization-down step 778, the product
ends 350 commupicate through the product lincs 380, the
incoming product passages 370, the incoming product ports
750, the equalization channels 550, end the equalization
groove 660.

Tt should be noted, in a preferred embodiment, the com-
bined duration of feed steps 774, 776 may be substantially
the same as the combined duration of purge steps 782, 784,
786, which may be substantially threc times the duratioh of
cach equalization step 778, 780, 788, 790. In an alternative
embodiment, the relative duration of the feed steps 774, 776,
the purgs steps 782, 784, 786, and the each equalization step
778, 780, 788, 790 may vary.

After the second equalization-up step 790, a new cycle
begins in the adsorption bed 300 starting with the pre-
pressurization step 774.

_ The five-bed concentrator 134 and eycle described above
has & number of advantages over other-mimbered concen-

trators and cycles used in the past, somo of which are
described below. The multiple equalization steps 788, 790 al

the product ends 330 and the pre-pressurization step 774

coniribute to the pre-pressurization of the adsorption beds
300 priar to product delivery. As a result, the beds 300 reach
their ultimate - pressure (substantially equal 1o the feed
pressure) quickly and thereby allow for maximum utilization
of the adsorbent media. Additionally, pre-pressurizing the
adsorbeat beds 300 allows product to be delivered at sub-
slantially the same pressure s the feed, thereby relaining the
energy of compression in the stream, which makes the

" product stream more velvable for use in downstream pro-
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cesses. In an alternative embodiment, pre-pressurizing the |

beds 300 with product before exposing the feed cnd 360 of
the bed 300 to the feed stream ¢liminates any pressure drop
expericnced due to the fluid interaction or fluid communi-
cation between two or more adsorbent beds 300 on the feed
end 360. Additionally, compared lo sysiems with greater
pumbers of beds, tho use of a 5-bed system, reduces the
duration and number of beds thal are in fluid communication
with the feed chancls 540 at the same time, thereby reducing
the propensity for fluid flow between adsorption beds. Sincs
fluid flow between. adsorption beds is associated with a
reversal of the flow direction in the higher pressure bed
(resulting in decreased performance), reduction in this effect
is advantageous.

A further advantage of a 5-bed system over many systems
is that it includes a small number of adsorption beds 300,
allowing the concentrator to be relative small, compact, and
light-weight, while delivering sufficicnt flow and purity and
maintaining high oxygen recovery, Other PSA sysiems,
typically those with a small number of edsorption beds,
result in deadheading the compressor (resulting in high
power usc) during & portion of the cycle. Deadheading the
compressor climinates detrimental flow beiween the feed
side 360 of the two or more adsorption beds 300 (as
discussed above) but increases system power. The S-bed
sysicm climinates compressor deadheading and minimizes
performance-limiting feed side 360 Aow between adsorbent
beds 300,

Use of the multiple pressure equalization steps 778, 780,
788, 790 reduces the amount of encrgy of compression
required to operate the concentrator 114, Equalizing the beds
300 conserves high-pressure gas by moving if to another bed
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300 rather than venting it to the atmosphere or to a vacuum
pump. Becauss there is a cost associated wilh pressurizing
8 gas, copserving the gas provides a savings and improves
recovery. Also, because a bed 300 may contain gas enriched
with product, ususlly at the product end 350 of the bed 300,
allowing this gas to move into another bed 300, rather than
venting i, conserves product and improves recovery. The
number of equalizations are proferably between one and
four, It should be noled, vach equalization represcots Iwo
cqualization steps, an cqualization-down step and an
equalization-up step, Thus, two equslizations means wo
down equalizations and two up equalizations, or four total
cqualizations. Tho same is true for other-number cqualiza-
tions, In a preferred embodiment, one to four equalizations
(twa 1o cight equalization steps) are used in each cycle. In
a more preferred embodiment, one fo three cqualizations
(two Lo six equalization ‘steps) are used in each cycle. In &
most preforred embodiment, two equalizations (four equal-
ization steps) are used in each cycls,

In altemative embodiments, the concentrator 114 mey
have other numbers of adsorption beds 300 based on the
concentration of the feed strcam, the specific gases to be-
scparated, the -pressure swing adsorption cycle, and the
operating conditions. For example, but not by way of
limitation, there alsa are advantages to four-bed concentra~
tors and six-bed concentrators. When operating a cycle
similar to that described above with a four-bed concentrator,
the problem of fluid communication between the feed
chanels 540 and more thao one adsorption bed (at one
instant) is completely climinated, When the feed-end fluid
communication is eliminated, the feed steps 774, 776 occur
in a more desirable fashion resulting in improved recovery
of the desired product. The advantages of a six-bed system,
compared o a five-bed system, are realized when the
pressure-swing cycle described above is modified so thet
there are three equalization up stages and three equalization
down slages instcad of two cqualization up stages and two
equalization down stages, A third cqualization is advaota-
geous when the feed gas is available at high pressure. The
third equalization conserves compressor energy because it
allows the equalized beds to obtain substantially 75% of the
feed pressure compared to subslantially 67% of the feed
pressure when two equalization stages are used. In any PSA
cycle, whenever an equalization up occurs, there is a cor-
responding equalization down. The requirement of matching
equalization stages inparts some restrictions on the relative
timing of the cycle steps. If, for example, the duration of the
feed step is substantially the same as the duration of each
equalization step, then a six-bed cycle would provide the
required matching of cqualization stages.

A number of additional inventive aspects relaied 10 the
concentrator 114 that increase recovery of a desired com-
ponent and system productivity will now be described. With
reference to FIGS. 3A, 3B, 7A, and 7B, an embodiment of
a media retention cap 800 that reduces dead volume in the
adsorption beds 300 will now be described. Fach media
retention cap 800 is located at the product end 350 of the
adsorption bed 300 and supports the adsorbent material
above the media retention cap 800. A spring 810 located
within and below the media retention cap 800 urges the
media retention cap 800 upwards to hold the packed bed of
adsorbeat material firmly in place. The media reiention cap
800 has a cylindrical base 820 with first and sccond ammular
flanges 830, 840. The sccond annular fange 840 terminates
atits lop in a circular rim 850. A top surface 860 of the media
relention cep 808 includes a plurality of ribs 870 radiating in

* a generally sunburst pattem from a ceotral port 880, Adja~

Exhibit 3, Page 077




US 6,691,702 B2

17
cent the central port 880, gaps 890 creale diffusion zones for
purge fuid coming out of the contral port 880. The gaps 890
and the radiating ribs 870 cause the purge fluid to be
distributed outward from the central port 880, causing a
moro uniform, improved regencration of the adsorbent mate-
rial during a purging step, The radiating ribs 870 also help
1o channel product gas towards the central port 880 during
a’product delivery step. In an alternative embodiment, the
media retention cap 800 may bave a generally oon-
cylindrical surface to retain media in a geaecrally non-
cylindrical adsorbtion bed 300. In a further alicroative
embodiment, the ceatral port 880 may be located away from
the geometric center of the cither cylindrical or aon-
cylindrical media retention cap 800.
With reference to FIG. 7B, on the underside of the media
. retention cap 800, the cydrical base 820 forms an interior
chamber in which the spring 810 is disposed. A central port
nipple 900 cxtends from a bottom surface 910 of the media
retention cap 800. An end of the product line 380 connocts
to the central port nipple 900 for communicating the product
end 350 of the adsorption bed 300 with the incoming product
passage 370 of the manifold 320,
In the past, media retention caps may be held in place with
a spring that fits inside and above the cap so that tho spring
is in Lhe fluid flow path-between the boltom of the adsorbent
material and any exit port, &t the product end 350 of the bed
"300. Toe volume in which the spring is housed represents
' dead volume in the system. As used herein, “dead volume”
is system volume that is compressed and purged, but does
not contain adsorbent media. The process of filling this
volume with compressed fecd and then venting thal volume
represents wasted feed, The improved media retention cap
800 doos not add dead volume to the sysiem because the

spring 810 is housed outside of the Auid flow path. Elimi-

nation of any extra volume within the system resulis dirsctly
in more effective utilization of the feed, and, thus, higher
recovery of the desired product.

With reforence to FIGS. 8A and 8B, an embodiment of a
centering mechanism for maintaining the rotary valve shos
500 laterally fixed and centered with respect to the valve port
plate 10 will now be described. The centering mechanism
may include a centering pin 920 having a hollow cylindrical
shape and made of a rigid material, When tbe engagement
surface 520 of the rotary valve shoe 500 is engaged with the
engagement surface 700 of the valve port plate 510, the
centering pin 920 is partially disposed in the central feed
pasage 600 of the rotary valve shoc 500 and the central
incoming feed port 770 of the valve port plate 510. In uss,
the rolary valve shoe S00 rotates around the centering pin
920 and the hollow imterior of the centering pin 920 allows
high-pressure foed fluid 1o fow therethrough. The pin 920
maintains the rotating valve shos in 8 fixed position relative
1o the valve port plate 510. In the pas, the rotary valve shoe
was roughly centered with respect to the valve port plate by
the motor that drives the rotary valve shoe, If the rolary
valve shoc 500 and the valve port plate 510 are off center
with respecl 1o each other, the concentrator 114 will nol
cycls as intended, inhibiting the productivity, recovery, and
efficiency of the concentrator. The precision offered by the
centering pin 920 is important when the valve assembly 310
is controlling complex cycles or maintaining very small
pressure drops. ‘

With reference to FIGS. 9A and 9B, & rotary valve
assembly constructed in accordance with another embodi-
meat of the invention includes an allemative centering
mechanism to maintain the rolating valve shoe 500 in & fixed
position relative 1o the valve port plate 510. A circular
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centering ring 930 fits snugly over the smooth cylindrical
sidowall 530 of the rotary valve shoc 500 and the smooth
cylindrical sidewall 710 of the statiopary valvs port plate
510. The circular ring 930 centers the rotary valve shoe S00
relative to the valve port plate 510 by holding the rotary shoe
500 in a fixed position reletive to the port plate 510 while at
the same timo allowing the rotary valve shoc 500 1o rotate.

‘With reference to FIGS. 10A~10C, an embodiment of an
elastic link for coupling the motor 118 to the valve shoe-500
will gow be dcsc‘:%ed. A drive mechanism 940 includes a
drive shaft 950, a drive whbeel 960, and thres (two shown)
clastic chain links 970, The drive shat 950 may be con-
nected to the. motor 118 for rotating the drive wheel 960,
With reference to FIG. 10C, a lower side 980 of 1he drive
wheel 960 may ioclude downwardly protruding cylindrical
support posts 990. Similarly, with reference to FIG. 10B, en
upper side 1000 of the second valve shoe cover 690 may
include upwardly protruding cylindrical support posts 1010.
The elastic chain links 970 arc preferably made of semi-
rigid, clastic material (such as silicon rubber) and have a
generally wrench-shaped configuration. Each elastic chain
link 970 includes cylindrical receiving members 1020 with
central cylindrical bores 1030. The cylindrical receiving
members 1020 are joined by a narrow connecting member
1040. The drive whesl 960 is coupled to ths second valve
shoe cover 690 through the elastic chain links 970, One
receiving member 1020 of cach elastic chain link receives
the support post 990 of the drive wheel 960 and the other
receiving member 1020 receives the suppont post 1010 of
the sccond valve shoe cover 690. In the past, rigid connec-
lions.were made between the motor and the rotating valve
shoe. These rigid connections caused the rotating valve shoe
to be affected by vibration or other aon-rotational movement
ol the motor. The elastic chain links 970 absorb the vibralion
and non-rotationa] movement of the motor, preveating this
detrimental energy from being imparted to the rotating valve
shoe 500, '

FIG, 11 is a table of experimental data from a concentrator
similar to the concentrator 114 shown and described above
with respect to FIGS. 3-10. As shown by this table, the
recovery of oxygen from air with the coocentrator 114 is
45-71% a1 about 50% purily. The ratio of adiabatic power
(Walts) to oxygen flow (Litets Per Minute) is in the range of
6.2 W/LPM to 23.0 W/LPM. As defined in Marks’ Standard
Handbook for Mechanical Enginecrs, Ninth Edition, by

Eugene A. Avallone and Theodore Baumeister, the equation .

for adiabatic power, ianken from the equation from adiabatic
work, is as follows:

w k
Powers - =P Vl(-l-—k) (7'7

"’)‘-I'l -1]:

Power = Adinbatic Power (Wans)
W = Adiabatic Work (Joule)
1 = time (Second)
P, = Atomspheric Pressure (psin)
Py o Compresson/Vacuum pressure (psio)
k = Rotlo of Specific Heats = congtant = 1.4 {for air)
¥, = Val ric flow rate m pheric p (SLPM)

€ = Couvervion Factor, added by suthors for
clarity = 0.11467} Waus/psi/LPM

B. Brergy Source
With reference additionally o FIG. 12, in order to prop-
erly function as a lightweight, portable system 109, ths
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system 100 must be energized by a suitable rechargeable
energy source. The eacrgy source preferably includes a
rechargeable batiery 104 of the lithinm-jon type. It will be
readily appareat to those skilled in the art that’, the system
100 may be powered by a poriable energy source ather than
a lithium-ion battery. For exampls, a recharpeable or renew-

" able fuel cell may be used. Although the system is gmem&lg
described as being powered by a rechargeable batiery 104,
the syslem 100 may be powered by multiple batterics. Thus,
as used herein, ths word “battery” includes one or more

"batterics. Further, the rechargeable battery 104 may be
comprised of ans or more internal and/or external batterics.
The battery 104 or a battery module including the battery
104 is preferably removable from the system 100. The
sysiem 100 may use a standard internal battery, & Jow-cost
battery, an extended-operation intema battery, and nn exter-
nal secondary battery in a clip-on moduls.

The sysiem 100 may have a built-in adapter including
battery cbarging circuitry 130 and one or more plugs 132
configured 1o allow the systcm 100 (o bs powered Eom aDC
power source (s.g., car cigarette lighter adapter) and/or an

. AC power source (e.g., home or office 110 VAC wall socket)
while the battery 104 is simultancously being charged from
the DC or AC power source, The adapter or charger could
also be separate accessories, For example, the adapier may
be a separale cigaretie lighter adapter used to power the
sysiem 100 and/or charge the battery 104 in an antomobile,
Aseparate AC adapter may be used to convert the AC from
an outlel to DC for use by the system 100 and/or charging
the batiery 104. Another example of an adepter may be an
adapter usod with wheel chair batteries or other carts.

Altcmatively, or in addition, a battery-charging cradle 134
adapted 1o receive and support the system 100 may have an
adapler including balery charging circuitry 130 and a plug
132 that also allow the system 100 10 be powered while the
battery 104 is simultenconsly being charged from a DC
and/or AC power source, .

The system 100 and cradle 134 preferably include corre-
sponding mating sections 138, 140 that allow the systerm 100
1o be casily dropped into ard onio the cradle 134 for docking
the system 100 with the cradle 134. The mating sections

. 138,140 may include corresponding electrical contacls 142,
144 for cleclrically connecting the sysiem 100 (o the cradle
134,

The cradle 134 may be used to recharge and/or power the
system 100 in the home, office, automobile, ctc. The cradle
134 may be considered part of the system 100 or as a
scparate accessory for the system 100. The cradle 134 may

. include one or more additional charging recoptacles 146
coupled to the charging circuitry 130 for charging' spare
battery packs 104, With a charging receptacle 146 and one
or more additional battery packs 104, the user can always
have @ supply of additional fresh, charged batteries 104,

In allernative embodiments, the cradle 134 may come in
one or more different sizes to accommodate one or mo

. different types of systems 100, :

The cradle 134 and/or system 100 may also include a
humidifying mechanism 148 for adding moisture to ths air
flow in the system 100 through appropriate connections 149.
In an alternative embodiment of the invention, (he bumidi-
fying mechanism 148 may be scparate from the systsm 100
and the cradle 134. If separate from the system 100 and
cradle 134, the cradle 134 and/or system 100 may include
appropriate communication ports for communicating with
the separate bumidifying mechanism 148. The cradle 134
may also include a recepiacle adapled o receive a separate
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The cradle 134 and/or system 100 may also include a
telemotry mechanism ‘or modem 151 such as a telephons
modem, high-speed cable modem, RF wireless modem or
the like for communicating the contro] unit 110 of the system
100 with ons or mote remote computers. To this end, the
cradle 135 may include a Line 153 with a cable adapter or
telephone jack plug 185, or a RF antenna 157. In an
alternative embodiment of the invention, the telemetry
mechanism or modem 151 may be separate from the cradly
134 and to this end, the cradle 134 or sysiem 100 may

include one or more appropriate communication ports, e.g., -

a PC port, for direcily communicating the telemetry mecha-
nism or modem 151 with the cradle 134 or system 100. For
example, the cradle 134 may be adapied 10 communicate
with a computer (at the location of the cradle) that includes
the telometry mechanism or modem 151, The computer may
include appropriate software for communicating infarma-

tion described below using the telemetry mechanism or -

modem 151 with the one or more remote computers.

The tolemetry mechanism or modem 151 may be used to
communicate physiological information of the user such as,
but not by way of limitation, heart rate, oxygen satwration,
fespiratory rate, blood pressure, EKG, body temperature,
inspiratory/expiratory time ratio (I to B mtio) with one or
more remole computers. The. telemelry mechanism or
modem 151 may be used to communicate other types of

information such as, but not by way of limitation, oxygen

usage, maintenance schedules on the system 100, and bat-
tery usage with onc or more remoto compulérs.
A user ideally uscs the system 100 in its cradle 134 at

- home, at the office, in the automobile, ctc. A user may decide

to bave more than one cradle, ¢.8., one at home, ono at the

" offics, one in the automobils, or multiple cradles at home,

one in each room of choice. For example, i the user has
multiple cradles 134 at home, when the user goes from room
1o room, €.8., from the famf{ly room to the bedroom, the user
simply lifts the system 100 out of its cradle 134 in one room,
and walks to the other room under battery operation. Drop-
ping the system 100 in a different cradie 134 ia th dostination
room restores the electrical connection between the system
100 and the AC power source. Since the system’s balleries

"~ 104 are constantly charging or charged when located in the

45

§s

(4]

bumidifying mechanism 148 for usc with' the sysie 100 -

when the system 100'is docked at the cradle 134,

cradle 134, excursions outside the home, office, elc. are as
simple as going from room to room in the user's home.

Because the system 100'is small and light (2-15 pounds),
the system 100 may simply be lified from the cradle 134 and
readily carricd, c.g., with a shoulder strap, by an average
user to the destination. If the user is unable to carry the
systom 100, the systcm 100 may be readily transported 1o the
destination using a cart or other (ransporting apparatus. For
an exiended time away from home, office, etc., the user may
bring one or more cradles 134 for use at the destination.
Alternatively, in the embodiment of the system 100 includ-
ing the built-in adapter, power may be drawn from power
sources such as a car cigarclic lighter adapler and/or an AC
power outlet available at the destination. Fusther, spare
battery Packs 104 may be used for extended peciods away
from standard power sources. .

If the battery pack 104 includes multiple batteries, the
system 100 may includs a batiery sequencing mechanism to
conserve battery life as is well known in the cellphons and
laptop computer arts.

C. Output Semsor

With refereace to FIGS, 1, 2 and 13, one or more output
sensors 106 arc used to senss one or more conditions of the
user 108, environment, efc. to delermins the oxygen Bow
rale needs of the user and, bence, the oxygen flow rate output
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requirements for the systern 100, A control unit 110 is linked
to the one or more output sonsors 106 and the oxygen gas
generatar 102 1o control the oxygen generator 102 in
response to the condition(s) sensed by the ous or more
outpt sepsors 106. For example, but not by way of
limitation, the output sensor(s) 106 may include any or all of
the activity sensors shown and described in U.S. Pat. No.
5,928,189, which is incorporated by reference as though set
forth in full, These output sensors include a pressure sensor
180, a position sensor 182, an acceleration sensor 154, as
well as a physiological condition or metabolic scosor 156
" and an altiiude sensor 158,

The first three scnsors 150, 152, 154 (and, in certain
circmstances, the physiological condition sensor 156) are
activity sensors becauss these scmsors provide a signal
representing activity of the user 108. In (he delivery of
oxygen with a portable oxygen concentration system, it is

. importani to deliver an amount of oxygen gas proportional
10 the activity level of the user 108 without deliveriog too
much oxygen. Too much oxygen may be banmful for the user
108 and reduces the life of the battery 104. The control unit
110 regulates the oxygen gas generator 102 to control the
flow rate of oxygen gas to the user 108 based on the onsor
more sigrals representative of the activily level of the user
produced by the one or more seasors 106, For example,. if
the output sensor(s) 106 indicates that the user 108 has gone
from an inactive state to an active state, the control unit 110

-may cause the oxygen gas gencrator 102 to increase the flow
ratc of oxygen gas to the uscr 108 and/or may provide a burst
of oxygen gas (o (he user 108 from a high-pressure oxygen

reservoir 10 be described. If the output sensor(s) 106 indi-

cates that the user 108 has goos from ap active state to an
inactive state, the contro! unit 110 may cause the axygen gas
generator 102 to redvee the flow rate of oxygen gas 1o the
vser,

In a0 embodiment of the invention, the amount of oxygen
gas supplied is controlled by controlling the speed of the
compressor motor 118 via the variable-speed controller 119,

Alternalively, or in addition (0 the variable-speed
controller, the supply of oxygen gas may bs controlied by
the supply valve 160 located in the supply line 121 between
the oxygen gas (generator 102 and the user 108, For
example, the supply valve 160 may be movable between at
least a first position and 2 second position, the second
position allowing a greater fow of concentrated gaseous
oxygen through than the first position. The control uait 110
may cause the supply valve 160 1o move from the first
position to the second position when one or more of the
activity level sensors 152, 154,156 senses an active level of
activity of the user 108. For example, the control unit 110
may include a timer, and when an active level is sensed for
a time period exceeding a predetermined timed period, the
control unit 110 causes the valve 160 to move from the first
posilion to the sscond position.

Examples of pressure sensors 150 include, without
Limitation, a foot switch that indicates when a user is in a
slanding position compared to a sedentary position, and a
seal switch that indicates when a user is in a scated position
compared 10 a stending position.

A pendulum switch is an example of a position sensor
152, For example, a pendulum switch may include a thigh
switch positioned pendulously to indicale onc mode when

. the user is standing, i.c., the swilch hangs vertically, and
apother mode when the user seated, i.c., the thigh switch
raised to a more horizontal position. A mercury swilch may
be used as a position sensor.

An acceleration sensor 158 such &s an accelerometer is
another example of an activily sensar (hat provides a signal
representing activity of the user.
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The physiclogical condition or metabolic sensor 156 may

also function as an activity scnsor. The physiological con~'

dition scosor 156 may be used to monitor ous or more
physiological conditions of the user for coatrolling Ihe
oxygen gas generator 102 or for other purposes. Examples
of physiological conditions that may be monitored with the
sensor 156 include, but withont limitation, blood oxygen
level, heart rate, respiration rate, blood pressure, EKG, body
temperature, and I to B ratio, An oximeter is an example of
a sensor that is preferably used in the system 100. The
oximster measures the blood oxygen level of the uscr, upon
which oxygen production may be at least partially based.
An altitnde sensor 158 is an example of an environmental
or ambient condition sensorthat may sense an covironmen-
tal or ambient condition upon which control of the supply of
oxygen gas to the user may be at least partially based. The

altitude sensor 158 may be used alone or in conjunction with

any or all of the above sensors, the control unit 110 and the
oxygen gas generator 102 to control the supply of oxygen

gas 1o the user in accordance with the-scosed altitude or -

clevation. For example, at higher sensed elevations, where

" air is less concentrated, the control unit may increasc the
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flow rate of oxygen gas to the user 108 and at Jower sensed
clsvations, where air is more concentrated, the cootro) unjt
may decreasc the flow rate of oxygen gas 1o the user 108 or
maintain it at a control level.

It will be readily apparent to those skilled in the art that
one or more additional or different sensors may be used to
scosc & condition upon which control of the supply of
oxygon gas 10 the user may bs at least partially based.
Further, any or all of the embodiments described above for
regulating the amount of oxygen gas supplicd to the user
108, i.e., variable-speed controller 119, supply valve 160, (or
altornative embodiments) may be used with the one or more

sensors and the contro] unit 110 to contro! of the supply of

oxygen ges to the user 108,
D. Control Uit

With reference to FIG. 14, the control unit 110 may take
any well-known form in the art and includes a central
microprocessor or CPU 160 in communication with the
components of the sysiem described herein via one or more
interfaces, controllers, or other electrical circuit elements for
controlling and managing the system. The system 100 may
inchude a user interface (FIG. 14) as part of the control unit
110 or coupled to the control unit 110 for allowing the user,
provider, doctor, etc, to enter information, e.g., prescription
oxygen level, flow rate, ectivity level, etc., to control the
system 100.

The main elomeats of an embodiment of the system 100

have been described abave. The following sections describe .

a number of additional features, one or more of which may

.be incorporated into the embodiments of the invention

described above s onc or more scparatc cmbodiments of the
invention. )
1. Conserving Device

With reference to FIG. 15, a conserving device or domand
device 190 may be incorporated into the system 100 to moro
efficiently utilize the oxygen produced by the oxygen gas
geaerator 102. During normal respiration, a user 108 inhales
for about ons-third of the time of the inhale/exbale cycle and
exbales the other two-thirds of the time. Any oxygen flow
provided to the user 108 during exhalation is of no use to the
user 108 and, consequently, the additional battery power
used lo cifectively provide this extra oxygen flow is wasted,
A conserving device 190 may include a sensor Lhal scnses
the inhale/exhale cycle by sensing pressure changes in the
cannula 111 or another part of the system 100, and supply
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oxygen only during the inhale portion or a fraction of the
inhale portion of the breathing cycle. For example, because
the last bit of air inhaled is of oo particular usc because it is
trapped belween the nose and the top of the lungs, the
conserving device 190 may be configured to stop oxygen
flow prior to the end of inhalation, improving the efficiency
of the system 108, Improved efficiency translates into a
reduction in the 20 size, weight, cost and power require-
_meats of the system 100,

The conserving device 190 may bs & stand-alone device

in the output line of the system 100, similar to a regulator for

- scuba diving, or may be coupled to the control unit 110 for
controlling the oxygen generator 102 to supply oxygen only
during inhalation by .the uscr 108, .

The conserving device 190 may include one or more of
the sensors described above. For example, the conserving
device may include a sensor for moniloring the respiration
rate of the user, .

The system 100 may also include a specisl cannula
retraction device for retracting the cannula ill when not in
use. Purther, the cannula 111 may come in different lengths
and sizes.

111 High-Pressure Reservoir

With reference to FIG. 16, a high-pressure reservoir 164
may be located in a secondary line 166 for delivering an
additional supply of oxygen gas to the user 108 when the
oxygen ges gencrator 102 can not mee! the oxygen gas
demands of the user 108, Any of the components described
below in the secondary line 166 may be coupled to the
control unit 110 or a high-pressure reservoir controlier 167
(FIG. 14) for control thereby. Exemplary situations where
this additional oxygen gas nced may occur are when a user
suddenly goes from an inactive state 10 an active slate, 6.¢.,

" whea getting ont of a cheir, when ths system 100 is turned

US 6,691,702 B2

15

20

25

on, or when the system 100 poes from a coriserving niodé or 35

sleep mode to an adtive mods. As used herein, sccondary
line 166 refers to the tbing, conneclors, gic. used to connect
the components in the line. A valve 168 may be controlied
by the control unit 110 to allow gescous oxygen to flow into
the secondary line 166, The valve 168 mey be configured to
allow simultaneous flow 10 both the supply line 121 and the
secondary line 166, low 10 only the supply line 121, or flow
10 only the secondary line 166.

A pump or compressor 168, which is preferably powered
by the motor 118, delivers the oxygen gas at a relatively high
pressure, c.g., at least approximately 100 psi, to the high-
pressure reservoir 164. '

An oxygen-producing clectrochemical cell 171 may be

used in conjunction with or instead of the elements
described in the secondary line 166 to supply additional
oxygen gas to the user 108. U.S. Pal. No. 6,010,317 1o
Maget, et al, which is incorporated by reference 2s though
set forth in full, deseribes an electrochemical cell that may

. be used for this purpose. For example the electrochemical
cell 171 may be used to deliver oXygen gas at a relatively
high pressure to the highpressure reservoir 164,

A pressure sensor 172 is in communication with the
high-pressure reservoir 164 and the control unit 110 so that
when the pressure in the bigh-pressurs reservoir 164 reaches
8 certain limit, the control unit 110 causes the valve 168 1o
direct oxygen to-the secondary line 166.

A regulator 174 may be used to control fiow and reduce
pressure of the oxygen gas 16 the user 108.

Avalve 176 may also be controlled by the control unit 110
to allow gaseous oxygen from the high-pressure reservoir
164 10 flow into the supply line 121 when the user 108
requires an amoun of oxygen gas that cannot be met by the
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oxygen gas generator 102, The valve 176 may be configured
to allow simultancous flow from the oxygen gas generator
102 and the high-pressure reservoir 164, from only the
oxygen gas generator 102, or from only the high-pressure
reservoir 164, .

The one or more sensors 106 are interrelated with the
control umit 110 and the oxygen gas gegerator 102 so as 1o
supply an amount of oxygen pas equivalent to the oxygen
gas needs of the user 108 based at least in part upon one or
more conditions sensed by the one or more sensors 106.
When the oxygen gas generator 102 cannot meet the oxygen
gas demands of the user 108, the contro! vajt 110, based at
least in part upon seusing onc or more conditions indicative
of the oxygen needs of the user, may cause the high-pressure
reservoir 164 (via the valve 176) to supply the rdditional
oxygen gas nceded.

In the scenario where the oxygen gas generator 102 is
capable of supplying the full oxygen gas needs of the user
108, but is simply turned off or is in a conserving or sleep
mode, the period of time that the high-pressure reservoir 164
supplics the oxygen gas, i.c., the period of time that the valve
176 connects the high-pressure rescrvoir 164 with the supply
line 121, is at least as long as the time required for the
oxygen gas generator 102 to go from an off or inactive
condition to an on or ective condition. In another scenario,
the control unit 110 may canse oxygen gas to be supplied to
the user from the high-pressure reservoir 164 when the
demand for gaseous oxygen by the user exceeds the maxi.
mum oxygen gas output of the oxygen gas generator 102,
Although the high-pressure reservoir 164 is shown and
described as being filled by the oxygen gas gencrator 102, in
an allernative embodiment, the bigh-pressure reservoir 164
may be filled by a source cutside or extemnal (o the system.,
IV, Global Positioning System

With reference back to FIG. 12, o an alternative embodi-
meot of the invention, the systeat 100 may include 2 glabal
positioning system (GPS) recciver 260 for determining the
location of the system 100, The location of the receiver 200
and, hence, the user 108 can be transemitted to a remole
computer via the tclemeltry mechanism or modem 151. This
may be desirable for Jocating the user 108 in the event the
user has 8 health problem, e.g., hear! attack, hits a panic
button on the sysiem, an alarm is actuated on the system, or
for soms other reason. )

V. Additional Options and Accessories

In addition to the cradle 134, the portable oxygen coan-
centration system 100 may include additional options and
accossotics. A number of different types of bags and carrying
cases such as, but not by way of limitation, a shoulder bag,
a backpack, a fanny pack, a front pack, and a split pack in
different colors and patterns may be used to transport the
system 100 or other system accessories, A bover may be
used 1o shield the system from inclement weather or other
eavironmental damage. The system 100 may also be trans-
ported with a rolling trolley/cart, a suil case, or a travel cass.
The tmavel case may be designed lo carry the system 100 and
include emough room to carry the cannulae 111, extra
batteries, an adapier, etc. Examples of hooks, straps, holders
for holding the system 100 include, but not by way of
limitation, hooks for seatbelts in cars, hooks/straps for
walkers, hooks/straps, for wheel chairs, hooks/straps for
hospital beds, hooks for other medical devices such as
ventilators, hooks/straps for a golf bag or golf cart, hooks/
straps for a bicycle, and a hanging book. The system 100
toay &lso inctude one or more alarm options. An alarm of the
system 100 may be actuated if, for example, a sensed
physiological condition of the user 108 falls outside s
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pre-defined range. Furthes, the alarm may include a panic

alarm that may be manually actuated by the user 108, The

alarm may actuate a buzzer or otber sounding device on the
system 100 and/or cause a communication to be senl via the

telemetry mechanism or modem 151 to another entity, e.g.,

a doclor, a 911 dispatcher, a caregiver, a family member, eic.

Although this invention has been described in terms of
certain preferred embodiments, other embodiments apparent
to those of ordinary skill in the art are also within the scope
of this invention. Accordingly, the scope of this invention is

" intended to be defioed only by the claims that follow.

We claim: i

1. A portable oxygen concenirator system adapted 1o be
readily transporied by a user, comprising:

a rechargeable energy sourcs;

. aconcentrator powered by said energy source and adapted
1o convert ambient air into concentrated oxygen gas for
suid user, the concentrator including a plurality of
:adsorption beds and a rotary valve assembly, the rotary
valvé assembly. relatively rotatable with respect to the

- pluralily of adsorption beds 10 provide valving action
for selectively transferring fiuids through the plurality
of adsorption beds for converting ambicat air into

"concentraled oxygen gas for said user,
wherein the ratio of adiabalic power 10 oxygen How for

20
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the concentrator is in the range of 6.2 W/LPM to 23.0

W/LPM.

2."The portable oxygen concentrator system of claim 1,

wherein the concentrator includes exactly five adsorption
beds. -

3. The portable oxygen concentrator system of claim 1,
wherein the rotary valve asscmbly includes 2 valve port
plale and a rotary valve shoc having respeclive engaged
surfaces and relatively rolatable about & common center of
rotation 1o provide valving action for sclectively transferring
fiuids therethrough, and a centering mechanism otber than a
molor lo center the rolary valve shoe relative 10 the valve
por plate. . :

4. The portable axygen' conceatrator system of claim 3,
wherein the valve port plate and the rotary valve shoe
include respective central holes, and the centering mecha-
nism includes a centering pin disposed in the central holes
of the valve port plate and rolary valve shoe o center the
rolary valve shoe relative to the valve port plate.

5. The portable oxygen concentraior system of claim 3,
wherein the valve port plate and rotary valve shoe include
cylindrical sidewalls, and the centering mechanism includes
a centering ring disposed around the sidewalls of the valve
port plate and the rotary valve shoe to center the rotary valve
shoe relative to the valve port pldic. )

. 6. The portable oxygen concentrator system of claim 1,
wherein the adsorption beds camry adsorbent material, end
include a first end, 8 second end, an adsorbent media
disposed in the adsarption beds between the first end and the
second end, a media rétention cap disposed betwesn the
adsorbent media and the second end, a spring to urge the
media relention cap against the adsorbent material to hold
the adsorben! media in place, and the spring not located in
a flow path of the adsorption beds.

-7. The portabls oxygen concentrator sysiem of claim 6,

.wherein the media retention cap includes a surfacs that
contacts the adsorbent media, the surface including a central
hole and a plurality of ribs radiating from the ceniral hole.

8. The portable oxygen concentrator sysiem of claim 6,
wherein the media retention cap includes a bottom base with
an interior, and the spring is disposed in the interior of the
boliom base. )
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9. The portable oxygen concentralor system of claim 1,
wherein the rotary valve asscmbly includes a valve port
plate and a rotary valve shoe heving respective engaged
surfaces and rslatively rotatable about a common centsr of
rolaticn to provide valving action for selectively transferring
fluids therethrough, and the portable oxygen concentrator
system further includes a motor to rotate the rotary valve
shoe, and one or more lastic links to coupls the motor 1o the
rotary valve shos, . :

10. The portable oxygen concentrator system of claim 9,

wherein the motor includes a drive shafl and & drive wheel -

with ons or mare protruding support members, the rotary
valve shoe includes one or more protruding support
members, and the clastic link connects the one or more
protruding support members of the drive wheel with the one
or more protruding support members of the rotary valve
shos.

11, The portable oxygen concentrator system of ¢laim 1,
wherein the concentrator includes plastic adsorption beds
and a metal cover surrounding the plastic adsorption beds.

12. The portable oxygen concentrator sysicm of claim 11,
wherein the adsorption beds are, elongated, molded, plastic
vessels. ’ .

13. The portable oxygen concentrator system of claim 12,

wherein the metal cover is made of aluminum and surrounds

the adsorption beds to form a product tank,

14. The portabls oxygen concentralor system of claim 1.4

wherein the rotary valve assembly includes a valve port
platc and a rotary valve shoc having respective engaged
surfaces and rclatively rotatable about a common center of
rolation to provide valving action 10 put the adsorption beds
in a pressure swing adsorption cyclo, and the pressure swing
adsorption cyle includes a aumber of equalization steps in
each adsorption bed ranging from two o eight,

15. The portable oxygen concentrator system of claim 14, °

wherein the presswre swing adsorption cyle includes a
pumber of equalization steps in cach adsorption bed ranging
from two to six.

16. The portable oxygen concentrator system of claim 14,
wherein the pressure swing adsorption’cyle includes four
equalization steps in each adsorption bed,

17. The portable oxygen concentrator system of claim 14,
wherein the equalization steps include a first equalization
down slep, a sccond equalization down sicp, a first equal-

‘izition up step, and a second equalization up step.

18, The portable oxygen concenirator system of claim 14,
wherein adsorption beds include a feed end and a product
end, and cqualization occurs betweea product ends of
adsorption beds,

19, The portable oxygen concentratar system of claim 1,

. further including a variable-speed compressor 10 supply

60

ambient air to the concentrator.

20. The portable oxygen concentrator system of claim 1,
wherein recovery of oxygen from air from the concentrator
is 45-71% a1 about 90% purity.

21. The portabls oxygen concentrator systern of claim 1,

wherein the rotary valve assembly includes a valve port

plats and a rotary valve shoe having respective engaged

surfaces and relatively rotatable about a common center of

rotation to provide valving action for selectively transferring
fluids therethrough, said valve port plate having at least two
ports interconnected with at least two adsorption beds, and
said rotary valve shoe having a second valve surface oppo-
sile said engaged surface with at Jeast one equalization
passage lo regisier with said al least two ports of the port
plato 10 equalize pressure in said at least twa adsorption
beds.
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22. The portable oxygen concentrator system of claim 1,
wherein'a pressure drop through the rotary valve mcmh]y
is no more than 1 PSI when the concentrator is producing 3
LPM of oxygen gas.

23. The portable oxygen concentrator system of claim 1,
wherein the rotery valve assembly includes a valve port
plate and a rotery valve shoc having respective engaged
surfaces and relatively rotatable aboul a commoan ceater of
rotation to provide valving action for seleclively transferring
fluids therethrough, the rotation speed of the rotary valve
shoe with respect to the valve port plate is varied in order 1o
provide desired cycle timing for a given pmductwn of
produci.

24, The poriable oxygen concentrator system of claim 23,
further including a varisble-speed compressor to supply
compressed ambicat air 1o the conceatrator, and the rotation
speed of the rolary valve shoe with respect to the valve port
plate is varied in combination with variation in the speed of
the variable-specd compressor -in order to provide desired
cycle timing and desired supply rate of ambient air to the
concentrator for a given production of product.

25. The portable oxygen concentrator system of claim 1,
wherein the rotary valve assembly includes a valve port
plato and 2 rotary valve shoe having respective engaged
surfaces and relatively rotatable aboul a common center of
rotation to provids valving action for selectively transferring
fluids therethrough, and the rotary valve shoe includes a
vacuum sealing mcchanism that counteracts a pressure force
working o unseat the rotary valve shoe from the valve port
plate.

26. A portable oxygen concentrator syslcm adapted to be
readily transported by a user, comprising;

an internal rechargeable encrgy source;

an air scparation device powered by said energy source

.and adapted to couvert ambieat air into concentrated
oxygen ges for said wser, the air separation device
including a plurality of adsorber columas and a rotating
valve, the rotating valve relatively rotatable with

10
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- respect 1o the plurality of adsorber columns to provide ©

valving action for selectively transferring fluids
through the plurality of adsorber columns for convent-
ing ambient air into concentrated oxygen gas for said
user,

wherein the portable oxygen concentrator system weighs
2~15 pounds and the adsorber columaos each including

28
a layered adsorbent bed having two or more dislincl
adsorbent material layers.

27. The portable oxygen concentrator system of claim 26
wherein the adsorber columas each include a feed end and
a product end, and the two or more distinct adsorbent
matorial layers include at least a water adsorption layer and
a nitrogen adsorption layer, thc water adsorption layer
located closer to the feed end than the nitrogen adsorption
layer

28, Tho portable oxygen concentrator system of claim 27,
wherein the water adsorption layer is an activated alomina.

29, The portable oxygen concentrator system of claim 27,
whereio the water adsorption layer is a silica gel.

30, The portab!e oxygen concentrator system of claim 27,
wherein the nitrogen adsorption layer is a lithium exchanged
X-type zeolite.

31. A portable oxygen concentrator system adapied to be
readily transported by a user, comprising:
an internal rechargeable energy source;
an air scparation device powered by said energy sowce

and adapted to converl ambient sir inlo concentrated

oxygen ges for said user, the air scparation device
including a plurality of adsorber columns each includ-
ing a feed cod and & product end and at least ane valve
operable with respect 1o the plurality of adsorber col-
umns lo provide valving action for selectively trans-
ferring fluids through the plurality of sdsorber columns
for convening ambient air into concentrated oxygen gas
for said user,

wherein the portable oxygen concentralor syslem weighs

2-15 pounds and tic adsorber colamns each including

a layered adsorbent bed having two or more distinet

adsorbent material layers, the two or more distinct
- adsorbent roaterial layers including at least a water

adsorption layer and a nitrogen adsorption layer, the
waler adsorption layer located closer to the feed end
than the nitrogen adsorption layer.
32. The portable oxygen concentrator system of claim 31,
wherein the water adsorption layer is an activaled alumina.

33. The portable oxygen concentrator system of claim 31,
wherein the water adsorption layer is a silica gel.

34. The portable oxygen concentrator system of claim 31,
wherein the nitrogea adsorption layer is a lithinm exchanged
X-type zeolite.
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" Court Name: USDC California Southern
Bivision: 3

. Receipt Number: CAS010420

Cashier ID: mbain

" Transaction Date: 02/22/2010

" Payer Name: AMERICAN MESSENGER SERVICE

| CIVIL FILING FEE

. For: SEQUAL TECH V INOGEN

~ Case/Party: D-CAS-3-10-CV-000410-001

. Amount: $350.00

; CHECK

~ Check/Money Order Num: 4855
Amt Tendered: $350.00

+ Total Due: $350.00
Total Tendered: $350.00
| Change Amt: $0.00

~There will be a fee of $45.00
 charged for any returned check.




