- 1 OXYGEN CONCENTRATI ON APPARATUS BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The present
invention relates to a pressure sw ng adsorption-type
oxygen concentration apparatus- lusing an adsor bent
that preferentially adsorbs nitrogen rather than

oxygen and, in papkheuhtontbniRhater hopArkIugedi cal
oxygen concentr at

i nhal ation therapy that is a treatnment for respiratory

di seases. 2. Description of the Related Art In recent

years, the nunber opratients that =15 suffer from

" Yespirat GAYKGROEND OFs JEF ASVESTHAN,  pul monary

enphysema, chreeie bﬁomﬁaiuhﬁeamdohhe l'i ke has been

growi ng. One % t he nos% effec ve thz %gﬁ

for such respirat 8Fy G e&§g§ $°8xy§eft hgpaﬁlgﬁessure

t hesapygt hatsoabl-aws -tiypepatkivegrt toncehalratapnorpgema?s

Con%%nhraggda%%%rg RQXYgel n Q%E%Q%gtﬁﬁﬁl A%d@o%Bgrﬁﬁt ogen

e ox géen- concernt ra as or the o%ygen-enrlc &d

a|rragbppltédntoanenpanﬁenun(p@ﬁéﬂpedaro as rhéates to a
oxﬁg@@caiuBQ%?eﬁQHBB%enEQaEEbﬁ ép?ﬁk&kﬁ@thgﬁh 1ﬁnoxygen-
oxygen _concentration arat us oxygen,
oxyg@haiété@ﬁc§hﬁﬁapﬁdt &§ t&nR ﬁﬁGaFWéDF|ﬁéraF§SPlrat0ry

wel liikBawasbut, among others, in view of convenience

in use and ease of = mai ntenance and managenent, the
oxygen céncenPBEEToRt18ppaLatiis ﬁ§1ﬁﬁﬁﬂlarﬁsed in home

oxygen therapyn fheugh gcaeabrane hMﬁ@e@nge@atlents that
concentration 30 aggaratus that uses a for

Ol A NoR A i R LR JR e
smﬁpgladﬁamptemphy$aaaoxygebnlcob@enthatuenaaﬂpahatmske has

h .ad h i_all b
i t PSSEnC 8R4 Onat CBanbr oUFdBOSH: GREPCEoRben FACPyniethods
of émygenphiseapiea%pdgl¢133363535sKnawgeneﬂhhdéap@Dn
S“th%ngxt@ﬁagxx C%ﬂ%eEEE§% @ 985 ﬁﬁg%&agﬁdokﬁggn—
met

concen ar a
forcguppnyragedhgagxygequgen gnrlched air. As a source of

the oxygen-concentrated gas or the oxygen-enriched air
supplied to the patient (referred to as the "oxygen
supply source™ in this specification), an oxygen
concentration apparatus, liquid oxygen, an oxygen

concentrated gas tank and the like are well-known but,

-among others, 1n view of convenience in use and ease of

maintenance and mahagement, the oxygen concentration
apparatus is mainly used in home oxygen therapy.

Though a membrane type oxygen concentration
apparatus that uses a membrane for selectively permeating
oxygen is known, a pressure swing adsorption type oxygen
concentration apparatus that uses an adsorbent that
preferentially adsorbs nitrogen, and that can provide
higher concentration of oxygen, is more widely used.

Known methods for supplying the oxygen
Concentrated gas generated in the oxygen concentration

apparatus include: a method for supplying the oxygen
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concentrated gas at a constant flow rate continuously;
and a nethod for supplying the oxygen concentrated gas
only in an inspiratory phase, or in a portion of the

inspiratory phase, in synchrom zat+on with the

patient's 5 respiration. Wen the oxygen concentrated
as at a constant flowrate isgg Eggled %ontln uous

o CORFGER 2L 6N BRET A8 Bn CABPAPALUSIPY BPY A baf ERUELY’

f | ownklake meatijods tferr soppldyppbyithg tlhggexygencentrated gas

concentrated _gas at. .a,.10 pr r|b nst f.l.aw_r-a
to tﬁg p&Pl?Htlnfﬁlrang% p%%% gjusg ? %&&tgoﬂ ot fie
ori finspirpperfyl phasat e iadjystaroniaatiow Waﬁe é@ﬁu@ﬁeﬂent S
u5|@% g ;negdle valve, and a feedback type flom1rate
§

adj ust using a flowrate sensor. The orifice ty
fIOM/rate adJM@ﬁ@rtﬁés®§¥ﬁﬁ@r&pﬁpﬁnéﬁaiﬁdogﬁﬁl@@saoPonStant

di f frargnt-,di.anet %ﬁl%pfleehh%neaeu%stl@e t@lleueely«g y, of
orifices can be selected to obtain a desir l.o
r at EOWTEEE TEfve GPFr ePPEEE tESndiSt ipéﬁ"&fjefihé’ll}gstar é&ﬁf"’ fate

t he z@n5hfsitee- fBﬁesm@?ﬂ@@%@ t-yipe ofklygenr abe cadjcusted gas at a
controls a degree n&p%ﬂlng of a throttle_valyve b%%?% flow
on PIGSELAEAsuERS by e HP1 SWer RES 1§8hsor .
Fur&ﬁ%@,a&g@&m%&emHWEb@ﬁBmed;E&heett@@blﬁdawlmﬂteN@djuster,
No. SHE4F> F8 i Ch OLE Cal O R e S Oy et od oy @ feedback
supMypengl@mygemec@mgemweate@igasaoﬁHWWImaa@ sensor. The
LAY p PR, AL A8 ILL 308 Licayity o3
patmenﬁﬁseﬁegﬁiﬂaﬁf@menéndl@meﬁﬁé§s@peb@ﬁtn@ne of the

ads RGN Y RE Q&ﬁ&%@e%oQ%%nk%aEbQ%ct@@p%%ab%%dﬂﬂﬂ& desired
respirdtory synchronous oxygen pplyln% net

30 SilioW et eder) é@@w@é@sﬁﬁéﬁaﬁoﬁ%

Publdneatd QrF e . 260k kR eldacida %)&e&qoun%a;r@ Reduster
Pat ent Publication No. 2003-14 and Ja

anes
Unexamitred s pacssicasunt CRErdRINGEt $oG3rPr Yalve based on
di s¢l gee sur@ehanivealie Pressy €loaguaatd rensalve

having a piston and a s 35 used i.n t xyge
suppl y nethod|Q¥E§%ﬁﬂwP G@% e Pneﬁggﬁfké?g’%e%% bublication

od.
upstream of

- synely.ors@ls- 1 3t7erariarice Mz pamizer Ehesdmnidoe da tady @ukd ication

No. H03-22185 disclose an oxygen supply method for
supplying oxygen concentrated gas only in an inspiratory
phase, or in a portion of the inspiratory phase, in
synchronization with the patient's respiration, and a
pressure swing adsorption type oxygen concentration
apparatus with this respiratory synchronous oxygen
supplying method.

Still further, Japanese Unexamined Patent
Publication No. 2001-187145, Japanese Unexamined Patent
Publication No. 2003-144549, and Japanese Unexamined
Patent Publication No. 2003-144550 disclose a mechanical
pressure regulating valve having a piston and a spring
used in the oxygen supply method in a continuous or
‘respiratory synchronous intermittent manner described

above.
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Still further, Japanese Unexam ned Patent Publication
No. 2000- 352482, Japanese Unexam ned Patent

Publ i cati on No. 2002-121010, Japanese Unexamn ned
Patent Publication No. HO7-136272; and Japanese
Unexam ned 5 Patent Publication No. 2002-45424

di scl ose a battery- dri.ven ile or rtabl.e o n
concentration éaﬁc}dé‘r atfl & etng?J% )?tneer?&s%?nr?exaénrlélae o%ﬁ)%%ent

act iRdklyi coft: itdre Nuat (2600 -@i 4 8¢ontJapsutees: Unegamined Patent
' n'prEQ,l\fhelC%Lc%Ucalldnt X\]OOf édOfZ(a—l(Z%ﬂ_)O %Ea%ees%t tﬂﬁlreﬂ rl?l’ed Patent

t
when the oxygen 10 concentratidn ‘apparatus supplies
t he Tosyiders tdiome étetr &08d- 13¢5 2.0 artte Jpaanase, Uniggamined

OXY G2t HANGEMINRL QRO d.NS 0 0PXUGRD L ONCRNJA! @ 183% ery-
may reduce due to degradation of the adsorbent,

f ai IUrieest MR Ieo e MOTAERdR appareat FONGrdeRt igRd apparatus

on. tHf RatiaMs GMINQreblcd B isufthy detthelpatient and
therapeutic effect with reduced oxygen concentration

of APEPRGET dh N IREET Sgadvdnd % Kdr éfide, (9L )its
desirabl e to prowhde dithe roXp@el) oReehealdxgen

apparatus . wi.t.h an_ox n _concent.ration sensor faor

oS I T L O RSP0 B e dljgeR voen cohcentrated
congerd rat ethegamt i2bt\Wiithe @xzigeconicadeypeatiygeet the
CONCERHIA IO SENIAL 38 G LR LAl I sed R%LhEtion of
oxygée CoNCentation sensor For easuri ng the oxygen
condéwt ratsicaentt ,t He idxyge o fc dice monaeed rgas on appagsd us
Unexang 2 publ imgat ian ;Mo 2002;214912:and 25 £ficient
Japgﬁe@ggﬁﬁg@a%gg PnriR bRt Clitiot SBLR NS Bacficien

di sdhsgaprantila rdderitc Wijbe rgascesh C&Ndear iCon Cand rpitdwn of

T at @ FEERSHJM RRRAAIET e dHRG RRfd, efthed d¥rRCi Rhe i@f
gas concentration neasurenment by the ultrasonic type

: P
gas SSeHid@Rea i P TaNd Se3G:HR O VidRNe SREESINGTAG IPBaRPParatus

W | hyibe, des@siykeath cohwenttlhbrasenisenidoaansduc aics sitahg the
can transnmt .and receive ultrasoni c waves with each

ot &P FdpETe @ ithCan*dF5ds S i 495 ne

t hrough whi ch whigreoducti rcgad of ltowe Sxyigeat doneentration

ul trasoni.c vvavcﬁ)s can be trﬁnsm ttd1fsd 3% and received in
ECR AR

t he SFOIRr &3 PEEEY SRR 3 e FREALETH R t hat
a saunderdlradiiton ceswored oirn melissirdage the o¥lgea sound

Vm(%aﬂeéﬂﬂ}ggﬁg$kh£t%%§o&%g%na%%n%é%k%Wtbd4gas, Japanese
Unexamined Patent Publication No. 2002-214012 and
Japanese Unexamined Patent Publication No. 2003-135601
disclose an ultrasonic type gas concentration and flow
rate measuring apparatus. |

Hereinafter, a principle of gas concentration
measurement by the ultrasonic type gas concentration and
flow rate measuring means will be described..

Two ultrasonic transducers that can transmit
and receive ultrasonic waves with each other are disposed
in an opposed manner in a line through which a product
gas flows so that the ultrasonic waves can be transmitted
and received in the forward direction of the gas flow.
Assuming that a sound velocity observed in this case is

Vi, a sound velocity in immobile gas is C and a flow
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velocity of the gas in the line is V, V1 can be
expressed by the following fornula (1): V1 = C+ V
(1) Then, a sound velocity V2 observed when the 5
ultrasonic waves are transnmittedéand received in the
reverse direction of the gas flow can be expressed by

thevéT@df@y %Q E%,n%%% Q%)&h%leﬁg 1fVV(2» Jgﬁfgéoéﬁpressed

even if | ow vel’ocity 0 das'is un

t he oM Gwevépéépw}nv éformyd agdd Jsan be cancel ed by

adding the fopmulas (1) and (2) and, as a resulqi)

only the sound velocity Cin the |nnobll gas can

cal cul ated by TREf 8 BEWRSY VRdORITY (V3) @btew%@lwnew}he

/T 2u(13)rab5>nEu;r Wagks fas_r%u mmtgls@&tte@ gas esperabiuie ise
aratio ecifi at o [

condf gﬁgselglﬁegﬁéoﬁn %v@%ﬁg@aﬁolg@ﬂlﬁﬁnméﬁgﬁ?pG%SFﬁg by the

gasfpile1ng fb$mbmawﬂ20hat the sound velocity Cin

t he inno?l ycan be expressed by the follomnag

formula (4): OC—kRFM) MIin the formila (4);

and R are conghamefama, EhenvaﬁueheffCowanehecmbyaNned the

by the Egrﬁﬂkﬁo@ﬁ) and. fé%@ekgﬁgfﬁtxu 8?4¥hgh§ %aﬁan be

t enper at ure IS nNeasur
t r afigfigened bﬁt adgRBgf shRUERT(S).ak0 (25 obtai(A)t had, as a

aVeE@Q@lﬂU|%ﬁQbaEh@ebQﬂhdwb@ﬁoEE%ygés1n Mz kRRhobi$¥8 gas can
(5), Thus, for exanple, if the neasured gas IS a

tmob€oﬁﬁéﬁé%ﬁt@stgoﬁgﬁs?Pﬁéoﬁﬂnéxﬁgéﬁuéﬁd Al trogen,
assum ngct katvt he wxygerp concentration is x, the(s
nitrogen 30 concentratlon ;s 1 - x, a nnlecular

wei ght of thefBkyBEA’ i 8589MARE &hAbl BcHPar LaBPERAtEEE 1s T,
theanrhtmgeﬂflSpé81fiheheaxygentﬁéﬂgaﬁt%Qtﬁpn?xﬁﬁéncbﬁstant
det erm,ned by _using_t he el ati onshi, ol | owi, ng :
for bhi b Eost- ¥a58 vaoagd mol EcliL AR aiBng ob Ene a8 8%, 1t
pri mei phewof thhowthat sonrdsueenehty Cnithehal imasbhile gas

typgagaﬁechﬁgggggﬁ 89 fhow o?&8w1ng formula (4):

C = kRT (4}
M

In the formula (4), k and R are constant and
the value of C can be obtained by the formula (3) and,
therefore, if only the gas temperature T is measured, the
formula (4) can be transformed into the formula (5) to
obtain the average molecular weight M of the gas:

M = kRT / C? (5)

Thus, for example, if the measured gas is a
two-component gas consisting of oxygen and nitrogen,
assuming that the oxygen concentration is x, the nitrogen
concentration is 1 - %, a molecular weight of the oxygen
is 32 and a molecular weight of the nitrogen is 28, the
oxygen concentration x can be determined by using the
relationship of the following formula (6):

32%x + 28(1 - x}) = M (6)

Further, a principle of flow rate measurement

in the ultrasonic type gas concentration flow rate
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nmeasuri ng apparatus in which two ultrasonic
transducers are arranged in an opposed manner is as

follows. By using the fornulas (1) and (2) described

above, even if the sound veloctty € in the inmobile
gas 5 is unknown, the flow velocity V of the gas can

V2)%%%%|?3§gTég%%%aﬁ%! 9 E%ﬁf%éﬁ%%?P&%%as¥nlc(¥}ansducers

 can dre a@@ﬁ@@ﬁ@dlﬂtﬁ@'hpmw8ﬁdt@a@heﬁhe89a§ é@dl@@S

obt ai ned ea3|b% w59 Ry i tH Ry Ag | b&n@hQ@gséescrlbed

sectional area“of the |ine through mhlc
f | ORPOVESURNMBRY 1EF tTHRE SONVENTEARCES Yak dxy§ég immobile gas

conq%nhh@hb%ﬁ appar at s w%q@cu%yowyg%nthbn@@%ahb@nbe
articular, in a portabl e %xygen

con@ ﬁ@?&?ﬁo%yaﬁﬁﬁrgpﬁéowﬁﬁﬁbﬁ°r§uﬁéqd red to be
reduced wn=sSi(xe and,wei ght, the nunber of parts i(g)

desired to be_,as fe pqQssi bl e. A.nechani_c
pressure regulBfirgt ﬁbii? %ﬂgng@aOglggngéﬁé,%hg|gas can be
oxy@QMadoedenthatdaomsramalnmythenghstuhedbbyoatained easily

pis a us| 2
Contrgde iRy iRet e By d BB n R hobs ke of irpg Line
feaﬁ@m@@ghAwhachth@eh@a§|ﬁgowﬁat is formed of brass

. or alunigHﬁM P%”ﬁhEtEﬁvﬁ gyeld on in weight of the

appar at us. ore, in or er to reduce the size and
wei ght oﬂntﬁé @%yg@n sopseytapparat apparatius desdr apl exygen

to %%h@ﬁhtlgﬂcEh@rq59ha&hcebre&%§§a&e regul abirkgble oxygen
val ve. mever pressure reg ulation is necessary

f
supﬁpypﬁgtrﬁﬁéoaxﬁgéﬁrééﬁéenwhapédl§a§eealﬁﬁ€ 53tP@nFeduced
StaﬁhYs1E@rbh§rweh@h&betﬂéeﬁﬁﬁbérsbﬁnga@@%oﬁ@td@@l&ﬁﬂeto be
oxygen concentratlgqgapparat he disc

o a
o SSELEEN 36 BPEHE Lowy ban (G TEBACA 4t BACGR0 Fs Logulating

Tredyadde tibedpawnesa @@ﬂ%@ﬁﬁhb@ﬁli&xgb&ﬁ cedveadrafdrais

I h bi
conlEHPIY: PO SEobIPEALLY 4 BAGFery of Sohibnrpd, @ housing

capacdt yteanobé¢ igsed taod, rbﬁeneéera ceheaentﬁnee to exhibit

appggatgaa%e@ ge. r%ﬁ%%edth% 2581309 NELID % fHQW%&e f brass
In t

e nechani ca pfessure regurating val ve
mhi@h a&emlnegumawedlmnés§heereguGEuennune@elght Of the

Eggg%@khg bythhg$bze, %h Bgaeg'ﬁgogeaﬂ@etaﬁe size and
rebo ing characteristicts of
weight of the oxygen supply apparatus, it is desirable to

omit such a mechanical pressure regulating valve.
However, pressure regulation is necessary for supplying
the oxygen concentrated gas to the patient stably.
Further, in the pressure swing adsorption type
oxygen concentration -apparatus, as the discharge pressure
of the oxyvgen concentrated gas 1s reduced, the power
consumption is also reduced. As a resuit, in the case of
the portable oxygen concentration apparatus, a battery of
a smaller capacity can be used and, therefore, the entire
apparatus can be reduced in size and weight. However, in
the mechanical pressure regulating valve, in which the
regulated pressure is determined mechanically by the size

. of the piston and the rebounding characteristics of the
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'for

spring and, therefore, which have to correspond to an

opti mal output with the maxi num oxygen supply fl ow

rate, the power consunption nmay be increased

unnecessarily when the apparatué +s operated with a

smal | oxygen flow rate. 5 Mdreover, in order to adjust

the pressure stream, of theflowrate sett
HSS e a T i POLEY HAGR 1 e hae e o 20

pr esgurienzdt ddt@q:li iwiety t3iedmaodinture oxyoessgugply flow rate,

regyl %tl (ﬁ'lsq{m 30 | 03)' 1 rl%%rea%%cﬁru%%%gfe%s%trlly when

the out of t dsor p urms o
pr egder @mrnagt@dg@r gmmt@ﬁo@wky@ewn@ddcm dhdow rate.

appyAldis,has itp &Qie%e';toh' s t8lhe %A S8RV tthréeupstream

power consunptl on nmay reased further Still

f ur ferthandmn rr@tc%(ﬁ@écﬁ@irs teuppldesd tasl value, there is a

SYNGHRNIAALIPR Hftt RHN @ lés@ure HRSRHHA MY Fhde of the
el ectromagneti c valve, which is used as the fl ow r%te
adj BSESTY e HRI YL Wit dierd Ven 9Bxy déh F4 e T
coPtprx@és?ﬁeﬁxetartanﬂp%tt ioFe tofe ta%o&il:ftﬁ_toﬁpnﬁgmlsc of the
valve, if the su owrtels ow, the o
! Eese it S S PSRRI S it e S g ton
shoralpparrda,tu%o has pgar ﬁ::ecuslear hl@rmérdep@)dlamg aomepLdssurde

S f t CLl t I atinme
or Eatiedai rsaer S S REuie e GHatr
concent r @ttedlgef&rttchefrl,owhmy thise Osmwtnama aSIWpPlé@uﬂalln

to %ﬂﬂﬁﬁﬁyyﬁﬁaéﬂl 1t%h%h u%@ﬁﬁgﬁqggﬁgiféﬂfgnV%yand

s tine 25 el ectronmagneti c | ve may not be
conterl@lqté”@ffﬁ@ﬁéirﬂw valgs,| Whilght Her usgsl ias dpgarfdew rate
fromdshe AN Gl A WiHRe-JTRASHY ofrithe Bae is

concentratlon and flowrate by the ultrasonic type .
gas EsrEadtiest ioh 3 PPERdw T dt8emeds ieh § LRsEremaghet 1€

t he veawied vl agid supbliirkd e dwomaatd 1S3Qdih| r etld @pedfing time
the gas flowis measur ed and,. then, sound

vel 6di tevE ST HIRBARGE Se YailTEc iF0h 5P 5y AhGRt and

i's E@ﬁ@laﬁ:@:(icumm;]@efd mp@?\m?lg Hﬁﬁp@ﬁsfdma\tlelmstupstream
t he concentr | ON e a

dosol BEE S RS e el sk Lt Bty 2

V2 3k sdredreasumed o thahet @}dy@emmsﬂwmtriamﬁelvegra,s Werf Low may

thebe“'shﬁa%sc%@ft%aﬁ e @% 1¢ %%C %”E:fe gm%%eaf{%@ Q¥ gL

nmeasuri ng mean plrat
syn@ﬂe@ﬁ@@magqg?am'ﬁalve and, at this tlme, the

electromagnetic valve may not be controlled properly.
Still further, as is apparent from the principle of
-the measurement of the gas concentration and flow rate by
the ultrasonic type gas concentration and flow rate
measuring means, when the sound velocity Vi in the forward
direction of the gas flow is measured and, then, the
sound velocity V, in the reverse direction of the gas flow
is measured, in order to cancel the gas flow velocity V
to determine the concentration by the formula (3)
described above, the gas flow velocity V, when Vi and V;
are measured, has to be constant. However, when the
ultrasonic type gas concentration and flow rate measuring

means 1is used in the respiratory synchronous oxygen
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concentration apparatus, wherein the flowrate of the
oxygen concentrated gas flow ng through the ultrasonic
type gas concentration and flow rate neasuring means
varies very largely between the start and stop of

supply 5 of the oxygen concentrated gas, there is a
problemin that a neasurenment error gf tge sou%d £ the
vel GORCETIETRY 1ORe 2PPEFAGIE  ( B k&Y Mo &O6me 108r v &r §&

and ox3g e keskhtrofted @xygen osdngenhratighn they uddtrabenic
measured accurately. The prese I nventign .hee

TRadTEE Sy FORESE T 10 0p GEreRd i et QEa NS fepps

an ehjrdets okriyhé apredentetiveeentthen sterpr eviddetgp of supply
oXxy gncentrat i I 0 I.5l.ng -a .p ;
il T g Coeian Ons CRat "esn A0y el ot e br Sebirp el o
gas tdiagc hamged ureoenadsorpti of thel onsdoedogiéyshr @Y the

swi g, adsar Rt 00 ALY Re BXLI8R 15 169ReeRET ih@Na result, the

apparatus, w thout using a nmechanical pressure
I eg@xatgieny OPAICREL rafkd ofh HR Yo & tadjeu S asig e dp pESEGAE Sy -

the val venshingh dles tdesivicaklion hdlst Beten iades tanebhee these

object of the present _invention to prgyld a csent

r es FIECRLGEF SPrehtdRd6E ot Ppe 1ads 56 & ﬁﬁF& Lbp&Pse &

CONMEvEINA ol teapaaive dey e @Sy oedn eehiceattiran iand abpewatus

rate neasuring neans that can asure the.

ConCETELIE G 61 FRFOAICE Go0 Iadantal By At Hitg oD

t he gpriesentt henyenrisisure tiferas sli2Ehamodd €dcan agwpget ion

concentration. apparat CQNRCI_Si_ng: ressyre SW.Rg -y

ads o ptiBiF & pg §%§€§n§§b%%gﬁ¥féggggﬁgﬁbansy%ﬁblu i'ng:

at lceastendne taddso pppiaga tosl, unm thoutediséing & eypichagdcal

hol | NG ol s G5AN] PRI s AR AN SHHRAT chlee
. I g '3 & T

cylﬁﬁﬁ%gﬁﬁgiggﬁ% % #%%Fe wi t'h "an adsor bent 30

sel @otasssing ddsdbisi g Liviet megeh gt s imrdi Soxy gen;

pressuri ZE‘%&t@fgrr,SLiﬁ;Pli% RRARSOMEERd o tihe he-ddenst

port of the adsorption colum and supplyin N

pr esiSMASTAERT HY HOWIRE AdFGHE TG Lol Lﬁﬁﬂc?)etﬂ%h’s% Ype gas

Meang, GANeGRE 2 tst Rdre ifdirsf Wiaita fnithe yads gapt | on

colum "and al'l owi ng 35 _éexhaust fromthe adsor t'??t an

col FRPCEYE adiaic BNty Thesh £258 MRS e “ﬁﬂé%s& Ped

ai I pRpRine AN 3Rkt ke rexdiausit i orearts droduartmegzscat e

wth the first port selectively, the - 8
accurately.

According to the present invention, there is
provided an oxygen concentration apparatus comprising:
pressure swing adsorption type oxygen concentration

means including: at least one adsorption column formed of
a cylinder hollow having first and second ports, an
inside of the cylinder hollow is filled with an adsorbent
selectively adsorbing nitrogen rather than oxygen;
pressurized air supply means connected with the first
port of the adsorption column and supplying pressurized
air to the adsorption column; exhaust means connected
with the first port of the adsorption column and allowing
exhaust from the adsorption column; and switching means
allowing the pressurized air supply means and the exhaust

means to communicate with the first port selectively, the
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pressure sw ng adsorption type oxygen concentration
nmeans generates oxygen concentrated gas by repeating
an adsorption process in which the pressurized air

‘supply means supplies pressurtzed-air to the

adsorption colum 5 to adsorb the nitrogen fromthe

L, i ch
oaRE R SsR el SN 2LbRIpceBe e YBel Bl bREFEIRIbA reans
t he geinereges adygebedobyenthretadsgrpt bynrepkatmngoan

reg%@%%%g%ébﬁe %@%@%Qeﬁh w%l%%n@HitPQQEEHE&%@H'Qgragupply

ts one he 10 second por e ox
con®eRbFEatiBR1AeaNPrafeLIilAefodd&i fg the é%?@éﬁtlon column

congenbiiabed gas genebated rbynt Ree @XY¥JeAnd a regeneration
concentrati gn neans fromthe second port into a, user;

andPEP&RSFat® HBiGEt LRE ﬁ§§ﬁ§56rQﬁﬁaéddﬁﬁrﬁﬁéuééﬁaﬁuFhe
15 a@@oa@mm&hleglamhlaw sabaratet RBeOXY@EBgen adsorbed by

concBf PAEPORCASANCOLENE oy QEABoROLH FaEi BHisoTbent;

appar at us bundhet commphﬁsaslngrassmte oeasanidnginkanke

di58§§§99|§5¥%e £ a§ %gﬁ%n %%ngggsﬁgggéh'ﬁe HEadag

and W ra nean cond and
conﬂn@EOdeamsgcthrokygﬁg abnbeaStathé saﬁtghnagated by the

”eaﬁﬁyg% tE8n8é¥9§2t98ﬂcggah§tk98m ﬁgssaegnphggszWhto a

rate usting neans erein the contro ans
adj usesg’ aaéﬁcle of the adsorption and regeneration

processegigi, EQ@eoéMQQQt1ﬁ8nﬁ@855abk@@lH@én§naEﬁe conduit
controls pressure at the upstream  of flowrate

adj a8fi AgIHERABILG EbAtr SRFRngLt hBe §ﬁ¥9€ﬁ|ﬁ@nﬁ€§ﬁ§ated gas

basgdne@aﬂéasgyreh@fokbgeﬁxwgﬁeea@raem@ﬁnﬁéahgﬁ gas in
t he conduht measur ed t he gressure neasurlnggneans

Accordi n§ ?ooﬁﬁgeﬁrggﬁﬁ?ntﬁé rPRoAPPEREL PP eSunFBSAL

t hecupptteaprof the flow rate adjustlng nmeans can be
adj ust ed_wi t hout nmechani c

"egul at1 RO3850 VE-AHASPROVBALE: 0" SRBaFal HeCKgRTENe oxygen

reduoedennratzenamdanmeagﬁtthEufnherrate adntisashgt means in

the ﬁgn¥ﬁﬂahgg ?egechanlcal pressure regul ating

val ve
control means contrelling at least the switching

means of the oxygen concentration means and the flow rate
adjusting means,

wherein the control means adjusts a cycle of the
adsorption and regeneration processes of the oxygen
concentration means and controls pressure at the upstream
of the flow rate adjusting means by controlling the
switching means based on pressure of the oxygen
concentrated gas in the conduit measured by the pressure
measuring means.

According to the present invention, the pressure at
the upstream of the flow rate adjusting means can be
adjusted without using a mechanical pressure regulating
valve and the entire apparatus can be reduced in size and
weight. Further, in contrast to the conventicnal

mechanical pressure regulating valve, the adjusted
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pressure can be changed and the pressure can be

controlled to an optimal value for each preset flow

rate. In the pressure swing adsorption type oxygen
concentration apparatus in whieh? as oxygen supply 5
pressure is reduced, power consunption is also

red It 1.8 possible to re e the power

condtiitisus i PRERES 55F UHh Siaaty can be
concenttratliled dpparatars: iusiIngad uebdidrergacht perepaierf low rate.

CONSHITRLIN, I % TEAUEPA A0 AL, USAR) G/ of the

oxygen con ent|rat| on a arat.us ca_n
and/H s rRdparatapP armat Use irediided i @ ssiozey gemd supply

vei gitesdtild hel . rddhddie GR8R Ofc ISR al0Y so reduced,
synchronous oxygen supply nethod, 1 n which the nee

of dfpridsdnE ey hatigtioralthe PaveFe Osipdion -andurther,
t he ipr espore gar Bx ket ein@ted tie R RRHamls Yalivg a
fm‘e%gw reset flow rate, when the flowrate is

ow,
t he Frtdsdire T FIRK TSI O MAST P ISP GRgase that
usedhsad ltehe ifdeow i athe  cadjgust icog creans tdam kepaedueed can be

so that val ening __tine _can _becone | onger, t.han.a

o o e B BN ke T3 S arve. RBarie kg 44 giZe and

resmeﬂghthe controllability can be inproved.

Accord'n%u&%ﬁ%Qth%rt%%gE%E% %% E%% @%%%S@%tory sgnchronous
e rovided a g pparatds

i nvention, theré i's p as suppfya

‘conpriYgieng sumpdiys mMeghodet dot iwhgch Gber needesdi rapiressure

andr%%u@a@&ﬁ%“%%lgésCQBOWér%HQmQBEQEP %%hv%h%agkggsﬁre can

functifon to “start and stop output of product gas in
syn&kr 6RPEECILFD ot Bt wOtdged gatugpifpat egshbRsegesn flow

a deteeti eRehesult r1whereitd the19as $URPLY-caRPREALYS the
further conprises ultrasonic type gas concentration
anduPPS%ﬁPQtan€§§8ﬁﬁn§al§@ REans HafPngst kbe flow rate

ul t a@saBienhr arsedYcehs BeSpesedeinsantBpROSedalBBNebening

in %.Iine thhou%h wﬁich th% pr oduct gas fl qws,

wher &' §3BoREERIFatPBF v alr e nBal 6P Reh FfeOf the on-off
pr ogadtregasanst putd,i asstoppedlits dateesnnedliflabheiay can be
35 Eﬁgggggdgas concentration. According to the present

i nvention,” as the oxygen concentration is measured
whi | e t h&coarpinhgotot hecpheduéeatut® of the present

invention, there is provided a gas supply apparatus
comprising: means for detecting a user's respiration; and
a product gas flow rate on-off valve having a function to
start and stop output of product gas in synchronization
with the user's respiration based on a detection result,

wherein the gas supply apparatus further comprises
ultrasonic type gas concentration and flow rate measuring
means having two ultrasonic transducers disposed in an
opposed manner in a line through which the product gas
flows,

wherein a concentration value measured when the
product gas output is stopped is determined to be -a
product gas concentration.

According-to the present invention, as the oxygen

concentration is measured while the output of the product
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gas flowis stopped in synchronization with the user's
respiration, even in the respiratory synchronous type

gas supply apparatus, the ultrasonic type gas

concentration and flow rate negguci ng neans can

neasure the oxygen 5 concentration of the product gas
accurately. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 |

i s gascHdmat iic witewpst dnpsehehredieahddinwhth &St HEer S
present, i.nventi oy el 9n ZnkeS AR ARt e cliragbam alype gas
a two- col'um = 10 type oxygen concentrator; Fig. 3 i .

an exFPdivattep rditagr afhsf Ua tiadsenito MRy gtaﬁp%‘)&iﬁ&iﬁam“
CONGeRt Aty v el med sy id gdim@hamcshoweag uaie exeanpikggen

of a flow rate adj us&%ﬁng) section (of a corg:ti nuous

t ypepencepntmagion of & GRSt G A XSSl e of a

flow  ratgrand WHIORY PIECH OF (TOfE HRAGKPIGSat ory

synchroni zatiaon . type); Fig.. 6_i.S e [ ew ;
anot her Ht?ddﬁTﬂ?‘rﬁ aofg)dhteﬁg%ﬁrces‘férﬁwaio%\c/gn |§r#r¥8%FiengbOdlment
7 | fa tHeaagrramestoviinvgnaricexanpl e of a flow rate

adj usti ng..sect, q}r% (aﬁqh%%ﬂl%n%\@otﬁf‘% e tah%wo—coslumn

r espi ratoryq'sync roni zat1on/ cont’i nuous types); Fig.
i s ayficagragsshowinfgraradedanpl e of a flow rate

adj ust i n%iﬁc%i Q{]_L, rh 19 rsWdahed Retawe T thewlds -column

respiratory synchroni zati on/ cont’i nuous types); Fig. 9
i s &Wehenaidan dyeRaRGIto4i oxygen concentration

appar at Us-{used; i eXRAEHJM ;shdiihg Hh iekapseheratd € low
bl ock di agram of a respiratory synchr,oni zation type

gas B3R RETEME FECting Lff B FOMEIR W Selsidt i ¢

bl ock di agrqam®»fi ild rEsYn dhepeirgpsarcencemplreatdforr £low

o1 2" S SRS, o ORI SR S e son

of thigepresent 35 invention will be described wth

;ﬁf gi;gg%j::%nf:eﬁjﬁ gaz ?s\éc\%an_ SaltIlVg tﬂé'&fc?f enei it Ribodiment of
the present invention;

Fig. 7 is a diagram showing an example of a flow
rate adjusting section (that is switched between the
.respiratory synchronization/continuous types) s

Fig. 8 is a diagram showing an example of a flow
rate adjusting section (that is switched between the
respiratory synchronization/continuous types);

Fig. 9 is a schematic diagram of an oxygen
concentration apparatus used in experiment;

Fig. 10 is a schematic block diagram of a
respiratory synchronization type gas supply apparatus;
and

Fig. 11 is a schematic block diagram of ultrasonic
type gas concentration and flow rate measuring means.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, preferred embodiments of the present
invention will be described with reference to the
“drawings.

With reference to Fig. 1, an oxygen concentration
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apparatus 100 according to a preferred enbodi nent of

the present invention conprises as main conponents: a
pressure swi ng adsorption type oxygen concentration

section 110; a pressure sensor- 122;- an oxygen 5
concentration sensor 124; a flow rate adjusting

section 140; fIOM/rate setting section 1

contHEradt (10 PTG @ Hied AHE b FRBOE G et the
OXY g&te serandentaratiioon ceeginione sl 3 andn Renfdoewntat:e a
dJUStIn sect.i on 140, %pd t e oxygen concentration

sectiom SHG oh & S5 E S & sé’r?sor ! Cr?é‘ce@ &n

conceEtiriati drioseraascgresBMearmbrtdw 12w reat exadjenst i ng

e cld MRS ARG 12,000 A LOUUL AFetng section

buffer ta orarily storlng SX
concleﬂrﬁrr@terdogaia@@nwté@q madtelomu;lgi@n and @ control

CONGRINY ] an (S eC %&%ﬂ%&%r@ %\flfé%@ bet ween £:R&en
15 oxygen concentration section 110 and the flow rate

adj FSNGRE teedtliosn se4tiaond & Rk dkduifl cr3@atas adjusting

desgydadrbalaawy, aind &w@ﬂdﬂﬂg§h AR #3Sthioh section 110,
resQ ration is supplie synchroni zati on with the

user"€ BEESHITAL |S&H50th @se R I50F CENERTK3FIon sensor
al | ausl tzoda t2@ rfeductriagr iadljihe iMXisadnigenanat age arranged

oo Lo S SRS T A0S DO Beaporariny
gassgendm@tedygﬁnthenckmgeatGMD@een@eabmame@edmiQMelb&ygen
bufl S ?g&%%%ég%t%e%te%%'%ﬂb Ta %%t% v&gfgu%%th%%n the

ressure S nso
oxy@@ﬁq@@n@:@mcealfcur@ﬁu@@nwlctﬂm and tatmel fthewt loat gate

adJ%%5%%@1%%0Eb%@1%é21@boggohget%%n@%hhu%%oléﬁd Vh% a

nasal “cannul oxygen oncentrati on sensor
may dsEc ibesi S6Adiet n Persdcudarpr iwdieng 9as for resplratlon

sen;GORGWEHalkd 1hh%yh%%k%h%Q%%l%%|%@t%f€W%'%@e%a%'eS
according to the 30 concentration of the ox

coné@ﬁpﬂéﬁééoﬁasth?hés8xﬁéeﬁhec@H§§ﬁFr5@@5n%%p phdows to a

OXYygedueeneant hatad aaglm@m @%ne@@&hbalb@@uhx of oxygen
adj usting.the unber evol utions of a npr ess

of | ERESRSGehCoRiEen? 2PN 48P0 RoPEG T5ASeqeToR S e on 110
nmeagtee meRyyeviakuwacehtirhe cox ggen g@@@%mbﬁabyo Rheensgigen
35 124. The %x§gen C ncengg i,on.s ctlon

o0 el AR SRR B A PR SRR R R OTRY L3R ene 1

12 nostril through the buffer tank 120, the pressure sensor
122, the oxygen concentration sensor 124 and the flow
rate adjusting section 140 along the conduit 130 and via
a nasal cannula NP. The oxygen concentration sensor 124
may be a semiconductor sensor comprising a semiconductor,
the resistance value of which varies according to the
concentration of the oxygen concentrated gas. The oxygen
concentration of the oxygen concentrated gas may be
contrelled by adjusting the number of revolutions of a
compressor of the oxygen concentration section 110 based
on a measurement value of the oxygen concentration sensor
124,

| The oxygen concentration section 110 comprises-at-

least: an adsorption column that is filled with an
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adsorbent for selectively adsorbing nitrogen; and a
conpressor for supplying conpressed air to the

. adsorption colum, and concentrates oxygen by

alternately executing: (1) an adserption process for

i ntroduci ng the conpressed 5 air into said adsorption
colunn and adsorbing the nitrogen in a pressurized

st atd&SeFRsptaitR Tt ﬁ@%&%@ﬁ—lyc @%&é’ﬁtbrlﬁtge‘& 1§&99% d 3PS 2

a I egeieealsicon RI0eesd 1idng IReitidigddnberalo phessdserption
in the adsorption colum to separate t ni_t.raogen o
£ ol g EGF b e e P A Rer Beg 2T0 Pk 2 L@ "Bhy g Sxecuting:
cond@nt rat iaoks cagdtiioon prt@ermy foer dhtawduappl ¢the compressed
Pressyre W %%i%pégﬁgﬁk%gc&yg%ﬂuﬂmy%%%ugﬁ@%%%ﬁ%r.the

swi Ng type, Or “an applied and vacuum pressure Sw ng
typ@itrggpendinng owes suarige dofs Yartes $or ebdwiing tihe xergen
adsQ%ﬁ@e%%ra%%ﬁg%ggél%rihq2%d%°&%%b%%r%QH%%npﬁ%%esslfor

conprise a holl lum nenber fornmed of a materia
havirgguciag énpermedbipriespursudy ddempdgorrad@n: ke lumn to
ads gichant tRBY:- hke nd tehyeraldrdre theeldsbe peplteew aagenerate
sieve having selective adsorptivity tqQ nitrogen. This
zeolit-e T8 CpPEVEFRDICPTESFESAUEThAVICG °8 36 e BRc OF an

el eappl iasl preakuee iswdhddiaRgorbencexaypee, a Yediuwm pressure
zeolite X, lithium zeolite and the |ike. The oxygen N
conG&¥itPat¥Bi s8¢t £8n PP lﬁéyaﬁg SP I PXESSURT F&%&g Ype.
havidegecade ngt wo, at haeeeon fmpre s sadeorsptingn icolkthrnsdsorption

Figbo%u%gpms an exanple of a two- 25 colum type
oxygen “coricentration section, wherein the oxygen

concent r dhicondsecitdenl TO vay: cenprcoseritwoa hollow column
ads grphi.on 5%%%@1“ orl lgi @ tSQIRNE %%gzri n§2 1&%‘&%}%%%2&%%1 lity

pressurized alr supplying neans; vacuum pu '
constichugisngesrbausndrides adsiorbeniapagwiec B #§ Yeaialdg ne

16 3Q.,an4cshuhetlival w8 vi8 hensl LiliRe i9W behidiptivity to
means; and |ines for connecting between these_, ,
el eRBhEeIeThe TRdSorSCldhCadd PEGeRErRivoR Frodédsediaving a

of Hhheaadser pikABNtCAlkUENEaq o5l nke Le@Rly, Olfced edample,
SMAtChIn% t he_gpenin

v BERIRG GAPPATC1. ha iaTaS SEdrer i Farlaberd T kks

appar ent Theogkkigen 2onthetadsaopt iseatdohums Gy haverf

fir%51@95E31%%§”¥9£%a%5%§dg %%eﬁh%w%?nga%%%o%rl%o%% 13
adsorption columns. Fig. 2 shows an example of a two-
column type oxygen concentration section, wherein the
oxygen concentration section 110 may comprise: two
adsorption columns 10; a compressor 12 constituting
pressurized ailr supplying means; a vacuum pump 14
constituting exhaust means; three-way switching valves 16
and shutoff valves 18 constituting switching means; and
lines for connecting between these elements. The
adsorption and regeneration processes of the adsorption
columns 10 can be controlled by switching the opening and
closing of the three-way switching valves 16 and the
shutoff valves 18.

As apparent from Fig. 2, the adsorption columns 10

have first ports communicating with the compressor 12 as
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comriiPc

the pressurized air supplying neans and the vacuum

punp 14 as the exhaust neans and second ports

communi cating wth the conduit 130. Here, the

conpressor 12 may be wused al s013s-the exhaust neans

in a conbined manner. 5 Further, the exhaust neans nmay

sinmply be a muffler for discharging nitrogen gas into

at MeSFhEFESSHIG 2SS SHAWS VR LA IEEE &7%uIMYE YECTRR Pump

typa4 exyger @@m@@@&rakb%@ %%@Ib@@onﬂh@k?ﬁ% Fﬁﬁm@h%@@ﬁing

concentrati on sect.io 1 onpri ses: a urality.o

(7 o Fro T EREBIoD of PG 37 cadoBRpEran caPuRRY be

20, Wedc apreeSothe? exbnrsisitt tisiang [Ame S uintahieon manner .

neans; vacyuym np. 24 _constitutin xhaust X

oo Betey W BIRSR rR RS bl SRR B, T er for

ads oriptcihenr gdoloumi t2@genn gilsi S ntexarplosphtelye .r ot ary

val ve 26 .gonsti i [ _that,the

adsorptigﬁggoﬁu%#§ g%%%%gﬁﬁggﬁf?%ﬂéd%%%?%egﬁ Fﬁe ybe

ads GFpOEsN CORG SNEFEReCat iSeF tprdeesbes By toraXyNaf

thecb%%%&%r%%ﬁ%%.%@ct&%n!%1@DE%h%&Hs%%Q”bFFQur%1i%@eof {(four

adsorption colums 20 alsqg have first ports

cow&ﬁnﬁ&&t@ﬁ@@ﬁl@hoﬁhé?ﬁO COnPrESSEL 1o 59 1UReS 20, a

pr esskbireed ol 22SURRlsYiReG tIBgNE rakduriRe tYaeUHezpeiPa vacuum

24 as thg exhaust, nmeans and second ports lve 26
i FGTRCE Y HE I 5FGGE t1 862 8dr Gt Re TOtary valve

conpoessotica22 nepyike vseth akdserss ivhe cexhawmstOneans this -

in a_conhine manner_. Further,. the exhaust neans

BP9 Bas SETAARGY FHLT CEnaPgTg ONE nEFAoGE1 Y means

gas sbntbathéheabssppeieon Théupati @it can bserswddchset between

t he t a fr a I

{1l ob P aP L oS EPLisy oBg FrORTER c R RES PRy, SbepRgon of

f | owheatreteeatt ivad v802%ecti on 160 nmay conprise a rotary

switch (Rt 1ghawn), Qh 2 £ ROt @441 ORBL eh o( Rl Shewn), the

setting posﬁtioﬁgéf- which co reséon%f to fﬁg | ow s

rat €0 aagot havel dwrest Posést CREMUSACRICERI1 B0 topébiEsf i es

t he cbhgwekabe ob %@et%éy%%@s%QEQ%@Hr%H%ds% 194hBUkeans and
fromthe nasal cannula NP to the 35 control Section

150 Eheh¥acunny BUmPectdi 85 TH6 FERaYSEhECaSoRTFafeceBd PoTrts
by thembhewatahg sethethtb6@onldsidescni.bedierel @We thepressor

ConE&o£a§e %i%ge 5%1%%n%go%%etg§hgﬁ %e%eén%4in a combined
manner. Further, the exhaust means may simply be a
muffler for discharging the nitrogen gas into the
atmosphere.

The patient or user can set the output flow rate
from the nasal cannula NP by the flow rate setting
section 160. By way of example, the flow rate setting.
section 160 may comprise a rotary switch (not shown) or a
potentiometer (not shown) the setting position of which
corresponds to the flow rate, and the flow rate setting
section 160 specifies the flow rate of the oxygen
concentrated gas output from the nasal cannula NP to the
control section 150. . The control section 150 reads the
flow rate set by the flow rate setter 160. As described

below, the control section 150 controls the oxygen.
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concentration section 110 and the flow rate adjusting
section 140 so that the flowrate set by the flowrate
setter 160 can be output fromthe nasal cannul a NP.
Wth reference to Fig. 4, in anjgnodi nent of the 5
present invention, the flow rate adjusting section 140
conprises: a throttle valve 30; and a flow rate sensor

di sFESEEIRRMS e HAGH hd ke It dilwy Fpterggiusting
tb hr %tetdtqtﬁfalz\ﬁ 30 eonpr it$1%31fdla)w&|_a\t5% eleaiment mﬁh&ﬁﬁlﬁ@n rate
e nmovabl e between an opened. position, i ich.t
val VE ST G ini RomBIet 2 S 1F cioset HO dronE -
i n whi chwihen neAeternce alcogads.canpliet ey erdbosiimeng of the
that urges said_ ,valve el enent toward said.clo .
positi% ,nstaﬂﬂlva?ntsl&néng%c? Siin é:cé}v%eeéd avmjtulws%lﬁlg c%%%ttrlgln 140
sectdeop dis®s :ard thetitieotvallere Al v erBD argylcactrads &ensor
SOl ANl JAPHRLARALLONG ¥l VG AR ANAL03R 32, The

e valve e d

i nfini y position sal . ement between sai
operidd-crid c | wssletd Fis icoingrs saF spriop@rlivicorlegieat that can be

Conty Q)1 aW R, R U SYRRILGJJ1amde iGORHi®h the valve is

section 150 to said solenoid.. The flow rate sensor, 32

may CREGISH iRl el ai PO P& SRS ign, Jn which the
di f fenent iial AQ eI deney f [oWptiely thatUpeieenisaid
type flowneter, a gear_ type flownreter arJCdth_eI| e 1 d
conifécti&d SRt oWaat ol S &t 256 ﬁ?él'c&ﬁkdt Gy Sotenol
sectdgrhea L hange s Hehe girddntsaml i 16Upplared tihe throttle
sai d sol engjd based on the flow.rate neasured, .25 hy

he TAISE (i F e B % SUSHTS RS GUgEg tphal vatve
openihzg: afart hie tilriatetllye peestiveel 80 ssaid haitl iehe lexgegen between
concentrat ed s of the flowrat.e set. b QW T

sot -9 e aTED néi;tc 185 r?tdu st Y e hxéo'ﬂ%ar‘;éé]%‘ﬂ @& |
canmgra roNP.cuHereait tvied ufd ewprdtie s dnsor 32 dowd nedt section
al v t rovi t dde 3o

thr o) S G4 HRRILY M P B R e (R

oXy gremIEoirRse it rhatti o rse dvicen £lovanediad + e dififemarg1al

val g&ur@%ﬁﬁﬂdhﬁ{eﬁéﬁ,n% iSipd@inithe oW IdRter, a

sensor 32 is osed at an _appropriate position

al oriPath e YRsn duiavmed e rvrerce thire X kgv csinegte b ivitthe the

OXY geihtGceiddated 1gas out put from the nasal cannul a
NP can be neasured accurately. Wile the Qxygen
t urrent value

concent r S I pEn St @y e chapges

supplied to said solenoid based on the flow rate measured
by the flow rate sensor 32 to control the degree of
opening of the throttle valve 30 so that the oxygen
concentrated gas of the flow rate set by the flow rate
setter 160 is output continuously from the nasal cannula
NP. Here, the flow rate sensor 32 does not always have
to be provided downstream of the throttle valve 30 but it
may be disposed between the oxygen concentration section
110 and the throttle valve 30. The essential thing is
that the flow rate sensor 32 is disposed at an
appropriate position along the conduit 130 where the flow
rate of the oxygen concentrated gas output from the nasal
cannula NP can be measured accurately.

‘While the oxygen concentrated gas generated by the




10

15

20

25

30

35

oxygen concentration section 110 is adjusted to a
specific constant flowrate by the flow rate adjusting
section 140 and supplied to the patient, the pressure
sensor 122 neasures pressure i_nqihe conduit 130. The 5
measurenent result is sent to the control section 150
and, based on the neasurenent result, the contro
sectdxygen 83@ragnises igncpelce ich 1R ddgsadjtisésdand 2

reg Al0N - RPCeSe3 A Ahe 2ASYHRL iFgRWCRLyaNSd3@isting
of the oxygen concentration section 110 to control

t he Secdsisur & 40 angle sPEprddrduite. ™Sy @adgeditri &&8 preoseure
the LB ab ot b as0ser plicduard iregeReahnident 130. The
processes becones faster, pressure of the 3x

ygen .
ConEERTHEIENad ST EhargsF iy &M e SHRE<SSdr §SShieg +°°
adsQiret,i adep@noxyge meeenaenidmnt irersuliecttihen cbbd ricd section
red d and, if the cycl cones. sl ower, .
preggﬁ}édiy%qifbégggg e&‘ oF,SQﬁé§¥%%§%%%EQ%ﬁn%ﬁ%glon
condiridcesae she fC whter @ldsetptd ca spdeirinisc 26 eds ke lpyygen
accel er atlng. e cxehe Of e AdSURLIAN 3d pressure in the
regeneration processés when the pressure in the

conduinduig .i ndlcems epecdrfd adddel eridt ithg e ley fe Whifen

t he e S . . A4 t RESUIQster,

wi nagfs‘acg%ﬁ'a 1% %nde%gq%‘iiler%qldh 18 LASR Ofh ster

orption type oxygen concentration means of
mul tazessiugen ofy f& OF NRire P anren tadd 6 96n Aahargesp from

ar e gL W tHhyithe adycﬁc;ﬁdirdri atyrRN @en concentration
depressuri zati on neans 22 via the rotary valve

4
26, IR IBhLrY LedGBIrerb@ichn dorftoIcYidte gcomss slover,
pLea'?dH q;ﬂersstdi}% (‘i?(ilﬂ;jdrdé)édﬂj uSIUieﬁ:_@f;dl’(eat ithie gpeediofe in
the rotary valve based on .pressu i nf or nat.i.qan
rreagiﬂeech}/WJtthéJaﬁ‘r lfroéltgrecﬁéoerc{ %é?.a 'ﬁ?eecplrfgscsﬁrréessure by

i nf rcrend liern tiras whed dye ltehe frgss wdsorgenisor sk meggneration
then, sent to the ntraol sectian Qi Do a

pr efpel?oa%qipessu B'ithee& CE[%OG §>r SVE‘i unrge aiLvner glgee CSOrnélghg.sts 3_|Sn. J_tr‘hcer eased
contarol cectlicoreti5l thHee aydle wient Hheadswrgsunsm igndgreduced.
regener atj o S i QReeNtIatdon

section 1%%”%9%9 agi%ug{reet Solqgt(h%tﬁrhtgﬁe pr ok e valte o
af t erondrntmmtiing avemsye Hraogess o ukr getor desuffelch the
35 value o d i d NE IREARSWE M N ARASAR] e H W oxygen

concentration neans, 1n which the pressure of the ,

oxy geies fHdE iR ehdyAenn S hHEigar fomaats 24, 24 via the

adsorgitd Qn £ol4mss - e control section 150 can control the
pressure in the conduit by adjusting rotation speed of
the rotary valve based on pressure information measured
by the pressure sensor 122.

The pressure information measured by the pressure
sensor 122 and, then, sent to the control section 150 is
preferably subject to a moving average process in. the
control section 150. The cycle of the adsorption and
regeneration processes of the oxygen concentration
section 110 may be adjusted so that the pressure value
after the moving average process is a target pressure
value. In the pressure swing adsorption type oxygen
concentration means, in which the pressure of the oxygen

concentrated gas discharged from the adsorption columns
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fluctuates according to the cycle of the adsorption

and regeneration processes, the pressure in the

conduit can be controlled nore stably by executing

the noving average process. Thggmving average

process can renove the 5 fluctuation conponents. Vhen

the buffer tank 120 is small, the pressure sw ng
S|gﬁﬂﬂp@aﬁﬁeénécﬁﬁkééngttOdWﬁﬁl@Npﬂet@fc§ﬁﬁréﬁ59ﬁ8tlon and

pre%%%%%e%%%gbﬁ pRekekhesst abkepregntiial igamRhBeconduit can
possi bl e by executing the noving avera%Gg @rocess to
e

F ombPe CORETPILLECUEEREN Séaﬁﬂé’n@m §xeppt Pfi Rardgy average
thep&@@@s@ﬁ |mﬁée@%elh@ea$bl@g@fp&heeéafﬁeh ré@0veothe
suppress the pressure s ng i s. advant age

Cor BSoturtarh GPTPRFDNS - shargrorae KorERd oHfing20 s
pres&uﬂe SWh@gpaésemmb|GM1ngype exggaﬁlcanceahdamhﬁﬁs it
sect, can be_reduyc b I ' a
oooPoRtiEEdenaR, Ben el B b st ks SRS, APyt she stable
val gentiHeile caonbe tlesdkygebyceneentiayi theangvinhgeaverage

fl oy rate of Qam@%g%ecm%% %tﬁﬂ 93RS HRRkised me

t he oxy eén concentration sec 1 on ar e etern1ne
t he eloudpatest thRengees $ar iPaTEan canBiedEpEes Sir thgt PohLeT

neaQQOZQo'%uﬁb%%s@ekﬁ%an%@s@%%o%@hﬁg|ﬁndTﬂQ Qut pdtyantageous
val ue can be” "obtained in advance and the respective

out pit §egmst RE MAPAIEYLILZATI6R -and depressuri zati on

means Ca@hQ%ef@Q@tr9|B%@dbbntthC?@bB@hrée@HhQ@ 35@orption
according to the settln% of the |0m1é%te se tin%d d b
sectivBf PEHICRs CORESHE LALIR Y SEE TPt e VokPlenS TTAUCES BY

congenteated gaSap@rb@@ﬁ@&&eﬁ;ndmuma@rébeure for each flow

concentratlon t he_oxygen_concentrat ed 9

i ncré&Sedett K8 Bﬁtpuﬁeg%’tﬁgcﬁréggupﬁggtloﬁ%gﬁ ntration and
depréss lowatrate pEanhe sxiygeneasedeniertedwigels supplied by
ref%%?”ce tonFE%nc%htﬁg%&%%rs%é%qghe QB gresgeE%qmlned the

rate ad15¥9 section be déscr i bed.
enb@@t@@ﬁtO&ftﬁegpr@ssarﬂB@Wlp@t@ndodﬁp@BS§@€ﬂﬁ@ﬁlPSOmeans

Conﬁr'ﬁqglaﬁe%%gﬁ%%eﬂaEE%oéglgﬁqHa pﬁﬁﬁs%ﬁ%p%%n%%ﬁuézcan be

t hat spose ownstream o on-of f val ve 40 as
nea@@tfa@rzedetl@ctaudwgmqee apal L&t resPeshitiva O Dpftaset the

and %%s%ﬁ@@lb%%o%Xﬁ%%nd%%ﬁ%%%h&%%%@l%ﬁsmﬁﬁb% icAnabe
|nSp|rat0 ase or In a port|0n of an |nSp|rat0

pha§@nt¥ﬁé{e€nbYOFFevép@ér@é 86Fpr8ed > Va 2FSFE i ng %o the
el et ihabrCaReb&1b% rate setting section 160. As the

flow rate of the oxygen concentrated gas is increased, or
‘as the concentration of the oxygen concentrated gas is
increased, the output of the pressurization and
depressurization means is increased.

‘Next, with reference to Fig. 5, another example of a
flow rate adjusting section 140 will be described. In
the embodiment of Fig. 5, a flow rate control section 150
comprises an on-off valve 40 and a pressure sensor 42
that is disposed downstream of the on-off valve 40 as
means for detecting the patient's respiratory phase, and
supplies oxygen concentrated gas only in an inspiratory
phase or in a portion of an inspiratory phase. The =on-

off valve 40 comprises: a valve element that can be.
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novabl e sel ectively between an opened position, in
which the valve is opened conpletely, and a cl osed
position, in which the valve is closed conpletely; a
spring that urges said valve -eliement toward said

cl osed position; and a 5 solenoid connected with the
contr ol ctlojt the on-off valyve 40 ma

as BTG e a5 RaNh RS W edn which
el ermdre vissl veDvied dpeersad caperac1yposirid an cm“msed h®sition, in

con 150 sup es, curr nt to s
solé%g1&1%%heqrﬁe§%dfe(§éhsor f l @prlng that urges

semaﬂmﬂhnakﬂetq&&qu@Ssuwgdrsamﬂuﬂemeﬂupdsuxmmkeand a
conneqted, W té?:&r%ﬁ‘c Oéh S8l 1 h20. L5 rl%too”émd the

air floms |nto t cannu atoincrease its |nte

pr eS3noE fntvent teh el Lugwry iati msam eediaratict ;tymas;@—aﬁdf valve

ai r in RHike canka iows idnd nAMdhe Lannwa dhgned
the user 15 is in an inspiratory phase, the start of

t he FOTditat thED s € WT He SEeeed By supRdiifg hirgent to
changad Hea epiil. WY @@ upieesesad N2t heycordui t

130 i s .chan ositive pressure to negative

o o ST A e T BT S e TSP Bont o ke

i NS pichateaty dp hdst bﬂﬁaed:oﬁm:rtdle s%@t(ild)tnplltBOOf Wse,explratory
pressur sensort42 nd concentr te 1 gas ..

can beé su6b||é&16h| ﬁ%ﬁ%& 6 ﬁgfgﬁfs e O SR &
porpm@ﬁsuﬁetW@ann$¢mraﬁmﬂy1ﬁhasea$oemmauatmh@'phase and air

ti t ff
DoRAEnErE, Ul AR UL 210k Sl MRt Inen tg weer

exaﬁﬁlenoﬁnal@@@ﬂﬁﬂthW’$@@ﬁe:cahﬁlgmﬁa¢|@ﬁ\mmd 1@@p1ratory
exepphiski edn bR @e%%%%eﬁa e%d&WB'%%i% %%%Wg%ateTﬁ%rpoint

m nute, which is cal cul ated base
set WBPIEhEDE BwesstEesdt ithg seadvdn 160 isnghemged from

st apb sek 1tRe pirRsRiyatl Ly n%@%%%v@e%)%ts%@rkéy ke r30determined

pressure sensqr 42 as the respiratq phase_det ecti on
meafis, al§t€6ﬁ§P§hP°1Pﬁeoéht8Ffl@épﬁéai@ryepgﬁéﬁe@aﬁﬁﬁ on the

a speputi oft ithe pelkisediren ssyiRehr ani é@t:ﬂ leeV\Ao&clgrgehe
start of nsplrator% hase1 Her e, %g'rate
per CRREPESE5H B8 gRoen by SPREAGH Siig LFor il 4 e8)-ratory

35 ghase »rqia8p pohkerien Qf ahkl awspatetpety mhagkeso that
(Cngﬁgiggti%%t“s utilization efficiency of the oxygen
concentrated gas can be increased.

Hereinafter, an example of a control in such
configuration will be exemplified. In a time range in
which a flow rate per minute, which is calculated based
on the flow rate set by the flow rate setting section 160
and the start of the inspiratory phase detected by the
pressure sensor 42 as the respiratory phase detection
means, is constant, the on-off valve 40 is opened for a
specific time period in synchronization with the start of
the inspiratory phase. Here, the flow rate per minute
can be given by the following formula (8):

Q=ngzxgqg (8)
where, '

Q: a flow rate per minute (cm®/min),
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n: arespiration rate (1/mn), and q: a flowrate

supplied while the el ectronagnetic valve is opened

once (cnB) Therefore, in order to nake the flow rate

per mnute 5 Qconstant, if thegespiratory rate per
mnute nis increased, the flowrate supplied while

the ele rona etlc v Ive ened nce q nmay be
reducefclle ﬁ%% He rgép|€é%8f§ per mnute nis
redured Ty ﬁdﬁﬁNauﬂpiraquhxﬂb\Mhd(BHH@iromagnetic valve
el ety Iv s 10 opened once q may be
|ncreaggggﬂ%£ heﬁ} OM/rate per mnute Q can be

gi ven byfﬁ?ﬁ¥qﬂQﬁﬁrrameC§@@ﬂlﬁg)@édﬁ:dme ¥a@vwagade per minute
pre%ﬁnﬂfdéﬁﬁn&at%iaﬁ%eﬁQ%s%ﬁ ﬂaﬁyjﬁ%tgﬁreqlﬂﬂkgﬁgn ntay

be calculated fromthe severa evious tine ra

of tRELSISHIrattdry iens & adeat é*éltmilkﬁd e L édsur e

sensQlecty AdgnEitaicefan e E@edﬁé%@dwyﬁ%es%P&b@e@ewgbh%ced
t he gneti ¢ valve is opened gnce g €an

el ect
glvgﬁdby f{% & SEEHICRG OF T FAItE PO deUte‘Pnlégfeduced the
WheﬁﬁowZ@a@e s&p@ﬂ&eatwhh@a t&beeﬁ@@&&ﬁmﬁbnegﬁcth@lve is

ot h d, eni t.ine ran t he - f

val v rom e Fire ' t
Bpeat pnd® OREY B LTS RARRE clishry cdhenflev Fate Per

el evtinofegRetiac el yévies byende dﬂ@@ gaite eakethat edction

dep%ggsggnaa REERRULE ogi&%%reg%% Q%%?%%gptggzg %Lég% minute

and ownstream si des of ‘the 'on-o

" then gewnber eadcoflathd émomftheabeeetellpreamneetEdme ranges

W tBrt RBe Qﬁ%ﬁhrﬁ@@?#lghggeaggtgg%egr SULE gkeggﬁre gensor

downstream si d on-o0 val ve can e assu
to Bé-appREXEHarerythat Absphenie gpeeé@eé withéeetbee,

theef bowrbakgnatBi § Oide 0 egPEEaSHE®
theeg stfiingglge ofb¥ﬁg ég_nggégaBSEQ48.E§§ Ph g%%en by

pr e588r ECALOVABIUSSEMBAP §PUé of the on-off vaIve 40
or, in ogherowgpds, the pressure at the exit of (the

“buffer tank 120 is controlled to be constant, the

opel’fiGStime range to give a desired flow 35 rate q
canQbe sapecukatedlawut ogaei ¢ahf ymbdnce the preset flow

ggigrﬁinénd &geoEﬁgglﬁgﬁgfytﬂgtgp Sgng Q%&g gagég of the on-
off valve 40, from which the flow rate supplied while the
e;ectromagnetic valve is opened once g is calculated,
depends on a pressure difference between the upstream and
downstream sides of the on-off valve 40. Here, the
downstream of the on-off valve 40 is connected with the
nasal cannula NP and the pressure at the downstream side
of the on-off valve 40 can be assumed to be approximately
atmospheric pressure. ' Therefore, the flow rate g mainly
depends on the pressure at the upstream side of the on-
off valve 40. 1If the pressure at the upstream side of

- the on-off valve 40 or, in other words, the pressure at

the exit of the buffer tank 120 is controlled to be
constant, the opening time range to give a desired flow.
rate ¢ can be calculated automatically once the preset
flow rate Q' and the respiratory rate per minute n are

determined.
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Here, it is to be noted that, as the pressure at the
upstream si de of the on-off valve 40 is increased, the
opening tinme range of the on-off valve 40 has to be
reduced accordingly and, when-the pressure at the 5
upstream si de of the on-off valve 40 becones too high,
controllapility of the on-off val 40 na¥ be

degr aded He1%n diichScdSede eSSt e 3o Chg pressure at the
contupaltredn $iset offo the o@q@&ﬁumedeaM@e1@C¢@t&bﬁ@e60 the
each reset .f.l ogw rate . JFurther,_in_this odi nen

- AP serSa il R, h A e agaciey 5 Tete ro be
bufﬂ@ﬁumamkab2©rdangﬁg agel, ecthet thsegresstire \Ex ichnem
vaI éy}é%%ﬁ b%w %akﬁeqon—%&glv%qv%hﬁoebgggmes too high,
elec ronagnetic valve is opened once. th

r ef GCEHEE ﬂ@bﬂﬂgtYGOfath@rpmepféhW@dWﬁeﬂO m@& bﬁedegraded

Pr esentsuidny enkkqn thl Q%s@%%%r%%e%e %%néaoq4gaeas set to be
concentrati on appar at us 200 according t

enb GdiTRERCSEh Fh Uen 2FC§ X I NEoiFer CSEH, p§§8ﬁﬁ|ﬁlow rate Q'.

CO”ponenE%rtﬂe@feiﬁutﬁl%w%ﬁ%oaﬁ§@&@t|Qﬁ bﬁ@%léﬁlg%n an
concentrati,on section 210; re sen

oxy@?ﬁr885&§ﬁﬁr5??8ﬁ1§¥n§5rt§?4 u§ ﬁFOﬁPP ézédfé§tgﬁg
20 Sé&bb@ﬁdZ%@sea BhOWhé?mexiﬁhhlﬁgl@@cbfgghé6@10anrate g
oXxy upp ection section . .an_oxygen
o n e R SRRk TE PBR ST5EtknaRa Rt ne B TE8, s BhrBsEEE once.
for conNeatI|wgthheeéétenbeototmégflﬁm(aaEaraﬁpmsbmbgdiment
SeobE0Rn-25055800 L8 AKXIRN, C99CERt KaLLoRLagCt i o

ressure sensor e "0Xygen
concentrénlQﬁygensopnzgntraamdnthepﬁte%usaﬂ@Oadpastﬁﬁgg to
SeCEh%ne%ﬂgdﬁﬁSn rgﬁggﬁdlnabggg @ ﬁgﬁggﬁgegBOasAmain

buffer tank or tenporari/l stor oxygen

_ con@@ﬁppaﬁéasgaé Q@ﬁésarédSWﬁnghédQngﬁﬁon type oxygen

congeRt-eatk-gRisaCEEeRi 34028y Qe @é@qu@dsBﬁsw@eazbhean
30 oxygen concentration section 210 and_the flow rate

adj GE¥PRY SEBEPBRI2EOCRI 5RYSPRe286Rdai £1980raTh| §djusting

enbedicfebh R30¢0Rf FObledasubsbanthgl k¥ctsbAl bablyahOoxygen

t hat of FI% cept that this eng glnent conpri ses

{ heSBRPYENTEHRBRy S RLPREAOBePEELLON Sabt1 B 2769°85 f or

SMAtﬁhbégtthE10ﬂygéﬁtSUﬁpEYOHEbhddabebﬂEEBltB@ctlon 250 for

COTL e PP L TR 0V SYBSRL 00U SPELY MRt on

- 2R50, and the oxygen concentration section 210, the

~ pressure sensor 222, the oxygen concentration sensor 224,
and the flow rate adjusting section 240 are arranged
along a conduit 230. A buffer tank 220 for temporarily
storing oxygen concentrated gas generated in the oxygen
concentration section 210 may be provided between the
oxygen concentration section 210 and the filow rate
adjusting section 240 along the conduit 230.

This embodiment is configured substantially
similarly to that of Fig. 1, except that this embodiment
comprises the oxygen supply method selection section 270
for switching the oxygen supply method between the
continuous supply mode and the synchronous supply mode

described above. Therefore, in the following, only the
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difference fromthe enbodiment of Fig. 1 will be
descri bed. The oxygen supply nethod sel ecti on section
270 can conprise a switch that has at |east two
positions 5 corresponding to thegsynchronous node and
t he continuous node described above and that is
connected with the control section 250 so that the
pat idedtf egengse f roan theeleabrdinensuppl Videt Rod 6t PRe
oxy@ggcgqgggntrated gas between the synchronous nmode,
whi ch the oxygen 10 concentrated _gas . i s sup
|ntern1tF§ﬁtp§YBﬁn §Vﬁ@hﬁoﬁﬁf§Pﬁoﬁe%PFﬁlPﬁeS§§EFO§ 270 can

r esRich@tlien, aaRehithe tqalertt rne@;oe% medei rtnovv@noehttlbas

oxygen concentrat ed I|ed cant i nuo
© e CoTRERPRENG N Jad s Fbin SYACRIGRORS By ey tr 18’ continuous
examaide dtelserfltaew adloe cadinds thag SectbﬂneM@d with the

corrprl ow T, e sen Yy
SorReEn, Segt g8 23h° 2RO Fie, BakeRE MY ueer can
senserl<hd; taebea@@hquatM@d b§2tmhabxygebr@@@@@@tﬁﬁéﬁﬁ gas
the n t 0 r way .S w i 2

G PEAEL AL s Rkl GEacICEaSUER R @uilBie
on @fomoealt\r@tB&ﬂ gas tilve sppeddede l@éﬁgmtteetlé{ndna

vari %r%%& 1,68 PO WliRAL the %%%%h%eQE%@lE%%lOQra@%@&@he
i ne In the variable orifice 56, whi

ch
pluﬁﬂmqyﬁu@MSoﬂpﬁﬁoeén @@éﬁhoﬁhﬁhpéﬁgﬁésC&“ﬁﬁperated gas is

di angty 11%@6%0%%&n@%%%r% specific flow rate under an
25 upstream ressure ontrolled to a constang v@ u

e
are arr Bfgédcadtiedo /r S GOUN dle 30t i'ce Pdal ofe OF

di spesesieoneert 1A Instw taldijﬁ.ﬂ?o&tl@l@n@mcﬁ:lbyx Pdttatdongprises: a
the __disc to restric the flow of the o

 condaitt dEEE GEESO% HHal (I S6xyGen oIt CatEd Gad?

of @mﬂ ed 1fle0\w 430 ar atre scaneheesisppl i56d 50 Hrsched 1ine
pat oﬂ{%?%: : %g%uslr% t}el\g]%omhech%o%%ntdﬁlstu@%loy VJJ_% theh three~

syn respiration is select

on- ofdy salivehSsd yvadpendd sand thlags do ias Niélbﬁé’m gpnduit
time yange cal CLf:lh%t q} Rased, 8‘%e (?Qf %rn'&att'h‘en Jrre%@utﬂ?ee sensor
flowTrate set section 26 i nformation from

t he SBriesogr @ Sf@rg@rblee crdrfdtdet B8 §atr éspivraveide hHasdhe

det %‘?Llan%e aN$re WaeN the ':E@ﬂieevta‘%la%q}épb)flcﬂl@é mUSly which

i s selecte the orifice 33 or the -
a plurallty of orifices, each of Wthh has a hole
diameter that can pass a specific flow rate under an
upstream pressure controlled to a constant value, are
arranged as a concentric disc, one orifice can be
disposed concentrically with the conduit by rotating the
disc to restrict the flow of the oxygen concentrated gas
so that the oxygen concentrated gas of a desired flow
rate can be supplied to the patient continuously.

When the mode to supply in synchronization with the
respiration is selected, the on-off valve 54 is opened
and closed at the opening time range calculated based on
information from the flow rate setting section 260 and
information from the pressure sensor 58 constituting
respiratory phase detection means. When the mode to

supply continuously is selected, the orifice 33 or the




10

15

20

25

30

35

throttle val ve neans 33 can be configured to supply a
flow rate according to the flowrate setting section
260. It allows the patient to select the preferred

one from the respiratory synchpenaus intermttent
oxygen supply 5 and the conti nuous oxygen supply Fig

8 shows a _variation of the enbodi ment of Fi .

t he t8AR&dLRefe LF Pﬁ6ﬁ58§3tﬁénfPGWCPQ?égﬁéF%sFPnéuPply a

sectriloh Zéeecaﬁab&ag&g aot hhet thewvakve B2rtantl @wction 260.

aspit BLOPY plhdEe oT0 {GBReED, O AEantheRaR ERged one From

syncheomauﬁlmader@ossnppkmnbns symehmaniczati oxygehhsupply
the_r sehratloglhso%elgctedh the -throttle valve 62 is
confrol I'ed Getwedn “tRe “FdPl oﬁgﬁgéy and full-cl osed

st ates based 6nshnﬁ@rﬁawamnatnon1DﬁethboambpdumeQEtpérFig.
1607and (pnEAEMRLEQRFEAR LC REESUI £n8CRYEY 13:84akTusting
suppl'y oxygden in a respiratory“synthrono
|ntéeﬁtﬂpén24ﬁaﬁﬁ@prlvnén ehé wﬁﬁélﬁovgéﬁslﬁ2r a flow rate

CO”%bHHBES%b '%n@ebeﬁkégsukgeséﬁégktbﬁ &%'Y@s@%rﬁ%@r?ephase
control l ed based on information fromthe fiow rate

set fPRECEELRI BR2DEO alBernhéhel sWnFArensBAsBPIEotPosuPPly in

SUD@chhzanazaﬁ@@hfwgthleﬂ@r@bgplEbaloﬁ shows1aBted, the
appa%at us_use I ment

en
conEBRPEELPofi e et b6 SOBCEBhbPRsBstieahyt Bes hg ] dpened
SW agdt ypelexygendcenaenkr Bhsed sacihoordd@ioa fhuofmf ehe flow

t ank _320:; re re _sensqr 322.for _.nmeasuring. 25

or o82hPaSPhCPRo 1Br BR CAARTE361°8 FION FhPeDAATUEFngensOr
secﬁﬂohoSéOppayfbaw@eatensatteaglsatbrgnsgﬁﬁhranous

oxy sel e 7

con?ggFrﬁggg ¥82ﬁégggFor @§% |ﬁéd tg gPE??gof t he
oxygentinunuehyraﬁl@nlsecedontﬁeothnqtthe héwer gecan be

.adjH%kEE%l?QdSSQEbgouﬁ49n 3?&a9%¥ﬁ 258§2§ﬁ@tE§E%09ate

sect1 on r CO um a g vacuum
pr e§ebEéngwsREtiPpe26Qygaf thenEéarr aabe SRAGOr 60 to supply

congrgﬁgglfgguEl@ngggglon colums 312; a conpressor
314 that can increase and reduce pressure; and a

rotary vBiVe 318haHd PRaPPHBRBEHFeYSBIy§eR g8periment. In

coneggtrgteah@aax%geﬂncaﬁﬁgﬁﬂrgemgﬁnépghkaﬁugf19@ YoRprises:
a rate of 1000 /mn. Further, the r at

adjﬁSPFﬁﬁsgﬁﬁtFBﬁng46yE§ oxygen concentration section 310; a
buffer tank 320; a pressure sensor 322 for measuring

pressure in-the buffer tank 320; a flow rate adjusting
section 340; a flow rate setting section 360; an oxygen
supply method selection section 370; and a control
section 350 for controlling the effect of the oxygen
concentration section 310 and the flow rate adjusting
section 340. The oxygen concentration section 310 is a
four-column applied and vacuum pressure swing type oxygen
concentrator that comprises: four adsorption columns 312;
a compressor 314 that can increase and reduce pressure;
and a rotary valve 316 and that generates oxygen
concentrated gas at an oxygen concentration of 90 % at a
rate of 1000 cm®/min. '

Further, the flow rate adjusting section 340
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conprises: an ultrasonic type flow rate sensor 342; a
throttle valve 344; and a pressure sensor 346
constituting respiratory phase detection neans. The
throttle val ve 344 conprises a sol enoid type

proportional 5 valve having a maximumorifice dianeter

of $1.7 nm The pressure sensor 346 has a pressure
neasiInig Sednigerofulin a ogignd videe fgsivhtraifersensiee 3427 2
Pr eSHH A dTRASMHIBL B 4:NQ ndPre $HER 1SRN SN 346 J4%

changed from positive pressure to negative pressure

is dNEtEd s TPt Yy phiate SetRetdpg means.  The

| Nspibaitae phdase Fur tdelprilhe eutseiterefid hgpe proportional
pressure sensor 322 undergoes a noving average ,process

of VA vsedrids  arid S THINE TIcer igieticgnS o1y Hern-  The

r ot v [ hust ed t [ +
ave ar)géessﬁeugseﬁs%fzgﬁ%gg%%lg Ph%%xy&%%%%ﬁf%gneﬁaﬁgﬁ of £75
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synchroni zation wth the respiration. For exanple, if
t he abowthgre foreyr dddt Yy BooGhewdrine e lied only in
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hadvkeerhder ied denepadatya IMT@asuwhed substantial supplied flow
rate was set to 1000 cm’/min. Here, the ratio between the
ingpiration and expiration of human breathing is not
always limited to 1:2,
As the buffer tank 320 had a capacity of 250 cm® and

the throttle valve means 344 had an orifice diameter of

¢1.7 mm, the buffer tank 320 might have an average
pressure of 20 kPa to supply the amount required for the
preset flow rate of 3000 cm®/min (the substantial flow
rate of 1000 cm®/min) in the mode to supply in
synchronization with the respiration. For example, if
the flow rate is preset to 5000 cm’/min (the substantial
flow rate of 1670 cm®*/min), the average pressure of the
buffer tank 320 of 40 kPa is required. In this case, a
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i n experinment in advance was utilized to cal cul ate an
appropriate tine range while the val ve was opened once
fromthe preset flowrate and the respiratory rate. 5

A negative pressure punp and an g ectromagnetic valve

that was opened and cl osed repeatedly at specific

intervals periodically generated negative pressure at

t he r%%ﬁlqrhécwra@,emtk@gnmda I rasleariied dingm data measured

respig aatﬁplﬂlrdéhtsmﬁfycﬁ@r@ Wty Witih ithey stardaieuithe an
I nspirator 10tphase of the artificial respiration

det SEHEP edsitas drids B VAE doi caened once

sectiram 35k qn&nﬁat aihw qda&?eecaﬂdl&ndwrzcﬁdﬂle:astaiz\ye 344 .
bet ween the full eoened and full- ni'pgsed iltate
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. concent rati on

invention. 35 1n Fig
app&ratilis 400 LIiSdeHs wpwxy@ééfcdﬁbmm i PEPSD

406 dhlensoRA R Qs Q?é)ég%ﬁhpfﬂl‘i@cﬁ'crontﬁrﬁﬁm?ﬂ%swy "c% oxygen
t hat suppl ies the air 24 as source 3g}as to th?1lS /! me the

conCERPat Mshipgaielegsiop section

throttle valve means 344 was controlled so that the flow
rate value measured by the flow rate sensor 342 was the
preset flow rate of 3000 cm’/min. Here, when the oxygen
was supplied continuously, the oxygen concentrated gas
was supplied at a flow rate that had been set by the flow
rate setting section 360 and, therefore, the compressor
314 was controlled to generate an output flow rate of
3000 cm’/min. As a result, the actually measured flow
rate that was supplied continuously was 3000 cm®/min.

Fig. 10 shows a still further embodiment of the
present invention.

In Fig. 10, an oxygen concentration apparatus 400
comprises: oxygen concentration means 406 that separates

oxygen from air; a compressor 404 that supplies the air
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filter 402 that renoves dust included in the air

supplied to the oxygen concentration neans 406; gas
pressure adjusting neans 408 that adjusts pressure of

t he oxygen 5 concentrated gas -a®gr-oduct gas;

ultrasonic type gas concentration and flow rate

measuri ng neans 410; a product gas flow path on-off

val ¥& rqﬁe%sriﬂ dhe PSRN SPNRSATT afieT fgans 4067 a
det eutis drelapsehat egRivied! idkt antl Jddad her tha rmlzn Supplled
controller 416 that is onnected 10 el e trlcaI&y
conFroﬁW%uf%W%%%‘%%ﬁﬁ%%&ﬁt&ONFF&anfi ows g P Essure

schenitust ic@nfricgursatdiodn tofat taul vatld raeemuaet yie tas oxygen

con t [ fl rate asurln 1 £TRans 41 WO

ol P s A B W e g VPP £

r ec@iovgagittnedsom angavésvaretd spesed iatg b@atmser%d@ ofa
r%%u%%z @aEl%%n?%E%UB S o lJé QqZha%%%% %atlon

C|r ul ar oss section and extending linéarly
ultﬁ@@@mtéontﬂ@ﬁ@@uééﬂst@@@ ﬁﬁéeaﬁﬁaﬁ@@dUﬁ@raﬁ sppodea@tion;

manpey, Fueed,i Red2a E@&Q&%ﬁl@ﬁ'@ﬁGp%%%%CEsg%%nnected
fl ows and in this 20 enbodi_nent, an ultrasonic

traﬁé&&ééﬂCﬁéJﬁh505 EoRtar 1 1ingqibReP GOMBOTRIE S s
adopt ed. FiwQ ﬂ&”@ﬁb@%uées&ﬁ@&@&ic4%$n&&%u@h$ﬁ@&e6fiﬁhe

t he icinit orts of the product 0 as no
i eSSt 2yeR BaSoRoPr TP SN PRy f I SHgSa G e Souring

pat meahbe 410 25 tenperature sensors 424 are di sposed

at the perts of the ne_422 so_th an.ayer age .
enperat e 81 R OB 6uLEe S o a g tERY oGgH FRgRemit and
| i nee422veanlbeaseasoar edvekf areenpepatede avabbahi endsf of a

thel@&%ﬂ%%bﬂ%@%gi lekg%%$he aly Qﬁﬁlonggﬁﬁgtgrﬁlrcular

sensor / respira
neaﬁ§0$§489p§ﬂ@nabn¢ cgvrpdiisgs langieedy . di fher watiralbonic

pre§§ghgda%a§%r4zbna9éds&rah @eaﬁcgg ggpbgéeiﬁ%hhae in the

of the user, the nmain contr ler 41 ects
sta#ﬂnsf4€Rethﬁ@ﬁghawbﬁyhpﬁﬁ@éuCEagéé dAoppessdrein this

SW BEbedEREhtl r am hherfkeh9c38 rdhkharent hakiRgeasveater
sensor. Hereinafter, an effect of the oxygen

congéﬁflPﬁPFé’nOfaﬁﬁakEFué546éopﬁeﬁh| s enbodi ment wil |
be descrmhedtempéﬁatwh@nsbh@o&gsQOabk@nd@prB@dU§arthe

's Qgglgg ect% ports of the product gas so as not to disturb
the gas flow on the ultrasonic propagation path. The two
temperature sensors 424 are disposed at the ports of the
line 422 so that an average temperature of the product
gas flowing through the line 422 can be measured. If
temperature variation of the product gas is not large,
only one temperature sensor 424 may suffice.

The respiration detection means 414 preferably
comprises a micro differential pressure sensor. In order
to detect the respiration of the user, the main
controller 416 detects the start of the inspiratory phase
based on pressure swing output from the micro

-differential pressure sensor.

Hereinafter, an effect of the oxygen concentration

apparatus 400.-in this embodiment will be described.
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t he product gas flow path on-off valve 412 is cl osed.
In the oxygen concentration apparatus 400, till the
inspiration of the user is detected, in preparation
for 5 supplying necessary products; gas to the user, the
conpressor 404 pressurizes the source gas and supplies
it to the concentration neans 406 and t he oxygen

oxygen cofiesntite irrmgats 406 fydier atses Hisgiot detected,

CONGE{Y Atd AI-OGHIEF 1GANGRIUNY &rpdh 198S; A5 d g 2priedudlosed.  In
gas. The gas 10 pressure adjusting nmeans 408 can

mai i P I G L T h @RS J&d attidl the
SpeCi}r;si@iﬂlaaﬁQJElgif 3:%@1% M@ﬁstrr gamddftedthel, gan fﬁr@p{agatﬂio; for
on-o0 val ve . en the user starts resplratl n an

the SRRAX TEGRS SPEGUREOTRS (98 (58 (O Ards Che

r espidngddeds cdetdEct ipar s sl imens el daatcection st kevdstsardplies it
of the .inspiratory phase of .the user. t tar

of (5 ST AR s e {E Al A SR Bdvgen
contaaidesrt vhlf coaimewnat € @ gealerat egpémighy aonpentration

requi 48 Jprodu

o RO PR e R o ERS AT Rochll e fndItRs

ased on 1 nformation a _ urrent
pr egsiass wie @ yntdduc egass #djfustasd maintisd ngddie pressure of
Pressiy & RSt iRg NRans (8 iand AR_AS Hhe t9RS d@Wean of
path on-off_ val've 412 during the valve opening tine.
Therkhe 37 Jdov PaWp & ot ol Realdde -412 is cl osed
and the 1AREVEHY AGRSS JtSirtePaded.radi chheneX¥gen supply of
concentrati on apparatus 400 uses the ultrasonic, t .
gas Gt GRsadd A6 e TR SGSG 2 TN gS Lon
t 0 deiprgniaie wheihers tthe preductofjaheXeegdyratide phase of

Dt i ook RO AT G rdice AR miaRee 12

410 R ecarediettdet mari naccurtatod ey gdré cmicentatats en valve

e RS O S BARRSt e N bor e

si grrdodurt stegr ttargdsunerentased e dinticagetiion ypeout

SAnASEAIAN A0 R Ial |0 IRaE 1 Lo ga:

cl oguwes sTHen a2l usitdingc Svgasert (3 @rich apea syltheasigis £ low path

typegass GRNGRNN3! i iad HfloWale JRASWHY Rd rEBaNnSThen,

410 sends a - 26 signal to transmt ultrasoni c waves

to &M i9as Moy $th on-off valve 412 is closed and the
above process is repeated.
' The oxygen concentration apparatus 400 uses the
ultrasonic type gas concentration and flow rate measuring
means 410 to determine whether the product gas exceeds
the preset oxygen concentration or not. The ultrasonic
type gas concentration and flow rate measuring means 410
can detect an accurate oxygen concentration when the
product gas flow is stopped in the conduit and,
therefore, the main controller 416 sends a signal to
start measurement to the ultrascnic type gas
concentration and flow rate measuring means 410 while the
product gas flow path on-off valve 412 is closed.

Then, a microcomputer 430 in the ultrasonic type gas

concentration and flow rate measuring means 410 sends a
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that one of the ultrasonic transducers 420 sel ected
via a transmt/receive switch 434 can transnmt the
ul trasonic waves. The other of the ultrasonic
transducers 420 5 receives the tyxansnmtted ultrasonic
waves and the received ultrasonic waves is received
as an electric signal by a receiver 428 via the

t r ansAFY EQiVESRITC R LA AHE HavEs et drd Wede 426 so

M criocouiielod 3he The ra¥d0f A RIuAZQ @@'Wlﬁe@te%&ed via a
t he ,sound .ve 00|t in the 10:§{oducH: as fromthe _ti

to tTaHSH ﬁd:%;ec?elvel He 4 1t e Ultrasonic
m crecERpUt ahed 20 s too‘_’ne;shet hﬂ.tdﬂafs&ﬁtljc:on:ra@]fsducers 420

(T ANSID SN/ ECRRLL A Qf SNSUL LIRS0 ¢ MRS Y] fhe

transmt/receive Swt ctli“at"és “So
vel ariagi vesl mi‘qrhaesorrav:erhsaerech rl@ctnememd e @t ledectric

desglg{i"%q PV 1o rcql|2c8mvfiglj cErl]l tlrtabll%nﬁ%l}’r}:%celve switch
vel ocity 1S per orne repeat e Tt nspiration
oft%@lﬁ@hﬁ@%%t@%@dt%ﬁ@qﬁ@%ﬁ@@%@@%mﬂﬁ%néﬁ@

val m&%%dn@u%@nq@o %alPJuliraac'e‘st ¥ ref s%@n@ulv@tﬂo%&ty in the
results are summed averaged 20 so that

neadtioghKi %S GEOBY tthﬁe té&lﬁw&%élr@&SW%éﬁ%éecelve the

reducehalSi nul taneously with the

transm ssjon/recepti.on of the ultrasonic wav , ,
nentioneﬁmﬁﬁﬂvg%etWécﬁPEfﬂgﬁﬁﬁﬁiéﬁo Fyetabss &gFegﬂ§eCtlon

t enmpefr atranemdfs stibe /peedipdt O@ﬁS}fV itdet e t25sbedpekatidse via the

sen 24. V% en. the in pir S
deté%ie mlt e ngﬁﬁecgﬁ gplgr 4f§ sgﬁg§u§ EﬁgngPng velocity
stopnth@engageme&edurEatﬂb@ byt tasomiet hbypeegasibed above.

0”%%H%r%%h%ﬂ1§@ﬂok'8w E%%es%%%%“%%ﬂ%cqﬁg 1s 4§%§58%%%d

receiving th the "'m croco
cal@@p§ﬁ§§dﬂwet@i}géhec@n@@nﬁﬁ&np@n06fthheupeada@td@agcted

fro%hbh%héoﬁﬁg YQB%ngﬁha%ﬁ—B Q%QQQCﬁlgais o ened A
t enper ature hat ar etected hitherto based 8
f or FdM&LAFY ﬁén?ﬁéﬁé&aab@@e regyléEsspeei puaaery anrdo pveraged

exagpl ehathg meégg@emeﬁacg@&bﬁtb@ntﬁ@nseanaab@qb@a%§ can be
by u5|n t he 35 met hods shown in Patent Docunents

andT5%HERi oned above. The cal cul ated val ue of the
oxygen cemm&mtaabbaelyl&1&ﬁnthaa@kahéﬁﬁbbm@n/receptlon of

nlcrgcongggggoﬁﬁg &gvggemg%%go%gd_a%89220| e mﬁ%gocomputer
430 also detects temperature of the product gas via the
temperature sensor 424. When the inspiration of the user
is detected, the main controller 416 sends a signal to
stop the measurement to the ultrasonic type gas
concentration and flow rate measuring means 410. Upon
receiving -this stop signal, the microcomputer 430
calculates the oxygen concentration of the product gas
from the sound velocity and the product gas temperature
that are detected hitherto based on the formula (4)
mentioned above. More specifically, for example, the
oxygen concentration can be calculated by using the
methods shown in Patent Documents 4 and 5 mentioned

above. The calculated value of the oxygen concentration

is sent back from the microcomputer 430 to the main
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Though this enbodi nent is configured so that the main
controller 416 determ nes that the output of the

product gas is stopped, the ultrasonic type gas 5
concentration and flow rate nmeasari-ng neans 410 can
measure not only the gas concentration but also the

gas fIOM/rate4q , therefore, the ultrasonic type gas
concen i'on and ‘fl ow rate neasuring nmeans 410 can

al so deﬂ@mmqhauﬂuﬁ efnfive iimediic ti sgasrffliowrest stopped. the
Thu 0 [ty [ s . cancent ation_and

fl ov\?\r/!ar:%\'1 Ctoqﬁ:erlgsll}r ﬁgqﬁ‘ga%%%%f%% OCr e%ea % f é“]ljfgr%tséalfo%he
and Rreskistti @as 6fs shepped, addrs c;llwa\aegna@nttlyp@ogslsy
andcQ%k%%&r%Q%o%a%ndﬂfTﬁﬁﬁ & LN < Eq%gaﬁganEf49%l%an
the gas flow rate _can et er m ne
oxy&@ﬁ5€6ﬁc@ﬁFr§Pﬁdnt@ﬁ Re P@Dﬁﬁ@&a@ﬁl@asbwﬁyaﬂ§o the gas

Ca|EQb@tQ@t@n@nﬁbet%@&%gb%%edt%%y%g%ra%%ﬁﬁ%ngkﬁ '%ﬁs
may be sent tq the main control ler 41

Cl ATHEEPETE TR 53¢ LdMI FodspEracs bgnBeRSPgL0 can also

nmeaneteemindethati Rfed piseliicE %DEHQREQB s@Bgpadd. Thus,
avin

h f
PunclEoh becrBie BxBe.Ba] Garset oRein pRdALevgaste

i n syashraonbzatios wnﬁhmhberep&at ﬁréﬁsmnééﬁbﬁnabasQdceptlon

on BEAShECingn.CERult 5910 e SUBELY,“RE Bb¥3cr, e cas

andfﬁpﬁmﬁala each hemsuandg méanslHthaggHmelow rate can be
ul t apsdygce IS e n nner

' Enee ety uah. Ghroh Hheony JatcrohagiFraRE0R"be the
mhePéPﬁuﬁtcgﬁéeﬁ@Yabﬁoﬁa¢Qu&étﬁéagudedhemhehcséaded oxygen
pro@@ﬁbeﬂ@§a@ﬂéﬁuﬁaysb§tQQHEdtbStHQtﬁéﬂhnspnﬁgoliéerIG.

a product gas concentration. 2. gas supply apparatus
according to claiml1l, whereinit is determ ned that

the product gas output is stopped based on a flow

rate out put val ue neasured by the ultrasonic-type
gas-concentration and flow rate neasuring 20

apparatus itself. 3. A gas supply apparatus according
toclaiml1l, wherein it is determ ned that the product

gas output is stopped based on information fromthe

‘means for
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controlling the start and stop of the output of the

25 product gas. 4. A gas supply apparatus according to
any one of <clains 1 - 3, wherein said gas supply
apparatus has oxygen concent rFakiBor neans t hat

separ ates oxygen from atnosphere and supplies oxygen

concentr S the .30 product gas. 5. A gas
supply a@%ggag%scg%égggi%ﬁ'to any one of clains 1 -
4, wherein said ultrasonic type gas concentration and

[Loa L8 e sl SIERS, hbesApEedoASKIRAT flars cox
detecting a user's respiration; and a product gas flow
path on-off valve having a function to start and stop
output of the product gas in synchronization with the
user's respiration based on a detection result,

said gas supply apparatus further
comprising ultrasonic type gas concentration and flow
rate measuring means having two ultrasonic transducers
disposed in an opposed manner in the line through which
the product gas flows,

wherein a concentration value measured
when said product gas output is stopped is determined to
be a product gas concentration.

2. A gas supply apparatus according to claim 1,

wherein it is determined that the pfoduct gas output is

stopped based on a flow rate output value measured by the

ultrasonic-type gas-concentration and flow rate measuring

apparatus itself.

3. A gas supply apparatus according to claim 1,

~wherein it is determined that the product gas output is

stopped based on information from the means for
controlling the start and stop of the output of the
product gas.

4, A gas supply apparatus according to any one of -
claims 1 - 3, wherein said gas supply apparatus has
oxygen concentration means that separates oxygen from
atmosphere and supplies oxygen concentrated gas as the
product gas.

5. A gas supply apparatus according to any one of
claims 1 - 4, wherein said ultrasonic type gas
concentration and flow rate measuring means is disposed

upstream of said product gas flow path on-off wvalve.




