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supply source" in this specification), an oxygen
concentration apparatus, liquid oxygen, an oxygen
concentrated gas tank and the like arxe well-known but,

- ameng 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 permeatiﬁg
oxygen is known, a pressure swing adsorption type oxygen
concentration apparatus that uses an adsorbent that
preferentially adsorbs nitrogen, and that can provide
higher concentration of oxygen, is more widely used.

Known methods for supplying the oxygen
concentrated gas generated in the oxygen concentration
apparatus include: a method for supplying the oxygen




and a nethod for supplying the oxygen concentrated gas
only in an inspiratory phase, or in a portion of the

i nspiratory phase, in synchronization with the
patient's respiration. Wien the oxygen concentrated
gas at a constant flowrate i+~ supplied
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mannelNe de¥d-18ed5¢ #yely dap@nese 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 adscorption type oxygen concentration
apparatus with this respiratory synchroneous oxygen
supplying method.

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




Still further, Japanese 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 Unexan ned Pat ent
Publ i cati on No. 2002-45424 di sel®se a battery- driven
nobi |l e or portabl e oxygen concentration apparatus

t hat ext ends thgtgifafugfth@;;tl ﬂa}ﬁeeé [Srfé%faﬂilf(lé

cont ri but es tqQ an_ 1 npr.oved qua
the ot REPLfATdonuliRN 2008 -8Rt eem%ﬁﬁ Paﬁ?*%’hlnEd Patent

ap|toar arusliagiibnheso t moaxygmmonapMéeaet @fex@htndd Phbent
pa 'en?ratﬂ%\t@éxgﬁ@ Hnceaks %pdogaeéa%% °6X&?§Pne9h

concen as nmay reduce I on

adsor bBatent gup{g;@ai'd:pnt Ne- C%Qﬂ?éﬂﬁﬁ%t‘i capparathastery-
i t sel f danekrs moBile 01e ppat dieTd d&@ﬁ@@tc&ﬁbﬂtﬁa&on apparatus

suffic hera t| ef fect . wit ed oxygen
concen%ﬁ%g |e5‘tr11; a¢ % a%e%% &5/ ﬂf (;tdgge %e%% and
t her ef eprtributes taesi iaprevad apabifdeft hef%)xgﬁ;@éd

concentration a@;pa_r}@t gﬁhewﬂﬁdanw@éqyg;@,@ 5 tration
sensor for concentration of"the o
§EaELon ]

“concentFsag \ﬂ%ppgaiéusz iSUPBALSS t%eo’é&%b ﬁoncggtrated
concendasattioohhe gErident hatshd eawgey mmbyrm a€ the

oxygerbxﬁ@ace&séaiﬂrgeeaegaorma&%em Hﬁé NG, IRGrA4YOFsh of

concentration en CO centr at ed as, Ja ahese
Unexaniifed? Pﬁ’f‘é‘?ﬂt' PEB iofnt C%@Qt%i‘%(ﬂ’z aaﬁaratus
JapanegsselfieaatisvegnPat Bird pRthent atanant Nebta2AM03- 23660 Lient
di scl 03R 2Pt id RFPREC L MRE rgaac&g %&95&5 aéan%nesagtiérfwf

rate nmeasurl n% appar at us. Hereil na a principle
gas comGeREYEET SOPCRREERRShEAE B I‘?Beﬁﬁ‘?’%%oﬁ?:clf ype
gas cclesémbbhd itwnpaodidd [thw paygemeasdertngtieansppaddtus

be desgribed ox%n“l:&‘i@aefﬁ{’c'}'a‘ﬁlbﬁ %@BE%& %UE?’[‘]%ﬁq

transn1t and receive trasoni c waves eacC
are dicopeserration gh m&emwnpﬁafﬁq i3+t hr ough
whi ch a productwhigasa fﬂﬂ\mnsa thad okigenildoneenbigtion

vaves £A0oDhdd BB Lhfila1300,LEPSLVERL IR T orvar d

di rect’i on of Assum n sound
vel occhC%‘%J@rt\;L@a NI §°§a§%afi‘§-‘lﬂ§’1th% ozxygad
vel oCichyicetitidtiohi b GRS ok§gbn altthcanta¥d gas, Japanese

Unexamined Patent Publication No. 2002-214012 and
Japanese Unexamined Patent Publication No. 2003-135601
disclese 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 mapner 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 € and a flow
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velocity of the gas in the line is V, V1 can be
expressed by the following fornmula (1): V1=C4V (1)
Then, a sound velocity V2 observed when the

ultrasonic waves are-transmtted and received in the
reverse direction of the gas flodv €an be expressed by
the following fornula (2): V2=CV (2) Therefore, even
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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 1s measured, the
formula (4) can be transformed into the formula (5) to
obtain the average molecular weight M of the gas:

= kRT / ¢* (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 melecular weight ¢f the nitrogen is 28, the
'oxygen concentration x can be determined by using the
relationship of the following formula (6):
32x + 28(1 -~ x) = M ' (6)
_ Further, a principle of flow rate measurement
in the ultrascnic type gas concentration flow rate




are arranged in an opposed manner is as follows. By
using the formulas (1) and (2) described above, even

if the sound velocity Cin the immobile gas is

unknown, the flow velocity V of the gas can be

obtained by the following formula (7): V= (Vi - V2) /

2 Then, if the flow velocity V of t he gas can be
obtalned the flowrate of the g c
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weight of the oxygen supply apparatus, it is desirable teo

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 ozygen 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

. & 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
requlated pressure is determined mechanically by the size

"~ of the piston and the rebounding characteristics of the



optimal output with the maxi num oxygen supply flow
rate, the power consunption may be increased
unnecessarily when the apparatus is operated with a
smal | oxygen flow rate. Moreover, in order to adjust
the pressure at the upstream ofgthe flow rate setter
to a desired val ue, there is a problemin that the
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S5till further, as is apparent from the principle of

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

means is used in the respiratory synchronous oxygen




concentration apparatus, wherein the flowrate of the
oxygen concentrated gas flow ng through the ultrasonic
type gas concentration and flow rate neasuring means
varies very l|largely between the start and stop of
supply of the oxygen concentrateé gas, there is a
problemin that a neasurenent error of the sound
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Accord@ng to the preseﬁ@ invention, there is

provided an oxygen concentration apparatus comprising:
pressure swing adsorption type oxygen concentration
means including: at least one adsorption column formed of
a c¢ylinder hollow having first and second ports, an
inside of the eylinder hollow is filled with an adsorbent
selectively adsorbing nitreogen rather than oxygen;
pressurized air supply means connected with the first
port of the adsorption column and supplying pressurized
air to the adsorption column; exhaust means connected
with the first port of the adsorption column and allowing
exhaust from the adsorption column; and switching means
allewing the pressurized air supply means and the exhaust
means to communicate with the first port sélectively, the




pressure sw ng adsorption type oxygen concentration
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control means controlling at least the switching

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

wherein the control means adjusts a cycle of the
adsorption and regeneration processes of the oxygen
concentration means and controls pressure at the upstreanm

- of the flow rate adjusting means by controlling the
switching means based on pressure of the oxygen
concentrated gas in the conduit measured by the pressure
‘measuring means.

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




pressure can be changed and the pressure can be
controlled to an optimal value for each preset flow

rate. In the pressure swing adsorption type oxygen
concentration apparatus in which, as oxygen supply
pressure is reduced, power consugption is also

reduced, it is possible to reduce the pomer

consunption. Furth ort.abl e_ox
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determn be a product gas concentration.
Accor diRFV69t he present invention, as the oxygen
concent r at hetoidime &s us sk hetx Eeatﬂua ofit phet pfesehe

prOdUQ§nvention, there is provided a gas supply apparatus
comprising: means for detecting a user's respiration; and
‘a product gas flow rate on-off valve having a function to

start and stop output of product gas in synchronization
with the user's respiration based on a detection result,

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

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

According to the present invention, as the oxygen
concentration is measured while the output of the product




10 gas flow is stopped in synchronization with the
user's respiration, even in the respiratory
synchronous type gas supply apparatus, the ultrasonic
type gas concentration and flow rate measuring neans
can nmeasure the oxygen concentration of the product
gas accurately. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.

is a sch trc vi ew referred enbodi,ment,  of |
the pr@eenf IRt ySn et Gl PRt el ire B the Hser s
di agr ameepizeitivm, cevammin typereﬁmgenomorw@nhramms type gas

Fig. 3 hsgn Ca?éﬁ'r@% ort:aeduﬁeraagan% @yﬁw' '-eeﬁ ration

type ox enfrator; Fig. di d&gr am show ng
an exafpflef ¥ &‘aFPo‘WaSr“é'tléngﬁq}b‘"’t Fﬁ@ Wﬂrﬁntlﬁ%fo"é’ge
cont i ngeHGeht Rl on Fm the psodudl agsasechaneny. an

eXarl o o AR Hescra B oF hpdorsphian (of 2

respiratory sync onrza I'on g. 6 is a
schematic Viigw &f 1erﬂ>t5|¢éﬁmew§odrlﬁﬁn@f Gt Preferprdsappdiment

I nvent anthe': Fesdnt sma.eﬁtg&g;am showi ng an exanpl e of a
flow rat e gt I n sect (ot hat,.i S _sw %ched bet

the respi r &hFEh1 %"ﬁ 58/ SHHIRLSEs t Ve ST
Fig. 8tyse wmagrmmcwhtgr:an exanpl e of a flow rate

adj usting sgeti inétéhaExbﬁaﬁﬁ%o&9h§£5d¥%hM©@natﬁﬁitl ~column
respi rgt ory synchroni z%tr on/ conti nuous types); Fig. 9
is a stYRTEPYESRi SYEM-BF 4 oxygen concentration

appar at us Used #niexpdiageam shoFigg a0 eksmple cifemnflew

bl ock . g0 -37u0f 15y rs%\%eraﬁt erfy asamrn%rza at ) ;t ype
gas supply appar ar’us; is a schepatic block
di agr am of Eift r asthiac ¢ l?%?é“ %&Qwr’:‘b EEnPFETRoh °§n8 Ff

rat e nesisurEdjgstrbansecBREST (MIDE E@%ﬂéﬁ&ﬂl@r@h‘foﬁ&ﬁtion
INVEI\I'I',%Q\‘; Hereinafter, preferred enbodi nents of the

presen [ nventr on W | I be described with reference to
the dr aw @g is a schematic 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/continuous 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 ultrasconic
type gas concentration and flow rate measuring means.

BEST MODE POR CARRYING QUT 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




Wth reference to Fig. 1, an oxygen concentration - 11
apparatus 100 according to a preferred enbodi nent of
the present invention conprises as main conponents: a
pressure swi ng adsorption type oxygen concentration
section 110; a pressure sensor- 122+ an oxygen
concentration sensor 124; a flow rate adjusting

secti oﬁp éf%%usalﬁhcﬁﬁd'§5§n§eﬂé'anPr§fE¥ﬂéaneiﬁéﬁlm%ﬁq 9% the

contro section or control the effect of
oxygenPresfilednFaitih SeERTRFs128 %ﬁﬁ? {CRBPPIRY S afe
adj ust bRgs s\BRC oy 4Rorpttbrt h@paxw@mnc oaﬁessﬁﬂxau:uom

section_ 110 sen en
concenfTart dc?nlighso %%255‘% ggﬁeﬂ%‘lzow ra adJ usting
sect i ononahtaasion raenged 1%4«oﬁgfé°‘¢diﬁ:t@| adiggLing section

buf f er tlaéutﬂka ¥20wfaltd %H’EQirﬂj |s|e¥‘;t1§ﬁ Ordongafd yH&dntrol
concentrate enera 1.n 0
concen??%’f’r%hqgic]?‘?roﬁoﬁ dlr?‘dx? Eg‘f) %%‘%&gdoge'il}ﬁegﬁy?%
oXygenconredrat dtn crectdon i 09 &40 thel filkw fatevadiveting
adJUStbéEkfﬂ%Cﬁh@r‘éhﬁotﬁé(Hﬁkdéhecéﬁﬁgﬂﬂrhti§Q seRtion 110,

descri bed bel ow, art
respi 1887 diFeSFLYS ThBPEA T Thh R Bor b aatRop rensor
user' s124 esyi thé ifiny taee usdustindhedotfiberlihrikel20ranged

al | ows, oc?:gaa 5&9&&@ 9801 N A IB%fg@%('ﬂHHTc‘ g8Hef A t@Rporarily

anount concentrated gas of the, oxy %

conc ot RRINgNOEHIT GANITYZ AP FFERTRBRHE St B cepvoen
gas gemwicenedabior Becdkygand mandentpravided detwiem the0
is int e | I r h
buffer‘g’?)%;é‘k}l %3%%@%%%%3%&%%82&1%%&3 5he ﬂh%g gé%en

concemEMStaRg sEarFdPn 1940 A1@ne hehs I%ﬁdu%%tjéoadj Bsting
sect i ofesk4Qbak ang oiwvheis qratitii buld, amdnvgsas ﬁmas@xrat:.on

cannul &, NoepThes G160 EANTSOL ! LALLSERSAeeld

be a sem Cgﬁ n or rrsing a sem conguct or,
t he re?’saswaﬁtebomwtbe wie m &hw‘aﬁf@g herbriBongliens e a

concentdarlci6n ofn tthe :ﬁa@?&gam geneertioat sflgas of Theygen
oxygen tion t
may b econé:%ﬁ ?%%ﬁrc? gaB DP ? géé/r?%nggﬂgﬂglo §Qc&‘%§1 110.
revol Uthieo s ygsn a:onéewaetﬁoga@fngaés@g}@h the oxygen

Concerttcfn%bh@f‘at%.%t kede b0 1hases 1&&0@11@@@%&@”& Nbatient's

val ue ncstrlf %X:Xa%eﬂ Qr?n% I%tfr atil.aonqc ESBS the % Ssure sSensor
122, the oxygen concentration sensor 124 and the flow
rate adjusting section 140 aleng the conduit 130 and via
a nasal cannula.NP. The oxygen concentration sensor 124
may be a semiconductor sensor comprising a semiconductor,
the resistance value of which varies according to the
concentration of the oxygen concentrated gas. The oxygen
concentration of the oxygen concentrated gas may be
contrelled by adjusting the number of revolutions of a
compressor of the oxygen concentration section 110 based
on a measurement value of the oxygen concentration sensor
124,

The oxygen concentration section 110 comprises at

least: apn adsorption column that is filled with an




The oxygen concentration section 110 conprises at

| east: an adsorption colum that is filled with an -
12 adsorbent for selectively adsorbing nitrogen; and
a conpressor for supplying conpressed air to the
adsorption columm, and concent riat es oxygen by
alternately executing: (1) an adsorptlon process for
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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 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 ¢f the adserption
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




shutof f valves 18. As apparent fromFig. 2, the
adsorption colums 10 have first ports comuni cating
with the conpressor 12 as - 13 the pressurized air
suppl yi ng neans and the vacuum punp 14 as the exhaust
means and second ports comunicatdng W th the conduit
130. Here, the conpressor 12 may be wused also as the
exhaust preans in.a npi ned mapner. Further, the
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the flatimbalea®ind REtOXMELRonduit 130. Here, the compressor
22 may be used alsc 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
petentiometer {not ghown)} the setting position of which
corresponds to the flow rate, and the flow rate sétting
section 160 specifies the flow rate ¢f 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




concentrated gas output fromthe nasal cannula NP to
the control section 150. The control section 150
reads the flowrate set by the flowrate setter 160.
As described below, the control section 150 controls
t he oxygen - 14 concentration-ggction 110 and the
flow rate adjusting section 140 so that the flowrate

set by the flow.rate sett 160 out ut from
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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 concentrated gas generated by the




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

t he nasal cannula NP can be neasured accurately.
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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




regenerati on processes of the oxygen concentration
section 110 may be adjusted so that the pressure val ue
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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. 1In
the embodiment of Fig. 5, a flow rate control section 150
comprises an on—-off walve 40 and a pressure sensoxr 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 gf an inspiratory phase. The =on-

off valve 40 comprises: a valve element that can be




the enbodi ment of Fig. 5 a flowrate control section
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 suppli.eg;oxygen concentrated
gas only in an inspiratory phase or in a portion of
an insgyratory has %B—on- of f valve 40 conprises;
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Hereinafter, an example of a control in such
configuration will be exemplified, In a time range in
which & flow rate per minute, which is calculated based

- on the flow rate set by the flow rate setting section 160
and the start of the inspixatdry 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
¢an be given by the following formula (8):

Q=nzxgq (8)
where,

Q: a flow rate per minute (em*/min),




pressure sensor 42 as the respiratory phase detection
nmeans, i s constant, the on-off valve 40 is opened for
a specific tine period in synchronization with the
start of the inspiratory phase. Here, the flow rate

per mnute can be given by the ffgoll owi ng formula (8):
Q=nxg (8) where, Q@ a flowrate per mnute
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the downstre of the on f valve 40 is connected

with the fas fannul a N? and the pressure at
downstwheas si de

Q': a preset flow rate {(cm’/min).
On the othexr 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 q can be calculated automatically once the preset
flow rate Q' and the respiratory rate per minute n are
determined.




of the on-off valve 40 can be assuned to be

approxi mately atnospheric pressure. Therefore, the
flowrate 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 enioff valve 40 or, in
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SeCtIBQO, andaggeag£§gégeconcentratmon section 210, the
pressure sensor 222, the oxygen concentration sensor 224,
and the flow rate adjusting section 240 are arranged
along 2 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




along a conduit 230. A buffer tank 220 for tenporarily
storing oxygen concentrated gas generated in the
oxygen concentration section 210 may be provi ded

bet ween the oxygen concentration section 210 and the
flow rate adjusting section 24@palong the conduit

230. This enbodinent is configured substantially
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val Uey Bifrality 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 c¢oncentrated 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 c¢ontinuously is selected, the orifice 33 or the




arranged as a concentric disc, one orifice can be

di sposed 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 sypplied. to the
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buffer tank 320; a pressure sensor 322 for 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 contfolling 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



pressure in the buffer tank 320; a flow rate adjusting
section 340; a flowrate setting section 360; an
oxygen supply method sel ection section 370; and a
control section 350 for controlling the effect of the
oxygen concentration section 3149 and the flow rate
adj usting section 340. The oxygen concentration
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inspiration 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 threttle 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 retjuired 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 cn’/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




rate was set to 1000 cnB/mn. Here, the ratio between
the inspiration and expiration of human breathing is
not always limted to 1:2. As the buffer tank 320 had
a capacity of 250 cnB and the throttle val ve neans
344 had an orifice dianmeter of- 231.7 mm the buffer
tank 320 m ght have an average pressure of 20 kPa to
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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 ocutput flow rate of
3000 cm’/min. As a result, the actvually measured flow
rate that was supplied continuously was 3000 cm’/min.

Fig. 10 shows a still further emboditent 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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flow rate value neasured by the flow rate sensor 342
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dispo%ﬁgihfk§iﬂ% 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 outpﬁt from the micro
‘differential pressure sensor.
Hereinafter, an effect of the oxygen concentration
apparatus 400 in this embodiment will be described.
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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 ultrascnic
type gas concentration and flow rate measuring means 410
can detect an accurate oxygen concentration when the
product gas flow is stopped in the conduit and,
therefore, the main controller 416 sends a signal to
start measurement to the ultrasonic type gas
concentration and flew rate measuring means 410 while the
product gas flow path on-off valve 412 is closed.

Then, a microcomputer 430 in the ultrasonic type gas
concentration and flow rate measuring means 410 sends a




on-of f valve 412 during the valve opening tinme. Then,
the gas flow path on-off valve 412 is closed and the
above process is repeated. The oxygen concentration
apparatus 400 uses the wultrasonic type gas
concentration and flow rate meagyring means 410 to
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430 also detects temperature of the product gas wvia the
temperature sensor 424. When the inspiration of the user
is deteected, the main. controller 416 sends a signal to
stop the measurement to the ultrasonic type gas
concentration and flow rate measuring means 410. Upon
receiving this stop signal, the microcomputer 430
calculates the oxygen concentration of the product gas
from the sound velocity and the product gas temperature
that are detected hitherte 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

ig sent back from the microcomputer 430 to the main
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controller 416. - 28 Wuat is clained is: 1. An oxygen
concentration apparatus conpri sing:
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column to separate the nitrogen adsorbed by said
adsorption column te regenerate said adsorbent;
7 a conduit communicating at its one end
with the second port of said oxygen concentration means
and introducing the oxygen concentrated gas generated by
said oxygen concentration means from said second port
inte a vser; and

flow rate adjusting means provided in said
conduit 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
adjusting means in said conduit; and




swi t chi ng neans of said oxygen concentrati on neans and
said flow rate adjusting neans, wherein said control
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wherein said control means controls said
switching means te adjust a cycle of the adsorption and
regeneration processes so that the flow rate of the
oxXygen concentrated gas set by said flow rate settlng
means can be obtained.

4, An oxygen concentration apparatus according to
claim 3, wherein said contreol means executes a moving
average process of pressure in said conduit measured by
said pressure measuring means in terms 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, wherein said flow rate adjusting means |




havi ng an on-off val ve disposed in said conduit; and
respiratory phase detection neans di sposed downstream

of said on-off valve in said conduit and detecting a
respiratory phase of the user, wherein said contro
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val ve based on the flow rate of the oxygen

concentrated gas set_Db flow rate etti nmean

and | nRETIRG PO CuTtAR Y FeSFPasety Thradd CoRdEet eahy
sai d resspiratory mﬂ&aeeddeeanmnnomeammam&sposeduﬂawnsarehm of
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condunéetwhgr@éarms&lna g@f&mkiaﬁmu&ebeﬁéﬁu%eory phase
.OflflC(? ftggl pluraujg grifices.s

aid
oxygen TEEHEE LY ard 1Crgﬁ°rgsgh§s§r geg%ctsném means to
var i abirenoppid car-ofi ﬁab{%\p}upap@ sadd U?l%I@ehllbww
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accordin wherein said flowrate

adj usti g ﬁ%%ﬁﬁ? ﬁhﬁEFuék§§°§l BP Bt onal val ve

di sposed i A. saifdh oampgen tconceahthtfilbowappd mtmeasaceonying to
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-on-of f vaLve in sai d condyi f, wherein said con

means WEHPFDINctudgE g7 cRrdpbLp fifdeprhading @ plurality of
pr opordriidheds ol dé L Serdriiatiianetyas and ddimlosedbin swiid
flow rakg,feasuring means can coincide with a flow

rate of the 'oxygen concentrat ed set by said flow

as
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conceftr at P dete osthdyugatd fc"t?Ht Fﬁ%tfselt)?’-ﬁﬁd“%?ns'
synchronous., node tRysupebyceéntratyon hamptradtis oancadriding to

the ugeLig §(§§phfa&ﬂé¥@1n said flow rate adjusting means
includes a proporticnal valve disposed 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 valve 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 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
continuously and a synchronous mode to supply in
synchronization with the user’'s respiration,




- 31 wherein said flow rate adjusting neans further
i ncluding; a three-way val ve di sposed upstream of
said on-off valve in said conduit; a branched |ine
branched fromsaid conduit via said three-way val ve
and joining with said conduit-at1 4 he downstream of
said on-off valve; and a variable orifice disposed in

said branched |ine and .havin Iur I|t of .orifices
of different di amotBPEetiRard; o dalesafiyeeiny nects
synchrﬁm:t&nsrnbmeldcﬁngsel ected, said cont rol means

shuts of f said branghgd.dd-igy 4008 %&bﬂoé?ém%'str@zﬁﬁl of

cal cul ates the_ val ve openi ngtlrre, sai d on-off
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phase detection means,

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 that 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 oxygen concentrated gas to the user
continuously and a synchronous mode to supply the oxygen-
concentrated gas in synchronization with the user’s
respiration, ’

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

saild flow rate adjusting means further




said flow rate adjusting nmeans further - 32

i ncluding: a three-way val ve di sposed upstream of

said on-off valve in said conduit; a branched |ine
branched fromsaid conduit via said three-way val ve
and flowng into said conduit -aty» the downstream of
said valve and at the upstreamof said flowrate
nmeasuri ng. means; and a proportional valve disposed in
sai d bﬁﬁgyﬁgﬁﬂ i ne wherein when sai d synchronous node
is selected, said comhreé-wmanvslshudsspokdsapstream of
branchgglélggaof}rggqﬁga d g%FH“Hd%P?Tg cal cul ates the

val ve openi ng val ve based on the
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phase det ected by sa @ropsilichadl YalRhASepdedEald Qaid
neans, Ld continuous node is selected, said

cont r oP* ‘gﬁgﬁébﬂ%ects said branched line with said
conduit and cont r ol shereiyrdenobabpeninsjrotowmimgde is

Propor ki paledvakyf 20ttt naARaskhed oral H@l@)briﬁbﬂed line

flow rate suri n_coi nci.de
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I ncl udphEe detection means,

- when said continuous mode is selected,
said control means connects said branched line with said
conduit and 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 ser by said flow rate setting
means.

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 userx
continuously and a synchronous mode to supply the oxygen-
concentrated gas in synchronization with the user's
respiration, and

wherein said flow rate adjusting means
further including:

a proportional valve disposed in said
conduit; and




| fromthe start of tH eF?‘IJéblwlhg

a proportional valve disposed in said conduit; and -
33 respiratory phase detection neans di sposed

downst ream of said proportional valve in said conduit
and detecting a respiratory phase of the user,
wher ei n when said synchronous-npgle-is selected, said
control neans cal cul ates the val ve openi ng tine of
sai d on-off val ve based. o
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type gas concentration and flow rate nmeasuri g
concentration measuring means disposed at thé upstream ox
downstrean of said flow rate adjusting means in said
conduit,

wherein said control means controls said
-pressurized air supply means s¢ that an oxygen
concentration measured by said oxygen concentration
measuring means can be a desired oxygen concentration.

12. An oxygen concentration apparatus according to

claim 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
ultrasconic type gas concentration and flow rate measuring
apparatus measuring an oxygen concentration and a flow
rate of the oxygen concentrated gas by ultrasonic waves,

wherein an oxygen concentration is




appar at us nmeasuri ng an oxygen concentration and a fl ow
rate of the oxygen concentrated gas by ultrasonic

waves, wherein an oxygen concentration is - 34

nmeasured while the oxygen concentrated gas is immobile

in said test line. 13. An oxwges .concentration

appar at us according to claim12, wherein it is

deterni ned t hP xygen concentrate IS, . .
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appar gLug Ham AXYEeMLERRRRALEAN.ON Teans that

separ ates oxygen rom
A gas supply apparatus according to claim 14,

wherein it is determined that the product gas output is
stopped based on a flow rate output value measured by the
ultrasonic-~type gas-concentration and flow rate measuring

apparatus itself.

16. A gas supply apparatus according to claim 14,
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

preoduct gas.

17. A gas supply apparatus according to any one of
claims 14 - 16, wherein sald gas supply apparatus has
oxygen concentration means that separates oxygen from
atmosphere and supplies oxygen concentrated gas as the
product gas. '

18, A gas supply apparatus according to any one of
claims 13 « 17, wherein said ultrasonic type gas




at nosphere and supplies oxygen concentrated gas as the
product gas. 18. A gas supply apparatus according to
any one of <clains 13 - 17, wherein said ultrasonic
type gas - 35 concentration and flow rate neasuring
means i s di sposed upstream of s#id product gas flow
path on-of f val ve.

concentration and flow rate measuring means is disposed
upstream of said preduct gas flow path on-off valve.




