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- 1 - GAS SUPPLY APPARATUS BACKGROUND OF THE | NVENTI ON

5 1. Field of the Invention The present invention

relates to a pressure sw ng adsorption-type oxygen
concentration apparatus using an adsorbent that
preferentially adsorbs nitrogen rather than oxygen

and, in particular, iGAS$sSURRY APPARAPUSEd cal
oxygen-concentration apparatus used I n oxygen-

i nhal ation therapy that is a treatnment for respiratory

di seases. 2. Description of the Related Art In recent
years, tHAGKPRYNDBfOBaTHBENTNVENATION1S suffer from
respirat di SofU a pul nonary
enphysengrychr%ﬁ?%&br%ng |t|§§e§%g%e i ke has been
growi ng. One ofh¢ Herewert eineentient hetapgsnevhedpressure
for Gy r&%ﬁ@wﬂ—@yﬁéa&?g&eﬁ O8N 5:818%91“ §gara6:us
therapy that allows the patient to in e an ox n

con %Y %Ja?%?e%&y‘&% eRF?EWé@”l%Jr?llﬁsa§S§é pcaitrogen

of rshdeaxygem conepi raied DRSpeFLihelxyoes- %@ﬂb%@%dto a
air %HEPI'ed to the patient (referred to as the

" oxPGER TSNP T T A Q0 sHRRA TR AP BRGD AR oxygen-
oxygdahalatncentthatriapy afpar ataiss ieptintePXyg6R, réBpiratory
oxygggeggegoncentrat ed gas tank and the |like are
wel [ known " but anong ot hers, in view of convenience
in use aRd ea@@S@ﬁlpWammteﬂhnd&aand@nnnﬂgﬁment t he
oxygen concenttr.a a us.,i.s nly u
oxygen ther apgEl %ﬁ%&nﬁc I% }nhéa tn;gnebeog gé 1en€s that
con€BARfeAL ife?ﬁmse‘eéppmamxy thiztearses saterds anet foa,
sel ga1h¥ahYyPEmEE: ?’%‘eﬁﬁ CRAHHL d %9891( ot %5 PLEFSUEE 1ike has
SWi ng adsor pti on e oxygen concen  at |on apparat us
t hab ﬁ%egrﬁﬂlﬁﬂsor&?ﬁt of héEthe Brosfte edifisictid we atlserspy methods

nltf@ e8uchn [
e e e RS L Sl

supﬁﬁégﬁﬁyt hBabxPédRVSc Shce Patdead §os igdworaitan ¢xygen-
thec@%&@ﬁﬂréﬂédeﬁhéabkoBxy%%%a%%kﬁ%hbﬁp%HQ? 34l hoQurce of

for,_su t he ox
the p§x¥ —concen%rated gas or the oxygen-enriched air

supplied to the patient (referred to as the "oxygen
supply source" in this specification), an oxygen
concentration apparatus, liqguid oxygen, an oxygen
concentrated gas tank and the liké are well-known but,
among others, in view of convenience in use and ease of
maintenance and management, 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.thé oxygen
concentrated gas generated in the oxygen concentration
apparatus include: a method for supplying the oxygen
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- 2 concentrated gas at a constant flow rate
continuously; and a method for supplying the oxygen

~concentrated gas only in an inspiratory phase, or in

a portion of the inspiratory phése, in
synchroni zation with the patient's 5 respiration.
V%el’bdrttﬁarﬁz)ﬁc}égﬁi’d € et r@t@cﬁh@taéntatffaoxﬁomt@nttonf.immbusly;

rate i i e ont i nuo the o
cond r‘Eielt“IP&Hh ‘gpéor%t%‘é H’ﬁ H?‘/%vif%%do’\?\)y %n SIPeW e eed 98
adj ustler Jfrorarswpmmmgwm ohxygen contend racedigasoatthe

o STRSFILARE SRS [LOGHRLS Lo L PR M poticnc s
r at ecetjiustieon . a fI ow rate adjuster using a needle
val ve, and a fm%&mfhaiﬁe &w ﬁ'@%éé‘ﬂ@ré‘@ééﬂs £& 461 00cdnstant

flow rate sensor orl |ce type flow rate adjuster
has &l 91 urals the ofudsl bed feerclintows Iy ereie eXBFRRer s

so t&@{cé}r@rﬁldmeapgpéf&@héws oglf;r@&icﬁé&e;sl@@nabﬂow rate
selected to obtain deS| red flowrate under th

pr e I dien o?P%R LY HR9 uplet r a9 ot C?‘h‘ée%ﬁ?‘?%% gas at a
The preatdhaded Y dtave ral & adhtistes cloatpot seat degfiees flow
0 of a throttle val ve, base
et N NAY (3 7 RS defe, Fef rap adjuster,
JapmeﬁhouUanmnatbﬂ;ﬂaé:enﬁsﬁu@la catedhe Mlvéﬁlaxi@léSﬁeedback

o3 SR i a B S SR e ellRel § R or Fa sensox . The
suppi:;mﬁng:e:x%g:m ﬁo:ncemt@t@cdutgasenorihqsm phurality of
' ns%f:@fﬂfé’s éﬁf Qi]laﬁ‘.eeré)ﬂt Jhgmé]@éfé 04, Otf.hgt*E o?]e cf the

[ nspl rat ory ase, 1 n syncnr oni zati on
pat iHtrsl¥tesm§ 21 ofl capdoan br essleetedi hg obtain a desired

ads of 1l Ofl £y ALY 98k @P&@ﬂf@té@@dlﬁp@ﬁréﬁ USH M &}Bstream of
this respiratory synchronous oxygen _supplying neth

30 g9 1oFifigrer, ahreadbaple xarkd et Pat Bate adjuster
Qﬂﬂddﬁﬂfdﬂbrg)dégggel§f ndepanese theyamaedalve based on
Patent Publication . 2003-144549, and Japanese

Uneﬁﬁ‘??eﬁir@é?%tvw it g RKoW 2P’ 199859T -
di scl ose a nechaniiced, P4SSSEEE Uegebatheg vat¥et Publication

Qﬁgbﬂg %%%ngﬁ?ﬁﬂgd a > %égﬁgggrﬁggglﬂgdtpgtg§¥95ubllcatlon
No. H03-22185 dlsclose 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 7
‘respiratory synchronous intermittent manner described

above.
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respiratory synchronous intermttent manner descri bed
above. 3 Still further, Japanese Unexam ned Patent

“Publication No. 2000-352482, Japggese Unexam ned

Patent Publication No. 2002-1210710, Japanese

Unexam ned Patent Publication No. HO7-136272, and

Japanese Unexasi hed Eufﬁm@ﬁt E@phhéaéionek@mlned Patent
20025 24 dj scl = ven_nob

por?%% & Xy 5eh onc%ﬂ? #?%%S%pp ?8?ﬂgseth3?x% Daggstatent
the Eub%ucﬁtzmmlwmtyQQﬂthél@hﬁ;eﬁapandsec@nexamume@ Patent

?\J%}J&gyﬁe el 1847 0f36448 (%{x) Jap%eége?ﬁéggﬁlned

oxygen 10 conceht I on” appar a
s uppﬂ’a%%nt h%uléky@@fm@@r%@nt 1@9ed454a4 d@sch@%a@ i lepttery-

the gxygen £OPLLOtEALHON: 9514 NGy SéMQEBnEQHGEQH&H efdoparatus
gas may reduce due to degradatlon of the adsorbent,

fai I'that op*EPRIZ oFRRM ¥R | ©h apbhratusofi taelpahhentoand

on. Jdhet pabhest @@rﬁwtlﬂbﬁ@df@daqﬁaﬂtgl ght1i1be (QoL).

t herapeutic ef ect mntqa Sh g en concentration

of the oxygen %dﬂ?%ﬁwi 'a% ntF%?e?%y%enlt is
desi¢@ﬁ¢éntratﬂ@W|a@péf&tm&y@@mproéﬁeﬂhéabxp@en concentrated
appar at us alh concentratlon sensor fo Of ¢ the
neaé%rlng t ROmcEh E o B Ithe“ORYGRR -1

concef gt e@owth@ﬁ anazy rcoduest gpe oxydemradation of
conggnt faacﬁé&fb?ﬁ?”sﬂlﬂ?ée begn gy p&&%&é%t%&fﬁoﬁs Xé%&atus
oxygen concentration sensor for neasurl

conciérekf i ord ofo tdre. oxiyerrzohernt catedt ga}staurap@n-‘eiséfwlent
Une fﬁ%% | 0] 0 and.

Japgﬁgie UHS%%§3%3§%%HQE§Hgﬁ%#@cagl%%yﬁéé %%%3 13%%%ﬁon of
di scHus eoyoen teaseieraipd gas dafcehiehefone antt fidow

- rat eqd®asals ] d0: APPAE-ALYS - tk’f@r@ﬂ;%%ﬁeécanéeﬂfité‘@i&h Ca@Pbaratus

gas concentratl on neasur enent the ultrasonic typ
gas 'Eoritemt re¥ YSR RN CYT-F3 pbpR a%%nﬁ%asﬁw nge#tlahsng the

W | lchecdiesest pedl. o T Wehall d £ A$ONI EohEBRSEYESA SgaHat can
transmt and repelve ul trasoni c waves with each ot her

are disposed Wiiim %p?pﬂo%%%f%nwe.ﬂxzﬁgﬂln@%ﬁa%ﬁﬂtwn
whi cdergsdr dgli€tbeen typically used as the oxygen

concentration sensor for measuring the oxygen
concentration of the oxygen concentrated gas, 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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gas flows so that the ultrasonic waves can be
transmtted 35 and received in the forward direction
of the gas flow. Assuning that- a sound velocity
observed in this case is V1, a sound velocity in
I MoDbi S i Cand a flow 4 velocity of the gas in
the YT %ng P Ehﬁaﬂaﬁelgxﬁhésééﬂe By %hevio¢¢% fExpressed
fornuy atifd) foViowifg+f¥rid)la Them, a sound velocity V2
observed when the 5 ultrasonic waves are transnitied
and received ih the reverse direction of the gas ffow
can be expressBdeby aheouﬁdlVGmbngtpovpmﬁbséﬁﬁed\ﬁheﬂ<%he
-V f e he. Quy vel.oci t f
10 gaetr AT fRFep R LiabREERY $RGPThREYaT thntne
be CERCRT %yrggﬁiﬁg @ﬁetm©rga$a§1QW)candbéZéxpndssad by the
a rf§415w1§@ly0£ﬁgl§oy%p velocity Cin the imobile
gas can be calcul ated by the following formula (3): C
(VI + V® 7 ©3) 15 Further, assuming that a gés)

tenperature | STHerefora} | Ovoh fPeﬁhé'flgﬁaQe £C£F§ WaSf the
a gas const ant is R and an aver age rm ecu r

vwngﬂﬁs(ﬂStWﬂﬁiﬁﬁpﬂs he f%ow|%e¥%%ﬁhytﬁa?ftﬁ%es%@ﬁdcan be
;/(ha mlzlfarltqel(éd by rmdm@bm@ g5 Las be) ezﬁaesgﬁdam as a
e (0]

l.awi ng fo 20, C = ffIkR In the
formil A QC &kl é"érz‘%o‘ﬁ%]t%?ﬂt%n% 1R h%%%a’r%d?ﬁl% gas can
- can bise coﬁtcaﬂraiobd))by hehd ofond @w{rd) Beemulshesefore, if

only the Qgas upe T is nmeasured, the for
(4) can 6% trgﬁsfo&ﬁé %to the forml a (5) to 25 )

obt ai n the avdénagshaml emfhat[lmpltgtﬁt M ofas htee@aesratlwé is T,
kRTa/ r@ci(os)of-r l.li_l(g c{ é églse nsgﬁfggagdg Sconstant

is a two-conponent gas conS|s |ng of ° OXy(Qg
ni t A6g&h anchsyu ARy adaatmalrcwhamere toint enf raté oyas sis M, it

X, tike midhPaent 3G,£UGRY rvaél&f]l%\; d-i dﬁ< 1 th& 1mmc?blle gas

nol ecul ar wei ght of the oxygen is nol éc
vei GRE & P Tnasshdy ithegollning “Fformula (4)
kRT

C = |—
M (4}

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 - x, 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 = %) =M (6)

Further, a-principle of flow rate measurement

in the ultrasonicwtype gas concentration flow rate
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oxygen concentration x can be determ ned by using the
relationship of the following fornmula (6): 32x + 28(1

- X) = M(6) 35 Further, a:principle of flowrate
measurenent in. the ultrasonic type gas concentration
flowrate - 5 neasuring apparatus in which two

ul t MESENITE Y ARTACEISS A evlarelanyed it mas@pposethnsducers
MRNNATe 15 J el | W Bpgisldg ddim dorul as {491 apd

(2) describe above, even | e sound velocity Cin

the inmmobile ¢8s US NS Wpkrowmutar fHownel obi tdesrpibed
t he gasyeGarke ot aimeddind hfef@&i%wi A% Rl Bnddile gas

V= ,(V1l - V2) [/ (7). Then,_ if, the ow velocity V of

t he aémé%]ﬁ%b tﬁtﬁ aejr%ﬂ,veilﬁé“f‘%vy ot R 93 G Ran

be clittaiimed éasidhe £ hytwimd tigining (1) by a cross

sectional, aregq, of bhﬁ yi e through which the gas

flows. SUMMVARY OF FHE I AVENTION I n an oxygen (7)

concentr at i on Tappar atfusches el awn wexdygeinty inhaf aflieongas can be
t her A ey paRLl Gl o d r.t abl e ox n , .
congg’%%érlgte{&dn%&p%ﬁ%s{é%%cﬁgoﬁhse r aqsuicrayerg%eo nggcalned casily
r ed e Uil igilyd ngnd twdiyg et ,cndes meadierorgfl mrdas ¢fs the line

desichedub® B8 iBS W A% PAsR|Pl €. A mechani cal
pressure regul atin alve ‘'used in a conventi onal

oxygen c6N Yadr THE IAMENTRLIQbnstituted by a

pi ston, anSBh BE&yRG IMUEHINRAQAMb IS tus used in oxygen
confi ?lurat ion requires a certain size to exhibit .its

f eat-GP@satAPEo theF@oudih Patdicila Fordfed Fotirade oxygen
or aburknyrafByn iafph it d,edGldon d aRiiGhld &fo e reduced
apparatus. Th reforgl, in order to reduce the size and

wei gt S6FSt RECo¥FER teufiSy Tahstatifs Pa4ts Sy to be

to 25 deivt asuplsaiaehanizc aledi=eSsigle pre@siatd Negulating

val .

L2 e BT SRS e SRS seesa L Lo,
st abkynlFucthet itintech®ypreegbusteswWangradsey pirdm thypesing
ox Y968, SPUCERALLON MRS B8 L DB SENAER o eninic
red@@gdﬁeahgrpgmerAlso, the housing that is formed of brass
or aluminum may limit the reduction in weight of the
-apparatus. Therefore, in order to reduce the size and
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 oxygen concentrated gas is reduced, the power
'consumption is also reduced. As a result, 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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consunption is also reduced. As a result, in the case

of the portabl e oxygen concentration apparatus, a
battery -of a snaller capacity can | be used and,

therefore, the entire apparatus can be reduced in

size and wei ght. However, in 35 the nmechani cal

pr eI g e}}'lﬂ,atﬁhtgre/ﬁdme, vinighi coitdeto regutasednd to an

e

6 Sih§ mpveid, caeraibien My clhe hivereasedrierpomgsadily when
an l@aﬁﬂ@ﬁé’“éﬁefé‘@e&%ﬂ?ﬂ%oﬂgff éﬁé’;P@éa{ FLOW rate.

rate t he power consunp tron ma be i ncrease
unn&%%%%‘rﬁrqry wfré?rd%et%pecéme sthe ppesaied aFtBha upstream

smaldf axyger dW st atfet He MESOY Elesi Pe@IHLTuL O er%idétls a

the sure at .the stream of the flowrate setfte
a‘P’b‘g@r%le&ik{?et R%rwresereﬁebr%%rwmw Fhee "of the

pr egstHEsate tﬂte;lﬂraumrg/ \Saﬁﬁe obr} Q;Bn @%@ﬁ%@rds, the

reg |note rste ressure at

t he o%ép of%tt e ac%%?%ﬁ nq%s%p;ﬁ%n Cl?){umns of the

pr egSIEES WA r@m@@omiwamqgmymmmawmtlon

appaarﬁatrsathres HaQ aftf, Ad ea%ualéﬂi@e the

power consunpt i on nay e |ncre Furt ner
f ur (IRSIST \WISEYS UIRE Ity geay ilse wpprembd nfurther.

synchr On'Sa:Qtl'lor‘fu\MttHext h%rrliéﬁrtﬁe rSSRIdAtd I%%% 1Ped in

el ect ronagnetl c val ve, as t OW rat
adj PG e Eed Lion \ioﬁetrfemh%waﬁ@g%rrrermwa%r@ iy

contglddtedmyyrait iepening: i of {dhe,&ledd amaneldf rate
vaI ve if the supplied flowrate is |ow, the opening

P HRG BSECS dingMaiein A% e mgr b KaFg 15

shordomdmze@r by pa¥ dpddialg @itk depeid Nl e PERSGHE i c
at th N§ of the electromagnetjc valve, a tinme
for gll f%hede‘%ﬁﬁp W ofd q.]el% the openlng time

con@:e‘httrrm edegﬁs:ot@g‘demmayalxk@ rsaryoﬁeaf&maalx}yrpqstad;rt and,
rorra netic val ve and

t| me of t ect
at o SRR e 20 R Y Sef e plpstrean
contrfoltihed eﬂre@:n:molrrgagne?otmd |vdf lurd h@r ,tiase IIfS)IHFEpB]f@IﬂIHg a

fro ri t asur enent of 4
conGERt ety GHoHRG Alog e R Pl I e F1ow may
gas beosebsteatied laneduiadw traatee response time of the

electromagnetic valve and, at this time, 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 Vy 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 V; and V,
are measured, has to be constant. However, when the.
ultrasonic type gas cencehtration and flow rate measuring

means is used in the respiratory synchronous oxygen



measuri ng nmeans, when the sound velocity V1 in the
~forward 30 direction of the gas flow is neasured and,
~then, the sound velocity V2 in the reverse direction

of the gas flow is neasured, in/order to cancel the

gas romzveIocity V to determ ne the concentration by

t he a .t h a
R R e i A T R T R S o S
conSEEAED H@W@@@ﬁraﬁﬁéngﬁﬁeleWﬂnas@hm@uQVpéhgagltrasonlc
Con%gﬁbr 8hk0oBoAREnkh-aW; Hat gnAERI UL QQte”ﬁ@ﬁ%uk‘inﬁsﬁgans
in the réespiratory nchr onous oxygen -
congéﬁﬂﬁﬁtW@ﬁyaﬁﬁéﬂﬁﬁusbeﬁﬁéﬁélﬁh?hétﬁﬁéwaﬂététép Phesupply

oxygentﬁ@n@gp@@ataén@@at&h@@ungaghrﬁuaaetﬁ@ Hlb&@§Q@hCln
Eg%s concentration and fIEMIrate measuring , nea
van

vBr PePargEry e theeh Phe SCaPOuRAd VSLEH6F by the
supfibymflaf ( Bmemayy@eﬁomen@emyrahQQegaad ta@ra k&salt the
pr glen1| t neasurenenttnéror of g 1
vel 6¢r € BycFﬁéraFéPHupﬁy(g? v 8888H§e eP§0P5P§8 Y-
and, as a result the oxygen concentration nmay not be
nmeasur ed accurately. 8 One aspect of the present
i nvention provides a gas supply apparatus conpri sing:
nmeans for detecting a user's 5 respiration; and a
product gas flow path on-off valve having a function
to start and stop output of the product gas in
synchroni zation with the user's respiration based on
a detection result, the gas supply apparatus further
conprises 10 ultrasonic type gas concentration and
flow rate neasuring neans having two ultrasonic
transducers di sposed in an opposed manner in a |line
t hrough which the product gas flows, wherein a
concentration val ue neasured when the 15 product gas
output is stopped is determned to be a product gas
concentration. According to the present invention, as
t he oxygen concentration is neasured while the output
of the product - 9
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15

'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 medsuri ng neans can

nmeasure the oxygen 5 concentration of the product gas
accurately. BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1

is a schematic view of a preferred enbodi nent of the
present invention; Fig. 2 is an explanatory di agram of

a two- cohyam, ;101 ype 9%%9gPeE§H99E5585955an90v§dé§ a gas
an expl anatory diagramo mul'ti-colum "type oXygen
conderiPt it dPPaFpfus4cpupyigingr aneshowing dateghhpgea user’s
of BedpOMnrishe aHHUSIHPEIASEE! HAY €90wApERAt LANBYE valve
type);.15 Fig. 5 is a diagram show ng ah exanple of a
fldﬁﬁv%%geaagPﬁgFFﬁﬁ Secfient(8ndasieppPrapyEyof the product
Synga ofth ZatheRrohYBEEiofl #ith theausehemBt-bepYk8WiBh based
anot her odj ment of _the present invention; 20 Fig.

7 i%naao‘ggg?ﬁmgﬂoﬁﬁﬁ@l% exanple of a flow rate

adj usti ngtsecgaons(pbpay appavktabedubehveedohpeises

o ST R oS BRARBP B bAoR FrOwE Lok otd méasuring
adjsannghaechgonwdt hat rasosivct chedsbateeendibpos28 in an
respi roni zation/ cpntinuous.t ; Fi
o A BB RR VR R R o Bffuc? oas
app@¥@W@s used in experiment; Fig. 10 is a schematic

bl ock di A AM Af o A6 RSBAE ALOL Y SYAENEORLZZLEGR LXEE the

gas supply apparatus; an i g. 'S a schemafic

bl GBKCHI @lgr a®F oPULPEF asBnPECPPYBeligadetonpénedatpone a

%fém& £s "BIRYELPPaFBGAS.  BEST MODE FOR CARRYING
THE | NTION Hereinafter, preferred enbodi nents

of the preSeRting tavehei BREGFRT bevERSEPRbedswibA Oxygen
refeseneectoc1be 1 8ravhdgsed while the output of the product
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Wth reference to Fig. 1, an oxygen concentration 10
apparatus 100 according to a preferred enbodi nent of
the present invention conprises as main conponents: a
pressure swi ng adsorption type &ygen concentration
section 110; a pressure sensor 122; an oxygen 5

co t [ S X at e, adjustin ,
SO P Ok SnHed S Sl YRR ELTE PN Mhb by yper '
corftgirafeicen oreviB0 Frortloontespliagorhesphdleconots thgpe gas

Oxywlf%%ﬁéﬂé,o%ﬁ@%i%%%ié ;%]Qe%gé O AL £ ration

adj usting ‘section 140, and. the oxy concentration
secbnt 4o, rafpe (R PHeI ree R sorn IPPasthe olxy gexygen

CONSRIHA A O SENSOTthel 2 St had | QU AL £o 2] USti Ng
section 140 are arrange cgalgp{]]%-:a conduit 130. A
raf i

buf f er tBIER JFFTHLE RRAWI¥ES oxygen

concent rgged Yass genafradmett id + 18y 0X¥I8MNpreferred embodiment
congi%_ré%tl on section 110 may be provi ded between the

15 < REomteht ridt Y8 ¥t ion 110 and the flow rate
gdj usti rgieed im_a]rﬂf(h@mgallﬁcﬂﬁy \Accﬁi@c_l}&ém 1?%)- a Aswo-column

e e ow, jin _particul ar,” when gas for
regcéijﬂregtogifrgeérll \g‘osnucpep 9% synchroni zation with the
user's Rigppid aitd am dsipel arset @f v tdviea doedif e £ t @ndw 120~ column

al ltﬁﬁ% gc%%(grp cro%q}é%éroi]ttéf]- t he maxi num gener ati on

ano _‘oxygen  concen rated gas of the oxygen

concent rigtd orf Sectd ohiaiGm Sthedioxy gen comuehe raf ed flow
gas-LeNe/Ahad i By 9 onGent [ at jon

110 is i rﬁodulgj}e@d éi?ér%]:ti._’olqup(gcﬁ eér:n. S n%@##?lnt}?ﬁ?%’ugh

t he buf fiérd + ahk- 120, i a5 e 811G etfs 3 2@ NP 0 f thef low

OX WG GRIGRIHITR] | QSRS Ofo 24 @é@piﬁe@tcﬁ%sgv‘éyﬂéﬁfonization
adj usting section 140 along the conduit 1 and via a
nasalP<annul a NP. The oxygen concentration sensor 124

may be aispmaanductsihaRRSI £0IPrésidiloher embodiment of
senm,conductor, . the resistance value of which varies

ac COFIFTS I8 HE S IdSHent rati on of the oxygen
concent ridteed as alhe aagesh@onee s adtapbé dhea flow

aofact AR SR T Rt B b et ol the
of relseimargery coymeEntordtdadri gettdroni riikibasgoes on a
measur engnf  valjye aOfdita%%a%y&%:ﬁ%ma%{]té’}?éﬁﬁfe SEFSPT£10w
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 OQUT 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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35 124. The oxygen concentration section 110
conprises-at |least: an adsorption colum that is
filled with an - 11 adsorbentOfer selectively
adsor bi ng nitrogen; and a conpressor for supplying
conpressed air to the adsorption colum, and

concgipdaitass qm%rb&qyr@iﬁcfrmt@lyr@f@%& hibodidde@ of the
adson%%lon process for introducing the conpressed

air§ T i o Pt | PRI R an ik TR HeS 2

ni t rogersure asmneﬁsads.czlq&ﬁchat@@@ @QP@N ¢ dvec Oxtygeini on
concentrate ]r anrd S&ZJ% alre enerjgés% rocessnfor

r eddcing d'nte ﬁal Aressiite i 7FTHE a d%?%%ﬁunn to
sepa@tEittrm midr cgersdr A 4 hea atlbor bmtte taod T egeivey at@ct ion
10 a0, The @UOSN CONGENLIA |00 SE1 | o 10 Ioy b8 elo

an appl I ed pressure swn sor a vacuum
pr esgafite ons vl Ity ﬁwrpeiorﬁlr@nl:lerppltfe&j effttoacauflinthe oxygen

pr e%&r&‘@éﬂ&ry%ctﬂﬁpeﬂ@ %c?q‘sl‘?e]_rﬁw Loatté)r§<§fﬂ9£@lng

swing in the adsorption he adsor ption
col GRFR ddifor iagel &holIxxgeinl errrensiieron oremeieor 110,

a W&ﬂ'ﬁlgﬁles@@\ﬁen%ériédﬂ e el n@abiddfgen Sd&{béir%tf@*é?én sensor
and e adsorbent. may be a cryst allime zeolijite

&% 1 AW H§ Seltid e st an t)A ¢ pre arranged

ni t raig:@ig aTh:lo$1dZﬂQﬂ I13® .1 s pnefetabloamk zeal i@ heathdh@rarily
c el enent as .a catjon |nclud|r]c%:3 f or

exanﬁoefmgsaaﬁygr%nz&&H%E&%%aﬁ% Hain B Ea e K Ghd-hheozygen
| i keoncEne raxyigen seartdent ridail amsesd ippoviidedmyethezai the

ads 67 3000 earihe el FGisil ad BiEitle o e

25 @@juﬂmtlmwp@e@)tyg:eh m@@mgat‘am cgetuion,l3ther s

the QOgeR a0 %TEM aBLI o}a%etqdﬁ%xllw(ﬂﬁaoﬁ&feregﬁﬁf’ratlon

adsor ption co I éssdar I'ng
pr e§~§ur5|up@dl@|dr 1@U|§mn,qm:gmmora wigduhepurge s

Con%stplitr'a%go%)(h%%%t URARE Y §Ri Y %’Mﬂ]@lﬂlﬁ% YRIXES to a

16 30 and shut of f val ves 18 constituting swit
nmead§dugtd o ilRe & hto masdmyEt anp tRdthise mitchese of oxygen

g:c eg@gbﬁgggragtegg%%%r Rl ARk RIENYIAII AT A IRESREStion 110.
e oxygen concentrated gas generated by the. oxyvgen
concentration section 110 is introduced into a patient's
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
controllied 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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colums 10 can be controlled by switching the opening
and closing of the three-vvf_iyl Wi tching valves 16 and
the 35 shutoff valves 18. As apparent fromFig. 2, the
adsorption colums 10 have first ports conmunicating
with the conpressor 12 as - 12 the pressurized air

SUPRIJd d¥h drRans, Ansk 1 et VRS WM EhPo 1 dd @5t D £XhaHgt 2
nmeans and second gorts communi cating W th the conduit

130.CFRES1MHe RIS GPERSSed A Bl &8 BRetpa@sorption
exhatsltunrgarsd nedh COnbE fesls NeRPesn 1By RItdehatéhg executing:

ot e b R S h UG e $9. 15 SpOURLEH CRangpBbressed
of ainulitritcedauirh ddgperpiokyyeto tane eantd addonrisect i the

Sner B AN, DY SPT: SONEENLLAL O 956 AR e, gpover

conprise our e exanp
Fi g.cB)ceademtmd aesolamhs(20, 2 aregonprasson pRocess for
constdd ity ; i i : V.

constit utlil{r% 1@{( au,st:L a%%hg‘% a ‘}Ig? ary%‘gg&ggcgfumn to
conmfiffiad@tiendg-ha th teerIeadsorpt Flom adsurpeRo. te nrepprerate

exanm.e, mMhe HGIRY M Mén 26, €0RStdd A £ S & craaggbe of an

means 15 so that the adsorption colums 22 can b
swi PR S5 BRSSP Ui & WRdiD rif F OFP BN rlagrerat Yapuum pressure

pr oGRSSRS tipd,Olat iN fp1ide 4ed aFdcuiah \erabsufs $%ing type,
app er%néir om Fi g"c 3, the adsorption col ums 0 aléo :
hav& Mot o afifift Gt iS5 T tHEISD Tonpiestororption
22 @lndmen.pressurized air supplying neans and the

vacuum p 24, as the exhaust neans and secon ts

conmmuni c%n&dvﬁotﬁ?ttlhoél cco%dﬂw 0. e 5% haedl“gﬂm“I column
conpresdsyr fozheathyyhe usetkalsb fosvine exhaustpemassbility

in i n t ;
A R e
gas Zemld tehaolstovwdspherieveaiempiatd esrnlart Useradaprgeivity to
t he tn%léteﬂo : r.om t 15@:’:‘9! t )

fl ov%q:tat 3 ,élétt;@r%%t gzéec({lllg{r? 160.” By V\%y _y%%%g}g?etﬁgvmg 2
f | oRetadd iseeligngrd0 et i G UB0 sl by i skon eve@pye,

- SW R0 PNAWR) 30T 1@ thium zedlite X and the like.

The oxygen concentration section 110 may be of
multi-column type having one, two, three or more
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 air 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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potenti onmeter (not shown) the setting position ofwhich
corresponds to the flow rate,;-and the flow rate
setting section 160 specifies the flowrate of the
oxygen concentrated gas output fromthe nasal cannul a
NP. to the 35 control section 150. The control

sect #154)5 SA0s . f
set tﬂelrir%"n 60 gAs des%?%b f%{%{ %argyén%lp&elﬁgg\é\({%%%&n pump
150 ‘ot dike theh dsfgereang 3ang oﬁ%@hltlfﬁ apPohs seepenicating

110 wainch thes fdovaiat e ag] ustidpg, SRELEORL 140550 if‘%ay be
the flow rate set by the fl ow rate setter 160 can be

out PISF Ui Q HES i SHERARRE J0RIPLS W e r ePiap b pnner.
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urges said va ve el e tovvar d ¢l osed posi ti on

and TP SR 2%&%@61@%11%% ks pont zal loedieahs; a vacuum
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val ue gpapcll d f mthe control section 150 to. s

sol &foi Up fHumys C%ﬁ,%‘g’%‘aﬁ?‘%@ between
W rertey;aeis‘dnpnmireranca Hddrerendial 2fb@Easssiney tyPeation of

flo ter rso type flowreter, a gear type
fl owrve errdtc%{:a” t‘%@ %éconnect ed with the contr ol

section B&0. 1sThaq:metrtolfmm:tE1m 150 ﬁtmrm;ﬁoxtplmaion columns
cur rent t olen 0 he
Plodd aist v e ARE R A S A fa e RTth She o
conwprmqieg’r%@softf@me@slm‘lzm athr cupEl yvaly enddns and

Soc DY cHIm e AR B AR Hedfl J@Lab pores

 ONCONIBLIOA tinen il Adsnlcasmhiil 2130 | Here, the compressor

22 may be used also as the exhaust means in 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 settihg 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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NP. Here, the flow rate sensor 32 does not always have

30 to be provided downstrea f the throttle valve 30

but it may be di sposed between the oxygen

concentration section 110 and the throttle val ve 30.

The essential thing is that the flowrate sensor 32

is di : riage SEELO 0 he ;- ;
condiy t 130" ahirs TReT L BB RO v oRaE L (B justing
conceptrbeedl gassoutimrit Fhenflipe nasal sekahrufhae NPlewnrate

be neasusedi §gCisatied y@uglr%tefxssﬁ OX¥0RBsEONEERL L BL edp
gas generated by th oxygen concentration

y_the - 1 .
section MO sTEEFIRREH 9 BlTspdci fRcaRoRbantmerbwrt the
r at qlabélsdélh’@ iﬂﬁ@ammze, a@m@ﬁfwg rS€6t h@ﬁluéé@n@ng%ction 140
supplied to the patient, the pressure .sensor 1
EasTPBRT 1T B85 7 e RFO T HES CORUKPL J1309ndhna BLow fate sensor
neasdit spestd résuhitrsarsenf thet heroonleolrateet Bon 1BBe
and, n Sur nt result, the nt r ol
St HRRTEELS T ST e o h T R At S s E PR et can be
r egenevablonbepreer saresopinedtiepadsbiphi ohncehiphst2g valve is
of t tratio LQn coptrobich th
Che Pramed Pene FORERT, T e 0, SEOTpAcposReiPnEofp Phich the
t he ©§kTe b? ¢hesedosomptebmlundar egehegathah urges said

processes besRRs {Aed Al saPhessyLE840boENeiOXYIENd a solenoid
concentrated gas di scharged from the pressure sw

. ng

ads FFRIIFL &G pel ik ylfeh comeent r agrbhonseeli opnd 1phesthrottle
redugetv@ngh hiytder el 2 HETORBSASE PPEr prdPotheonal valve
pressure is ipc ea5%%¥ Therefore, the gr ssure in tget
Condui et S b EORETO1 Y P THL 08 paeT i B2 hPEsehPReRy between
acceﬂ;eei@t¢p\@nédneawcépo@ém%t@@sﬁﬂseﬁ9t iﬂnpacﬁorthion to a
regeneration I OCESS en the pressure in_t ,
on et e PERE S T it £ B FREM! Pt CoefBrqherection
the Prgssureais sebueeid. 20Tha fhewcaseeobkepsessBemay
SW n oL pt | £ _0X n n ration.
ol (oEP L0 e ot WPE- QIVARD, FESNERERFor o EERDSRE 5
ar e poeseeredtvwe hf tidvenetpeessar superenonandtype flowmeter, a
depr r [ i a:1he Y

RELLLTR PIGHREAS, S0g ndl! BuEDPophOLBEYV AR the

26, Sec can con

presseiereh seettondlfd. by adjusting rotation speed of

LQZSL ot 3%&8&&/&%%@&&5 €554 EnhAGQEMBAE OBurrent value
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
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by the pressure sensor 122 The pressure information
nmeasured by the pressure Eﬁo 122 and, then, sent
to the control section 150 30 preferably subject
to a noving average process in the control section
150. The cycle of the adsorption and regeneration

; . 1
N P g e me
novi e @i ageoproeetstiswarategey phesfipe g5tgapdgusting

In the-pPresstse SMi NG ad8 LAt LQNLHhYPEaRX¥HEN the pressure

concentrati on means, in which the préssure of
oxy GRS @BnteAt Rt BUrgAsPEPEERARgEE FhenFPRduit 130. The

adsohPh s QPSR MMBesulP 1] HehtatgstAeCEpALAELE BetbBon 150
cycl f the adsorption and regeneration Erocesse
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st abl 0 byd gxeest s ngythe oBVERg avebapeiofnr anassegdheration
nDV|n avera%\h Erocess can _renmove the 5 éuc%ugglonx en
RRTECneh the BAFPEPTLARKC226™MPE 28ngF| FPERR*YY
pressmmeesﬁtmg1®s ségbidncah® aodcomkesli thedptEseuke in the

LOncOhOLe t DOBLESSULE 2LARI Yy DHE ERE BLBPLCor tne

contfol Can be posSs exe
aver@@%orQme@ssndor¢@ﬁ@aeathenfpuecaaseenb@cﬁm@ﬁeﬁ@§terr

|t %Qrééé@}@aéfstﬁgeeggg t@oﬁ@&ﬁ@?ﬁ@e&hﬁaé'é?s@ﬁakaéd from

buf fler 120 to suppr ressure sw
advaftageerssure $eFns @¢8©¥mta@urtya@|@ﬁy9¢ﬁe?@ﬂ@ﬁ@tratlon

a |0§€E6Hbﬁhfl@r§§sﬂé§u§@ﬁnQnédSQEthanyEY@eb@éMﬂég slower,
concentration section can be reduced by

sel eeh$ r@r%ﬁs%‘brb%r%%‘?%e%%ﬁirmnﬂé?%g%@ Y gnecggRssuze in

fl owtiat €os@hitakahe. béb&6nt@69EeBh€ooéyg9601flc pressure by
concentr tlon and om1rate of .the

en .
concariey LEEALHAS SRpprYEtengt the BYFgeRceONcanty seReration
sectposcddfe arehelet €hgi pedssthe iauthet cohidthe is 1ncreased
D oSS FELLPD ARG, dePesSL 224 80 TR 20:L3 o™ 80 rcaucen
obt ai ned Im aﬂyamaeea@ﬂ ph@ss&seeswtng adBpmpsloh thepe oxygen
Cont Tar PER b9 CH R nERRS o3F s cFbhETBT AR FPRg i phdcn the
settadgprptihm é¢bummat%03ere|ngnsectednwlﬁb the the

: pressurizétion and depressurization means 22, 24 via the
rotary valve 26, the control section 150 can control the
pressure in the conduilt 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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25 flow rate of the oxygen concentrated gas is
i ncreased, or as the conc_erltSrqti on of the oxygen
concentrated gas is increaséed, the output of the
pressurization and depressurization neans is
i ncreased. Next, with reference to Fig. 5, another

; X ( ( Y .
o quErlatds HhdoRil Il ML RIAIL 3PLRD ddfbalitdon and
r at & OERERGIT ISET T SIBES € GHPT i9ess B onoffhey gfqredgigc can

andpa RLATIVIE SENSHe HablPaly IS HhSPased oS {82 Mverage
of the on-off valve 40 as nreans for detecting the

pat PERCSS Ses filtea A h 5% T3l FIPRUPDI T8 Tgen the
congarictaked G ohddt AN Wk rateonyu £ Phaseardk 170 ais
portion_of _an inspiratory phase. The=on off valve ]?0 ¢
conpfitdds: TS ARFE B THhat® SHPhe 4B b <es 1

sel edtfifvehy thatoveemtato opgre b o o tabl whiksht the stable
val ve i.s _qpened.conpl etely, .and a cl.osed position, in

whi SRTERE N ST e HE R Geith . ditpl STy opiT PV @verage
ur gesoceaisd twalnemoetee g ftlowanch tsisnrd aingseteposi tion;

and .a:5:sal.enoi.d c ted the sant sect. £
150?§§ﬁ%§1t%ﬁ§% on-eo;; \?};It\q/)e l%é naay%qct assr%%o 'enéoll%]d butfer

t ype28ntof Supsness ithewrss suiad lnge aldnghtis sadvantageous

nmoved ke ad &OREE L RAAS dd i, When the control
section 150 su?plles current to said solenoid. The

%2 ey e £ 0 hee RTERTIRE T iyperdsorption
Pr esgpee obkyeduesicand - dthedd idet icannens echWd tduiced by

contrqgl section 150. As expiratory air flows jnto the

canﬁﬁllﬁcitérﬁgn@%éé@qc’c@%%ee%lm% ST NherP§ Hepch flow
USEekaite isetar a2 .r atne phase amk adygdm ddecaatrad fon and

19886000 o GATS £l e uhen Lhe oSl Sy 18] Bnoa by
canthe detyegetredtdncdraaditigrn etahangal 0 Thee pétdrmined, the
U085 % BESHE Rl 05 0% P B0 (18 meane
det ésnbied das earmsitrard iavgqualintglof. t HEhe nepipwt oralue can be
PSR GUIRER 10 LR FL U R, ISR AR wne
onl pressulré ziedsipinr arot yemttasaidrzdtian peranosncadf bhe
insEbB@Egﬁieﬁp@ﬁﬁtﬁﬂaQﬁﬁﬁtrol section 150 according to the
setting of the flow 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 1s 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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the patient's utilization efficiency of the oxygen
concentrated gas can be incregsed. 25 Hereinafter, an
exanpl e of a control in such ™ configuration will be
exenplified. In atinme range in which a flow rate per
m nute, which is calculated based on the flowrate

set nywddmes fém&@i@eﬁytﬁéﬂ%éﬁ%h%éﬁ&d ﬁaglw@n in which
start of the inspiratory phase detected by
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eriod in nchrn ation Wt

] Vet (BB ol bl (S Qe £ ot L 4 cand.
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a f [3gw whaitah stepiod He@ll‘!vml ¢ kertdret ei@anwmmgh@t$@1da¢p7@ned

‘iﬂfél@ch?{‘%e(ﬁnﬂk?’é &f U &er {8 ofﬁj[ﬁ ;Z%ffé@ dfrent to

flowrate per nmnute constant, if t piratory
rat P& SAkaREiG: | sTher RFRTHEE ISRSIT b2 rmae be a

sumséngd:deomdce;dfwcygé qotd SRS Ln YR V& | Sn@PERE D 1 ke

once e reduced "an if the resp |rator}K rate

per S %ﬂﬂﬁ%% il s dite Eontee L rio5t ¥art el Bppl Ao ¥ibiFatory

t he aeJre@tlro@xmgnﬁid ceheal dtth 8l &l Gk O pEnek HHE ei B My denal

i ncreased. Here, e flow rate, er m nut e caEgn be ,
ase and air

g VR By e ey T PR (g Gt | DR A

preset thleowaratd santl dwe s pirat ahe peinmiIwtwhe 08N user

e oAl e LARNS SRNElal MR AU TE D958t racory

senpbasks c42. bEhetedfaartesd thye fdaoli mqatteh supphdrege whiTee point

;P\?gn%g%c;tt %m%%'% éﬁevﬁ¢gﬁﬂﬁ%|€&]@f% Of]'gct?daﬁ a?adfgeed from

whepPesizd vg Pregpusettd Irnmgatatve (mnBysurg .can be determined
as a starting point of the inspiratory phase based on the
output of the pressure sensor 42 and the oxygen
concentrated gas can be supplied only in the inspiratory
phase or in a portion of the inspiratory phase so that
the patient's utilization efficiency of the oxygen
concentrated gas can be increased.

Hereinafter, an example of a control in such
configuration will be exemplified. 1In a time range in
which a flow rate per minute, which is calculated based
on the filow 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=n=xgq (8)
where,

- Q: a flow rate per minute {(cm®/min),
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On the other hand, the opening tinme range of the on-

off valve 40, fromwhich the f{pw rate supplied while

the electromagnetic valve is opened once q is

cal cul ated, depends on a pressure difference between

the upstream and 25 downstream si des of the on-off

val vie: 49. réleserathen dovasiieamef the on-off valve 40

i's connegé d wth the ga%al cannul a NP. and t he ,
pressurd at®t He ounidRh eaftsvael e of P nel 8Rt BpRagaeléc valve
40 chn dyeeresdwreck t oo .approxi mately at nospheric

pressure.mI e,.the flowrate q i n 30 depends .
on the prTehst]]ﬁérégg *tHe UpITT ehh TR ke gt?ethio%ngaggfper minute
val ié gmnstidnt hel Pridssurespirahervpsiteapesidenofe thes

on- of 4 14,0 ssure at
theqeé(?%ééo%%'hgﬁfﬁie%t%%gé1%@5?121%%n rﬁ%e@ﬂ?o be

const it ranposelt ricp 1 Verel s angened ghae @ mlesi pedreduced

fl owndB5 Fathg %1%19&3‘}%@’%@ QHLRMRLE LAl Y ONERy ced, the

the preset flowrate Q and the respiratory rate per |
m ntE€'%h e SRRdrdiRhedile 1ighe plectremagneigevalve is

not etbdrtaal .om% thenadf esS W kcAdadde, URSEL eamMsS| feo@frate per
t he On'che]; valve 40 is increased, the opening tine

rand8TBIS ffe G &% ISR 0 HR fPberateirieding section
apgdr&ﬂ ratgd 2! msfafmmldmaﬁtfm etlﬂ% ﬁékﬁ;ﬁi]a-wfy 68 minute
Si on-of f. val ve cones too high,, ,

con?lr g{alnaltg% iCt%ylcéjflattﬁéyoqﬁ%? ft I%VWOJNERFQ%‘@O‘JS time ranges
degrddédie ibwpsueltcoas ghaddelpreassad eyt clhe pressure sensor
contyr-ol | [ t e -a.reduced val.ue according to

eacﬁlzgr eg(glte f?))\?tvter'a?cél%qf.l%rli%e? ,SL}Eﬁ)]tlhefcg “Ehbodi et

i n pdedtagragnedi c ¥& lappriopropaeed apasd ty adn the given by

buf frgfe trAK 14Q L3R i1 S8 Het ed based on the maxi mum
value of the flowrate q supplied while the

el ect ronsgmei'd™val ve i s opened once. Next, with {9)

ref gheree to Fig. 6, a further enbodiment of the
present invention will be described. 15 An oxygen
conéert PaPrEfShpparst setmolax¢piding to the

enbodi meoh shewdth@rFhGnd AAUPIIRESnAL M Tange of the on-
conpg%ent : a4§r essure swing adsorption type oxygen
conC&mht FALVEN *YectroR ¥y theeddipre todfs upidievhile the

electromagnetic 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. If 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 g can be calculated automatically once the preset:
flow rate Q' and“the-respiratory'rate_per minute n are.
determined. |



10

15

- 20

25

30

- 35

oxygen concentration sensor 224; a flow rate adjusting
20 section 240; a flowrate settlng section 260; an
oxygen supply met hod sel ectt®n" section 270; an oxygen
concentration section 210; and a control section 250
for controlling the effect of the flow rate adjusting

section HHQ, and the-Oxygen.concem ¢ até@”tﬁ@%f@é‘sure at the
210, the 25 pressure sensor 222, the oxyge

concHH LA K U B, On‘a?r%ft‘ﬁ%l‘f‘r‘?o rbs elfaereewq%g the
sectdpami2d) tame &Fafrm&ﬁif HONGh S £ONEI de 280 . hds to be

buffer ta 220 for tenpor r|I storin

condgifty Cﬁ@%ﬁﬁf U%?ég% Sdre'at the
conamﬁtrraaanorsis:mctoﬁ)mrﬁaoomfjbevqoxmi @tedoé)@ctmeentmehigh,
30, eraal qaRaantyatlen pect) one 219, and Jhe [L W raleragea.

adj usting section-2 ongI%he
errbddl reavth iogseonf itd\e ek sidstante ebé ycorstimlbedi yit¢ oset to be

thaty oleddq Jv’ 1%?&0 c§ ér}cjeh&c? eeé@?géf‘reeﬁrz%f%“%@é Q.

the oxygen supply ction section
swi t chi n&‘%ﬂ#@eéxygéh tuipp | gnkad Heeh thetieamathecular, an

conty 1%1%@&3&%?6&995%% e SUNEAE,0NOHS. SURP! ¥aoge

descrlbe in the follown only the
1§ 1gte g’ﬁ‘@@df CEM T TSR ERLWT o g-he WY Frte g

deS @Up@&dedThﬁlQéy&&@ SRR JIRt ixelettdon seadd M once.
270 can conpr gﬂtch t hat has at_ | east two

posi ti on&€ coVFg RGNS the Eythcfrrofods iR fifgeodiment

t he ofothien pees entrd dev@eﬁﬁrdrb&dlabmee cwytﬁlhﬁd i S
connecteg_mrth the control .section 25

at_the
patient oF USEPSEafClSE AN ARA r%ﬁb quﬁglng to
oxy o embodmmeateah@wm.1heﬁhgeneih&mqynehﬂnnau§xmnde

trate
' Wkl he 0198010, DS AL 955 45, VA | Sl on
r espgiongengnatang Bﬁ@tlcmhﬂﬂﬁUowspnm$auna1sﬂnsﬂrtﬂﬁ? an
oxyg%ggeaneggrsemgt%% 's%nslgsru%' edd %%RJ RS 9a3 B ing

hown i'n
exaﬁﬁlceloﬂh84plr oW Eaow ar@jt@staatglsegctaammm 260; an oxygen

garPEE?EZ §gtsgboﬁ%ﬁéh%l%%n%%kt§%m 3 AT 87 VA% gen
concehtration section 210; and a control section 250 for
controlling the effect of the flow rate adjusting section
250, 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 flow 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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on-of f valve 54; a pressure sensor 58; a branched line

132 that is branched fromthe conduit 230 via the

three- way swi tching valve-52%and that joins with the
conduit 20 230 between the on-off valve 54 and the

pressure sensor 58; and a variable orifice 56 that is

pro :g ranche ol 13 n e I

ori fdiﬁ?j éé}%&§%ﬁ¥hé] T%rafm? o¥%$|c¥EWiggc
mhrd@&an&he%ole dlaneter t hat can pass a specific

f1ow rat epyn S rrﬁ@m&r%%éyéetfaﬂtg@&tfgntgvo can
a constant va e are nged as a concentric disc
one‘ﬁﬁWﬁ#kﬁﬁ(ﬁﬂﬁ%%¢0®|%@%%e@a%oﬁbeh@@$%aIW9 PPSHt i pRs
CONCHH kI &1t Al d N TG Qyﬁehfanéeetxﬁb&é Lhe ’f:lllé’V\b@ifltlnuous

t he oxygen concentrated gas that the ox%
con erﬁw@a%e%fakao‘a%sr%dtrrw%ocaartlec &% rseth the
SUDr&drﬁﬂrdp & pad | BNg @@ntrhatrouﬁéypa%menttae aede tan

| h t th_t t
S SO AP0 e O, LR LB B oms
thehmﬁwnem;ﬁhe&sym&ﬁmnmmﬁ@uh@ﬁ@d baseldi ol the oxygen -
f ' ' 2 d
35 (TR red i i oSl d b EBpPERtALLy 2R an
conﬁyrtaltnmglzartescm rvat o ytkpdﬂats:eenles ectsphraedns. hanthe

t he ﬂHﬂ%{% t.i i C

orifice &éﬁ§?ﬁ%h¥ %%p‘#ﬁgggt %engigéﬁﬁéﬁgc%%gggge%egas is
conf9upirlaied ccawiipiyously| ow rate according to the

flow rat eypetfd NG 1RECt Ky 7—6e95 shéwil 1 owWs; & hey pabi ephy of

to select the preferred one from the respiratory
SyncHIBHA i Hierid et et ox3gbms stppl - apl £H@ comprises: a

CONt IO USa 10X Y S PRD Y - -2 F Qe 8-$89PVSw at ¥R hGt vONvEf 52; an

~the enbodi nent of Fig . In the enmbodi pent of Fi

8, My Fhowakie At Let%%%%%tr%rﬁseao %on’fbr}?g@gcg%d line
thratid ecvead ves Qirara:liéd)V\ff@hethée@tS@diuﬁﬂ 23aMdvaa the three-

pressure sSensor respirator hase 10 detection
Pt e Gy orensnd de L S tat i bh °Ehe Bonauit
syndiiataiean vid hor-hef f esplvat bdonand skt egtedsutrbesensor
trwcgéle val ve 62, |a*contr |1l ed ?etmeen th

ful IRGpetY 2 AR TS Pob Jdc%t% Khebsty %ﬁo"lded in the
i nf drmextahoadd fxiome thE2 f | awn tiad eveset dlete 160iAhde 56, in which

'”f%f@itdzoa{‘l {4 P04 NG PF LSS € SENSE which 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.
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15 64 to supply oxygen in a respiratory synchronous
intermttent manner. Wien the node to supply

continuously is selected, the 2throttle val ve 62 can be
controll ed based on information fromthe flowrate

setting section 260 and.the flow rate sensor 60 to
SuD@H&oé%hé‘@ﬁfgéfﬁééﬁégg%réﬁﬁ'bglgpngigHP&% A9 supply a
apparatus used for experinent. In 1g. 9, the oxyég%
conderftt 3 'oh ppRFduE othonbiegesate aspiebrureection 260.

SW Nt M08 RX Ve SONCEN rad | o Sect Rl éﬂ&feﬁrz%@%ﬁ@rfmm

“tank 320; a pressure sensor 322 for neasurin

] ¢
pre & TP BUf FEM 320, 1nterBiF Fal YRR i HYPPLY
sectarah 34, cantf i ravbuatexwpid | igoseet i on 360; an

oxygen pply, t hod sel ection seciion 370; and a .
contr ol SEusle(g‘t D forv o T ot i vy the %‘F% %tm%t?t e Fig.
oxyden InorndentaradiodimessctdOF3y 108 anthé hel dk ovatatadjusting

adj yst.i ction .340.. The ox concentration

secﬁ% gnﬂ%fgozl{&aédr?porulrs-ecsdl uarrﬁC %%%&%% ‘é%‘gv%a%:%’urﬁ flow rate

pr essire s \iithg aryper oy re oreresny afbras hegspiratory phase

COMPIISRE 1 P We AHSOT R LH(gF}? rordn &3S i
an i n I%Hegprtg-g‘:luc pcr essuorliles?el I&g%%) 1§§ Sq‘.[pply L

314 that can increase an ] : .
r ot &P PP 2316 An F ittt hfe s lesa todkgrg evs 382 lected, the

conegoraiied Was;Alean OXNERRTSONGEULBL AN e W W-Blpened
a rate of 1000 cnB/mn. Further, the flowrate

adj 386 fglde@livrB4dates basnthrans e Lerman imggie the flow
typeaftlowdtatea S8t eindB4%f Amdtirdd t oy ale b siad sensor

a pressure sensor 346 constituting respiratqory phase
et €At I6n SHPEHY. OFIESN Firbia 16 SR W i TBHEHT Sl

sol eéntiettntiypenr aporidranaiiizry alhe matd ng asuppdiyrum

orifl .di.anet.er .of $1.7 The ressure sensor..346

has Cg%%rl élsolﬂ’selynelfsﬁreii’?&tl%géﬂ’(ﬂ %Otﬁgleanvoa e GoiGan Pe
whercenthe 1dres Suwrse dreas dred dna ttien  frraas sthiee Klensarate

346 i f.rom iLiv ressure t.o negatjyv

pr egs?%}g%%g%%%ttéro% niaegg é?tsr,ldaecs Sar 'Oﬁ"rg rp‘_"oti‘entSe %o Eteoneto supply
i nspi saeoyf ishddew Eatteher, the output of the

Pressure g§esef 4 su%%e%%%%%aﬁfdg)\ﬂ axei 2&%}&3’%@&&5@. In

of 20 seconds and the nunber revol ut’i on
rot Big- 9, the oxygen concentration apparatus 100 comprises:

a pressure.swing type 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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val ve 316 is adjusted so that the noving average val ue
is 20 kPa. 15 The oxygen_§q£ply nmet hod was set to
the respiratory synchronous ‘fode by the oxygen supply
met hod sel ection section 370 and the flow rate was
preset to 3000 cnB/mn by the flowrate setting

t] 60, B j hat _th .
copi b e PR B A I g (RO D Qi bor 3425 =
t hertefaste; e Hea losey g s ol c lieresppté ese oty 346

| nSRIdANON Y448 ANy fdheron basede 004 e, TRGind hatrhe

the ratio between the inspiration and expiration of

humdM T i Hagrs S 4ferreampiiseas 22 spkerepdtiams fproportional
SUpR) 4 f ! t 1000 1 0. 7 t

PaP R HWind 4 GtfinaPlon CLACOMFIRRE oty L. The

humordasatdisundcr M6 edway pressdes heosduPindsrdige of 75
buf fer t 3 a.,capacity of 250 cn88 and

D o AR K2 B MRS Sl SoPe ST Al d By the

$1. Pragsute drifder 14mki S2thangid frave pesBverager8dsure to

pre : : Y t, requl f.or.:

t he ragslg{e f oév%%?lagteg 12%1 F}%Otoeofnghﬁ%%%ng(? he su%%?ga (Igla £ ot

f | oWher s Pfrafyoy dFsysfa n) Further nodee t o tspippl 9L | Ehe
SYNYH QU ZA | Qh WA rBZch%r{cﬁesng%Jéé | Do T g XAPASe dfocess of
the flowrate is preset to 5000 cnB/ mn _(%he

sub<lagandss b vwheatremgrern 670 xeig? Hitdonsg el e agetary
pressune of1d hies dfdfied ank 320 dfhdGuddPend Saverage value is

required. In this case, a 22 regression curve that
had “Deetf Sderi ved from data nmeasured in experinment in
advance wWas: wijdareduppicalnmdiad® wis SPproprites erdéperatory

range. wWhile the valv opened once romt.he, preset._ .
ORI i MRt r O e S P i v ST ion
pr essurtd qpuy Grchdartiel edicvonegietvas pedset that 30@6 cm®/min

'ope% t% dJ‘:C_Lloc%»wrserdatr epseq}t:idr{ i%eéct;fc?r?igé(?. ié‘%%erecyaéér?]dthe idea

peri-gdical I'y generat éd neg ressure at
of tthethdded cargar suiRldsdrin fexpatatespi raté ohs wasted

e b g T oo, .
R S R
pr eSOBRd rsdst 346 ath domuler sdvaseh J50Clopefreet that the

andratio between the inspiration and expiration of human

breathing is generally 1:2, the substantial supplied flow
rate was set to 1000 cm®/min. Here, the ratio between the
- inspiration and expiration of human breathing is not
always limited to 1l: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 reguired for the
preset flow rate of 3000 Cn?/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. 1In this case; a



closed the throttle val ve 344 between the full-opened
and full-closed states to supply oxygen. The throttle
val ve 344 was opened and closegzin a tinme range that
allowed 15 the flow rate per mnute that was
cal culated fromthe preset flow rate of 3000 cnB/mn
and the r espi rator rate/ n to be . const or..iLn
Eht o R Tyt B o R e Lot netofpgatd measured
act uat lexpreaiswrred fi omdvaﬂaee pes uwiinlieeduppl cetdctbate an
t he gjgg f 10 ] e ,
t he g \rlflzautgegIO%/Jl netletﬁg%gévﬁémsf %Qe %ie@%o‘ﬁ%lgn%%%?é@ once
suppfyonides pzrnesmﬁ cﬁl@her@‘s@g@md %@@cwmr@*@logﬁsr%%
suppl i ed ;9%4 o Ieg’guf%ep&’l@{ga%{'d éHpchE'FBHQQnetlc

[ .

sel ection sec is time, the throttle

~ val \ﬁéalﬁ@%ﬁ@agmw%sow<ﬁo@m@dcls@swalfe@%twﬂ%w o specific
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rat ej vad Mes TR gsdr B bya 1 é@é\kéﬁ,’é@ ﬁ@ﬁ@iv@ r@@gure at the

t he reset flowrate of

oxy Yad Tt %%%%d&%@s %"el%%}ﬂg% resplratlon

Conmﬂtgﬁm@‘aﬁzaMn Swipph | €de astart | ©fv tme einbpirhadry
n

b
Chemiene, U8 e beLat S aor a1 St et e reati By che

genagrasssware cidrpidr 308y rite mntB@DOS@@Binm n35@Asopened and

esylfeddieactially. neasued 1) o Laley DAL ¥ cpened and

supp con IHUOUS
a stﬁulll-fqﬂrctm sém'jwh; necmtS@Ibplheoxm@sentThﬁv‘ehr@bhle valve

35 14y Fiihs ]c%er?erﬁ OXYgel SO0Gent r ati P aggﬁt%é‘t PRaf091 10owed

conprlses ygen concentrati on neans
sepdrlz dslovoxiafen Fepmbivte athahprassorlqolatpagdr from the

supphi&sad el @l re A3 -0 £S3600 &% AR d R OYa8Ni ratory
concentration nmeans 406; a filter 402 that renoves

dustratimidedq e Heons FarbppPT edin tohiheCadR§geho Pe 1000
conc&ft/idhl, 0N ARe RS AQGmgaS HY eFfiA 1 Adidisdi gy MBS rate

408 that adjusts ress re of the oxy conc at egd

gas BR ghGHiie YaR I iR raeohre Yype tat al&BHEeﬁBbét P/ min.

and f | ow gratihdressik ¥ NgaR@ANShE 18z y@en PEQPPLY gashbbowas set
of f va;ctve 412; respiration , detect

B b i e e LY BT i SR S B RRgen
a madgheaniratd@rgdd 6rvd dasupsl tednestiethuously, by the oxygen

supply method selection section 370. At this time, the
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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10 electrically for controlling these conponents. Fig.
11 shows a schenmatic configuration of. the wultrasonic
type gas concentration and fl @& rate neasuring means
410. Two ultrasonic transducers 420 that can transmt
and 15 receive ultrasonic waves are disposed at both

endsas‘)fscﬁlrdé rkfaarzl?ot{}?e %éﬁtgéﬁéeﬁtfz?éfoﬂ'rﬁ]@ans 406; a

aV|n%{a circu Cr 0ss- ion and extend
| i nédrifer THE dihatasknineves rdnstutee Suded metlaer: rahgegupplied

in adb Qﬂ@&ﬁ@g‘@ﬂﬁﬁfndéhﬁf‘@tléﬁ NRe 42 A6 Oucgéﬂs WEbsure

prod as flows and, in this 20 enbodi ne

ul t NG dradtic t0havialg aadl:‘é?ﬁ%rpr??%ﬁﬂ%n%‘; Bie 4pxygen

kHz demcradoptagbd Tus ta@w@aw@ SENS 0Bt Ao € type gas

di sposed i.n the cin orts of the produc
0o RSy i hidh ralS nde i 1E T acbHd e

pr opagetuiain gret It 1lokhepd o %dﬁﬁpﬂm@rel$£m§1ﬁé?élon
oo Rasedh Moo P A dhSctd 18 8RS0 S s Blhat ion;

average tenperature o oW gy
t hr gugh tivethiawe 42 Znagan Ctmmmlslmedfilﬂ fthetterqmrcacbrmected

var icald1 14l Ef; Mro%%ﬁ{tﬂﬂﬁjfr?q %Heés% (%ﬁnep Fespi T gtnleon

tenperature sensor 424 my Su
det ect i o 1feads #1@vsr &f erddinaticommn Begizatiar f the

di f ﬁl@.&%%b@ﬂl@&?%?”ﬁ§%ﬂfenﬂfhﬂ&?rand o A8} el td Neeasuring

respirati on of user, the main controller 416
det St HdOstart of the i nspiratory phase based on

pressur e Tsii Gttt f rAAdRtdE L 9 BD W efantidnsmit and
pressure sensor. Hereinafter, an effect of the oxyge

condENErIEi S TTASHRISG GLVRT0 45F (HiP WD A Rt hi §11ds of a
be ddser idBed that24ondthen s r@s:msrtatlque Qfa\hhﬁg usefircular

Vel JROFT2oEE TarBs 28 ARG By gaiF ebent P | G rasonic
apparanssiudéeds il attieeanmmercatgjmrarofoptﬂtesetsemaﬂzser in the
oroguce 422" B -EREHABALA By RAL O o, B in enis

pr esspedimsnthe asowlte agas iand rsupplices itavimg tdhecenter

OXY §¢84BARESLEAUIORATEANS RGN the oxygen

Two temperature sensors 424 are disposed in the
vicinity of 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-effeéct of the -oxygen concentration
apparatus 400 in this embodiment will be described.
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concentration nmeans 406 generates high concentration
oxygen concentrated gas as the product gas. The gas 10
pressure adjusting neans 408 can nmmintain the pressure

of the product gas at a specific |evel at the

upstream of the gas flow path on-off valve 412. Wen

the user start nd. t S y; 9 h

product Qe ST arEUR L 1R a2bi 1ag | DR et ach? brieqeted:
nea@mmwm@tt@as hel e aratiofonhef f n%@lvet @l% phaskosed. In
of e WllgeMind it siefd DL gsPioaf of y1 Phase

S detected e rrét;rl?% contI}S% ISer 41 ?cu | ates a

val \FélSRﬂp@rﬁ%@tQI?reth%q&ﬁﬁﬂedlft &%W‘F?da br eBBePARPUHn for

of tARHpIBFatH e 88540y thheo UKEE @@eeeooahénugéﬁatm@
about 20 current ﬁressure of the product gas a#é

ste
by tHERFESSYT 8% rﬁerea‘?ﬁ'%ﬁfg TRANTOUDBE AP S # S‘tlﬁﬁ%lles it
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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 cqnduit and,
therefore, the maln controller 416 sends a signal to
start measurement to the ultrasonic type gas
concentration and flow rate measuring means 410 while the
product gas flow path on-off wvalve :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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recei ved ultrasonic waves is received as an electric
signal by a receiver 428 vi he transm t/receive
switch 434 and, then, sent the mcroconmputer 430.
The mcroconputer 420 cal cul ates the sound vel ocity
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contgllLly 416 determ nes that the output of the
Simultaneously with the transmission/reception of
the ultrasonic waves mentioned above, the microcomputer
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 ultraéonic 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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product gas is stopped, the ultrasonic type gas 5
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the product gas output is stopped based on a flow

rate output val ue neasured by the wultrasonic-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

nmeans for
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controlling the start and stop of the output of the

25 product gas. 4. A gas sgpegy_apparatus according to

any one of <clains 1 - 3, wherein said gas supply
apparatus has oxygen concentration neans that

separ ates oxygen from atnosphere and supplies oxygen
concent r aflealt ghs @baihed 89:product gas. 5. A gas

supply apparatus according to any one of clainms 1 -

4, wherein said ultrasonic type gas concentration and
f1ow rat el meastiryay TiRmLY | 8PP sabsedcompst s tag afieans for

sai dproetithg gasudd 5 valyve. .
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to be a product gagneeRAeNt &ld Q%2 H AR AL 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 oxXxygen 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 valve.






