10

15

20

25

30,

35

. enphysena, chronic bronchitis an
“growi ng. One ofh ?Hér%%%’tlteﬂlé@tltﬂ/@nth@la’p?snﬁph@dpressure

- 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, tHAGKERYINDf OPaTHBNINVENEIONLS suffer from

L et il skl AT,

for SHGRYy rRE F5d D5y tiy
t her a sﬂ{Q§% afﬁ%ms tﬂ%§%2§$g%é§t§5¥n ggg%ng E@ﬁragus

con t ek yifent eRF?EWé@”l%Jr?llﬁsa§S§é pcaitrogen

s of  ravheaxyganr conepst rai@d DRspeFtihel Hxyges- %@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 concentr.ati a Us..s nlv u
oxygen t herapy. Tﬁ%lu%nﬁ I% zcﬁhé? tnggngeoﬁ/ gé 1en€s that

con€BARfeAL ife?ﬁmse‘eéppmamxy thiztearses saterds anet foa,
sel gaih¥ahYyPEMFR ?%bﬁ% QRN d %éggr t %5 PAEISHEE 1ike has

swi ng adsor pti on e Oxygen conc ation appar at us
t haP ﬁ%egrﬁﬂlﬁﬁsor Qéﬁt of hé?the pogtte edfisictidl e adsersapy methods

nltf@ e8uchn [
e e e RS L Sl

supﬁﬁégﬁﬁyt FBabxFdeRVSc hcePRtdEad Gas igdmekata ¢rygen-

thEC@%&@ﬁﬂréﬂédeﬁhéabkoBxygen enriched air. As a source of
the oxygen-concentrated gas or the oxygén~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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apparatus include: a nmethod for supplying the oxygen -
2 concentrated gas at a constant flow rate :

~continuously; and a nmethod for %upplying t he oxygen

concentrated gas only in an inspiratory phase, or in
a portion of the inspiratory phase, in
Synciyrardrzatd it Wddh dthea pedherdnis £how espi 4 atdbwtinucusly;

When t he oxygen, concentrat ed at_a constant _flow .
rat < S AT Gl 0Nt HLLI Y The Geydan coentratid gas
concenty atr Gm apparatasory piave desk with ha aodtoinom at® the

adj . | ng e C ent r ; :
O S R 2t T S PECLEPLE O LE RS Fhesencts
Thi srédmwatiare. adj uster may be an orifice type flow

rate adJUSter’Whéhféﬂﬂvi§%€§?ﬁ&&§é@ﬁtPé%@@S?%§e§g!§ constant

val ve, and a feedback  t ow rate adjuster using a
f | ovf kot erasensior . supiel ienl | $orelnypies Y ow- Pat @X¥dflist er

has @ tditdddorPfagPa it ces Qfodidderentn di anedRr sate
so that one of the%éal urality of orifices can be
sel @ABPFLF i FHRPHESHY e fPaiPeat eorreer rehed gas at a

pr egst iyt tdnsednt hel spstaean ofthé heaotéhit ce. This flow

The feedback type flow rate adjuster_controls a degree
of G 1S G0 MY (7e Yl Ve iR G 26 fate adjuster,
nmeasurEimantrated ued-hystde ddow ratmesthsoval Fey tdmed, a feedback

50k, PUBLLEAL T o1, D, SO1:133756 The

Jap se Hno% étneeda ClPa
and panese anmi red Patent Pubt i ca .
HO 3-@2uiB5al ity sl an oxlygend Swppdy et hmdpferality of

_SUD%Q’iiﬂQ:éBQZ’Cg@&%%?{ %fﬂng@@rgnéao‘#ﬁ?ﬁgone of the

I NSpI r at or_y ase,. In a portl on , .
i ns@ et phakseriflceynedn ore zael ontef t ot pletain a desired

pat i ey Sr4ESRIAB 1t OFhe APFe Ssu PE ESSI B SYA NGt the u}r)]stream of
adsorption type oxygen concentration _apparafus wit

t hi sthrespiklakery s nkerderchxyges LLepprytageethber

30 Hdddrd i thefegdePanesspdegrbnesd Hiak6Ptle valve based on
Publ i cati on No 2%01- 187145, Japanese Unexam ned

Pat htMeFUHIFRRT oFP NS 20059 48529, Tahe IapEnEse
Unexami ned Paterthd®ipl 7684hOfe None2003nd44b50ent Publication

di S%oo§esglwnf§{l?§é Ca?rlld Japanese Examined Patent Publication
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 7
‘respiratory synchronous intermittent manner described

above.
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pressure regul ating valve having a piston and a spring
35 used in the oxygen supply nethod in a continuous or

‘respiratory synchronous intermttent manner descri bed

above. 3 Still further, Japanesé Unexam ned Pat ent
Publ i cati on No. 2000-352482, Japanese Unexani ned
Patent Publicstibdh NortRO02- I2p810seJapanastned Patent

U d_ Pat P No._ HO7- 136

Jap R b CRe o N &bt Bht PRI TRBCIBRONGICraf fed Patent
2002BuisuPAadisr| hse 20at1 21§10 dr Tepanapbi Veepemined Patent
por t@hl £; OXygen 1@8”01%5‘2 ?%éé’*ﬁ‘z apgﬁl{iagﬁéanéggt Uﬁ%&%ﬂﬁﬁed

the ‘area of activit atien contr
to aﬁ"ﬁt%‘?o?ﬂé‘dlmﬂfwy Mo - I2$%2f@§34 dipcipee ok heattery-

handyr wheh £hei PXYGEH IO SONE e@£§<§éh OB.APRAE RhHSon apparatus

suppl i es the oxygen concentrated’ "gas to the patient;
t he Ph3gep*eonrdenthatdsrr of L t#et1vkyHent cbhecpt FheRl and

gas @@yt ¥ Beuess due 419 HRsFaeadi gRaditythe adser beot) .

failure of the_co centratlon apparatus.  itself and s0
on. The pati en?™ cHMhAt DK drdndr sHRPRcHRAL OFBIen
theremmnémtraﬁi@mtaypéfatwﬂugﬁppbxggeﬂheoazy@éma&m@@entrated

oxygen concentrat.e s _and ther it
esid TR SO 1 e s eero B b rhf g fon ' bt Ene
apparzygrsn wmmmm?cgeggs:ama::enrara]dlucendsen’scmrdé@radatlon of
nea nc on. o
concant rdbeten BRI A Snd EpBe¥HERacig pparatus
conck#ﬁ@kﬁu@ﬂd sersor HEe eenieypi cahhgt ugedams 2 hpufficient
OXY Q&L r HONGENL I af @é\:%ﬂﬁ?rréc@ﬁc@@aéggg&g LEL-OXYEEPion of

concentration of the oxygen concentr at gas, Ja anese

Unexaif ey ¥R ePRNJRINI T8 J o Noangdpopheonapape anut 2ks
-Jap&ﬂﬁ§§ré®§%a@%rE%b*%ﬁé”%hé%@&y§@$'88n5@nt399§0ﬂ3 &ratus

di scl ose an ultrasonic type gas concentration and f
r at & hiehsif | PRY AP S AR L HEF BP M aF RFOT al B | Iﬁ%@%‘lliél%g "the

gas EoREait ¥ at i en oﬂwr&fg@@n byohBentl4fa8054€. t ype

gas concent rati.on and 30 ow rate neasuri ng neans
will be descri Le zlrconla type oxygen céncentration

sensor has been 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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Two ultrasonic transducers that can transmt and

recei ve ultrasonic waves with each other are di sposed

in an opposed manner in a linethfaugh which a product

gas flows so that the ultrasonic waves can be

transnltted 35 an[;|1 received in the forward direction

of the §astyI 8l thasgafi vy Ehat LangodfidVvellocFaty be expressed
obsduyefdhenfbhlSWﬁ:ﬁgebemul/é (a)sound velocity in

i mobi | e Qas |C°, \gnd a flow 4 veI ocity of the gai in

the line i's V1 Ctan be expressed by the foll owi'

formula (1): Vi.‘hen(: & Yogd) vdheaitg QQLtblﬁisé/ﬁlfémlﬁbéﬁ/a:he

obs t r ves_are transmtte
B R R e TR S e I e

can BRVKPe e@!s?é@l%yomh@f tiot | gabnglowr pahabé2pxpy@ssed by the
- VLA 1o efg{.ﬁulﬁV§? if the flow velocity V of the

10 gas i s_unknown 1ow velocity V of the gas can

be cancel¥d b )paddﬁ ng the fornulas (1) and (2) and?) as

a result, 0n|%éf@f§f-’émde\)’@ﬂlofftt’hg fﬂo&;h%im g'\? of the
gas can |, be caI cul at ed %/A’ [ ow nﬁ or nu
F g°

= (PP Ap)UpRnRE) e thereLestim fh*altleag@%\scan be

ten‘flmraj&ﬂree:ilkSyTadqu atm@ mrrﬁ@2§$f(9 head 0%)theq0ass a
an avera e nDIecuIar

_ 1311 A,gas ¢ ({2
vvel = 1 heofg}és '% ﬁ\ﬁ"ﬂ? v OCF(H%N\MC t tRpellpeble gas can
- vel d tqﬁiJ@dJraitehb b ymicod |I@D]gHSNl nf demexpr essed by

t he foll gwi_ng 20C-ffIkR(4) In th
forrrula?iﬂ,:n) i(‘fanglibl a?e constant and the val ue &‘)C

can be obt ai néthiiyhathe a‘srrumlra;(tﬂ)amrw ga:l; hteérqﬁ@raetuiré is T,

only t 45 forrrula
(4) }écét%ecbgﬁﬁéangfor msgf fm@% n%f‘a ) t & HH2S constant
obt di*n R At @@Rﬁﬁeecmlacwﬂalgh/tei\glmtf ¢thetlygasgas Ms M, it

KRT ils Gardid) thEWShd Yol PR focidy (08 MBASUT &0, 985 o gas

is a
can be expressed by the following formula (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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t wo- conponent gas consi sting of oxygen and nitrogen,
assum ng that the oxygen concentration is x, the

nitrogen 30 concentration is 1-¢x,. a nolecular

wei ght of the oxygen is 32 and a nol ecul ar wei ght of

the nitrogen is 28, the oxygen concentration x can be

det S SvEd sy armaigattm in effatdlontsie prbfrasenfol towisducers
formya a(r@aan%@( i 28 bppded MBI 355 Fég tﬂ?flows
a:principle of flow rate measurement. 1n.

ul trasoni c typ gaslicbridentFafmorad | ow r%’ecé (-2 5 described

Measidvey PRA atUSH MUED b3 4§ &SO0H Cthe immobile gas
transducers are arran ed in an op osed manner i s as

f ol PGl r‘fﬁﬂ%%lt(n) dhld ¥ TS GIheRP
abowit adven ibfy tm Sﬂwndm/ﬁigncﬁmlﬂa n(the inmobile
gas 5 is,unk - E %fM/velocity V of t he gas,fan
be obt ai ned b the £ ing formula (7): V = (Vl()
V2) [ 2 (7) ThHéwen, fift h:Ehef | vew etedicid oV Wiof htheagas can be
can [ of t he as ,can
obt glk%ﬁcg %%gcg I%%% f{ﬁ% Oﬁ\%tl gfltyl ng 9%° by a bcer oosbg:alned casily
SeChYoﬁﬁllltalpéafl@fg tie HM ree Ctlmﬂmg‘iemcu‘ralt feregas>f the line
{1 O ouSHMARLOR TEHEJMENTION |1 an oxygen
use

concentrati on Yp ar at i oxygen inhal ation
t her apy, SUMMB&EMt IOFUITHIE TNVEATI6HE abl e oxygen 15

concentr ahi ap %&@@@ﬁlﬁbnd@ﬂﬁ?&ﬂfﬁd*ﬁﬁﬁéf%%Jé)Jgéd in oxygen

redyced_in size and wei ght, the nunber of parts is
desiPBA 5168 tHETRRN ad HESUHIALaK medhaniRentable oxygen

pre&snbenteg&h@hl%@pdﬁﬂﬂﬁ%lﬁwﬁidHWﬁ%<¥E@G¥Fédﬂﬁﬂ be reduced
en concentrator nalgﬁélconstltuted b

p|s 8n3*a sﬁPdng &ﬁ@ta oGS S fgzée51red to be

conkisgiieat Ben poeguiles a 2 efdodiahisiade grexhiditequllfting

f the h formed of b
or  SPARE R Rng ™ Pt g it (6990 VO e 9

appaeandy. cheteftated by ar gerstiom,r eduge ithe iz a’ﬂ:d.ls1ng
1198 2! DS PUARA AL AR S s O S
val w&s features. Also, the hou81ng 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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However, pressure regulation is necessary for

supplying the oxygen concentrated gas to the patient
stably. ‘Further, in the pressureE§MAng adsorption type
oxygen concentratlon apparatus, as the discharge

pressure 30 of the oxygen concentrated gas is

r edugreiing fmlct)ovwrermfrsnmptdmhch sha*ire ot® eci@meeiqu&nsd ato an

resuyl tlﬂghtgﬁ% & ofp {ﬁg ﬁ%% Q%% %ly flow rate,

concent rati on apparat us,
capadit YWt RO SRR aken Ittéhxérlee ollecrw}@e@nmm@cessamly when

appafrad Uso s thes EﬁQUﬁﬁgréQeé'%ftﬁnQ &ﬁéﬂftox§9M§V§I®w rate.

in 35 the nechanical pressure regul ating val ve;
whi RIRPY §Teg it B IPr 653 (RS RS deherpderinre at 'the upstream

mechanitrad |81y dhe Sgecepftd hg @é§i@é‘d Ml Pe there is a
rebouq%# char cteristics of the - ;ﬁé!n and,
t herdt R PTor Tt ol To° SLBRE nde of the
out mlies.wlilfe tﬂmguﬂmumgn wxygenosupph Yothow wates, the

sed nnecessarl

I nc
e appara ustigﬂgﬁeﬁﬁﬁgﬁf fr1 TRy ?Qmps of the
r at @r e Norecrsng iavarderidn ‘ai@h)elﬂxitm prcascsem*eratlon

thel?g&%%% s the ﬁéboé/\é{aﬁ qtﬁee% %dtoasa JesiLge ¢ pLhe

val ereis a l'emin ressureé a
pri mr&%%ﬁnnth@n prees S el neirpA xd n@m@ﬂeﬁe or, in

ot her worgds it e AHRSSUre, &t Eﬂgaé%gﬁéﬁ 0f éﬁﬁblled in

adsorptlon col ums’ of. 't he pres

ads GYRGNEPHEsE 168y gerk ke &%m&wu%ﬂe%ﬁg@@t% Pras to

be satedtrdhtigraitd.c amidrd esHiich e yRAEs CONSUAPLY ORate
may be |ncreased further. Still further, when the

oxy G UST 1D PISaS iR ARG DAY AF IR F P MR tR el S s
I es pioraddadrn day bib =6l egidromgnetns oalues SH &t difa dissdic

20 LMY U AR It M SN A, OVIEN i

el ectfi aiggrdtsict rovalgrestid tdleres upp) ivsbdhowsny eshsrt and,

o0 D5, BRE08, TR Bl 651 S TOmANEL! € VNS upotrean

deperfdithg @depmagmagmanldiuahuﬁur&%ﬂmmaﬁfdﬂmallow1ng a

o ST O UL AR 8, JE8T 500 may
be substantlally equal to a response tlme 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 céncehtration and flow rate measuring

means is used in the respiratory synchronous oxygen



be substantially equal to a response tinme of the

‘el ectromagnetic valve and, at this tine, the 25

- electromagnetic valve may not be controlled properly.
Still further, as is apparent fromthe principle of

t he neasurenent of the gas concentration and flow rate

by cgneeﬁkkaeﬁgﬁlgﬁgxgstggs &Baesﬁhf@h'O%lead rgr@lof the
rate neasuring nea he sound Vel oCi

t he OKBERATr gongendirpéeti 6 oasof lpHangaghitbgahi §hﬁea§,¢iréaonlc
andgybhepast B%nc\%ﬁ‘éﬁ}gt‘_{%hoﬁhhy £Y8u BatBenE8¥RLS8g means
direction of the flo IS neasured, in order to
can¥8FifReV§aY #@6@@&§|8@¢W§6v thg géesinene ehep of supply

con@enthatbgpgam baac%ﬁ&@uked(éhs,dgﬁékbbgé @bﬁY%blEBELH
w_vel oci t when V1 and re neasu

a
hastgsgb@ @8ﬁ§P£ﬁPenﬁoﬁé€8F O%héhetﬁeunG|WPé§8ﬁF§ Fyﬁg the
gasfommuéatrablmﬁyabdcbhemwéayelﬁ&g&uéhﬂg a@eaniebalt the
useg n.the res |ra chr%ngus ox¥gﬁ
contahBrhy FoRCRREAELRY, THaPRr N CENE S ORA PGt ALY
oxygen concentrat ed 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 neasurenent error of the sound
velocity Cby the fornmula (3) may becone very | arge
and, as a result, the oxygen concentration nmay not be
measured accurately. 8 One aspect of the present
i nvention provides a gas supply appar at us conpri sing:
neans 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 concentrati on and
flow rate neasuring neans having two ultrasonic
transducers di sposed in an opposed manner inaline
t hrough whi ch the product gas
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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 the oxygen concerfiration is nmeasured

while the output of the product - 9 gas flowis

stopped in synchronization with the user's

respiration, even in the respiratory synchronous type

gas supply apparatus, the ultrasonic type gas

concentr 0 0 a u

reasurc he. Saen B concont Far n br PRe a Badet d5gs® 952
acc%?%@éYyaPP@RFEFSDES@RFP$F@N OReTHE DRAVﬂREEEang user's

i S BeSEhemBibe; VERW pr@oeﬁ@f;egggdfgmo LERNEN- S%ftbg%ve
present i nvent | on I's an explana y diagram o

%%V%%guﬁnqu@t%9ﬂeg@x§§éﬁtcéﬁ@eﬁﬁpﬁt@PtPFFgO 3thg product

an @d@|§ﬂaé9ﬁMthﬁgﬁaﬁi@ﬁ RifHl thacokummg E%Qﬁ19é¥98ﬁ based
concentrato a di agram showi ng an exanpl e

of ¥ffo ?%Fécgdfﬁ§PiFg section (of a continuous

type): 15tHégga§ sapplglagpaﬂhabQMEagtaare&ampk@s@é a

flo cLate adj usting_section % ﬁ ngﬁ

synchront 2at ¥ o yp?y%%? CRrge™ rFEI8“sé gmht PR GRER Bpasuring

ancmhemsem@mﬂngenwOotltrheopieSEﬂhnsdueetsoﬁisﬁesEﬁgln an
ow n X f 0 rate
2o R AR ER I o, TToCLEPeRf whibbehbe Bt auce gas

resplewas ory synchronlzatlon/contlnuous types); Fig. 8
is a di 0 f e

adi st o SestTon (TRapn ELAERHR Puife hlantBhtungy the
r esPH YA @F yoBg newEeRl zh% | dhvebadi Aaodsteypesyd Fpgbega
I's @rSohernyhs dbROEAM-QF18R. oxygen concentration

apparatus used in experinent; Fig. 10 is a schematic
bl ock d|%@?%ﬁ¢b¥gato the present invention, as the oxygen

concentration is measured while the output of the product
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respiratory synchronizati on type gas supply apparat us;
30 and Fig. 11 is a schematic bl ock di agram of
ultrasonic type gas concentration and flow rate
nmeasuring neans. BEST MODE FERCARRYI NG OUT THE

| NVENTI ON  Hereinafter, preferred enbodi nents of the

pr t i nvent | i | bed. wth.reference _,
to e f r aw{ynggsgé%%n iréef%f%%g%&lti%z?:?b?n 1",”%1% %(?/g%%er S
coricER ¥l o 1 e verpplar dths 1980 Arzbody ngynohraonous type gas

prefgrred SahodiiRnt e LB PESSLOL L PNEPLL 00y cont ration
ng

corrpri Ses as maln corrpo_nent S: a pres re - sw
adsBIDHti A t5afe dIsAEH duhdesnat fam neastiontid ooxggen

Pr essiiehSaNSn 122, 118 [ OXYaeH: %&Qn&é&ﬁ{%?ﬁ sensor
124; a flow rate adjusting section 140; a flowrate

set ti ng Bty &FS@#PW T ohtF PRAEERES on 150 for

control g, the ff ecdhat e PXYPedHr £0PSEALFALH Ofbodiment
sectf %6110 and the flow rate adjusting section 140,
t

and’ B coltémtr &t on section 110, 10 the
pressur e'ispnsorisl 2, el axfigeny CONEerd ab £ 0 SeHsOd 1 umn

12 d t flow rate adjusting section 140 are
4aﬁ%%&J¥§eA g%nceﬁ%ﬁﬁgo

arr ohg a con 130. A buffer tank 120 for

t enpor arfily. 3ticr iary coxyigers vang et a@tad giisa genkt At @l umn
in [.on section 110 may be

pr gﬁe%eﬁo g{gf%a%dxr)o/gen concentration section

110 and EKite f4 ov¢ raatd acidjrusthiowyi msecin oexdmdl @l ohg t ikow
condiid BhstAtg desarided bel Wgh L cu . When

gas for r‘espsi r a.t(% on .ils&gu(p%fiag\é}??%@lsr@%%%ér 8##%){1 on

with thélgser sis fespiamrammbahinaswn ofxatiel oudf ex £low

t ade tR2 Qe d & A0 ] edietd ofed iy L6 PFRXEPMM ronization

gener ation anmount of oxygen concentrated gas of the
oxyg&F )doncent rati on section 110. The oxygen

concent rated @as genairaned Y N8y OKYARMther embodiment of
con%entratsl og section 110 is introduced into a

patifent & e HBtgh the buffer tank 120, the

pressur &isensori2m Wgrhdie ahgany CoOnceMle off a flow
Senale %%%d@%i&&“%ééé%%n (that is switched between the
respilratory synchronization/continuous types);

Fig. 8 1s 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 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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rate adj usting section 140 along the conduit 130 and
via a nasal cannula NP. The oxygen concentration
sensor 124 nmay be a seni condu@ter sensor conprising a
sem conductor, the resistance value of which varies
according to the 30 concentration of the oxygen

concgipdaitats gasm a%mwnto CONGEOEL Btd QrebodNRent of the

oxy n concentrated gas . be controlled by
adj He Y fiHpE d?or? @t | DNFIDEN aco%?]‘b?%%%ora
of tgkmess«ng-aersm@ems“caﬁptorbrsewp@rb;aﬁbzbmﬂcematlon
nea%%{qnent %bue of the oxxgen cog§$$tration sensor

£ &(g&ﬁ%ﬁ%éﬁ?a?%wg orf11grygen
conmqrmmtaiatalceasienm adsbr pd | Hlow atanm ddvaist ng section

fillgthwthan, saeg:c‘t?rrp{ngeé&{or?eifd:,t Lyel yﬁx control

adsor | ng ni t rogen ressor or sup
conprasssien dix0 thon r@rdmlrlpm@rthe:odzmt amﬁj the oxygen

conceMdatias soen &l tergalal ytﬁ%eﬁ%& Nt e (élaj @eing

adsor ption process for introducin e conpressed
ai r S5t aild Oad S8Ypthisn I W@m@qrg 3¢retion 110,

ni t ROGEDHrids st @TEJZ e Bt alife I RALAI bl ¥R sensor
con&gﬂhrated as and (2) a_ regeneration process for

r edd@ G ioh &L G it @AM THE QRS piarbnt 4012k pranged
sepallairg tah%d?nlcwlctgamo‘ r om tier fagls ardigntl Ao ﬂcﬁgemﬁgaéz_earlly

19"k TG EER, SONSEITL O S0 S0 LIOI, B 1

pr esmmment&wtn.@nt yeestiem dantapply ek qndm&a:tawrbetween the

pre%%fﬂ/rg% S\@o%% LR *tlo%epseen Jﬁ%ﬁ%&ﬁé)a Cpg%éOf r“gﬁrs re

t e a sor i"on

-coI @murm)mgompmtg@nam Iadwmpltlhm caretar Jf?drnedxsnf

a MLl Al etala e'ig)wl ' ;.tnbg 2 C%be{:% ' Lherd %}Eagi ?f mgépiration

and the a sor ent ra Ti'ne
nol ééulsaprdilede 1na\s|ymrc}f§:eirgaawrad@dﬂpttmﬂ tysem's

ni t rx‘é%?ﬁrayi'oﬁ Z%‘Plle' W&d SPHLAN pe L}% fz?)oh@lvicﬂgs to a

a 20 netallic elenent as a cation inc
ex afsiEct iegdilamtico Magd mam |qetn«ﬁnﬁﬁzmb|ant@r;>t afd axiggen

|'i keoncthe rax¥ae g aGoREe MyAld Qe dre kA v b dfion 110.
The oxygen concentrated gas generated by the oxygen
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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‘appar en F o

mul ti-colum type having one, two, three or nore
adsorption colums. Fig. 2 Sh?TB an exanple of a two-
25 col umm type oxygen concentration section, wherein

t he oxygen concentration section 110 may conprise: t wo
adsorption colums 10; a conpressor 12 constituting

pr esa?dis”drzt%h‘@ifoﬁ%id&@ﬂv@??n§dsé‘ryﬁ%4%*@fweﬁ4 and a
constltutlng exhaust neans hree-way sSwitching val ves

6 FPURIESIRA of 9" vEHRIREY 180 c%?ﬂ%ﬁ’??%ﬁ?%ga%w tehihg adsorption

rreartsolu'md, dnme&ﬂ@én@@m@ﬁ@ﬁgg@@twemﬁ@ﬁs@tely executing:
el e so tion and %% ener ati on, processes

{s,

of t aad%& Cf%h IRMAs=19 e IR b1Y eliP By compressed
S tacth nign ttdh es aoipe re degp gpidi o | os1ugn oind tmd:tdmrleieﬂgvayhe
swi tg [ es 5_.sh off V,

%9 %gigggﬁéfgeso?% #%n o %%ns 1%§e gﬁ%gen
fi rﬂormﬂrttsratcﬂﬁngﬂmtam@ W t ha t hegeooamressorpi@cass- for
12 ﬂé?ﬁldlfﬁgs%h Pl SUORLYT 1Y ﬁ?@r&%@%{f@nvasy% to
punp 14 as the exhau means and secon
comﬁﬂﬂacraﬁﬁ%dih%mﬁlt%ereoﬁmmttflesmdwl@emt hieo regenerate
comrtessqmel%g@érbecom%ﬁﬁpoﬁsséé@l&%h@mtmwa@é of an

in a canbi ned manner. 5 Further, the exhaust neans nay
si np1RP Qaﬁﬁﬁﬁﬁqﬁef%ﬂanh%ﬁﬁﬁﬁRﬁ%ﬁPrﬁiﬁ%me% @%%uV%tBressure
at meshey eypd,9.013 5housp Bie x| va@furd prddu£sl smng type,
type %ﬁ? en concentration_section, wherein, the ox¥§
con&ER i'Gh Seé |r&}P9ﬁcP%o‘?fp@r?%%%e SR i Hye opdsorption
(f owrolifini.n t he exanple of Fig. 3) adsorption colums
20, a ¢ res 2 constjtutin pressurlzatlon
Teane: o WBCOURO RIS oL UG 10 | SRRt hekhey column
and membetrarfp rvedy @ 26 neomamin L did o 1 teke hpermeability
ads I t 0

o S, U R S the Mo AR iy o0 d 0B dkatine
ads@thlct@ ool heens 522 mv%élmnq:m&ﬂamttmnadm:eptlwty to
ads%ﬁﬁ@d@%nandTmﬁgﬁgﬁ&ﬁF gﬁgﬁ%ﬁga E?tfééfftﬁfhav1ng a

t he rotary val ve . As |s app
ads&¥eildr Cc&ll%@t 26 & sﬁﬁtrm Jfricrlsxdlgtgft sfor example,

- COMBYHicRH i7RP W % N8 ithium 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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20 conpressor 22 as the pressurized air supplying
means and the vacuum punp 24-as the exhaust means and
second ports comunicating wth the conduit 130.
Here, the conpressor 22 may be used also as the
exhaust neans in a conbined manner. Further, the

exhays! TRANS, fBYe$i 4P Y, rad @'t
di schar gi n%‘éhe n?t r ogensﬁwﬁ%wégﬁga?%splpleer‘éaclﬁm pamp
pat i‘ght?orthg pxhatis s steame vud peecPnrdvpeste comppnipating

nasaliganiit acdNRibye theo f | onerat ecget td re§§<§f' PP may be
160. B of exgrrple the flow rate se ting

sectt ($ERAUS T gRedyS sWt%hC?wn%%dWﬂyner

or Eumaﬂ,tlﬂ@t@fhe(m rﬁéwm)mé@esﬁﬁplyr@ep@&hﬁfﬂner for
correspoq}ds to wrate nd the flow

of wh
rate lssecil}arl?%ln%ertjt %?ge.t%og%?)ejcn?? e%trf‘%%pa@?ﬁ%v rate of
t he oxygmg:.on%eﬂtm&t eth gasampl pub £ f & anul he-aebahn type

can 35 contr.ol sect)on 150., The

cont rc}ﬁ; sec(fl on A}%da Fead S?%tm% ov\p?r R s% © OX¥%%H

fl oﬁqrmeélts@tme?rn 188t i diebk rédrapir 1 dbes owg pher&t;bhtyodnf {(four
sectﬂrprtﬁé%;g,g@awléf tﬁa oxygelys oéﬁl&&n&&m fA 190 a

section 110 theflo rate adju ng section 140
so tIHPHIFETT A rens Eletutbhng Her¢s i Fzalelos gieats 169 vacuum

can Eﬁﬁl@@@@oﬁgﬁmdﬂ%@%a%%%w ﬁ/&tg‘ rotary valve 26

reference to Fig. 4, in an enbodi nent of the

pr ewqmﬁ%% Wil §3%Gw Elf%?t%f%‘él}%t?%]g-‘%%c%q on Imothis
CoNpYxiasgsie,a tHY Adda W alaera3Q o ansh & {1 ove s %@l@&ﬂﬁ@@ means
di sposecg_q(}:av\@_betr m of the th]dlttl e_val ve 32.

t hr 6t | OAPri e LOHIN &7 F e %Vﬁla*icla%% between
be tnm/akais@ﬂgsimemrmw ehet-poisii iPrhcédsadhigh tdi€ation of
vaI ]t% o}p ‘Q;&“ etely, and a cl osed position,

in |chc} & i's 'cl osed conpletely; a spring

that urgés Sa thpeaiarﬂ: e‘immerftlg.omhr otlsalaﬁmmteﬂon columns
posi a oi con d w.th ont.r ol
sect2|t0|o(r2f1|1 Ii‘1d¢“ﬁedsfﬁhegjct t‘ll)rortfﬁ O%rtlen %1{)1 ng% tfél% a

sol ewsintesavy FHpar mftﬂ]ara@mﬂﬁﬂtm .'ﬂqvplylng means and

| B SR 250 48l larmnt, bt aesly 58idha ports

opene (O] tl ons 1 n proportion
communicating with the conduit 130. 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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control current value supplied fromthe contro

section 150 to said sol enoi The flow rate sensor 32
may conprise a hot wire type flowreter, a
differential 20 pressure type flowneter, a supersonic
type fl owreter, a gear type flowneter and the |ike

connegt edniv-£ iy i‘&’i 011éegﬁaoFhé591owhfafegnaa9ustmg

section 150 c anges t e current va g
sai °2oF o 44 hasedtiont t Hee f Fbawr speenBasuPBdthestpyw rate

the §éoverai €0 s€nsase IutPueont-brl thhendsgn e@a@ﬁula NP.
opening of the throttle valve 30 so_ that the oxy

concent r af B gBRE®FCRFR ¥P ol Pat &/ s BY ?W%O@+%%PFa?E the

set t;efeé@@t i §n@élrt11pik5n,00tﬂlt1é nEoYs| Yateognihetpagakection 140
cannul a NP. ensor, 32 oes not

t he ate
e TRELEe T BT b Tet Boanet 28dnt of LoKerace sensor
throﬁi$poyaﬁvdbﬁm5tm&amtofnﬁyebEhdospmsedabeEMEEn t Bee
oxy ntratio SES 110_an the I
val EGEOSE AR T St Tge 4o Rar e PREht  Bpar can be
sensm¢V8@l$sb©tE©©@eﬂﬁamp@medappsmploatelposhl¢bnthe valve is

al o éﬁ@ﬁcg iét%ﬁ& whes e, t@f?gég ﬁglffbﬁ ointﬁﬁlch the

Oxygen concentrated 'gas output Trom e nasal cannul a
NP cehlte heasleeer seopteeryy/ Wi BRIing BRygenrges said

concef &t et Aast Gened Ad edh Py EDEsadqlfios PKYERN and a solenoid
concentration section 110 is adjusted to a specif

constAMeFE R Vil Wi tHNEFoly PaFkian) 4sPi n@nds%]&?l pprottle

140 wdySupplheg 46 tdhe a‘?aééf-‘@ﬁoﬂih@yﬁée§§§r€§rt§6ﬁ§9fvalve
122 asures ssure in the condu
rﬁ%

meas Ifl#%lwﬂsml%esebﬂtV%%V%e%%%%n‘is’aetween
and, SMeﬁb%ﬁ\e%mW @@B@i\dﬁl si€suht, éhhﬁr?p@ftﬂbg to a

t n a Ust s CycCl e adso 1 ONn n .
oo P D TR S el b EOR oF R o P oRBES L gsect ion
of th@Ooqu@mldcsmb@mmiﬁiidﬁhseflomnr&ﬁ@ tensont 82l may
the Eéxgﬁﬂ' $ %1”1151’[]% 10, Cﬁ;g '%:L«a‘!}%%e%pe? fieallyyehils

the € sor n and regenération
proqessssub@cbﬁms fEQWMﬁterpressupersbnmhetpmygéhowmeter, a

concen nﬁge 9efodhScharaed {40 1I<Qeceﬁﬁaéyg8 PRIt he

adso ptlo yp€ oxygen concentra
control section 150.

The control section 150 changes the current 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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section 110 is reduced and, if the cycle becones
sl ower, 15 the pressure is_iqgreased. Therefore, the
pressure in the conduit can Be controlled to a
specific pressure by accelerating the cycle of the
adsorption and regenerati on processes when the

preﬁég%feﬁmﬁéﬁg?§999915n'Ee&PEBSag?G aé”%g?ﬁ&%éﬁrﬁBigg

t he essure 1s re e case
of p$E%@Uf€Cs@@mgtaﬂgofb@wgnatypbyokygeﬁlow rate adjusting

concgnLf abh o freang of ﬁiﬂ@&ttoCQEH”BaEXQEt 'Bhéhbﬁéssure

the adsorption colunns 20 are connected wi th
pr esERFORt 1 A BRUSHEDT cBEBFFRAL| &R ﬁ€8n§OEQU1Q41§pa The

the m&D@Fymet V261t he s8ALT 0b §E€tbeﬁti5@ €abtion 150
control the 2% géessure in the conduit_by adju

r ot at%n Rpe thameatar §mearvecpasEd BHepFQQEEPé section
infoxﬂ@t&@mugfgsyreﬁclbyofheh@r@asuzptseﬁsandlzageﬁheat1on
pressure |nfornEt' qgasured tT Bregﬁurg tﬁengor en

122 BhdCeTRen, “sent®td ?ﬂﬁpEbﬂPrSP 4BEfi on ?50°1's °389

pr ef esadyt saibj ect séot Aomovibgtavevayeopr bhespreasthe in the

contLoly ?f&t'QQo}éo J@f;f%%if%Of %hﬁhédégéﬁéigﬁ Rd
regenerall on processe en conceéntration
secta@wpngtnﬂmya@@ a@g%&@e@tsgntpaoceheeprbgsgm@Svﬁﬂaéer:

aft3%¥é§§uP@V6 9 Y €5 eﬁr88§53n5§a§e3ag9§tdEE@ﬁﬁH@@d from

Int press e SsWwn Sor pe oxyge
conc%M@r@ﬁ@%ﬁun%aﬁ%lngna@h@@mttﬁ@ EVE@SQKEGQﬂ fpecentration

Oxygﬁgctfgﬁcfférﬁéeﬁeaﬁéeg'§ﬁ83r9§dtﬁéoﬁyém8 becomes slower,
adsor pti oncol ums. - | uct uat es accordlngato t he

cycl%h%fp¥%%s%ﬁ%o¥%t%%ﬁr%ﬁﬁedregEH%FﬁﬁPBﬁ pFBEeBsgssure in

t he @m@8§@ﬁ@uiﬂ the E@n@@hﬁr@ﬁnedbﬁoCQ”Eﬁ@bh@ﬂc"@k@ssure by

st abl executl t he Vi ng._aver age ocess
v 3% S5 r DiesSVeLn PERbOB FHAOEOFEdE: AR & SRGeneration

Conn@ﬁ@@é§se§%ﬁneﬁhEhéuﬁféssﬁﬁQklﬂZBhbScpﬁﬂahk ithéncreased
P oA SR DO P AL 0L PURTRE g tL! 24 boucea.
control cam bbep@ssebbﬁ pyesxecdt sngnyhedspvphgon type oxygen
Y895 R OEERT LAGLAOLE, L EShUSE PBPORRTfBcn ene
buff&msorptlon columns 20 are connected with 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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120 to suppress the pressure swing and it is

advant ageous in terns of ml aturization. Therefore,

a |l oad on the pressure sw ng adsorption type oxygen
concentration section 110 can be reduced by 15

sel ecting an appropriate m nimum pressure for each

f1 ow;l to vl ange £ d
conce%??tgltalst%n and chl Ftoow r at eé%kfelét))r%@e{he gdsorption an
conéegengred igas PSRk byt ha e asgiyen @bn@éﬂﬂ%@@rﬁ can
secieorohil Ane deigrdndiethl § he, QWA A e moving average

pressurization and depressurization means 20 is al so
det BERICHES -ac dOTHIMRYTHIY BERAADRT TR Tfh panove the

obt gilned uaht iy M h e W@Hd%ﬁﬁ@ﬂtﬁa&}i 1he is
pressurl zation and depressurization %23 ca

P on R G Haa Hh EE SO G ors MBU e g e e g 1t
set t:llllfg:l.@fultme:cﬂcmmtrr&tleﬂfﬁtpﬁtgss&ﬁtﬁlmkiﬁ@ Ast titee stable
25 flo te _of .the ox oncentr
2o orentued B A BN T SR N0 Sowipe average
conpertcestsed gasnare itier e@smi,uatth@mulqumorwntww It

pre I d epr. 0 S

P Bt ARG APPSR TP AR Dot the buffer
exafple tef sxRPBESY dbe artreesaijan%tamgl%emd ok 149 agvygntageous
be ‘iﬁs%'rﬁ%dof' g gbediment of Fig. 5 a flow

rate control section 150 conprises an on-off valve 40

‘and a préssmed genser 1oggl arhdthe PRSP SHidwhstdEarRt ion

of tRBeOBxYlery Aot 1A i JFPART i delEdddd hﬁeduced by
patient's respiratory phase, and 35 supplies ox

Concenerkiog G&s SRRIPHIT HF IMHEPITER GHFS PHER e D 3aFhy £low
por rhee @fetaﬁralmﬁp' r derey, PRse.thEhesgpyer0fdorvddvier#ion and

S | ve el enent that can be 16 vabl e
oI Fley e e h S e s P b e Stppaied by
val taei sm@@med:cﬁmmit&taeimn antta ool aslell posidéosrmimed, the
which,the v osed caqnpl et ring. that
or o SReblE ¥ thd S350 20 (adh AR A on means
andis alsol ei@chje(rmam@bcace:ubmmfgllwe dﬁm raltsectyaie can be

150033%%9 %,Plevaorécq;afnc\éal 21}14&@ evs enog%%ﬁpé dof the

on-o T Wi sai
novp@eﬁ@ugam@tgpgn@md depressurizatlon means can be

controlled by the control 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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posi tion when the control section 150 supplies current
to said solenoid. The pressyre sensor 42 may be a 10
sem conductor type pressure transducer and the like
connected with the control section 150. As expiratory
air flows into the cannula to increase its interna

Pr esgdif£h Mhede &€ US€T v i Set e dh gefpé%@ﬁ@aypwﬁ@&@ndm which
air _.in the cannula flows out fromthe cannula wh

t he ¥ervas’s st 5 rPRFPEAsTIRRE BF§Lphazed & helesagtPesition, in

t he wmsm rtai@rwalwpéla£§ €pdsbe dehpetéed] py éegpirﬂ@gtm&t urges
chansg‘El %g where the pres t he condui
a

130 Ty Hemsttorrea i ciles e Headt oy and a
pr essurenceigh d;cmrd@d:’eazmwmm talse acstiardl nge@'oim 0501 hend the

| NS % PhAs ey baney an the 20, oplputof Lbe deraRte valve

pressure ‘sensor 49 Xygen concent r
can e Wuispl |Seﬁld)nVéylV¢1 ¢ hanemis pi s atovyd masm@ropm@d

port}ﬂc@lt@tor{ %érpslﬂ'ﬁe(aé Qr&fas?‘@ctcﬁ?oﬂ had g élggz%lles current to

patient’'s Utilization efficiency o
concéritt @dkenpid canlie pwmoﬁe@@M%uwﬂ@? aan

exarﬁ@ngcqfn@@w}_t rofpd %%r&%&&&@éé:@amléh@%ke
exe lified. Inatlme range in whjch flow rate per

enegicch Wlstltaﬁ%@q%ﬂb]a%tw t%%of | W regfiratory
set aldy gﬂ’l@ﬁfé Q,\Mtfcatﬁqeﬁﬁiéﬂfﬂméagd | O dbds e aﬂﬁs tislgternal
start of the inspi.rator ase, det ect ed t he
pr e?fﬁ?&“é‘@n&’é‘rergzt}h% Ut%etprle%p]rpr aﬁ’br‘%?%’rfa%feo@ét%*ﬁﬁ%rﬁnd air
nears, the censtdnt ,flidwes auoffromal ves %nmwaﬁe&lfme user
a ecific tlms perlodl nc romzatlon
st a?LIt% gfn tnh nSrllospl Gt q}ﬁ% Berdatthe JAI‘Mtol?ﬁ rJaRSeplratory
per phiasgt €ancdre ke tggatesd oy tﬂmachoitj dx/hmg cfmxnrgéa (B)e point

(ng? ej‘%) ){:h% %?esmﬁespl regtéicgon ta le?di n% %d from

a f Powitdve FUHS S e W Inegdisl v aotessmghetant b@ld/@termlned
i s %@e'&e%t%‘}%%r{gcgﬂogi)nt BEers{orgs I A A 510 SBKE I8 on the

flow rate per
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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5 Qconstant, if the respiratory rate per mnute nis

i ncreased, the flow rate supplj-£d while the

el ectromagneti c valve is opened once q may be reduced

and, if the respiratory rate per mnute n is reduced,

the flowrate supplied while the el ectromagnetic

val ve: i s ddsppenertbwnegcd MRymbg) i ngrgased. Here, the
flowrate.per mnute Q can be given by the flow rate
setting et o-?fat%?)u%%lhegr@% of Fi%y FheetaA@agpetic valve

r espis abpenedgerndd n(tre’) .n can be cal cul ated fromthe

sever al ' time ranqges ,of the jnspLrator hase .

det ect edp{)tsé%egfég%er’esls%r%r Bhsb? %%Eizéh%hti%‘f'olf%?gtﬂ%r minute
f1 oWl rermssuppl il tike | eesheracbeyt rovagnet i minvatyeni $s

ope Y y .follow ng formula

5y - Reaneged ol N e e PR o B PR e

( cnBF R FL oM@ otk viahe, ophecdpeniagg tiae bangeduced

of tiﬁﬁfntf(Hﬁe\5g§53fg£0£§oféwg'§£&t£$h£{@mﬁrf§er%duced, the

supplied while the  electromagnetic valve is opene .
once 1P L34 QHRRIEED ebbhdshenckephrempnretic valve is

di f fogreanee diriaRehd W& diPsic LR aNd 2R dOWNStL €Ay, rate per
si des, of the on-%ff val ve 40. Here, the downstream of

t he BB X &% PR SV Thinect Wk Hes $Risaing section
czﬁnriuﬂta a;sfp aam:ldretslmopﬂeﬁ»s wa@taﬁ@gtw@vméﬁﬁadﬁ@wegi_ellefminute
t he on- \' e ca e assuned to e a roxi mat e
SO 8 PSS ST ot T o b timd ranges
mai Wiy 3@ deseddsitorit hareshre-tadd the tpstpessgsiédesensor

of tjhe o f [ v 0.0 f th ressur.e at the
upstréamqgllegfgfgg't ﬁ%]%onf-loc%‘“f Ji/azrt%es Lﬁtﬁ"re,C?iWJg][enei}he

wor @3 eatifemagasdice vatlve hies expanaf drme bufdsaer Bankiven by
120 the ¢ALLined A9 capstant, the opening tine

range to gi \?e?zgl%gesi F%%Im' 35 rate q can be

cal cul at &d=a®'diatical |y once the preset flow rat® Q

'anqutéger,espi ratory rate per mnute n are determ ned.

- 18 Here, it is to be noted . that, as the pressure at
theQ': @ preset flow rate (cm’/min).

On the other hand, the opening time range of the on-
off valve 40, from which the flow rate supplied while 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. |
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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 accordi ngly and, wheh® t he pressure at the 5
upstream si de of the on-off valve 40 becones too high,
controllability of the on-off valve 40 may be

degraded.gedd) sUCh £Lasespe 1S DECESMFE 49 B8 pressure at the
controlled is set to he a reduced value according to

eac HTESA™ 1963F 12 75 oFpthe¥alvn 4hiss chporaeed; the
I N pEgdriicily arimeanrarkf: apprems | o £APAEityY O e to be

buffer,tank 120 can he sel ected based on the maxi mum
val JEBT &%ﬂoowaﬁfa@tbley qanifup‘m%dt iPEeifRre at the
el ectpimegnetsiclevalverlis apenefl wabee MeXtecomdéd too high,
ref %oqﬁ%ltl%b@l%tyfsfcif tglgé g'@gfg;?fgg‘gadi‘%n% rg%;&&g% degraded.

present i AVENt i on “wi

condeéntsvati o sappartdtup RO aoeoradiy ¢anttdieled is set to be
enb%d'ﬂ&ﬁutc_e%p%déq b r S rﬂéglec‘ae%:h ﬁ?m 10w rate Q'.
conponents: a pressure sw ng adsor ption type oxygen

concent r &tirdhedectinort g0 emp qrtigeaniy e ersort RaPtamn an

OXY G reRIG R ARk SN Ao fr #d OW 1Al e Adlj Ust 1159

20 section 240; a flowrate setting section 260; an

oxy Gt TGP PR SRE KB e R IgHIs st liush 7 Ghearf Xy geate a
concepiplakidowhieet iteR ZhQctaitthaAnflnild AlaSRCt PHZdted once.
for conhrol [ nﬁ %the ef fect of the flow rate adjusting .
section "8%6: HAGN: FETHERRGE dehdeftr & ¢h Ledilioh embodiment
210 oft hbe2brprsensun@veenson 222,]1 e degebed.
concentration. sensaqr 224, nd the flow rate adjusti

section %Eooz}flygegr F ﬁ&éedltrzﬂ%dr?d‘ LEEGTREYS 223;5) Soxdrhg to
buf ftée eabkd2@entoshcempdrarfily. 6 tamprg s@e/,gens main

con ga I din the ox n

conconpPaLRfs973 BERYSE sl STt dutmse pive

30 eepgenteshdent saritdens@dtl;om i@ ssnd e eerfdow 222 2 an

adj usting ' I t nduyj t : | S, 4= ‘

2 d&b@ %SQEEHQF%%Qo% so a%?%é Y ff%%lﬁ%g%)ﬁd%Pstlng

nbodi ment i s con guredsust Tally “sim
t hafeetipng249; axéepw thede tsieitd iabediatdnm 2ddhprasestygen

t he sﬁﬁ)ég?nméﬁﬁgby sBBERR o3el:RCti 0f SeRLi any %Z@(geeé for

swi tching the oxygen supply nmethod between th ‘
confPREBHETatpPNy SREdEE Cand 1lHe agyh ehcomdrs s eIt b0 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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descri bed above. Therefore, in the follow ng, only the
- 19 difference fromthe enbodinent of Fig. 1 will be
descri bed. The oxygen supptyl®ethod sel ecti on section
270 can conprise a switch that has at |east two
positions 5 corresponding to the synchronous node and

coniaar S Th ThEY Hin Pl oS EnBrE So500es Trat Three

pat idracwibeder can select the supply nethod of the

oxygen ¢ g%i: t 0 amdey o

in mhlchQHﬁgq%ﬁaggﬁ cdggﬁ%?$§?e%§b§%9%5ﬁ3§§%§l can
i Nt FIMREEIR 1§ FHiteyndmbnizatfbnlonsh the B@%%tkons

respid@td hbn @ﬂq%ttlf@ tﬁ@néﬂfﬁé'lﬁ’f'éngﬁ’gemodi@ éﬁﬁ?ﬂic@hé h@ontlnuous
oxygen_ concentrated gas is. pp cont i NUQUS|

he d e AT A e WHoun A9 T BAL7LS byoRBgbFS 18 Th T
exanret ré hesdd oo a@@o%usmaﬂgtﬁgcpa@neﬁéoor user can

conpri.ses: flom1 ate sensor _50: a
SoiTiare e T B e RO TP E vhhg onubSs Sicenrgated oas
sen&mtvﬁ&n at s amhﬁdrdmm i32ef hivt wisidoh aticdedx fgem

th 0,V t I 52

and TN TSR HAR (e Sovatr et AR EEL SRet P 1

on- cﬁynqhﬁqnﬂZthnmiwhmhptm@sw$@r5en5©$p15@t1@md and the
that ded. in t :

etz s pioas, [ E i fol] O CBErbn | (fne RERGOES gas 1o

pl urdiiRbied epntineuskach of which has a hole

di amet er dm%hé%&rﬁ?@%&épe&éféﬁo&ﬁ o, rpf e, U"ﬂd%ya@ay of
25 upstream pressure controlled to a constant_val ue,

ar e SXAERRyed e Bl ricErt rad) @ sEng oheChi PR | 40 cappEises: a

di spossd eoncesdidSaldy; mtmié@-@%dy‘hit@mﬁ@tﬁwg 52; an

the disc to restrlct the flow of t
conBhtaLl SR AR Y40 2 r%lfe%w%x%%%%o%%en%rlaf@aca‘aé line

of azesihed {4 arB-Had efﬁc&tﬁl bige sepidih et ZEOH_ﬂBa the three-
o nCor oo THEhes L 1o PR ofoF 8 bt bt Bhe pRaduit
on- aff0 vsd tweeddl tlse openetit fﬁ&h@l@@eﬂn@tth@epﬁ@eshng sensor
tir&%gfﬂgﬁé<§ﬂ§%¥f§6¥%k§¥§¥£ce 56 that is provided in the
_ branched line 132. In the variable orifice 56, in which
a plurality of orifices, each of 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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information fromthe flowrate setting section 260 and
35 information fromthe pressure sensor 58
constituting respiratory phas¥® detection neans. \Wen
the node to supply continuously is selected, the
orifice 33 or the - 20 throttle valve means 33 can be

CONINIER L Ov SURD Yo dhe [ DNAA! S, ACEOEANGLA L Mupe1y o

flowrate setting section
to del¥eiratie grereding whetie odeWh@at%sth@@ysectwn 260.

SythfQﬂDMﬁwérﬁKﬁ'ﬁéﬂfgﬂtQﬁygﬁﬁlééﬁptHeSpﬁgﬂeff@H one from

'~ cont i nuous ox¥ en supply. Fig. 8 shows a variation of

t he Bifoddf L @Yncwronwa hen epBHE et f YRy, Supply

8, td?ﬁifﬂwdc&iﬁlﬁdjwtd%eﬁe&ipﬂ\y24o conprises: a
throttle alv 6 a flowrate, or. 60; and. a :
pressure §eqr1so %?"&Ss T ewjraaftjo??/ %ﬁa’é}ée 1@“%‘?5&?9%@33 Fig.

nmean's. \hertheesmyntinamoust e, to, Smm@lﬁlém rate adjusting
syn td h the res rat| el ect ed e

hr ogtgﬁcggo\zfgl v@p#r&prlcsoenﬁ r ¢ IpChdr% vveen f‘ﬁe 635% H60 rate
f ul Isedy@ted0arihd | Iprdsosack ﬁmmr bas etls arespiratory phase

| Nf QIR Q] rr&azarrshe M 1R & %}g % o toSPPPLY in

informati on fromthe pressure senso
oxy §&R AT o rZ@spl Aratverah @ﬁcmaﬁmrsatiw ek i ?eﬁtjeﬂﬂted the

MNR@rotWIRN d8,dmage 10 HHRUI 1 LPHd NHAUS | thd Sfull -opened

sel ected, .the throttle valve 62 can be <contro

bas &8 %rf Y SiimsehiF tAteR HReSd o rJert@rI%aémrhgfrom the flow

SeCtrlaQré 261 tand. 1tdte afﬂcp\azrf@maaﬁr&prﬁ% tihs Ul surd0 sensor
CIfIC fl M/rate gg 9 shows an apparatus used

for x6é>r iSRRLY |%Yg;-%ng RObOAFEH 3 oHEBTI TG Bh
appanateusn i@ oo mannes: mlepf Gﬁﬁlrn&)cﬁé/\ﬂﬂtg duieL oxygen

t t 3 f
or o CERrTba 35, FaF ey T o B v Phean be
buf tentiranik <30 Wa s d Iocmm&toecnmum Iﬁ}gam st | o4 ta

fl O\[%,OE? %Igsest 1SS S & %ﬁi?g% WK nr oﬁerpspoé%tﬁo Fo supply

ection section a con
350af specddticolfiliong relre .ef f ect of t he oxygen

concent r gt ngﬁgﬁﬁw%na% % %&%éﬂgEJééﬁNf5¥ 'fﬁﬁ%ﬂg

30 section”34 e oxyge BESicent ration sect
is H#ig. 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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four-colum applied and vacuum pressure sw ng type
oxygen concentrator that conprises: four adsorption
colums 312; a conpressor 3T4 that can increase and
reduce pressure; and a rotary valve 316 and that
gener ates oxygen 35 concentrated gas at an oxygen

A, o, DA e DR 0o

Hetst Laval te abiohi and pe frowrat essedsor38442; a
t hr AU & Mal v B4 5 AN B P §FPAL S §EASOF 1 34bneans. The

constituting respiratory phase detectlon neans. The

t hr St Re viea B T stamieisl 22 8 of efol eR@dpetype proportional
PrORz%{Né)r}?Av Thy/ & Ve AN G A AR f%]r%{éf C&r YAMELGL. The
of $1.7 The pressure sensor 34 as a pressure
rreag:wesrsgmearmmﬁr 756 R pihesporatmedeieinderange of £75
press sur.ed. t.he ressure sensor 3

Changbd 1 GHpagt it o' ires R Whe SRR o Brdd oy ot e

I's dgetesmiredasa si4l tinglpoiged of rd0 pheitive pressure to
I NS AV ZL%F dé;ec{eté%@é‘cﬁ pa% ES)fS'Eg]letln(% op01nt of

pressure sensor rgoes a novi ng average cess
of e sevdmide tary tHi“@Slﬁ)nbéﬁ?UJﬁfthﬂéNoﬂml@h@lbtf thethe

r Ot ks HAle/ & 3k %.@dldfﬁie%%éé’s o 18y MRV e process of

average value is oxy en supp%%// met'hod

was etsac@ndie ar@sﬁiheatwersﬁi%hl?% g rotary

oxygen ey inethodflEedd ahasasid Qﬁbv%l?rog bt value is
flo;gO 3(te was preset to 3000 cnB/mn by the flow rate

set F@ection 360. Based on the idea that the
oxygen sup@ it/ddh epplat etetHddewd $ .«y@tstwl 20 atkpiratory

| e PTGy e A Y (Ao ap B G ¥ RE Yt gotion

t he sercatiiom bié?ta/\@&rd tthm i s et i @nwandosxgpdt ate a30@F cm®/min

Iow réat Wwas set
rat |t@abemk&mxmr2$umﬂmerchumremudrmqmy attlmm :crﬁ wasted

buf (Igllrcptr thké}l?;é;%) equ;glt cap% 01#%%@0 %on%hé% ‘SIE]PY in

inspiratory time and, further, based on the fact that the

' h|n raII 12 t ub antla
Supp Ié%l '¥% h%@? Sé nt?Pe idea

ratio 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



the throttle val ve neans 344 had an orifice dianeter

of $1.7 mm the buffer tank 320 mi ght have an average

30 pressure of 20 kPa to supplystthe anmount required

for the preset flowrate of 3000 cnB/mn (the

substantial flow rate of 1000 chB/rrin) in the node to
suppl nchroni zati o t he [esp i rapion.

cxanme ey O T il i Br el i TEPeB O et abh measured
(t heirsubgianinalt 3 fddvwanet ewad U670 zed/ vondaltheate an
aver gg,#% t f t f. 4 '

requi reoi“% ]iel ?%ﬁﬁ:%sggn%g%ﬁﬁﬂ%g@g%s‘?goﬁv%u‘?’%g Bﬁé‘?éé onee
had bewn der mz@dseﬁr ofd dlat va heasud ethe | yeeRpeataent réhe.
advance é{:L dpi»@sgéfggﬂﬁ@gﬁ A é’eréP@&t%ﬁaéhgﬁlc

range vvh ve was o once fromthe preéset

- fl owdkte tdrﬁft%‘s r‘é%%ﬁl@%t%rﬁ? cheeed sroperpafiveat specific
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Pr eSSl & RN ek Wi @4 BLY F 98REPSELE nyghvevehgle¥BSre at the
opened_and cl osed repeat edllag at s$e0|f| erval s

per 10t G 152 1t cEP HBGHE | VB B o35t bl Gt hEC BABRTION-
of tie Nasalraaivud foNRrashathéfécaat sespheaihepirdory

PhaSO® (o R 141051 CHELoFT S BT gt SO ERCby L g Che

pr emﬁwm%,uﬁe Clont coht selt oot BSO &@@neplened and

and t t e e
ful |ngésgnag A A0 PR S 2 w@g@@ Siygeppened and
The ﬂuﬂrlo{qllcaaﬁhlst@taﬂ&wasuppby\e@:mﬁh cI o"@leel thrgttle valve

Ui ey fARGe néﬁ onqt%é@e 16| OV AL e R en¥HHEe%%%owed

t hat was caI ate preset ow r
crrB/’frﬁQ] By mﬁet&emﬁrrat@mf/e thak/vin colpelebpdt HHPM the

preddl SECARGatd be 3000 RVBLM %ndAttHé"“J_&eé];bf‘ieatory
the actual |y neasured flow rate per mnute su

p
to tTR-/SEM e RiotRNIADBEE cnBF ni W2 ?@%C@ﬁ@rogﬁepe 1000

handam%/hﬁnoxy@e;ntslwlamaetm\@scu%qtly tedfered flow rate
conti nuous supply npd i n which the oxy

ono@%r%fébtega%l%ﬂsl%% pbPi Ble Rt n‘ﬂ%%sg)?OUBylpﬂg o’ /min.

oxygen ﬁﬂpmh@'ﬁﬁﬁ@ﬂ BEhert tid éﬁﬁ@é@nsﬁﬁﬁlyAmethbs was set
ti rre throttl e val ve g}?ans 344, was co}gtﬁgl | ed

t hat ‘fh ei‘lcdwtzjén%%‘i‘% TEPREY Rader et YRR 8\/\/‘3%98“
sensgincdtk maed hgas was supplied continuously, 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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preset flow rate of 3000 cnB/mn. Here, when the
oxygen was supplied continuously, the oxygen
concentrated gas was supplired3at a flow rate that had
been set by the flow rate setting section 360 and,
therefore, the conpressor 30 314 was controlled to

gengAtL, ko @ytﬁél%r@ig%&? c&?g&i?%ﬁé)ﬁ'm@;ng 406; a
result, the actually measur low rate that was _
supplild®cditd rvbiis] Benese 3090senBied wdedi o Qo shibnssupplied

a stdd ltHdird:Refereatidmint 2 ©f of et €668 4 AYENLtd O8ure
35 In Fig.. 10, an oxygen concentration apparatus 400
co Jéb“g%lr&%?%omnﬁf?%i%%%%smwwmtof the oxygen

Sepa:lrc_a“tc&mthr@)uégf_ I’gzagszs[B %fddl&:@%@éﬁ%ﬂfﬂ%i@aﬁype gas
supplies the air - source gas to. the oxygen .

L e F R R L AT S L St AR T B AT
dustpriatticiderhs rflidve mitth seppd £ Bdvale t4E2 OXy@E ration

con tratiaqn ns A406; S pressur adj ustjng neans., . _ .
408%%ﬁ§¥9§ﬁ?h§g§§ﬁiéégﬁﬂg%% #%E?%&%ge%ESé%%ﬁc%n TR eEptLOon
gas aasl,priodirdte myasy maitr azoniwllge 46 thaoncentcatnented
and o 1-0W 1iaL8 {NBFSIYY | NG TRANS; , ¢! [gﬁyé:& : flow

pat h é%-oﬁT vaﬁﬁe 415?ﬂ}esppggﬁ%gﬁ“§ﬁ%féc |oﬁ?%%§hs

414 t hat Fd6t-edtls shiewsuserschamspie adoft gwrat idurehethe

a MR rGRNHQ hepeAll d Randsh RSt 8thd 0w rate measuring
el ectricall )él) for controlling these conponents. Fig. 11
shoWsa2Ss@dématic configuration of. the ultrasonic

type gas Teoneamriraaidnar athidwd e e dpasiii Nhn "&ISsmit and
410. Two ul trasoni c transducers 420 that can _transmt
an

d TSP EC & AT S SR Ve e B Hihode Pt prds ©of &
enddieke d22| ithet422drishdtt aenstd s JddeHatime a circular

T neatey-SREER Pl T ST Tino S ot rasepie

i n amwaopposed srdRienrien danddde 2 tdymgid Widater in the
o o945, 855, RGRnlh D8 BPLIR Bl in gi
kHz emboddopnéd. afwo ltewmperdtcurte ssenBares 4247iare a center
dis@?@%ﬂeh@ytg%'40 kHz is adopted.

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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vicinity of ports of the product gas so as not to

disturb the gas flow on the ultrasonic propagation

path. The two 25 tenperaturé sensors 424 are di sposed

at the ports of the Iine 422 so that an average

tenperature of the product gas flow ng through the

line 422 e | t varjati

t he produc g%%@}%lg%?b%? o%%é g%%éjteejﬁ%eﬁr@% u(?éelté)éted'
senddre 42pdmyt sy | Teow IrtTheoneshf raelom dbtettiobpsed. In
means, ¢ Lk WY &1 ARt SOMR SESp 2 D1 65 0a 6 f f ey entisal
pressure sensor. In order to detect the respiration

of tiERisAtigheofreihe Wi riof |detadeedet betreppration for
st ardugf1 gy | SR 4 4 OF Yo RS HRs et O r €S8H) ethe

Sw ng output  fromthe mcro 35 differential gres ure ,
sensOFPHEF T hat e rPTeFc BFFeRT oS t FRlbX§gens an supplies it

conaeNtyrad | ¥y gap pedadarst KOO o rhidd$s eabodai@nthav dygen

be described., - 24 \Wen e respiration of the user. .
is ﬁ:&“coeé}b“e‘&teb‘fn T?Pe“%r%‘%c‘ie a??%m?b%‘?hc%lﬁg%?‘%ratlon
val weriieh icordasetktdd gddhaoxyigenprodeent gasi onThe gas

gppgrt%ts§§1r4eooadidgéi eme%r{]sSptjsdétéé)l{ﬂ I%ilti{lgiﬁ's@ieiyﬁressure of
et ected, i n preparation 1o0r suppl yi ng hecéssar

pr odinst rgasiuar tgws ustery spveciTonptessbrayodhe upstream of
PreSHY | 015, SENE e gaseAnd, SHppl{gs it to the

oxygen concentration neans 406 and the oxygen

concent r &thesh heanss 406ty atesp gl eoncedt e oppply of
OXY Qe GANCARMY aled gassasddie, Arpducds9esat 168 @asedion

pressuré a%stl ng neans 408 can npmintain the Eressure
of MG %r detprtatthe sferi icf | el 1ngPt Retory phase of
upstiramgdr. t th@ascid oyepat b oreid fivabyveadd2y Whese is

the user starts respjration and the su f the
pr od%ﬁﬁe%cﬁi sthe dﬁ“%éﬂ,cqwqje]s%’f r%}go‘gg %?ﬁﬂ:‘?%na Yaglve

meanrpehlihgled Bed srddiéi sddrio dughey | ASPrésdor ymphaseof the

of the pyser. Once the start .of the inspiLrato hase

e e e e e s A

val e rxerenipge s uee refuiiedtatisappyys aagl eseedanpunhe gas

g{)oté{]r%s urroeduegéjtgsatsirgcf rrtlehaensusﬁ{B bﬁrﬁ?gdo;%]nls nE}% “83& 0P ow path
on-off valve 412 during the valve opening time. Then,
the gas flow path 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 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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20 current pressure of the product gas adjusted by the
gas pressure adjusting nea 408 and opens the gas
flow path on-off valve 412n%%rTng t he val ve openi ng
time. Then, the gas flow path on-off valve 412 is

cl osed and the above process is repeated. 25 The

Oxy%mﬁgﬁc%tEﬁéﬁ&ﬂi@pﬁ%%%nf@%éﬂé&gl %gve?a?léiver 426 so

ul trasonic type gas concentration and _
neasttd hPreeahstaa out brageet @i heanpdeperst Ae0proticted via a

gas exeeaist /4@ PFESeli OXY 0884 CORGeRLAALL PP PheNQtcrasonic
The ultrasonic type gas concentration and flow rate

meastRY5y medHe AHerBCEahR@ctbbiaapnhe chFareduexgEent 20

concste e O vdetrdheni Pf SAUEL t BaSohl OWh S St 9p@EEhE N
the condui t ore, the main, controller 416

a t her ef ,
sen:f%f%ﬁ%ﬁuﬁEﬁ{Fs%ﬁ%ﬁtw S8 ut Bnkbrret BeE nes Ui r abenf e
t ypesigasl doncenteat i onr adzis f¥osv tlad et nRaswt £ NgeSBBAS switch
410 j | h product flow path on-off | ve
112 1Y o DS L P R B s B 445 Y Orne
ul t mEsBrfeen e a2 0 conbantates orhansbindwebbeity in the
Measifd NEATRANS Al SENIS: Bne 225 S) iY% oartlcﬁaf]ég%}hve the
ul trasonic waves to a driver 426 Sso at one o e
ul t B transducers 420 selected via a

transm t/MRGEI e S Wil A3 ey t4ANSdi 1+ dhes the direction
ultrasonic waves. The other of the ultrasonic

t r affed (CEFSTYFP /&S SRS Ah e | ridi it Rap ¢ dedree via the

VeV &g aaithiit)e e delGRI VREL tiH rESONH (g WaVESul $t&£CERVRE velocity
as an electric S|%ral qX a receiver 428 via the,
t r anshi EEIRFE SWHIEF T2 Rihd R msEhed et erira above.

m crivdeTmatlen 1430 onThe HHe rQaomm ukelio iy Cod Gl 2t ®Sned

t he nd vel oci.ty in the 10 product fromthe tinme

to tr?eg)n%sa%etﬁé’ng:ﬁlﬁcéﬁ e Jtr]'?é)l]psﬁtglﬁﬁf 0 Tﬁéhe, Wt 1S detected
m creochrijhet eyas4 20 cemigtadtte sorttef fliveglotd o112 of s opened. A

tra 1.S51.Qn/ T t f. the ultrasoni c waves.via,the
tra%gﬂrtsd rlcet%io\%g%%vﬁct%ghaotéff A T Tt e LIS A1 averaged
vel 661 thhats & medse remeerts e iaectfi dindysdured et hodity can be
desciifed above.  This calculation of the sound

velocity I s performed
o 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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repeatedly till the inspiration of the user is
detected and the gas flow path on-of f valve 412 is
opened. A plurality of cal&ulation results are sunmed
and averaged 20 so that a measurenment error of the
sound velocity can be reduced. Sinultaneously wth
t he ctdsratnsmEé_tomegecepti on of the ultrasoni c waves
ment i onedl; abovlge he m.croconputer 430 al so detects
t enper at ur& oI ¢ He! {imeRtyvig FRet 23U edpes atlid e the
senmimzdonmmemeum&mt@tmpﬁe@fthae t8€loutBut of the
det Sﬁ{cﬁ controller 416.sends a SI nal to

e rrea ur erre

sto nstt?p&)? WPEr ASbhFEORYpet R 92s
concEntgenti ot iond v e erant—:asmeam@rmﬁa@nma&i@ 41podan

t t 4
ol ot Ao MR M Me PR L TETRE i iRe goe g2
f r orhtIe FhmPIvbl ddiasefarke t hehprobucisgase type gas

ten’[&ﬁfrﬁié—i{t@:aﬂf&ﬁ{ #HE ﬂ%u?%!;éa@?\/bl}hégﬂﬁﬂa %@%inl];@ can also

for %) rrentl oned abov res i ca
exa %MQ%W% Ehai bies cﬁlm%ied Thus,

by Wdlglﬂﬂl%s%ﬁu@tﬂ'ﬁiﬁ FNOWb de At 20 o POGHITBIL Sy drate

.and 5 nent.i oned aboveO The cal cuI ated val ue of the

oxy §&iFS | LagedicRnatk FramtiRsion and reception
m cpcfcdrmmmﬂrt:r_mm@ twagrgBidbrrt Bucu LNt | Rt AlS the gas

Tho [ onf gur.ed that the nmin
con#qol I maﬁ.‘fl@a&g‘[ g‘rglﬁlient!g‘é1 tcﬁél% s}]ﬁjtgao? fipw rate can be
pr odete ryaseds tst mepe;cé,rot h&hﬁ tcrzqsgm Cdipaigas ion of the

Congg%ﬁ%lt %%nl %%%e gas &I)lr%ce (*Jgaltr}ncgﬁ:r%lans 4%38[3&}?@ oxXygen

gas Coﬂp@wtﬂfattéoalnmayt ber sfeorte t d Hehaulrarias arint tojfe rgakl 6.
concentration and flow rate nmeasuring neans 410 can

also determne that the product gas flow is stopped.
Thus, 10 the ultrasonic type gas concentrati on and
flowrate neasuring nmeans 410 may repeat transm ssion
and reception of the ultrasonic waves continuously

and detect the gas flowrate each tine and, if only

the gas flow rate can be
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determ ned to be zero, the oxygen concentration of the

15 product gas may be cal cul gt.,ed and the cal cul at ed

oxygen concentration rmay be“sent to the main

controller 416. - 27 - Wat is clainmed is: 1. A gas

supply apparatus conprising: nmeans for detecting a
user's re¥pitai$onlaamedaiproduct gas flow 5 path

on-of f valve having a function to start and stop

out put of theazﬁroduct gas in synchronization with the
user's rekpirati s buseRil vrepPdsetesi opmpessing: saéans for

gas @@W&tylr@@p@r@éé@ § urd raEi)gHr | $h89 5@38@' &as flow

type gas concentration and flow rate neasur
near%aqﬂév‘?rh gof ’aov%ﬂ‘f‘? dSORRT t2 aﬁ%@%‘éé@@ P s@b@-‘e’d almd astop

oppasetbuwBNErthd giheildinegd r ouoby, Nk £5n 1 £ her oY 0&9’}}1‘_3111 the

gaslkgoms ngrel gﬁ%%%%ratlon val ue measured

when $ai ¢ gro q§5§1 PR tprAtien dereihined

to 15 be a pr oductsaglas gmmcsamljsaylgspaﬁatlfs oSy Spp| Y

app to .cl

detgfrm nedﬁqﬁgtﬂtﬂ%spornol afty%easg%%t%?ﬂc?%tr%?ijo?}be%nd flow

basé@ﬁﬁwm?dﬂuﬂmﬂanBanﬂthVAHﬂandnn&mwaxbﬂmbtﬁkhnsducers

ul t g nd .f |l ow r at .
BEYY Ld YiRe agla%gg%s%‘eﬁqgrg ﬂ 1rb\dcgha%%ﬁrbepl1§1rough which

measuring 20 appar
appan&t L OSMEHT g Flowsai m 1, wher einit is

determ ned that thegnrQRJyct gas, QUi tl&h-§t ef%%asured
base on information fromthe neans Tor contro

t he "SEZr 5331 PEOGHCHf ive odmpit ot sttr@pezszmatﬁr@trmlned to

gasbeda ﬁr@a@c&ugﬁlsyc@mn%tﬂé%l%ﬁpor ding to any one of
clainms 1 wherei n sai d gas supply apparatus has

oxygen cgncenlp‘r FPPo R IR ANs ARt SR e Fard ey Do e fHlemm 1,

at nohplreie dnd 1&Uﬂ@kb@&1@é¢9%@1aﬁ:®&@ﬁr‘tﬁr@cﬁﬁtg sa%dﬁiﬁht is

any S5 3E8ER BERerony CH B, PR matm@sm%@x?% by the

gasultrasonic-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.




concentration and flow rate nmeasuring neans is

di sposed upstream of said product gas flow path
on-of f valve. 35 - 28 GAS SURPLY APPARATUS 5 ABSTRACT
OF THE DI SCLOSURE A gas supply apparatus conpri sing
means for 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

synchroni zation with the user's respiration based on a
detection 10 result, tlﬁ@&ﬂﬁkﬁpﬂ\fﬁ%&w&us further
conprising ultrasonic type _ci;_as concentration and flow

rate nmeasuring neanséaﬁigﬂg_%lﬂﬁtﬂlﬁﬁh@&ﬁﬁansducers

di sposed in an opposed manner in the line through o
whi ch t hé gasoeHpply srpsratusgempliFiag alagng forcdaiedingratisasis respiration;

val 884 geaedictgagen pati en-pif yalve hayag adunglion tp stast ayshetap output of
i s & RefFps ipsypehranigatintuwith fiesusassdesriradion dased on a detection

10 Fi g[ﬁs(ylt,lme gas supply apparatus further comprising ultrasonic type gas concentration

15

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. '

Figure 10



