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.I'nvention The present invention relates to a pressure

"SW ng adsorption-type oxygen concentration appar atyﬁﬁ?ﬂ_m‘13
usi-ng an adsor bent that prefer'egt ially adsorbs

nitrogen rather than oxygen and, in particular, it
relates to a nedical oxygen-concentration apparatus

used in oxygen- i niSFYSEN GIONCENYRARIGN APPARARIS r eat nent
for respiratory diseases. 2. Description of the
‘"Related Art In recent years, the nunber of patients
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the oxygen—-concentrated gas or the oxygen-enriched air

supplied to the patient (referred to as the "oxygen
supply source" in this specification), an oxygen
-concentration apparatus, liguid oxygen, an oxygen
concentrated gas tank and the like are well-known bhut,
among others, in view of convenience in use-énd 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 permeatihg
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 exygen, is more widely used-
‘ Known methods for supplying the oxygen |

. ~ concentrated gas generated in the oxygen concentrat'ion'
apparatus include: a method for supplying the oxygen




26 February 2007 2 concentrated gas at a constant

flow rate continuously; and a nmethod for suppeBghary 2007
the oxygen concentrated gas only in an inspiratory
phase, or in a portion of the inspiratory phase, in
synchroni zation with the patient's respiration. \Wen

t he oxygen concentrated gas at-& constant flow rate

is supplied continuously, the oxygen concentration
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PP lXo .'31‘5156a and Japanese Examined Patent Publication

No. H03-22185 disclose an oxygen supply method for
~supplying oxygen concentrated gas only in an inspirétory
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
‘supplyving method.

_ Still further, Japansse 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
resplratory synchronous intermittent manner described
above. '




respiratory synchronous intermttent manner descri bed
above. 26 February 2007 - 3 Still further, JagaRgsfiry2007
Unexam ned Patent Publication No. 2000- 352482

Japanese Unexam ned Patent Publication No.

2002- 121010, Japanese Unexam ned Patent Publication

No. HO7-136272, and Japanese Unéxanm ned Pat ent

Publ i cati on No. 2002-45424 disclose a battery- driven
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Whi chsanf$:0 46t 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 capn 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 uvltrasonic waves can be transmitted
" and received in the forward direction of the gas flow.
B Assuming that a sound velocity observed in this case is
Vi, a sound velocity in immobile gas is C and a flow




gas flows so that the ultrasonic waves can be

transmtted and received in the forward di r ecisimprty 2007
the gas flow. Assuming that a sound velocity observed
inthis case is Vi, a sound velocity in imobile gas

is Cand a flow 26 February 2007 4 velocity of the

gas inthe line is V, V1 can be é‘xﬁressed by the
following formula (1) Vi1=C+ V (1) Then, a sound

vel oci twel¥2ibp s vbd phenin tdhe Uibe aisoON, cVvivaaasbarexpressed
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fornula (2)V1¥2ECtW (2) Therefore, even if the @Pow
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fol | owigdg1beidglrarhdla @)= (V1 + V2) / 2 (3) Further,
assum ng thg; a. gas_tenperature is T, aratio ?é)
i"§'R

specific he ~of The gas is k, a gas constant

and an average Wbkeefdwy, wyieghif dfha idogaeelily Viof the
i's knowst hatydiiews Otk MalRChE Yol tynvt §8 dHaTelL! 8aase
can be exressm bgthefollovvl forpul a, (4): Cd:MT
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(5 to obt&im Whe é"@brég?e nmol ecul ar wei ght M ofgiuhe
gas: M= kRT / e2r{ifer, Hssspihgrthetaapyss tieftipeheture is T,

measur gd, 085, b§ Bped MAE YRRLNEAL1HAGa LSSt LNGa®fconstant
oxygen and nitrogen, assum ng that 'the oxygen

concenif R iBK AL §VeRage HPLES vedole mth Afeomas S M it
X, a nmhkeetdwar thet gite alouhbieverytgen Ciin Fheafifmebile gas

WDLGCULQﬁ'ggﬂe§B£e§geJIy; @Egrfgﬁiinﬁgzé%rﬁJT% (4):

c = }E&“ﬁ (4)
M

In the formula (4}, k and R are constant and
the value of C can be obtained by the formula (3} and,
therefore, if only the gas temperature T is measured, the
formulé (4) can be transformed into the formula (5} tor
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 mitrogen,
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

'6xygen concentration x can be determined by using the
-relationship of the following formula (6):
32% + 28(1 - %) = M  ' {6)
' Further, a principle of flow rate measurement
in the ultrasonic type gas concentration flow rate




oxygen concentration x can be determ ned by using the

rel ationship of the follow ng fornula (6): éﬁ%’%ﬁ)&laryzom’
X) =M (6) Further, a principle of flowrate

measurenent in the ultrasonic type gas concentration
flowrate -------- e T 26 February
2007 5 nmeasuring apparatus ia s\hich two ultrasonic
transducers are arranged in an opposed manner is as
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its features. Also, 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 iz 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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of the oxygen concentrated gas is reduced, the power
consunption-is also reduced. As a result, in bB&FEASH 2007
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 wei ght. However, in -le-nmechanical pressure
regul ating valve, in which the regulated pressure i's
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by be substantially equal to a response time of the
electromagnetic valve and, at this time, the.
electromagnetic valve may net be controlled properly.
Still further, as is apparent from the principle of

the measurement of the gas concentration and flow rate by
the ultrasonic type gas concentration and flow rate

- measuring means, when the sound velocity Vi in the forward
direction of the gas flow is measured and, then, the
'sound velocity V2 in the reverse direction of the gas flow
‘is measured, in order to cancel the gas flow velocity V
to determine the concentration by the formula (3)-
described above, the gas flow velocity V, when Vi and V;
are measured, has to be constant. However, when the
ultrasopic type gas concentration and flow rate measuring

means is used in the respiratory synchrenous oxygen




the ultrasonic type gas concentration and flow rate
nmeasuring nmeans, when the sound velocity Vi iB8g&B6uary 2007
forward direction of the gas flow is neasured and,

then, the sound velocity V2 in the reverse dlrectlon

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

gas flow velocity V to determ ne the concentration by
the forrmula (3) described abové, -t he gas fl ow

velocity V, when V1 and V2 are neasured, has to be

const afﬂnceHQY\@ﬁ/ﬁfn a SRR WwHLEL AP VReC P S a98S0f the
- concentration a a uring neans 1s use

in the’?@%pl?%R?ﬁﬁfrggﬁéﬁ¥ﬁn5 WH&&@%ﬁbzﬁhﬁéﬁﬁHéF?a%RK}P
7 corfo®st gas i omcsppaaiEitons anahBYed rath eméalmmgtxeeaafs

the axyges WQQE&@IF%eQQ&eﬂ'&‘@ %@aibrﬁ%@ﬁté of supply
uItras%nlc ‘gép gas concentr at Fe
measu DG §’env8‘i”i(€§'§>‘t\7‘é15§fdI%ﬁﬁgelt?eﬁ%tweénmiw@t ant
?Ed sttbptoi reLasplegmertf etrheatcwgm ﬁﬁﬁﬁ&ﬂie&@bﬁéy Q.ﬂ?oyt ﬁhe
ere r at_a neasurenent _error e
soundfb§ %%?#%?Cﬁ%% COE £ 0rnu Sr?ﬁ) aﬁeﬁdﬁ?iﬁ the
Iarge°§#ﬁFnz£9nﬁe¥%%ﬁﬂlpn m¢EaHQnygemeaﬁnnﬁénac@unamelyay
not be neasured accurately. Exanpl e.enhodi nents of the
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the present invention, there is an oxygen
concERTRHAERY aprEens e orpd gaﬁg pressure SW ng
adsosyeplon abppeaowy gempeinognulatiefhic type gas
concentration and flow rate measuring means that. can
measure the oxygen concentration of product gas
accurately,
According to the present invention, there is
provided an oxygen concentration apparatus compriéing:
Pressure swing adsorption type oxygen concentration
means including: at least one adsorption column formed of
a cylinder hollow having first and second ports, an
inside of the cylindex hollew is filled with ap adsorbent
‘selectively adsorbing nitrogen rather than 6xygen;
pressurized air supply means connected with the first
poxt of the adsorption‘célumn and supplying pressurized
air to the adsorption column; exhaust meaps connected
with the first port of the adsorption column and éllowing
- exhaust from the adsorption column; and switchihg means
allowing the pressurizéd'air supply means and the exhaust
means to communicate with the first port sélectively, the




means i ncluding: at |east one adsorption colum forned

of a cylinder hollow having first and second

an inside of the cylinder hollowis filled mﬁ?%@gﬁmyZOUY
adsorbent selectively adsorbing nitrogen rather than
oxygen; pressurized air supply neans connected with

the first port of the adsorption columm and supplying
pressurized air to the adsorpti &n-colum; exhaust

means connected wth the first port of the adsorption
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the aif, agd a regeneration  process n wAEeAtIrEPed by

exhaust shé ﬁgrQﬁﬁﬁ%e§§ﬁFW%e§? FREeneRid® b ordeothemt/ t 0

seFarate the0¢ndu@¢?enmmuhmmahedgkaﬁ ﬂt@eoagiéﬁfndﬂaﬁ the

col u orbent.. _a.condui
IeLeniISICEE End s e S8 Mironope of

comuni cating at its one
t he ON‘SE‘H ehbe st igernearcetitg tefinga o disrieng tédi by the

0XYgeR*poat enncaherh gan. mgeneMloRdthY $NndOr¥8€MNinto a
conceptial iy means fromthe second port into a user;
and flow rate adjusting nmeans provided in the conduit
and adj ustilfy Bake GWinaténgfmepne Prygialedc dncehé radreidit
gas geheidduediny 4 12 o0X¥HeN /FORRE LR hOEOHE&{&atteHegas

oxyge tyation apparatus further conpriSes:
press r%%gguéfne& m%g SO GERF HeReBR2BRe Oxygen

concent r atP8noRiiens cangentrati bovapmtetad] fetimg neans
in tdempe@sesi t; and control neans control l'i ng at
| east thep§ L. Gh means of the oxygen concentration

means and t he Fb&@??ﬁ?§n3aﬁfﬁ§?iqﬁfpﬁ§ fibetween the oxygen

-concentration means and the flow rate adjusting means in
the conduit; and .
control means controlling at least the switching
means of the oxygen concentration means and the fiow rate
adjusting means, -
wherein the contrel means adjusts a cycle of the
adsorption and regeneration processes of the oxygen
. concentration means and controls pressure at the upstream
of the flow rate adjusting means by controlling the
. 8witching means based on pressure of the oxygen
concentrated gas in the conduit measured by the pressure
-measuring means.
In an example embodiment, the pressure at the
upstream of the flow rate adjustin'g means can be
adjgsted without using a mechanical pressure regulating
valve and the entire apparatus can be reduced in size and
weight. Further, in contrast to the.¢onventional
.mechanicalipressure regulating valve, the adjusted




wherein the control neans adjusts a cycle of the
adsorption and regeneration processes of the %E%ﬁaryzom
concentration nmeans and controls pressure at the
upstream of the flow rate adjusting neans by
controlling the swtching neans based on pressure of

t he oxygen concentrated gas i % Fe conduit neasured

by the pressure neasuring neans. In an exanple
enbodipmissureheapries sherged snbetheipsteseane ofard e fl ow
rate acgd Lﬁﬁ: 'lﬂgdr@dml\% 8891:@3 vgfﬁ@ o%de%%hy?lﬁése%s qu_‘ate.
~mechani cal preéssure re ting ve an
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regu! Fleddur@) ¥ o ddiEe A0 Sk S RRRTUA" o T1TE rBouces,
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ot oos BPEEFETy oA Faep o HB A RO ot | B Bo Yenat
reducadabléttine ods$hél aygenr edusatrhbtigowpparatus can be
CONSURRtbRAGeq FAHA/RR the Idpp@rPAld #AYEHOVRIEed in size and
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oxygen conderittreat, i on tdppanat ust chre bespicdtengesymaridioopus
the apparal us,dmy Rstmﬂu%ﬁdwmhsms 2 o‘fehglm'essure
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regul bei eontuadiledcan due opkimilnabéde afid: tehehppessifr dlow
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cont r‘é@l‘@bmapy aady 1B 3 ﬁ?}?@\?edtﬁ?@@éﬁpéé@lm can be

improved,




10 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schematic view of a preferred enmbodi ment of bR§ehrary 2007
present invention; Fig. 2 is an explanatory diagram of
a two-colum type oxygen concentrator; Fig. 3 is an
expl anatory di.agram of a nulti-colum type oxygen
concentrator; Fig. 4 is a diagrafh showi ng an exanple
of a flow rate adjusting section (of a continuous
type); Fig. 5 is a diagramshow ng an exanple of a
flow rate adjusting section (of a respiratory

- synchroni zation type); Fig. 6 is a schematic view of
anot her enbodi nent of the present invention; Fig. 7
is a diagram showi ng an exanple of a flow rate

adj usting section (that is switched between the
respiratory synchroni zation/continuous types); Fig. 8
is a di agr 8RIBASCRIBNIGK LD [TEECPRAWINGEW r at e

adj usting Fag! | On ( LhakndimatSW LB DGt p@@fleﬂé% embogiment
respiratory Synchroni zati on/ continuous types); Fig. 9
i s a hdigt PEeTfingglaRe¥iofi oxygen concentration

appar at us 8sed 3 isexpesipiEmatorfi ¢iagkni of aa swivenal wn
bl Othng%gB M Bnk&sPid@alary synchronization type

gas supply_apparatus, an Fig. 11 is a schematic

bl ock di agFa#n of il &P a%’ﬁ%ﬁaéatgybéﬂ@&§a’éo%énﬁ‘?1&i:?6‘ﬁ°lw
and f ltgwer akgyareasncemgramans. BEST MODE FOR CARRYI NG

QUT THE | 1,,On ' t fter iQEfE
of the pr gge_'t ‘llﬁ\sl'e%ﬁ%{%;ﬁ FB%%B{ eégr]&g%nc}ﬁv%btgg H
ref er &ate adiustdnggeentites (ofy 2 Fadfpret EWPEIE . 1,

.an oxygen edyiCcentkas i dige@mFehswiaigy adO0fddamplelbf a flow
The " BPEBRaR: P Bt S S R R S b it on
type); _
' Fig. 6 is a schématic view of another embodiment of
the present invention;

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

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

Fig. 9 is a schematic diagram of an oxygen

. .concentration apparatus used in experiment;

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

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

BEST MODE FOR CARRYING OUT THE INVENTION

_ Hereinafter,‘préferred embodiments of the present
invention will be described with reference to the
. .drawings. '
With reference to Fig. 1, an oxygen concentration




pressure sw ng adsorption type oxygen concentration
section 110; a pressure sensor 122; an 0XYQ€N 56 Eebruary 2007
concentration sensor 124; a flow rate adjusting

section 140; a flowrate setting section 160; and a
control section 150 for controlling the effect of the
oxygen concentration section-1l0-and the flow rate
adjusting section 140, and the oxygen concentration
sectlon 11 n

concerthEatRbre Jus BrEoH 8,85 F Hrtrerpd ARERERER, jof che
- secti mrelmot al@eatialquPrabéﬁga%ﬂ@éﬁd@ﬂmpollsgtsA a

buf fer zte@@lsré%qaﬁ@r ad SRR B htbe %E:?{qéﬁ‘g:c@&)éﬁﬁﬁatlon

concentrated as generated in 22
concermSAtPBN Yac B’Hewewﬁ?”%‘ér& vl?fbd’xlggfa%een t he
oxygerncaneanerditiani sensectlzdn 4 Il candatdhadivebinatsection
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desc ticul ar
r espi rSectdpn 39 §8’6p¢91€c¥°|1i’11%§/rﬁ9‘?r Sﬁif‘i%ﬁ |°5nt5\f’t‘i’f‘3f9ﬁ§
user &onteﬁmaﬁﬂbhomcﬁﬂm ase afd tthe b emtbandids2Gng

al | Om%ekgl& {dughd W Bx g £ HA8" Qéb%n 110,
anount gen. concent o the oxy
conceﬁ@ﬁaPFW%éc??‘b‘i?rliQQ °6¥9§%ﬁ%’6ﬁ8§ﬁ??’£”e&ens°r

gas gamer ai@dhlyiide rexygeajuadngesécaidnonssedtd airridfed

is intp duce%fbgﬁ%ihaiﬁat ! ﬁ%ufsfern9§lt1£llfé)ggﬁgwéol}grlly

buf f ef a?]k ressure sen
conceRtPEIID PXIEAR d?onFEZ!taﬁ‘qu lgasf %Wrart&f-’enadmﬁstow@en

secti l@am’l\%&%ﬁ%g idiieantu tnal3Be apfbwiidad Betiasal the
cannutlk a e 0 en _concgc (0] (0] Yy
b eRub hiiGe SR SRS B1b o0 SBROR OF hart

t he regivstimye seetinm éﬂomlcm \Fﬁfel @%H%Goiaﬂng B the

concepbiatidy BE1dwle 19X gmm&eenﬁma{ gdsgasx J:E(;scplratlon
Oxygen con ntratlon t he OX C e e gas
Y Ooas SaRtaR B SoBaphifa b oRler ASCRLLA S

r evol uesmrmitdbna tf@#ﬁﬁe@éoﬁh%ﬁuﬁﬁ@: depeh2d allows to a

concepLaaidion §1@Cﬂﬂé3ﬁa§;iﬂurbaﬁa@t@ra@ibrﬁ afBastr &Mixygen.
S B L ARD, SO BT A eSS soblEy 110,
an ad%hbe _mﬂmﬁncmnﬂmtm’a@d i aasf gen@mmdt hy abhe@@xygen
~ FebrugbyeeftQ4tidd 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
& 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 okygen concentrated gas. The oxygen
'écncentration of the oxygen concentrated gas may be
controlled by adjusting the number of revolutions of a
compressor of the oxygen concentration section 110 based
on a measurement value of the oxyden concentration sensor
124, | .
The oxygen concentration section 110 comprises at

-least: an adsorption column that is filled with an
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adsor bent for sel ectively adsorbing nitrogen; and a

conpressor for supplying conpressed air to theggepruary 2007
adsorption colunm, and concentrates oxygen by

alternately executing: (1) an adsorption process for

i ntroduci ng the conpressed air into said adsorption
colum and adsorbing the nitrogen in a pressurized
state to obtain the oxygen concentrated gas; and (2)
a regeneration process for  reducing internal preasure

in t h@EasBeYY itoF EBFET- Y & 8 PhECISY 0gB
- from tchepadsasb ot bopplgegecatgresised Ihe oXyhenadsorption

Concerﬁa%horgﬁgE hggnéfg%egagégﬁé antéﬁHﬁﬂeﬁg executing:

pressure SWI sorp 1 oNn a vacuum press
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sel ectl ve ni ... (0]

o ef oPEHTAE Juh by dadh’ fph (iRdRdep TRy 3R0LEIGd S

cat i oati ncdThediomygeh ororseahpiion sedtien Zdd) mag b@ of an

lithi H?bf% 'ﬁr%s%?@%ﬁllﬂé Jidléﬁﬁ:pt-{ﬁﬁ PR vacuum pressure
[

concentration section 11 gg d mul ti-col umm, gy@
havi n§¥bFe, B8R, °F e &PE- 7 585‘6‘1‘%#&?386?&%‘ YP&:

Fi g. Z2eptrolisigannexargiige of preassorecsing imyphe cxdapeption
concephi@d on section, wherein the oxygen
concentratlonpaectlon 110 BW% co rise;

adsor pti or EoPHREP TS 5oL ?mﬁﬁfﬁﬁaﬁsPP%{RW|ﬁ§1“mn
pr essuenzed farned uphlay mgemmvanwabmewﬁpn%;llty
const kfait 'é&m@%@ﬁusénﬁﬁesadéd%%ﬁtw 3 taC Ek&‘&éﬁ@'zﬁ@s
16 and shutofi ves 18 constitut ﬁ¥

means? e Sedhndoming SOSSLENN w0
erenenismogﬁme Thtsorzebil dhe ared prefererit isonepi e dewing a
of tfkﬁe@ﬁaqﬁpu&&ntc@ ugnéaiflﬁ%n #c AR ERNT B! Stbrie,

eni n C 03|r%% e t hr ee- way
swi tcﬁ?%m\/éﬁ%%t%‘raﬁatbw zeRLi bt X m%@ge 18tk eAs
-appar ent frhenvkygen 2ontbrtaddonpiécn ccoitomsayd be bive
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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 vacuwn 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 adsorptlon

~ ¢olumns 10 can be controlled by switching the opening and
closing of the three-way switching valves 16 and the
. - shutoff valves 18. o
As . apparent from Fig. 2, the adsorption columns 10
have fmrst ports communlcatlng w1th the compressor 12 as




26 February 2007 13 the pressurized air supplying

means and the vacuum punp 14 as the exhaust mggReraARH2007
second ports conmmunicating wth the conduit 130.

Here, the conpressor 12 nay be wused also as the

exhaust nmeans in a conbi ned manner. Further, the

exhaust nmeans nay sinply be a_mykfler for discharging
nitrogen gas into atnosphere. Fig. 3 shows an exanpl e

of a nulti-colum tc}/ n concentration section,
wher ei F& I*Fé‘-"%?%éﬁe @6ﬁc%‘n‘§¥pr%§’tlf“8nm§"é‘é"t i€ the vacuum pump
~conpri s&£sds ahel exaddstymednd faoudr second hresasmimurdkating
Fig. 3); a0S9PEL08,:504 45MS 120 ath&%‘){ $es8hr 21?2mr)aa§ e

constitutin pressuri zati on nmean ns, cuum
const i #3Rd g sexRaUEe AEbaRst Asang mtaawmban mEgner.

comrunmﬁuaig Vhé he:@aebt &mrspfuagnsﬁ@ﬂmew mdfE1eRi Sox
-exarrplée tht g%amyt val ve 26, cgnst swi t chi ng
means TR A396F 8% A"c81 B JL‘&’;m be

swi t ched b@nmea shave awrlsappitenotind mrégene@htmnonype
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apparent fr sorption colu

hove. ancEoRaREASH GRHEHTE ALongORFIAP Ao gﬂmﬁléggo?f Sfour
‘as t hémprrdsseramele af rEiupph yadgormang anbtumitsh@0yagzuum
punp ?c‘bn@:%eEESr@@%Hﬁétf@ﬁ@ﬁgaﬁﬁess&&‘ﬁgt@&! tn%ans, a vacuum

connunlcatl t he condui't . Here,
conpr &4€gr 2 Zﬁoqﬁ;}tiﬂ%l’l%@& apsb I%l%antsheaﬁﬁhaa@ttaﬁ%a\‘ﬁslve 26
i n a conunédatitgnméth dacht hdsorpthieonexbaust 20eanin ndys

si npl %, B8R, e{]lr%r;af a‘ibécf‘@r&lm:ﬁ:n@e@'Ml@gﬁihg?%éans

into the at mpsphere I ent user can_set
out puts°f FBRFr &t adPPB?ﬁ’tc’ﬁecﬂ S Z4n FAP LN R between
fl ow raeeadstiptipn suttiegendfitidly prayesieebgnpbstichect

flow ion 160 may conprise a rotary
L8 (L_ r§€£3%1% V%lv@%

switch (not potentiometer (not shown) the
setting poBftioRPERLHH ERomchiFeshokls IFARELPR yplumns
rate, 2andisbechdeoFir st @ozest comunieating WiG® specifies

th fI font t
fom CRibEEer 22 B SR BED FRIRANLEE Sibr1nd ol ana
The c&her BRCWEE PUBR 25 @Sy Bhgetigast means and second ports

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

- flow rate set by the flow rate setter 160. BAs described
‘below, the controlrsection 150 c¢ontrols the oxygen




flowrate set by the flowrate setter 160. As

described Dbelow, the control section 150 conbikQlegrdafAe2007
oxygen 26 February 2007 14 concentration section 1I0
and the flow Kate adjusting section 140 so that the
flowrate set by the flowrate setter 160 can be

out put fromthe nasal cannula-Npy Wth reference to

~Fig. 4, in an enbodinent of the present invention

the flow rate ad usti ion, 140 onpri ses:

thr ot 19k oatishs Sahhs TG, AP e, £80r A ggalantng
- downstsezddonf 14thesot hhat the ¥abwera32. seheby tHheotflbwe rate
val ve 30 CONEY i38She Gitdnte £ Eof MBI nEQﬁ] f%?llﬂu & nNp
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the \alesentsiledsedn cane ellewyiata sag 04k righ atacuicgeaa;o

sai d r | Sifi
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-val ve el vSOTd beQ%t Y5 &h ?)%hgdogpoeﬁ% d Clw%%.@ (? valve iz

pOSItIOﬂS N roport ontoa rof curren
suppl |O@Gn¢ddmnuvﬁetetu‘»t o Se@qu@ﬁi pqwntqy,sandwhwh the

sol enialive H@ dibewrd réﬁn@l&eaﬁpf ﬁ%pmg IRAPLESS: At

: e e OWNnEl e | I essur e )Y \
{1 ournibare SBY, KBRS PR TIBRAePer e gy 4 ggbenotd

f | owmebenecrtl wheh | fhee coohn@bts@@tmn hlﬁfheandothe dihrottle

sect | @9145030 g swtarsola §@1¢éd<ﬁ@ %?Qe cmﬁg@ﬁl&m valve

current val ue to, said en
1o Hhat alt ppURPLaISE o2 00 5580 SPllye. BEERGH fetiEen
cont r skid hepatedr exd aflosegepesid-iohst ire rdoportien val we

30 S%&H@foﬁ f&%rgéa(g %m@ogﬁswlreat fgorg aheOfboh bl [s@Weion
rate set oW T,

etter | S Out
tanti TEh o o T Aac AT IRt Bt ysenpar Y may
1 ow raterisensohoBXidecsypotflavmayer haydifferdmdial

prOV'99&%§U¥@P%&5§afmd¥&e59§ this@pbl SoryiR! ¥§?§OEfBHme%Er, a
may be di sposed. bet ween t Hﬁﬁfégﬁn concen

Dot T fBesRiotREeEnARe Soppecet duthea)

t hi ngeestrdihatcthen 50w rate sensor 32 is disposed at
an . The control section 150 changes the current value
suppliéd to said selenoid 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 continucusly 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 con¢entrated;gas generated by the




appropriate position along the conduit 130 where the
flow rate of the oxygen concentrated gas OUtQH§%$ﬁﬁH92007
the nasal cannula NP can be nmeasured accurately.

Wil e the oxygen concentrated gas generated by the 26
February 2007 15 oxygen concentration section 110 is
adjusted to a specific constanisflow rate by the flow
rate adjusting section 140 and supplied to the
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Totunise 2y hmu e hncitRepe s Retohst  Bhe BEFSHRL IR
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to the control 'section Ois preferabl sub ec tcgghe
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The cyddcrpafiohhechdssr p0i are axdnected with the

pressurization and depressurization means 22, 24 via the
rotary valve 26, the contrel section 150 can contxel the
pressure in the conduit by adjusting rotation speed of
the rotary valve based on pressure information measured
by the pressure sensor 122.

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

. concentration means, in which the pressure of the oxygen
. econcentrated gés discharged from the adSOrption columns




regenerati on processes of the oxygen concentration
section 110 nay be adjusted so that the pressugaeualatier007
after the noving average process is a target pressure
value. In the pressure swi ng adsorption type oxygen
concentration nmeans, in which the pressure of the

oxygen concentrated gas discharged fromthe

adsorption colums 26 February 2007 16 fluctuates
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' 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 is increased.
Next, with reference to Fig. 5, another example of a
flow rate adjusting section 140 will be described. In
the embodiment of Fig. 5, a flow rate control sectien 150
comprises an on-off valve 40 and a pressure senseor 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 '




flow rate adjusting section 140 will be described. In

‘the enmbodinment of Fig. 5, a flowrate control 2%%5%&%2007

150 conprises an on-off valve 40 and a pressure
sensor 42 that is disposed downstream of the on-off
valve 40 as neans for detecting the patient's _
respiratory phase, and supplieg;oxygen concentrated
gas only in an inspiratory phase or in a portion of
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concentrated gas can be increased.
Hereinafter, an example of a control in such
- configuration will be exemplified. In a2 time range in
which a flow rate per minute, which is calculated based
- on the f£low 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=nzxgq : - (8)
 where, ' '
© Q: a flow rate per minute (cm®/min),




on the flowrate set by the flowrate setting section
160 and the start of the inspiratory phase delgecdbafhry 2007
by the pressure sensor 42 as the respiratory phase
detection neans, is constant, the on-off valve 40 is
opened for a specific time period I n synchroni zation
with the start of the inspiratggy-phase. Here, the

flow rate per mnute can be given by the foll ow ng

formul a_ (8) 8 | ow rate per
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once gnbSr&Rckihat 88tmuigdenends on a pressure
di fference between the upstream and dovvnstrean},5| des

of the on-Bff Y4lve 40. Here, the
where,

Q': a 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 q is caleulated,
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, thé flow rate g mainly
depends on the pressure at the upstream éide 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

. copstant, the opening time range to give a desired flow
rate g can be calculated automatically once the preset
flow rate Q' and the resplratory rate per mlnute n are
determined. N




downstream of the on-off valve 40 is connected wth

the nasal cannula NP and the pressure at the g February 2007
downstream si de of the on-off valve 40 can be assuned

to be approxi mately atnospheric pressure. Therefore,

the flowrate q mainly depends on the pressure at the
upstream si de of the on- off walgve 40. If the pressure

at the upstream side of. the on-off valve 40 or, in
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sel ection section 270;, an .oxygen ncentration
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concentration 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 oxygem 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 follewing, only the




controlling the effect of the flow rate adjusting

section 250, and the oxygen concentration seq%qgﬁnﬂny2007
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 tenporarilyzgstoring oxygen
concentrated gas generated in the oxygen
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B branched line 132. In the variable orifice 56, in which
é plurality of orifices, each of which has a hole
diameter that can pass a specific flow rate under an
upstream pressure controlled to & 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 continucusly.

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 neans. When the mode to
éupply continudusly‘is selected, the orifice 33 or the




58; and a variable orifice 56 that is provided in the
branched line 132. In the variable orifice 56p4iHhruary 2007
which a plurality of orifices, each of which has a

hol e dianeter that can pass a specific flow rate

under an wupstream 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
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oxygen Irn a respiratory SynChronOUS intermttent
AN . WEBE- { heshapeat RRARAEYS Wtk £AEcHgIerimgnt . In
gse|eQH2ﬂ ot hend his@igkhecyatare r88i §@pharatus 100 comprises:

a pressure swing type oXygen concentration sectlon 310; a
buffer tank 320; a pressure sensor 322 forx measurlng
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 vacuumn pressure swing type oxygen
concentrator that comprises: four adsorption columns 312;
a compressor 314 that can increase and reduce pressure;
.and a rbtary valve 316 and that generates oxydgen
cbncentrated gas at an oxygen concentration of 80 % at a
~ rate of 1000 cm’/min.
_ Further, the flow rate adjusting section 340




control |l ed based on infornmation fromthe flow rate
setting section 260 and the flow rate sensor 6@ HeBruary 2007
supply a specific flowrate. Fig. 9 shows an

apparatus used for experinent. In Fig. 9, the oxygen
concentration apparatus 100 conprises: a pressure

SW ng type oxygen concentratiomnsection 310; a buffer
tank 320; a pressure sensor 322 for measuring

pressure in the buffer tank 320; a flow rate adjusting
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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
in_spiration and expiration of human breathing is not
always limited to 1:2.
As the buffer tank 320 had a capacity of 250 cm® and

the throttle valve means 344 had an orifice diameter of
1.7 mm, the buffer tank 320 might have an average
pressure of 20 kPa to supply the amount reduired for the
preset flow rate of 3000 cm°/min (the substantial flow
rate of 1000 em’/min) in the mode to supply in

- synchronization with the respiration. For example, if
the flow rate is preset to 5000 cm’/min (the substantial
flow rate of 1670 cm’/min), the average pressure of the

~buffer tank 320 of 40 kPa is required. In this case, a




synchronous node by the oxygen supply nmethod sel ection
section 370 and the flow rate was preset to 3@%@bb($y2007
cnB/mn by the flowrate setting section 360. Base

on the idea that the oxygen supplied in expiratory

time is wasted and, therefore, the oxygen should be
supplied only in inspiratory_tifyre and, further, based

on the fact that the ratio between the inspiration

and expiration of human breathing is generally 1:2,
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and cl osed n?ﬁe c&%’ gt%{‘]’gd'\s eOYFH EPRRER “E%g‘og was set
ful | -pdhedcanfainuoyls| sutrdyetode aties vhack upp! pxyggmen.
The tdyn@chteatdd \YBs W44 Rp1988"&htaRdocs RSByl Ph@ oxygen
time ra”&% ﬁé%ﬁodaseQectlon 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 setlby 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 continuouslj 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




the flow rate per mnute that was calculated fromthe
preset flow rate of 3000 cnB/mn and the respihkapBfdey 2007
rate/mn to be constant, or, in this case, to be 100
cnB/mn. At this tine, the actually nmeasured flow rate
per mnute supplied to the user was about 1000

~cnB/mn. On the other hand, e%qmgygen supply method

was set to the continuous supply node, in which the
oxygen concentrated s was supplied continuousl by
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t hesef ¥aAHSOREMRS 40FkH2z 13 adeptieda schematl c
confi gur atrwont@ipelri@ure 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 ewing outpﬁt from the micro

differential pressure sensor.

Herelnafter, an effect of the oxygen concentration
apparatus 400 in this embodlment will be dESCIlbed.




ul trasonic type gas concentration and flow rate

nmeasuring neans 410. Two ultrasonic transduc%%q%%ggmy2007
that can transmt and receive ultrasonic waves are

di sposed at both ends of a |ine 422 that constitutes

a test line having a circular cross-section and
extending linearly. The ultraso gc transducers 420

are arranged in an opposed manner in the |ine 422

t hrough whi ch product gas flows and, in this

embodi ment ¥haR the reseRretiatans dikerngeaviiagnet ceieeted,
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gas HFfS Sy&s ad]ustlng means 408 and opens the gas flow path
on—off valve 412 durlng 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 oxXygen concentration or not. The ultrasonic
type gas concentration and flow rate measuring means 410
can detect an accurate oxygen concentration when the
product gas flow is stopped in the conduit and,
therefore, the main controllexr 416 sends a signal to
start measurement to the ultrasonic type gas
concentration and flow rate meaSurihg means 410 while the
product gas flow path on-off valve 412 is closed.
Then, a microcomputer 430 in the ultrasonic type gas

concentration and flow rate measuring means 410 sends a




pressure adjusting neans 408 can maintain the pressure

of the product gas at a specific level at thegpepmary 2007
upstream of the gas flow path on-off valve 412. en

the user starts respiration and the supply of the
product gas is started, the respirati on detection

means 414 detects the start of ﬁ{q_inspiratory phase

of the user. Once the start of"the inspiratory phase

is detected, the main controller 416 cal cul ates a
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navesSArdding MPRREATEHT (11PEsBhi L e vuBY Kelasadi e be
as anredwsstd.ic  signal by a receiver 428 via the
transm t/ 3@ ¥en&Wsh¢Muith the transmission/reception of
the ultrasonic waves mentioned above, the microcomputer
430 also detects temparature of the product gas via the
temperature sensor 424. When the inspiration of the user
is detected, the main controller 416 sends a signal to
stop the measurement to the ultrasonic type gas N
| concentration and flow raté 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 spécifically, for example, the
" oxygen concentration can be calculated by using the
methods shown in Patent Documents 4 and 5 mentioned
above. The caleulated value of the oxygen concentration
is sent back from the mic;ocomputer 430 to the main




434 and, then, sent to the m croconputer 430. The

m croconputer 420 cal cul ates the sound vel oci by FeBrubRE2007
product gas fromthe tine to transmt and receive the
signal. Then, the m croconputer 420 switches the

di rection of transm ssion/reception of the ultrasonic
waves via the transnit/receiyve-putch 434 and

cal cul ates sound velocity in the reverse direction by

t he met hod descri bed above. This calculation of the
sound c@8F&e1+8F #46performed repeatedly till the
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concentration is sent back fromthe m croconputer 430
-~ to the main 26 February 2007 27 controller 416.
Though this enbodi ment is configured so that the main
controller 416 determ nes that the output of the
product gas is stopped, the ultrasonic type gas
- concentration and flow rate neasuri ng nmeans 410 can




measure not only the gas concentration but also the

gas flowrate and, therefore, the ultrasonic ZHR8nd#&s2007
concentration and flow rate nmeasuri ng means 410 can

al so determne that the product gas flow is stopped.
Thus, the ultrasonic type gas concentration and fl ow
rate neasuring neans 410 may-rgpeat transm ssion and
reception of the ultrasonic waves continuously and

det ect the g@lsf Icg\gura%ge each time and, if only the
gasflowraecan etérmned to be zero, the
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column to separate the nitregen adsorbed by said
adsorption column to regenerate said adsorbent;
: a conduit communicating at its one end
with the second port of said oxygen concentration means
and intreoducing the oxygen concentrated gas generated by
said oxygen concentration means from said second port
“inte a user; and
flow rate adjusting means provided in said
copduit and adjusting a flow rate of the oxygen
concentrated gas generated by said oxygen concentration
means, '
said oxygen concentration apparatus
further comprises:
pressure measuring means disposed between
- said oxygen concentration means and said flow rate
adgustlng means in said condult, and '




a conduit communicating at its one end wth the

second port of said oxygen concentration meanse @fhary 2007
i ntroduci ng the oxygen concentrated gas generated by

sai d oxygen concentration nmeans from said second port
into a user; and flow rate adjusting nmeans provided in
said conduit and adjusting a-ffow rate of the oxygen
concentrated gas generated by said oxygen

concentration neans id_oxygen_ concentrat
apparatus further 88’&%’??@&“’;’"‘%%%’&}?@ gsﬁ{;%sﬁegﬁﬁ%
- di spos¥itishingareansarll 9xid@xygenceInaeatirohi oreaesnanahd

sai d fd oW Fabe rAd Hgg{,ggm&eﬁ%ngp said conduit; and
26 February 2007 29 control ,nmeans controll icpj%sat
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rate df“¥e ¥6xyGen concentrated gas to

: : 3. An oxygen concentration apparatus according to

claim 1 or 2, further comprising flow rate setting means
for setting a flow rate of the oxygen concentrated gas to
be supplied to the user,.
wherein said control means controls said

switching means to adjust a c¢ycle of the adsorption and.
regeneration processes so that the flow rate of the
oxygen concentrated gas set by said flow rate setting
means can be obtained. 7

4. An oxygen concentration apparatus accerding to
claim 3, wherein said control means executes a moving
average process of pressure in said conduit measured by
said pressure measuring means in tezms of time and |
controls said switching means to adjust the cycle of the
adsorption‘and regeneration processes of the oxygen
concentration means so that the pressure after the moving
average process is a target pressure value.

5. An oxygen concentration apparatus according to
claim 3 or 4, ﬁherein said flow rate.édjusting_means o




be supplied to the user, wherein said control neans
controls said swtching means to adjust a cyclgrebfuary 2007
the adsorption and. regeneration processes so that

the flow rate of the oxygen concentrated gas set by

. sald flowrate setting neans can be obtained. 4. An
oxygen concentration apparatus gggcording to claim 3,

- wherein said control neans executes a noving average
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at a flow rate set by said flow rate setting means.

7. An oxygen concentration apparatus according to
claim 3 or 4, wherein said flow rate adjusting means
includes a proportional valve disposzed in said conduit;
and flow rate measuring means disposed at the upstream or
downstream of said on~off valve in said conduit,

wherein said control means controls a
degree of opening of said proportional wvalve so that a
measured value by said flow rate measuring means can
coincide with a flow rate of the oxygen concentrated gas
set by said flow rate setting means.

8. An oxygen concept:ation apparatus according to
claim 5, further comprising oxygen supply method
selection means for selecting between a continuous. mode
to supply the oxygen concentrated gas to the user '
continuously and a synchronous mode to supply in
‘synchronization with the uéer's respiration, |




‘concentrated gas can pass through said variable

orifice at a flowrate set by said flow rate2gekbiuag 2007
nmeans. 7. An oxygen concentration apparatus according

to claim3 or 4, wherein said flow rate adjusting

means includes a proportional valve disposed in said
conduit; and flow rate neasurisag-neans di sposed at

the upstream or downstream of said on-off valve in
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‘and, when said continuous mode is
selected, said control means connects said branched line
with said conduit and selects one orifice of said
plurality of orifices so tbat said oxygen concentrated
gas can pass through said variable orifice at a flow rate
set by said flow rate setting means.

9. An oxygen concentration apparatus according to
claim 5, further comprising oxygen supply method _ '
selection means for selecting between a continuous mode
to supply the axygen concentrated gas to the user
continuously and a synchronous mode to supply the oxygen-
concentrated gas in asynchronization with the user's '
respiration, '

wherein said flow rate measuring means is
disposed downstream of said on-off valve in the conduit,

- and ‘ :
' said flow rate adjusting means further :




of f valve during said valve opening tine fromthe
start of the inspiratory phase detected by sagkehruary 2007
respiratory phase detection neans, and, when said
conti nuous node is selected, said control means
connects said branched line wth said conduit and
selects one orifice of said plgeatity of orifices so
that said oxygen concentrated gas can pass through
said varjabl.e orifice at a flowrate set by said flow
" rate §gF?$ﬁb%ﬁeans 9. An oxygen concentration
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wherein said flow rate nmeasuring,neans Is disposed
downstil@¥nrate SBEaFUEALHMEARSF vE™ n the conduit, and
said flowrate adjuatprqunaanaaILwaﬁuardiﬁpdﬁﬂﬂ'uaryaid_
2007 +32chBg! #dig: a three-way val ve di sposed
upstrean1o sald on-off valve in said conduit; a
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phase detectlon means,

when said continuous mode is selected,
said control means connects said branched line with said
conduit and coentrols a degree of opening of said
~propertional walve so that & measured valﬁe by said flow
rate measuring means can doincide with a flow rate of the
oxygen cbncentrated gas ser by said flow rate setting
MEeans.
10. BAn oxygen concentration apparatus according to
~claim 5, further comprising oxygen supply method
selection means for selecting between a continuous mode
to supply the oxygen concentrated gas to the user
¢ontinuously and a synchronous mode to supply the oxygen-
concentrated gas in synchronization with the user's
respiration, and
wherein said flow rate adjustlng means
further including: '
a proportional valve disposed in said
conduit; and ‘ |

r
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said respiratory phase detection neans to open said

on-. off valve during said valve opening time flaahigy 2007
start of the inspiratory phase detected by said
respiratory phase detection neans, when said

continuous node is selected, said control neans

connects said branched |line wwtissaid conduit and
controls a degree of opening of said proportiona

val ve so that a nmeagur alue by said flow rate ..
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11. 2An oxygen concentration apparatus according to
any one of c¢laims 1 - 10, further comprising oxygen
concentration measuring means disposed at the upstream or
" downstream of said flow rate adjusting means in said

conduit,

' wherein said control means controls said
~pressurized air supply means so that an oxygen
concentration measured by said oxygen concentration
measuring means can be a desired oxygen concentration.

12. An oxygen concentration apparatus according to

“¢laim 11, wherein said oxygen concentration measuring
means includes an ultrasonic type gas concentration and
flow rate measuring apparatus having: a test line that
extending linearly; and two ultrasonic transducers
disposed in an opposed manner in said test line, said

ultrasonic type gas concentration and flow rate measuring
apparatus measuring an oxygen concentration and a flow
- rate of the bxygen concentrated gas by ultrasonic waves,
wherein an'qugen concent;ation is




sel ected, said control nmeans controls a degree of
~opening  of said proportional valve so that ajg&hfary 2007 -
neasured by said flow rate nmeasuring neans can
coincide with a flow rate of the oxygen concentrated
gas set by said flowrate setting neans. 11. An
oxygen concentration apparatus according to any one

of clainms 1 - 10, further conpr?&i-ng oxygen
concentrati on neasuring nmeans di sposed at the upstream

or  dewRstF&eaRmehesaid J)Jy@wnré\é@cé}ﬁjr%%n&ﬂ%nirdu&ne in

“said conduit, .wherein sai'd control neans” controls

said SPres<if'i 2é8%air supply neans so that an oxygen
concentratl&mw Apasuy®th [opnsantraiyge apporeiant hatbbding to
MBasUE} At MBANGhEA D6 12 1988k £ & NEUIERE A %&g%& on.

12. An oxygen concentrati on apparatus accor

cl ai nFRASERRTELER 93%iiF JRpgeh ¢ hifceAt Patsd ddowediatei ng
negnsméarminﬁdieSyamm tasasopid ng@egﬁas th‘iﬁﬁfhﬁ:ﬁréti&lﬂ_and
an e ri us having: a test line
t hat £%§ﬂn§? ingg%?%QgPFg?sggﬁ&?%o uItrasgnic o
transducers disposed in an opposed manner in said =
test line, said. ultrasonic type gas concentration and
flow rate neasuring apparatus nmeasuring an oxygen
concentration and a flow -rate of the oxygen
concentrated gas by ultrasonic waves, wherein an
oxygen concentration is 26 February 2007" 34 neasured
whi | e the -oxygen concentrated gas is inmobile in said
test line. 13. An. oxygen concentration apparatus
according to claim12, wherein it is determned that

t he oxygen concentrated gas is imobile based on a
flowrate neasured by said ultrasonic type gas
concentration and flow rate neasuring apparatus.




