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WD 2005/ 025722 PCT/ JP2004/ 013494 DESCRI PTI ON OXYGEN
CONCENTRATI NG APPARATUS AND ROTARY VALVE 5 BACKGROUND
WO@R00FIES7eNVENTI ON 1. Field of the Invention ThECPIESemi13494

invention relates to an oxygen 1concentrating

apparatus and a rotary valve. 10 2. Description of the
Rel ated Art Figure 29 is a schematic illustration of a
pressure swi ng type gas oXyyeRiRBHeentrating

appar atus 300 which includes two adsorption cylinders

302a and 302b, an air g@éessor 304 for su gg |Q9
conpr esSEHGEN GO GERETRAT NS A PRARATE | AR R @%&a HhYE
302b t hrough conduit 308, four-way directiona

control val ve 306 condU|ts 310a and 310b, an 02 tank

32 BACKGRAWP (e TB1E oV T hed gas is supplied from
t he adsar.ptimneieyldmdats BO2eneinsh 302b t hrough out put
condui t 312a and 312b and. shut ves 20 318. The
oxygen Sl dirar s T8 ST ot PR (1 2B ORI (o a
userortdmmx@ttlalg:caphanaw amdl a fdmrscomlm. val ve
324. Provided between the output conduits 312a and
312b are a orifice 314 and a pressure equalizing val ve
316. 25 2Accdiefidigintolatheo bl rRebreethtH&k i ng

appar at ys; 29 t1d S5 didhdigdit 1o t 01 A F Ol &RCHE of éf‘@s sure
steps of t oxygen concentrating process, which

di SOTGSFRE Ga5 DRG] AP S NG AODARFEUS 300 which

3, asuhl%B?e@rﬂivdmmmmea(mmg’aam Jhd| 3c2b ) odn air
( Kokai 30 to_ increase.the

ey off Y S s AT Ing el Eieda [ o the
di reetdmgralorc antlrigldessd VRO BD6and 36230, t g3 1¢omdwpt 308,

de%%rdlb%fralwc&%rpﬂn cgc;}h!zﬁéi %1@@%@ Ltsoﬁmyg' Moa and

a rotary valve, 1nstead f our - di recti onal
val3idb f e i £8Rkng20h&0f MMC& taet pemggg ghgiched gas is

condy1liidg dhshn stRPSafodie Ox Wmdzﬁlm 302b
process. However, the conventlon r.ot | ve has

1 SRS A S 4 S QI B 39 (h ihrand gt off valves
ap@iead m&Qﬁ@MMMé&F@M@i)BM%d of tdre the O,

| ntt%rrfkact% betuvs\eeq:n tthhreourg% ! CaOnl’gdlgl € Z%S‘that Ha % of ffow control
valve 324. Provided between the output conduits 312a and
312b are a orifice 314 and a pressure equalizing valve
316.

According to the oxygen concentrating apparatus 300,
it is difficult to control each of the steps of the
oxXygen concentrating process, which are disclosed in, for
example USP 2,944,627, UsSP 3,237,377 and Japanese
Unexamined Patent Publication (Kokai) No. 10-151315, and
to increase the efficiency of the apparatus because four-
way directional control valve 306 is used.

JPP '315 also describes an oxygen concentrating
apparatus including a rotary valve, instead of the four-
way directional valve, for switching the flow direction
and controlling the steps of the oxygen concentrating
process. However, the conventional rotary valve has a
problem that there is unbalance in the pressure applied
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rotary valve. SUVMARY OF THE I NVENTION 5 The invention
is directed to solve the above nentioned prior art

w@e@bloziTey an the objective of the invention PGT/IRR004/013494

provi de an oxygen concentratisfg2apparatus which

sol ves the above-descri bed problens of the prior art.

10 According to the present invention, there is
prievi §8¢ vinterfiroxeriveenceheraotay apgatheustator of the

genet at-hng AaR,oxygen enriched gas by adsorbing and
removing nitrogen gas fromair, conprising: a.

plurality of adsorption cylinders which is filled

W $twmMeRY g arpEl Sradaerbemt whi ch sel ectivel y adsor bs

it : . than oxygen t he. ad tion
oyl | nderEohavl g 1985 ShiF SBbGndter FALEES L S BaPKGI
comeluicti ofherd dimriect iawk tgweobbemygenaenthehedjgasive af the

ot RO L% e Bud Ty A AR L v

t HhseBof@ 1o1a itde Fhans-dotcrEved untPhgenst pbgehegpsior
from the adsorption cylinders through the second

orifice, and valve neans for allow ng the oxygen .
concent PREFG b dratthe SRR T al PYERhi@BchtheFet he
adsosptded exldmaer sxyiferd WoddePELSEUREZ8pPaLa RS | NEor
adsor t|%n cylinders by dlre}ﬁ%n% th}? conpressed air
t W OUGH A HE % o faY Bt 15 He THeT €91 79) 2¢8CFRIBY PR fe
oxygreoveny ched ogesn fgsom ool ahe, @cﬁmphfsﬁldgor@,]tcﬂ)mrality
cyldn .t he t. ondui t, thro O.the first
o%# i %ggt% ﬁé)%elgpl ) cgé)lq}l%)ergﬁ r ecJtél? he® oggg]eﬁge"ﬁﬂtj]& h%%{(gfagg an
asadspubgat gad cfr gralegiti vy ofdsdebadsbrpbgem gas more

cw i nde r0 t fi j £l j :

WH Ddebsyln g%@, W& e fddRirPridid Cﬁ%%ﬁ%ﬁp% hﬂé@%%%?@lrst

of the othér adsorption cylinders

ordtd c8SFREFAe OF L HCEHR i G I orferAuihef oF étrecting the

adsof gehoeneflchrdeigr s e inteaalcgasuds tiyacudebrifice;

and (4 o_evacuate the internal,gas out of said one,

P S0P OITIIIRER TOTUA DR S (e SR 7

cyy htledershitbugh abhe hsecmubridherneiofice; means for
evacuating nitrogen gas from the adsorption cylinders
through the second orifice; and valve means for allowing
the oxygen concentrating apparatus sequentially in each
of the adsorption cylinders:

(1) to pressurize one of the adsorption cylinders
by directing the compressed air through the second
orifice thereof;

(2) to remove the oxygen enriched gas from said one
of the adsorption cylinders to the output conduit through
the first orifice thereof,

(3) to direct the oxygen enriched gas as a purge
gas from said one of the adsorption cylinders through the
first orifice thereof into one of the other adsorption
cylinders through the first orifice thereof, from which
one of the other adsorption cylinders the internal gas is
evacuated; and

(4) to evacuate the internal gas out of said one of
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Further, according to another feature of the present
invention, there is provided an oxygen concentrating

wa@ppanzires, for generating an oxygen enri ched PEBJIRg0£013494

adsor bi ng and renoving nitrogen3gas fromair,
conprising: a plurality of adsorption cylinders for
hol di ng an adsorbent, which sel ectively adsorbs

ni Ehe oS @EP tieNe CHIRAIHONS gelhr gagh e Seeengt thareot.

cyl i ndef g 8RN dlddoild 1 80 S €LRBEhOF | £££E87808ULRME present
conduit for directing the 10 oxygen enriched gas to a
usERVERFHRIEh TRETS st RIFFYided apeRedeRrCuBBNYra§ing

coapp£s5eisgi Folr0 et dsDi PtdRNoxgyeh NEeF SchBHOYES by

t he,second orifice; neans for evacuatlfﬂ nitrogen I%as. ,

f rfs QR gs 615 FETAT et SrOo9RR oIRh 1heMs@tbndcomprising:
orafperahidyvalfvadeanstiet aylinvdews 6ot heodAyggnan

co in ar.at.us ng i in. of _th

RSO aL L REE U G AL Bonds 1 E86Den Ofal More
adserptxingeyl iRder $heyadiorrt iy Tkl ndeps ebgednai First
theouahedbgasesqrd cey; fd C&u%ﬂ.&‘@ﬁ edna e (@rt@ifém?yl%g the

the oxygen enriched gas from'said one of the | o
adSBF PRI FNEYCRRGFeFES FQ e WIRDUE LI the nfdugh orifice;
t heedid sto or shbge ylihey enpAdséd daduce the PAESSYEEon
in_said, one %L t he g§92%%;on cylinders q¥ di recting

H DEARRS T EREN GA8 SRS TH (i 14 MT9&ES oF T co

i rgvoe et DHhgt hétatlyen agsoritomnt oy | 4 deterst 1 du ocghi hders
fir oni fj reof t I ncrea ressure.in t .
on%ﬁ%?u?k#]e£§?hérg%g§§oﬁﬁqﬁfoln@e ’cy?lfaﬁd}ea!r@;@arﬁ%a?%) f?lé affOWlng
evitriaixydhe caneendlradasiorppiraais, aeiwint38@linein each
adsorgld NaepkbRIBES dAiroual-d he second ther eof .

Furt her, according to"another feature of the present.

i nventi 0N, t ker BTPS SPrIAI N Mt astsQerier @i | iyl Brders
OX3E el Y £ 6 Agd £ B @s clonpAdsdd Ngi ARChHARIBY i #1ge NsddOYEN
gas_from a+_[1 with an oxygen concentrating apparatus 35
ha?ﬁ]ntrglcae PAFPtYy of adsorption cylinders for hol ding

an ads@@)bentowhenbvee tdct icmatgezadsmj@lad tgazgeﬁrcg?nssaid one
e e L
the first orifice thereof,

(3) to reduce the pressure in said one of the
adsorption cylinders by directing the oxygen enriched gas
through the first orifice into one of the other
adsorption cylinders through the first orifice thereof to
increase the pressure in the one of the other adsorption
cylinders; and

(4) to evacuate the internal gas out of said one of
the adsoxrption cylinders through the second thereof.

Further, according to another feature of the present
invention, there is provided a method of generating an
oxygen enriched gas by adsorbing and removing nitrogen
gas from air with an oxygen concentrating apparatus
having a plurality of adsorption cylinders for holding an
adsorbent which selectively adsorbs nitrogen gas more

than oxygen gas, a output conduit for directing the
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oxygen enriched gas to a user, means for supplying
conpressed air to the adsorption cylinders, and neans

wo enos/0z872zuat i ng nitrogen gas fromthe adsor pt POFJIP2004/013494

cylinders, the nethod conprisiag-the steps of: 5 (1)
pressuri zing one of the adsorption cylinders by .

directing the conpressed air; (2) renoving the oxygen
enPritied Gay ¥IheA 38 ¥ vPed BFerhemadssr pOrosupplying

CYLbRELES el t1er O PLile CRAEBELE16R) cyeYHALRS ,t RS 1d means for
pressure in said one of the_ 10 adsorptiion cylinders b

/ by
di PERE P AF e ToxiARIERNIREhEHCHakhe| Af§OsRE1ON (Cyd inders,

_otlsuef1 rﬂéS:Qfdaft icﬁﬁhngﬁﬂiiﬂd@rghéosiépéeaﬂfl _ tge pr e?zure
In the @ of the other adsorptLo Cyl I nder s, ,
evacuat g ¢ RESEREHHEINgaaTo Pt oPhe b doBRE GP™ fhitngers by

adséorettamocWHhendssmpransed 53itpcr easi ng the pressure
in said e . pt. | yLi b i recti .
the oxydan en i §agte Mok fdefy LhoRehSa Yag 26k Bia one
adedrpheomdppuniers ¢y bimdees otot hke otnhprtademdptiiton

cylindeys i n yhiedy fhegpg %ﬁ?é*é@u."cé £ ngaeaﬁgdoifnthe
step (3). Further, accordinhg to another feature of the
pr23ER¥ P tilore ity omdefheray | gl%@%w@adtaer er¥Eeny gnydched gas

adapt 8dohe ISeHd i OV sysEEPLOACEYTE Ae@sPhr 2httXase
comon flow passages and_a sel ective flow passage

of
grolip RBASSIESF of" a5 Prardf i the oPtRebgRrEEREPEEREN of
t hey slibgeewgs i ncl uding the same nunber M of flow
passages,, for._swtching the .fluid conmunicatiqns_.
betmeen%gp I&%ﬁp%éﬁﬁQél? e l%?%?%?lt?a%fogg nsﬁﬁgmpne of
paskaged sarptdtorn enstinderof amé fl ow passages of the
sel ecti fl 30.b e h

¥S) Q‘Hoo?%at'is%“ e@?g gt!r?élﬁ%zg«%‘é’%ﬁfe On DELYEERNENE s the

fl ow passages ' subgro he rotary valve
C OFPTPBIPHE ONa Cotldtiste o Y | 1 FRC Bl DY gt lee neHpgen enriched gas

I nChasli SaiapReE R fyinta Bk €adn SkfEsndar gl ¥kahi bie of the
orts mhlch,exteng¥§$ ween, the front. and rear

of .
Si QT { RESRGIR RS % ein APREGR Flf ypressure is
cohenneaake \int Bddre @H) common fl ow passages and the

f|OMIpﬁ§§§ %%rgfégﬁ%réﬁ%ﬁfﬂéFéhéﬁh Pbgégggfeo%ftgﬁe resent
sel ecti've fT ow'passage oup; ‘a fotor rotatabl'e a(ou?
an pyE Bt ienat itheneo tsheonyy Dopd/H25709ry valve, adapted to

FKH!&R%QOQ/Q@%&Q%ystem including a plurality of common flow
passages and a selective flow passage group composed of a
plurality of subgroups, each of the subgroups including
the same number M of flow passages, for switching the
fluid communications between at least one of the
plurality of common flow passages and at least one of the
flow passages of the selective flow passage group and/or
between the flow passages of the subgroups, the rotary
valve comprising: a stator comprising a plate member
including opposing front and rear sides, a plurality of
ports which extend between the front and rear sides
through the plate member and fluidly communicate with the
common flow passages and the flow passages of the
plurality of subgroups of the selective flow passage
group; a rotor rotatable about an axis relative to the
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5 stator, the rotor conprising a plate nmenber
including a front side contacting with the front side

w@Rooshes78t at or and an opposite rear side, theP@i/ar2004/013494

menber of the rotor defining-im ists front side a
plurality of openings each 5 of which can fluidly

communi cate with each of the ports of the rotor, the

pl wtatiay, ofhepeptagscomprheisgakoplaliei mgmiespdseduding a

SYRRI{d G| by @QQHBCEEﬁga%h§hSQh%h§EOB§ 81de of the stator

confiquration of the front side coi nci t he
coffid Rt PRRO DE LB hESRF oRE A8 dEhEF PLRESY G\ﬁ@bem@ﬁ tthe rotor

10de(ﬁle11{<_fPt:.aﬁ eﬁtb)/fiéﬁtr @iatel anglh&alllﬂye@%r bpetnfi@lgs each

port e st fluid ni c
Poe it o ted Bl Oh Y neSHnknErake SOk Bace of the ports
selectihe foiovr, passagtugedipy beéi bgediapssed azhengtator

1 £655 O b gt oBipudl BUBLEC B! DR SIS ene
pasrsagf@s;mlfaiomn ocbfthbe éubgtoapds psldcspiesewlah &g

one éafgkfﬁﬂnéf ;g@ %ggntpgheg OEZQE%)EBtB?e%%en the

(3mi pol nt
torratqa: orRtates by ¢ éﬂaath@nsmnm éngpigel ) eqlidlel ports of

di irde didhe o I %@leﬂt @1@19!&%Ir ébh&n}ﬁﬁéégt@f wi RE) the flow

segnent s. DESCR hese an
oMR%ﬁ%?%ﬁ%‘%%v%%?a@égf%ﬁﬂnFuFPﬁéFouaés@ﬁlEP?oﬁeﬁﬁpﬁlVe flow

NOYs A3 atf s CHSSES, l}ﬁem@naggp@@tew bhllohﬁef1?=t5_l@éa%n@§fferent
s a_schematjc i stratjon a
ox§8€ﬂlm%ﬁuébﬁ?%lF%% appar afas aeéo%anBOF% 2&P§Ely
enb@mmnﬂucatﬁnqh@lphesbatflnwepaseage§|gﬁrené b§ the
enfr r 8- n th
P E B o ot P REO8rRL B9 ond P TR Ch ot ey Tt o
anEéwﬁﬁbdé@Wﬂ#b%@c@@#@tV|é%mbi)hhrﬁpanyr val vé (R-Lhmgi)th

YRy e ades mté@@r@n@@wa&%n@ftﬁégawcze 8Rd the

a.plan v ower . header ure
%a%%.@w%? ShatLEw St Lover hepder s Figure Saticy
toc&hqdmmMHegmﬁnkm WD 2005/ 025722 PCT/JP2004/013494

DESCRIPTION OF THE DRAWINGS

These and other objects and advantages and further
description will now be discussed in connection with the
drawings in which:

Figure 1 is a schematic illustration of an oxygen
concentrating apparatus according to a first embodiment
of the present invention;

Figure 2 is partial section of a concentrator
according to the first embodiment of the present
invention;

Figure 3 an exploded perspective view of a rotary
valve with a lower header of the concentrator of Figure
2;

Figure 4 is a plan view of the lower header;

Figure 5 is plan view of a stator of the rotary
valve attached to the lower header;
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- 6 Figure 6 is a plan viewsimlar to Figure 4 with
the | ower header shown by broken lines; Figure 7 is a

w@b@sozd7eav of a front side of a stator of thePCDIRR0§4/013494

valve; 5 Figure 8 is a plan view of a rear side of a
stator of the rotary valve; Figure 9 is a plan view
simlar to Figure 7 with the stator shown by broken
lines; Filgyee 19 dssecPlof vievhsiaddemibp tiquwe 4 with the

stabQer L@=AMW: r@ﬁ@xxmabgngrbkeﬁ X+i¥dgn Figure 9;
Figure 11 a section of the assembly of the stator _and

rotor aFedydg ne 3§ - ?(IPfLﬁDFV@3We°§ arifg@rd Fides of a stator
pl af ¥hewreftdhe. vél@élg side of the rotor with the

t at h b th
oper at | BASHES 1 DhyBeR . BBntaRts BFOP SB80T G (4 thétator
fi pst tepboditnemnyt ;vélgare 13 is a plan view sinmilar to

Figure %g vy ”ﬁsth ﬁSR”Blé dglﬁul‘a'}etr 0%‘1 u‘% °7hwith the

rotates egr ees, ative stator,
poSiteiten §ﬁ¥5WP2’W|1ﬁrqu<earélm28un the rotati onal

directi eagRre H@Uf esddtidnacghaht skewhBA v e WM &tator
of the process conducted by, the oxygen concentrator

acéBFider{&Olro alorg111R¢ EnbodPnEAEUTE dire 15 is a
chart skowiige the gyséetobnt Be Rhepresendlgorducied ddator

t he_ax n_co centr tor cording_to the first
enﬁBgi r’x’rgﬁf’r ) %n?sgg—ggr f‘FaFlgélgﬁ gr‘i of a
concent Fagarre al:Z:oxsil emgpilanavsewoncﬂ eeodirornt sdfdet lef the

pr e n, g 17 n_vie
ofSFE i RE S e ok Pk En ' SRl RnkeCTeR epraining
of tRiegoper &6;i ¢ anfetlle bsydepl ananepawretog scaogdigly to the

the;retapy i@Vt Figure 19 is a plan view the |ower
header; 35 Figure 20 is a plan view sinilar tqg Figure

19 wi t hFLgHEG ph obs c| Phaer §18NoRAMBY 2Br 5Re A Ligues 12
Fi gHbR1RY thad P V4 £ Obf ath8akosbdeywBficd FoktBhes 15

degrees, relative to the stator, from the position shown
in Figure 12 in the rotational direction R;

Figure 14 is a chart showing the cycle of the
process conducted by the oxygen concentrator according to
the first embodiment;

Figure 15 is a chart showing the cycle of the
process conducted by the oxygen concentrator according to
the first embodiment;

Figure 16 is a partial section of a concentrator
according to a second embodiment of the present
invention;

Figure 17 is a plan view of a rotary valve with a
lower header of the concentrator of Figure 16;

Figure 18 is a plan view of a stator of the rotary
valve;

Figure 19 is a plan view the lower header;

Figure 20 is a plan view similar to Figure 19 with
adsorption cylinders shown by broken lines;

Figure 21 is a plan view of a rear side of a rotor
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WO 2005/ 025722 7 PCT/JP2004/ 013494 of the rotary
valve; Figure 22 is a plan view of a front side of a

w0 210800257¢f the rotary valve; Figure 23 is a sepCT/@irRoof013494

the rotor along line AAA 5 in Kigure 22; Figure 24 is
a section of the assenbly of the | ower header, the
stator and the rotor along line I XIV-11XIV in Figure
17o fFitgwe er@Baty wageeti on of the assenbly of the

| ower ~§1§ﬁge : he s r rator_.al ang |ine
L1 XV-1 21’31 i F?%u%g T??’aéggﬁ%‘j”zé@fs‘? grlrcci?atr t“é%o\iafr:& rotor
t he fcydl® Wtane vatveess conducted by the oxygen

concent rsf Qir&ce9r ding tRcri By %?C%% ‘%'Hggﬂ'ogfiﬁqg Nne a-a

Figure 27 1s a plan view of the front si
rotdr BidH e me?stat or shown by solid lines for

explaiMEKyuﬁ@echﬁéaéiQacﬁiohhéfokﬁgﬁﬁé§§@§§tb@tQﬁe lower

accar.dj t.o the econd .epbodi nent; Figure . is a

ol AR 1Sy ST | Sr2FGT PROAr ERE2TOB6 s R HiRE ARdmY-1TXTV
si e dfigume rbtpr which rot ates 15 degrees, relative

10 the Siiffe 15OM10CL00RLLEO0SRR o ddluk0U0E Hie 1ower

in the rotational direction R and

schefd9 o ithaistrateonand bheoxygen adomgedtnat IAYV-IIXV in
appakaines 1of, a prior art. 25 DESCRI PTION OF THE

PREFERRED EMBODI MENTS Wt h reference to the draw ngs,

pref erred %ol mefit & SR2¥heSPPBLRAL thel CySde of the

deﬁmdﬁéatkﬁ?nﬂwcté@ 5 gure %xy@?noﬁ%ﬁanQQ?Q%?t?%Ebﬁging to
ap rat.us accordadl n OaT Tirst enpoal nent o e
Qﬁe §écé%q“§ﬁkpéﬁ%ggﬁ

preésent 1 nve obwn. The oxygen concentrating
appar at Uslglrenas’ ais @xybem cbagestraher £168+tWeied of the

SERE e UUEIL o6 50,980 Bty BOS0LEL0, 80 pacining
supbPey cgriadaen Tonpré sdxyggen 3Gonoapteasor d8canding to the
fid&ebnttenfiyd iRl yi ng conpressed
Figure 28 is a plan view similar to Figure 12
showing the front side of the rotor which rotates.15
degrees, relative to the stator, from the position shown
in Figure 12 in the rotational direction R; and
Figure 29 is a schematic illustration of an oxygen

concentrating apparatus of a prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference to the drawings, preferred
embodiments of the present will be described below.

In Figure 1, an oxygen concentrating apparatus
according to a first embodiment of the present invention
is shown. The oxygen concentrating apparatus 10 has an
oxygen concentrator 100 which generates an oxygen
enriched gas by adsorbing and separating nitrogen gas
from the air, an air supplying means, comprising a
compressor 12 and a filter 14, for supplying compressed
air to the oxygen concentrator 100 through an air supply

conduit 16, an exhausting means, comprising a vacuum pump



10

15

20

25

30

35

air to the oxygen concentrator 100 through an air
supply <conduit 16, an exhausting nmeans, conprising a

wo aws0es7punp WO 2005/ 025722 PCT/ JP2004/ 013494 BCT/8P200uA013494

a muffler 20, for drawi ng nitro§er gas through.

exhaust conduit 22, a reservoir or an 02 tank 26, a
pressure regul ating valve 28, a flow control valve 30
whi BhaBfe &diBHoEkRE af Hngfan 6xpyéndIsupprpIesndast thgough

f oexhadbteddiuthe DXygenc8BE,6Redogasnt ©, 3L 48R 26, a
Wth reference to Fj gure t he oxygen concentrat or

2,
108T PREFEGeL SE Bl ?tva%?eaa§or6t%éﬁWC9PPﬁ§@ﬁszéfe 30

whiykDcRr & 1) riangeskdr albey kA eagheat Babpakdcbnldugd 24 for
rbent, for exa zeoljite for

mﬁ%h ag.ads nghe,

sefEEF VLMY 1 S dEbFFrhg R L7 B5En965s tRoPe USREN oxygen

gas, upperchancfdmavere headelgu®42andh206xhakdi agntkatrator
I | & f Lon. cyl ipder .t her.ebet ween,

Porsd Hhdnlises® U ETLCY LRCRERoLRE L KT RERESY 192
nmoviokCh o8 randrrr ajeznd bakalle]l foreaohabihgrt hedr dtiddgd with

vahyead<8 ko, %la?(é:t?aﬂélgiar Qébfktépfgges@g@eﬁﬂ%ﬂ?
cylinders 102, a spring 112 for biasing a cover o
t RAFBTAF PH AMEF SR I3 JRER| BRAN BBYERN dAH,aqupper and

?ggmw?ﬁ Atbadich ™ |l ovs 1he hg%@ngV&géeplQraﬂ%ﬁﬁt ef

e, oxygen .con entr r ccordl ng to e

PO tE D S RS LB £ i ee R EPTER" oo1 PRtiery Yave 120
eazihd ofir i wiel cledheol imdes @onmppisingi ashovorfiloé éndta gear

S d S n p.fi 0 h ,
T Lo St S crigefo Rty SELLBN 2 (B ap axis
ark2faylefly taodifeadaPIpt ive epperdersfiees af sphéng 112

adsoF Pbi 88 127 Y IdIHSF o A02he TREL L OV D6ade5 01085 described
i ncludes a supply passage 106a which is fluidf

COMRY odoPEl Pheeadipisbot WASCE i LSt hee aF pLapprglve to
consitdte 1620an exhaust passage 106b which is fluidly

connected to_the vacuum pu 18 ough t he exhaust .
conduifﬁiﬁ,oﬁﬁﬁg¥l6§§§§ag:p¥ﬁ%% %@écﬁ Capdipg FPutiq first
camzod sdend e Hattmwmdsofpicasn ofylhwedensisbd pt eanh of
cyli r d.s s .10 ' u
e iagRE, £ RO L LA R bty Ly B8 ) Yanat
hekRieromn 02t Fecedid cnifeicie onebehews) 116Thevepper header

ref@f encel1tiaell Gurepad kS 1448 hIoven deadeluidly

connected to the upper orifices of the adsorption
cylindexrs 102. The lower header 106 includes a supply
passage 106a which is fluidly connected to the compressor
12 through the air supply conduit 16, an exhaust passage
106b which is fluidly connected to the vacuum pump 18
through the exhaust conduit 22, first passages 106c which
are fluidly connected to the bottom orifices of the
adsorption cylinders 102 and second passages 106d which
are fluidly connected to the passages 104a of the upper
header 104 through connection conduits 116.

With reference to Figures 3 and 4, the lower header
106 further includes a C-shaped output groove 106g
extending around the centrally disposed supply passage
106a, a output passage 106e which opens to the output



10

15

20

25

30

35

35 106 further includes a C shaped output groove 106g
extendi ng around the centrally di sposed supply passage

wawa/2s2nut put passage 106e whi ch opens to t hECDIR2004/013494

WD 2005/ 025722 PCT/ JP2004/ 013494 - 9 groove 106g and

is fluidly connected to the oxygen supply conduit 24

and an exhaust groove 106f around the output groove
1085owhiech Gdqi ety tonfilnidayesonnehtele tex hauesioxygen supply

pa@éﬁQﬁuﬁQQﬁ@ 2nd s E”%Qﬁgugt 998058t§6¥fV%E%% dzghe output

i ncl udes a stator a circular
nefbervestit§oridricy fheiad hegommunhgart@mmm@ad@e exhaust

10fasandea rogwr 140 conprising a circular plate
menber which is rotated by the notor 108 relative to

the statidy FESTqvEh e eFehééYmaﬂ—BeFﬂaQr égcgugdrg e, stator
t he3 et atoarprliddi igicd Ltde_scmaenpna*céymeﬁlbié@?se@a%gealayl1y

four out rts,130 four irst ports
23%%?£%%%¥iex TS %&W?goa% erngF s&B8nd TR&PEs:180e
anﬁmapyaﬂunggqxnirqgﬁﬁrmplaheemEmhdrthhmoghlsthetated by
Hgﬂyﬁ; t r.13 T, p por Oa
@§§UI l'y cggguﬁggg%%g&gﬁ¥% ?ﬁe ané#g %ggsaggl% gheterence
of’f—@ h8 igNggderS W08l fThethrit pueteor 180 180b10Hasdhycentrally
C o1y b%@kﬁsd@ﬁl the-ouf Peis | p§§§fg§u@§§€ %B ggTBBBe four

ou ut groove 64. The first ports 1

Sitc 2O& tA t1h30c°rve fQpe oprdh pass aBest 4083065 £pdr second
|Qﬂ&fthea®©@ i é”&béih e hgdist P@@fswﬂ§gﬂ ELueAlYthrough

te wth the aust as e 106b t hrough the
efﬁg% t&b&?Wﬁﬁﬁ éa%b%e%%% Qs 15068 Frop Yyport 130a
coﬁhmmddat@qmmumndaiésrwﬂtmasoaggepplﬁﬁpaoéa@éelmo&emf the

h@ﬁQ?&e}OQO6TheT%E@khﬂ%nﬁgd%%9§9f136éuﬁg%%dﬁ% ?%mmun+Fate

communi cates with t passage rou
t HeleRh&hst ortdiiie PETBTagaN M6 ¢ cfbreuale the FPyupes q'roove

1106 §e raher f:h%th%%riﬂs fromd fﬁ?ﬁﬂf%ﬁ%ﬁf&éw%lth the
the stator 130 and Hg C?df osite rear face 141b

f rt OPdc BaES RGeSt rEhE oL R Raqey ek0§ ¢ r fFhe
r ecgdsaestl40et st NRow mmm}sazdmmmé%ﬁmw e’%ﬂﬁiust

L gBOIRER St S ATU T SR O S secone

saxtihg Aéfess1lu4@ily 'ﬁmeumrrmd‘m wirdovehd 40frst passages

disnpsedst ent! Yooy HQTHNY cafE Wikl tNE £XNRYSE PO
fluidly communicates with the exhaust passage 106b
through the exhaust groove 106f.

With reference to Figures 7 - 11, the rotor 140 has

a front face l4la contacting the stator 130 and an
opposite rear face l4lb. On the front face 14la, the
rotor 140 defines three first recesses 140c, three second
recesses 140e which are fluidly connected to each other
by a circular groove 140f, three third recesses 140g and
a circular sealing recess 140i. The circular groove 140f
is disposed to fluidly communicate with the exhaust ports
130d of the stator 130. On the rear face 141b, the rotor
140 defines a receptacle 140m for receiving a cover 144,
an inner groove 1403j and a outer groove 140k. A flow

passage 143 is defined between the cover 144 disposed in
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130d of the stator 130. On the rear face 141b, the
rotor 35 140 defines a receptacle 140mfor receiving a

wW@ouen23r22, an inner groove 140] and a outer BECDOR2604/013494

140k. A flow passage 143 is defipned between the cover
144 di sposed in WD 2005/ 025722 PCT/ JP2004/ 013494 - 10
the receptacle 140m and the rotor 140. The rotor 140

f urtheerrépeptidesca lddnt rald yehd spwdsed lélﬂopl ylopemtngr 140

103 e Er AT SheRR AR A0, ISR AP s
extléP 6 threaghithé poeadinps0 1400 tHix ¢aspor ngeenings 1404

1400 d | wh by tHQBHeé eh'l%g@'lﬂl(blrf SR x40 f %}P&ﬁd
|nn? groove reference to Figures 12

t he o &k BHeoFOtPﬁelénge Fheordems; QRsmipes 140h f1Uld1Y

gcrzmﬂnmttﬁne;thstdem‘b@@smgﬁ 0l tee ttesarrinmed groove 1407.
el ow. e rst_10 I ment yg

concentré&%@ 1% efﬁgFﬁdg &@Preﬁdgérptﬂé gg“?ﬁﬁ%?%?tlon of

102hieheoypgéti onscehtuhitolr di0d acodircangd thye ridfrertence
NUERR(Sadndne O1E QUr 8BL2 100 plioy.n L9e il | QWi

descri pt | on, € oper atiron o oxygen concent rator
10@m¢qllrb%n’@|esbhe bedypenr eoaciest rag ors 18fe igic tuges four

ada‘a@%fwl@w w@@ﬁaergywo@d%el Waii¢h oy oH spased f}f

position 1. ep | (Pressurlzatlon Step) The rotor
|sl&@%?ﬁﬁﬁ%n%yp6§??F8ﬁc§h6WWQQ¥S Rrdure 112 Riggerresode and

of 1Bhe fid sthepesingwihgObealcirdd®iod) Whih o@&a&flotnh%f the
second orts 130 30 so

S ST RS RETRREr 1201 porht e Conprebedy 1 £elation to
t hooegho £ heghai adsapptyononglindets,t beliadep W passhgds

10 r,106, the supply port 130a of
thggéﬁ%¥%$?l %mﬁg%ggggﬁpply openi ng 140a of 25 the

rotor 14%tep hk pBEeagerizstdeni RE@prbet ween the stator

140 and e cover 144, ithgtf ihet nepenpRg:11468h ehdthe in
rotor 140, the second port 130e of the stator 130 and

Lo L b TATES BRECYFi hagr F1rot BRenings 140D aligns
(Pwemro:zeatcbf)ntlﬁ:?eneéabnanpStrea) 130eThe tﬁéab@étbﬂfo 130 so

the direction.R.t ot t|o 05| ion
%ﬁé deégﬁé%L rd%1§%% %ﬁg %85F L Hg t%‘lrst
opénmmelsmtru@sthmuahughedawrt huppéy condult 16, the

supply passage 106a of the lower header 106, the supply
port 130a of the stator 130a, the supply opening l40a of
the rotor 140, the passage 143 defined between the stator
140 and the cover 144, the first opening 140b of the
rotor 140, the second port 130e of the stator 130 and the
lower orifice of cylinder 1.

Step II (Pressurization-Generation Step)

The rotator 140 rotates in the direction R to a
rotational position at 15 degrees from the home position
where the first opening 140b is still aligned with the
second port 130e and the compressed air is supplied to
cylinder 1, as described above. At the same time, the
first recess 140c of the rotor 140 aligns with the output
port 130b and the first port 130c of the stator 130.

This rotational position of the rotor 140 allows the



10

15

20

25

30

35

second port 130e and the conpressed air is supplied to
cylinder 1, as described above. At the sane tine, the

wW@2006/02522 recess 140c of the rotor 140 aligns RET/IP2A6u013494

output port 130b and the firstllpert 130c of the

stator 130. This rotational position of the rotor 140
al l ows the WO 2005/ 025722 PCT/JP2004/013494 - 11
oxgyepeenershictherhsga® teoflevohreyl trdéndert @ ttpe the user

USEhrofiioughs t élpp@flmélz«;@ ef1¢ybipder lnetBRssage 104a
passa 104a o} eader” 104, the connection

coﬁ’autbely@pel’sé&%@%ag%get%eaoaflesﬁéorlow@fldhléadérl6
10§ec<t>he1 Hdsdade POOES ééoﬁh@flbh@rShahaérls% t|‘&$1e first

first recess 1 the ro

S E SRD G ok oy st cotol bt phbeFags L. theg B haoc of
outp@trﬁ&&ﬁﬁgBU%QGe%?fom??TtIgget mBaHebglﬁﬁeasda$Ee 130,
output ¢ it t on_Ste

Pob B LP U, htee BPsS 1 bt OREREoBaBhERk (BeL08s e
depoees he@damelm&n@n@)o‘shel otmtw:néreondeiti 24t openi ng

140b of Sth lfg dé0-15: 09t gLigned with the second
port % %) (sta?or 130, angvtherefore t he

suppl y &het r@t%mré%%eaomt%w tader retpsipepdi peedgion at

Hovevee g r%@%33%$mr§ﬁerﬁéﬁé3 d490¢eibs whekb %hbgﬁﬁQst opening
W th botht e out % d the fir

r
156808 OEnerh diorou sbES ThcheFoRbLIPAG Bkyhelie Second port
eni3chedfgahd stsdtdt sm@plaed tberéhera$ethérempply of the

lind d
?%%%ﬁ%%%ﬁﬁe t esc qud? |on é% }niﬁe?he ro evef40the

rofates m@afssnkﬂm©na$ @bsll|@hlgnedSW1dbgbee9 fthenputput
th S h X ¢S n
oPQnQ3¥&b <$nt ffﬂé %8 té §3§b of ?g% gtator 130.

openi ngs n wt Irst ports
cofeheEatieng Wie rpmanqd@m%lqhgﬁdgss Thi stidlaslpraLed to

poght i Qi eof ﬁﬁ&ﬁn r@pinéé@ al é@vsegwlgéagsﬁoeer I ched
gas 25 to flowf ron1g¥ er to cylinder gé
f

t he uppérehoriVfi ReRF %%??hﬁ%?l%n Fﬁ%abé§§5§8n1528
t he uppehe heater 108, rébeteonvechi ootaondubl pd6itibe at 45

second passage ,106 th r 6, .t

i TSEC B 11305 DO Ik ofaror TaoARRE sBoss Shentin
14@@bonﬁeqmﬁnﬁngﬁ)gﬁ@@v@lnquWlthetbecéhQprEﬂrhg 130c
1400n Rt nti k& iU Prw A0, cy i Deadi £ st RRET31308n9E tBEational

stator 130, the second passage
position of the rotor 140 allows the oxygen enriched gas

to flow from cylinder 1 to cylinder 3 through the upper
orifice of cylinder 1, the passage 104a of the upper
header 104, the connection conduit 116, the second
passage 106d of the lower header 106, the first port 130c
of the stator 130, the second opening 140d, the outer
groove 140k, the second opening 140d of the rotor 140,
the first port 130c of the stator 130, the second passage
106d of the lower header 106, the connection conduit 116,
the passage 104a of the upper header 104 and the upper
orifice of cylinder 4. Thus, the pressure in cylinder 1
is reduced and the pressure in cylinder 3 is increased to
equalize the pressure in cylinders 1 and 3.

Step V (Cocurrent Depressurization Step)
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106d of the | ower header 106, the connection conduit
116, the passage 104a of the upper header 104 and the

waip@en2s7eri fice of. cylinder 4. Thus, the presBUr/&2004/013494

cylinder 1 35 is reduced and.the pressure in cylinder

3 is increased to equalize the pressure in cylinders

1 and 3. Step V (Cocurrent Depressurization Step) WO

2005/ 02572 FCTPUPRO04r013194 to @2rofhsipordr pp4dtion at 60
r ol d A&tk ORdhe PRsLLLeBpa nele d6QreestheoMhree

t he hone position where two O the "t hr ee third

r eddedEs neRRF RS t helet af okhesbtatpgn 140t RLige withsthe

POItiS sk3 Q6o HOEMUND € ad bitgu A & B EX LT HdehScE1@Adess 2 and 4.
Thlgg%gtatlonal 5§S|t|on,of the rotor 140 allows th

e
oxyger’ et yasPed FHoW PFofleyFPRaer 140t gllows the
cyoxydem ehriashed pgagetgasldhr eugh theingper 1oebf co@inder
of ,cyl.inder da of the u

f 1. the sage, 1 f er header . .

D047 At e | S5 PEREAPEN 1948 BRotlcobRRtha g k1 inder
108d dfhe hErsddge ol a hefidehe 106perhbetilest 1po;t th80c

of t . 1 he, £ hi r 1 i d
opSeimtarQl dollauillersy Lo B0ERRA! Eldsphd8 (106G or the
opeviey T¥Rder hk0¢ hi ke rgvé%’s peadglgPct 4 shat spator 130,

14@he heyfdd Steds & ﬂ@@@,oﬁhéh€h§kétebenl§8alﬁbﬁ the inner
secondvpassa es 106d of %he | oper header 106d 15 the

coRRE%n £hhduF e 1581 ¢ hRPPRLRI g2 9h4atBe FRLTEppeFess
headerg H# wns dtetoppes0 prifiéceiobtcpbkbdeBod. oAt thbestator

sa ti a [ S whi N descri bed
bel ﬁ! qﬁgaégﬁﬁﬁgie%égga%%?ig§%$Aﬁ? gﬁ@pfgwer fiSader 106d,
( ErheuardrorecStiap) Qondhet rbt oy 14O petatgs t04a of the upper

ro‘h@aﬂd&'@l{%@@%ﬁ%%@tu%@er degy ee§ fé@”&{;iﬁf 88P®s . At the
position wnere the seco recess i4 e o0 tﬂe rot or
1463819 grisnen tth Pheds et polrichlveléf bet feseriped below,

1305 Hyidotad i onaly Poskdid on, of the rotor 140 allows
the gas in cylinder 1 to, be evacuated by the 25 vacuum

punp 22 S4B uUbh (HeFoetodrf ¢Re of cylinder 1, the

first passagotddbclof fdeatoyetohgadetaddénal hgosition at 75
second port. 130e .0of the stator.130,.the second recess

1468 9RE GTALIGHE HUR PITDILOF VAP oLy 2901 peecess
exRdl¥st qforthel I0otof 14 astbgns ¥8Bh the sxdemndtport 130e of
gr e@\ee s%%éf'@fk3d.he ﬁf@%t@@é@ﬁgf }}Q@Ptﬂgnt@f ’ék?gvefotor

header
140 allows the gas in cylinder 1 to be evacuated by the

vacuum pump 22 through the lower orifice of cylinder 1,
the first passage 106c of the lower header 106, the
second port 130e of the stator 130, the second recess
140e, the circular groove 140f of the rotor 140, the
exhaust port 130d of the stator 130, the exhaust groove
106f, the exhaust passage 106b of the lower header 106
and the exhaust conduit 22.

Step VII (Purge Step)

The rotor 140 rotates to a rotational position at 90
degrees from the home position where the second port 130e
of the stator 130 still aligns with the second recess
140e and two of the three third recesses 140g of the

stator 140 align with the first ports 130c communicating
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and the exhaust conduit 22. Step VI1 (Purge Step) The

rotor 140 rotates to a rotational position at 90
waelegsozs2f rom t he hone position where the secoPdr/peme4/013494

130e 35 of the stator 130 stdilid3 aligns with the

second recess 140e and two of the three third recesses

140g of the stator 140 align with the first ports

130¢tBoaminingdal gl VIQ005/ 025822£PCF/, JPRE0SKYTRA94n-iched

1350 t B Gyidndess, 1a§ng Sur§985850f€o Ep§19é£QeQ from

enrlched gas is suppli Eurge as, to Cé i nder
1 FYeRPdey indet %?%%rh%%érFBeHe AtiepatPoftes & wpige the

whihe the cygla_éhdék c:vl igdeeilli svstihke@vasuakedraped above.
descri bed abqve,

(Pr essUBTAR Nl Eq R S 53T bhe 61 8py EanaLiseE oRagtep)
rot at esThe adtoiati dhatopasesi ba at rotBbidegileesslirdmn at

th 0 ositi o) X 0
opRETE IR AT, AR bobEPiSL i 8ER0Ro or che i
COMthatQpﬁJlquh 404 n@ibignlwlahbl BheTiﬁllSStopatrrtenéBOC

10c8@§h5£@%€¥nérwaﬁﬁt l%ﬁ@e gmﬁnﬁhg °X¥H§Q rotatlonal

enri gas OHIC tO cy I nder as
deBefibé@Tawdveng reiePhat 1 6h @blEWépthV'Oﬁgggﬁowﬁr#§h6d gas

theodmw&&om reyhendér st egbedinBatr 1t B8 HeYEribed above
out Qﬁorts 130b, the four first ports 130c, 15 the

f ot BT dr? SUFd Vand the four second ports
130e aresdistpasedial ting drihengst Ehrehesfﬁbsutembediment,

ro nal_ axi f t h 0 14 Furt he ch f t
po%ﬁé ?PU|dI1I%% nlﬁ% i?&b ﬁhe e up %%ESQ 2k s H%OC,
adsbepfouonr Q?mauﬂ]*ergon‘(:)@ éis @d di spds’eueatoanysenendf ports

(1)18he p%h:%t dixbddBd )éfbﬂ?@' @ifféggﬂ'{:) LR-POLEt about the
(3mti )t h point, lftgomt (1: integer=1

orﬁfa5F§W@~Iﬁ%%ﬁr%éétheké?%orl i nfegeRerz1epghnpt the
mi;%rﬂﬁ”f&qruﬂ{lj ftfﬁbnuﬂﬁiit P pcfagtm@ wthnﬁ@gﬁ 8fdtRei adkBeption
nu [ C (0] apov descri be proc ur|n
OhEPEipdEr S Hnd M ufSSEE Shoghy oSaePRPrRETHhr Bp M,
enbodi jreht pofhits, ardrangenienboipt evedmsiyhe point, ..., ((n-
co 0 f o n a t 3
oo LT e GO SHEEUGI 08, L0 R Bond '??80%’35{:98-

thTéer@t o] 2 mlfﬁlﬁqeﬁérl hctormi ng 19 nmberr@f the

enpedb gt o dy¥€inders and n is the number of cycle of the
above described process during one rotation of the rotor,
that is 3 in the first embodiment. This arrangement
prevents the concentrator 100 from executing the same
steps of the above described process at a rotational
position of the rotor 140.

Further, according to the first embodiment of the
present invention, the supply passage 106a, the exhaust
passage 106b and the output passage 106e provide a common
flow passages. The upper or first orifices of the
adsorption cylinders 102 provide flow passages of a first
subgroup of a selective flow passage group and the lower
or second orifices 102a of the adsorptions cylinders 102
provide flow passages of a second subgroup of the

selective flow passage group.
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30 present invention, the supply passage 106a, the
exhaust passage 106b and the output passage 106e

w@e@sizk2a conmon  fl ow passages. The upper orPET/IE404/013494

orifices of the adsorption eyli4nders 102 provide flow
passages of a first subgroup of a selective flow

passage group and the |lower 35 or second orifices 102a

of the &dddr mef@r@ngmwe?sgqms ]b%%deaf Feaond embodiment

passa e v W
pi‘éiagﬁ% ?’Erﬁg’e%{}%q%’o D50 b Bl hS a8 r BBk ¢Fel Ry,

Wth refléeefed 3e MiFetnsteg, 2@0 s@@@ﬁédéﬁﬁoapnthe second

of B8 dRHRTANY AR O ;Y\Mfai’ﬁtfleéﬁrééggr%h@w cﬁ‘;@nders
o%aen caoncentrator 200 accordi to the seco

nd
di HEREH Al TP IRARATa Y1 6F BsBRph| BRner and filled

cyiinders a@s%%em Chfcirlzf eeﬁm%\ ;edz@matéewhwhe@@hectlvely
ot h d fi.ll adsor f or_exanpl e

ze%SFPE n&F’rr&&e&tﬁﬁel n}or%d'%*b%s“ﬁ(??%g%ﬁs gadPReF e3¢
t hhnwexy jerdgas, 2A0Fpernd@nil 6 | lowkdiheadee sa@8drahilo206

hol, &Qﬂd‘e'}% %g)%grt@{é e&yéérgdeé Sw.i]@@gr%nh%f%t W@”ané‘ drive

r ot va ve rive 1 anl s conpr|S|n?
hoTeFhaog sind CERT IS 210, MGERT 208 APAGIERE Pexafyl, for

val-¥ea220g @:h%orr'd’cgar%ﬂ-zvéPJe b223(§' nQ @prfﬁ’&%l@f féf‘eblas:Lng a
rotary valve 220 and bearin bet ween

CEORETIDE BHE BRI AT (Al 428 790 hbERE AR o9k4 ¢ Hetueen

rotagy syaliviegg 22Q tang Octh?é erotJaEryr hea DXy 9BPO ¢ OREEEH &l Déws the
200 has.six adsglzpb% t;)n |.i nders 202 each of which
i 75t

i mePudss X%&ﬁg %591 ce (not shown) and a
botton1dmesemmg¢nnodnamnﬁnan05rkmwohaﬁhsluppésorpﬁmmm

20 neld NAss

coc%1 %cf‘egd‘?% t%'r?)é uppe?gjﬁﬁflﬁ ces ’Y@&%érgo a s%#y?f%snt
cyPraddce 102t FheWowaNhenddt os @%cﬂﬁ%l@l@%dao@dﬁﬁ% (not

paéﬁa%)Z%@h\wh@@)érs Hdddah wmﬁm@&eé Osliag%assages 204a
sor ure n exnau ass e

SRVBREE 8e gt eie b e N R Re b Gpes of the

(Faagubepi:)lont kerndugid etdee Zaoaw.ausmhe:ond,m:t Qéacﬂér U e ingludes

fi SEWE %%Sss%5 204‘3)%3"‘%&10 & eonl eﬁn}ge? g&%vgted to the

bott o FCces rption cy
se@gm9r§§§s>a‘gé-§ A06duate ch , arre drhaullly pohsree el Gl which

t hespagsagas %%ﬁ%e%ftécf‘ecdip&?fé vARAHE RS 147 Oure 1)

connection conduits
through the exhaust condult 22 (Figure 1), first passages

206c which are connected to the bottom orifices of the
adsorption cylinders 202 and second passages 206d which
are fluidly connected to the passages 204a of the upper
header 204 through connection conduits 116. With
reference to Figures 19 and 20, the lower header 206
further includes a C-shaped output groove 206g extending
around the centrally disposed supply passage 206a, a
output passage 206e which opens to the output groove 206g
and is fluidly connected to the oxygen supply conduit 24
(Figure 1) and an exhaust groove 206f, around the output
groove 206g which fluidly communicates with the exhaust
passage 206b.

The rotary valve 220 includes a stator 230
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reference to Figures 19 and 20, the |ower header 206
30 further includes a C shaped out put groove 206g

w@zaiosnei7ey around the centrally di sposed suppP@T/JP2004/013494

passage 206a, a output passages206e whi ch opens to

t he out put groove 206g and is fluidly connected to

the oxygen supply conduit 24 (Figure 1) and an
exﬁamsurlga@@v@ 20afcu laro ik tehaneihgut S5yt opvel Ppegttached

h fLui
506G chkS hkar SRS AP L To LN capeegns o
2ogsrozsaﬂp96neJmmazﬁmmmh is 1@ atmpey sting motor 208
ci pgybar Rl ate tWatﬂ afdonarnjish atd fchesbe t O tRegures 18

| ower header 206 a rotor_ 240 conprising a
ci PREI 8P rpltate SI‘F@FP&@? A NG Luqdest & P By kY ndtdposed
20§upb§!ya ore aohe sthat@it a0 .pdh 18flef ente £0rst ports
ggres 18 5 and 20, the stato 30 ., ncludes. a 0 d
P& PSP G VU Hor10DB0E X SIS T oredle an
23@bse311>infg1 foelrth 0L, 2@0ioch tehwisel Ik hatiséng ot so2F0dt he
[ 0 rt I [ Q f [

PLFS BRrBRY B Sl e D T st e bl o0
24©luiﬁéys@p>pmanp@ratt%0alﬂm ﬁhmnmgpbormﬁﬁm e%Othhf the
t NEeSUBR! ¥ oRASSAGR 2RAHE Sdits Neafers 206 e R ate

0 y co

ports b 1 ui wth the output
pa@éaget@@a@wtlmw%%@% MR GroovE Bopgutpet groove
fipskg portzxglgg?z(l?xs{ﬂ Hokys cmnwnﬂlqﬁ.tzﬁl cgrchmmelc@ﬁ@qmﬂth the
passage 0 er xhaust

oS EE05 0 aopradns, it e WS Rr At Hie
paszhgasﬁO@bﬁtfsr dLBg]d tﬁﬂea:edcnalmlmgnmmmtézo,ﬁith Thiee exhaust

or. 2 fi
ggggg% ?%c ) ovver %g{a%matc%e g%?iéeﬁl [ nfﬁé second
popprzsoﬁwfel lflldlll)dld/brﬁmmlﬁalt%t%‘/ﬂth Reh e xhiisst passages

pa§§gge 0206k 20 Jhuougn ddie ﬁ?@ausfhegrégéfplr?%%orﬁ/vi Yo

reference to Figures 21 - , the rotor 240
f r 6t 1fdye CORTRTAGRERR .wg;tl% b e B P A RR G 206D

oppRgLLGH e;ahre frageutdlyrdavd lmdront face 241a, the
rotor 2 est\/\oflr}tlfreces els 2 tvvos con

25 receg@:fgr FOE AN o & FIUGH f onrfett G 6 3 eaclﬁO|240 has
Ot'ae‘fr"b.‘?" ifa@'ef Guilar aprome: DMDftiEnds @ tgir cldGrand an

3??%% rl:%C g:‘g@e o8, Ci rbiliale oaue 24 dFia, the
rotor 240 deflnes two first recesses 240c, two second
recesses 240e which are fluidly connected to each other
by a circular groove 240f and a circular sealing recess
240i. The circular groove 240f is disposed to fluidly
communicate with the three exhaust ports 230d of the
stator 230. On the rear face 241b, the rotor 240 defines
a receptacle 240m for receiving a cover 242, an inner
groove 2403 and a outer groove 240k. A flow passage 243
is defined between the cover 242 disposed in the
receptacle 240m and the rotor 240. The rotor 240 further
includes a centrally disposed supply opening 240a, two
first openings 240b, four second openings 240d and four
third openings 240g, which axially extend through the

rotor.
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conmuni cate with the three exhaust ports 230d of the
stator 230. On the rear face 241b, the rotor 240

waledosnes280 a receptacle 240m for receiving a POVEr2004/013494

242, an inner groove 240] andig auter groove 240k. A

fl ow passage 243 is defined between the cover 242

di sposed in the receptacle 240m and the rotor 240.

The rot odtMOdigndnre foctugesesn 2€ntr 2Bl ytiesppsedtion of

SUpRLY m%&%tﬁé{\@og%éb réﬁcé}P&Eh 9§h849g58ﬁ8ur

second o s 240d and T our ird o n ngs
V\/rﬁlé‘ﬁoﬁl%mﬁlﬂty V@xlt]erh?tciﬁ%@hb@%ebel@ﬂor vaothe second

2%&@&5@?@@2&%&1%@&entﬂ§m¥vwor %@'1@86@ tBe six

Fi gures 26 eration of he oxy

c L ERERALGH Zb’ollaflffeo‘?g P tHRe s@%%h*aw%ﬁbaé. WBAERWRE P

bei daseritked HielayE e ddhdd enaisons 1esrb0ﬂnr513mgurtebeze - 28.
e SI X adso

trat 00 d
i nbBFe 0 TR oL oM B wit i GP&”<F R carebhgyoxygen
redcaneeuemlmﬁerx)m W6, 11 rod-i des@si@éd - i28relapibheto one of
f t {
IR RCS I 1 LIS e cry D TR SV AE B Folbpgosed =t

ofposhél@xmsdr ption cylinders, cylinder 1 which is
di spose Ilqutgggdﬁ Jhoﬁq esptnep Pressuri zation
tt

Step) The rotor 240 1s a osition shown in
Fi gure Z’?%@r’f@q KRt & i Sstatopeie P opred F4A8 Ghewn ohe

OfFlbh@ngqo%eQ@dttr?@%ﬁt tcﬂﬁerﬁ oz4@§oa§@gﬁga¢,lmeone of
alr. I s S e rom
TnR sheptheod 2R ", o%#%t% S8 SQUPRRE e air is

pas&spgélza@Gaoofcﬁlhmdémvferfﬂmdﬁte 206nptéessuppl ytipootgh the
2 o] '

(R bty A 230, LI Suaply SUEAg 208, gf e
stlEPUer24gased 1A% chte RrRUp petfe 339atobpehengtator
240h0 ot he nee GMH IRO rct &&Qﬁg awhd her 4eroo6ifree, ofhe

cy I 7 nder 1. Stgio Pressurlzatlon CGeneration Ste }2
TIRAF 8REOR Ba0iGTIPALO T LT GiiR | Tratopodt] | BA athe cover

152 alegr eae friomy hfpdmmag R0 ] dthevedeondiepdr¥st30e and the
eni ng 25 240b | stl al |$ned with the second port
d,

g rtlﬁcérc St'e, t]‘nléldc essed air is supplied to
cy||nde5t£p IT (Pressurization-Generation Step)

The rotator 240 rotates to a rotational position at
15 degrees from the home position where the first opening
240b is still aligned with the second port 230e and,
therefore, the compressed air is supplied to cylinder 1.
At the same time, the first recess 240c of the rotor 240
aligns with both the output port 230b and the first port
230c of the stator 230. This rotational position of the
rotor 240 allows the oxygen enriched gas to flow from
cylinder 1 to the user through the upper orifice of
cylinder 1, the passage 204a of the upper header 204, the
connection conduit 216, second passage 206d of the lower
header 206, the first ports 230c of the stator 230, the
first recess 240c of the rotor 240, the output ports 230b
of the stator 230, the output groove 206g, the output
passage 206e of the lower header 206 and the output
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At the sane tine, the first recess 240c of the rotor
240 aligns with both the output port 230b and the

wo pooso2ppert  230c of the stator 230. This rot apCDaR2004/013494

position of the 30 rotor 240-alll7ows the oxygen
enriched gas to flow from cylinder 1 to the user

t hrough the upper orifice of cylinder 1, the passage
204a@ndfuitthe 4spper header 204, the connection conduit

216, secqnd, passa@ee 0o Ohn thee pvver header 206, the
first ports 230c of the stator the 35 fir

recess ZAGc WFEAURF rotbrr24dtes he® o%t%%?aﬁb??%fzgﬁﬁltlon at
OfBUh@ efrafed f23h ﬁH&EKnmén@oﬁﬂtiww wiEe the ﬁﬂf@ﬂtopenlng

PSS 0901 s L D205 T oy PuL

I | bof®enerat |td‘reﬂm£ne Thehe odapply 240 tlot atespressaed to
r 0tc§t Il?lrgi%l POSid i é)d degﬁ&r‘?é\ééédrg%ﬁé‘efb JE recesses

on mhere t he |rs openi n e rotor
24G4|0§ Ast sdliilghed dgned twetlsel@@m Her toutpiyt ports 230b and

t hepef o8l g?ozsﬁét)pi W Pfof hensospresseld 0 Byéide6Fel the

is term nate However, the first recesses 240c is

st PRI 98I GTEd-Glieth ot hig het bl piiPRbreS BR0Bh@nse¥ herom
fiesl RIS 230 Rfsdinesd adiwsve30. Therefore, the 10

oxygen enriched gas is still supplied tq the use ro
cyl i nderStfpaswde(chlrlT%tedD%%% U %%t*v%ﬂ?%}lza{lon Step)
Depr essatez atd e aqamlndtaat@m S ep) rotdtei o brp@ddDtion at 45

rotates to rot tl | O 4 r o)
thgeﬁreespo% | otﬁq mqpo%e p%ééftnécgr}]gﬁ%ezg% 8’?@ %%‘21%5 %enlng
t he 4ot of 24 atdtgs 4@ elhens ivsh pfdrre: Q@Cﬁ:t port 230c

COHRIGAd G W th QY | dnoeradr af‘dan@t dhec$@nBathd "Bime, the
the third opening 240d align, vv|t the, first port 230c

corfdiicc ARYW 141 414 withpike (oiegt ot t 230C
pO@Io&mr@mldétiﬂge Wl(ﬂmrcﬁﬂﬂ‘l@é}': oNs t’i‘llel@Xrycgteaﬂt;edsnﬁaI:h@dmtion

gas t | ow 20 om I nder c nder 0
Phetudbis S ARG ind A GiElarid DRBE e 10w
t he& roppery lnieatker JZOZIQ cylmd:@nniecthmuqh)nttmtum@r Qh@fice
secagn qg{jﬁ I t

fi %gt %a'plﬁt g%o ‘of ggaSng ?23% t he secondrolg(g%?%r 204,
D40de PR nAsteroTy VA PUOKL 6 t Heh@55¢4R1Y RPEFRRS 240kd of
of thie TR tied 0 d ) rote PRIEs238rt 230c of the stator

230, the second opening 240d, the outer groove 240k, the
third opening 240g of the rotor 240, the first port 230c
of the stator 230, the second passage 206d of the lower
header 206, the connection conduit 216, the passage 204a
of the upper header 204 and the upper orifice of cylinder
3. Thus, the pressure in cylinder 1 is reduced and the
pressure in cylinder 3 is increased to equalize the
pressure in cylinders 1 and 3.

Step V (Second Depressurization-Equalization Step)

The rotor 240 rotates to a rotational position at 60
degrees from the home position where the second opening
240d align with the first port 230c communicating with
cylinder 1 and at the same time the third opening 240g
align with the first port 230c communicating with
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of the stator 230, the second passage 206d of the
| ower header 206, the connection conduit 216, the

weamsaegg2204a of the upper header 204 and t hePppE2004/013494

orifice of cylinder 3. Thus, tilge pressure in cylinder

1 is reduced and the 30 pressure in cylinder 3 is

i ncreased to equalize the pressure in cylinders 1 and
3.c%l épdwr( SecomthiBepratssirorat i pos Egiani &t £ba spépy 240

ghaell'LBl;aQr £ 720 c{qx%}fér?seﬁﬂcﬁuéc?t@é' 0pgl £ PO H:Bﬁdéﬁzl‘?’.gder 1 to

egrees from the home position where the secon
ofeYit A§ds% 240d align with the first port 230c

:JQfmh tﬁh@gt M@ Mg;tézrmwﬁiﬁlic@é_ df?(?ﬁlﬁdé??l??ﬁﬁet %)Egsage 204a
e | r openi al | W e Irs r

O AP EARPRE TR RS A1 0088 SO BT 5 HobCUPBase 206, the
1& ecyphidngers shgeEhi X adtat i tonal Lpwst thoadet 2hé,r oher first
240 I t ens i d | W, A

ooionier BB, S G MR A S RS eS8 o RTha,2gpa, he
cydwhder groomee ddsagehi(4uird epenheg uppey aEatbhe rotor

2 th 0 ' ' h 0 a

20650 b1 SR e oo oyl ffhafor Dad0PogR80EEcona

t R286a06r 29800 Gt o peRIRE 2408, ’&h@ cgppeftion

grengu240k.1 6t ha Hhigdh pani o 2408 Ohe tiepePt BEadE#0204 and
ort 230c of the stator_230, the second

the first 10 }
0938 gBDPEE CT T | WY 06, Thi% cERReBEPERUTE in
caglihdat6,l tike qraisage Aflald phesupperiheadeindd4 4 is
and. the upper. orijfice of .cylind . Jhu h

ShchBEs kPt Ml (eeka e 08yt BBers 1 apa 4.
cyl i ndeftépi ¥1 i(Wrisasdbnneswjual 3 zeiemeEquatsagabion Step)

cyl i ndengel 204, 4.5 4P e o4 é&TQ;fE%%Fional pggjtion at 75

Depressuri zation-Equal i zation Step e rotor _

r tQgEseto fXMottdrs diale e it aftheme Hegr 2@80R¢ oppening

t %@?Eﬁl}?%&i E/JiQ;rh t\ﬂlflrfé"z Sff_cmc %Qﬁwd%m@%é}?ﬁuﬁﬂ@[ﬂtﬁgbgﬁith

W 1 rs or QUC CO nj catl.n C | paer

| SRULERCEh SHltb Y TS AR O pET i DD BB 4R F g7409
wid hitghewflithstt heorfii 230 eacmAslc atomguwiddnt 1oy | whtler

5. i t ati onal. it t 0, .. Al

i biigke & Pt A S TS Sorng' gYer 240
cyd 1 heeF Shehcsygen uisead ofad ite fo{ovcﬁm@e@ymnder 1l to

t he, paggage s204a

through the upper orifice of cylinder 1, the passage 204a
of the upper header 204, the connection conduit 216, the
second passages 206d of the lower header 206, the first
port 230c of the stator 230, the second opening 240d, the
outer groove 240k, the third opening 240g of the rotor
240, the first port 230c of the stator 230, the second
passage 206d of the lower header 206, the connection
conduit 216, the passage 204a of the upper header 204 and
the upper orifice of cylinder 3. Thus, the pressure in
cylinder 1 is reduced and the pressure in cylinder 5 is
increased to equalize the pressure in cylinders 1 and 5.

Step VII (Cocurrent Depressurization Step)

The rotor 240 rotates to a rotational position at 90

degrees from the home position where the third openings
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25 of the upper header 204, the connection conduit
216, the second passages 206d of the | ower header

wQ@oms/oed1e2 first port 230c of the stator 230, PECEIP2004/013494

second openi ng 240d, the out-erigroove 240k, the third
openi ng 240g of the rotor 240, the first port 230c of
the stator 230, the second 30 passage 206d of the

| 0RO cheaftiebh@0Btatee dhnetippnwitondbet f216L pPRets 230c

pam%ﬁé@t%gtﬁﬁyp@glﬂs@%r 12@4q2Rd &hgsuga%uonal
orifice of cylinder pressure in cylinder

|P§Sr1§d’tférédo%nﬁh?hJéOE?Jés%ﬁpeaHOU?I thGepxEgpg enriched gas
i nG:rcﬁaf_SlQﬂvt Oa £0dlaph Z§et &s pPr €86Hr @ylmna)ékl mdebsSc¥iander 6

St VIl (Cocurrent.Depressuri,zation S
5 Ao e, LGRS EETh epreeaytization SLEpTRC ne
degﬁgﬁﬁrfd@ﬂfi@@ bbpney pbsdétob, whaee phbeatjbi d4a of the
openl 005 57 PCT/ 04/013494. . -
of S TRe0 2041 | GRe v ORI P RGP Pr SENRBA Eo 2580, Ehe° second
commﬂﬂag&sngo&dtafcyhenbewsrlhaadee 2Thi, sthet at.iremaport
p°%§dé”b ftﬁQes£9£8£ 249, a%h@“@h&?é 8F¥8§ngﬁﬁb8hGQhe third

gas ow, as pur ge gas fromcy
cy|q9ﬁ:r@rn€s B @Iy o‘a@% tPeeT o%EPOBE] ?ﬁ@érthéyFPﬁéér opening

t hraugh, thee URPed Opbhicg Dhogybindae dratbe paa$a@ﬂe first
204a of eader

e AP lCR0E 280 67 R REGLPhader the second

20paddmgdd rsteposf tR380rowért headkat an6@30ththeohherdion

openi th 0 Lhg -240h, [
grégvégﬁgbqgléhég?%h$%g gnl%gEEZ§Sth?h%£$§Frgggaer 204 and
opafieng Ry of 1 fheesehtoylPddert he f Aksthaporim@zoe purge
of dih&, St 0tn 2301 Pk h@eé&f‘igédzggloghel§egeﬂgucted in

passages 206d of the | ower header 206 t he connection
coRdfi¥ndaB 6 t he passage 204a of the upper header 204

and 15 theepipperI o(evacga0iosybtager 6. At that tine,
a purge

conductég%$§95%€?:%g%r%%%aggﬁggéf%:?%%@g§%§%$0%8§%8ﬁ?n at
Thao&ndngﬁﬁébrfn@mesheoh@meopashbmah pberéi bheasec@2fd port
100 ARGLEES S AL NI BERLL LoD A ol DEcgRdoPlcoes
reddde . 240eis Wta’ﬁm@@l omaslbé@nt pénthe ¥aeorokep allows
240 vl | e 14 hey 0asaen CYLd NPer edabQabBd ENACHRE €Fabium pump
th%i”?ﬁ%ﬂﬂ&%rﬁhe lower orifice of cylinder 1, the first
passage 206c of the lower header 206, the second port
230e of the stator 230, the second recess 240e, the
circular groove 240f of the rotor 240, the exhaust ports
230d of the rotor 240, the exhaust groove 206f, the
exhaust passage 206b of the lower header 206 and the
exhaust conduit 22.
Step IX (Purge Step)
The rotor 240 rotates to a rotational position at
120 degrees from the home position where the second port
230e of the stator 230 still aligns with the second
recess 240e and the third openings 240g of the stator 240
align with the first ports 230c communicating with

cylinders 1 and 2. Therefore, the oxygen enriched gas is
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22 through the lower orifice of cylinder 1, the first
25 passage 206c¢c of the | ower header 206, the second

w@es/0223De of the stator 230, the second receRGT/PRR0EY013494

the circular groove 240f of ihm rotor 240, the

exhaust ports 230d of the rotor 240, the exhaust

groove 206f, the exhaust passage 206b of the | ower
he&denxzoaiah@ theigleexhafisbmcopdante22? 8segelsxribed in

(P‘f&faﬁ&@tc?“@téﬁt@hz@ﬂ@t @h@sﬁ*a% an' 8?%&1‘&%@9 is still

p03|t|on at degr ees romt one pos tion where
t he\sxuoHee por d?%@élbﬁdt pBo¥eat or 230 still aligns

With thessgsond BRireCOSEs240€-aRdohheqhATEY 12RO ReSep)
240g of the stator 240 align with thefirst _ports

230c con%kﬂmllé%wﬁgzﬁptH°t€§?ﬁn8@r§ {Oéﬁél?naihgoéfl&rlé’n at

t hey DX ygedr &8¢ | £h6fl 988 hem¥0pd89%40385%Bére the third
PCT/JPZOO4/Q%§494 to. cC I| deréé from

. 20,
oy RIS oY taaaHaBavi B EaPaF LERE: BORESp 200F whi | o
t hegasunicayligdeith tglshdeks évandaBed adidesotiabamdnal

b .
a %%e é% %ﬁ(gﬁéta?gé§fgﬂg'%fgb??ogggagkgg%hogn§ﬁ%%kd gas
135:Qjefgl@esflf¢10n¢Yhénﬁ©ﬁe3 pbei ev bandasr & ﬁﬁedﬁﬁlcﬂ-‘dbed above

ope ng@lggggna{bggtyf)tblthe first ports 230c
comuni cating with cylinders 1 and 3. This rotational

posi ti oo e#P the F%?69n§45rﬁﬁFB%Zﬁﬁéoax%éﬁléﬁﬁrCéﬁ@d Step)
gas 10 tmé|@&\téfomOykbﬁdﬁés3tboaC¥btﬁdenéla§>os1tlon at

d d ab ' | af i

(ScbthoTerEeet ot EReEhodF: bbb, upsPoTheS: sesend

ZMbpemzm@s 260@ abighiwnah pbsi fioataport802dégrees
i‘@é‘@uﬁ&sﬁikﬁ 2@%8&96% gﬁQ”g 15THE§”E:BQ%tlona1

240 lgn Wt conmuni cat I ng
W tEPP%J,/*H%e@% ’&h‘anéoﬂorﬂ%ﬂ@ polavpohBP OpBIRPi GRTaChed gas

t he. & of Déw 2400m! EPWEnliBe oXxygesyennbebhed gasdekerib@d above
fromcylinder 4 to c | inder 1 as described above in

rel’ R i ool R epC\VPtEB Brep XI I (First
Pr essurlgaépomzﬁquahrzat pPoasShepyatibe-rqtali248@ion Step)

oLat oo A8 O PLR ARBTHoPRELLL D 1 rol60: CROCoBR.N90, ot
165 degrees from the home position where the second
openings 240d align“with the first ports 230c
communicating with cylinders 1 and 5. This rotational
position of the rotor 240 allows the oxygen enriched gas
to flow from cylinder 5 to cylinder 1 as described above
in relation to Step IV.

As shown in the drawings, in the second embodiment,
the six output ports 230b, the six first ports -230c, the
three exhaust ports 230d and the six second ports 230e
are disposed along different circles about the rotational
axis of the rotor 140. Further, each of the ports
fluidly communicating with each of the adsorption
cylinders 202 are disposed at any one of (i)th point,
(m+i)th point, (2m+i)th point, (3m+i)th point,..., ((n-
1)m+i)th point (i: integer=1 to m) along the circle.

Here, 1 1s integer i=1 to m, m is number of the



10

15

openi ngs 240d align with the first ports 230c
communi cating with cylinders 1 and 5. This rotationa

wWQ@200p03%3722 on of the rotor 240 all ows the oxygePCT/JP2004/013494

enriched gas to flow fromcylinder 5 to cylinder 1 as
descri bed above in relation to Step IV. As shown in

the drawi ngs, in the second enbodi nent, the six
outgsigoporicn 28Pbindhessprdf br 48 pdet B, daftheycd® of the
{ hrefso FXNLISE - POEL S p2800s BN ubhe oo loh o5 GRARL RN Y 230 rotor,
are di sposed al on 8 frerent circles about.fhe

r ottdtd onks 2a§<flstgﬁ ERECREt BIPPAGMERnr-t hdhisegdh agfgement

t hgROFd St s fMb dbyneeryReat P0g Wirdh @3@kuefini&@he same
adsorption_ cylinders 202 are di sposed at any one aof

(i AFFRoi vt , tBS FReVFt HEEFAPed( Egﬁ?ﬂaﬁﬁ G&i Gt rotational
(3Qﬁg9i$ﬁ®mi@?,the,rﬁtﬁr 2uoti )th point (i: integer=1

to along the circle... Here, .1 is integer. i=Ll to.m

mis nurber SRT ¢ ieCRr 9D8) 695755 PETPIC2G0RPOLIRSF Of the
21 priyarpt imneryiondetbeandpplyys palse agenid@6 agf tdweclesthaust
of e [ S. [ r I f
e R i S e A
ar ridrye e s pgevent Shehuppencent farst 200 ficem of the

exeed g I e é?ﬂ?ndér§t99§ ghothaecakavg desehiRedor a first
process at a rotational  position of the rotor "240.
FurtHRFLO3R cof df nge L 8CEhECsELBHIPERBEEdRNSSOUSf 2R the lower

pr ﬁﬁerﬁeé@r\/@n&rpﬂ%ggeosgﬁnlﬁyaﬁ@&&@@@o&%@yltiggers 202
exhaust. . passage an e output. passage e

o Q4L Coh0rP 0o FPBN, BheagBtoheng CRRRERROPY! P
or ide bmst Dfe t hikowadsespteogroybi.nders 202 provi de fl ow
passages of a first subgroup of a selective flow
passage group and the |ower or second orifices of the
adsorptions cylinders 202 provide fl ow passages of a
second subgroup of the 15 selective flow passage
group. WO 2005/ 025722 PCT/JP2004/013494 - 22 CLAIMS
1. An oxygen concentrating apparatus, for generating
an oxygen enriched gas by adsorbing and 5 renoving
nitrogen gas fromair, conprising:
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a plurality of adsorption cylinders which is filled
wi th hol di ng an adsorbent which sel ectively adsorbs

WORGs0LE2 gas nore than oxygen gas, the adsor ppCDoP2004/013494

cylinders having first and sec@d -orifices; 10 a

out put conduit for directing the oxygen enriched gas
to a user through the first orifice; nmeans for
suppl yi ng conpressed air to Aé&Iddsorption cylinders
t hrough the second orifice; nmeans for evacuating
nitrogen gas fromthe 15 adsorption cylinders through
the secohd orfRi@8YISHACORGEVRr ARARE RBPRAPIYRInd OLhe
OXYeie £LNLLHT &AL bRPge APORF BEWEQ S§EYEPYI abik¥ rbAngashd
of the adsorption cyllndgrs: él% to pressurize one of
t hef GO | HhEEGPPRAETS 200 byt r eRPPhYStRE
conpressedpriral itpugh ddeoseebon colifdeest hateaf is filled
(2). to re e the o e riched, g . i d e

of "EHE" dORBEERY R et T RERr A 1O e P Be e TuB U orbs
t hrouighogemegd$ reororiidneoxheerofas 25t18) atsodipteon

{ e PIYUED: eELENRY OASe S, A PUEGSna 0821 ELpRLSAI O one

of t'he adsorption Cylinders through, Irst orifice
t her eof 3 WtRRe @PAdWkt of Plerd hHeeE pR¥ ohhecpKyagsr §nriched

throeugh.d he déssteprbldceciderepfc romuphich one of
t he ot her adsorgtlon cgl|nders the in ernaf

as_ is 30 _
evacuat deaRHIdEP4) SHRP Yt TP RESFH e?hﬁltga§h8uﬁdﬁprptl°n
saidy onedefs theoadlsotips | oaceyd i agder scéhrough the
second thereof . 2. An oxygen cogcentrating appa tus,
for 35 WEHT sl Pho LRIV HaR GhiT CAed 928 BYORdSEPbi g
anchdsymyi hon ey t ogéer gashfooph athe senpndsongfige; and
pluralit ty i S r LN :
D 005; 026s B S 0%4 o‘%%é@ﬂ?é $h8"ohfathodo ﬁ&ﬁu}{?ﬁatlng
selaRRAINATYS BB BRE P Bgeh RGh nef ethe haAsexpgenn
gJasgythegaedsorption cylinders having first and second

i fi , t put duit for directing th .
enti ched 15 ghe PHeSSHSAS (MDUGh tHE FRPSEDbPH Calinders

by directing the compressed air through the second
orifice thereof;

(2) to remove the oxygen enriched gas from said one
of the adsorption cylinders to the output conduit through
the first orifice thereof,

(3) to direct the oxygen enriched gas as a purge
gas from said one of the adsorption cylinders through the
first orifice thereof into one of the other adsorption
cylinders through the first orifice thereof, from which
one of the other adsorption cylinders the internal gas is
evacuated; and

(4) to evacuate the internal gas out of said one of

the adsorption cylinders through the second thereof.

2. An oxygen concentrating apparatus, for
generating an oxygen enriched gas by adsorbing and
removing nitrogen gas from air, comprising:

a plurality of adsorption cylinders for holding an
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means for supplying conpressed air to the adsorption
cylinders through the second orifice; neans for

we@@sizi7eng nitrogen gas fromthe adsorption BYI/iredeys 3494

t hrough the second orifice; an23 40 val ve neans for

all owi ng the oxygen concentrating apparat us,
sequentially in each of the adsorption cylinders: (1)

t oappesbantzehdfnd erlelkd 1yedor ddiserbsy INifdergen [gas more

di £gghi BgyLBa %@%pr%%%e@dﬁdkﬁ&mﬁw&@ﬂﬂﬁﬁé@&QQQi first
orifice théreof;, §2) to renove the oxygen enriched gas
fr BAf s8PEOBRAe OTaf 1CRE iadsor ption cylinders to the

out put gosdublitt boadaht tfle fdirslctdnd it tdigfgaf .erB)ched
to reduce the pressure_in_said _one of, the 20 :
adgﬁﬁngoﬁ BﬁﬁgngiFquQ e dtitid OfdfdtRjen enri ched

gas thmeagb Ebe thp@ﬂymmgﬂdmmgn@s@e@naﬂﬁ ﬁduihﬁluﬂsorption
P0SPLBLLE0CYhLANEES U QAR LD sl or 1 ce t her eof

i ncréase essuré in the oné of the other
adsor ptinganscybirng¥psuagidRBitspges awsc faran tihe
in a 1 Alesd f h 7i%ce; and
oyl R aEr BRSSP ST PR R T eey anc
concent VatVRgMappar 40ds 3dcCOdign § o OXIAMCPR &t ng

thgpbhtatuari Ebg@enehagaiyd igneaeh e t3@ adsdrpion
cyl i nders and one of the other adsorption cylinders
ar 8Y 1 BEE€ESHy sai d val ve means when the oxygen

enri chegdigastbs paeseairddef o 23 dhenedsfortdi@on cylinders

adsorption. .cylinder [ n the .ot her
adé%rg%F%ﬁtééﬁiﬁ grggm§%e}%e%h &%y%éﬁog ﬁbgﬂfrgﬁQﬁfd
appatatiags abewvedifng to | claim 1, wherein said valve

means c ri $es a '
PCT/JPZggQ/0??45%m6?52%he5¥§k%%€t%gggggéﬁgﬁg%gﬁfﬁglgﬁld one

ox§§ehhenPPERERTERS Chy 1adedBhitRy tARd ONER fpnduit through
ni thegenrdasokhigica kheirhrgn oxygen concentrating

Tor hol ding SR SAGUPSernWRYER=U38 Sir PR SRR GRS
ni hasgeptgas opieéntbas byyddregaingathe oxygen enriched gas
through the first orifice into one of the other
adsorption cylinders through the first orifice thereof to
increase the pressure in the one of the other adsorption
cylinders; and
(4) to evacuate the internal gas out of said one of

the adsorption cylinders through the second thereof.

3. An oxygen concentrating apparatus according to
claim 1, wherein the first orifices of said one of the
adsorption cylinders and one of the other adsorption
cylinders are closed by said valve means when the oxygen
enriched gas is directed from said one of the adsorption

cylinders to said one of the other adsorption cylinders.

4. An oxygen concentrating apparatus according to
claim 1, wherein said valve means comprises a rotary

valve.
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out put conduit for directing the oxygen enriched gas
to a wuser, neans for supplying conpressed air to the

wa@emsopt’eon cyl i nders, and nmeans for evacuati NBCT/JP2004/013494

nitrogen 10 gas fromthe adsopption cylinders, the
met hod conprising the steps of: (1) pressurizing one
of the adsorption cylinders by directing the
conpressed air; (2) rennving t he oxygen enriched gas

from said on%.mg cgﬁCIn #Fiﬁ%‘&ﬂ'é $ 4P idfed gas

out put condui t; essure in sald one
of bvhedserdomst i éﬁmm@% qu%w%@ Fren Bdgentth an

enrd)e)g{f& @R c it taRey cefplaatx%mm{a@ﬂzs@r@tpmallt of

I ers to |n r, t ssure int ne o %

o A= SRR 0T O | 9RGe HE LGS oWACHRATRF Fna/h1h
|hts@1@:lt1@&ﬂy0tﬁds@frl:@lrmmﬁe;mf gdhenadsotipin ovxygen gas, a
cyli ders 5). i.nc r S d 0
o I S BB o By T s oS SR B to e
ennisched rrmens Yioka mmmmmmrem®m pte orhe
cyI| 0 h t

vc\#% torn ' ;igll?%gfslt Sea gfegxfé;aar{;% élp éx%b t%rﬂﬁjg{ﬁtrogen
r otgaarsy ﬁmméh%m‘q@mwhw@ﬂ ovdtfge;/g’@%tﬁocgczomprlsmg
i nglyding & pgurality of common flow passages and a

sel ective fl ow passage group conposed of a plurali
of subgrloupPrEEEH IFI OIS dths FHXPLRI %&PtQM91nders by

sar® rdutihey tWeofc dnlpaw 3ass ages;, for SWi tchl ng t he
fluid c nicatLons et ween at east 0

pluralit of 38 e (ﬁﬁyﬁa rsl%lhe qasf e%ars n osnaeld one
of athe:Hd @d5q¢3&s@g9$ydf1rtdmf$ei®c¢hweomﬁmv pm;schglet
S’LESFO‘[’}B@ ° ﬁg@ﬁ?@ﬁ; ‘L{f\%e%c?%%o“%a%%gpm% 30047 013404
- ZRsarptionc enprindars by sHateat dumpthei oy e plefttelched gas
”Emﬁﬂbldﬂélﬂﬁlﬂhe(Hﬂﬂéﬁlaﬁgd iy ERidStdlas ihcrease
et RS R R g e Bl dwmbet G PTI
com@mmnﬂﬁﬁsthh the common fl ow passages and the fl ow
passages &U ‘éy%éﬁé#f%éteﬁe internal gas out of said one of
the adsorption cylinders; and
(5) increasing the pressure in said one of the
adsorption cylinders by directing the oxygen enriched gas
into said one of the adsorption cylinders from one of the
other adsorption cylinders in which the pressure is

decreased in step (3).

6. A rotary valve, adapted to use in a flow system
including a plurality of common flow passages and a
selective flow passage group composed of a plurality of
subgroups, each of the subgroups including the same
number M of flow passages, for switching the fluid
communications between at least one of the plurality of
common flow passages and at least one of the flow
passages of the selective flow passage group and/or
between the flow passages of the subgroups, the rotary
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subgroups of the selective flow passage group; a rotor
rotatabl e about an axis relative to the stator, the

WO eaos2enpri sing a plate nmenber including a BROI/IR2004/013494

side contacting with the front2sitde of the stator and
an opposite rear side, the plate nmenber of the rotor
defining inits front side a plurality of openings
ea¢hlvef CARPERSAAAf | ui dly communicate with each of
EEG p?rtésst?fszogh@ofngg_ﬂéanbhﬁ phueal mbylblélﬁ: Q@%muaﬂgmwf

e stator in I SpPOS netrica abo
ax?EpgélPﬁafrPﬂg 38%?8& 5%?8% rof Pijfélrﬁlg'ﬁcty § dé’or%s which

cEEﬁeedesbthEehhehecdmbnguaaﬂlmaamfsﬂdesfﬁ@mbughﬂihﬁ plate
the rotor e S 1/ ' ;

| nRehErS. ot abiRer, PonanZbatE vike! chef Rl F 10
copaaaagateand0 tivet ItEltOIWepﬁsewgﬁas§égé§eoplﬂlﬁr@llty of

di EEB&?EEPEUBgV QURS g gfletcfegvesgh%t e shljewpassage

group; I Spose circlés of different
di anet ep ﬁbbgﬁ-’ gt agribde akeHtoRNt B&isored ativa iy the

cogpypheat kpg Wb%@rtG%mp&h@%h@aésﬁg%t@fm&mbéﬂ ﬂdﬁiudlng a

subg roups i's di spose one ,of g@%t@ Q%

(nEFPRR poFRt COFiiﬁﬂt)Jf‘ﬁ y&.tﬁt th@sﬁ%mths of A" stator

((@n%)ﬂﬁ'bbbsﬁ@k@trébr ﬁﬁﬁégetﬁé anﬂ@IﬁﬁMm@:khEthe rotor
rcle; .and e points d

i nfisfénleJUFﬁl |1tt§% dc“froﬁjfnjsl gnge?gﬁﬁ Y %% &%n%nrgcé ®ach

vab¥ewhdcbr diang ftlo icllyi npﬁlmuwhea@en wqtﬂve e@mlﬁb@(f ﬁ:hes ports

SeE%CEEQ §8t§'3} tthtée'iﬁu'r%l'i‘ﬂygE?a'b%%tnln%%n@n wHeviskQrtor

bet ween
being disposed symmetrlcally about the axis so that the

configuration of the front side coincides with the
configuration of the front side of the rotor when the
rotor rotates by 1/n rotations (n: integer);

the ports of the stator, which fluidly communicate
with the flow passages of the different subgroups of the
selective flow passage group, being disposed along
circles of different diameter about the axis;

each of the ports, fluidly communicating with the
flow passage of one of the subgroups, is disposed at any
one of (i)th point, (m+i)th point, (2m+i)th point,
(3m+i)th point,..., ((n-1)m+i)th point (i: integer=l to
m) along the circle; and

the points which equally divide the circle into a

plurality of (nm) segments.

7. A rotary valve according to claim 6, wherein
the number n is selected so that there is no greatest

common divisor between n and m more than 1.



