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CONCENTRATI ON SYSTEM Background of the Invention 5 [0002f Ogteber28P&y of
this i nv&RPYW28¥E| ates, in general, to oxygen concentrat GGI/USEA349% n
particular, to portable oxygen concentration systens for anbul atory
respiratory patients that allow themto | ead normal and productive |ives.
[0002] There is a burgeoni ng needPESEREBHE®MNIND anmbul atory oxygen.

Suppl enent al oxygen { ' fer froml ung
di sorders; for exaﬁ@f@gﬁgﬁﬁgkﬁggﬁm?@smi s, or
occupational |ung disease. For such patients, oxygen therapy is an

I ncreasingly beneficial, life-giving devel opnent. While not a cure for |ung
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or gar? syst emsl=™ 1ﬁneﬁﬁpaﬁ/etl‘§)eﬁ inventionrelates, n general, 1o (FYRFYHAENraigys [ 0003]
Oxygen tggas : ok ' (eTeY ] ' ary
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U. S., anpatieats thitlalow therh nelead nofmad] ané piognctivedivegspi rat ory system such as

heart di seasmAl DS. Suppl enmental oxygen therapy is also prescribed for
asthma and e ﬂherq@@mg@ﬁ@gﬁ@ﬁmr%sm@%ﬁ nlgipry @KYEROPD pati ent s

_requires D f ' l . twenty four
nours. pesutiehalERtdten KHeURl for el traB o RAD B R TBE b Y, o o

hi ghl 0c onpiftfohadyi fiblog ¥@eeidbsls, o e gatondd fupdigas. Hopwadh miiehidcotyebal air

i nspired by the patient fromthe normal 21%to about 40% Whi | e "t he

aver age BiRiAgEis 41 ingrepdngly bevaficial; lifetgidng developrpst. Whilamet a cure fendungge

- oxygen cencentrat.or has a capacity.of, four t.o si iters of oxygen per
T nute. SRrEteyPBhenaf i Bot eRGseahited rdn Gk werRists Bl &

pat i ent ST eheiapipreiney 1@@@-&%&c§%\f§ﬁ§%&r&ﬁbﬁﬁ§ﬁ orférBan SkeriCNgg 2l |y abl e
to | eave the hone (as anbul atory patients) and do nol require a portable

oxygen spapeular, fiedesdt, bitipred kideeysirrent |y three nodalities for suppl enent al
medi cal oxygep. [ ressure gas.cylinder cryogenic liquid in vacuum
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oxygen c t : : L ent s - |4 .. 0= . onl q\ iple
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oxygen concentrators are preferred because they do not require dewar
refilli ndunplenasiss supgen therapy is also prescribed for asthma and emphysema.

[0004] The normal prescription for COPD patients requires supplemental
20  oxygen flow via nasal cannula or mask twenty four hours per day. The average patient
prescription is two liters per minute of high concentration oxygen to increase the oxygen
level of the total air inspired by the patient from the normal 21% to about 40%. While the
-average oxygen flow requirement is two liters per minute, the average oxygen concentrator
has a capacity of four to six liters of oxygen per minute. This extra capacity is
25  occasionally necessary for certain patients who have developed more severe problems, are
not generally able to ieave the home (as ambulatory patients) and do not require a portable
oxygen supply.
[0005] There are currently three modalities for supplemental medical oxygen:
~ high pressure gas cylinders, cryogenic liquid in vacuum insulated containers or thermos
30  bottles commonly called “dewars,” and oxygen concentrators. Some patients require
“in-home oxygen only while others require in-home as well as ambulatory oxygen
depending on their prescription. All three modalities are used for in-home use, although

E oxygen concentrators are preferred because they do not require dewar refilling or exchange
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ones. Home oxygen concentrators, however, do have their 2drQapheeRE06 They
consume M BYeNRI7y | arge amounts of electricity (350-400 REAVUSIB/I345e
relatively large (about the size of a night stand), are relatively heavy
(wei ght about 50 Ibs.), emt quite a bit of heat, and are relatively

noi sy. ®ffcoptsiyliddess vathafull dueghHpmevsygen cgneentratars, bowavat, dnbdve théiqui d

dewar s e truly ortabl e ou to be use or.a a needs (outside
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the two benstd furdst inti@eheid @italabry us@ 6rREAbE yorabiakd dthenlogygat i ents are:
(a) to carry with themsmall cylinders typically in a wheeled stroller;
and (b) cosceiatoy whigh weirld peoydeindame w9pi cal Iy on a shoul der sling. Both

but Trom o OADER AvBurmts ohoRs e s BRE s ind RR R e Bt | ve

111 800f 13veBtdveR bumbQOHAE ardd EnviRid9 and HRYDREHLH atl&ﬁ-ﬁﬁ%%é’dlﬁn%_ygen option
Is that the small 20 cylinders of "gaseous oxygen can only provide gas for a

‘'short dunmpréved poralde Hevicelfoamwbpking iogygdndo thee ysat.i ent ' s hi gh- pressure gaseous

oxygen cylinder re not allowed jn ,sonme |ocations such _as airplanes
because of 5359% cgﬂ’ép‘ﬂié’?ea‘f" oRged ta bays eygen andhomsalk 2WRY 981 g aseous oxygen

option i ) ] | | L€

Gepl ot e PAERERL o SR SRLe e UMERL ARGl SRR BT RBTE Lo and
refill echobyblSyittt Wwidckecaabebgreadilydiginspdrted), Ipetv@nbzigdedcaibed dptions Thi s
‘requires regular visits to a patient's hone by a provider and a
subdbantgenerally geailapierie priientnee! (Dyie pargewih them smalbedindgwsitypipdbdinge so nany

are left_st,th atienk'\s. home a refjilling fagilit t hou it is
Fechn caY R0 TolE: BTt Fo MR R Rulsimertidpeaiiy ob hihoicrdftE Biteusi ng
a Comrtﬁés@gas&iﬁk’smeﬁ%ﬂﬁ jﬁﬂhfd&ix?%eﬂ Mon?ﬁéxfeaﬁbﬁmﬁiﬁl’ aeivbhel bt ok, this
task would typically require an 30 on-site oxygen conpressor to boost the

out put pnedieal vievg bothrhave thecability 40 tncrease the praglucties/life of apatierder to fill the
cylinders. S gi'as vant ages of . c n on-site oxygen conpressors are
that they ar JOBQ8L 3 2 oo st useni o oAk o Sal | Y,

att ogPt IY8ndds of gasecous oxygen can only provide gas for a short duration. Another drawback

is that a patient’s high-pressure gaseous oxygen cylinders are not allowed in some
locations such as airplanes because of safety considerations. A further drawback of the
gaseous oxygen option is the refill requirement for oxygen once the oxygen has been
depleted from the cylinder. These small gas cylinders must be picked up and refilled by
25  the home care provider at a specialized facility. This requires regular visits to a patient’s
home by a provider and a substantial investment in small cylinders by the provider
because so many are left at the patient’s home and refilling facility. Although it is
technically possible to refill these cylinders in the patient’s home using a commercial
oxygen concentrator that extracts oxygen from the air, this task would typically require an
30 on-site oxygen compressor to boost the output pressure of the concentrator to a high level
* in order to fill the cylinders. Some disadvantages of common on-site oxygen compressors

are that they are expensive, loud and emit a lot of heat. Additionally, attempting to
) o




2 25 COctober 2006 WO 03/092817 PCT/ US03/13496 conpress _the oxygen in
pressurized canisters in the home is potentially dangero@é,OCt‘é%ebg@(?%l ly for
unt rai nedVQ&YW2EL7 [ 0010] Thi s approach of course present PCINIBAB4I8af et y
concerns for in-home wuse. For exanple, in order to put enough of this gas
in a portable container, it nust 5 typically be conpressed to high pressure
(2000 pstommesathe oxygey o praganized oanigenp & the(homs is polentiallyslangrarousaf an oxygen
concentrator.%rwtéf %(égomgéi wi.l | produce a | arge anount of heat. (Enough to
rai se t hePPPUALIETRantdBe WY ces C per stage based on three adiabatic
conpr essi on SHRARY kil ab bR ebiS0pdesd Sovbiaflatery eRlcARMoM bk Oxygen
whi ch becones noie reactive at higher pressures, Sets up a potenti al

conbust i vse. Far axainple, inlvede Go pargpoegisafithisigas rea patabendonsineonemudihus,
patient's hone i s dangerous

operagtion of a high-pressure gas system.in.the
and bt FPieH¥ b Eg‘lnpg%ﬁﬁ‘tt? éﬁz.h I{r@ﬁ@&rﬂ(ﬂfﬁb TEFIOE SYEeREPB P ssues are
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dr awbac k&?és%ipﬁ{at the coagrrlﬁ’rxg slf)%oge%irﬂaf)oﬁzt??&ro g)& oosq3r g@%&%géiggﬁﬂgr e cfost |y
because héuty(Hrmugh teraiyedhs Rinpesnee 163 demearC phrstapeddead dnathrebiagiabatid

pressure oxygen conpatibility. [0012] Turning now to the liquid oxygen
st orage @pRpEssion stagaqayith iglesiaeking.) i13iis heghrcombined yyith the ogygsagdicheser voi r - -

of "o st andalny® BRE HRLE R et bR pRBA B BultiBn B ner 10 P0E
out si(gle edifressor 1 G ipBticnt¥ BdeC Thus, Hpdratien bf 2 highgiréwtrelgao Hstdneid@ti ent ' s

base unit to a 20 portable dewar, which can be used by the anbul atory

pat i ent . p#tients howne s dangerongandinot gpyapsigalsplution, there is substantial waste,
as a certain t af oxygen is lLost during the., transfer to the portable
cont ai ners 'an@@ﬁim@%ﬁ?&&%’r‘?@ﬁfm{l?ﬁ%@ Y t“Bﬁtth‘? y%@a}éa&ﬁm?ﬁ Sentire
~cont ent s gkl BEFEenbbtdade” Aﬁbﬂl{?f BewbRKls Hiat ﬁl@%oﬁlﬁ%%sﬁﬁgf predreveeks
because of "~ losses Thn ansfer and nornmal evaporation. These units wll

t ypi cal | hodsters natded ereaostly beaiedh@breqhirspetial &ie aadmaterials neddeddoohighen i s
wi t hdr awn. 00%?%] Hone ref,ifil | ing systens that produce |iquid oxygen and
have hepreﬁsé(‘f)% gengompatitikity} | | ng portable |iquid oxygen dewars have been

proposed. Ho Lo t.gﬁﬁg ' . ' t ser: t o : -} ask of
refilling bot eszlan a &ntq’%fg(i@ lli]%ﬁng@nﬁgbsaéérﬁlo 1{:3%%{11&6 %Jas'ﬁea!ra_ﬁslg electric
billl,  whihghit réquitel a bedeTaseresipl-a. staidnd9 Qdstlvoli e unit &vithid e ptsips healel ons
with these portable high-pressure cylinders and liquid dewars. Typically,

suppl emeshoat thexsiggend aj standanddtertlebst-o whivh mast bawefilled akouf onge a week from an

outside source. Liquid oxygen can then be transferred from the patient’s base unit to a
20  portable dewar, which can be used by the ambulatory patient. Also, with the liquid
oxygen option, there is substantial waste, as a certain amount of oxygen is lost during the
transfer to the portable containers and from evaporation. It is estimated that 20% of the
entire 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
25  of 30 to 60 days even if no oxygen is withdrawn,

[0013] Home refilling systems that produce liquid oxygen and have the
capability of refilling portable liquid oxygen dewars have been proposed. However, these
devices require the user to perform the task of refilling bottles and add tens of dollars per
month to the user’s electric bill, which is not reimbursable.

30 [0014] There are other complications with these portable high-pressure cylinders
and liquid dewars. Typically, supplemental oxygen is supplied to the patient by a home

care provider, in exchange for which the provider receives a fixed monetary payment from
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care provider, in exchange for which the provider receives a fixed nonetary
paynent from 3 25 October 2006 WD 03/092817 PCT/ US03/ 13486 ctehes dp%hce
conpani e QPR Mi7care regardl ess of the nodality. Oxygen PEIAE®HI4Q6ors are
preferred by the provider as the | east expensive option for supplying the
patient's at-home needs. For outside the home use, however, only small

hi gh- pr egswraecerampenics peMedisaregagdrilesy ofgbé vhodaiar Oxpgen qoocdmdriatoss aeough t o

be used for anbulatory. .needs..Either one of these 5. t nodal,i ti.es may be
used forprﬁ'ﬁg?%ﬁﬁeo?@@ﬁﬁas lﬁagteé‘_ijﬁnsbv?@p n%‘éﬁf“ﬂé‘y%\é\% PAUERU SRS Oxygen
concent rigeas., FaMtuedidenas homBhey hdfeld; &g?%‘muﬁ ﬁi%ElLﬁ}eé%hferh%E b6fRS and §Ra1N0MTE

care provider nmust nake costly weekly bi weekly trips to the patient's
honme t o ligpd dewvarh aret ffoetableyegengh torte uséd fonembblatry seals. Either dnevéittidson is to

el i m.nate these.costly mlk.runs..” [0015] So-called "portable” oxygen
concent r3°HPe S W%@Pé‘?ﬁfpf §°§H‘.‘]¥’ﬁ*&|ﬁ&ﬁ @8"*\%@” BFRFITRANES GoRtbiast s with
gaseous wNdRo CBRMBErhiol ' btidé ff- e oxygen.
However, t heseX@f\l}i ces ar g ’ggrvllﬁgﬁ)wggfrdtlggflgéﬁ%@ﬁgﬁs%é@%%gﬁegtﬁﬁg@ﬁ%r e
capabl e @ite pevivgr tustitegierdostly twoeldy ot hivwveeklyitrips toftheipatieni’ahame eateplenizhl e or
an airp of these dev|ces is,pagkagﬁd_in a suitcase_and js billed

as a tri’fﬁg EBYS%S IcglgrPé@Fﬁ eqise m‘t’ﬁ?&ﬁnéﬁl toelimynate thesasostly milkapns.” |
. . ' ' 3 ' . ;
Coqui res 135 WRIBLSH RIS Bher pbafimtott A Ui SRRRT

ratd0 Qoeprividifig patidaisanitiogsesmiudygedBy EHvierting 2R Bir SnrbRBRcenitate@uUt € i N a

car, but operation froma separate battery is inpractical. Another device
is a 3 LIMmPQEeEEERy dloveved thase deviees 4re only\ipodahle” intthe sgpsaythst thoy fiss. wi t hout

battery an I .Leguire out ,135 WAt of ovwer...A further deuice

et ghe” B8anE 55 851bE HelerBad D Moo Pyhthlii i a9 o o Plane “ShS and
pover I esfthésMeLSs ik PadiABe OV Ritdfbian8 $s billERs Hrdidpstiatde RALHIRL Yathdrhese
devices are too heavy for the average anbul atory respiratory patient. Wth

t he wei ghan afruly feetableroxygen ¢nesentiatoro Thardevide wieighs abaug 37 dvs. withootabl e in t he
true.sense of t.he wor use they c ot .. be readily transported from
e Tgor e andjEaies 138 ST Bk ag | BU s pt TanUe] QLTS TR B ponar
consunptgd : j ' | : [0016]
ort hor - Opaafih STaomqbl1B Bl SOpd SR dierfin S0 l edibleoplratien | OV LO

above oxfygmm separate bettat ds sopradivel. dindthesievioe isar 3 BPM ambestdtdrahousedr e
particularly quiet. Th% [éroduge noi se levels simlar to those produced by
rIt Wepghs

a home CBHLEEHVR b ibs. sitouidratieryand algevequtes bl dVaitsnii se
pr oduct i]&;%, t %rtﬂ | ta#q Avy) e i .
concent rat oe?'. A ns%ﬁg%tg %e?ﬁﬁ%%u 0 P %ié@éﬂoggt-’%%w %@ ﬁgggi%ﬁﬁ%%en 30
congent raat posvepfeguirekné@b toethe @bowesdRvicas. ERVen WiflioRID h Haltdr e Redc@dviRes &€ i S
especially inportant,

. 100 heavy for the average ambulatory respiratory patient, With the weight of a battery,

these prior art devices are not “portable” in the true sense of the word because they can not
be readily transported from one point to another. Because these devices have relatively
large power consumption requirements, they also require a sizable battery.

25 [0016] Further, in addition to the weight and power consumption problems with
the above oxygen concentrators, none of these prior art concentrators are particularly quiet.
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 (decibels), about twice the noise of
a home concentrator. Consequently, none of these so-called “portable” oxygen

30  concentrators are suitable for use in environments where low noise is especially important,

e.g., restaurants, libraries, churches and theatres.
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[0017] Thus, a long-felt need exists for a truly "port ablR&Ocobryads
concentration systemthat elimnates the need for high-pressure gas
cylinders and liquid dewars, the constant refilling/replacing requirenents
associated wth high-pressure gas cylinders and I|iquid dewars, and t he
need for a se 0 C Lan shem for

respiratory pﬁﬁ@#tﬁs&s’ g?%nwﬁggeggrgspinltigul%yﬁoelﬁa%ceor%‘e%ﬁ)rcg (ieg%a 1s':)>lllst em woul d
be |i ghtyssothghelBeinitfothe néddedr Mih-Pressubdds @ylindeRinad ighidglewalfabid at ory
respiratory patient could carry the device. Inherently the device would
have to 5@8&?@%#6&H@a/rﬁréa%@qlfléqrrﬁlrs\ﬁéﬁoylateéwﬂhdegbeprewrsrﬁmr@ﬁrsraeau| rement s
so t hat t oul d be used.
Furt her, ﬁgklgggggﬁé?ergg oﬁ%tcc} t@f&’s }{e%%n(?uécﬁgésnoc g E%rg%lnﬁ %Fle%gf& conveni ently

carried bybilheryussiratognpatiests.(selny i‘peatailel oxyoamtunéntaiionsiseam wadd shoul d only
emt a small anpunt, of heat., Sunmmary of Invention According to a first
aspect ofighisBoughase dhats q"?ﬂ/@ﬁb?éﬁ“eﬁ’ﬂérﬁé@rﬁ%@ FrtaAter despirgert nefp coddy gen

concentr @zgrﬂr the )fé»ﬁ@e”hﬁ’lgl%ﬂtf fhelaRviPEwhBaHhd oo bE ﬁ&gﬁ%ﬁ ttc?ga\QXeIQtl

conprising:” a rechargeabl e energy source; entrator &@red by said
ener gy spowaeossuhpadapigeiiethents wahatarlighawbigktHattedypatindrotsd nﬁﬁgjr rated oxygen
gas for said user, the concéﬁﬁrator | udi n a plurality of adsorption

beds andS&rseseRidpe psed, Surther fl?’metsﬁ%“ng? %!P@} ergrsuladhtinpe rel ativel y
rot at abl @oﬁ%ﬁlgntfyec%f}ﬁaﬁtb tRe JSRE en lan@iah\%afy R @Qﬁﬂfj ?‘t J aﬁ&glﬁ)ﬁicp dpy ovi de

val ving action’for ectivély transferrin s throu e plurality
of adsorpmuemnbbdmomﬂmfhﬁmnvert|ng anbient air into concentrated oxygen gas

for said_user, giereln the ratio of adiabatic power to oxygen flow for the
concentr y range of 6.2 WLPMto 23.0 WLPM According to a
second aspect ARdordiigtdd ﬁ%@&bedt Bm@&afe%ln tl)ﬂv@ﬁt'io% H’léi?q% px\é‘vﬂi%@ a?elgé%ﬁé abl e

oxygen concentrator- system adapt ed. read anspor by a user,

conpri si q:grgemmnocntta@rmmtemaddpmdgebbk@dﬁgn&myor&dthycaezsemmmprtsmgepar ation
devi ce po y said ene source and  adapted to convert anpient air

into cont& g‘?fpgcfn‘?fﬁi} FECY éggrl“ﬁ}m%t% RPWSLEEbY spidenergy soutes and adang t(‘?fevi ce
i ncl udi ngorRe® hitbihd atnymfbfcoﬁ%ﬁﬁtla@ Bxﬁah BARr SRy, M &Tnh T()"fl kn¢ d

rotating valve relatively rotatabl'€ with respect’ to t ura
adsor ber a platalitynet aﬂsmptpnthcddmdrcaﬁotamwlmss@nbly dhe mmreaalwmsgmlblyansf er ring

fluids th h the urallt of a rbe col.umps, for converting anbi ent
air intof @@ﬁ%@ﬁ?@a‘? 88"@{9@8 o ‘Hf?hqéa %ﬂsﬁ@g?‘mﬁﬁé‘? BoMide VRNINg St apl e

- OXygen Cue mrrsa%&fve@w%@fmgmm Rrotgh BOPRETiPHELABHAISAL Rgr  col umms

converting ambient air into concentrated oxygen gas for said user, wherein the ratio of
adiabatic power to oxygen flow for the concentrator is in the range of 6.2 W/LPM to 23.0
W/LPM.

According to a second aspect of the present invention, there is provided a portable
oxygen concentrator system adapted to be readily transported by a user, comprising: an
internal rechargeable energy source; an air separation device powered by said energy
source and adapted to convert ambient air into concentrated oxjrgen gas for said user, the
air separation device including a plurality of adsorber columns and a rotating valve, the
rotating valve relatively rotatable with respect to the plurality of adsorber columns to
provide valving action for selectively transferring fluids through the plurality of adsorber
columns for converting ambient air into concentrated oxygen gas for said user, wherein

the portable oxygen concentrator system weighs 2-15 pounds and the adsorber columns




5 25 October 2006 each including a | ayered adsorbent bed having two or
more di stinct adsorbent material |ayers. According to aZ2Zf®lctabead@ct of
the present invention, there is provided a portable oxygen concentrator
system adapted to be readily transported by a user, conprising: an

i nternal rechargeabl e energy source; an air separation device powered by
said ene . apted to convert ambient air Jinto cancentrated
oxygen gg%%fl %Cﬁl?cgg%cglag‘%g(ri ,Q(‘f'sf) gntq)aefl?la‘éuel . 0r Bere diypet adyorhen tﬁﬂzﬁa plurality
of adsor hgerscol ums each including a feed end and a product end and at

| east one val ve operable with respect to the plurality of adsorber colums
to provide vaP¢rHgingéq # thirdrspecke|teanreseat ipventighsthere iy movided A rhstabler ough t he
pluralit rconverting anbient air into concentrated
bxygon oo heARSRRS ieh dlited B FART BB 0k Sboneliel 5101 cyscem
vei ghs  2inidmg oechdigeatidclerichsy soadsenharsefRhtitinvRapbwirdd bydhiid\éhersyl ayer ed

adsor bent bed having two or nore distinct adsorbent material |ayers, the

r - £ - -
two or nifUECeqnd prded tg qemieHambisrhtin Hteoncenfetes axpigen agb fry saidusqrethet a wat er
adsor pti gp.l ayg I s ' | aver, th ter .adsorption
| ayer IocatS é’g% cf’%géé?ce?ga%l lég gg@@ g’?\%@%@ﬁ%ﬁ?@%ﬁ%@dﬁﬂ@ﬂ%%ﬁeﬁgierclfil | ayer. 5a
25 Cct obard 2f0éuct ¥d Hd/20R24 brie P &fotiblel el fespdd0CGhe Rttty dadsdrbbrt her
obj ects, features, %(s‘%gcts, and advant ages of the (gresent i nventions wll

beconme b‘"e""_tl S ke BoanaRtinn (o eelevelitrangioninediuidsdbrgagicthe phiradiy of t he
acconmpanyg dagorg&fbmlﬁﬂxf% forRlohGdrilatlibd bir 9o %I)nctenﬁatgq &%yﬁ&ggasrfor]sg%z 1] Figure 1
0 rati S

is a block diagram a portabl e oxygen concen stem constructed
i N accoreancdiewin the portaibadigeeaincafiratdrgysidin erighe D15 [podRR hnFikgure 2 is a
bl ock di%r%ren of1 a portabl e oxygen concentration system constructed in
accor dantBORFL Felums aeh nghvdigaaiarted gdsarbrat bed avingdive onmare distingt r at es, in

parti cul afsorb3fk HAORA AR 1\ wSBr ﬁf-fofe diSthif Qﬁfo%nflﬁw 8 Tayet 1%919?1%% Figure 3A
is a perspective, cut-away view of an enbodi nen of '3 YConcent st or t hat
may be usdehsta whter hdsoppoion Myleeambaygogeanarisapticmidyan g ywake mdsdrpsid] Fi gure 3B
is a perspective, expl ode iew of the concentrator illustrated in Figure
3A. [Oozlg?erlﬁ—?‘ij‘ffﬁél%e'tgt%?'g?fﬁenﬂé]ﬁ%@%ﬂtr%ﬁwdéWB?n B¥erenbodi ment of a top
mani f ol d _ L
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15 and nultiple adsorption beds that nmay be used with the concentrator
illustrated in Figures 3A and 3B. [0026] Figures 5A and25Eceben20@t t om
pl an vi eNWHH938Gp pl an view respectively of an enbodi mEIT/G$0343496t ar y
val ve shoe that may be used with the concentrator illustrated in Figures
3A and 3B. 20 [0027] Figure 6A is a top plan view of an enbodi nent of a
val ve port pl[@020] h&xherrmy finthen 8Bjdcis) feliuidspaspeuis and hddantages bilthe paiseet 1 n

Fi gures 3A and 3B. [0028] Figure 6B is 'a flow chart of an ,exer}pl ary
pr ocess iByeafiang will becemedisheramderstrodwith the Jeljoyring detailed daserdriionofiby 3B,

[ 0029] Fi . are a top plan view and a bottom plan view 25
respect ia\(/:g(?%ﬁ%ﬂl@n&é%égi ment of a nedia retention cap that nmay be used

W t h t hegricfOneeitioatdiithd Diawghgat ed in Figures 3A and 3B. [0030] Figures 8A
and 8B are a toggﬁer spective, exploded view and a bottom perspective,

expl Bded vi evi0P@¥pefigwel js ablogh diagtaoudirpartable axygen eanpenizatipn sgemnb| y

i ncludin cent.erin I n_t.hat be us wi th.the concentrator

i1l ust ré"gﬁﬁnfcﬁe P&ﬁ?ogg%ﬁmwog@e#ﬁg mﬁnaﬁ?’es 9A and 9B area bottom
per spective, d | P& f o, '

respectively [gpﬁg]; Z%b%%lg\lrrge%t 'OI?H{a&grrag?gf;fl valblfe&gggﬁé%il&g% éawzlg’%&lpober 2006
WO 03/ 0928drucRdlih@SARdansd Hth anothen embgdimentofithe inmenticnngnd Ratiratesy ilhe used

with the concentrator illustrated in Figures 3A and 3B. [0032] Figure 1 QA
is a bot ‘%’ésr%’p@élfqdé‘@e‘% \RPGFSSPPI@FR%%"FF@M of a rotary valve shoe, a

not drive, | I .el I.c..chaj ' t with the 5
conggnt rat or @P?gﬁt ?"?Ué%9‘%\&§E%é%b%g%g}hgﬁgﬁgééw[og‘g%§i éf‘%ﬁ?‘%?gos and 10C
are at Omoﬁ@érﬁﬂaﬁﬁftﬁa‘tﬁlay%mwﬂﬁﬂh\ﬂhﬁlwsrﬁlﬂlé oxypét évttntRgioa Reémye, expl oded
view respectively of the rotary val ve shoe, notor drive, and Bai r of

el asti ¢ chai f0024ks Figure:3B ine perspestivg, gupleddd dew of desxinceimptordilusivated a t abl e
of exper.i %ent aé data for a portable oxygen 10 concentration system
i ncl udi g *t Bncentrator illustrated in Fi gures 3A and 3B. [0035] Figure

L oooneBhat | Htsd 434 0 et Uk sl |
por t118b| endxygtipleadsuaptic: bids tlat syesttensed with the concentrator illustrated in
_Figures 3A and 3B.

[0026] Figures 5A and 5B are a bottom plan view and a top plan view
respectively of an embodiment of a rotary valve shoe that may be used with the
concentrator illustrated in Figures 3A and 3B.

20 {0027] Figure 6A 1is a top plan view of an embodiment of a valve port plate that
may be used with the concentrator illustrated in Figures 3A and 3B.

[0028] Figure 6B is a flow chart of an exemplary process cycle for the
concentraotor illustrated in Figures 3A and 3B.

[0029] Figures 7A and 7B are a top plan view and a bottom plan view

25  respectively of an embodiment of a media retention cap that may be used with the
concentrator illustrated in Figures 3A and 3B.

[0030] Figures 8A and 8B are a top perspective, exploded view and a bottom
perspective, exploded view respectively of an embodiment of a rotary valve assembly
including a centering pin that may be used with the concentrator illustrated in Figures 3A

30 and 3B.
| [0031] Figures 9A and 9B are a bottom perspective, exploded view and a top

perspéctive, exploded view respectively of an embodiment of a rotaryl valve assembly
' 6




[0036] Figure 13 is a block diagramof the one or nore sensors that nmaybe
used 15 with an enbodi ment of the portabl e oxygen concerfQaiebsn2@86st em

[ 0037] FMU392817 i s a bl ock di agram of the one or nore c®EIGIFEHIF¢ hat nay
be <controlled by the control unit of the portable oxygen concentration
system [0038] Figure 15 is a bl ock diagramof a portable oxygen

concent rin¢liding s gentering tog that owy dd vietl witl thedancantrator Hlustidied imhighres 3odi nent
of the in tion; and 20 [0039] Figure 16 is a schematic illustration of
anot her agﬁ% di mrent of a portable oxygen concentration systemincluding a

hi gh- pressur rﬁ% I : Al LRt JEREOdi ment
1. Portable 39%%? Co c%%ﬁgﬁgﬁ%&?ﬁe‘éﬁcﬁgé&)% fa%l%ﬁ}ﬂea@%ﬁ%ggg%o igure 1,
a por t ablatveckypgametondend, mad beair oY sihstivy chaidTinke dhat ataybegueakwith the by t he

reference nunmeral 100, constructed jn accordance with an enbodinment of the
i nveRt i d’ﬁﬂﬁnmatoﬁélwsgéfeéé%gig%“écﬁAW%xygen concentration system 100

ncl udes an aphaEPRtaLLONIEH £ SYGR0R 5 Blb AN 6HHEEVERIRA FBlnd:02  hat

separates CcONCe oxygen gas an energy source such

as rechgegpaiiw, @?ﬂ@@rdwiew babt@ivelyRsEeho rogiry #alob slidd, nok@4irivbaindpawrs at
(0]

| east a portion of the oxygen gas generator 30 102, one or nore output
sensor s elapgc ghain links Hustatedineligirenl®de conditions of the user 108,

envi ronment , tq.determ ne, 1 he oxygen t nee by the user or
required fror@b?‘;’lﬂ %}@F@ﬁ ot b%ﬁgeﬁp%g?ﬂagaaﬁﬁﬁaﬁﬂ‘gﬁ%ﬁgﬁlto t he out put
Senggr Jc%ﬁcenﬁzlaﬁoﬁgfste?ﬁ Rl PMhe Concentrator illustratad in Fi%ﬂfes 3Aand3B: ~""c----- 25
Cct ober 2006 WO 037092817 PCT/ US03/ 13496 device 102, and the energy source
104 to contrdbDoBse @Gharal?da sshembidc dusirgvpaf atfintirer émbodiment 62hen response
to the one or nore conditions sensed by the one or npre output sensors

106. [ 0o1tpblexygengoneeniEation sywem and A pmbodimenigia aadle &y wsayitidhe i ncl ude
t he one or . 106 coupled to the control unit 110. In
this en@%&?%%ﬁg?é%o%ﬁgﬁaﬁ@ﬁggﬁé@he system 100 such as flow rate, oxygen
-concentrat i ofoDSSE! Figifr§ 13 Py blB6k §aRGIAGKhE Siie ortiifre SMSOL b MAXBYe BRd

manual Iy control l'able. For exanple, the system 100 may include a user
‘i nt 46f acwith arl ertbodyment diahe portabledyges cotrentuaion sygtemyi der, doctor, etc. to

cont rol the dRDSEh Biflshi Pt iont Pu A pacs St aBPORSEHIE BRI of t he
system 100:4fidd by W BB AGRE IR drAb VG e Rlcbniration system;
[0038] Figure 15 is a block diagram of a portable oxygen concenfration system
copstructed- in accordance with additional embodiment of the invention; and
20 [0039] Figure 16 is a schematic illustration of another embodiment of a portable
oxygen concentration system including a high-pressure reservoir.
Detailed Description of the Preferred Embodiment
L Portable Oxygen Concentration System
| [0040] With reference to Figure 1, a portable oxygen concentration system,
25  indicated generally by the reference numeral 100, constructed in accordance with an
embodiment of the invention will now be described. The oxygen concentration system
100 includes an air separation device such as an oxygen gas generator 102 that separates
concentrated oxygen gas from ambient air, an energy source such as rechargeable battery,
battery pack, or fuel cell 104 that powers at least a portion of the oxygen gas generator
30 102, one or more output sensors 106 used to sense one or more conditions of the user 108,
environment, etc. to determine the oxygen output needed by the user or required from the
system 100, and a conirol unit 110 linked to the output sensor 106, the air separation
7




A. Air Separation Device [0043] Wth reference to Figure 2, the air
separation device is preferably an oxygen generator 1022gé&lstabgr RY06

i ncl udi NYR3IMI7such as a conpressor 112 and an 15 oxy®EM/US6HtEBHM r at or
114 (OC), which may be integrated. [0044] The oxygen generator 102 may al so
i nclude one or nore of the elenments described bel ow and shown within the

- segnent devibe 1R ang the energyrsoficg i 04 toconmobthe wperation ofithy aiseeppration deficséugh an

inlet myffler 116 by the conpressqs, 112. The conpressor 112 nay be driven
by one épi Hbespasse fhibg oge 9&@0{61\@0“3%'&95 ?q?ﬁe%‘rlf&sgﬁﬁef@%& "Eg?"%ffrrent 20
suppl i eng.y the rechargeabl e battery 104 (RB). The notor 118 al so

y

preferab drives the cooling fan part of the heat exchanger 120. A

var i abl e- spe¢0041Int odd SterfMSEEmbodineatyiiesysiem Hifkoay sy éedudedhe oo¢ ber 119,
which is described in _nore detai] bel ow, ' ith,.qr separate

be _jntegral
f r on® t hanase A¥tPBY senpers 199 poynted) todhgjcqnirolpugi gf%gﬁ@%ggﬁg 7 3P¥3M°P UoRSHt or 118

for conseprving electrici ' . 0 | the air
25 undept el BeuE bt Aok 02 PRbLE ooty IR E SR Cnay b BRI et
at a Wa)ﬂid@gmeﬁp&ﬁlﬂaﬁbé :ﬂaﬁu.algl doreslebld, (Fdrieamplenthe systan 000 hbg iadlude 8 psi g
nom nal and may range from5.3 to 12.1 psig. At naxi num speed, the flow
rate of uperdutetfeceal bii (Figruenl dxthatzllowsitlmsat, pravider, dasidi 640 8te 14, 696 psi

520" mmy BoFBe s o iR o B eBhisl B B oty i Son R SRl e Bl 000

cookgor gnedkteh{goi r to a desired tenperature before entering the
concentrator 114, a filter (not shown) maybe | ocated between the conpressor
112 and the [8042] OEnacibelemeiaf theARsesy Hgilimomcly disodsetdin gere defaent r at or
114 to renove any inpurities fromthe supply air, and a pressure transducer
122 ‘may fbe | SHBBERATHIANRSACK he conpressor 112 and the, concentrator 114 to

get a - pressype,cpadng, oL LNS Bliud) Qe SOLERIAG, WBRCRTFABIER! & 114,

[0047] The c Separates oxygern gas from ai‘r tor “event ual

del i ver YyxyBerd genkhi@orud geAdElly ihcRidii 4 puniwivthre arempresive 102 andbue of t he
foll owi ng” conponents may be located in a supply line 121 between the

cond&nt roaygen dobdentraton Hé (069 whiclsmay bgintsgrated. sensor 123, a tenperature
OISO 125, SoBUEP. TRl e Sl SRl SR YR ey 1
Lo oot R S ol Wl rigies Mt (o
not or  1ifay Bhdramntapengli gainletmyufiier Kitsdyettle tompressor 112. The compressor 112
| may be driven by one or more DC motors 118 (M) that run off of DC electrical current
20  supplied by the rechargeable battery 104 (RB). The motor 118 also preferably 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 electricity consumption. The compressor 112 delivers the air
25  under pressure to the concentrator 114,
[0045] In a preferred embodiment, at 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
speed, the flow rate of feed is a minimum of 23.8 SLPM at inlet conditions of 14.696 psi
absolute, 70 degrees F, 50% relative humidity. '
30 [0046] A heat exchanger 120 may be located between the compressor 112 and
the concentrator 114 to cool or heat the air to a desired temperature before entering the

concentrator 114, a filter (not shown) may be located between the compressor 112 and the

8




the | ow pressure reservoir 129 and delivered therefromvia the su([j) ly I'ine
121 to the user 108. The supply valve 160 may be used t @5 &stben? {%he

del i ver yWs¥ 0309383@n gas fromthe |ow pressure reservoir PEI/GSH3/13486 user 108
at atnospheric pressure. [0048] Exhaust gas may al so be dispelled fromthe
concentrator 114. In a 15 preferred enbodi ment of the invention, a vacuum

gener at conceBtatpl/] 14 iehremhverany immwitivefromrthe spplyyair, lhed aprassurg rgnyivger

i nt t ith. th 112, d h t f th
concant 152 B P40 ippisvaie rapiesst L il O oatriRe 119 Rt
concent gl dling JFie £H1oWShicdRE HnBiatdh /1845y St em 100 thr ough an

exhaust “nu 126. A pressure ransducer 128 may be | ocated between the

concent r at or [0047]anTh¢ bencemteatoint Igaeparateooxy2en padfrom ajefor avephed delivery eadi ng
of the exhaust flow fromthe concentrator 114, A nmaxi rum rated speed and

a flw faths user 18 ig agyetivknovpemannes.s One opmoreof thefollqwing CRInROnenis ey, ab| y

-5.9 psi ninal - ] ' .

cormpr oo S8 a8 BBy BB 1R H B o Ayt e 108 2 prosre

t echnol Qeises 123) alteripatatuee seasst 126/ a plep 227, adowieasare raskPvaintd9 deypdiyt not by
way of limtation, rotary vane, |inear piston with wist pin, |inear

pi st on wekvedad, aflowangd pritysenset 13k aaf §consgrvaypp deyieg FQ%gAﬁP%eB&‘?FC"Hi aphragm

: ¢ Pref t
124" ar o TG BPad L i B FURp s hPLES IR, G530 soiec Bl obApUREIRIAE ¥, 01
POS$ DI liinky TRE pd E 197 ney@RSRivER 6 theanbof i 1€ Theeoxgigen (das waydielstor&Din] 0050]
The conpressor 112 preferably includes, at a mninum a 3:1 speed ratio,
with a [thedosppressund reatrvoie 429 and ddiyered thesefiiom vicghe sy line bpletoghe Hegr| i f e
wh n . at__full d ti t \ di [
compr s a8 e sherty Bt s 6RaY Br uPSb SRR ddE SRR G B 52617
tF’nglggogé&-ﬁf}@s@m%&e ill@-to‘i!ﬁegﬁ_s%_?ﬁ)fata%é?é%ﬁ&% @Resature is preferably -4

egree F. Relative humdity is preferably 5 to 95% RH

noncondensi nq0048)] t Bgbafsogastthey dentx disgdied fibh the coqesfratoabl4 Iva V DC or 24V

DC and the electrical power_ requirenents are pref gg,@s)lr%}ﬂl ess h%n 100 W at

© f ul 15 paseferpdiebediment fithe iweRHon. A vacwiny gengrapr| 124 £V yulyichga %/ 3 speed

5 and 1/ 3. fl ow.at I _ . f f I be
dgltvga B%ﬂfehmo@k?% B{cﬁiﬁg{sﬁed @itg Iafeoéror@éjsg&eﬂ.’z &fivile r@%‘ﬁ fHomY

i ncor por e conpressor onpr essor cool | d possible

conpl et gh@ysiiceRr A0 1418 impidve ey @bdvery dddeproductinityroftherdnemeastoni #4.] evel of
the conpressor 112 may be 46 dBA at a maximumrated speed and

f1 ow pr SEesiexbaushgasgBaxi@at the system 180 dyougheanexhmyst putien A26; KePreeYior essor 112

wei ghs ltreaigdt}cgg{btfgmgy Be Po'?:gt%d between the concentrator 114 and the vacuum generator

- 20 124 to get a pressure reading of the exhaust flow from the concentrator 114. At maximum

rated speed and a flow rate of 20.8 SLPM, the pressure at the vacuum side is preferably
-5.9 psig nominal and may range from -8.8 to -4.4 psig. '
1. Compressor/Variable Speed Controller
[0049] Example of compressor technologies that may be used for the |

25  compressor 112 include, but not by way of limitation, rotary vane, linear piston with wrist
pin, linear piston without wrist pin, nutating disc, scroll, rolling piston, diaphragm pumps,
and acoustic. Preferably the compressor 112 and vacuum generator 124 are integrated
with the motor 118 and are oil-less, preventing the possibility of oil or grease from
entering the air flow path.

30 [0050] The compressor 112 preferably includes, at a minimum, a 3:1 speed

 ratio, with a low speed of at least 1,000 rpm and a 15,000 hour operating life when run at

full speed. Operating temperature surrounding the compressor/motor system ig preferably

9




10 [0051] It is desirable for the conpressor 112 to run at a variety of
speeds; provide the required vacuun pressure |evel s andZ2fiQaphea@ emit
little nNG®B/WAH7vi bration, enit little heat, be snmall, RIVUBYIMavY, and
consune little power. [0052] The vari abl e-speed controller 119 is inportant
for reducing the power consunption requirenments of the conpressor 112 on
t he rechargddbieerees k. obiprapy deraperefuteds prefaaidyet éy/1 4bdaeses F. Relativa

vari abl - s d comroller, eed of .the ressor. 112 may. .he vari ed
Wt Cn BB EEHE Sl osbh B RERo el oV R SRR ot R M or

envi r ongegteRbly ROVOCE bPUV OC S BE cleomidaltjower kahiredkhty Grddirefeh®lyonygen needs
of the user as determ ned through the one or nore output sensors 106.

[0053] Hhean K0Vt &l speed vnd raigsd Row/pewinal pressuse and lesrthani¢¢ Wealslé3 spredspeed of
the .20 118, wh it Is term ned, t hat . { he oxygen requirenents of the
user 510808 1 A0 A irbAntss, A el Bt bt ol B Ao e PR g,
lover elggy@jnhBssor $12for céﬂ@res!;d}%élﬁﬁ%d%%bﬂekoh@e‘i’@é}@feﬁl &Minghat the
oxygen requirenents of the user 108 are'relatively hi'gh or higher, e.qg.,
when t h@refemblys themdsximuiesouni grassuze lavel afidhe campatson 11 hmapdercidBAaata hi gher
el evations, etc. This hel t,0 conser\. | fe of th atte 04, reduce
The. wei QM3 Taisd Speslmdriop/Breins B 6AIA ah A FrB et P oM B eor wear

rate, i%ﬁl&gés&ﬂ lilﬁswéiglﬁél@é%ithéﬁ!jpb{ﬂ%?] One of the inventors of the present

i nvention S a co-inventor on a” varl abl e-speed controller in the past

t hatfOr egul at §005te Tidedesigblerfosihe @ompressupdl 2terine a vadsgofgseds;onl y at the
speed and power needed to deliver oxygen at the user's prescribed, flow
rate. 30MPOdSHE rauired yecww prespee levels and Gpwantes, pmiblittlsweise pad ¥ibrdiodssor 112

to oper . I I , ' erage rate or speed w |
be botvedt ydE Pgagpggev%‘ﬁég&%gﬁ%ﬁ@aﬁ afg%@ggel;mg ggg@{v\o 03/ 092817

PCT/ US03/ 134960523}! The Qﬁ%lélfs%éebﬁoﬁfﬁnéf EPP RN éﬁantrf&&‘éﬂﬁdi%thie@o@@r i ncrease
in battery |ife, 'decrease in battery size and weight, and decrease in

c ?rb npr es s:o:tlsmfp'rf'sm remdremtrdn&t (Efdh?ﬁmpm@or Ufmm lr@ah@tgiﬁlﬂﬁ baier}' e prether r e EI

e i ment e copcentra is.a vance echnol o racti onat or

Chnal [ Rherenspupe NGB Taiblrsticdponghllef e RRS ofthd SO PRSER 12 M e ATe

may i I : j ' : ressure
y 1np aﬁﬂé‘rg%\?% rl;]?eg %’;@%rqev%%f‘@le ﬂ?&%@t&b@{bpégﬁ&%n%&‘%&, eflviVHnttn@] P

sw ng adsor process, a rapi A process, a very rapid PSA
pr ocess conditibiernr othet condition InfdiatiRSA the oxyzes nesds offthewen bedbtertdised
concentr at or ﬁ‘rﬁeferabl y includes a rotary valve assenbly to control air

f1 ow t hitrgysh Hagiong or mose ayipulswasors [96.an al ternative, |ess
[0053] For example, the variable-speed controlter may decrease the speed of the

20 - motor 118 when it is determined that the oxygen requirements of the user 108 are
relatively low, e.g., when the user is sitting, sleeping, at lower elevations, etc., and
- increased when it is determined that the oxygen requirements of the user 108 are relatively
high or higher, e.g., when the user stands, when the user is active, when the user is at
higher elevations, etc. This helps to conserve the life of the battery 104, reduce the weight
25 and size of the battery 104, and reduce the compressor wear rate, improving its reliability.
[0054] 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 only at the speed and power needed to deliver oxygen at the user’s prescribed
flow rate.
30 [0055] The variable-speed controller 119 allows the compressor 112 to operate
-at a low average rate, typically the average rate or speed will be between full speed and 1/6

10




10 preferred enbodi nent, the concentrator may include a non-rotating val ve
mechanismto control air flow through nultiple sieve bed’é.ocméef@p@ge beds
may be t3ePEYW28F t hat they have |larger dianmeter where PCRABRIS/15496W enters
the beds and a smaller dianeter where gaseous flow exits the beds.

Taper i ngwt he sieve beds in this manner requires less sieve material and

| ess f | dul speegdiod hacompuessam Zorespliing in gn jrooB ¥ inAbttery Jde, depreasen betiergnt r at or
114 is used i,n a,preferred enbodi nent, it ]| readily apparent to
those s REp B Toe AP COrREA RSt o SRURAANTES at or 4 of
air-separ at i @iy dextf&S My be used such as, but not by way of limtation,
menbrane separation types and el ectrochemcal cells (hot or cold). If

ot her types {0D086hc&mna padfarsl edtbodimentsihp avmdenivatodEM is @ Azlvenceded, it wi | |
be readily apparent .to those skilled in the art that 20 sone aspects

descPi be@chelemnlrraionatr(4d Pl thabmay bguged ippmedical anddndystrial gepligatonsepar at i on

devi ce | [ , may be
used ¢ o TisaCF Ry ARIRAPS plekAll R acRERS) PATidraas SpaREPbESER. Y

- signi fi eeiid ¥dsermilongVPSAY probddssa ebpid BBAGrodess, kiverynapid PSAprocékd@nbthies of t he
present invention recognized that reducing the size of the 25 ATF

"~ concent Paeesss. 14 By proresy inimlemented; jhe capcaniatos prgierablydneludesactofsy t abl e, it

al so i mproved the reco . - e.p . of ygen gas
N0+ RRE e GRE] o RO EEA Froibolf sievd BeDR SERIGHEE 1LV DED
proggct inéfbdted binbEdifheRe thedoRtkn®atd? maydhcladey SolRitRirgdlalvedhedhBRisancent r at or
114. Reducing the size of the ATF decreases the cycle tine for the device.

- As a resohtro! gir B dhrough multipls sievedaded Thagie{0ads maybettsnered sortbatithesent or s
al so deternmned that finer sieve.,materials,ipncreased, recovery,rates and
 or oduct Ve IR ESFRiaSerV ARG e SV sitet beiant Barglebareti¥arter or
finer paalddal @duARga RN Thldind ALy Seds Bblsthadf rdylifedagatovdnan 1 or
| arger particles. Thus, 11 25 CCtober 2006 WO 03/092817 PCT/ US03/ 13496

fine si enaenataad lak flohatoiobirstimlshme buiputconst ants are preferred. The sieve

material may be _a LithiumX Zeolite that allows_for a_hi 8hWi’)f(’5{‘!—’?Pn e of
Li t ABum i ons.[0RRE] hedthough an ARV congegiratoy A b [sqisedm gproferred it

alt - ; . ! g
St uct r R SrERRaD BB bl SR TRl oy Wer B BcBliol o 0 e
- In this Ja-gphedbiasticesihey Bowkd kechsds) bitndt By way bfllimithaw, ntmbrags d pressure

cycling of the material w thout introducing significant pressure drop
bet ween sepasafieretypesandslestiochensical @ghs (hot 90@3‘%] Ifptaertypes Qffcon¢eatrahtent r at or

L1 T R S B8 iy <R PR B RO 2 O 114
- 20 - some aspects described herein may change accordingly. For example, if the air-separation -
device is a membrane separation. type, pumps other than a compressor ﬁlay be used to
move air through the system.
[0058] The ATF preferably used is significantly smaller that ATFs designed in
the past. The inventors of the present invention recognized that reducing the size of the
25  ATF concentrator 114 not onty made the system 100 smaller and more portable, it also
improved the recovery percentage, i.e., the percentage of oxygen gas in air that is
recovered or produced by the concentrator 114 and the productivity (liters per minute/Ib.
of sieve material) of the concentrator 114. Reducing the size of the ATF decreases the
cycle time for the device. As a result, productivity is increased.
30 - [0059] Further, the inventors alsoc determined that finer sieve materials increased
| recovery rates and productivity. The time constant to adsorb unwanted gases is smaller for

finer particles because the fiuid path is shorter for the gases than for larger particles. Thus,
11




a2 LPMsize, a 2.5 LPMsize, a 3 LPMsize, etc. 10 [0061% The ox&%en gas
generator 102 may al so include an oxygen source in addi b &stabsr 2

- concent r QP3P 7such as, but not by way of linitation, ZCTHYHIPOEssure
oxygen reservoir, as described in nore detail below [0062] An ATF val ve

controller 133 maybe integral with or separate fromthe control unit 110
and is dwepiere materialsheving sshadbiime ponstantsare heefatede die sigve materisl mey be 5

control ling.t al. S f the copcentratos,.114. .[ 00 The .concentrat or
my. hav G 2Rl bR w5 SR 5 Hens St At TR EEREE, fode. o
conser ViffoexaRihe, b8 02-38 nda! Ty fn ARdLativehdolin®it, The ZERRE AP BB $n thiedyrmbe done
manual |y by the user 108 or automatically such as through the described one

or nor e of emigit SrucoGe sweh asentextriidednondifivor 2othe dosudf wiled up paperehrdis o

Fi 3A agnd nbodi t t 114 t hat . di
Che. By gEtboREinahdre £ous Spre s lomE S R B P SIS B Bt hough.
the ConQﬁﬂ{obﬁfn%dﬁé&g% ¥Y}g;niﬁc§@c e RGNS EMmA Faliang pRodieeirchfgm ai r, it

shoul d e noted t he concentrator 114 nay be used for other

appl i cati ons [8080% aThe bize ofithe coycenwatpr d14 miapivargtwidnihe diow sigpdesied.ons f or
t he production of_ nitrogen, hydrogen purification, 25 ter renoval from
-~ air, andoaegpmpledhe eenceairatonl %ﬁwmﬁ%l-ééé@mmpﬂte\'@ﬁ #em "fl ui ds"

i ncl ud_esa dlb[ﬂfesﬁﬁ.ﬂfﬁdsii&%gs{;mhgﬁg%c The concentrator 114 descri bed
M etc.

bel ow i NCT UdES nuneious | npf ovements ~ over previous concentrators that

resypt in i nqoeeted The 68yl \gad beddi@oIHR mafalsomemide Bh oryitkn soti@e g@sed system
productivity. Inproved recovery is inportant since it is a measure of the

30 ef fi cidditiop tothetchacaptratoedi4 sucbras, 1y nat byowee of Mmitetions ahigowessyrd ncr eases,
. the anpbunt of feed é’gﬁs Fﬁg@ired t({)eﬁ?lrl%ﬁiuce a given amount of product
decr eas &&YEFHEEIVYL A3 HEEHOFATLP Ot 'er recovery may require a snaller

feed conpres o Qs [ ; WO
031 002617 PCR LR SRt VS ERIEP TSP Rky B o R ey

utili ze coeteol upits] 10and éc conpledweithiediieclsgami@dn theacogegnidatr 1B dorogen
purification froma_ reformte stream,. |nproved productivity is inportant
si nde arfopielling the valvebnedtha soprenfraiat|idtes directly to the size of the

concentrator. duygtivity. | ed | | -her mass
o vl ure. of IORESE QB bickliapdr ERRHChe & st bl rll i Ehorky B
product inyhde¥: Wslebp BRAS,PédnSérvigdna®), Gt Aestive e aSeleativiedTithiadt iodehat i s

| ess productive, resulting in a nore attractive product for man

\ny
appl i catriaynks: donisenasbialiy by thersent(8arautanmnsicallpesnsh as threughdbe descyibed one

product Io\f In%c}éé sé)nrsor%qbg aﬁﬁ gontrol unit 110.

20 B [0064] With reference to Figures 3A and 3B, an embodiment of a concentrator

114 that may be used in the oxygen generator 102 will now be described in more detail.
Although the concentrator 114 will be described as separating oxygen from air, it should
be noted that the concentrator 114 may be used for other applications such as, but not by
way of limitation, air separations for the production of nitrogen, hydrogen purification,
25  water removal from air, and argon concentration from air. As used herein, the ferm
“fluids” includes both gases and liquids.
[0065] The concentrator 114 described below includes numerous improvements
. over previous concentrators that result in increased recovery of the desired component and
increased system productivity. Improved ré:covery is important since it is a measure of the
30 - efficiency of the concentrator. As a concentrator’s recovery increases, the amount of feed
.gas required to produce a given amount of product decreases. Thus, a concentrator with

higher reéovcry may require a smaller feed compressor (e.g., for oxygen concentration -
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advant ageous. The specific inprovenents that |ead to i nproved recovery and
productivity are detailed below. 10 [0066] The concentr @dictatks 200f| udes
five ads®¥p¥¥YRBIFeds 300, each containing a bed of adsorREHSOHIIEE | al
which is selective for a particular nol ecular species of fluid or

contam nant, a rotary val ve assenbli/ 310 for selectively transferring

fluids fleroAineT oy begblniognemssisetrelyzatdize dopd; gos doyresp vy valyglle seecis®nl y and

mai ni fol d " | fal d" . d tanlé e . valyve assenbly
encl osuﬁeég%g%.ﬂy&%g%ﬂﬁ%ca?ﬁ%%g}s%gg RRO eeglgly'BB:B&%rgeed %]rag?@lr a Il%; straight,
el ongat @fporfak siack an cRald @ pPrédifedhiy feliésadinddd ihthetshe of dedoatentratdl. cover
330, which is nmade of netal, preferably alumnum The nol ded, plastic

adsor pt Pootlupdvty Boccasured inmeitsofipyodugeflens pay massey splupspofthk eonceptraon ow- cost
design wthout th etr.] tal _effects wat L nf | t ccur with
priof- a\rAldPu?a Iaé’gf‘?eél%ﬁg)ﬁﬂ“rlﬁggg%‘?r pﬁ%({}lgﬁgl. _ﬁq;%et ﬁ%%ﬁ%%‘i \g? flégr%&gggg%have t he

i nher entoRQnRiePiLRMsAéss pRGiuRli oS késalth@lin g nRRE FRABI®: Hrod¥a femankhi s al | ows
water to penetrate into the adsorbent material, decreasing the perfornmance

of the appliationt Fherefpicatoncauratoningrongmichts in pécguerycpraduaiiviyi arboBeats 300

wi th the al um num.cover .,330, which al.s serve as a roduct .. .

N curmul SATARECH THRPRGIT ALToN e R, b Y fy TR s Sr ot RIGet iy
sacrifi%f\ede%fea%wce. 25 [0068] Each adsorption bed 300 includes a
product end 350 and a feed end 360. Wth reference additionally to Figure

4, 1e pr oduf0088]dsTBSEomeEntidter Hedaclddd fiveadperpticabeals\#i00 heach cantainipgpr oduct
370 of th ifold 320 th h t L 380 f
passages o) e mani fo r.ou #%;ﬁg%%m%?s 0

, . D4 r, .
‘communi @éXeil ghadgorhent materigh whigh jygelestive o SREFISS ﬁggu%?f of the

beds 300 cQ | | ' f : Lfold 320
For 30 oAtk Aiba)bdie SbHON M0 GERIBE7a0 datiohe did Vgl
mani f ol dds2ftidiebedaBeo, dnlifilepfitedrubaaisagblyrand wedinifsld Sa@aifold0024, hatroduct

comuni cate the rotary val ve assenbly 310 with the interior of the product
t ank 33@ankzeveri302ande vaberssembly enplosws 382817 PCT/ US03/ 13496 i nconi ng

R R L G B SRR D A L O P

rotary ;g)‘i’%sﬁ@ v@s%élg Eﬁlrv\%lim’?%@ Rﬁ@ﬁé}g@dﬂo@%ﬂ%ﬁr@%@ UvRich id'@add & méalpr oduct

del i ver I ne 45 e the same as the supply [ine 121 descri bed
above wiptdfermblymhetintion. FTlgumeldad, plastivradiogztionsed 5300 sirrauinded byt the imstalof t he

product tank 330. The vacuum_ pr.essure |ine 440 (of0) ni cat lrectly or
i ndi r ecttPVErdBP roake doxalonirrsh drrighshout the GBFmB‘i‘thg ts mﬂ”fg‘ﬁgt\‘?tr omthe

occur with prior-art plastic housings or covers. Plastic adsorption beds have the inherent

20  problem of the plastic being permeable to water. This allows water to penetrate info the
adsorbent material, decreasing the performance of the adsorbent material. 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 design and does not sacrifice
performance.

25 [0068] Each adsorption bed 300 includes a product end 350 and a feed end 360.
With reference additionally to Figure 4, the product ends 350 of the beds 300
communicate with incoming product passages 370 of the manifold 320 through product
lines 380 for communication with the rotary valve assembly 310. The feed ends 360 of the
beds 300 communicate with outgoing feed passages 390 of the manifold 320 for

30 communication with the rotary valve assembly 310.

[0069] The manifold 320 may also include outgoing product passages 400 that
communicate the rotary valve assembly 310 with the interior of the product tank 330, an
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concentrator 114. [0070] In use, air flows fromthe conpressor 112 to the
feed pressure line 420, through the inconing feed passagé OrtghenR0@the
mani f ol dWIDEB/RFIGm t here, air flows to the 10 rotary valROI/GRO3EMIGY 310
where it is distributed back through outgoing feed passages 390 of the
mani fold 320. Fromthere, the feed air flows to the feed ends 360 of the

adsor pt ingaming:fed pasagerhid) thelsompyniatesdhe gy veive pergEbhud Yl withe 1884 a t hat
concont PRETBRing 20,008 8 AR Eoplptlatinat AEnRRALOEE okl va0 800

concent P Y parti cul’ate adsor bent
mat er i abssbRdly PICHRR 8Whiitinl PrelsOlRs44v, LA paitct d@linddy liacUs0.oabigemayn the 15

feed air so that oxygen is produced as the non-adsorbed product gas. An

adsor behe¢ theumeas thessupplyHing 1211 cdasanibed Rbdrerigirexpac) o igers|2, cEnmBPIcBEs used. A

ot &b | amaiias aipie i matpet RERFR0CTng MRl Bp s 0T b
layer ofyragly 3 @?ecﬂwmme%cuaiﬂ Laraiet 1 4F8arhRingMxhatst galsfsrithon may be

pl aced near °t eed”end 360 of the adsorbent beds 300 wth a |ithium
exchangeonc2fitrdtot Ypb zeolite used as the majority of the bed toward the

product end 350 to adsorbh _nitrogen. The comfipatjo f materi al used

correctly, mdQOTY nduscedis gewfs@gn}rﬂgﬁo%pregqqr{gﬂgtq%geegfpr%g@ﬂglgn % I'n an

al t er naty ' a : S : [ and may
s S R

I ncor pora nitrogen adsorbing materials.

[0074] Fhary et dsseigblpr3adwdicredk saiistripated bhdwbraughanigeingtfeedpasshges 39&nds 350
of 25 the adsorption beds 300, through th‘%éﬁr (f)d;ct | i nes. 380, through
i nconi ngf theaqaardfold 32 sBrgastherroths feadipir Hews toghefegd gnd qL4he ISOMMORr y val ve

assenbl ere it .i.s NN edy : : I f 320 via

t he out éS?ﬁ]—gﬂopmbﬁP?P" gggg%% &Bbﬁ cgl#\gc? | ﬁ&%%ﬁtrh%ﬁ%fhgp&cp ﬁrtogﬁﬁﬂe OtiﬂeFrom t he
product ghaids tRACwillBERASELER SFdrox§ bt oneéehtisfioh [itisWesifabldf havtin padiedt he
product delivery line 450 and the supply line 121. 30 [0072] Wt,hrt@eeference

t o Fi guipesicBBie &¥spriBa; matarialghat paefareg@allyaadserhs aifragen relatpie tpggygexiaile val ve

g CR  B R L R A  S bR T S S ey
. rotary ajh‘}glﬁ? L‘Pﬂﬁmgﬁc}%ﬂ&g XV ORAR28 Y bOhEU0RY &34 Asovisdny Becsthae 500 and

val ve port-ptate 510 are both preferabl’y circular”in construction and nade
froma donahlsewort ardratissneadssbent netdrials miy also bansede Agranuerrampls, fothi ghl y

polished flat finish to, enabl e the faces of.1he val shoe 500 and port
pl ate 5PEYEY gameeRtErtion g Byen ﬁfﬁvaé%laﬁflu%@ﬁfﬁ}l’é?%@d”?‘g&ét‘ﬁg?a %‘”P@B“is] W t h

referen (ﬁ?ayslg)eeﬁ;lxééd(iﬁgll e FRdFhP368 Of the 8sdrBER HYdLRIOFIHE B BthinH QxbiBRigad
20  X-type zeolite used as 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 alternative embodiment, the adsorbent may be a structured
material and may incorporate both the water adsorbing and nitrogen adsorbing materials.
[0071] The resulting product oxygen gas flows towards the products ends 350 of

25  the adsorption beds 300, through the product lines 380, through incoming product
passages 370 of the manifold 320, and to the rotary valve assembly 310, where itis
distributed 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 user 108
through the product delivery line 450 and the supply line 121.

30 [0072] With reference to Figures 3B, 54, 5B, 6A, 8A, and 8B, an embodiment
of the rotary valve assembly 310 will now be described. The rotary valve assembl?f 310
includes a rotary valve shoe or disk 500 and a valve port plate or disk. 510. The rotary
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flat, bottom engagenent surface 520 and a snooth cylindrical sidewall 530.
The val ve shoe 500 has several synmetrical arcuate passagéyterer 2fdhnel s
cut intoVQ&WRYdgenent surface 520, all of which have RCHBWBM3I®Enter the
geonetric center of the circular engagenent surface 520. The passages or
channel s i ncl ude opposite hi%h-pressure feed 10 channel s 540, equalization

channel ¥alysghoecstilfomdivalvenriilais SUP areorrpreferahiy sisepiay is gonstrugtionsgndar

| ow pressure _exhaus rqove 570 which ¢ ni_cat es W . ssages
560, " ope Tl prUabieR A s o e SRR G B ERuY L MBI MR ARACP 2055
a hi gh- praefikisRto &RBle/tBE ficeeof the 98138 ShRV0 a8d pbft plat@SI0HoAor @ Tuiditighve 610,
and a second annul ar vent groove 620. 15 [0074] Wth reference

addi t i osedl mhenprashesitogeth®, a parallel, top, second valve surface 630 of
the rotary v sh 50Q will no e d ribed. The r C nels 590 of
t he ®ngagene be{&]rfgﬁ@ e@&ﬁﬂ?ﬁﬁ@ﬁ@’é"ﬁf‘%‘tﬁ%i@%‘) ggﬁ?%ﬁ%ﬁ.%ﬁ%ﬁ i cal ,
cylindr 'fﬁﬁlbpgeﬁr&g%ééﬁ%@&ﬁ?ac@@o afia anlRt B AHISEARREWRISIE. TEOMMEe 650 on

the top sudrface 6 The equal 1 zat1 on channel s 550 of the engagenent
sur f ace sha5@ias severarsyimmadttiyal tivnate gphssages or 2bannalswst BihwtheSogageRwnt s of

 Cho t op SuRISG20, Bhot Wrish bata PR ORURT by ORISR E USABIEF |y U shaped
and  ext gd. ARRHGLEEEShi T8k BRbESS O Gankl Al ZE LA E QLB MicRble o coves

660 on al've sur In a plane*out of and parallel to a
- pl ane dehimel 349, tdirlizaigagent 5K oppsite RO presairo axiiaostabsapes 560, he

relatively snall size of the rotary valve 25 shoe 500 Ile at the same
time engiculaylonoprsswenerhanstiarenve Y78 mhichconyrenieaies Wikh gxhaypd pagiiges 2b. The

equal i zati on. gr oQv. al | ow t 0 : v b dto

equal i z@pB?%?g)ﬁ?‘g‘§°§§§fWe¥1ha£E§15§g@iogﬁg%%gé?éf@%ﬁ%{)%?a{l]&hﬁﬁ?e grence to

Fi gur es c3Rral$éed iashe8B800,2 fidst Sinulbd v ghbtve 610Vaki HRboridsanndias pagted over the
second val ve surface 630 to isolate the various grooves and passages on 30

t he secamebvedi2le surface 630. Both the first valve shoe cover 680 and the
secopd val ve cover 690 include aljgned ntral .holes 691.. 692,

resg ctivel y,[a&g‘ﬁ cmm?%rﬁ?qer?éd{%%afﬁ?grﬂn‘%F%ﬁe%BaﬁH@s oS50 V\ﬁy a

hi gh- pr | I vaRa m@m ihdde The phrzcChhRes 591006 WO
03/ 0928%@5%38%‘;1%%% peri@g esr(z/ 0 a"‘ﬁ?‘?ﬁgﬁﬁ b se3693 of the second
val ve- shifiehcagagertsf surfine S20rcommumioats wishh eseh otivee thr68¢h edrticalj oylindded a
plurality of holes 694 near .its peéd'ﬂg)hery for g({;e g}urpose of I ntaining a
bal ance rreqpassagay 4Qiand spinhourshepeshpae gopkef Goniiedep sce f3%t val ve shoe

gg\é.er Rg Ie%gh%q%ﬂoﬁ DarS¥ls 536 0k Bl enB 2R fneROshe ARE 53 0 Gt SR ARMoaNF i Sugh freac

20  valve shoe 500. Pairs of equalization channels 550 communicate through equalization

grooves 660 on the top surface 630. The equalization grooves 660 are generally U-shaped
and extend around receiving holes 670. Equalization routing via the grooves 660 on the
second valve surface 630, in a plane out of and parallel to a plane defined by the
engagement surface 520, helps to maintain the relatively small size of the rotary valve
25  shoe 500 while at the same time enabling more complex fluid routing through the valve
shoe 500. The equalization grooves allow the secondary valve surface to be used to
equalize pressures between adsorption beds 300.
[0075] With reference to Figures 3B, 8A, and 8B, a first valve shoe cover 680 is
disposed over the second valve surface 630 to isolate the various grooves and passages on
30  the second valve surface 630. Both the first valve shoe cover 680 and the second valve
shoe cover 690 include aligned central holés 691, 692, respectively, for communicating the
central feed passage 600 with a high-pressure feed fluid chamber formed around the
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5 high-pressure feed fluid into the high-pressure feed fluid chanber on the
top or backside of the valve shoe 500 causes pressure baP&eehsg2e8p t he

val ve shd¥0 8W@28¥at counteracts the pressure force urgi MEIURS3AMIe shoe
500 away fromthe port plate 510. A spring or other type of passive

seal i ng nechani sm (not shown) may be used to hold the rotary val ve shoe
500 agaiperipheryef poylindsicalttase 2B offthe sechad vdne sinercaver6981 41e rstyalveper at i ng.

10 [0076] Wth rence to F gure t 9, additionall ount eract the

o osour haasaver 60 S R fudk®s gl bt 00 b4 SoeN ROMREEERR o ¢ e
port pl aifnidihthg 4 PRae iR Psdssi#O Biing SpePation ol kel SECHE thditst valheEhdehe
concentrator 114 is operated at nomnal feed and purge éavacuu pressures,

t he sealcovey 6B0bebvatndhe eylindecal deseth3iand threseestithvedve sloes %ﬂbount%labh@nt ially
bal apces.thi s unsgating, pressure force.. This .enab] es the use.of relativel
ol B 1 e GeL AL s Helressi g SBAEbE Spabe o g ot Fequi r o
- to tur nﬂﬁé"@al\‘}éjéh%QSOO\éQn%s’ggg%?é?ﬁew?ﬁ&ﬂ%ﬂhﬁ%ﬂv@%@@ﬁ)ﬂttﬁﬁ coBhteRbsaRsd size of

the concentrator 114. reference to Figure 6A, the valve port
pl at e 5PPessirk forewgding teambeisherl50havryendm thedmireplate 5THe Avspring opother pl at e

ourf co. 40 QPAEEE ORRE o R G100 BN DTSRRI B e VY S
ST eVl Lo ol o L ERERF AL LOREL A B rcfipgan Under st de of e

val ve por on a mani f gasKet 7%’0. The val ve port

pl agg 510 i fooTeles With tdfitbioede Figuad 5 yctoedditiopalbycomtetict thequessueforcal | y
~di sposed ports or openings aligned with openin in_the mani fol d gasket

720 to deatvionketetumsestshqygtary valye shas 590 fram @mr’fgmsi%tﬁ 514 dhe,exdisaft €80V t he

i fol ¢.,320.. T, d verticald |
510 11 2781 e et Prov i 6P bt b et PSR A AP R P00
I'n an f{b&c%ﬁﬂﬂ?%éé@ur@ﬂ%eﬁ&ﬁﬁ fordd MR fHeSvaire Adthe@kbaebddoyvd SmoOUgh t he

valve port plate 510 in an ‘angular direction toward the engagenent surface
700. Pr sibiastidlly, badricenthist insegmgtpsesshre dorch.  Thiswoaes the usecof rplatiecly maall ame

configurati.on. EFach concentri,c set, of ports will naw,e, described in turn.
50 10 visposive jealiaE s apiorE oo RE e lpo ghd BTFSREE IS PR TCBRY | cal |y
di S-pose%&% shoe 504 2id 4186 jﬁce{ﬁremvéi?ﬁt &%%F?étdf'ﬂfe SRBLRRiRf 14he val ve port

pl ate 510 communicate wth t acuum chanber 430 of the manifold 320 and
t he exhaust {877 oWWih réigtendefto Figiry 6Avihe Valva pofdplai 810 @ilDKow WO 03/ 092817
PCT/ US03/ 13496, shoe 500, In the prefered enbodj ment, ei%ht por%ﬁtﬁre used
as t hey deperibed dngrepter deteil gThe valveport plat )19 hag @ Lk engacepen suetacs; 190ithatc ant

Prersur A v My e R RhF Qlrkcl 826 BP BB} val e O 36 bn®h BRI T er et

20  cylindrical sidewall 710. With reference additionally to Figure 3B, an underside of the

~

C

valve port plate 510 is disposed on a 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 to communicate the ports in the plate
510 with the passages in the manifold 320: The ports extend vertically through the valve

25  port plate 510 in a direction generally perpendicular to the engagement surface 700. Inan

" 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 sef have the same configuration. Each concentric set of ports will now be
described in turn.

30 ‘[0078] A first set of eight circular vacuum ports 730 concentrically disposed at a

| first radius from the geometric center of the valve port plate 510 communicate with the
vacuum chamber 430 of the manifold 320 and the exhaust gas grooves 570 of the valve
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[0079] A second set of five round outgoing feed ports 740 concentrically 5
di sposed at a second radius fromthe geonetric center of 2fksteher ¢@06or t

pl at e 51WO BIMMIAI cate with out goi ng feed passages 390 ofPCHYIESOH®ING ol d 320,
the feed channels 540 of the valve shoe 500, and the vacuum ports 730 via
t he exhaust_ passages 560 of the valve shoe 500. [0080] A third set of five
gener al B8peciOl; onjthepreferedembepienis sight prstsase ysvd as they gHewrsiHicdentigps di sposed

at a thiyrd i f e rji.c. c e fot I -l 510
communi BatrbNe the FB ditfond SRR G bl hrob i i iitfe BRLHRIGRL E 010, |
equal i zgﬁljng@;dﬂp@ﬁgﬁiﬁer&ﬁ%ﬁeighﬁouﬁw@u@ape 500, the purge channels 590 of

the valve shoe 500, and the product delivery channels 580. [0081] A fourth
set of five {007Q]l aA seermgoehef fpreadunt oygeing feedPoge M@enncenitically 15 di sposed

at foyrth radius from.t onetric.center .of the valye t plate 510
comtin Hipeseiat hSgored SHtirfer B Gumeiic LS peboaabe phalge R £ 01 3 520 and
the i ne&@ﬁmﬁe%m§ut Ok FecliPAsihias 190 RhORRIf01d8hO MRS Feed BRAIR]sS54080.
[0082] Afifth set o hree circular port plate alignnment holes 731

concent of thalvialve sHos H0; add the vacturh pbrts &) vis the extreydh pasyagesdtd of theevaler of t he
val ve paort @I ate 510 align with 20 alignnment pins 321 (Figures 3B, 4) on
the manf#51¥09320. The al i gnnment holes 731 ensure the port plate 510 wi |

sit in prope 'gnﬁqﬂﬂ ' - {%Qi - (1 fllﬂ]gqﬂ iV e

enbodi nment , p\)/\%gdc]r rmredéﬁti%gﬁ?rgﬁf oyfeégilﬁ(l)%gﬁlgo a o%@cg&ﬁrrﬁjeo radi uses

f r o10 t heond@eRIERlY URpeRAREL tHd rhdigs flohvibe pedrhettt aérterTttharelveygorplagned with
an equal nunber of al i&ment pins |ocated at_set positions on the manifold

320. 255]®ommmunicatswitlc &a incoming exodietpassages Hdraf temagifaldd3@dheit t he

geonetric center . of .t valve por.t te 510 t e ation of
Phe val seeRidshyRaert S e SR8 hod OB, Fro Bt iR e A8 10 ot
t he mankHelmd rafékt (dBBver @ Bhdnakls 58eed pasage 600 of the rotary val ve shoe
500. [0084] In the rotary val ve assenbly 310 descri bed above, a naxi mum of

1 PSI 30 pr{ee8i]e Arfomtlosatof Sve¢ biradgtouigomgpotuas porth @60 edneentrisalybl y 310
when_ t he, system i.s rqduci ng. 3 LPM of oxyge r qduct sser flows, the
b o ur GBS0 % & Fonul g o ths esumee souF SR valv 5P Dy

PCT/ USO {1 i Ao : ' , a single

or essur Sb i tkale i e thigdid Pupid passpE R A0 R B e BIIIAR BE, 5 Be

descri béattonfihg poduetderts 7@ viadh@piodustalelieerg ohamnsBG800t at es with respect to

t he val ve port 8pl ate 510 so that the cycle described .
: [0082] A fifth set of three circular port plate alignment holes 731 concentrically

disposed at a fifth radius from the geometric center of the valve port plate 510 align with
20  alignment pins 321 (Figures 3B, 4) on the manifold 320. The alignment holes 731 ensure
 the port plate 510 will sit in proper alignment with the manifold 320. In an alternative

embodiment, two or more alignment holes located at one or more radiuses from the
geometric center of the valve port plate 510 may be aligned with an equal number of
alignment pins located at set positions on the manifold 320.

25 [0083] A round central incoming feed port 770 disposed at the geometric center
of the valve port plate 510 and the center of rotation of the valve assembly 310
communicates with the incoming feed passage 410 of the manifold 320 and the central
feed pasage 600 of the rotary valve shoe 500,

[0084] In the rotary valve assembly 310 described above, a maximum of 1 PSI

30  pressure drop occurs through any port of the valve asembly 310 when the system is
producing 3 LPM of oxygen product. At lesser flows, the pressure drop is negligible.
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below i s sequentially and continuously established for each adsorption bed
300. The 5 speed of rotation of the rotary val ve shoe 5085 #otdber ct to
the val v&Q&¥¥2H7ate 510 may be varied al one, or in comAGTAISOdM34¢ th a
vari abl e-speed conpressor, in order to provide the optimal cycle timng
and supply of anbient air for a given production of product. To help the
reader gain O8]t eWithnafsrence adiifionadly te Higure9Rynt sivgle Prassure sWingwi ng i s a

d i pt i . of ' i ngl d t 0 t
Talve hedsdmiop osth 3 e shtabnd g Ry AeRERe pipe ME BT, T O
revol ut Lo Sfiod 318 hiata R;Mthvﬁk%é%t &hasvaI98 pork Fﬁte AGeItRAt RN cRd@esdtdunder go

two conplete cycles. For each cycle, the steps include: 1)
pr e- pr ebelowi iz atquentistiyand Zpnéeiswsiytestahlistied forack adsortioqbetd 398t Teh down 778,

4 d | I, zat | d 80, 5 : I 7
et oS ORI ey vl g S0 VIR Feheetfn Ry S dor e e e
venti n9ul§fiefliold, bin @ArTAiAle YRiabRApeal chrfredor SRORARFAUGId 2l | O UD

790. Eac esé steps w scribed in turn below for an adsorption
bed 300thed QiG] cyaie tindngarel supplysafrainbinit ot fortacgivetivprodudtionfaf pyesduet oka t he

conpressor 112 to the feed pressyre line 420, thr h.the i,ncam.ng feed
passage hglpdhe,reagdergatmpstior Hn‘%’lﬁan ?HB’F@?O%%#G ﬁﬁgmlgtlﬁﬁgﬁijﬁ%ﬂ central
i ncom n . ” 0’;\%@ ” | feed
passagegggﬁggoncg 3&? Ztg ﬁ'ggfaedtg%%g EQE%I%F@ Oé%&tﬁg%dglagéwgbﬁ%gp%%%ﬁg?hr ough

t he1@ut gRiREyERe dt houldsbehiied, svith dabli cevghution bfjthe mgtafeedvestos 808.5b890 of the

mani fol d 320. Fromthere, the feed air flows tQ thf f eed end(ﬁ‘é(i’ﬁo of the
" adsor pt aéserpiausbedg 300 underep s eqraplets cyelet knreachsoycle, % eed channel

540 i d with ' i.e.,
Thith o 1y PRl R ACD dpbfigh T B chutEd ol PREAF LB 11 2
port 74QqadiafidieddWiPPRe: 5) 86 lcintent bl RBWIET825 8P live-prdkae krestingr i, 7

conmmmuni cation with the i ncom ng produ_ctﬁport 750), the feed end 360 of the
adsor pt icomntereciraaopirge pudlosaprezte venting 786.48) dag equalizationppd8%and &Y pri or

to e co ncenent of uct livery..J.n alternati Lopents, the
pr oi)é]ct S%"r%%%ﬁ’r@ n%']%d‘g‘g?f&'é’;gﬁaﬁ? §t885y Wlilﬁe ‘gﬁs‘c‘)‘?}?? tméﬁ,b%g)?&)@hgﬁ pr oduct
end 350, 46 heassopr essurized with 30 product gas and the feed end 360 may
be pre-pressurized wth feed gas. [0087] In the adsorption step 776,
because the {J008Bict Iithbk ipvepresstiniaativl st&BU74, sir flows dmtheicoatprassoniil2ito t he

I ncom ng product port 750, adsorption of N._trogen occurs in. .t 18 25
Cct ober edpmwelm@%@lmm@se@om’@edﬁéﬁa%ﬁ%@? H’@n‘\f%’g§I291 ng

s YR PR I LRy SRS ool e s o0
- 20 through the central feed passage 600 and out the feed channels 540 of the valve shoe 500, -
through the outgoing feed ports 740, and through outgoing feed passages 390 of the
* manifold 320. From there, the feed air flows to the feed ends 360 of the adsorption beds
~ 300. With reference to Figure 5A, because the feed channel 540 is advanced with respect
to the product delivery channel 580 (i.e., initially the feed channel 540 is in
25  communication with ontgoing feed port 740 and the product delivery channel 580 is
blocked, not in communication with the incoming product port 750), the feed end 360 of
the adsorption bed 300 is pressurized with feed gas, ie., pressurized, prior to the
commencement of product delivery. In alternative embodiments, the product end 350 may
be pre-pressurized with product gas, or the product end 350 may be pre-pressurized with
30 product gas and the feed end 360 may be pre-pressurized with feed gas.
[0087] In the adsorption step 776, because the product delivery channel 580 is in

communication with the incoming product port 750, adsorption of Nitrogen occurs in the
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passages 370 of the manifold 320. Fromthere, oxygen gas flows through the
incom ng product port, into and out of the product deli¢éiGeteleagplt 580,

t hr ough S Y92 7pr oduct 5 port 760, through the outgoi n@gIrEd¥aI49passage
400, and into the product tank 330. From the product tank 330, oxygen gas

is supplied to the user 108 through the product%tgel ivery Jline 450 and the
suppl y Pr#da0d sad theapmfing nrodyst oxygeaas Jaws fomardsife aminciands 359 of thene

W tht ngtpiites A40SERERS e loglieAS 460, Bla el b iRg et 2 P01 7
bring t hassasadiotofehcmanifold 320 hBrddethed) Oxy@naat ot throwhetheridbmlig pressure.

The product ends 350 communi cate through the product |ines 380, the
i nconi n@roduebpribintopnd sytef thmodtlwéiehmﬁhﬁglegﬁ% throughoputgoing produgie

. [ t] | 550,. th j tol. . ' [ t ed
Shove ~ BhHR0, BT dhe iEnip@ Broeb s Sl A0h R0 o BBEc: Bk aaf o ot ©
sur f ace 1R3ftodhdd tAkPI ) Bxyieh gaf isaupplRANe ealset T0ghRugh ehtgbiwe deldyery he 15

engagenment” surface 520, helps to maintain the relatively small size of the
rotary Viak¢é0 ashde s8pply ling 1dlder to keep the torque required to turn the

bompl ex 1 ur d0P8RY | e Rral iRty Py st 176 et R0 PR B anatne
. equali Zgbb,osﬁh%ﬁ?soét aﬁ?gh- %gﬁlfe, Z@Qﬂfaﬁz&ﬂ%ﬂi ﬁﬁgﬁ&ﬁﬂtaﬂd}%othﬁfﬁ‘ed?%ﬁhﬂ&i on
may z

beds 30 e equa at "'either the feed end 360, the product end 350,
20 90 a acaidw prsiure, tofbrind ¢hefpredice el 3BDofthelbech00ppadoetr, aretn@8ikte [ 0089] I n

th d i zat] on-d tep 780, th d d f .the bed 300,

whi ch | PreEEUTAn LA PEINGETSE dop FEROUREale roBgh R PRCRIE% AR HHSRTHRE end of
t h | chabs @l ; L g d 350 of

anot nher p%géglﬂc‘; Bérg%%rg 3’d7§),vt\§é F%onlnﬂ#?ﬁro@ﬁc??w #50, i ﬁhl%&nhﬁ‘ EnhOE45H, £l 0

t he bed arr‘even fower” pressure than i n step //78.

Si mi | i arhd @uialigationgbowd6l iAxdhdicdatedsbuve sécpipliZafidn r@finghda the geames 66@ls 350
communi cate through the product |ines 380, the jncom ng product passages
370, t henithesnepnd valve audace §30118 aphme ophal agnaraliehto %ma%&rﬂ%ql @Yﬁ&m, and the

equali zation droove 6 0l .tn. ~C UL T , ") step
7615 ox FUERUEPE SIS GAL iR o mebfeh A R4 Rl e UMy Pl

adsor pt isafe HE 18O el fo ke p dhd 1Brqud ieifiRd $EARM the vaFreafsOS(l dsdpwhed 300. Gas
flows fromthe product side of the adsorption bed 300, through product line

380, i nqosdiblg, whidelaiahe sass tige estding amte i ceopdxnlyig reingthiough thgsplveThe gas
pur ge. grsoe a00. 15 B Haol e Sscraaienion HsB 4L 7BRTPOMHF ne B oLt (e
purge PIRSARS: Y s SOFmAPBOS dafizad ARitREr the focd 3hd 866 HRSpraliht ehiBSOION the
20  or a combination of the feed end 360 and the product end 350.
[0089] In the second equalization-down step 780, the product end 350 of the bed

300, which is at an intermediate pressure, is equalized with the product end of another bed,

ot

which is at a lower pressure, to bring the product end 350 of the bed 300 further down to
an even lower pressure than in step 778. Similiar to the first equalization-down step 778,

| 25  the product ends 350 communicate through the product lines 380, the incoming product
passages 370, the incoming product ports 750, the equalization channels 550, and the
equalization groove 660.

[0090] In the co-current blowdown (“CCB”) siep 782, oxygen enriched gas
produced from the product end 350 of the adsorption bed 300 is used to purge a second
30  adsorption bed 300. Gas flows from the product side of the adsorption bed 300, through

product line 380, incoming product passage 370, and incoming'product port 750. The gas
further flows through purge channel 590, purge passage 640, through the purge groove
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purge channel 590, through the incom ng product port 750, through the

i ncomi ng product pasasge 370, through the product |ine 38&ctehed200ft o t he
product ¥HOI9RBIZT adsorption bed 300 to serve as a pur QETHHIOSAMS | n an
alternative enbodinent, in this step 782 and the 5 follow ng step 784,
co-current bl owdown may be replaced with_counter-current bl owdown. [0091]

In the PoW-outhepurge RASHAZE §G0 on tre\oppositesidereishe valge shrsoPB: thevzBdle 300 i s

vented to.lq r r 0] t1 ed 300.
The: vachile SaSER 350 ichflf BlsHobllfg hifor o 7300 nRhuch s BSQI Ii?
conmmuni pad: 390, thrbdpth 1B brodutt 14 3385 sadiaton8d pavddettchd 356 ed advoebidmbedl t he
adsorption bed 300 (via the outgoing feed port 740 and outgoing feed

passage 3806) servs asraawreh sraasy dnaplewatiesemabuiimenisindhis stop 1BRand Mesor pt i on
bed 300, .The | ow ssure venti step.784 .ocqur. ' |.ntroducti on of
oxyg%n @ﬂhvgﬂ%ﬁteﬁggg’t?&%'ﬁ??gﬁqﬂgagyﬂ5’5‘5 tbeﬁgglg%eé@%u%%%i%hn%ﬂol mruni cat i on
w th theewiskgoi ng feed port 740 and the purge channel 590 is not in

comuni cation with the 15 incom ng product port 750. [0092] In the
count er - cur r §@@91jur hetha fuv-pressyre eestinga“LBWT) step 784, the"ajisarptign B@b300 isxygen

500+ nVpfied rlmumenvscniaveh tia et cad S e ihe aBomine ket 00T TR TR ot oed
end 360i19Ihete§§ ues@glggws#mthgg%&g; | B8 YO L RSt cdiEV\with BRShSusdS Was

described 1n ve step unter-current purge i s 1 ntroduced
i nt10 t heapagelSEl arglthe 8520 end 360 of the adsdoptivn edd 08 (a thavwgajhg fdediport
~communi cation wth the product end 350 of a second adsorption, bed 300.

Oxygen dAP pateweeing feadsmssage SR ey Bgegengrgion sehayst Sa5 QubddBfd adsor pti on

bed 300 Ja t ' ' ' R S& 70,

I ncom n&d%o%“ lC dp%’?t H%‘gg&ﬁ’{%?%‘ggé’%ﬁg‘&%@o@ﬁmé’ﬁﬁgpR‘@@W‘Sﬁrge ggggage 640,
thrOUghok{]Z:@nlﬁBMiﬁEe RBBeCuSSthe efbdust pEsdfe 80P doastagdeatiotvitnthehe opposite
side of the valve shoe 500, through the purge channel 590, through the

i nconi nguigoinufsed pert 74G 5ol the mmggambﬁfﬁ@@ﬁmgwwwpé@%@@ 370,
thr?%gh.the. I’OdléCt lil'Q%QBBO’ and into the product end 350 of adsorption
bed'300 ™ FORAUELDOTE s st passage 560 is al so in communication with the

out goi ng f eedopgsyt gﬂﬁ AetirhiBcurtapt Surgh SR 163PpreSRYIRMLAR (FIOHEY saps786] ows
fromthe pr oguct ]en 3%0 to the feg%léend 3601,%30 regengr(ati ng lt:b%e'

“adsor pt iospgdeshrisbé gaktisimmduced inte théiproduttznd 85¢ nhHibe ed®rptiar bedd0rint ar y

val ve shoe 500 communicates wt he exhauyst, pass 560 a t he feed end
360 of themannes desst 6911315%’81‘?36‘81’?&&01%%3 @Bﬁﬂ&‘%&gﬂ’dﬁoﬁﬂt(’% and out goi ng
feed pa%ﬁ?&ﬁﬁ&?@d' iR b?e%gzéngattﬁ’ R&K p?egg.@e ad A PRL0AR L ﬂféqyo'v@%f; 48496

20  Counter-current purge is introduced into the product end 350 of the adsorbent bed 300

through fluid communication with the product end 350 of a second adsorption bed 300.
Oxygen enriched gas flows from the product end 350 of the second adsorption bed 360
through the product line 380, incoming product passage 370, incoming product port 750,
through purge channel 590, purge passage 640, through the purge groove 650, out the

25  purge passage 640 on the opposite side of the valve shoe 500, through the purge channel
590, through the incoming product port 750, through the incoming product passage 370,
through the product line 380, and into the product end 350 of adsorption bed 300. Because
the exhaust passage 560 is also in communication with the outgoing feed port 740 during
this step 786, oxygen enriched gas flows from the product end 350 to the feed end 360,

30  regenerating the adsorption bed 300. The vacuum in the exhaust groove 570 of the rotary
valve shoe 500 communicates with the exhaust passage 560 and the feed end 360 of the
adsorption bed 300 (via the outgoing feed port 740 and outgoing feed passage 390) to .
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draw t he regeneration exhaust gas out of the adsorption bed 300. Fromthe
exhaust passage 560, the exhaust gas flows through the Za&iehepdpits 730,
i nt o t he WBHWRA§17chanber 430, and out the vacuum presure RATARES044896 | n an
alternative enbodi nent, the vacuum nmay be replaced with a | ow pressure

vent that is near atnospheric pressure or 5 another _pressure that is |ow
rel at i vdravothe megehesatiop exhagsigas onhofthoadserptionthed P& nFronpthegyhaust gas from t he

duct tank 330..i t t duct 5 dsor bent bed
D00- T obfes $hi e PHPEY bt Sl R0eipo88 30 e the bRWATS0L 50, of
the bed  BQQber 490 A Jub tRtvaBuHR Dreshi@WHne 496 S IH & alictnaAird @hiboghent, e t he

product end of another bed, which is 10 at a high pressure, to bring the
adsor pt ivecuvbenia be replecad Withreelow-prassurenesdt tiebis pearsdmpspherip pregswelott ends 350

co ni cate through, the, product |i.n 80, the incomn sodyct ssages
370,31 hent R R pREIR LY LN 1 BF Tediacisyirin 2a0 pe et edl? and & he
equal i zahi g&n%Q fayﬁgglgce%ﬁﬂi?%edte (REFHVAGtRAE 35D aRit-QsdPertbe® 790, the

product “end 350 5 300, ich"is at an internedi ate pressure,
i s equal3ddged with the product end of another bed, which is at a higher

pressure, to_bring the product, end 350 of the beq 300 further u an
even higher §9Q33ur b thgdisstiequalizgfionrip $teEi7ﬁ$=Itb%1PmaB°tteH@ 33{’ F’E&m bed 36&

equal i zaty: t t tﬁ'éé@% fet) gh the
pr oduct %?HII fed g%?&tlﬁﬁ plz%sg%rr?i %gq%ﬁ%%g@' p s?g%%%%, t h@%ﬁ’%@n&% pr oduct
porqg 7%Pa highreaual ioZaingahe sdiaftivhded 300 toenbighdipin?dmedised presstiieon groove
. 660. [0095] It should be noted, in a preferred enbodi ment, the conbi ned
dur at i ofThefprodustends36p sommmicatecthrpagh e predyiet Hngsi 380} thedneomingaroduct ne

conbi ned dur atjQn.of. pur.ge steps .7 4. 7 ' bstantially
Chree t PRIEERI0 e ARGORITE pro Egtri"’é‘&ﬁg?’it‘;’gf‘i“ %‘g&%"t"%@sgﬁd 8, 790. In
an al t er:gadli-¥Goresieed peMt . the rel ative duration of the feed 25 steps 774,

776, the purge steps 782, 784, 786, and the each equali zation steg 778,

780, 788, 790094y Wumthe se¢ond®halihtion-up bep I8¢ dheiprodueticnd 360 ofithapedt ep 790,
anew_cycl e begjns in. the dsorption bed .300 startin it he,

pr edBr eS90s Whish isH agiis ate Pﬁ%@’f% 15[%”*‘?%‘4’@% ec%ﬂ@@#?‘?@?éﬁm@fﬁb%d cycle
descri beg.: AR LR ARS8 S 8n
concentra %?g%gﬁg?%ﬁg?%ggﬁgég%bﬁﬁg%g@st, ﬁﬁe&gfgbé&h@h are gescri bed

bel ow. Then Mghédmrésueatial inzadp 788, Sivflr 1Bhe F9@qadlistiendowdsiep 788dbe 350

and the pre-pressurization step 774 contribute to the pre-pressurization of
the 21 Jmodust ensis 350 gommunicate through the product lines 380, the mcoming product

passages 370, the incoming product ports 750, the equalization channels 550, and the
20  equalization groove 660.
[0095] - It should be noted, in a preferred embodiment, the combined 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 three times the duration of each equalization
step 778, 780, 788, 790.  In an alternative embodiment, the relative duration of the feed
25 - steps 774, 776, the purge steps 782, 784, 786, and the each equalization step 778, 780,
788, 790 may vary.
[0096] After the second equalization-up step 790, a new cycle begins in the
adsorption bed 300 starting with the pre-pressurization step 774.
[0097] The five-bed concentrator 114 and cycle described above has a number
30 of advantages over other-numbered concentrators and cycles used in the past, some of
which are described below. The multiple equalization steps 788, 790 at the product ends

350 and the pre-pressurization step 774 contribute to the pre-pressurization of the
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WO 03/ 092817 PCT/ US03/ 13496 adsorption beds 300 prior to product delivery.
As a result, the beds 300 reach their ultimate pressure2§Sekbenr®ltal |y
equal { OWONSA028A pressure) quickly and thereby all ow forPCTHES0B/MIMIS
utilization of the adsorbent nedia. Additionally, pre-pressurizing the

adsorbent Dbeds 300 allows product to be delivered at substantially the
sane pr edwoptiondweds B0 pgerdto pisodﬂqéd‘ﬁhvm g reiswly théeeds 389 egacktheironpr eSSI on in

th t whi ch k th f
oenst | Bamas Biesued CubamayBane i e el SR ik M MEAT ! 1 e
beds 300, Wrhiin RAiGIMEIn &Qﬁ@é&oﬁéﬂﬂﬁé&ﬂ rhaibaad, ﬁfadpxamn gftl{bead@%enﬁoo to

the feed streameli mnates any pressure drop éexperienced due to the fluid
| nt er acbedsB0drallolwsipdodishinire delivered afrubstertinliyvibe samenmessusedasddbtend, beds 300

e feed 10 end 360. Addltlonall redtos ste greater
Ut s DT aEE B e 10t SOBPeRON yiB Shath StLE R RIP AR Eon and
.‘nunber QreAEhord pﬁ{lia_llﬁé r'u@eHdH\ﬂlsﬁ' RYcERES. %aﬂaﬁtg ethBREmem@nel s 540
at the sane tine ereby reducin propensity for urd flow between
adsor pt pfrpressiisizing the Beds| 300 dvith pmdlhaebsfafme@dmng jie foed &wlB60iof tlastswlci at ed

with a reversal of the flow direction in the hlga Ptﬁire bed
(resu|tﬁﬂ@tqﬁheée,@r%r&§@cp@5n%wmsﬁ@§ op esEERGA duptathe fluidk ot s

Syt oms dngapjort S Ol itn BANAR Al otho sdsclly USROS 1587

al | pyvi-ngnd BE0. QaiiieEialig] @mpatedre systérﬁﬁwmﬁgr&lmbhmbeﬁmﬁbeds, ftenge bf gi5t - wei ght ,
whil e delivering sufficient flow and purity and  maintaining high xygen

recover ped exstran, 1pdies fherdiisiontapg Flwarwfth@é%@aWF Ao uighpepmunicatighyd

power " TR lRingh 330 gh e R B B %@%&@f?ﬁﬁﬂcwe;QOP' an
el i m nabegveds his Bhedsf SRt BafdAnbitheed aRdritiotldedsls agdociattd witpaor nore

adsorption beds 300 (as discussed above) but 'increases system power. The
5- bed syevessal ef thaifloat @secnomtés h@heuuaasn@ahhdr(gesuma imilerreaseces

performance-limyti 36 | ow bet ween adsorbent beds 300. 25

[ 0089] O%‘Panﬁﬁ)ef‘?r}f‘g‘F{‘ Petﬁlﬁrﬁﬁ%%td? VaR38P W at i on steps 778, 780, 788, 790

reduces the t # t he
iqqm qua |2| ng t%&ﬁﬁﬁéﬁag&dwﬁaig %ﬁerﬁé’féﬂ?&t%

concentrat or e beds conserve pressure gas by
movi ng iidclides anedalietuniied of’:ﬂt&orpuah beds wﬂaallomng ﬂmg:omenhmtdrhxebateﬂnm@her e or
to a vacuum punp. Because there i associated with pressurizing a
gas, coﬁ@éﬂwqii@%’hén@thtpW%h‘id@’?ﬂﬁd@&@pﬁ%UﬁﬁﬁnF Hewabdsudy andcovery. Also,

e i e P BT Sl R Bl asa gl ot he
300201 atlifber chhﬂ@o Bh 'b@(ﬂ; tetsult andeaalicadinghth® coiapressod (resmimpiahigltepowvar y. The

nunber of equali zations
- ~ use) during a portion of the cycle Deadheading the compressor eliminates detrimental

flow between the feed side 360 of the two or more adsorption beds 300 (as discussed
above) but increases system power. The 5-bed system eliminates compressor deadheading
and minimizes performance-limiting feed side 360 flow between adsorbent beds 300.

25 [0098] Use of the multiple pressure equalization steps 778, 780, 788, 790
reduces the amount of energy of compression required to operate the concentrator 114.
Equalizing the beds 300 conserves high-pressure gas by moving it to another bed 300
rather than venting it to the atmosphere or to a vacuum pump. Because there is a cost
associated with pressurizing a gas, conserving the gas provides a savings and improves

30 recovery. Also, because a bed 300 may contain gas enriched with product, usually at the
product end 350 of the bed 300, allowing this gas to move into another bed 300, rather

than venting it, conserves product and improves recovery. The number of equalizations
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25 Cctober 2006 WD 03/092817 PCT/ US03/ 13496 are preferably between one
and four. It should be noted, each equalization represen8 Qober 2006

equal i zaWiOoo3/0828ps, an equal i zati on-down step and an equCTARO/0H#9UpP St ep.
Thus, two equalizations nmeans two down equali zations and two up

equal i zations, or four total equalizations. The sanme is true for
ot her - naneipaeferglydetween enesnd foura Iphshotilskheaotesl, eachsanalization peesenys o r

Shor o prietaRid i Syl S Rl b R RE, (SRS Y e T
equal i Zgk iMRatichs SRShs AFEIMEE SqallzRRRE abd fPup EduaBzA1R8k, dFedraswrd

enbodi ment, two equalizations (four equalization steps) are used in each
cycl e. pQ@@di@donsn The senabttiuedorotbodiumnbar squalizetiosndeaprederssd 114 may have

ot h 10 pupbers of  adsorpti.on. beds 300. hased..on.the concentr.atign of the

f eeié st F‘E‘gﬂﬁqr;%!% o8 E‘bﬁ’ﬂt 8‘5)“5&;‘5%@?5 (lzBVODtB %g_g'z sﬁ%élé?ql,%sﬁcé’sﬁ?fs §1§7?{18 %W ng

adsor pt f&e.cﬁ&l ﬁor@]%PdfG%S e{ﬁ@@&iﬁ{ehﬂ %3@ Aihkde! R0RizatibAY (1 Bk SqudlightidiPt Dy
way of mtation, there al so are advantages to four-bed concentrators and
si x- bedsteps)centgedtinesch dfbien Inparst prefered eybodingntitvaequalizatiens (@wgcri bed

above with_a four-bed concentrator, the problemof fluid comunication
bet weenegukizaignstaps) arcdifed 12 ¢980C¥G nore than one adsorption bed (at one

instant) is ed’cﬁ te | ¥l ‘. i €1 ' ni cation
is elimnat ex, fieeaé%sliagggg%g, 7}5%?@8%5%6?1%&% nnr%&géé%éigm fashi on
resyh t i BfimbersiolRASRYSIEhI RA9960 based oh e cbasértatonoditly dted stioamattiv apdcifies of a
si x-bed system conpared to a five-bed system are realized when the

pr essur gasseitmbe spetatedd theqressang swivg/adspeptin gyale.cad ke enesatingrenditighs t hr ee
equal i zation u 20 st.ages d ree. equalizatio | i nst ead of
P equiPt Sumile: tipnaiore dhmbelisie Rt P b el B Bha0RE 1 G
equal i ZabhRRirhSr3MNAR-BEPHSenMEdts.! Wheh@BeraffSa bcle Sialat Glthet débcribedh
pressure. The third equalization conserves conpressor energy because it

al | ows tbeveewitinh farebet edscentratohithe problebsefiinid epmpunipgbien betweers bedeqsr essur e
co red, to bstantially 67% of .the feed pressure when .t e I zation
st ggés. &P@%@é anﬁﬁ“%?ﬁ&@’é’ efg§ B‘.Fl{eji’e%ﬁé?f’(?\)}é&a% 1585818%’:%1&\13?151}}1%3%. occurs,
there i SyfRGRL Fe%aﬁb%fihﬁwc&ﬂfﬁﬁhfc&@éﬂ 19 R1HMed, thETEed Q&4 778IVEH 0cRlr W Chi ng
equal i zati on stages inparts sone restrictions on the relative timng of
t he cychgorstdesisablé fashioaresakimyih émptoved cheoedry ofithefdesiteal fredubt.st ep i s
substantially the sane as the duratiog of _.each_equal i zatiafn Ste%’ﬁht hen a
si x- bed Ty afeaniages af p pishedesyskar, cpmgerch &2 Hue-bed Htcdt ayealiredwhadibs t ages.
30 [010Q]_ A nunber oot | ' | t -

concent PReSre IR il AfGuaRgve LNEIRLY S AIGEL Il B8 MLATE | \ctem
pr oggct ispictd/andl thiceRgualbationl@swi stags indiddoiited eqeatizatisronfi-stagesead Swo 3B, 7A,
and 7B, an enbodi nent of a nedia ) .

: equalization down stages. A third equalization is advantageous 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
substantially 67% of the feed pressure when two equalization stages are used. Inany PSA

25  cycle, whenever an equalization up occurs, there is a corresponding 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 equalization stages.

30 [0100] A number of additional inventive aspects related to the concentrator 114
that increase recovery of a desired component and system productivity will now be

described. With reference to Figures 3A, 3B, 7A, and 7B, an embodiment of a media
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23 25 Cctober 2006 WD 03/092817 PCT/ US03/ 13496 retention cap 800 that
reduces dead volune in the adsorption beds 300 will now BéQttchsr 2¥¥d. Each
medi a r eMENF¥281Gap 800 is | ocated at the product end 35@®CIFUSOBE3496
adsorption bed 300 and supports the adsorbent material above the nedia
retention cap 800. A spring 810 located within and_bel ow t he nedi a

r et ent | mientiap c8&0Uthgbrsdudes deastivalwse insthe pdsosptiandedg 860 WihhaPW®St 0 hol d t he

packed bed,of sor bent .erial,fi.r i.n. pl ace i3 retention cap
B00. hasSSRoRe: Aach i EbRign et oo ?‘%‘éﬂﬁ‘ 4l P%"edc“_(‘)’%a’[@ngnﬁuﬁié% fl anges 830,
840. Thgi 36410 PeR00 LA sippdReMhe3dSorb&t: Mahsta8 8bdVe thé MediaReterition capr800) ar rim
850. A top surface 860 of the nedia retention cap 800 includes a plurality

of ri bsASping 80ilaaticdgvithin andjesiew dhd mediardtention cpp 80 piges tsmlizent ral port
ur b 1 edfrbion o S Bevap 1l e st A Bqgbent B L Ay B ble " The” 1"
radi atigge fnieaﬁ r?t%@tgg@&hgﬁsdohﬁs RYYBSRir{chibade 820 Rthdirstlabl Qetond apiilyar d - from

t he cenfral por , Causing a nore uniform inproved regeneration of the
adsor beflinges88€840l Thersecopdanmulagilage S4@ permitiatesrat ifs tapi ing oicler 8T al so hel p
to channel Eroduct gas_ towards the centr . orh 8801 dulr i nﬁfeaes:? oduct

del i ver $5& &op sustasp 8P pEhsapqdiaretamtion FartH0 inglydes P 2oL EP on cap 800
may hav B Bietfeks o't /0 B eFE b @cnthal part

' aﬁaﬁgq@%%}ﬁ ‘?]lﬁsga %é}cfggr 1.?%%%%553%3?@n%: j?ddrther al terlr?ative
enbygli meRY, g2h 1890 @ett diffusiar Aon8Bfr parge imid cnning dubwitie tentral pare8Bonet ri ¢

500, [ 0Tbe WA anates liiog BoE B LS e rokea IHGE i R SR OBEAP IR ol o
tenti 0,800,040k 0 ' ; ' [
i o t RORCHPergb Bort sabil R Tt siRaf, Pepho\ Bl FRcRBul i FHPLBIRES T

‘bot t om g diA¢ BuBida Phrgiddestée ditie radihiy filsy 8 70aibso 1&dto chanseh gradifictides pr oduct
| ine 380 connects to the central port nipple 900 for_  contuni ﬁatin tt he

product tematdshe cedtral pertf88 dping  prasuet dedigernyistap. h an pleBAYES

as e 370 of the, manifald 320. 25 [0102] |n.. | tion

(F:) apig gaﬁ’%?emﬁgﬁ eteniopy %Béghﬂaﬁ%ﬁv‘%flﬁ?ﬁ%aﬁ thn-cyflwxgceﬁg%%fa&g '{ggééﬁ% ove the cap
so that ' | SyHari ' fieleraRanithe dadtiotiimentothet he
adsor beﬁ%Q%@ﬂ%ﬂaﬁr&id}r}%ﬁ?ﬁc{rﬁﬁ}lgf{d‘ggppﬁ2 product end 350_of .ntt’heebed
'300. Theentedl powr SB0 nwlyi berotdie sy fivgm it geoustit eser of heeitheraylindiégalRe in the

system As used, her&lqg, "dead vaolunme" is systemvolune that is conpressed
and pur geacybudricgbmediggetentonean®0n adsorbent nedia. The process of filling

this volunme cogpLe f : t ¥ 2lnadpl HidBHsEeeSent s
wast ed feed. \tq#e]‘]i ng‘ﬁg‘%/%ge?%e‘@"ﬁ ?ﬁg@&ﬁﬁ’i do?ﬁﬂ% gﬁ;;d%%ggoﬂﬁ © o »
20 800, the cydrical base 820 forms an interior chamber in which the spring 810 is disposed.

0

A central port nipple 900 extends from a bottom surface 910 of the media retention cap
800. An end of the product line 380 connects 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.
25 [0102] In the past, media retention caps may be held in place with a spring that
" fits inside and above the cap so that the spring is in the fluid flow path between the bottom
of the adsorbent material and any exit port, at the product end 350 of the bed 300.
‘The 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
30  contain adsorbent media. The process of filling this volume with compressed feed and
then venting that volume represents wasted feed. The improved media retention cap 800

does not add dead volume to the system becanse the spring 810 is housed outside of the
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does not add dead volunme to the system because the spring 810 is housed
outside of the 24 25 Qctober 2006 WO 03/092817 PCT/ US025 1B4@®r 200 d f | ow
pat h. El W@ ®B9928A of any extra volunme within the system PETASOFIBIFect|y in
nore effective utilization of the feed, and, thus, higher recovery of the
desired product. %QIQS]' Wth reference to Figures 8A and 813, an

enbodi riuid flofv patleeKliminatign of atextevolune within the pystagn rosalty direstly iy al ve shoe

500 | aterall i xed.and ceptered wth 5.respect {0 e t plate 510
will no%o’i?eefégé‘é‘? ?@&?ﬂoﬁ'ﬂgﬂf g‘?@eﬁ%&%&%‘ﬁg@ BRI yOftﬂ{iEn%ei\éﬁ%ae/&gagéetht ering pin
920 havi ng OV /&Y I ol -@H@_p bodmertAfd ceptigsi al . When

t he engagerreafhdt;m?{hrfacer%tg%h%‘?@tlzﬁe ro?%r%gg\slgg?%e%h%e 500 isceengaégd wth

t he engagenmbin founiadmeinitRpGhefotaryeralvalshes H katepdllytfixed rod cetiered @htber i ng pi n

920 is partiall di sposed Lnt central fe asage 600 of .the rotar

Val e SHaecs B NaLvE RB Bt 5L WHER o6 AT RC TS SO P8 g A v o or ¢
| ate 5 . tat: i he centerin

D h Goghaugé P etBring B PO ANhE KON IR shapluld adSER Migid °

pin 920 "an centering pin 920 a )

‘hi gh- prgafyise Weedltielenpshetrenf suaface K20 ef the ootgty. valteshpe HO®EEngagedtvilins t he
rotating valve shoe in_a fixed position relative to the valve part plate
510. | nitbeagapement susirce J9Gplihg Xplye pog ﬁ%ée ﬁﬁ%%i‘edi?&??ﬂi}g P rléamiﬁiaﬁﬁ respect

to the valv 0 t ' t val ve shoe.
£ tne 3o Bt Bu@ Tecbinsbdie dRBIoR by Al el 506 ad Qi VAL Ve B
W i I epREming! fee P 790 bfthe vARE p6R LN S TRt Idrusd, iHe witdry vabye shyec3@9 as

intended, inhibiting the productivity, recovery, and effici g%y of the
concent rofates aroTinbthe cetep@pin 92P ané thedipllomeintegion pthe rentering 19§29 &b or t ant

when the val ve assenpl.y 310 i.s control Ling. c r tainin
very s%gﬁpﬁ?%g@ff?ﬁ?%ﬁ%ﬁ" Gﬁfrﬁt%f%]gﬁvﬁﬁgpe er e%éteaﬁ%égthﬁ%éa tljirill s Xn and QB,g a
rotary MajeMs ades phiivion fediifveis! tHeQAlveporCslRe 3a0.C T the phst Ao tdiady vaiteodi nent  of

the invention i nc?ﬁdes an alternative centering nmechanismto maintain the
r ot at i nghoeavaserosgidy c&ifered with respeetdo fessvalyeport platettivihe metarthat @eivesthsor t

Gy har Tasiy alsebis  Traboouy vide Minerc) Apd bt RoETip B aif A BBy
cylindr m!resg%gt?)téiegai’\@thér 4 QoREentifor 312 Wil REY Ofchdls iRteiAl inBibiugy 420. The

circular’rin centerd the rotary valve shoe 500 relative to the valve
port pl picdubtiyhyedoodrst] gl dffidenaytedithe einventB06r. iTheprecisioeeffosed by then rel ati ve
to the port plate 510 while at t sanme ti | I.om t he rotlar?grv val ve
shoe 50eenteringRind0 iy iapospntyhg the valve Asss 'Og‘ﬁF‘é‘g&Pb%%&f X1 Uhodi ment

of an elastic.lin the notor 118 to the val ve shoe 500
will noWf glgm@glggﬁgég{m%ﬁgrﬁs\a{éw ¢ lani sm
20 [0104] With reference to Figures 9A and 9B, a rotary valve assembly

" constructed in accordance with another embodiment of the invention includes an

=

alternative centering mechanism to maintain the rotating valve shoe 500 in a fixed position
" relative to the valve port plate 510, A circular centering ring 930 fits snugly over the
smooth cylindrical sidewail 530 of the rotary valve shoe 500 and the smooth cylindrical
25  sidewall 710 of the stationary valve port plate 510. The circular ring 930 centers the rotary
valve shoe 500 relative to the valve port plate 510 by holding the rotary shoe 500 in a
| fixed position relative to the port plate 510 while at the same time allowing the rotary
valve shoe 500 to rotate.
[0105] With reference to Figures 10A-10C, an embodiment of an elastic link for
30  coupling the motor 118 to the valve shoe 500 will now be described. A drive mechanism
| 940 includes a drive shaft 950, a drive wheel 960, and three (two shown) elastic chain
links 970. The drive shaft 950 may be connected to the motor 118 for rotating the drive -
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940 includes a drive shaft 950, a drive wheel 960, and three (two shown)
elastic chain |links 970. The drive shaft 950 maybe conn@éQstoteo2§de not or
118 for WS exW2R17t he drive 25 25 October 2006 WO 03/ 0928TT/¥03/134803/ 13496
wheel 960. Wth reference to Figure 10C, a | ower side 980 of the drive

wheel 960 ma i nclude downwardly protruding cylindrical support posts 990.
Si mi | ar heelirGOh Wigh sefensnes todfigre d 0€ea loowy sida 9&%9@&65&]@@%&]@@1 68fmathe second

e SRS Pt Rt b Sy e PP
sem - ri @higlye €OBSI GpRPSi8E 1600 d1IHE BecBd FAIVE SRR cHVHBBOImAEclay 8pwargBNer al |y

wrench-shaped ‘configuration. Each elastic chain link 970 includes

cyl i ndr ipeattudirgesilindrical seprvet mostsoOd 0. The blasténthain lirdsgI 970 @rd praferdbly wadd 030.
The cylindrigcal, recejving.nenbers 1020 e.joipned b a..narro onngct i ng
montRr PHATRIHE: SRTieanglpl e FUCER Tbe) B e Beoeily Yttt athe cover
- 690 thr %Hﬂﬂi'gc Qﬁorf?:lf?a%}}'el:asﬁ@@ﬁdﬁl ii{ﬂﬁﬁo DeRdel D BHRER reNInd BRRGErs 1020 of each

10 el astic aln recel ves e support ‘post 990 of The drive wheel 960
and t he vittheniral gdinidxéad hores1hzd. TH2Eyndrieil vereividemembpsri02dastjoibed by of t he

second val ve shoe cover 690. n_the, past, . rigid cqnpections re nade

bet ween IFEOHROGRSAIRG n@er@qrd%é-i 'H%e &é‘fe\/‘@h%ehé@.gls c‘ﬂ‘ég‘gtor g SeFORDNAREL i ons
caused ' : c s Y ' r

onr ot S SdeR a0 i e SR SIS O/ECDRE vkl BRbANCD oFbART

t heq@i brefistio bhal® 1ifk ebcvivds thetsappatipdst A0V efthe drivd whist 960 nd thetlerenting this

detrimental .energ%/)gf rombeing inparted to the rotating valve shoe 500.
[0106] Feasiniag menibsr H0A04peaivesithesuppprtpost: 110 ghths seeandvalveshexsAvenp Y-

simlar .t t he .concentrator 11 r ) ' spect to

A AN i
€ CONCyRLd Agidico tibi%s ¢aas @ dota veesho deted by afiéh bPotbér

adi abatic poﬁvvéer (Watts) to oxygen flow (Liters Per Mnute) is in the range

of 6.2 WwohMational nayeiyeniri theumotnst The elastic ehaiidinks §78mbisorh theavibietior f or

BaulB! s GO noRFHELGHL AN SRer T el e B e feriiiel SRTRT R IARRT o
f rom adi; & LtoMRE fotatin® vBbve shet kows: 25 k-1 Power =W =PV k PZI k 1 C t '
"(1-k) @%& Power =h%di abatic Power (Watts)

[0106] Figure 11 is a table of experimental data from a concentrator similar to
the concentrator 114 shown and described above with respect to Figures 3-10. As shown
by this table, the recovery of oxygen from air with the concentrator 114 is 45-71% at about
20  90% purity. The ratio of adiabatic power (Watts) to oxygen flow (Liters Per Minute) is in
the range of 6.2 W/LPM to 23.0 W/LPM. As defined in Marks' Standard Handbook for
Mechanical Engineers, Ninth Edition, by Eugene A. Avallone and Theodore Baumeister,
the equation for adiabatic power, tanken from the equation from adiabatic work, is as
follows:

25

-1

W EY(R)*F
P =_=pV] = _||== ~1lC
owef' ; 1 l(l—k) [P,]

_ Power = Adiabatic Power (Watts)
30 W = Adiabatic Work (Joule)

t=time (Second)

26




30 W= Adiabatic Wrk (Joule) t = tinme (Second) 26 25 Cctober 2006 WO

- 03/ 092817 PCT/ US03/ 13496 P, = Atnospheric Pressure (psi &p Qerober 20Mpr essor
I VacuunWf @49281@ (psia) k = Ratio of Specific Heats = cASYEN8/13494. 4 (for
air) V, = Volunetric flow rate at atnospheric pressure (SLPM 5 C =
Conversion Factor, added by authors for clarity = 0.114871 Watts / psi /
LPM B. En@r@%ﬁﬁ?%&’“{smﬁgﬂf@wm reference additionally to Figure 12, in
order to pPopeEsnipyesfouTCicingn pasure ifizp | i ght wei ght, portabl e system 100, the
system 100, m |.ze a,suitable rechargeabl e energy source. The
ener gy souﬁcgéﬁ%or‘)efe’ger%g‘%wat? ncof]%gsl'g&?rgg argeabl e battery 104 of the
lithium i ol:typemetti¢ flag jate atsamasphau frapsuzgfleBMnt t o those skilled in the art
that's. the ¢ -Sya}eaBn Flo Riedd§ aRRNEERHR 031891 Wakd S P18 0y Source ot her
than a lithiumion battery. “~For exanple, a rechargeable or renewabl e fuel
cell may be used. Although the systemis 15 generally described as being
powered by a rechargeable battery 104, the system 100 may be powered by
mul tiple batteries. Thus, as used herein, the word "battery" includes one
or nor eBbat tBuergsSowEget her, the rechargeabl e battery 104 may be conpri sed
of one or nor Lpnternal and/ or, external batterjes. The battery 104 or a
‘battery rodul D1PZE %}tﬁgefgwgce widitiomally tepligpee 12 @y QIAenIp pronsshy Fastiends om t he

Systygm tw-l-r@igh ' I ry, a
Iow@os%@tte yl?%g{ﬁt%%g%%gg?‘%’gg?sﬁ%%l% ggﬁ%%n%%é%gr%?,asgﬁ%mgn ext er nal
s econdaryclizagdableyenergyaontde p The ensegyibatucd fiéREblyTelwlysi rohadéhbislyatieaye a
built-in adapter including battery charging circuitry 130 and one or nore
pl ugs 134 ik ithiusarienstynp Buwitl he Teadily apparers te those sigHegkinghe art thath thepC power

source ( ' LL.ah angd/ an,. [..source 25
Cog. . SRl 00 hEBGR e e SRR} SO it Dbt

si mul t arfesresinipleea Rghargbablgetiehdwiabld firl 40 MAhy BCuRAVAIthSOEH €6 systéif igdapt er
or charger could also be separate accessories. For exanple, the adapter

may 18e enely described as beingpowerhd by a zerhpreseble baitery 404, gaesisterth F00sppay em 100

d/ h the batt 04 i topobile. A t,e. AC. adapt
be used TPURLI PP Paec ThBse e Bpimliontord bRy “ndaaeeR i 100 30
~.and/ or qhafega'a&%smﬁmaf, %ie\’reéﬁ%f%aﬁﬁ%ﬁ@r& 194MBI R R ?e@ép&fe%nm be an

adapt er used ee '

chair DbatterieS or other carts.
internal and/or external batteries. The battery 104 or a battery module including the

battery 104 is preferably removable from the system 100. The system 100 may use a
20  standard internal battery, a low-cost battery, an extended-operation internal battery, and an
- external secondary battery in a clip-on module.

[0108] The system 100 may have a built-in adapter including battery charging
circuitry 130 and one or more plugs 132 configured to allow the system 100 to be powered
from a DC power source (e.g., car cigarette lighter adapter) and/or an AC power source

25 (e.g., home or office 110 VAC wall socket) while the battery 104 is simultaneously being
charged from the DC or AC power source. The adapter or charger could also be separate
accessories. For example, the adapter may be a separate cigarette lighter adapter used to
power the system 100 and/or charge the battery 104 in an automobile. A separate AC
adapter may be used to convert the AC from an outlet to DC for use by the system 100

30  and/or charging the battery 104. Another example of an adapter may be an adapter used
with wheel chair batieries or other carts.

[0109] Alternatively, or in addition, a battery-charging cradle 134 adapted to
receive and support the system 100 may have an adapter including battery charging
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[0109] Alternatively, or in addition, a battery-charging cradle 134 adapted
to receive and support the system 100 may have an adapt @b Qotadierd9Gfy
battery Wgoee727 25 COctober 2006 WO 03/092817 PCT/ USPETIBINB349€i rcuitry
130 and a plug 132 that also allow the system 100 to be powered while the

battery 104.is. sjnultane .y being charged froma DC and/ or. AC power
sour ce?/ PEFAE I#Jn%‘?és%/&l% ﬁryfl@‘ét alse allew eégrgtg@ 100de be novered yihilgdae P

corresp ' i ' m 100 to be
s Ly ooHeRg1 e s eI eing chifocd i BIRE ARIOOUCHBREPNRRET (00 £ 200

with the cradf0d1034. Thelwsitml 100gnd @eddieO183! pra@rabl4chiBy corféspbiting Biatigg pondi ng
el ectrical .contacts 142, 144 for electrically connecting the system 100 to

4
t he cradicstianyl38; pi0 thet atlesy the systern 180 torbs ersily deppedinte antbenje thetade power
th t ' f.fd t i | .etc. .Th 134 b
cons Sier o A foddhe 1 S 00 MitnyBE oSl B0 Mo e SecatBS LN 30 vy (he

syst em 1#0ludd berespagtifp dR4ricEcohtielsUde, REASPElEMEAlyASHhEdREThe HRRHOT NY

receptacl es 146 coupled to the charging circuitry 130 for “charging spare
battery H¥kiRsheigadleWddh a chargi ng receptacle 146 and one or nore

~additional b s cks 104, the_user, can. al ways, have a supply. of,

addi ti onal f?'«t?téﬁﬂ Okt caadie L3 way P%&S‘ﬁf‘da.re%fgﬁéﬁapqwrgh? St 1 Gsin
enbodi . y ' : | lzes to
ccomay SomE TS Ak nck A, B ThO Al 38y e dReretbant BRAE RS, 2l o
134 18nd/ H0 oxyes heppalale acaegsory o thergystete 160, HTind adadly 1§ pmayrbedhadel ot 48 f or
adding noisture to the ,air flowin the sastem 100 t hrough appropriate

" connect i BAE Q@l_onplrphg}:gi%g regenianles osopplad tothe chirgingeircwiidni30der ¢ he

hum di fy, 20 A TATRS s .he separ t 0 and the
cradl e 1(%1%%1% Séag%%?tbﬁ.%P f;(g?noﬁ? é&gdy%'ﬁérﬁl%geﬁg%c c%é;@dz&%fi?ﬁ%ge cradle 134
and/ or sadditiomalliBiersayacks t4) dite WP E@ulivaschave @ y 684dddior20fresh, f or

comuni cat i na with the separate hum di fying mechani sm 148. The cradle 134
may al scherger haieriesil®dept acl e adapted to receive a separate hunidifying

i sm 14 ith. th t 0 h tem 100 i s docked at
(e Bradr e J8192h 55 alfile nafirth. thereriflf 1ad oy SRInTA B Wepois s
i ncl ude cﬁﬁ&&h@ﬂﬁsrwacméméénﬁnﬁaé%iﬁ&é&@&Bf@;fslte%aesigi(ﬁphone modem

hi gh- speed cable nodem RF wreless nodem or the or conmuni cati ng

t he control U@id3]1Thefcradie] Blyaidéms§aomli00) mayalse iacludos humtiifyigg conput er s.

To this enq, the cradle, 135 include. a |ine 153 with a
mechanism 148 for acfdmg mogatu%e to the air flow in the system 100 through appropriate

connections 149. In an alternative embodiment of the invention, the humidifying
- 20 mechanism 148 may be separate from the system 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 humidifying mechanism 148.
- The cradle 134 may also include a receptacle adapted to receive a separate humidifying
mechanism 148 for use with the systeni 100 when the system 100 is docked at the cradle
25 134,
[0114] The cradle 134 and/or system 100 may also include a telemetry
mechanism or modem 151 such as a telephone modem,. high-speed cable modem, RF
- wireless modem or the like for communicating the control unit 110 of the system 100 with
one or more remote computers. To this end, the cradle 135 may include a line 153 with a
30 cable adapter or telephone jack plug 155, or a RF antenna 157. Inan altemati\fe
embodiment of the invention, the telemetry mechanism or modem 151 may be separate

- from the cradle 134 and to this end, the cradle 134 or system 100 may include one or more
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30 cabl e adapter or tel ephone jack plug 155, or a RF antenna 157. In an
alternative enbodinent of the invention, the telenetry Ré&hioties2® nodem
151 may WO &¢)9281dte fromthe cradle 134 and to this endPAIEscdidgdé e 134 or
system 100 may include one or nore 28 --------------- 25 Cctober 2006 WO

03/ 09281 . [ 13496,. appr.opri at.e.co ni.cat.ion ports, e.qg., a PC port,
for di recz;l{J E &E é%%%%ﬁaﬁﬁngﬁ%&t%é@riq PWW%@FF&HV%W%MW&B&@S@CWW !to he
cradl e 13ecBiniGH oF a{mém-sﬁﬂm%?m§134t&%y&éﬁQbs-i=§f1w; ‘eﬁ,ﬂﬁg @Ry 84 to

comuni cate with a conputer (at the location of the cr A\t I'ncl udes
the tel efayrbe adepihd ii eommpnicatd avithl:bdompiiter (stahplocatiomafthé aableyithanppr opri at e

5 softwate, for .c nicati i nformation described bel ow using the

t el emet ry™S C@ﬁ&?’?&%‘e Wﬁﬁ’g‘gﬁwlﬁ?f% " lgﬂeefi‘ﬁéo@P“tﬁb%Y irshideappropiateer s.
(01155 ool gofRlok mHRERTR B Lsat e
physi ol ogi cal informati gér}ﬁ%f t eaﬁg%@%%eﬁ%é:@%ﬁ?gﬁlgg el%%eﬁg%%%m

l'i m tati enmobemrit] methethe onxyymoresamoteadoingmiers.espi ratory rate, bl ood

pressure, EK y tenperature, 10 inspiratory/expiratory tine ratio (I to
E ratio) wi tﬁm)ﬁ%ior n@kﬁnﬂeéﬁﬁp@cb@@ﬁv@@mem T%en@eb%mdﬁchmmhamaism or

dem 15 i t . i.nf. ti h as,
but ot _ B loBEsl aftEb o AU ILESh & ol KERRY ShumcBi&tRett s 'on | he
syst em 10Kygeanaubaionpleypitiagaatd] blood pRssire, PKG, bo@iRiSpeaiRut ers. [0116] A

user jdeally uses the system 100 in its cradle 134 at hone, at the 15
of fi t, mspkseryixpariony e ratie (I taFrede) withontearinere remdtecemputess. t han one

i 41 i o TSt Bkl BFor B0 Fert L5t By B ieddp cOmaptbelagh e, |1t he
user  hasirfedniatioh SucH &db&snot 8¢ waly &ﬁﬂﬁtaﬁ&ﬂ%&y%%ﬁ]lsagﬁgnm&eﬁ&cé E&{égﬁlﬁé)m to

room e.dg., fromthefam’lyroomto‘the bedr user sinp Ifts the
syst em 100thgysten §00sarst batiery udge imithone or morg remiote cvmhputert.0 t he ot her room

under 20 batt peratiqn. .Dropping the system 100 in a different cradle
134 in th desﬁﬁé&i us‘?rdg‘i’ﬁ“ﬂ’é@%‘ih%ﬁt%1@5@%‘@%@%‘3@‘ 134 atlend, ehtheet ween t he
syst 1 S s em s batteries 104 are
consﬁnnt fg%cgg%%kﬁgéoﬁ? C a{rcgé‘gu%/&?]g}]ayldglélgg god}g EP’% r@‘ﬁgk -0 lcaad 5.8 &R at si ons

out si de héree,loaret thefofifics oneincthe alitemasils iofBlultiflS ciladich gt AdRENoh@fRAcR roomin
the user's hope. 25 [0117] Because the system 100 is small and light (2-15

pounds) , ICHEOLShgice mFepexaninlg, i thepiser hse multinle oradles A34 hchame avhen figausaind
readi | i Y | trap,.b . .to th
oot | ot $5% o roofy Brrooht, b8 Brol A gl Soh R enebedsBotor e 8 SR st e

the system 100 out of its cradle 134 in one room, and walks to the other room under

20  battery operation. Dropping the system 100 in a different cradle 134 in th destination
room restores the electrical connection between the system 100 and the AC power source.
Since the system’s batteries 104 are constantly charging or charged when located in the
cradle 134, excursions outside the home, office, efc. are as simple as going from room to
room in the user’s home.

25 [0117] Because the system 100 is small and light (2-15 pounds), the system 100
may simply be lifted from the cradle 134 and readily carried, e.g., with a shoulder strap, by
an average user to the destination. If the user is unable to carry the system 100, the system
100 may be readily transported to the destination using a cart or other transporting
apparatus. For an extended time away from home, office, etc., the user may bring one or

30  more cradles 134 for use at the destination. Alternatively, in the embodiment of the
system 100 including the built-in adapter, power may be drawn from power sources such

as a car cigarette lighter adapter and/or an AC power outlet available at the destination.
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100 may be readily transported to the destination using a cart or other

transporting apparatus. For an extended tinme away from h@f#lctafer 2@ etc.,
t he user Wia§3/928%7g one or 30 nore cradles 134 for use atPQIEsSod@3t9snati on.
Alternatively, in the enbodi nent of the system 100 including the built-in

adapt er, meMes f om power .sources such .~ as a_car cigarette
|i ghter adaptéfﬁgﬁg?g?&anx\%é%ﬂﬁgeoWﬁzreﬁ%ﬁf Pitiods away, Somestandaed i on. 29
25 COct obgrovw2f8@ireddD 03/ 092817 PCT/ US03/ 13496 Further, spare battery Packs

104 may be useid for extended periods away from standard power sources.
[0118] "1 f t he [B318kr H habritap pasintd4idendenshtltipleshatiaiiéseiie@gsterh 160 S8t €m 100

may i ncl: ery sequenci.ng. rechanismto conserve battery life as is
wel |- knov%cgi '?%eaaf ﬁ@e%s%ﬂp?%%ﬂ]@"%m QFOBHFED e dswelbknawn imthe Sensor
[01195 Wethphoat eh@ kgfop Sonphiidtags, 1. 2 and 13, one or nore output sensors
106 are used to sense one or- nore conditions of the user 108, environnent,
etc. to &eter @uput Sehsoroxygen flow rate needs of the user and, hence, the

oxygen fl ow r%@l ut %t 10 requirenents for the system 100. A control unit
110 i s |i nked Horedrenpste Figyress 2 anddd.come of @franutphiensory 4061 gas

: t A t 102, i to th
Condi 11 onlay o KPP Bl hOE BALAGIH MIREHE: 1hs. comepmucniut. erdgemmiont put

sensors ilraixyden flopmaRareeds GRRS®Er AR hefePRS Iobel 86 L oﬂmf}@v an _
acceleration sensqor 154, as well as a physiological condition or netabolic

sensbt 158UHARCRIS fon the syriem 4 86sbrcontsel uniisl 1004 Bolfed b ¢hd érfesdr nid2é 6pEENSOT S
150, 152 lh . certain circu ances, the physiological condition

- sensor 1%%% ér;&rlgggggiﬂ{‘/el ?Vggléggsogegersé)g Io sondeolthe oy pprigenemtor d82in  si gnal

r epr esentdspehsatd thel dodi@ontsh Serd&EH i oxygen w th a

portabl e oxygen concent 1r%’f?i on syysttjlg%ne il){‘mﬁ)ghe?%@lgrs%{%%s ﬁ;c?' dﬁ%?eoru%% anount

of oxygefFnges Ingledaropresswesensa 150 pasition deysdra$2) anafccélb@tiod @nsd0Bambd hout
oxygen may be harnful for fhe user

del i veri ¢h oxygen....Too 20 h

108 and E’gléé-ggggfﬁa@og}c copglitiopor Blo?fat%léﬁsz sensar 1 56mmnd anaititnds seosartl 5810
regujmt es t he eNTERaE OGRET trol the.fl.owrate of oxygen
gas to the usltzar 138ngase5 on t eéagsnlé%?Itf-r%rgaz?’ﬁﬁﬁ}%erﬁa@p@é’g@ﬁ?ﬁ?qsv@eof t he
act i vi t yphylsislegical tohdition setsopt 36 u@altiviyy sdA8oraBecdke ﬂ%é&&?d?&ﬁf@%%f- For

exanple, .if the output _sensor(s) 106 indicates that the use as gone
from an TEAL{§RFescHting activity of theqispr/ k85 T the, debFeryd ospgnwith apbfiabld0 may

cause t . ge tgr. 102 to jngrease the flowrate of oxygen gas
to the {}g{ﬁagﬁgean%}%rg}%&’%ﬂ%‘%@éﬂ“&fﬁ@fm@36‘39}’&% YEHR 825t he user 108
from proportional to the activity level of the user 108 without delivering too much oxygen. Too

20  much oxygen may be harmful 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 oneor mofé signals representative of the actiw}ity
level of the user produced by the one or more sensors 106. For example, if the output
sensor(s) 106 indicates that the user 108 has gone from an inactive state to an active state,
25  the control unit 110 may cause the oxygen gas generator 102 to increase the flow rate of

oxygen gas to the user 108 and/or may provide a burst of oxygen gas to the user 108 from
a high-pressure oxygen reservoir to be described. If the output sensor(s) 106 indicates that
the user 108 has gone from an active state to an inactive state, the control unit 110 may
cause the oxygen gas generator 102 to reduce the flow rate of oxygen gas to the user.

30 [0121] In an 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.
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a high-pressure oxygen reservoir to be described. If the output sensor(s)
106 indicates that the user 108 has gone from an acti ve28{Qeteber d0¢n

i nact i veW &¥8281fhe control unit 110 nmay cause the oxygdeTg93/g@8er at or
102 to reduce the flow rate of oxygen gas to the user. 30 [0121] In an

nbodi t of [ ' t t lied i
cont ol ed by e, tfPinady, 25 AT e B RS ookl Teoty ¢ ne
vari abl eofpxsadn geomby bk kertrallk by 3k %&@Géa@sﬁelfma@&@ed M@nﬁﬁfpggzzlﬁfegllm g
e vari able- spee

PCT/ USOB& 3496 _[0122] Alternatively, in addition to t
cont r ol | BFtWephEEQxyEen, gasdgensiaiorel{2pnd thanseh 0% dfuresirhpld, thy stfpdy satpe! y val ve

160 | oca i ' bet ween the oxygen gas (generator 102
and é:_ge Bg(g?lag(%%%%yg?fé”ﬁ%hgf l%a%éagfng?%’u%?‘&@sei RAsiHopethgseamde bet ween
( t pesifion Alowing i igkdater Ao kelol i tion

a st pesition altowing b igkeater of @ﬁ@&&&eﬂ%&&%ﬁ@g&@%ﬁ&%@%gﬁgﬁ# !

allow ng a, reariher fl ow of concentrated gase an the
first poiHebnlhemontrebnit HI0 ey causq thesagply xalve 160 mupOfymvas Figst 160 t o

nove fr g [ [tkon 10 the second position when one or nore of
the act ?@%@tﬁ lr(e)vee[gl;e’é: g%gﬁ(#siu eIy Gl or ni(g%og@ﬁ%%“ﬁ'nle%tsﬁl%ﬂ@fﬂ Bel5%f ,
acti vi t y156 sehits ausefive R8sl ofabti@KAMh CRIMek! ' 0 ¥y {hncl ude a
tinmer, and when an z;‘(/:t i v% | evel i s sé;'?]SseIég@%'oﬁ&f&'%ﬂtémﬁtg#%'ﬁdﬁééhi ng a 10
pr edet erMeEhEluderndimeremdoahent dneactivelavel is seristd fobQ thsipatodidigecdaloie 160 to

novgnfro fiyrst positign to the second position. [0123] Exanpl es of
pr egg ur exgp gae‘%g e‘ﬁ@‘ﬁ‘e‘?ﬂ‘fﬂ% © Pt 110 sauses thsrvalve ¥6Bde maswiftoohthehat

i ndi cat efirsihRntion tB 98¢ sdednd Sﬁ%}(ﬁlt. andi ng position conpared to a sedentary
position, and a seat swtch that indicates when a user is in a seated
posi tion cond@@ad] t Exampks ofpmsdjrﬂgezﬁa@iltsbg{blm{epgvﬁﬂ&,mmwﬂléjfgogwi tchis
an exanpl e of a.pgsition sensor 152. For exanple, a pendul um'swtch nay
i ncl ude S tHi “g‘ﬁﬁt%w YSebisda astanding pasitipn compared ted sedemtery npde when

t he usemdsiiont A s @t 1 teh hangs .vertically, and anof her node

when tHe user seaétégh'?‘hfcieﬂ.l ?ﬁ{‘]cﬁ‘éast%\’vﬁw %We?bsﬁnraé%%‘gp? 10p spmpnareddipiaz ont al
posilbi orstandinggposition, 20 switch may be used as a position sensor. [0125] An
accel eration sensor 158 such as an accel eroneter i s another exanple of an
activity sendB8i24hatA pandvindesvigchsis gn akamslp bes podificigseasdr 15Dt YoPéxdnkjfte,user .
[0126] i ol.ogi cal. conditi.on or nmetabolic sensor 156 may al so

functi o-rigb%gg‘ﬁéﬁl S%F ?meglgagﬁ&mg&ﬁ@t‘&%lmpwmdbtm@w@mor 156 nay
be used nhede MRS uei s st 1.0 cAVSY l.cal nconditions of the user for
control I ing the oxygen gas]%éhg?g}%gtt'a&%ﬁggﬁg%q}eﬁ%ﬂl e ahbhePmBde Whén

_ the user seated, i.e., the thigh switch raised to a more horizontal position. A mercury

20  switch may be used as a position sensor.

[0125] An acceleration sensor 158 such as an accelerometer is another example
of an activity sensor that provides a signal representing activity of the user.
[0126] The physiological condition or metabolic sensor 156 may also function
as an activity sensor. The physiological condition sensor 156 may be used to monitor one
25  or more physiological conditions of the user for controlling the oxygen gas generator 102
or for other purposes. Examples of physiological conditions that may be monitored with
the sensor 156 include, but without limitation, blood oxygen level, heart rate, respiration
rate, blood pressure, EKG, body temperature, and I to E ratio. An oximeter is an example
of a sensor that is preferably used in the system 100. The oximeter measures the blood
30  oxygen level of the user, upon which oxygen production may be at least partially based.
[0127] An altitude sensor 158 is an example of an environmental or ambient

cqndition sensor that may sense an environmental or ambient condition. upon which
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or for other purposes. Exanples of physiological conditions that be
nmonitored with the sensor 156 include, but without Iini tétqcé?bef%@qu
oxygen | &@p3/09PHIrt rate, respiration rate, blood pressBE/UEHG9H0dyY
tenperature, and Ito E ratio. An oxineter is an exanple of a sensor that

I S -pref ecgittol ot F%m es,t .o d 30

oxygen | evel of ﬂ?%ebglgfadﬁxg m‘l’l‘g‘%ué%gga ﬁ%ﬁﬁ@ﬁ%&j&%‘i ’Pl}ﬁal]

partial | yeibasb‘iﬁ may bd ansneairtlm borfenchion $Ath ah9r bl oftheBIPiRsRE, S

envi ronnent al ?gb g condi tion sensor that may sense an environment al
dilBan ﬂw

~or anbi ef? %Hﬂﬁ xXastgrs gencratopt@dtoegonrobibe swiply of @Q@Eﬁz.as to

PCT/ USO3f1k3d v of en gas to the s may be at

| east parti ai%lqil1 ase%&HG Pgm{% ‘?Qilt‘%‘sdgr‘i%ﬁ%%‘ %‘gﬁ Eﬂnﬂgéﬂ @né?d in
conj Unhct elematiuns,hwiery airtis th c@ﬁeﬁﬁh@edaﬂié\é@nﬁﬁﬁﬁﬂrﬁay hbRasL@L bR iyt 110 and
the oxygen gas generator 102 to control the suppl’y of oxygen gas to the

user in SOCESREEH upes 108 and ailewr sensdd alemations, ethercatit ismnorFooncenmapd e, at
hi gher s e air | ess co centrated, the, control
uni t my%?@%@s@ﬁg P?%%B? ﬁgg[o&f ratg Wﬁe@%"é p the yser [N&or majptainifiaka | ower

sensed eteumliewsl, where air is nore concentrated, the control unit may
decrease the flow rate of oxygen gas to the user 108 or maintain it at a

control |evel [01[2'@1281}WIHbwdaﬂﬂbeppmxﬂtdmoaq)smlllﬁnhth@artﬂﬁb‘mesdﬂmdred in the
art td1at (R{# of o 9 addi ti ona o({ different sensors may be used to
sense a qa.[% lﬁ%{:ﬁ? W H n@é’ﬁl‘*r‘lﬁ? rseryeea C@dﬁ’&ﬁwp@ﬂ‘?@@g@nﬁgﬁ# the t he
user m of t

embod] moate qes ST Bl gRTb UspYmaP B th1cd bty bR, Rl afympell Sge
suppl i edemb)dlma:lta describaéd8bovie fer r;egwlaﬂimgaihb @m&ﬁ@l&ﬁ‘ cﬁ@@éﬂ’ g&slsqigp]iga% asuRel y

val ve 16]3% al ﬁf{natlve enbodi ment s) ){ be used with the one or nore
sensors afd’t -3R5Fd Geptrollen H19, éumﬁhﬁﬂ@@ €A, (etadtesnative pmbodimehtspxygen gas

cont ol T ‘64‘?%8 " R TE LB et Gl b S RS el e Rl o

centtbal oﬁorxygmrgasess}wuseﬂwu 160 in comunication with the conponents. of
t he systlﬁm descri bed herein via one or nore 20 interfaces, controllers, or
ot her elléct rictratUnitui t el enent s for controlling and managing the system

cont ror uni (01281 or Wb etee 3 HgH® bihe eantiphiei 1 LomRp v nSf the-user,
e PSPl 8y LB Iy fdhor FLEREIARE o5
_ communication with the components of the system described herein via one or more |
20 interfaces, controllers, or other electrical circuit elements for controlling and managing the
system. The system 100 may include a user interface (Figure 14} as part of the control
unit 110 or coupled to the control unit 110 for allowing the user, provider, doctor, efc. to
enter information, e.g., prescription oxygen level, flow rate, activity level, etc., to control
the system 100.
- 25 [0130] The main elements of an embodiment of the system 100 have been
described above. 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 as one or more separate embodiments of the invention,
il Conserving Device
30 [0131] With reference to Figure 15, a conserving device or demand device 190
may be incorporated into the system 100 to more efficiently utilize the oxygen produced

by the oxygen gas generator 102. During normal respiration, a user 108 inhales for about
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25 [0130] The main el enments of an enbodi mrent of the system 100 have been
descri bed above. The followi ng sections describe a numbel5éictehgd2P9nal

f eat ur esWesd9%17 nore of which nmay be incorporated intoPCTEISS#IE6 nent s of
the invention described above as one or nore separate enbodi nents of the

| nvent | ashe-third EBRERY b o BRHAIINAR dyOIkIhl KA hELAEPRREHESS b gl © 15, a
conserving device or demand device 190 nmy be incorporated into the system
100 to ridme Anyiozyegen flyw pravideddo theasexlifaduringesthalatibn i wf hd@sccs e Hsegas

Q2. Duri . | ration, 08 inhales f¢ bout 32
95" ot obi® Sooe ey JhS Rl oat ik Paisutised bt cfiehreln PemdaibiNae of ¢ he
i nhal e/ exdyabe fowGk wasied. BxAb&ving BvieL 160 mtgvgixcﬁgqerads%ns% itﬁsali?g?nségﬁﬁs-i Any

oxygen flow provided to the user~108 durin at1on no tse to the
user © 108halpfekhateorystechyesensiyg prekmracddingésinahe &ahtlarny 1 peussthdt pa Jf the
effectivel%FE vide this extra oxygen flowis wasted. A conserving device
190 may 7 > A0S BHDSY OIFER Ogléﬁﬁ@@gﬂrﬁemhalspﬁmwr afiagiien efythe inhgle sensi ng
pr essur &, #HGN8E e r 3 o) system 100, and
supply g%ygen onﬁy&ég?ﬁ%g tIELe%(lﬁr?%%#l% b%%?‘?égﬁﬁ%lragtz&ﬁ? aa(lzrt]%gﬁe%\‘s N i nhal e

porti on meitiduler use bedauseiy icyapped bitoreetiobeand e apse thdRnp@sie bi t of air
i nhal ed i s of, no articular use because it is trapped between the nose and

p
the t op ORSEKEe|dewigs 199 may be sankiguredie stervoxgen Bowmmpr betheend PHured to stop

oxyggn f; [ . . Lnhal ati-Qn, I nmprovi.ng the efficiency of
Cha 900 BBl Bhpldfi e Sty Aft BBLAINO bl nty Ealstes e

20si ze, avedghion it G5 20804, WK, cést dhd HERETeGuiRindnROIINSRM Y, [0132] The
conservi ng device 190 maybe a stand-al one device in thé output line of the

-~ system 100, d0ABRhr The cansesgug device ¥¥rmayx bbastidr-aloge devicainythdeutpotipteed t 0
t he ‘contr.ol  upit 0.for controlli t he .oxygen geperator 102 to supply
oxygen (ﬂﬁ?v G éﬁﬁﬂ@fﬁﬁ? 6ﬁ6g“%5°rtf§19§°HgaG§’é‘¥ ’%@.gy EBE edﬁﬁéﬁ%mvi ng
devi ce 198 1mavos r ' For
exarpl o, oot OFUAIE o acRCrlor 1 0F10BIR Ry nRTA M ERNEon T
r esppbr atbiydhe nserd08f t he user. [0134] The system 100 nay al so include a

speci-al Cann&ha 1ralﬁt raction device for 20 retracting the cannula ill when

not in use. A 8 r,ThPI‘P@m‘@é.‘ﬁ%¢%’1$llfOrm§'Y inslude ope o wpweradithe sepsargt hs and

f\: ; ﬁ-spr ?gécﬁirﬂghggfs)geg \E/‘Ego?;é %Bélg;tglégtgﬁs[erxjilggléédicevr\{lgyhmgﬁl&g b Sensor fof anC;D%%{'iIelg]_G’ a
the respiration rate of the user.

[0134] The system 100 may also include a special cannula retraction device for
20 . retracting the cannula ill when not in use. Further, the cannula 111 may come in different
lengths and sizes.

. High-pressure reservoir

[0135] With reference to Figure 16, a high-pressure reservoir 164 may be
- located in a secondary line 166 for delivering an additional supply of oxygen gas to the
25 . user 108 when the oxygen gas generator 102 can not meet 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 controller 167 (Figure 14) for
control thereby. . Exemplary situations where this additional oxygen gas need may occur
are when a user suddenly goes from an inactive state to an active stafe, e.g., when getting
30 outofa chair, when the system 100 is turned on, or when the system 100 goes from a
conserving mode or sleep mode to an active mode. As used herein, secondary line 166

refers to the tubing, connectors, etc. used to connect the components in the line. A valve
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| ocated in a secondary line 166 for delivering an additional supgl of
oxygen gas to the 25 user 108 when the oxygen gas gener 3f&ictagp @&h not
meet t heWdx8s@arB1gas demands of the user 108. Any of the @®EHIBAFEMS6

descri bed below in the secondary line 166 may be coupled to the control

unit 110 a_hi gh-pr ure reservojr _controller 167 (Figure 14) for
control Eﬁ%%@’e%@(@ﬂ%ﬁ 4 %F?Wiuaﬁélﬁﬂb‘?’l W BASEOUSREY ?Ib%ﬁo"b%@ﬁ gas need
My OCCUBecoRfy'\WABN 68 TREVaISE H6ERlY bIRsSH %%ﬂgw%ﬁﬁ-%l%%o%ﬁé&t B
active state, e.g., when getting 30 out of a chair, when the system 100 is
t ur ned. othe sypplyoe 12hend thetsecortidfy lireek66f flomtaonlydlisapplyigneiddeonilows keep

node to a tive de. used herein, secondary line 166 refers to the
t ubi ng, 8%%@%?39%&%&3‘?%% to connect the conponents in the line. A

cont ol Tod. by STTRICCARNED or Sieeft  wich = DOl B0t By BB vt ¢ e

secondar ¥18,idetivérs the okipgervgds\t a 1E8tvey high pesiire 334 C4t 163t apgroMmatdR i d@neous
flowto bath the supply I'ine 121 and the secondary line 166, flowto only

t he suppP§k foithe highpressprerpssvainlédenl y the secondary line 166. 5 [0136] A
punp or conpr 168, which is.preferably. r by .t he tor 118,
“delivers the mn gggx%genaprpgtrcﬁg ég‘ﬁ{f’cﬁ?‘é’r‘fg%\gﬁﬁgr’%%’ '?f.'&.efgmmat | east
-appr oxi nediftayectibAvitstiinstédd ¢fBe AeBnRUBKFNEE I (RS SRy 156166 %ﬁﬂfﬂ _
oxygen- produci ng el ectrochem cal cell 171 maybe used | conj unc n wth

or it eadilitonal hxygsigae it the dedOBb Edr exantpeths elcotrocteynital nell 15Bmp bsuppl y

10 addi tional en gas to the user ,108. For exa e the el ectrochem cal
cell 17 1“‘??@30 ggﬁ%g%y&g%' ERA % at’(%?s'g{@ Bigssuzg to. ?gjgxgﬂeﬁ%ﬁr‘;/reﬁ‘?rﬁﬂnﬂﬁéssur eto
t he hi ghpress es ' : . .S in

conmuni cat i‘onwvxﬁ t%@yﬁlb%rﬁ% %%ggggé%%%@g%%ﬁi&ﬁ%ﬁ g%'?ﬁélﬁé%csodﬁ rol unit

110 so tieatrveirds4 thethproeasolnait 110tsoahdtiviien tieeisstu intRSkiEkPrdssik84 reaches a
certain limt, the control unit 110 causes the valve 168 to direct 15
oxygen t¥s¢Neirdad seaghgsa qertain g, the gargml upit 4 dQ causesothe valve 16§ bedigestd t o

contqz0l r e re of the oxygen gas to the user 108. [0140]
15 Ghithtth SRy

A val ve e controlled by the control unitl 10 to allow

gaseous 0Xyge[0f3apm A Rexullit G 7 BESHE Gsell 85 850t Hlo dtr&lJchgif&s&ﬂéeﬁﬁﬁe suppl y
line 121 20 en the user 108 requires an anmpbunt of oxygen gas that cannot

be net byxyzen gexipdbeusgadd8.generator 102. The valve 176 may be configured to
al l ow si nul t ageo flow fr the axygen gas generator 102 and the
hi gh- pr essur efbr@ir v‘%iV Viéﬁg@?éﬁﬁoch?lcynﬁr ddthe porged unit1 10 to allow

gaseous oxygen from the high-pressure reservoir 164 to flow into the supply line 121

20  when the user 108 requires an amount of oxygen gas that cannot be met by the oxygen gas
generator 102, The valve 176 may be configured to allow simultaneous 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.

[0141] . The one or more sensors 106 are interrelated with the control unit 110

25  and the oxygen gas generator 102 so as to supply an amount of oxygen gas 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 control unit 110, based at least in part upon
sensing one or more conditions indicative of the oxygen needs of the user, may cause the

30  high-pressure reservoir 164 (via the valve 176) to supply the additional oxygen gas

needed.
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generator 102, or fromonly the high-pressure reservoir 164. [01411. The
one or nore sensors 106 are interrelated with the control>&tebe12¢06 25 and
t he oxygW® ¢d928@nerator 102 so as to supply an anount ofPCIXIEYSM349aS

equi valent to the oxygen gas needs of the user 108 based at |east in part
upon one or mpre conditions sensed by the one or nore sensors 106. \Wen
the oxygen gad0¥dfler i Bie seomrip arheot therowygentgae geneyajonl gas capshternfs of t he

user 108, contral unit 110 .b d_at st.in part upo sensi ng one or
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PCT/ US03/tha#g@en past 48] therpering of tem dldt therabves] T6enoecpsibe highsprgener at or 102

i s capabl e of .suppl yi t he full . oxygen gas. needs of the us 08, but is
Csimpl§ ¢ dreiof et HE sunply g 43 LY et o logk 2 fedbersedpRt i Meod of 11 e
that the o&?@éﬁéﬁ%%@ﬁéﬁ&ﬁrﬂ@@ﬁf M&m%ﬁ%fﬁdfﬁﬂdc‘ti‘%ﬁgoxﬁn PONAD F3Sivd - € the

period of tine that the valve 176 connects t gh-pressure 5 reservoir
164 wi t h cohditiewplnl anokliem ecebado, thscautrol veis 1 1 imay oagge @axygdnepat iankee supglied ed f or

the oxygen gas generator 102 to go fro n off .or inactive conditjion to an
on or act &&%S@ofﬁ%rfl?‘il%ﬁfgﬁwﬁesaw&r Frog oA aties, e frgnanirior BASCRRY XY EXDOYray
cause OXYREeH “%5*91%{% - sure
reservoir 1629%3%1%?'&% eman %@&%ﬁ@gﬂ?@%gﬁ@%@% g%&u&st@{ﬁgkcéeds t he
naxi tdm eXtnegh Behigh+prsturefesteir 464 eshogasnd deeridtdis Ui filléd Wy thbough t he

hi gh-pressure reservoir 164 is shown and described as being filled by the
oxygen gR¥YEfBEeF gensratop 302, iiman ltesnative smbodisneabiibehighpressyg gessvgit iessur e

reservoir e filled. e Lde or external to the system
Iv. d obé]?a%’g%sﬁl{élﬁ%b#nsé)@fsot%gsﬁ%%@i M?ngg@gﬁénce back to Figure 12, in
an al ter it i v&isshd PasitiBhing Bfysteie 15 invention, the system 100 may include

a gl obal positioning system (GPS) receiver 200 for determning the
‘location of t [@143]st Bfttlefereithdatloodtiguwa 12§ intdnaltemative/eanbalifiesid thehence,

t he er ,108.can be tra 1tted. to a_ repote cqonputer via the telenetry :
mechbni s IRVSROISETSiEEY 100rmeE Meiepddlohel Positioang systqn (GRS recei¥es 200807 108 i n
t he eventy.t-he: . rap! : ' a panic
button 'orr?eﬂ;e'he s%st gn%mgﬁn g{'@?ﬁ%ﬂég@u%{?ﬁ%ﬁm %ﬁ%ﬁ%&lﬁé@@%ﬂd@# % sonme
ot her r edsorser M8 odidicttiranmaittetid b deifota compGREsiathd € kmetry mechanism or

modem 151. This may be desirable for locating the user 108 in the event the user has a

health problem, e.g., heart attack, hits a panic button on the system, an alarm is actuated on-
20  the system, or for some other reason.
V. Additional Options and Accessories
[0144] In addition to the cradle 134, the portable oxygen concentration system
100 may include additional options and accessories. A number of different types of bags
and carrying cases such as, but not by way of limitation, a shoulder bag, a backpack, a
25  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 cover may be used to shield the
system from inclement weather or other environmental damage, The system 100 may also
- be transported with a rolling trolley/cart, a suit case, or a travel case. The travel case may
be designed to carry the system 100 and include enough room to carry the cannulae 111,
30  extra batteries, an adapter, 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, forlwheel chairs, hooks/straps for hospital beds, hooks for other
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[0144] In addition to the cradle 134, the portabl e oxygen concentration
system 100 may include additional options and accessor i €3 OcRbsuASr of

di f f er enWQ §3592813f bags and carryi ng cases such as, but PEIYUSHY/1§8¢ of
limtation, a shoulder bag, a backpack, a 25 fanny pack, a front pack, and
a split pack ia?different colors and patterns nay be used to _transport the

syst em 10eedisal deress sughpsyanbiladis dmoke/sirapa for galt bagyorigslficadghqoksishars d ¢ he

oyt oL LR 4580 ot AL DSl 0 FAEURDS BNl g1 T 100

may al so aro yrcart, surt case, or a
travel captonslhen blafkef theagsteiay0 ey Blegh@Rdds, tfer example, hisensey st em 100 and
i ncl ude enough roomto carry the cannulae 111, 30 extra batteries, an
adapt er , phyiologicahgsmdiionfof asonest 1Q8 jallp qutsidg jagae-gefined ronged Fyghemtesy st em

100 i pcl but . not f limtati f t b J ,
nookspt AL e indfie Biathclin ot e Mgl i Oy BRASBF |8 U P20
hospi t al al&ﬁhsm%)hme & BlizRt bestherFourdin®at @RLon HEBPste@00 3hHBLEkke a

PCT/ 1JS03/ 13496 nedi cal devices such as ventilators, hooks/straps for a
gol f bag comnywidation tq be senbkie/the telgmetryfmechanibingy sdademalfd ta ahethed endithook. The
system 100 ma | so,jhel u one or .nore.al.arm tions. An alarmof the
Svet om 16¢mipeR Sel (et K oie R Rl Bt phys of ogl cal

condi tion of ogass bk Mdifvaitlon HaChEnRleSfbEl il'Rfint BNGRmid bR, the
5 alarmmay include a panic alarmthat may be manual Iy actuated by the user
108. 10he emodinmentsy pthac embbddinenis uppaentdo tlatsh of orsimandskily intheiaciareoalsb he syst em
100 and/or, cayse a communication to _be sent via the telenetry chani sm or
nodem 15Within Higseens ofdhisipypntion. focordinglys thescopg of fis envgafa%ﬁéweelqieéq to

caregi vek ] : 45] Al though this invention has been
describegeﬂgﬁ %?%%yg cer%gﬁﬁ&%ﬁgkgired 10 enbodi nents, other enbodi ments
apparent to those of ordinary skill in the art are also wthin the scope
of this invention. Accordingly, the scope of this invention is intended to
be defined only by the clains that follow 36 25 Cctober 2006 WO 03/092817
PCT/ US03/ 13496 We claim 1. A portable oxygen concentrator system adapted
to be readily transported by a user, conprising: a rechargeabl e energy
source; a concentrator powered by said energy source and adapted to convert
anbient air '
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I nto concentrated oxygen gas for said user, the concentrator including a
plurality of adsorption beds and a rotary val ve assenbl y¥> Qdieber 8¢y val ve
assenbl yWE3492812l y rotatable w th respect to the pluralBGIYUSH$/ 188G or pti on
beds to provide valving action for selectively transferring fluids through
the plurality of adsorption beds for converting ambient air into
concent 3¢ eldimyxygen gas for said user, wherein the ratio of adiabatic power
to oxygen flqw for, th oncentrator,is in the n 23.0
WLPM 2. Thé-por apirbls Oayesn copreamePLse %/dsa%’{eefahtgﬁeg aéluﬁ%%f?gp\lﬁﬁ%% n the
concentr, | -gggs exactly five adsorption beds. 3. The portabl e oxygen
concentﬁg%gécggg%en1of clainms 1 or 2, wherein the rotary valve assenbly

i ncl udes a valrechapgmablemnatey samgde:a rotary val ve shoe having respective

engaged surfaces and rel atively rotatabl e about. a nmmn rotation
to provide ﬁaﬂog?%a%tPPWﬁrng}lysgﬁo@E{gy\FQW?F’Piﬁ%@& rPﬁaan%ﬁﬂl%lglEm

therethr | i péMi@kortiRaifdiag Aphatiity@fcent er the
rotary va \%g’n%%%gterﬁgﬁgﬁ%dsp%%ﬁgﬁ%gl%ogort p(frate. 4.g he_;ljtgrtabl e oxygen
concent radkstpticnybédsnma b rofasy val: asséreblyj the réterywalvessprmbly relatively wintablpe

rotary val ve shoe include respectv entral, hol.es, apd the centerin
mechani Swith respegtitosibe phealitgof 4 omt}pngqegi)@ggawflﬁvﬁlﬂglg@gﬁ?l} r S#S?tévse?yof '? he

1212, S o S g a0

relative 1o ortabl e oxygen concentrator

system Qg‘on@éréiafm%x phiesRifor édikusegl ve port plate and rotary val ve shoe
i nclude cylindri car sidewal I s, and the centerin chani sm_ includes a

centering ri n@miaﬁmwo@fé@ﬁhﬁﬁch@“@r@%lg%ﬂﬁwq?% ¢ GARFRIHOF 15 P e and
the rotary v t the rotary val ve shoe relative to the
val ve pJ@g%?ﬁ%%@pgﬁWeﬁp@mgM oxygen concentrator system of any of
claims 1-5, Véﬂerei@éﬁlﬁmb&dﬁggm b RelRREls sgaEmbfatisanhetreimdher i al , and

a secon

include a first end, end, an adsorbent nedia disposed in the
adsor pt i coacétaor hedlvdsrexadily fiverasisorption beds. t he second end, a nedia
retention cap di sposed between the adsorbent r%dia agd tzhe secaond end, a

" spring 37 - -3..--Thepartable oxyges cONSERITaiQy SN B $1495 4 05 2ot IEMTSs 13496 to
urge the, medi g L elent | SQbRRI 1R Halink fedpedtilet he
adsor benrlogaﬁ%ﬁlge a?sﬁ&yg]g%ﬁﬁgsnd gﬁés%b |%ga?1ﬁot ocated in a fFow@path of the

adsor pt i Gigafemrfades ahlieclaavdly Edtatable yhont awonmeo deated of syfaticarto grovideai m 6,
wherein the media retention cap includes a surface that contacgts, the

adsor berntalvingretjontfor selentivalydranaterning fgdgtherethrough, and a centering mechanism
other than a motor to center the rotary valve shoe relative to the valve port plate.

]

4. The portable oxXygen concentrator system of claim 3, wherein the valve port
plate and the rotary valve slioe include respective central holes, and the centering
mechanism includes a centering pin disposed in the central holes of the valve port plate
and rotary valve shoe to center the rotary valve shoe relative to the valve port plate.

5. The portable oxygen concentrator 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 plate.

6. The portable oxygen concentrator system of any of claims 1-5, wherein the
adsorption beds carry adsorbent material, and include a first end, a second end, an
adsorbent media disposed in the adsorption beds between the first end and the second end,

a media retention cap disposed between the adsorbent media and the second end, a spring
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central hole and a plurality of ribs radiating fromthe central hole. 8.
The portabl e oxygen concentrator system of claim6, wher & ®Pcahsr 3 a
retenti oW@edn9#Igl udes a bottom base with an interior, afCTIR3/4PP6Ng i S
di sposed in the interior of the bottom base. 9. The portabl e oxygen

concentrator system of apy of clains 1-8, wherein. the otary val ve
- assenbl y19 Wes tirgaedia jeipiionsgp aegnst the aél%erbsntrla%tswg 9 préfl%?f@e%ﬁaw@a
respecti T Lyel afqat out a conmmon center
of rotat ?&Fogla dg%?%isgﬁéggﬁéfﬁéﬁ%&%ﬁlbﬁﬁg{é ect@@gfg&%r ansferring fluids

t her et hrough, 7and (The ppfisiilabkfzeaxpaentratoP sttt bB¢lain 6,yslieesin therhbdin i ncl udes
a notor to rotate the rotary valve shoe, and one or nore elastic links to

coupl e t hentioncap irsledes asyrfageythetgoniacts threadsarbentinedip dhe ssfase Bwlpging a

concentrat qr tem of cl.ai hereid the motgr .includes a drive shaft
and a drp@;&a‘}\ﬁé]%pna}atpamgjﬁl%o?;ﬂ)ﬁﬁ%a g{o!nﬁ |enc§né%&'|5’%?rt nmenbers, the rotary
val ve shoe ing| Ude%@ﬁ}%rt%le w&w&%&&w&wwa&m,@wmﬂfernﬁe&ae_ elastic
link connects the one or nore protrudi ng support menbers of the drive
wheel Wi tétertiom capénaludesmbottonriose with ay igenpoand the sprangsis dispesed m8teary val ve
shoe. 11, The portabl e gx gen concentrator systemof any of clains 1-10,
wher ei n MHtEROr, . AReprtiom Base; ncludes plastic adsorption beds and a netal
cover surrounging g pBIAE by dSALRILAR sRRI of 46 ot EfimBIE, WilefirRtOCN

concentrator systemo adsorption beds are,

el ongat egstafiblatithssdthily indtudes asalve poftplatd hed Pevtirgivhive ehygieavirpaesiotivat or
system of claim 12, wherein the netal cover is made of al um num and

sur r oundsngaged aerfasep endrelasivaly rotstabls ahont peeramen cerdenof rotation toropdet abl e
oxygen cgQ

et SPRERLARR A el o ekl TG,

- respect i ¥gn@REABE Sy st FiaRp iR Nided £Indidr (@ otate Uicorlzy €alg® shile, ndcaregen cent er

of rotation to provide valuing action to put the adsorption beds in a
pr essur e g elgsticdéndesgo couple thelmgtombedhe rotary prlyssheee swi ng adsorption cyl e

two to e ght. 185 28 herOuale S5 consTBaP BT OFORRURONITIAdE TR Ta.
por t abl e 31460 A9BSR kil £l SAAIIAD ot Bt Flotprot R R85 Uk

Swi ng adsorption cyle In es an er of equali zatl eps in each
adsor pt i estafyedilve shiog invdudes one dymoteratiruding support members, and the elastic 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 shoe.

11.  The portable oxygen concentrator system of any of claims 1-10, wherein
the concentrator includes plastic adsorption beds and a metal cover surrounding the plastic
adsorption beds.

12.  The portable oxygen concentrator system 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 portable oxygen concentrator system of any of claims 1-13, wherein
the rotary valve assembly includes a valve port plate and a rotary valve shoe having
respective engaged surfaces and relatively rotatable about a common center of rotation to

- provide valving action to put the adsorption beds in a pressure swing adsorption cycle, and
the pressure swing adsorptibn cyle includes a number of equalization steps in each
adsorption bed ranging from two to eight.
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16. The portable oxygen concentrator system of claim 14, wherein_the
pressure sw ng adsorption cyle includes four equalizati 3?1%%%2@% each
adsor pt i B® 4928117, The portabl e oxygen concentrator systPERUHVI/EIMa¢ m 14,
wherein the equalization steps include a first equalization down step, a
second equal i zation down step, a first equalization up, step, and a second
equal i zati on U stEs.poreble Prpeoponaentaiossysen of eue At whagpindhe pieries cl ai m

14, wh I [ . l.ud f . d, d
R e R S S e e

port abl SafRiMg BONCIRRGE R, at or system of any of clains 1-18, further
i ncluding a vari abl e-speed conpressor to supply anmbient air to the
concent r at or .1&0. Theepapisblealsy geroopgenratarsgsien o claim d ¢ swhbereivfthe pess®e c| ai ns

1-19, wherein, recovery. af .o en fromaiy fromithe concentrator is 45-71%
at abouts"‘g@/dl%?mt’c"?.cy ipaﬁlﬂﬁ)% ?%ﬁf’@%?ﬁ%@ﬁmc%ﬁl_& gﬁs[opﬁ{o&eoegyst em of any of
claims 1-20, ger ot pddfle Ry Aot Bloifn SyaEklof clallaUdgReintal ve port plate
and a rotary-val ve shoe havi respecti ve engaged surfaces and relatively
r ot at ablegualp@utivn stepoimehide adinstequalization ddwmsiep,a seporaldquelizedibn idngnastap on f or

selectively transferring fluids therethrough, said valve port plate having
at ' | easta fisgbequahzationWpetape At sesandpqualizationd®sfet wo adsor pti on beds, and

said rotary | ve,shoe ving a and v i Ld engaged
Surface with L | CHPEREt osg v SERBions e T aRd, PRRER A odfbd, 01O

| east t vRIPHARIH fobd'nddRidla fRbdice ehd) 284 Bualiz&iondyceas beRvden pidiudt aids| east
two adsorption beds. 22. The portable oxygen concentrator system of any of

cl ai ms Iofadsorptiexbéds. a pressure drop through the rotary valve assenbly is

no nore than PSI__when e concentrator is pr.oducing. 3 f, oxygen gas.

55, "The por t oo cRRRbG R bRy euRar i chitm i Sheg Y Op0, I

the rot I I | : otary val ve
aiﬁglu&ﬂlfg\é%aﬁﬁ?lg rpgééﬁ doﬁ:fgdé%gﬁsto ?sg%@g \églr?gﬁﬁ é}]]t & Bk @oRdtratof

shoe havi ng espective enga sur atively rotatable about a

comon cent er2mf rmea%drablet@yg@{ &sticekttratdl sybtam ofahy oficlhmis &9 celdreial y
~transferring fluids therethrough, the rotation §peed of the rotary valve
shoe wi tiscovsspetoxygen finam ajnirom theeqnopntater 15 457314 @abey PHBWIH o provi de

desired cycle,fimng f i ti f orod ober 2006
23 The port sl olfeinf b bRl SfeSoBha i ibins Pt RlbR 1E] E00C
a var i abhe;REAAIROERESS Hclddds ﬁ%ﬁl%é)o%?ﬂ';}ié SRELEtATILRBhed Haviny t he

concentrator, “and the rotation spee the rotary valve shoe with respect
to the uebpeetipoergaptdsieiaices andrelativély 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 opposite said engaged surface with at least one
equalization passage to register with said at least two ports of the port plate to equalize
pressure in said at least two adsorption beds.

22.  The portable oxygen concentrator system of any of claims 1-21, wherein a
pressure drop through the rotary valve assembly is no more than 1 PSI when the
concentrator is producing 3 LPM of oxygen gas. -

23.  The portable oxygen concentrator system of any of claims 1-22, wherein
the rotary valve assembly includes a valve port plate 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, the rofation speed of
the rotary valve shoe with respect to the valve port plate is varied in order to provide '
desired cycle timing for a given production of product.
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conmbination wth variation in the speed of the variabl e-speed congressor in
order to provide desired cycle timng and desired suppl ¥ Qaebes20%nbi ent
air to the concentrator for a given production of product. 25. The

portabl e oxygen concentrator system of any of clains 1-24, wherein the
rotary val ve assenbly includes a valve port plate and a rotary val ve shoe
havi ng respective engaged surfaces and rel atively rotatable about a comon
center of rot %%I on Lo cﬁ{?g\/i de valvi ng)lracti on for selectively transferring
fluids theret Hfroughie BHEOREYEp FAIceizRr SsteaRiglaim A fughesingludisg aum seal i ng

mechani st hat f r ki t nseat, the rotary
val ve sh(%ﬁéggg%&gﬁg&%%éﬁg t %ﬁ%?%&df%%%ﬁt apl)o?'t{ﬂ 5% Iéceg@;%ré%n%é%encent rat or
syst em adagioddpded obific fotgidlye ShbeRBPRETEo B vale PEr€HlateGOMREd & N an
internal rechargeable energy source;, an air separation device powered by
sai d ‘enefgppbinaign with yeréiptiae ipheweedrf dorradatie-spaediompressir in ¢rikrdo povident r at ed
oxygen gas. for.sai.d user, the air s ration device including a plurality
of adsor ggsfre‘i@ic{fmn% dﬁm?egts'ﬁ’tps’rféte\? ent gif 1o the, fONCENYRoy Y 8 81VFR | at i vel
rotat abl g:oWidiBn of ftsRRCt to the plurality of adsorber colums to provide

val ving action for selectively transferring fluids through the plurality of
. adsor ber .col ubhs f Ohec potabe biygagcaohitant sydiem Jof aiiyof cLAAC B, ke (BXYJeEN gas
for said user, wherein the portable oxygen concentrator system wei ghs 2-15
pounds aFRtPrY Wave assrabhbiasludes pyalve Pastiltie pafcd rolnhplvs shephaviag resprstivdbent  bed

. having two or re di.stinc adsorbent material |ayers. 27.. The portable
oxygen cor a%eﬁtsggﬁcgsranélfélfﬁévﬁfy&?ta%ﬁlgﬁ b & COMTHRY EPigF ?fﬁétaté‘a’stf}ﬂ’ﬁ’ © col ums each
include aifigeshiioMsbr 881&iRelP iR ey s tiRRGhb iR, éﬁHQh@Fota?&a?vth&t' nct

adsorbent material layers include at |east a water adsorption |ayer and a
ni t r ogeningddsraphiunm seaingmechadném tha ceuntastescr héssura fdregpedrking eaineeht tkoser to
the feed end than the-nitrogen adsorption |ayer. 28. A portable oxygen
concent r %ty vayrshesdrop distvalye gt Blder eadi |y transported by a user,

conpr.i sing: 49 25 Qg}%lgtﬁr 2%06 an internal .r CCE r egﬂ%l e _ener source; an
air separation device powered by Eara Séﬁ%f*nga;‘lja%%% Y%c T gﬁlgﬁ?lg%uﬁyo convert
anbi ent ahger,icml@»isﬁ@ncent rated oxygen gas for said user, the air separation
device including a plurality of adsorber colums each including a feed end
and ‘a pr oduct argn@mairdchatgebtdasicreyneurceyal ve operable with respect to the
plurality of adsorber colums to %r ovi de val ving action for
T an air separation device powered by said energy source and adapted to convert
ambient air into concentrated oxygen gas. for said user, the air separation device including a
' plurality of adsorber columns and a rotating valve, the rotating valve relatively rotatable with
respect to the plurality of adsorber columns to provide valving action for selectively
transferring fluids through the plurality of adsorber columns for converting ambient air into
concentrated oxygen gas for said user,
wherein the portable oxygen coucentrator system weighs 2-15 pounds and the
adsorber columns each including a layered adsorbent bed having two or more distinct
adsorbent material layers,
27. The portable oxygen concentrator system of claim 26, wherein the adsorber
columns each include a feed end and a product end, and the two or more distinct adsorbent
material layers include at least a water adsorption fayer and a nitrogen adsorption layer, the
water adsorption layer located closer to the feed end than the-nitrogen adsorption layer.

28. A portable oxygen concentrator system adapted to be readily transported by a

user, comprising:
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selectively transferring fluids through the plurality of adsorber colums
for converting anbient air into concentrated oxygen gaszﬁékt rd0ser,
wherein the portable oxygen concentrator system wei ghs 2-15 pounds and the
adsor ber colums each including a | ayered adsorbent bed having two or nore
distinct adsorbent material layers, the two or nore distinct adsorbent
material layers including at |east a water adsorption |ayer and a nitrogen
adsorption |layer, the water adsorption layer |ocated closer to the feed
end than the ﬁ?ﬂWﬁﬁ% HH@%?%FW@%”PWV@r 29 The portabl e oxygen

concentr at or gy;& alm27 adsorption | ayer

c
is an activated a tlon or caPei T & o sal 8 Iener@bsouﬁcﬁ é‘n‘ﬁ%lla])t’ﬂttpé 5% gen
concent r ghbiente#Sht8 %ﬂ%f:ntﬁi&ﬁ oRYgeh Eé’s‘ 8Bsa@ilisé&dihe W SEHRIaRord &ifice {Hcfuﬁfﬂg gn

adsorption layer is a |ithium exchanged X type zeolite.

plurality of adsorber columns each including a feed end and a product end and at least one
valve operable with respect to the plurality of adsorber columns to provide valving action for
selectively transferring fluids through the plurality of adsorber columns for converting
ambient air into concentrated oxygen gas for said user,

wherein the portable oxygen concentrator system weighs 2-15 pounds and the
adsorber columns each including a layered adsorbent bed having two or more distinct
adsorbent material layers, the two or more distinct adsorbent material layers including at
least a water adsorption layer and a nitrogen adsorption layer, the water adsorption layer
located closer to the feed end than the nitrogen adsorption layer.

29. The portable oxygen concentrator system of ¢laim 27 or 28, wherein the -
water adsorption layer is an activated alumina or a silica gel.

30. The portable oxygen concentrator system of any of claims 27-29, wherein the

nitrogen adsorption layer is a lithium exchanged X-type zeolite.
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