DESCRI PTI ON OXYGEN CONCENTRATOR Technical Field The present
invention relates to an oxygen concentrator which selectively elimnates
nitrogen gas fromraw nmaterial air using an adsorbent selectively
adsorbing nitrogen gas nolecules relative to oxygen gas nolecules to
produce oxygen-enriched air and supply it to users. Background Art

In recent years, the nunber of patients suffering fromrespiratory

di seases such as asthma, pul nonary enphysena, chronic bronchitis and the
i ke has tended to increase. ?Eﬁf @st effective therapeutic nethods
for these diseases is oxygen in (%IOH erapy and oxygen concentrators
whi ch separate oxygen-concentrated gas directly froman oxygen tank or air
have been devel oped and used as therapeutic apparatus for oxygen

i nhal ati on t herapy As t he oxygen concentrator a pressure sw ng
adsorption-type (herelnbeléﬁﬁYﬁﬁﬁﬁC@ﬁ' ®¥pe) oxygen concentrator

whi ch produces a highly concentrated oxygen gas by i ntroduci ng conpressed
air froma conpressor into an adsorption cylinder filled with an adsorbent
such as zeolites and the |ike selectively adsorbing a nitrogen gas to

el i m naTe:hsRhEEkidvel y a nitrogen gas in the air, has w dely been used.

The present invention relates to an oxygen concentrator which selectively
eliminates nitrogen gas from raw material air using an adsorbent selectively adsorbing
nitrogen gas molecuies relative to oxygen gas molecules to produce oxygen-enriched air
and supply it to users.

Background Art

In recent vears, the number of patients suffering from respiratory diseases such
as asthma, pulmonary emphysema, chronic bronchitis and the like has tended to
increase. One of the most effective therapeutic methods for these diseases is oxygen
inhalation therapy and oxygen concentrators which separate oxygen-concentrated gas
directly from an oxygen tank or air have been developed and used as therapeutic
apparatus for oxygen inhalation therapy.

As the oxygen concentrator, a pressure swing adsorption-type (hereinbelow
refer to as PSA-type) oxygen concentrator, which produces a highly concentrated
oxygen gas by introducing compressed air from a compressor into an adsorption
cylinder filled with an adsorbent such as zeolites and the like selectively adsorbing a
nitrogen gas to eliminate selectively a nitrogen gas in the air, has widely been used.

The PSA-type oxygen concentrator produces a highly concentrated oxygen gas
from air through the steps described below. Firstly, compressed air is supplied by a

compressor into an adsorption cylinder to adsorb a nitrogen gas contained in air by an



The PSA-type oxygen concentrator produces a highly concentrated oxygen gas
fromair through the steps described below Firstly, conpressed air is
supplied by a conpressor into an adsorption cylinder to adsorb a nitrogen
gas contained in air by an adsorbent such as zeolites and the |ike. The
oxygen concentration in air is increased by selective adsorption and
elimnation of a nitrogen gas The highly concentrated oxygen gas thus
obtained is transferred to a buffer (product tank) storing oxygen gas via

a check l,ve. whi.ch is,.instal]ed to prevent the s..from.flow ng back and
s ot or BB U Lebuld S g o PR Ren OfeRBon 2ENE OHBREA D, T he
adsorbent is desorbed fromthe adsorhent by reducing the inner pressure of
the adsB peiesRvE HSoRRian I rlapipglen P?@ BiPEE &Rty W higkly.creemend A
smal | anount of concentrated oxygen gas may al so be supplied into the
adsor pt bxygesygas Hue obtainedris fransserrdsetodeypiop (produas tank) stooggnxygen gas viaThus,

hi ghl y concentrated oxygen-enriched air having an oxygen concentration as
hi gh asa®heckreylvbeviadit & metilléd eonpaivenbiher gazeiadre dlowipg daskinnd i goastd
depressuri zing the adsorption cylinder using the PSA-type oxygen

concent fiath.. | n recent years, as such a PSA-type oxygen concentrator, a
mul tiple cylinder-type oxygen concentrator has been used, which is

equi pped Wit hémtﬂet éaﬂleetirﬂg,.sﬁ ﬁﬂlto'ggﬁ" ggs}s' Liéiga’gl%dsbm%aﬁlgof%ﬁtqs s APsPEBENT

sel ectively adsorbing a nitrog and 1'n oxygen concentration
efficiegey i s.increased by successively . .swtchi t hes dsor ptian
oyl 1 ndel el s ptag fhe mrer Bressite o 3K pddptibn AR IR ek Men
concentrgtijon ohtained | argely depends on the pressure of air to be
conpr es&d@ieRgy SP Hrseedenly ~ it Sk apgnt 913@%9%%1 Soigergay BEFalso ke j s t hus
required, in order to obtain a highly concentrated oxygen gas, to increase
t he capsuripligd gfto theaadsepperedinder v prempicihe desorrtisecfingirages. pressure of air
to be supplied to the adsorption cylinder as far as possible. A problem
ari ses, howevEiys, hizghly @ovattratahsygph-conclail dppsimt asodyvaen easesiradsh t he
el evation of the capacity of the conpressor to supply conpressed air.

as high as 95% may be obtained from air by repeatedly pressurizing and depressurizing

the adsorption cylinder using the PSA-type oxygen concentrator. In recent vears, as

such a PSA-type oxygen concentrator, a multiple cylinder-type oxygen concentrator has

been used, which is equipped with multiple adsorption cylinders filled with an

adsorbent selectively adsorbing a nitrogen gas and in which oxygen concentration

efficiency is increased by successively switching these adsorption cylinders by a rotary

valve.

It has been known that an oxygen concentration obtained largely depends on

the pressure of air to be compressed by a compressor in the PSA-type oxygen

concentrator. It is thus required, in order to obtain a highly concentrated oxygen gas,

to increase the capacity of the compressor to meet an increase in the pressure of air to be

supplied to the adsorption cylinder as far as possible. A problem arises, however, that

power consumption of apparatus increases with the elevation of the capacity of the

compressor to supply compressed air.



Various attenpts had been nade as neasures for solving these problens of

t he PSA-type oxygen concentrator. Patent Docunent 2 discl oses a PSA-type
oxygen concentrator which realizes reduction in electric power consunption
of the apparatus by changing the supply capacity of a conpressed air
supply device such as a conpressor and the |i ke based on a val ue detected
by an oxygen concentration detector for oxygen gas to control oxygen
concentrations at a constant val ue. Patent Docunent 1: Japanese Patent

Lai d- open Publ, cation ... 2006- 141896 Pat ent -Docuyment 2: Japane Pat ent
[ai d-open Publ AR BRTRE: hgis2 5tis A6 At FBag Tente% P RBAR S Sebar ent
Laid-opeg Publ i cati on No. 2002-25367ﬁ Di scl osur.e of the Invention Problens
to be SEPOSHPHPVRERN CAVSHERAWE WAt Racysagntt & sHsCl8ss én e Hrideh rdesy

utilizing an adsorbent, when a raw . )
concentrator which realizes reduction in electric power consumption of the apparatus by

changing the supply capacity of a compressed air supply device such as a compressor
and the like based on a value detected by an oxygen concentration detector for oxygen
gas to control oxygen concentrations at a constant value.
Patent Document 1: Japanese Patent Laid-open Publication No. 2006-141896
Patent Document 2: Japanese Patent Laid-open Publication No. 2007-000340

Patent Document 3: Japanese Patent Laid-open Publication No. 2002-253675

Disclosure of the Invention
Problems to be Solved by the Invention

With the PSA-type oxygen concentrator utilizing an adsorbent, when a raw
material air supply volume from a compressed air supply device such as a compressor
and the like and an adsorption process sequence are constant, an oxygen concentration
of a concentrated oxygen gas thus obtained generally changes depending on
environmental (supplied air) temperature. When the temperature is high due to
properties of an adsorbent, the amount of the nitrogen adsorbed by the adsorbent
decreases, and thus nitrogen breaks through to decrease the oxygen concentration of a
product. When the temperature is low, although the amount of nitrogen adsorbed by
the adsorbent increases, the oxygen concentration of a product decreases due to
insufficient nitrogen desorption caused by a decrease in adsorption speed.

In recent years, as shown in Patent Document 1, a method has been proposed,

in which highly concentrated oxygen is secured by changing the capacity of a



material air supply volune froma conpressed air supply device such as a
conpressor and the |Iike and an adsorption process sequence are constant,
an oxygen concentration of a concentrated oxygen gas thus obtai ned
general |y changes dependi ng on environnmental (supplied air) tenperature.
When the tenperature is high due to properties of an adsorbent, the anount
of the nitrogen adsorbed by the adsorbent decreases, and thus nitrogen
breaks through to decrease the oxygen concentration of a product. Wen the
tenperature is.low, __although the amount of niirogen .adsprbed by .t he

ndsor bontmred abezrBin SV weh % & ieuerSer S BRIER sPARCEY Shrudbelides aue
to insufficient nitrogen desorption caused by a decrease in adsorption
speed. m“m”nnwpht@@E@ﬁFH?ea%§¥ea§wsHﬁﬁﬂ”?nmgéFeﬁ%]Ebé%ﬁ§WP“H}H@ st hod has
been proposed, in which highly concentrated oxygen is secured by changing
t he capagorppiosfeylindegospeaareddsdiigh suppisipleland the anadityas( the comprasssslor and
the |i ke based on surroundi ng environnent tenperature. Since the pressure
of air tiesiyely dévieduchds iarbmprdseoragddahplikois reqliteddebeickevaredun st as hi gh
as possible and the capacity of the conpressed air supply device such as a
conpr esgsfaraditd HobRvkid, kRohlsms edbh 8 0ntRadd EbaMatRiver oRsEiptRA SPRRY at us,
however, problens such as increased electric power consunption of the
appar at gs,.api S Pat ent Docunent 2 describes a PSA-type oxygen
concent rat or I'ch realizes |low electric power consunption by changing

supply capaci f.a co essed air | y device such as .a .conpressor and
Ther 1 ke basekfisst RowERIE 2BR gt da RIA R el oRath G p Sbic] Sy R
concent%ﬁtion of an oxygen gas. In the PSA-type oxyggg concentrator

utilizi B 51?63&5%%?9%&}6&9%9@@ SRANGHE: PP CapRsI Yy Old A qoBECeHh 8Hdi ng on
environmental tenperature and response tine to oxygen concentration/supply
capaci t supphedevideesush gp laycooapesso andathe dile basaedprnes selde ditectsd pylaydetesei ce such
as a conpressor and the like is charged differs dependi ng on environnent al
t enper aflateting Aogprethi Rghyentraticonéfl ah deyiae gapist lhe tichdfyedipe oxygen
Especially in |l owtenperature environnent as conpared with high

t enper atdcEfiratdr MARind at AkRSHeR:, | RRNESE:, bl§BRplich ﬁxb?é}it}lr HZRrd BSRARERRS |
response of oxygen concentration is slower and it takes a l'onger tine

ont || SSERSRE LR SONCI CAREHR ) 0080k Eer g D apyagper o

is ope enperat ure “envi ronment’, abi | oxygen

concentration agai nst the eration of. a c ressed.,air supply device such
as o CoWBPLOE SPPELN §apaciy of B Comprarss ais Spaids BREES Bichds greogiser and
concentration is extrenely slow and a high oxygen concentratjon condition
may condFrlke Kunhpeget iittens lpprding op rgrEeRMeRAR R ab PECOTARESE @i ngl y,

t he capacitY of a conpressed air supply device such as a conpressor and
t he | i keontrel device must be changed.

Especially in low-temperature environment as compared with high
temperatures, since it takes a longer time to stabilize the process, response of oxygen
concentration 1s slower and it takes a longer time until a decrease in product
concentration appears. Wﬁen such an apparatus is operated in low-temperature
environment, a stabilization time of oxygen concentration against the operation of a
compressed air supply device such as a compressor and the like, namely, a response
time of oxygen concentration is extremely slow, and a high oxygen concentration
condition may continue while the absorption process remains unstable. Accordingly,

the capacity of a compressed air supply device such as a compressor and the like is



reduced, in response to a detected oxygen concentration, to a | evel |ower
than that for a raw material air volunme essentially required. Wen the
process is stabilized later, since the capacity of the raw material air
supply device has been decreased to the level |lower than that for the
anount of air essentially required, an oxygen concentration may rapidly
drop to deteriorate QOL of a user. In addition, as shown in Patent
Docunent 3, an apparatus is proposed, which conprises an oxygen
concentration.detection i nd_contrals. an_ox neent.r at.i on of a
o oduce i bPER AL FR 37 « B R B0y ARk ig T e EI e RS MR i ess e
air supply device.such as a conpressor, a the like in response to a

det ect eaa%%@??? %E@Hﬂea?ﬁsﬁ?f?aq]%u’&?ﬂ“’é?ﬂ-aggé?fhmfs PRESESTHB AR t he

el ectric power consunption by reducing the capacity of the raw materi al

ai r suppipge thewapecititndihe prev galariad air supplyy davige hasbesinglecisrsagdn thoksseht rati on
capacity. Wth the oxygen concentrator in general, when a vol une of
raw nat Brwealthemi thatsfop el amtbiint offem cenpalbssgdiral, an suppdnycalemtcaiosmsdy as a
conpressor and the like is constant, oxygen concentration of the obtained

concent fapidd dRpte dbtetiafutd ©OIhengedr depending on a flow rate for isolating
the product. In other words, when a flowrate for isolating the product

gas i s high, e C i a 1+ when a
Prow rate tor s e e R B e Do m b, B B e S o of
t he pronct. as_l ncreases, cenfrati %&ﬂ&%‘a %g%ient sin§0§n ox%gen

concent Fator Fnﬁ%lgg%%Qyﬁgﬂ Pﬁ?ﬁﬂbh ACHL A FVERNTTIG SMEORN 2BxP8%&  on t ube
connected to the aratus, the nasal cannul a and extension tube which are
oxygen %‘Hﬁﬁ‘iﬁi}at’d’é‘v‘i’q‘gg@% ueed | pgpdush &S 6y CPH%aIHg]PX & @gb‘b%g‘edﬁﬂﬂaﬁ‘@f &f &epi ng
and the like so that the patient cannot sonetines inhale the oxygen at an
oxygen ¢oropyessad e sepmy ideiviop sushbas  reemineebsor and the like inHesppppait@ataus
described in Patent Docunent 3, when a product flow rate decreases due to
f | at t endeieeted oxygenbenandatitie | Such anappoxyng éntendsrto esducathecsledtriapswent | y

i ncreases and thus control is perforned to decrease the capacity of the

conpr esgffdudbtion B?Q&%cﬁ@ih@&:a@&tﬁg S¥5tha re@RAESS Air iyt Bevitd kBen Woen the
tube recovers fromflattening and the product flow rate returns to nornal

under t@éﬁce“@ﬂg@vtah&’ﬂa%féi or?% Q@}Péot#?zﬁfatibﬂ%aﬁé&ff?r essed air supply device

such as a conpressor insufficient, on"the contrary, to decrease

t he oxygen c ration and thus oxygen.concentration.abnornality alarm
which 19 esscliart e Eubsaiin i LRl RIGEH olglond B SRV BT el O
when a flo te sensor which detects an oxygen flowrate js provided in
appar at SHPPUER oK 3t GPPIeRSEE AL BPP T dpdes ke aris@mpf%ss;%rnaﬂaﬂwo%f‘g@n f1 ow
rate is adjusted using a flow rate adjustnment device such as a

pr opor t ¢asibt, \axlygen gaekeniretion K€ theaobthingd epngentrateddexygsneghshy ahimedd ow rat e
sensor, an oxygen supply volume may be higher than the oxygen flowrate to
be esseddpeadihy onrhfibedatayfoa iditingnthe prdduche Ihlothwer vadrds, seinsior fioanaet det ect
a flowrate exactly or the flow rate adjustnent device cannot adjust a
flow rafee ieNagid Yhe PHOUGEt @Bs OXWEET) HOBLANN &ldcomr ARG SAGRS pMIBR 24 oXxygen
flowrate to be isolated increases, control is perfornmed to increase the
capaci t .C R, al i as,a; ress d the

i ke iHigg%g%’fﬁﬂggggensa?%&%ﬁgpﬁg ﬁ%ﬁ?éﬁs @@gﬂjagﬁr§§3§95?®o&%¥§%b
returns_to _nonnal elec%ric ower consunption nmay increase unduly to

i ncr eas@TEEBHEIW OT BITRIHY §25 55 Bt

Since a patient using an oxygen concentrator inhales oxygen through a nasal

cannula via an extension tube connected to the apparatus, the nasal cannula and
extension tube which are oxygen supply devices are flattened by the patient body during
sleeping and the like so that the patient cannot sometimes inhale the oxygen at an

oxygen flow rate essentially to be inhaled.



Means to Sol ve the Probl ens The present invention is to provide an
oxygen concentrator which attenpts to reduce electric power consunption by
decreasing the capacity of a raw material air supply device, which

provi des highly concentrated oxygen to a patient by |low el ectric power
consunption stably regardl ess of increase/ decrease in environnmental
tenperature and/or a certain anmount of oxygen flow rate. I n
addition, the present inventors have found that, by providing, in addition

to controllin he supply,capacjty.,of raw mat.erial air supply device
based on a de eéﬂ*@&@ﬁ%ﬂ@%ﬁﬁ%%ﬁ?Pﬁ??gpogﬁp 3’5#“8%§§5ﬁﬁngﬁ%G§§%
detectiaon sensqor to_performcontrol which does not allow _changes in supply
capaci t Yegrasehdus Enflatignang af a duke andothe Jikgedt euyaRCRLECTFERR UABSIENBW r at e
value is outside a predeterm ned set value, the raw material air volune
does noincedragrgandethos cowiond inperdoryepdriofdeongascathe chapacde orf dbes ednjprygsseflgrir
exanpl e, tube flattening so that an oxygen concentration may be nmaintai ned

even whenppdy pleoitd cduch | 8va reatpréssbiubnd the liker Mithen the tube Fddvbgr frofvhe
i nventors have found that, by perform ng control simlar to that described

above, HafeXARR] Be PRYRRt MBRTaR EheNd bAHBmAPNRRF 1EARNRML e R lapBXBLt | Y OF
a flowrate adjustnent device cannot adjust a flow rate exactly and an

t . ial ly t

o Do aPL oo P A Sor) £ 186k LB fERSVAGH LS HANTIABRCOA vl | Y 1O

t hus when .a grgQQ%} flow rate returns to,nornglt i ncreased el ectric power
ue t

consunptPYHT oreass i Yy OFYERe RGN Gpd o thUs nPYEER ¢ fOUSCRUIEAY) v
device duly high is prevented., I n an oxygen concentrator having
such a a¥wImalitygdarmewhich ipseetally WopesgsERy B3R bF acthricd. val ue detected by
the flow rate sensor can be allocated individually in accordance with a
set val ue of  fddipn avkersetfiowmgadesense whichrdetecisgan ospganefibwataty isor
i ndependently of a set flow rate.

provided in apparatus such as that described in Patent Document 3 and an oxygen flow

rate is adjusted using a flow rate adjustment device such as a proportional valve and the

like based on a value detected by the flow rate sensor, an oxygen supply volume may be

higher than the oxygen flow rate to be essentially inhaled by a patient, if the flow rate

sensor cannot detect a flow rate exactly or the flow rate adjustment device cannot adjust

a flow rate exactly. Since an oxygen concentration decreases when an oxygen flow

rate to be isolated increases, control is performed to increase the capacity of a

compressed air supply device such as a compressor and the like in order to compensate

the reduction. When a product flow rate returns to normal, electric power

consumption may increase unduly to increase economic burden to a patient.

Means to Solve the Problems

The present invention is to provide an oxygen concentrator which attempts to
reduce electric power consumption by decreasing the capacity of a raw material air

supply device, which provides highly concentrated oxygen to a patient by low electric

power consumption stably regardiess of increase/decrease in environmental temperature



Since a flow rate sensor generally nmounted on an oxygen concentrator for
nmedi cal use is required to have accuracy of about 10% of a set flowrate
as described in the International Standard |S08359 and Japanese | ndustri al
Standard JI ST7209, however, it is desirable that a predeterm ned threshold
of a value detected by a flowrate sensor be set at a set flowrate 10%
and that the capacity of the conpressed air supply device is not allowed
to change when a detected flow rate is +10% or hi gher or -10% or | ower.

In additi@p as. t he oxy en coqgentration sensor used in the oxygen
concent FAY'8F 2 &t} FSAT A OFVESE TOMESF and an ul trasonic-type sensor are
general ly used, 1d as,. the flow rate sensor, an ultrasonic-type sensor and
a heat wire-t %%‘?‘Qfé% dhe pregeny dnertors l}a‘{fs%éﬁld it JOhOViRgHe &0 agfﬁﬁ"fbficésent
invention is as follows. (1) An pressure swi ng adsorption-type oxygen
concent centorlipg thei steplywapacitrrofadeer paiconal dieduily dedesmbased an sadigordknt

sel ectively adsorbing nitrogen relative to oxygen and a conpressed air
suppl y deyienecomuaptaiongahepn essgeh Sow e dhectadsenpiri opebetn @dsor bi ng
and elimnating nitrogen in raw material air to produce unadsorbed oxygen

and supphydhngbed MoP¥N@L BhARSs &t sibphf SA4RLRY BF BRGal AktcFiat 8r Qﬁjp@y hdwowe rate
setting device, wherein the oxygen concentrator is conposed’ of

when a detected flow rate value is outside a predetermined set value, the raw material

air volume does not change even when an oxygen flow rate is decreased by, for example,

tube flattening so that an oxygen concentration may be maintained even when a product

flow rate returns to normal.

Further, the inventors have found that, by performing control similar to that
described above, for example, even when a flow rate sensor cannot detect exactly or a
flow rate adjustment device cannot adjust a flow rate exactly and an oxygen flow rate
becomes larger than the oxygen flow rate essentially to be inhaled by a patient, a raw
material air volume does not change, and thus when a product flow rate returns to
normal, increased clectric power consumption due to setting of the capacity of a
compressed air supply device duly high is prevented.

In an oxygen concentrator having such a control device, a predetermined
threshold of a value detected by the flow rate sensor can be allocated individually in
accordance with a set value of a flow rate setting device of an oxygen concentrator or
independently of a set flow rate.

Since a flow rate sensor generally mounted on an oxygen concentrator for
medical use is required to have accuracy of about=* 10% of a set flow rate as described

in the International Standard ISO8359 and Japanese Industrial Standard JIST7209,

however, it is desirable that a predetermined threshold of a value detected by a flow rate



an oxygen concentration sensor detecting a concentration of an oxygen gas
produced by the oxygen concentrator, and a tenperature sensor neasuring an
envi ronnent al tenperature; t he oxygen concentrator is a pressure
SW ng adsorption-type oxygen concentrator characterized by perform ng a
control which increases/decreases a supply airflow volunme of the
conpressed air supply device based on a detected oxygen concentration
value to mai ntain an oxygen concentration at a predeterm ned

concentration nd bei equi d w t emper at ure dependent conptrol
v co. caibt B 1o At T OB RE LPE otd o B SR REME SafpPBeRetL s BPBl ol
devi ce gased_on val ue detected by the henperaturq@sensor when t he val ue
det ect edeH§E BSHet £ igrchpage whenspHeteded flpwirals 15 +hP%edu e Aed ¥heleshol d.
(2) The oxygen concentrator described in (1), wherein the tenperature
dependeltwasontrol device is a control device performng a control without
allowi ng the supply airflow volune of the conpressed air supply device to

decr ease wherintiditibe pehabiygensensatratial enbe wed &l the okey®y conbaiirator,
predeterm ned | ower tenperature limt of the threshold during running of

the oxygeRcsanegitdaid and ahIirakbRicBPIKMsE0HE BhdralPlsedestd 4hBd flo (1),
wherein the tenperature dependent control device is a control device

perf or M pg.AsGOM ﬁﬂn{a}s/&ﬂé&e— tseflok %&Qﬂeﬁ%ﬁfgfﬁ%%ﬂ %Jen%g}ri‘éar%(@ iy of the

conpressed air’ supp i‘'ce to rease re sensor
detects a val ye %omer t redet rninegbﬁomer tenperature limt of the

threshol d and ¥ HETSTRsHE: E%P&?%B%Wngﬂﬁ§E§ BWer than a predet erni ned

ai rflow vol une during running of the oxygen concentrator, i
An pressure swing adsorption-type oxygen concentrator provided with an adsorption

bed filled with an adsorbent selectively adsorbing nitrogen relative to oxygen and a
compressed air supply device supplying compressed air to the adsorption bed, adsorbing
and eliminating nitrogen in raw material air to produce unadsorbed oxygen and
supplying an oxygen gas at a predetermined flow rate by a flow rate setting device,
wherein
the oxygen concentrator is composed of

an oxygen concentration sensor detecting a concentration of an oxygen gas
produced by the oxygen concentrator, and

a temperature sensor measuring an environmental temperature;

the oxygen concentrator is a pressure swing adsorption-type oxygen
concentrator characterized by performing a control which increases/decreases a supply
airflow volume of the compressed air supply device based on a detected oxygen
concenfration value to maintain an oxygen concentration at a predetermined
concenfration, and being equipped with a temperature dependent control device
controlling a supply airﬂox‘?v volume of the compressed air supply device based on a

value detected by the temperature sensor when the value detected by the temperature



(4) The oxygen concentrator described in any of (1) to (3), wherein the
t enper at ure dependent control device is a device performng a control that
makes a supply airflow volunme of the conpressed air supply device to be
hi gher than a supply airflow vol une corresponding to an oxygen
concentration value detected by the oxygen concentration sensor,
regardl ess of the val ue detected by the oxygen concentration sensor when
the tenperature sensor detects a value |ower than a predeterm ned | ower

of t thre n start-up of the oxygen concentrator.

tenperature limt h ol
(5) The BR AU AR SrBr o ler 8-y i n any of (2) to (4) wherein the
| ower tenpegature limt is 5C. (6), An _oxygen concentrator provided with
an adsofdt 185 FEaeT cpReEataior riesersds By bontWisEd dbe Vemperahus dspeisiert t r ogen
relative to oxygen and a conpressed air supply device supplying conpressed
air to vowrddsyicptis encde] alsticadmofobiimg aedniedli witheuti allgwang thegemwply i n raw
material air to produce unadsorbed oxygen and supplying an oxygen gas at a
pr edet eritflove drofdmsnof dieacomypresstd aiv sipple deeick itt decteascoehennihe i@hperhtag: oxygen
concentrator is conposed of an oxygen concentration sensor
det ect i Bhsar AOREENYE FahkOoRwRE B AXYRARARBeP 1ONC &apitre limit of the
threshold during running of the oxygen concentrator.
(3) The oxygen concentrator described in (1), wherein the temperature dependent
control device is a conirol device performing a control without allowing the supply
airflow volume of the compressed air supply device to decrease when the temperature
sensor detects a value lower than a predetermined lower temperature limit of the
threshold and the supply airflow volume is lower than a predetermined airflow volume
during running of the oxygen concentrator.
(4) The oxygen concentrator described in any of (1) to (3), wherein the temperature
dependent control device is a device performing a control that makes a supply airflow
volume of the compressed air supply device to be higher than a supply airflow volume
corresponding to an oxygen concentration value detected by the oxygen concentration
sensor, regardiess of the value detected by the oxygen concentration sensor when the
temperature sensor detects a value lower than a predetermined lower temperature limit
of the threshold on start-up of the oxygen concentrator.
{5) The oxygen concentrator described in any of (2) to (4), wherein the lower
temperature limit is 5°C.
(6) An oxygen concentrator provided with an adsorption bed filled with an adsorbent

selectively adsorbing nitrogen relative to oxygen and a compressed air supply device

supplying compressed air to the adsorption bed and adsorbing and eliminating nitrogen



a flow rate sensor neasuring an oxygen gas flow rate, t he oxygen
concentrator performng a control increasing/decreasing a supply airflow
vol une of the conpressed air supply device based on a detected oxygen
concentration value to nmaintain an oxygen concentration at a predeterm ned
concentration, and a flow rate dependent control device performng
a control without allow ng the supply airflow volune of the conpressed air
supply device to change when the val ue detected by the flow rate sensor is

outside.th redeterm ned.range The oxygen cpncentrator described in
(6 whih B REREES SO0 r A0 drbbe, b e R PR T R B EEH A1
allocated jndividqually in accordance with a set value of the flowrate
set t i ngPEdgicERING %PWH@E@ﬁﬁkﬁ?Wﬁmﬁﬁdﬁngé@v$$dﬂF¥%ﬁe val ue. (8) The oxygen
concentrator described in (7), wherein a flow rate dependent control

devi ce the exydewsusepeatorgs spmgosedednt rol wi t hout al l owi ng the supply
airflow volune of the conpressed air supply device to change, regardless
of a val ue deamokegknbyorichetrabopgensaodaeningad icomeseansa ofvieoxiyben gad ue
detected by the flowrate sensor is +10 % or higher or -10 %or less of a

set val ymdated Bed fl ow rate setting device. (9) The oxygen concentrator
described in any of (6) to (8), wherein the flow rate sensor is an

ul trasoni C‘tyQEoWr%sE@o?n%%&ﬁﬂ{\%agl;o&&\%ﬂQx?%ﬁs ﬂg&g‘ﬁé ype flow rate sensor.

(10) An oxygen concentrator pro an adsdrption bed filled with an

adsor bent the oxygen concentrator performing a control increasing/decreasing a supply

airflow volume of the compressed air supply device based on a detected oxygen
concentration value to maintain an oxygen concenfration at a predetermined
concentration, and

a flow rate dependent control device performing a control without allowing the
supply airflow volume of the compressed air supply device to change when the value
detected by the flow rate sensor is outside the predeterminea range.
(7) The oxygen concentrator described in (6), wherein a threshold of a value detected by
the flow rate sensor is allocated individually in accordance with a set value of the flow
rate setting device or independently of a set flow rate value.
(8) The oxygen concentrator described in (7), wherein a flow rate dependent control
device is a device performing a control without allowing the supply airflow volume of
the compressed air supply device to change, regardless of a value detected by the
oxygen concentration sensor when the value detected by the flow rate sensor is +10 %
or higher or -10 % or less of a set value of the flow rate setting device.
(9) The oxygen concentrator described in any of (6) to (8), wherein the flow rate sensor
1s an ultrasonic-type flow rate sensor or a heat wire-type flow rate sensor.

(10) An oxygen concentrator provided with an adsorption bed filled with an adsorbent

10



sel ectively adsorbing nitrogen relative to oxygen, and a conpressed air
supply device supplying conpressed air to the adsorption bed, adsorbing
and elimnating nitrogen in raw material air to produce unadsor bed oxygen
and suppl ying an oxygen gas at a predetermined flowrate by a flowrate
setting device, wherein the oxygen concentrator is conposed of an
oxygen concentration sensor detecting a concentration of an oxygen gas
produced by the oxygen concentrator, a tenperature sensor measuring an

environ ntal . tenperature, and a flow rate sensor n en gas

Fllow r apaectvely adsbipit By R R S SN

supply alrflom/volune of the conpressed air supply device based on a

det ect eBURPKYBS fOBBIEEHt AL b adatrpion Bedreadserling A SURIBRHECYHESH Pat i on at
a predeterm ned concentration, a tenperature dependent control perfouing a

cont r ol raav sugdpial & fd Ipmdua:gllupnésorbed oxygen and supplying an oxygen gas at a

predetermined flow rate by a flow rate setting device, wherein
the oxygen concentrator is composed of

an oxygen concentration sensor detecting a concentration of an oxygen gas
produced by the oxygen concentrator,

a temperature sensor measuring an environmental temperature, and

a flow rate sensor measuring an oxygen gas flow rate,

performing a control which increasing/decreasing a supply airflow volume of
the compressed air supply device based on a detected oxygen concentration vatue to
maintain an oxygen concentration at a predetermined concentration,

a temperature dependent control performing a control a supply airflow volume
of the compressed air supply device based on a value detected by the temperature sensor
when the value detected by the temperature sensor is outside a predetermined threshold,
and

a control device performing a flow rate dependent control without allowing the
supply airflow volume of the compressed air supply device to change when the value
detected by the flow rate sensor is outside a predetermined range.

(11) The oxygen concentrator described in (10), wherein the control device is a control
device performing a control without allowing the supply airflow volume of the
compressed air supply device to decrease when the temperature sensor detects a value
lower than a predetermined lower temperature limit of the threshold and the supply

airflow volume is lower than a predetermined airflow volume during running of the

11



of the conpressed air supply device based on a value detected by the

t enperature sensor when the value detected by the tenperature sensor is
outside a predetentined threshold, and a control device perform ng
a flow rate dependent control w thout allow ng the supply airflow vol une
of the conpressed air supply device to change when the val ue detected by
the flow rate sensor is outside a predeterm ned range. (11) The oxygen
concentrator described in (10), wherein the control device is a control
devi ce performn a control wi thout allowi ng the supply airflow vol une of
the co §%§§§8m§%Fa§ﬁpply device to decrease when the tenperature sensor

detects | ue | ower than a_ predeterm.nned_|ower tenperatu lLimt of the
thres ho(@ﬁa %ﬁ%@%%lﬁ?l}ﬂaé?rrqwe\b%ﬂ&% Gr1{ pwererainy @HHPL%&@ ifitned
ai rflow volume during running of the oxygen concentrator. (12) The
oxygen éoneeparfaming desirdldhd makes 2@ppply ity volbmedilihe pempressed @i devi ce
is a device performng a control that makes a supply airflow volunme of the

conpr essigplsadevisupby hidhed dantosdpplyhzigher vohame eorsespphdingio fh oxwgeal une
correspondi ng to an oxygen concentration val ue detected by the oxygen

concent ggceMbatDARGRI defRBANH 188 Sx BlentcBfcan@latitn SEC Hardhss bl theGrugen
concentration sensor when the tenperature sensor detects a val ue | ower

than a pLede %&%@%%yé%ég&ﬁ@%@}ﬁ?&& Lol thOferhad %Q%Jege@&%%t art-up

of the oxygen toncen e oxygen concentrat or scribed in any
of (1) t 2) . wherein the oxygen, concentration.sensor .S a zirconi a-type
oxygen LR G el tndl ST rran gt Ey S eRIRGSiol Bo febrirdr on
Sensor. the oxygen concentrator.

(13) The oxygen concentrator described in any of (1) to (12), wherein the oxygen

concentration sensor is a zirconia-fype oxygen concentration sensor or an

ultrasonic-type oxygen concentration sensor.

Effect of the Present Invention

According to the present invention, a highly concentrated oxygen can be
provided constantly to a patient independently of environmental temperature by an
oxygen concentrator performing control with which a supply airfiow volume of a
compressed air supply device is increased/decreased based on a value detected by an
oxygen concentration sensor which detects an a oxygen gas concentration to maintain
an oxygen concentration at a predetermined concentration, which concentrator has z
temperature sensor which measures a gas temperature (environmental temperature), and
depending on a detected temperature value, a decrease in supply volume of the
compressed air supply device is not allowed, and airflow is supplied in a volume higher
than a supply airflow volume corresponding to a detected oxygen concentration value

on start-up so that an excessive decrease in supply air volume at low temperatures can

12



Ef fect of the Present Invention According to the present invention,
a highly concentrated oxygen can be provided constantly to a patient

i ndependently of environnmental tenperature by an oxygen concentrator
perform ng control with which a supply airflow volune of a conpressed air
supply device is increased/ decreased based on a val ue detected by an
oxygen concentration sensor which detects an a oxygen gas concentration to
mai ntai n an oxygen concentration at a predetern ned concentration, which
concentﬁator W?? a tenperature sensor which neasures a gas tenperature
(envi r ofimeht 8 “Yenper ature), and dependi ng on a detected tenperature

val ue, a decrease in supply volune of the conpressed air supply device is
not al | owed, AWANS $CPBHRG é) G EeSeRGImYANLionY BIAUAROTH Ty PRETECT ISARCCRTTRIYTD| y

ai rflow vol une corresponding to a detected oxygen concentration val ue on
st ar t - upné ondin elexatiaxinesdsitie pdecr easemphion exggiryveiad ssehunena tubos
tenperatures can be prevented. Further, according to the present

i nvent i dlatterfed dutckhe@nthic rfloox yt@e rscasan eadtor ahd fowamat: sdjtitngneldexat d®noi n

el ectric power consunption are prevented even when a tube is flattened or

when t hevokit AY¥nTaAl &y 286 aIn oA AR ratk REnsbl AWichah&usadh U LAPRn S8Vioweradlo not
work normally by providing a flow rate sensor which neasures an oxygen gas

L oo b2 b4 Bl QT G AUIS ol NG lpeSy RakeAL LU LOBREFaRY Base "

supply v e conpressed alr supply dévice on “a "det ect ed

flowrate value i.n th xy.gen concentrator | ich a supply airfl ow
vol ume 8?mPIi§f§SG§cﬁ1Fp?lﬂ’§§’ege‘ég? HSR’FGBW ?He@idggec{eg %F@tﬁsvé’i‘}ed’g‘c%ﬁé’ﬁ%"%as ed on
a val ue detected by the oxygen concentratjion sensor which detects oxygen
gas conEYKERENHI Whichw WPRDhaEfoBYpiEe dlothe campEisPeshaigsupply devet & m ned
concentration. Brief Description of Draw ngs Figure 1 is a
schemat insraasgiéddcrazsédo baded doagr ammofdetdetedoby dlen ozpgane nencatiaticac smsoli ng t o
the present invention. :

which detects oxygen gas concentration to maintain an oxygen concentration at a

predetermined concentration.

Brief Description of Drawings
Figure 1 is a schematic constitutional diagram of the oxygen concentrator
according to the present invention.
Figure 2 is a schematic explanatory diagram of the control of the present
invention.
Figure 3 is a schematic constitutional diagram of another aspect of the oxygen
concentrator according to the present invention.
Explanation of Numerals
1. Oxygen concentrator
3. User (patient)
101. External air intake filter

103. Compressor



Figure 2 is a schematic explanatory diagram of the control of the present
I nventi on. Figure 3 is a schematic constitutional diagram of

anot her aspect of the oxygen concentrator according to the present

i nvention. Explanation of Numerals 1. Oxygen concentrator 3. User
(patient) 101. External air intake filter 103. Conpressor

104. Switching valve

105. Adsorption cylinder

106. Equalizing valve

107. Check valve

108. Product tank

109. Pressure regulating vatve
110. Flow rate setting device
111. Filter

301. Oxygen concentration sensor
302. Flow rate sensor

303. Temperature sensor

401. Control device

402. Recording device

Best Mode for Carrying Out the Present Invention

An oxygen concentrator, an example of illustrative embodiment of the present
invention, will be described with reference to the drawings below. The present
mvention is not restricted by these embodiments in any way.

Figure 1 is a schematic constitutional diagram of an apparatus illustrating one
embodiment of the pressure swing adsorption-type oxygen concentrator of the present
invention. In Figure 1, | and 3 represent an oxygen concentrator and a user (patient)
inhaling humidified oxygen-enriched air, respectively. Pressure swing adsorption-type
oxygen concentrator 1 is equipped with external air intake filter 101, compressor 103

that is a compressed air supply device, switching valve 104, adsorption cylinder 105,

i4



104. Switching val ve 105. Adsorption cylinder 106. Equalizing val ve 107.
Check val ve 108. Product tank 109. Pressure regul ating val ve

equalizing valve 106, check valve 107, product tank 108, pressure regulating valve 109,
flow rate setting device 110 and filter 111. With this, oxygen-enriched air can be
generated by concentrating an oxygen gas from raw material air brought in from
outside.

Raw material air brought in an oxygen concentrator from outside is first taken
in from an air intake port equipped with external air intake filter 101 to eliminate
foreign particles such as dust and the like. At this tizﬁe, ordinary atmospheric air
contains about 21% oxygen gas, about 77% nitrogen gas, 0.8% argon gas and 1.2%
gases such as steam and the like. Such an oxygen concentrator selectively
concentrates and isolates only the oxygen gas required for a breathing gas.

For isolating such oxygen gas, rawrmaterial air is pressurized by compressor
103 to supply the air to adsorption cylinder 105 filled with an adsorbent containing
zeolites and the like, which selectively adsorb nitrogen gas molecules relative to oxygen
gas molecules, by successively switching targeted adsorption cylinders 105 by
switching valve 104, and about 77% nitrogen gas contained in raw material air inside
adsorption cylinder 105 1s selectively adsorbed and eliminated.

Adsorption cylinder 105 described above is composed of a cylindrical vessel
filled with the adsorbent described above and is generally available as a one
cylinder-type, a two cylinder-type or further a multiple cylinder-type with three or more
cylinders. A multiple cylinder-type of adsorption cylinders 105 is preferably used in
order to continuously and effectively produce oxygen-enriched air from raw material air.
A rotating-type air compressor such as screw-type, rotary-type, scroll-type air
compressors and the like may be used in some cases as compressor 103 described above

in addition to a reciprocating-type air compressor. The power source of a motor to

15



110. Flow rate setting device 111. Filter 301. Oxygen concentration sensor
302. Flow rate sensor 303. Tenperature sensor 401. Control device 402.
Recor di ng devi ce

drive this compressor 103 may be alternate current or direct current.

Oxygen-enriched air containing an oxygen gas as a main component, which is
not adsorbed in adsorption cylinder 105 described above, is flown into product tank 108
via check valve 107 which is installed to prevent the gas from flowing back into
adsorption cylinder 105.

Nitrogen gas adsorbed on the adsorbent filled in adsorption cylinder 105 is now
required to be desorbed from the adsorbent in order to reuse the adsorbent to adsorb
nitrogen gas again from freshly introduced raw material air. For this purpose,
switching valve 104 is used to switch from a pressurized condition achieved by
compressor 103 to a depressurized condition (for example, atmospheric pressure state or
negative pressure state) to desorb the nitrogen gas adsorbed to regenerate the adsorbent.
In this desorption step, an oxygen-enriched air may be flown back as a purge gas from
the product outlet side of the adsorption cylinder during the adsorption step via
equalizing valve 106 in order to increase a desorption efficiency.

Oxygen-enriched air is produced from raw material air and stored in product
tank 108. The oxygen-enriched air stored in product tank 108 contains, for example,
an oxygen gas highly concentrated to a level of 95%. While pressure regulating valve
109, flow rate setting device 110 and the like subsequently control the supply flow rate
and the pressure, the oxygen-enriched air is fed to humidifier 201, from which a
humidified oxygen-enriched air is supplied to patient. For such a flow rate setting
device 110, in addition to an orifice-type flow rate setting device, a flow rate control
valve such as a control valve (CV) and the like may be used.

A set value of flow rate setting device 110 that sets a supply flow rate of

oxygen-enriched air, a concentration value on oxygen concentration sensor 301, an
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Best Mobde for Carrying Qut the Present |nvention An oxygen
concentrator, an exanple of illustrative enbodi nent of the present
invention, will be described with reference to the draw ngs bel ow. The
present invention is not restricted by these enbodi nents in any way.
Figure 1 is a schematic constitutional diagramof an apparatus
illustrating one enbodi nent of the pressure swi ng adsorption-type oxygen
concentrator of the present invention. In Figure 1, 1 and 3 represent an

oxygen congcentrat or and a .user atient) | | i ng_ hum dified .

oy gen- EPCBeL Ao Bl R 30 17 ki St 20230 Skl bt B, desionny gen
concentrator 1 is equipped . with external air intake filter 101, conpressor
103 t hafesplds grecgmsdagseaonling deyipn ¢0dsyete as mgmary andgthg dikgetor nitor
adsorption cylinder 105, equalizing valve 106, check valve 107, product

t ank 108perpias sorditipmgasidatann gxygehverodogion howntaise adiestel nbpseévinc éhe1 10 and
filter 111. Wth this, oxygen-enriched air can be generated by

concent detedctivg seLulesxy geroghsgly,r the manbaradferevalutiany obraaugbdtric métovofdrout si de.
Raw material air brought in an oxygen concentrator fromoutside is first

t aken i Borhpi@B80AN0R 14 cdiifolikd tRUohtr8IgRRES) Mot ddnby! £ EhgHly dbluntdbdeg filter
101 to elimnate foreign particles such as dust and the like. At this

tinme, ordi Vs S ! i I CO 1 0 9 77%
nitr oge{ﬁggégg %ﬁ%‘@?ﬁé@ﬁi a?n%ﬁ% 51}{ gﬁg}? g%goglsgé%c %@ﬁél?ggm&g%gﬂgﬁ%i ke.
Such an %@?}en cogglent‘iﬁlt 0{) Lgeltéﬁc.ti vel y concentrates &mdgitsol ates only the
oxygen GEUroRng swehine Nalve 4, o /b FRPIEREPE oXygen sepsgr apd afl INTFASBMIEIYRe oy y gen
gas, raw material air is pressurized by conmpressor 103 to_supply the air
to adsofPIECHECRHPr IMRY &F useshas the PEYRCR; CORCUHTaHE et AhRe %iisriiee 58% i t es
and the like, which selectively adsorb nitrogen gas nolecules relative to
oxygen {aw meitead asylirhyonsetype Siw sty seowprt ohy heusedragche fowdstsryensoon
cylinders 105 by switching valve 104, and about 77% nitrogen gas contai ned
in raw Aatidfrisahicaype sensordie paeksabletinaamnsydiiradetioldm sise sl Be huindkyofadsor bed
and elim nated

components, since it enables measurements of oxygen concentration and oxygen flow

rate with one sensor.

According to the present invention, control is performed to increase/decrease a
supply airflow volume of the compressed air supply device based on a value detected by
the oxygen concentration sensor which detects oxygen gas concentration 1o maintain an
oxygen concentration at a predetermined concentration and temperature sensor 303
measuring temperature of the apparatus is provided and a control device 1s changed
depending on a value measured by the temperature sensor. In the present specification,
a control device performing control depending on a value measured by the temperature
sensor also refers to as a temperature dependent control device.

The control which does not allow the decrease in supply airflow volume of the
compressed air supply device is performed when the temperature sensor detected value
detects a value lower than a predetermined lower temperature limit (threshold) and the

control which makes a supply airflow volume of the compressed air supply device to be
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Adsorption cylinder 105 descri bed above is conposed of a cylindrical
vessel filled with the adsorbent descri bed above and is generally
avai l abl e as a one cylinder-type, a two cylinder-type or further a
multiple cylinder-type with three or nore cylinders. A nultiple
cylinder-type of adsorption cylinders 105 is preferably used in order to
continuously and effectively produce oxygen-enriched air fromraw materi al
air. A rotating type air conpressor such as screm#type rotary-type,

scroll - I co sor.s;and t e |like ma in,so cases as
conpr es aﬁegc W%%% el VﬂtﬁﬁhﬁFpgﬂ’ H§ r%c%ﬁté@%tgﬁg BE ai r
conpr essor. The power source of a tor to drive this conpressor 103 may

be al t eﬁﬁt@ntteﬁ%tﬁim'o reggrdlasst Ofc%wlé%fietected by theRy¥aen-coppqne@ten gensor
contai ni ng an oxygen gas as a main conponent, which is not adsorbed in
adsor pt isopetipimeid evhenOthed tgupsrsort abowve, deitests laowalug ntogvepribeuca lpwak 108
via check valve 107 which is installed to prevent the gas fromfl ow ng
back i ntengdstiarepinidonGybiraae stalddp to prevent aNirbdwag ery @ascoacsontied fom t he
adsorbent filled in adsorption cylinder 105 is now required to be desorbed

from t hgedgd$OK&aR4N the pRIdERFmRI c8H&Rthiigh.adsor bent to adsorb nitrogen gas
again fromfreshly |nProduced raw material air. For this purpose,

swi tching va
2chi oved by chrehdubis, (6% 4 Puabhbeled EOMARDEITE | R0, FARIILEL:
at mospherii ssure tate ativ t to desorb

ot ogen s UG 3 Akt tB e Jener Shee et TR0 Aot v @masee%%wa[ % on

st ep, agﬁﬁxygen enrjched air may be flown back as a purge gas fromthe

pr oduct 2BHeYeruR e CQm@rewé@trpwaW deyice FadY ashusapRy e SRBaRBB dikE ion st ep
via equalizing valve 106 in order to increase a desorption efficiency.
Oxygen- el potreded r Al ghip tioth eechntnob whidwdorat et istibwathe deortasst or 8upin
product tank 108. The oxygen-enriched air stored in product tank 108

cont ai nsirfldwrvotunaept the @mpRXsedairgappli divice wiemce sippdy eldfide Wiy @l  of

95% While pressure regulating valve 109, flow rate setting device 110 and

the |i keyvaoneoueBddmBERH diflov D8RP by fEmRW i ﬁ&cﬁuéﬁ% thBQeREGHSW £, the
oxygen-enriched air is fed to humdifier 201, fromwhich a humdified

oxygen- %ér(faﬁnﬁie e 151§1t B Bl:étﬁgcr}ﬁffl tB@tchﬁP&I nfur 9&(56? cf'1t e{;ljeP Yt eppet t ' ng

devi ce |t|on 0 an o deV|ce

flowrate cantrol Ive such.as a ontrol the Ilke may be
used. | cie ST oy ARG R (3R M P eta%@/%%wﬁ% B &
supply flow rate of oxygen-enriched air, a concentration value on oxygen
concent FEVBITTSR AERLY abflow yplume isdowenthaelersppaly aEflewliee Brseerse r at e
sensor 302 are detected, and the detection results are stored in recording
devi ce mgetsumhecéyxmmmncamtdattohelm ¢rkeronmenoal & dempgatuet iavger dbardithd on, and
an oxygen production anmount is adjusted based on the detection results
Accor di pghterrhined rovwbe teroperii@moliiiit. onk ofhednveldechr predd®rintined Qirflo@mpr essor
103 is controlled by control device 401 to control a supply volune of raw

mat er i abolgine 1@@1&‘5\@&/\43% ehioRed tlhmlmv@ﬁe ahsarpt iRRspadpiesieiRl v8lmSto
controlled by controlling swtching valve 104. A zirconi a-type oxygen

sensor g A HLLEASAO) 6202 RANEROS RS0 en AR USCR ARrhe 160"

concent fatl on  sensor W re-type hass

ul trasonic fl ow,rate sensor b he flow rate sensor. An
ul trasoﬁﬁaﬂ t%%@%@ﬂ?é#owtﬁmaﬂéwg%ﬁﬁ @ ﬁ¥ ¥ eductions in size and
t he nunber of cog¥onents since it enabl es neasurenments of oxygen
concent r at i onSResEically gesion Bk Figie premespprdsdedbopase where a value lower

than the lower temperature limit is detected and a supply airflow volume is lower than a
predetermined airflow volume. Figure 2 explains the control depending on the
temperature according to the present invention. In Figure 2, a predetermined airflow

volume 1s set to be the same as the supply airflow volume on start-up at a temperature
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According to the present invention, control is performed to

i ncrease/ decrease a supply airflow volune of the conpressed air supply
devi ce based on a val ue detected by the oxygen concentrati on sensor which
detects oxygen gas concentration to maintain an oxygen concentration at a
predet erm ned concentration and tenperature sensor 303 measuring
tenperature of the apparatus is provided and a control device is changed
dependi ng on a val ue neasured by the tenperature sensor. In the present

speci fi i a ntrol devi.ce. pegforyang.caontr.ol dependi on val ue
measur eﬂ%}”qﬁ%ea P&%’ﬁéerngpteﬁar dred Iélril;lé'or’&g Fesdc??}er et ?@BWavéj?'%“? Enﬁ"g Fﬁ“}]ﬁl&
dependent__contrql .device. The control which does not allow the

decr easé-wos]u%%@lfﬂ IBPFRE R A Shea oY WQE‘E%?TB? SREP 3 ¢ ITUPFHYCRIA ce i s
perfornmed when the tenperature sensor detected val ue detects a val ue | ower
than a preddemperpmeailimawrhighanrdihgugl & the differy depeadinglod)a pradetetmanebnt r ol
whi ch nmakes a supply airflow volune of the conpressed air supply device to
be hi ghevert ampeaatstep pinyit aandf |20 wradekamineadlo roxggqo rdheapttition. he Weérecd ed
oxygen concentration val ue, regardl ess of a value detected by the oxygen

concent eipelituReRntdr dded@d VakBRRMRen téhferh®Pd &fvit Uhsh SERs@icdab&rt s a
val ue lower than a lower tenperature limt on apparatus start-up to

prevent; r : i f [ qaﬁg t
pr edet er‘?nyé%etgﬂgg%g%ér%%g? fug(ir)l Q%Bfﬂgl%f@r}v g{Oﬁg%reb\%o@glsl%r en }g@%&é%%gniget ected
by the {epperature sensor, detected | ue i s _lower tfhan redet ernj ned
Cower t BROY 3OS PR PGS B iral B o R RS o urre
of the conpressed. air supply device sych a conpressor, an he like is
not per%gﬁﬁ ¥ deviceriugh @b ReCOTEPTERSRE apq U e, SyBaoTRGH. aﬁpmﬁ%ﬁ& thécr ease
in supply airflow volunme of the conpressed air supply device when a supply
ai r f | owcwrstspomdsi te regoe A at idampenpueel irvear havealloaver fnapgratutedinait i Figare or ned
in addition to the detection of a |lower tenperature limt, the accuracy of

t he conZr oReginnAaadeshaddl arta indFipuef2er abl e. The case where a supply
airflow volune is Iower than a predetermned airflow volune is a case

where a suppl i addifib©WyNe dnBmipsrab@¥esenddnadetddie a SHRPEMnAd Nh @RI LM to
secure a pr edet er m ned oxygen concentration 1n environnent at a

t enper %H&eéﬁe’l%& ISVQ@fntehﬂ)%ﬁ?%rqu\i;x%ﬁrdﬂ &EH-JgoélﬁheL@Bgﬁgg{ %f;ig difellide 1 N Ot her

wor ds, predeterm ned arr ume 1's shown ine 1n Figure
2 and the | owest su airflow volu to enable a predeterm ned oxygen
concent PREFShe PP BTN P lomsafiedde e T BrsRRa e 1 P AR nct
predeterm ned | ower_ tenperature limt (5C in Figure 2).
Speci f i BEIMSON Filg; Y BOPRICEIY IR SN 0XYEFR SOPTHHSIOL §SinEE corresinepe the val ue
| ower than the |ower tenperature limt is detected and a supply airflow
vol ume ¢@nproseed aittranply davingds devdened adedordngly.ovbenethe Remgperatuge ssasdmi ns t he
control depending on the tenperature according to the present invention.
| n Fi gudeeds a eermppeeatatednwientan ai prédapevminddiivever eengetatiue 1heit bhetastaupeofas t he
supply airflow volune on start-up at a tenperature

the apparatus, control which increases the supply airflow volume of the compressed air

supply device such as a compressor and the like to supply at a higher volume than the

supply airflow volume for a detected concentration value is performed. Although this

higher supply airflow volume differs depending on the respective predetermined flow

rate (formulated flow rate), it is, for example, 1.05 to 1.2-fold increase of a supply

volume at a temperature of a lower temperature limit or higher and it can be set in

advance.

As the control which increases/decreases a supply airflow volume of the

19



| ower than a |ower tenperature limt. A predeterm ned airflow volune is,
for exanple, 1.05 to 1.2-fold increase of a supply airflow vol une on
start-up at a tenperature of a |lower tenperature limt or higher, although
it the differs depending on a predeterm ned | ower tenperature limt and a
predet ermi ned oxygen concentration. \Wen a tenperature sensor detected

val ue detects a tenperature | ower than a predeterm ned | ower tenperature
limt and a supply airflow volune is higher than a predeterm ned airfl ow
vol une, I i . t he I WA \/ .

corpr s S HRPEDR Al BEHEE8REY 010 SRR Bl oy e BT ofioghPion
performed. Specifically, this. corresponds t.o region A at a.tenperature
over t FBOLACOUARE Rt arsient B PRt SOt (B Somse ghvRid RBYs haded
area in Figure 2. ) I n addi tion, when a tenperature sensor detects a
t enper avélpe iy BaRipulakdin prenosdent kr filedaionohgveeenpeieeed valupjapd & tygelst art - up
of the apparatus, it is effective to increase a supply airflow volune in
advancevgloe prfompteen sohtemiatign.obn dntepsd db comgp! isi wheht fie impus t\euer isng of a
conpressor in an oxygen concentrator using a conpressor as the conpressed

ai r supplapipdRvddCir frépdiaoal engd intdeadntvang ¥ dovigivnbhePl esnael adb@irgensor
detects a tenperature |ower than a predeterm ned | ower tenperature limt

on st ar fiub .0 teNf-ARRBE ALidly QAL rol which increases the supply airflow
vol ume of the conpressed air supply device such as a conpressor and the

i ke to suppl .a higher vol une than the.s : it .for a

det ect ed conc%ln rdé 10inc')nfgl\'/a e }fggnpcé)%lf%l}r r‘%oé’. it Fcﬁ%%ag@é 'E%Sg[méh}’l% fEIaLlr%‘%Oﬁlppl y
airflow.vol une differszﬂﬁgendiqgﬁgp_the ﬁeagective.gr determned flow rate
(f or mul HPEdO hs0psraiam of the cpmpr B SiRphe deviceydhal s, the resppnse ims @lase of a
supply volune at a tenperature of a |lower tenperature |limt or higher and
it can P¥yesatcoppenii@lion ée be Astor He mipwes. ol AGierding ith diccprseant desntias el a
supply airflow volune of the conpressed air supply device based on a

val ue datsatededosast e sopplyeairfioncehimatof che semporssat eordipply dovitches present
invention, a proportional (P) control in which an input value is

mani pul aéeghihéd PaRAH bRtdcdo:tQih abhemtiRabreeRe awilile tag GhRehay aff setcand a
target val ue of oxygen concentration, an integral (lI) control in which an
i nput  vahue s IBNRAYALSd i n proportion to an integration val ue of
deviations, a Pl control conbining these, and the |like can be suitably
used. n addition, for t e n Lt irable to
set a stabil i%gf? %a{lﬁoﬁ@l ({n(/)‘?ets ?ﬁgrﬁgﬁ%ﬁ% (g‘ntﬁ%fel &fo?l&eéngél%%sgﬁs%ﬁ Ea}ﬁrgﬁléﬂueppl y
device, that is, the response tine of, oxygen concentration to be 5 to 10
i nut 6500 RERSEHSIETIES 1L WE (5PUBHSR SR JRFIsenat 19N (P HRFRaLe) MecPbEEes]
supply airflow volune of the conpressed air supply device is determ ned
based o#dsarhgdt rignoaen axydyeHy cispreasesr aricoprdinglyie? wEHONSth of rit degratseol 5 to
10-m nute stabilization tine. Si nce an adsor ption/ desorption speed
of the axigenkententimtor dsenandofincolawime/detreasitg egappldes didyve sofumet dife
desorption step decreases at |ow tenperatures, the volune of adsorbed

ni t r ogetheoReitadskd alMeippRSs asvicé,\c&?é@&usg kyntrél sfedRensgod sapplecigiase in
oxygen concentration by control of increasing/decreasing a supply airflow

vol ume gﬁmﬁ@qsgggﬁﬁgssed air supply device, especially control of
decreasing a supply airflow volune is del ayed.

If a response time of oxygen concentration takes long, control may be overshot.
Further, in an oxygen concentrator using an adsorbent, properties of the adsorbent differ
depending on the temperatures and it is confirmed that a response time of oxygen
concentration to supply airflow volume takes long when environmental temperature is
low and the supply airflow volume is decreased.

The temperature at which a response time of oxygen concentration to supply
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If a response tinme of oxygen concentration takes |ong, control nmay be
overshot. Further, in an oxygen concentrator using an adsorbent,
properties of the adsorbent differ depending on the tenperatures and it is
confirnmed that a response time of oxygen concentration to supply airfl ow
vol ume takes | ong when environnmental tenperature is |ow and the supply
airflow volune is decreased. The tenperature at which a response tine of
oxygen concentration to supply airflow volunme takes |Iong to overshoot the
control _dj e ' 0 L.on.pr ) n h nts of
the. adsat et rehuieRRECIRE BB bfodtaBEt A iR HERBIDL S AR, °.
remar kabl e decrease in oxygen concentration due tq the overshoot of the
Rbove  CBIERSES fIEl Mo ATDHE ) i SOHEEIG 1413 BEHoEBImER Shab gy G present
concentration to supply air volune is sufficient in environment at 5C.
ConsequEREROn, 4 feaiagiableedgrarase in @XYEaR ONEEHraiop e rtoltha pvegphiooh of twuppl y
airflow volune of the conpressed air supply device is decreased based on a
det ect edbaxycgetmolde noeritseati.ahatval responsyofitbe 5CG/w@n congngmationdpcoppliyrady t o t he
present invention, the |lower tenperature limt for control to decrease a

supply ablixieqw suBicieme 0 tndifMneRl Rl 8XS.edCahseqeasnBlp] ¥ 1610 6@ pératudClimit
When a tenperature lower than 5C is detected during running and a supply

ai rf | owryol thirol St %ﬁi&ﬁra] %{k@&ﬁﬁv@g@t JhNEd c%hfgiés% ek dEAR ol which

decreases a supply airf e conpressed alr supply device

based on_ a detected oxyaen concentration value js Stoppe ven .when the
oxygen Jesiesi] PRdOatY SERaREISSRM h Pl FaliR ) HREEC 4 WO, her
hand, cqntrql which increases a_sup Iy ai rflow vol yme of the conpressed

ai T SupPFSPTHBYITE BPEHt B eRioih o BaT RRGEIE JHELHNCAR RO GaFEEcids

mai nt ai ned_when an oxygen concentration is |ower than a predeterm ned

val ue. Wiply drfley velumewdithe ¢rmprssed sirmubmy deviedis X°Ri s control is
performed, and when a val ue detected by the tenperature sensor exceeds 5C,
t he control | Whswiatehpdratioe dowemnthny SCOnE rdetectt] dursmigpphyingiand laostppld une  of
the conpressed air supply device based on a detected oxygen concentration

val ue. airflow vol&NistiB&eCiih bQRERdrlinddeiiFRIVA L blutheS ERERY viedheddcteades
tenperature | ower than 5C on start-up of the oxygen concentrator, a supply

LS ks crup e sohlotol GEC RS
guar ant g)?)%ef? %%Ec‘?gnitr?iﬁm? fvai[ug 8s %{0%1338{] re\fénn\\f/v Bk itl?e”bx}g%gtcoingdntration is higher
than a predetermined value. On the other hand, control which increases a supply
airflow volume of the compressed air supply device based on a detected oxygen
concentration value is maintained when an oxygen concentration is lower than a
predetermined value. When a value lower than 5°C is maintained, this control is
performed, and when a value detected by the temperature sensor exceeds 5°C, the
control is switched to ordinary conirol of a supply airflow volume of the compressed air
supply device based on a detected oxygen concentration value.
When the environmental temperature sensor detects a temperature lower than
5°C on start-up of the oxygen concentrator, a supply airflow volume of the air supply

device is controlled to secure a predetermined product concentration at the lower

temperature limit for guaranteed operation of the present invention, that is,
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environnmental tenperature of 5C, and as long as the tenperature sensor
detects a tenperature | ower than 5C, control which supplies air in a

vol une larger than the supply air volume is perforned to prevent a
decrease in concentration due to the overshooting of the control above.

In addition, when the tenperature sensor then detects a tenperature of 5C
or higher, since overshooting of the control is not concerned, control
which allows the supply airflow volunme of the air supply device to
decrease_unti | suppl y ai.rf]J.ow vol yne coryesponds to the qxygen
cConcent Fayirimenll TR Pink S asbr dhy Hdive 481G R dpiC s fkd
consunption of the apparatus. . Further, when the tenperature sensor
det ect sCHRCEFEr IavWET d1agf SKE iRl ghigh Sppdespir- i yalmenkrge thanther at ure

| ower than 5C and a supply airflow volume is |ower than a predeterm ned
ai r f | owsupplu i, V@@W@rislpmd\éirmhddoemevm calleweast e sunepihiyatianr dueow el ume
fromthe airflow volunme supplied when the tenperature sensor detects the
t enper abwrshdodne bf theanntvél dbovelecr ease i s perfornmed. I n anot her
aspect of the present invention, an oxygen concentrator is provided, which

perforns cont x0ddditn vhich $hE BREIAGELARE Shdn VR 1 UPP kmRirAthieOdy s001 4me of
the conpressed air supply device based on a val ue detected by an oxygen

concent gjgin]érg) Gir38 L Wi RS o P Y RN REmES NGRS Al A ol QudTRIN 21 1

t he oxy concentration-at a predeterm ned concentration an his

equi pped with. a flow rat ensor i ch.measyres ox as supply flow
rate ant'P rﬁgﬁﬁ%'vﬁhP?égiﬁﬁi hmﬁ§B%8ﬂ6?3§1HgﬂﬁFﬁé%gﬁ3$?§W§ﬁ¥@f vol ume
of the cqonpressed air suypply device to.increase/ decrease when a detected
f1 ow r a¥¥uing COTFEERoRds {hEct PHgeR SoRCEHARRY Hepeslommaddhprisby deereadpe theni th t he
set flowrate. Since the tenperature sensor is not essential in this case,
Fi gur e geghowswancansoiiorenf thexpbareiing a t enperature sensor from Figure |
In the present specification, a control device perform ng control based

on the det ectBdtiel ovhenahe tonddci@u@l sefsor dERES attomperbiluddof o dEpRAdRNt
control device. As the control which increases/decreases the supply

ai rf1 ovspi@lydiRdQhert RRRAIRARS RRfbrahdn SUPBLY 2 AG¥HI¢ 2RI oRMet iBGowd! Ue
detected by the oxygen concentration sensor, a proportional (P) control in

whi ch 2@1&{1/ Qﬂﬂéde‘f%h&?edi ArARPLR t%g?&cg PLAPALLS 27 ag18wamggxﬁfggaﬂ~ﬂ?&et ween a

detected val'ue and a target value Xygen concentration, rntegral (1)
ot eqr atBe VAT T dio a0t 3P Bito SIS bt Pl BB R B BpBEL i onal
(P) control and the jntegral (1) control, and the |like may be suitably
used. temperature lower than 5°C to decrease is performed.
In another aspect of the present invention, an oxygen concentrator is provided,

which performs control which increases/decreases the supply airflow volume of the

compressed air supply device based on a value detected by an oxygen concentration

sensor which detects oxygen gas concentration to maintain the oxygen concentration at

a predetermined concentration and which is equipped with a flow raie sensor which

measures oxygen gas supply flow rate and performs control which does not allow the

supply airflow volume of the compressed air supply device to increase/decrease when a

detected {low rate is outside the flow rate range determined in accordance with the set

flow rate. Since the temperature sensor is not essential in this case, Figure 3 shows an

embodiment excluding a temperature sensor from Figure 1. In the present
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According to the present invention, it is efficient to determ ne the
control of the conpressed air supply device at an interval of 5 to
10-m nute stabilization tine. Especially when an oxygen flowrate is
decreased over a long tinme due to tube flattening and the |ike during
sl eeping and the like to increase an oxygen concentration, leading to a
decrease in the supply capacity of the conpressed air supply device,
however, a decrease in supply capacity at 5 to 10-mnute intervals my

|l ead to _an.unduly decrease in supply c ity of the conpressed air supply
dovi ce. SPiPiPRs SPEvof B5ies BrelyBhin raRRR Beiet ol ASeSET SRR Y oxypen
concentration alarm my be activated even though the apparatus is
essentiébpydﬁﬁﬁoﬁﬁkWW@%b#@eE$ﬂ¥ﬁ@“ﬂﬂﬁﬁvﬁﬁen the capacity of the conpressed
air supply device returns to that required for normal oxygen flow rate.
Accordi ng to thkehpresierit whivhemeicasgs/dsyreassts thalsypplet adtdwn yohmeaory dglen
concentration but al so deteimning whether or not the supply airflow

vol ume obmphescdaiipsppBedtvidc base ph yhalealu€ detbGed B Neaseget ecn@agetibrbased on
t he detected oxygen gas flow rate value at an interval of 5 to 10-m nute
stabi | i gaisb0n grbptRiiott (PY&3dtRN i vhidALHPES MIYe RMUIBPuISRAGE PréRiGi@n al arm
during nornmal operation of the apparatus' is thus elim nated even when an

oxygen conGentEd i)é)[?rleééa l4BELR eoz{nddaeféfsé"ﬁ‘%ﬁﬂe %&’%xi ot Qfc 58540 OF
gen flow rate

i ncrease I n oxy ana unnecessary I ncrea In electric power

consunption f increasing the c city of.t conpressed air supply

devi ce. MU pL L Sinch an mpuf belic L manigiaied RAFORTIPR 42 IiemA

accuracy required for the ox¥gen concentrator is taken into consideration,
a flow Male obdedptyms pbl emizpl sembimingyhe prepardons () spngekaidibe inteerBe an
abnormal as the oxygen flow rate. The present invention enables to achieve
t he desily edntoolyapdithe beway basuitablanstdoxygen fl ow rate quickly when the
apparatus returns to the normal condition. Further, according to
anot her aspechceafrdinho fegsedtht inveetidn, (s cfiticdX ¥oRserfmcHb chadeirof itise

provi ded, which perforns control that increases/decreases a supply airflow

vol ume. eémphescaORP BN ddRkde aHRRA! MMl G 50%Y 96 MiRaS CdaizAionalite.
detected by an oxygen concentration sensor which detects a gas

concent FaricBly' ReBTl SBaR R ERT i SBGER ANEED. Bne e R € P

b O

ur e sensor measures a
t enper ature.of t rat us, and swit.ches a.control device dependi ng on
e’ var Aotk e BER AR Sepha p LdBha Tt B oXS eSS ElhoE i o h
flow rate sensor fhat npasures an oxygen@ga;ﬁsupply flowrate and perform

cont r ol leafing @or ddepsseain B sl GERAGYYV copppreded conprREE BVERr suppl y
device to increase/ decrease depending on the detected flow rate val ue.

As the bsygen zckcreateriat eipplt hepmppartdt ts IRavinng microaly geay tedderdor at i on
sensor, a flow rate sensor, and a tenperature sensor as shown in Figure 1
i s appl uedby decrease in supply capacity of the compressed air supply device. Accordingly,

if the oxygen flow rate returns to normal, an oxygen concentration alarm may be

activated even though the apparatus is essentially not in trouble by the time when the

capacity of the compressed air supply device returns to that required for normal oxygen

flow rate.

According to the present invention, by not only detecting an oxygen
concentration but also determining whether or not the supply airflow volume of the

compressed air supply device is increased/decreased based on the detected oxygen gas

flow rate value at an interval of 5 to 10-minute stabilization time, activation of
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In other words, when the tenperature sensor detected val ue detects a val ue
| ower than a predeterm ned | ower tenperature |limt, and preferably a
supply airflow volume of the conpressed air supply device is al so | ower
than a predeterm ned supply airflow volunme, or when an oxygen gas supply
flowrate is outside the flow rate range determ ned based on the set flow
rate, control that does not allow the supply airflow volune of the
conpressed air supply device to decrease is perfornmed; when an oxygen gas
supply flow. rate | utside t.he flow,rate ran .erm-ned_based on the
ot 11 o P EEh gl o O elar RS BRE Solighy B rBRR GG Be o
the conpressed aiy supply device to increase.is perfornmed; and further
when a%ﬁﬁﬁm%?iewea\m@wnt%mm SREPTEEEdE JTREeq ¢ eP“ia%eddQ{eéEﬁEd on
start-up of the apparatus, control that nmakes a supply airflow volune to
be hi ghéecreasarpriinercasgpipl gryaen flosrate lapfeinperasssy drrieasg 0 ¢leckiéc gewect ed
oxygen concentration value is perforned. Since this aspect conbi nes
t he contombmipyiot dopeceasing thn dagahay ©brithe obmpaesdekdonir sugipky deldse malyelsk above,
doubl e explanation will be omtted. For exanple, the following matters are
sim | arsiprdskaise in the above aspects: the |ower tenperature limt is set
at 5C the threshold of a value detected by the flow rate sensor is

al | ocat ed i ndjyigyal [ i +-h of,,t f ate
setting devigg or’iR¢egeﬁﬁgﬁgﬁiqggpSﬁgkgeﬁﬁPﬁgﬁl%%?g?dmﬁgnﬁg &gﬁ é{
detected b M/ra%e se

the fl or. is +10% or higher.or 10%.0r |ower of the
et Cvar tenpralgris Ehl B Se HSRRRHohge JbY R olsRP 0T ot Bl W R Fow
the supply. airflow vol ume of the conpressed_air sup devi ce to,change is
per f or nﬁﬁﬁyea%sm?%é% Pean Heogaroe & VKTEE gﬂteox%% RTSEHCEWERLAN on
sensor. According to the present invention, a desired oxygen
concent ¢zablegio pehigtealbp fepiredvixgeen capicantiasioniand Ay gstyidest rafe guiektyraliay
provided with an adsorption bed filled with an adsorbent selectively

adsor bi thg apparmog estums kathewermel @xydgen. and a conpressed air supply device
supplying conpressed air to the adsorption bed, adsorbing and elimnating

nitrogen in rewiERt 8dodin@ith ArdtiRiOskpee: Uﬂdﬁ@?ﬁé&@ﬁk Sxaeeh, 3 osyigddl i ng an
oxygen gas at a predetermned flowrate by a flowrate setting device,
COMPri Stdidentrator is provided, which performs control that increases/decreases a supply
airflow volume of the compressed air supply device oxygen based on a value detected
by an oxygen concentration sensor which detects a gas concentration fo maintain an
oxygen concentration at a predetermined concentration, is provided with a temperature
sensor that measures a temperature of the apparatus and switches a control device
depending on the value measured by the temperature sensor, and also is provided with a
flow rate sensor that measures an oxygen gas supply flow rate and perform control that
does not allow the supply volume of the compressed air supply device to
increase/decrease depending on the detected flow rate value.
As the oxygen concentrator, the apparatus having an oxygen concentration
sensor, a flow rate sensor, and a temperature sensor as shown in Figure 1 is applicable.

In other words, when the temperature sensor detected value detects a value

lower than a predetermined lower temperature limit, and preferably a supply airflow

24



an oxygen concentration sensor detecting a concentration of an oxygen gas
produced, a flow rate sensor neasuring an oxygen gas flow rate, t he
oxygen concentrator performng a control increasing/decreasing a supply
ai rflow volune of the conpressed air supply device based on a detected
oxygen concentration value to maintain an oxygen concentration at a
predeterm ned concentration, and a flow rate dependent control
device performng a control without allow ng the supply airflow vol une of
0.change when.the value detected by the
éE\?Sé)r Hwiu ée'%er y

t he corrgrles%eocsjftﬁér su Ie§ devi Cf Q:&hs b let ect
f1 ow rat & "g&nsa BQWR%B% &) &P ﬁfe M e ﬁﬂﬁg. Vi ] ygen
concentrator according to claiml, mhehghn a threshol d of a val ue detected
by the PIONYFR{WENSORIGIEN;28 FYLHR: SHeWPPHATOY Jai5IF puiside b BPUdAE2 Mt h a set
value of the flowrate setting device or independently of a set flowrate
val ue. dgernined basedeon thersse flomatay, capicolr Gahdoasonad lalpw the supply aiimlosy f | ow
rate dependent control device is a device perfolining a control w thout
al | ow ngoluhe ofuhpbympiesdeldair sophblyndevade tb hieceastps pefatnal; whetpploxygavi ce to
change regardl ess of a value detected by the oxygen concentration sensor
when t hgasviabpie fteY eat chuddidd e flokomitd Rhge 8&RStihed Based on the set flow rate,

control that does not allow the supply airflow volume of the compressed air supply

device to increase is performed; and further when a temperature lower than a lower

temperature limit is detected on start-up of the apparatus, control that makes a supply

airflow volume to be higher than the supply airflow volume corresponding to the

detected oxygen concentration value is performed.

Since this aspect combines the control by temperature and the control by flow

rate, described above, double explanation will be omitted. For example, the following

matters are similar to those in the above aspects: the lower temperature limit 1s set at

5°C; the threshold of a value detected by the flow rate sensor is allocated individually in

accordance with a set value of the flow rate setting device or independently of the set

flow rate; when a value detected by the flow rate sensor is +10% or higher or -10% or

lower of the set value for the flow rate setting device, control that does not allow the

supply airflow volume of the compressed air supply device to change is performed

regardless of the detected value of an oxygen concentration sensor.

According to the present invention, a desired oxygen concentration is stably

provided.
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+10 % or higher or -10 %or less of a set value of the flowrate setting
device. 4. The oxygen concentrator according to any of clains 1 to 3,
wherein the flow rate sensor is an ultrasonic-type flow rate sensor or a
heat wire-type flow rate sensor. 5. An oxygen concentrator provided with
an adsorption bed filled with an adsorbent selectively adsorbing nitrogen
relative to oxygen and a conpressed air supply device supplying conpressed
air to the adsorption bed, adsorbing and elimnating nitrogen in raw
material air to produce unadsorbe PXWIEN and suppl yi ng an oxygen gas at a
predetermned flowrate by a flow Yate Setting device, conprising:

an oxygen concentration sensor detecting a concentration of an oxygen gas
produced by the oxygen concentrator, a tenperature sensor neasuring an

envi ronnment al tenperature, ) ) ] )
1. An oxygen concentrator provided with an adsorption bed filled with an

adsorbent selectively adsorbing nitrogen relative to oxygen and a compressed air supply
device supplying compressed air to the adsorption bed, adsorbing and eliminating
nitrogen in raw material air to produce unadsorbed oxygen and supplying an oxygen gas
at a predetermined flow rate by a flow rate setting device, comprising:

an oxygen concentration sensor detecting a concentration of an oxygen gas
produced,

a flow rate sensor measuring an oxygen gas flow rate,

the oxygen concentrator performing a control increasing/decreasing a supply
airflow volume of the compressed air supply device based on a detected oxygen
concenfration value to maintain an oxygen concenfration at a predetermined
concentration, and

a flow rate dependent control device performing a control without allowing the
supply airflow volume of the compressed air supply device to change when the value
detected by the flow rate sensor being outside the predetermined range.
2. The oxygen concentrator according to claim 1, wherein a threshold of a value
detected by the flow rate sensor is allocated individually in accordance with a set value
of the flow rate setting device or independently of a set flow rate value.
3. The oxygen concentrator according to claim 2, wherein a flow rate dependent
control device 1s a device performing a control withowt allowing the supply airflow
volume of the compressed air supply device to change regardless of a value detected by

the oxygen conceniration sensor when the value detected by the flow rate sensor is
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a flow rate sensor neasuring an oxygen gas flow rate, performng a
control increasing/decreasing a supply airflow volune of the conpressed
air supply device based on a detected oxygen concentration value to

mai ntai n an oxygen concentration at a predeterm ned concentration,

a tenperature dependent control performng a control of a supply airflow
vol unme of the conpressed air supply device based on a val ue detected by
the tenperature sensor when the val ue detected by the tenperature sensor

bei ng Ut 5he8: ARLSISlFPiTNE FNTEsNaldye @Dl e seaBBtLOL devi ce

performng-a "Mate ependent “contro _ ‘he supply
Vel ue. A8 oct oIMBFXYHE PRBVR GeaHU OREY SHTS: b % Fhedsrlt iPted
range. 6. The oxygen concentrator according to claimb5, wherein the
cont r ol radesnser is 8n yltpaspmip Gy Peldaw sde PRSP gt witedrra oW wite BRISET al | owi ng
the supply airflow volune of the
5. An oxygen concentrator provided with an adsorption bed filled with an
adsorbent selectively adsorbing nitrogen relative to oxygen and a compressed air supply
device supplying compressed air to the adsorption bed, adsorbing and eliminating
nitrogen in raw material air to produce unadsorbed oxygen and supplying an oxygen gas
at a predetermined flow rate by a flow rate setting device, comprising:

an oxygen concentration sensor detecting a concentration of an oxygen gas
produced by the oxygen concentrator,

a temperature sensor measuring an environmental temperature,

a flow rate sensor measuring an oxygen gas flow rate,

performing a control increasing/decreasing a supply airflow volume of the
compressed air supply device based on a detected oxygen concentration value to
maintain an oxygen concentration at a predetermined concentration,

a temperature dependent control performing a control of a supply airflow
volume of the compressed air supply device based on a value detected by the
temperature sensor when the value detected by the temperature sensor being outside a
predetermined threshold, and

a control device performing a flow rate dependent control without allowing the
supply airflow volume of the compressed air supply device to change when the value
detected by the flow rate sensor being outside a predetermined range.

6. The oxygen concentrator according to claim 5, wherein the control device is a

control device performing a control without allowing the supply airflow volume of the

27



conpressed air supply device to decrease when the tenperature sensor
detecting a value |lower than a predeterm ned | ower tenperature Iimt of
the threshold and the supply airflow vol une being | ower than a

predet enni ned airflow vol ume during running of the oxygen concentrator.

7. The oxygen concentrator according to claim5 or 6, wherein the control
device is a device performng a control that nmakes a supply airflow vol une
of the conpressed air supply device to be higher than a supply airfl ow

vol une [r ndi n 0. an._gxygen concentration val ue detected by the
oxygen SOMPERRA: SReh 0. W YRGHGROEE The RrdRold sbial fREill hieshe
oxygen concentration sensor when the tenperature sensor. detects a_val ue

| ower t Wﬁerat%@ﬂ SRIERs FTHERH IS riemBRIIEF L iFRie of the fhrggholchend e sHBIY on
start-up_ of the oxggen concentrator. 8. The oxygen concentrator according
to any efrflewaiokema beipg fowexkbared preﬁh@nnm@@nﬂ@‘dwgnm duiignrusemgor the a
zirconi a-type oxygen concentration sensor or an ultrasonic-type oxygen
concent paygamrcoaessator.

7. The oxygen concentrator according to claim 5 or 6, wherein the control device
is a device performing a control that makes a supply airflow volume of the compressed
air supply device to be higher than a supply airflow volume corresponding to an oxygen
concentration value detected by the oxygen concentration sensor, regardless of the value
detected by the oxygen concentration sensor when the temperature sensor detects a
value lower than a predetermined lower temperature limit of the threshold on start-up of
the oxygen concentrator.

8. The oxygen concentrator according to any of claims 1 to 7, wherein the oxygen
concenfration sensor 1§ a zirconia-type oxygen concentration Semsor or an

ultrasonic-type oxygen concentration sensor.
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