DESCRIPTION OXYGEN CONCENTRATOR Technical Field The present invention relates to an
oxygen concentrator which selectively eliminates nitrogen gas from raw material air using an
adsorbent selectively adsorbing nitrogen gas molecules relative to oxygen gas molecules to produce
oxygen-enriched air and supply it to users. Background Art In recent years, 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 develgpesCaneiused 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>adsbibingHGHNGJRAIEHS to eliminate selectively a nitrogen
gas in the air, has widely been used.

Technical Field

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

Background Art

In recent years, the number of patients suffering from respiratory diseases such
as asthma, pulmonary emphysema, chronic brbnchitis 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
cvlinder 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 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 adsorbent such as zeolites and the like. The oxygen
concentration in air is increased by selective adsorption and elimination of a nitrogen gas. The highly
concentrated oxygen gas thus obtained is transferred to a buffer (product tank) storing oxygen gas via
a check valve which is installed to prevent the gas from flowing back and is stored therein. At the
same time, a nitrogen gas adsorbed by the adsorbent is desorbed from the adsorbent by reducing the

inner pressurgigs:the:adsprptian dingar de nagoverihe.sffisienaaftbg.adsomkentndsmall amount of
concentrated oxygen gas may also be supplied into the adsorption cylinder to promote the desorption

of nitrogen. by sdlbtts;ehigibtycnceniraiedexygestantdichedmigRavimgeaonygendcaneadtration as-
high as 95% may be obtained from air by repeatedly pressurizing and depressurizing the adsorption
cylinder usingthgeP SA-tywecbiamgzhic oncdatrat or. dhrfoeNtiydacs fak suching PSAety pes @¥ygen
concentrator, a multiple cylinder-type oxygen concentrator has been used, which is equipped with
multiple adsotptisakcyiitigerd:fihets wistrBer ddsoryertt delastivaiyradeorbindachitrehenstrasdand in which
oxygen concentration efficiency is increased by successively switching these adsorption cylinders by a
rotary valve. theTeilt has been known that an oxygen concentration obtained largely depends on the
pressure of air to be compressed by a compressor the PSA-type (é)é)égen concentrator. It is thus

required, in order to 6BtHih SRRHHR CSEEREREIORENFYHY tBeRcRossaie EapketyBrthe

compressor tg meget an ingrease in the pressure of air to pbe supplied to the adsorption cylinder as far
2 possible. AASBIRTArBes RSBV, HEF BOVTRr e A tisrPEP ASRHARS A ERAEE SHhith the

elevation of tlg%g%%glyc % aietggsgga@rﬁ.reSi%gntzgisa%?%&co%gggg&gteadrc')xygen gas may also be

supplied into the adsorption cylinder to promote the desorpti:on of nitrogen.

Thus, mghly concentrated oxygen-enriched air having an oxygen concentration
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 years, 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 Im which oxygen concentration
efficiency is increased by successively switching these adsorption cylinders by a rotary
valve,

1t 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 fo 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 attempts had been made as measures for solving these problems of the PSA-type oxygen
concentrator. Patent Document 2 discloses a PSA-type oxygen 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. 2002/2536 Aixddigaldadrecef thedtnventien: Riohlemb/ taghbcSotvetidysthé tlrvention
With the PSA-type oxygen concentrator utilizing an adsorbent, when a raw material air supply volume
from a compiEssepainsupplycdeviogsuch stentoivpressyr andistieskikezaftl atypelsorption process
sequence are constant, an oxygen concentration of a concentrated oxygen gas thus obtained
generally changesidelpendinl onlisesy ieshiptionthl ¢5upplipdveaty) campertitarel Whamarsuedperature is
high due to properties of an adsorbent, the amount of the nitrogen adsorbed by the adsorbent
decreases, afftfiEiE AleGYBRLDFEBRET A BgtP toPERsesd 44t TP Bk JgERsCHIs ettt Bt B PBroduct.
When the temperature is low, although the amaunt of nitrogen adsorbed by the adsorbent increases,

the oxygen coMtElifoPrcoprbdledistreaddy GHé”féigﬁgt?ﬁﬂ%‘?ﬁﬁf%gﬁ‘ﬁ‘ﬁ%%%?ﬂg%used by a

decrease in adsorption ﬁpeed. )
gas to control oxygen concentrations at a constant value,

- Patent Document 1: Japanese Patent Laid-open Publication No. 2006-1418%96
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 wutilizing an adsérbcnt’ when 2 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 oxvgen co11¢entmtion
of a concentrated oxygen gas thus obtamed generaily 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 decr;ase the oxygen co#centratien of a
product. When the temperature is low, although the amount of nitrogen adscrbed by
the adsorbent increases, the oxygen concentration of a product decreases due fo
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



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 compressed air supply device such as
a compressor and the like based on surrounding environment temperature. Since the pressure of air to
be introduced into the adsorption cylinder is required as high as possible and the capacity of the
compressed air supply device such as a compressor and the like is required to be elevated in such an
apparatus, however, problems such as increased electric power consumption of the apparatus arise.
Patent Document 2 describes a PSA-type oxygen concentrator which realizes low electric power

consumptionchyngheading sunply Gapacit:ha conpressed ait Supply dewaasuchamagompressor
and the like based on a value detected by a device detecting oxygen concentration of an oxygen gas.
In the PSA-typeimxygen cempentiator ulilizinglan adsenkentf howeveheadsarpiied propetity differs
depending on environmental temperature and response time to oxygen concentration/supply capacity
when the supghpaépaciffioiahs compee sseddirssuphbtievick thachasiy cditipressprand the like is
charged differs depending on environmental temperature. Accordingly, a control device must be
changed. aiEspedialyvieclswhenfperanirssenvird HindRe 48 isarivsdradbwitle tigH tempbritures, since it
takes a longer time to stabilize the process, response of oxygen concentration is slower and it takes a
longer time LA ESe RALE T FTOQITERT SHER T JRETAHH e BFS Y RSV EU RSN BRI &tEi$s operated in
low-temperature environment, a stabilization time of oxygen concentration against the operation of a
compressed HPEEARY HEvice such as a compressor and the like, namely, a response time of oxygen

concentration is extrgmelilélow, andza ﬁilcls%h oxygen ﬁgﬁncentration condition m%cqé?ntir%ue while the

absorption process remaing UisisBie: &t blp&%gly,“ & R eI D R OB IRs 8 &iFRUpPly device

such as a co pre scgr.and the like is r(?ducgd, i response 1o a detegted oxygen con%ent[ation, toa
8] Wiy Char apac air

level Lower than that for & raw matenal air volurme ssgeﬁ?lgﬁpré: ired. %ﬁen t]ﬁgrf)srsgcess Is stabilized

ater, Since MG §A0ae yotibe Jew matedal 2iksupRly.deyice has besndasiersed  dpalevel lower
than that for the amount of air essentially required, an oxygen concentration may rapidly drop to
deteriorate Q@0 US®lcen concentration of an oxygen gas. In the PSA-type oxygen
| concentrator utilizing an adsorbent, however, adsorption property differs depending on

environmental temperature and response time to oXygen concentration/supply capacity

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

the like is charged differs depending on environmental temperature.  Accordingly, a

control device must be changed. -

Esgpecially i  low-temperature environment as compared with high
temperatures, since it takes a longer time to stabilize the process, response of oxygen
concentration is slower and it takes a longer time until a decrease m product
concentration appears. When such an apparatus is operated in low-temperature
environment, a stabilization time of oxygen concentration against the 'operatic»ﬁ of a
compressed air supply device such as a compressor and the like, namely, a response
time éf 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 Iike is



In addition, as shown in Patent Document 3, an apparatus is proposed, which comprises an oxygen
concentration detection device and controls an oxygen concentration of a produced product gas at
constant by changing the capacity of a compressed air supply device such as a compressor and the
like in response to a detected oxygen concentration Such an apparatus intends to reduce the electric
power consumption by reducing the capacity of the raw material air supply device when the device is
new and has high oxygen concentration capacity. With the oxygen concentrator in general, when
a volume of raw material air supplied from a compressed air supply device such as a compressor and
the like is corshavtti, axyegancentsaionl oftheobiateed cancent dted oxygehgahisiohanged
depending on a flow rate for isolating the product. In other words, when a flow rate for isolating the
product gas iswighstembrirgericoncertndtitn ofdhnesproduttgabdecreases; whdivedfliayerate for
isolating the product gas is low, an oxygen concentration of the product gas creases Since a
patient usingsamethpgenasstcdrinatewintsivs! oxygap thasgle dasdsshciarmalrdia di¢ éstension tube
connected to the apparatus, the nasal cannula and extension tube which are oxygen supply devices
are flattened!ByshEgatishitcly HoekY sledbisepraiirdiineqrecdo ah st HeNTEHE AL IESHAOEaBMetimes
inhale the oxygen at an ox ggen flow rate essentially to be inhaled. In the apparatus described in
Patent Dochﬁ%ﬂf%‘?-’Wﬁ&% prseteQfdhvardecreases due to flattening of a tube and the like, an
oxygen concentratiog tr sientlg%irgéeas_es and thus contr(ﬁ is performed to decre: S%Fg]egcapacity of
the compressed air SUPE By CaRR 46 L EBinrRLBPhric 10 R Wre PSR tihe tREBvers from
flattening and the product flow rate returns to noil g\tletégder IS condiftiion theicszaggci&/( of the

COMDIISC oXveen , concentration d 011 EeVICE &) .Contro en
compressed air guppﬁy devide stich 8s%s compressor becomes msu’? |C|en%, on the con¥|gary, to

decrease the. gyygen ANeAIANANC USLHI SaRSSRITRIORAIITAIY plep which i

essentially unnecessary may be activat dition, wh te sensor which detects an

oxygen flow &%ﬂ&@&i\(iﬂﬁ%{ap@p%@gssﬁymé% thakgrscapeddryfalant Rogupstt 3,29d an oxygen

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

based on a valuedetesied bydhadiow fatesaenantyRa-wuasm:sunBly-ueldme Baykebigher 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-fouvigteadstmneffdevicepaannof atiust.a fowrtateiexasily. &ivice afeaxygen
concentration decreases when an oxygen flow rate to be isolated increases, control is performed to
increase the dapacitymoiand mplegsed gesupgiyndeticecspetityags a compressor and the like in order to

compensate the reduction.When a product flow rate returns to noimal, electric power consumption
may increase unduly\ttintreaspeecoronsigiblirdengoergatidrm a volume of raw material air
supplied from a compressed air supply device such as a compressor and the like is
constant, oxygen concentration of the obtained concentrated oxygen gas is changed
dependmg on a fiaw rate for isolating the product. In other words, when a flow rate
for isolating the product gas is high, aﬁ dxygen concentration of the product gas
decreases; when a flow rate for isolating the product gas is low, an oxygen
concentration of the product gas mcreases.
Since a patient using an oxygen concentrator inhales oxygen through a nasal
cannula Vié an extension tube connected to the apparatus, the nasal cannula and
extensi(;n 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 Solve the Problems According to an embodiment of the present invention, there is
provided 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 regardless of increase/decrease in environmental

temperature and/qhaiCeHRHAAMOUREQTIRY ISP IR B8 cumedD RALIGN thR BEESEININYREtors have
found that, by providing, in addition to controlling the supply capacity of a raw material air supply

device basggRaRIgleGed MNIRR sPRGERIalannalue an dxygen Hoydaladeieatinnagpsor to
perform control which does not allow changes in supply capacity of the raw material air supply device

when a detgetessflown sedRuvalbgis QU tsidR ARIPHEIRININRABE ik ay IBE R MaiRHa fitvolume does
not change even when an oxygen flow rate is decreased by, for example, tube flattening so that an

oxygen CoRgSpfFaienpay:be mainiaingdayen wiemea RIRAUCKIRY Tate LRI O Msh

Further, the inventors have found that, by performing control similar o that described above, for

example, eygfcwhenifawiaigusenser RApRaLARIeShexAH Yt fipvchaiaadiugimen.dryice cannot
adjust a flow rate exactly and an oxygen flow rate becomes larger than the oxygen flow rate essentially

to be inhalgd ¥ ap@ieied saNIPRiCHEalRE YIHME JdeasRetahangenrdilis whenoa preduct flow
rate returns to normal, increased electric power consumption clue to setting of the capacity of a

compresseshaif-sypply deviessdulhhighigareventestration/Naal Oxygen cansenisatentraniig such a
control device, a predetermined threshold of a value detected by the flow rate sensor can be allocated

individually,ish aesaligianieenvitihial st essbud Dfauflavc saia-petind e evisateian oxygen concentrator or
independently of a set flow rate.

In addition, when a flow rate sensor which detects an oxygen flow rate is
provided in apparatus such as that described in Patent Document 3 and an oxygen flow
rate 1s 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 Problemé

According to an embodiment of the present invention, there is provided 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 regardless of

increase/decrease in environmental temperature




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 1S08359 and
Japanese Industrial Standard JIST7209, however, it is desirable that a predetermined threshold of a
value detected by a flow rate sensor be set at a set flow rate 10% and that the capacity of the
compressed air supply device is not allowed to change when a detected flow rate is +10% or higher or
-10% or lower. In addition, as the oxygen concentration sensor used in the oxygen concentrator, a
zirconia-type sensor and an ultrasonic-type sensor are generally used, and as the flow rate sensor, an

ultrasonic-typa@ensesantka At by sensor are generally used. According to a first aspect
of the present invention, there is provided a pressure swing adsorption-type oxygen concentrator
provided with an adsirpligicidee ehilledswithrasnasisarbenioselé chive byadseitiing nitiegenredative to
oxygen and a compressed air supply device supplying compressed air to the adsorption bed,
adsorbing anchbetmiiimatihg nimdyeapincigve Mateviahairtd procuygd udadsobbed oxygdeaand supplying an
oxygen gas at a predetermined flow rate by a flow rate setting device, comprising: an oxygen
concentratio®xegesorassafigiied feludetactingganctnsentatisteaiansosygen gadqrodasedby the

oxygen concentrator, a temperature sensor configured for measuring an environmental temperature,
which does not allow changes in supply capacity of the raw rnaterial air supply device

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 ﬁatiéning 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 electric 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 setling device of an oxygen concenirator or
independently of a set flow rate,

Since a flow rate sensor generally mounted on an oxygen concentrator for
medical use 1s required to have accuracy of about = 10% of a set flow rate as described

in the International Standard ISO8339 and Japanese Industrial Standard JIST7209,

however, it is desirable that a predetermined threshold of a value detected by a 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, and a temperature dependent control device configured for controlling a
supply airflow volume of the campress d% ir.su ;ﬂ}/d vice based pn a value detected by the

(TP 17 (I M telleA By A N SaPatirG L S BRI Ll dei Y

temperatursee%Seorgsor W %nat%]e

predeteTm'é‘eeHJQEseSQE' ol rfé%ﬁ'&ﬁ emperatyl &%E%de%%‘i’?t!?b%eé’}‘i% IR sonfgal device
performing a control without allowing the supply airflow volume of the compréssed air supply device to
decrease whep the temperature sensor detects a value lower than a predetermined lower temperature

limit of the threshold during running of the oxygen concentrator. Preferably, the temperature

dependent controlcleyjgis %60k AXi<e SORTHERARE ARG, A SR WRLAlowing the

supply airflow volume of the compressed air supply device to decrease when the temperature sensor

detects a valyeclowerinanaspresaiernineddeuerjennesate Jmit-af fhr dhrasholdmaadithe supply

airflow volume is lower than a predetermined airflow volume during running of the oxygen concentrator
Preferably rthedempesature.dapendsnt aanirehdavies iwisedgyicecparforing &aontkebthat makes a

supply airflow volume of the compressed air supply device to be higher than a supply airflow volume
corresponding to aAaxydeiz condentraipent vdlte getestesh ynthe okyges pomadadratppessarsor,
regardless of the value detected by the oxygen concentration sensor when the temperature sensor
detects a valiegd adsarphian-&ypectsteemivaddavwéertprpiied uvétimit alsthetibndstibitled wtart-up of the
oxygen concentrator. Preferably, the lower temperature limit is 5C.
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 configured for detecting a concentration of an
oxygen gas produced by the oxygen concentrator,
a temperature sensor configured for measuring an environmental temperature,
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, and a temperature
dependent control device configured for controlling 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




Preferably, the oxygen concentration sensor is aconia-type oxygen concentration sensor or an
ultrasonic-type oxygen concentration sensor. According to a second aspect of the present
invention, there is provided an oxygen concentrator provided with an adsorption bed filled with an
adsorbent selectlgelx 9&9@%%%%& en.rel vrgsg)o Kxygen and a compressed air supply device

a
supplying éSPr?BFes?ée% Artot sorp i0f bed an ddsorbing and eliminating nitrogen in raw

material alt g PLACRE HOALSAHEXYGRN 200 PRI a0 QXY9ANA°8.01.8 RGASIRIned flow rate

by a flow rate setting dev erein the oxygen concentrator Is compose an o

concentratigh, §8NefARIGAIRNE R SROCEITAUAM ok AN YIS P RS SPLLSRE AN ipply device

to decrease when the temperature sensor detects a value lower than a predetermined
lower temperature limit of the threshold during running of the oxygen concentrator.
Preferably, thg temperature dependent control device is a control device configured for
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.
Preferably, 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 concentratioﬁ 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.
Preferably, the lower temperature limit is 5°C.
Preferably, the oxygen concentration sensor is a zircomia-type oxygen concentration
sensor or an ultrasonic-type oxygen concentration sensor.

According to a second aspect of the present invention, there is provided 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 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 concentration value to maintain an oxygen concentration at a predetermined
concentration, and a flow rate dependent control device perfoindng a control without allowing the

supply airfig\w-%olume04ithe copRIGeSed AlHRRlY AQYISe A Fhanasinhan the yalug.defegted by the
flow rate sensor is outside the predetermined range. Preferably, a threshold of a value detected by the

flow rate sgpsqiiseiiRaaied ndMIduaHY INRECQERBCR VD d9gkualue of the flow rate setting device
or independently of a set flow rate value. Preferably, a flow rate dependent control device is a device

performingiReContseh WihQukalawing isosepply 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 sengos;issthOfaRERIGRBH WerkB:YaQEaaS Of sosebyridRRldheadlow iate seiting device.
Preferably, the flow rate sensor is an ultrasonic-type flow rate sensor or a heat wire-type flow rate

sensor.  pro¥eeedding to a third aspect of the present invention, there is provided an oxygen
concentrator provided with an adsorption bed filled with an adsorbent

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
conéentration, 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 predetermined range.
Preferably, 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.
Preferably, 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.
Preferably, the flow rate sensor is an ultrasonic-type flow rate sensor or a heat wire-type
flow rate sensor.

According to a third aspect of the present invention, there is provided an

oxygen concentrator provided with an adsorption bed filled with an adsorbent

10



10 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 %8%@&@&?%&»%@‘19&%?&9 88RO BY, tRSIOX BRI RIRCERIFARp R, (@EIRErature

sensor measuring an environmental temperature, and a flow rate sensor measuring an oxygen gas

flow rate, suppBﬁﬁfg’@H}Hdﬁré’sg&f‘éri?|tWB§G*hH%6§§ﬁ§W%@E@&%§B?ana§HFHP%ﬁi£ﬁ%‘Q Netyges gf the
e

compressed air supply device based on a detected oxygen concentration value to maintain an oxygen
concentratigy, aha:prarelermineeieenGaMatidRd 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 value 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.

Preferably, 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 &etects 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
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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, 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 valiie defected by the flow rate sensor is outside a predetermined range. Preferably,
the control device is a control device perfoining a control without allowing the supply airflow volume of

the comprqﬁ%@&@fﬁl{ﬁ@'}é&%@%@a@@%eg%w&@géﬁsﬂﬁmgeiaéyﬁ%&eﬁﬁ.@rﬂa@gtg %@F@We lower
than a predetermined lower temperature limit of the threshold and the supply airflow volume is lower
than a predgtaring . alloMmOlsmedwina FUARPE, Aetheeld LOMGRE SRACENUBIN: 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.

Preferably, the oxygen concentration sensor is a zircomia-type oxygen concentration

sensor or an ultrasonic-type oxygen concentration sensor,

Effect of the Present Invention

According to embodiment(s) of 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 airflow
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 a 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
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Preferably, 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 predetermyi gwer temperature limit of the threshold on start-up of the oxygen concentrator.
Preferably, the oxygen concentration sensor is a zirconia-type oxygen concentration sensor or an

ulirasonictype oy E0NGEAHANANBeRARbdHEn! of teifiesRaLIpRILaNy, roGoaieng ©

embodiment(s) of the present invention, a highly concentrated oxygen can be provided constantly to a

pqtient ind%ﬁl%&?%%%@m&@%m}tﬁ@%@éﬁ% QYe@QiQW@? CONERIPERIPY fel mieg control
with which a Supply airflow volume of a compressed air supply device is increased/decreased based

on a value detecigd;by, aniRxygem.GeRSe iral RS RS o YW ch JQIeGE: ah & OXYRISTERs Gencentration
to maintain an oxygen concentration at a predetennined concentration, which concentrator has a

temperaturgiRRRIChWRISHRMRRS WES R FRSHSMBRLAKYE (RANIRRMENakiemReRE) vanddepending
on a detected temperature value, a decrease in supply volume of the compressed air supply device is

not allowedy andr@irflaw ds anppkiad inAwekamenligherdhama suRRb ARy welmeeamesponding to a

detected oxygen concentration value on start-up so that an excessive decrease in supply air volume at
low temperaiiasLarrOR PR epIedvolumb withey cassrtding toremmhedideenkdeptias prasent

invention, reduction in oxygen concentration and unduly elevation in electric power consumption are

prevented gvepwd e be dmllatiencskoswhen dberfiew rateisensanppy/ arthefawdate,adjustment

device do not work normally by providing a flow rate sensor which measures an oxygen gas flow rate

and perforntpg&apteetnichsdeps niRvallow increasa/destedse Hsdpplyvolneaiefkiheicpmpressed
air supply device depending on a detected flow rate value in the oxygen concentrator in which a supply

airflow volufiieogl e comprassed ainsepphidievies:is dxgirased/desieasedonasad Hitdvatue detected
by the oxygen concentration sensor which detects oxygen gas concentration to maintain an oxygen

concentratiggyaéaprrdatenoin edcaeaentation. 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
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Brief Description of Drawings
concentrator according to the present invention.
the control of the present invention.

Figure 1 is a schematic constitutional diagram of the oxygen

Figure 2 is a schematic explanatory diagram of

Figure 3 is a schematic constitutional diagram of another

aspect of the oxygen concentrator according to the present invention. Explanation of Numerals .
Oxygen concentrator 3. User (patient)

164.
165.
106.
107.
108.
109.
110.
111,
301,
302.
303.

401.

Switching valve
Adsorption cylinder
Equalizing valve

Check valve

Produet tank

Pressure regulating valve
Flow rate sefting device
Filter

Oxygen concentration sensor
Flow rate sensor
Temperature sensor

Control device

. 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

invention 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

mnvention.

In Figure 1, 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 1035,



101. External air intake filter 103. Compressor 104. Switching valve 105. Adsorption cylinder 106.
Equalizing valve 107. Check valve

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 hke. At this time, ordinary atmospheric air
contains abou.t 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, raw material 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 melecules relative to oxygen
gas molecules, by successively switching targeted adsorption cyiinders 105 by
switching valve 104, and about 77% nitrogen gas contained in raw material air inside
adsorption cylinder 105 is 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
cyvlinder-type, a two cylinder-type or further a multiple cylinder-type with three or more
cylinders. A multiple cylinder-type of adsorption cvlinders 105 is preferably used in
order to confinuously and effectively produce oxygen-enriched air from raw material air.
A rotating-iype 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
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108. Product tank 109. Pressure regulating valve 110. Flow rate setting device 111. Filter 301. Oxygen
concentration sensor 302. Flow rate sensor 303. Temperature sensor

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 bhack mto
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 contams, for example,
an oxygen gas highly concentrated to a level 0f 95%. While pressure regulating valve
109, flow rate setting device 110 and the Hke 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

oxvgen-enriched air, a concentration value on oxygen concentration sensor 301, an
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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 invention is not restricted by these embodiments in
any way. Figure | 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, 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 externalzatt:ahtake filtdio 107t € entpr esso-dQ3ithaiis a duinpressededdir suply dewicenswitching
valve 104, adsorption cylinder 105, equalizing valve 106, check valve 107, product tank 108, pressure
regulating valve: tO2rdlewredténsetting ide vice 1 80ansh fitters 1hemwithe thiishexyige e ensicied air can be
generated by concentrating an oxygen gas from raw material air brought in from outside.
operating condition, and an oxygen production amount is adjusted based on the
detection results.  Accordingly, the number of revolutions of an electric motor for
compressor 103 is controlled by control device 401 10 control a supply volume of raw
material air and switching timing of absorption and desorption is controlled by
controlling switching valve 104. A zirconia-type oxygen sensor and an ultrasonic-type
oxygen sensor may be used as the oxygen concentration sensor. A heat wire-type mass
flow meter and an ultrasonic-type flow rate sensor may be used as the flow rate sensor.
An ultrasonic-type Sensor is preferable m terms of reductions in size and the number of
compoenents, since it enables measurements of oxXygen 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 cencentration to maintaim an
oxygen concentration at a predetermined concentration and temperature sensor 303
measuring temperature of the apparatus is provided and a contro! device is 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 himit (threshold) and the

control which makes a supply airflow volume of the compressed air supply device to be
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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 time, ordinary atmospheric air contains about 21% oxygen gas, about 77% nitrogen gas, 0.8A
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, raw material 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 relagive talaxygensgasymaletule sydiysececessikelydngtchinghiardetedesddsongitan cylinders
105 by switching valve 104, and about 77% nitrogen gas contained in raw material air inside
adsorption cylénderttO6ns skekeciyelyledsorbed andegdineih e the oxyiaisorption-ayinderst05 described
above is composed of a cylindrical vessel filled with the adsorbent described above and is generally
available as & oprsieyiisderfigpe e tirpyirider-sppecordatetier & mghiple@indertypdonith three or
more cylinders. A multiple cylinder-type of adsorption cylinders 105 is preferably used in order to
continuously SHREHEEEVEN BroPeE By G BnAdHE R r SRRSO KSR ISR e vetatiRgltype air
compressor such as screw-type, rotary-type, scroll-type air compressors and the like may be used in
some cases 3 IPRELESH 168 gL BRI LEBGENR4ARition to a reciprocating-type air compressor.
The power source ofla thEJtor‘to ddri e this gompressar, 1QE§ ma be talternate cgjrretnt or girect current.
Oxygen-enriched air on gfn‘f’r?é aqn‘%ff}gaehagﬁgs %é?caemté?’n CompoRant. WHICH | Hot %%g tied in
adsorption c;@qder{l&g descrclgted abovF IS fJ[own in orgh()dhlc‘gg?tnk 1(@ \[éi,% check valve Jr07 which is

installed to prev%‘ﬁef‘ the%ggﬁome%ﬁgg We?ékeln 0 A sorpﬁqoﬁ cy nﬁﬁ'e‘?f 0 ecmaﬁ?ﬁr%éuepr? as adsorbed

on the adsortiest fledinadsorpion,exbader 05 i v eduiied tp s desobed fmhg,adsorbent n

order to reuse the adsorbent to adsorb nitrogen gas again from freshly introduced raw material air. For

this purpose, pwitching,valveal Q4:iscased, to,awitch froma Aressuiizadigonditienachigusd by

compressor 103 to a depressurized condition (for example, atmospheric pressure state or negative

pressure statgi}igWessminss miregamgasadsorhgdiiasereneraiestbe,psemrnt. Jonthis desorption
step, an oxygen-enriched air may be flown back as a purge gas from the product outlet side of the

adsorption cylinderiduringdheadseptnfstep vaeiyalitingativaddtointontiedtenoicase a
desorption efficiency.
lower temperature limit, the accuracy of the control increases and it is preferable. The
case where a supply airflow volume is lower than a predetermined airflow volume is a
case where a supply airflow volume is lower than the supply airflow volume to secure a
predetermined oxygen concentration in environment at a temperature lower than the
predetermined lower temperature limit. In other words, a predetermined airflow
vohume is shown by a dotted line in Figure 2 and the lowest supply airflow volume to
gnable a predetermined oxygen concentration in the environment at a temperature lower
than a predetermined lower temperature limit (3°C in Figure 2).
Specifically, region B in Figure 2 corresponds to the case 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 _explai:ﬂ_s the control depending on the

temperature according to the present invention. In Figure 2, a predetermined airflow

volume is set to be the same as the supply airflow volume on start-up at a temperature
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Oxygen-enriched air is produced from raw material r 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 uch a flow rate
setting device 110, in addition to an orifice-type flow -ate 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 supplycitatrateadb exygempenrichéchair, A poneentratiahandlue oolaxyderficanempteation sensor
301, an actual oxygen flow rate value on flow rate sensor 302 are detected, and the detection results
are stored inlré6arding; BéVicerdf2 stiehsepinemboy andatine Hikestermvpnitor epertngecaindition, and an
oxygen production amount is adjusted based on the detection results. Accordingly, the number of
revolutions ofaiireiksopdearmst&rfo o diapresstonds isteodittite ddppubngrohdemietegorinscontrol a
supply volume of raw material air and switching timing of absorption and desorption is controlled by
controlling sWAtEHinEF WaRRFETD4 [N 3ir 8Bk tyjedsi8rgered e nEOEEh d aPC ERFaEehic-tyYBeBx¥gen sensor
may be used as the oxygen concentration sensor. A heat wire-type mass flow meter and an
ultrasonic-ty PETRST Fife RN SHET b UL AHEA & EMRTEEEN LY At A SBFIE P& e nsor is
preferable in terms of reductions.in siée and }he number of comaﬁ%%\ts since itéenables_

|

measurements st SUBEAMNLBHAROA SHPBXGHERTIOW PR With et LER<DP RS hing to the

present inventi_?{l control is pe foirm d t%increas decrease. l{ﬁp%{ airflo¥v volume of t
airficw volume, .cOnfrol winich decreases Fst{g%%m{r 0 uine of the %01 resse .
compressed alr supply device based on a'value detec y the oxygen concentration sensor which

detects oxygep mﬁé‘:@&%r%@{‘a&o MARANAD Gy Qﬁe”l%@?ser%&%%&t a %%%?éﬁ'i?gi{-}l?g

concentration a perature sensor 303 measuring temperature of the apparatus is provided and a

control devicg s £hangad AeRaNEING.qBYaliemeasured bye: &%mip&sam,r%ﬁnﬁ%ﬁmethe present

specification, a control device performing control depending on a value measured by the temperature

sensor also refergdaasai{eRapRasatdre-depanggatcontrol 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 gdetetiki:yalie:aeiaetsrarualtie dawer thanca predeferminedoewethtgimperature limit
(threshold) and the control which makes a supply airflow volume of the compressed air supply device
to be predetermined lower temperature limit on start-up of the apparatus, it is effective to

increase a supply airflow volume in advance to promote softening of a piston ring, since

the piston ring of a compressor in an oxygen concentrator using a compressor as the

compressed air supply device is hardened. Accordingly, when the temperature sensor

detects a temperature lower than a predetermined lower temperature limnit on start-up of

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

supply device such as a compressor and-ghe 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 imcrease 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 alrflow volume of the
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higher than a supply airflow volume corresponding to the detected oxygen concentration value,
regardless of a value detected by the oxygen concentration sensor is performed when the temperature
sensor detects a value lower than a lower temperature limit on apparatus start-up to prevent a product
oxygen concentration from being lower than the predetermined concentration. In other words,
when a value detected by the temperature sensor detected value is lower than a predetermined lower
temperature limit, control which decreases a supply airflow volume of the compressed air supply
device such as a compressor and the like is not performed. At this time, a control which does not allow
the decreasecipugiph airflawprolusme obedcompressed AlcRPPlYRE tRwheha SRRl airflow
volume is lower than a predetermined airflow volume is performed in addition to the detection of a
lower temperatuxe lineisrdig acchrgeysebtheeniirohipespastman® jtdsmraferatienTheigase where a
supply airflow volume is lower than a predetermined airflow volume is a case where a supply airflow
volume is lowehkhamtssupply airiope vl me tdeseouneta racietefeitied vlygendconseetration in
environment at a temperature lower than the predetermined lower temperature limit. In other words, a
predetermined i flolvosiimeeseshgiminby anditesdalind)irrFigvlein afdcthetomest saplyisirflow
volume to enable a predetermined oxygen concentration in the environment at a temperature lower
than a predet@fHiReH IOWeP RRHERINIRS IfErs MV Rl dyviations stifreamp eegibinBan Figure 2
corresponds to the case where a value lower than the lower temperature limit is detected and a supply
“airflow volumESEIGRe Fth Ak &3 astdatingttdiriow volume. Figure 2 explains the control depending
on the temperature acco ((jijn to the present invention. In Figure 2, a predetermined airflow volume is
~setto be the same AL PP AiFHE VTS B AR g o ST ARuTE foREPHHERE tower
temperature Itil%ié.tA redetegjrglinoeptf;\irflow volug1e.is for. exam le,.1.05 to 11_2-fold increase of a supply

. o the opery e colpressed ai suppl e, that 18, the Fesponse fime o .
airflow volume on start-up at altempera?u of a Iowerpt%n\gpera Gre fimit or |g?1|3er, ait ough it the

differs d ' ' turg limi '
iffers epen%%&legﬁggaﬁmmg loye] JSmRgL urgéé%%%dtg predetermine 3%%(9%{1

concentration. en a temperature sensor detected value detects a te perature ower than a

predetermineg| Jowey denhgtailre gt a3 supRikaifianevolupe is-Righerhag arkedetermined

airflow volume, control which decreases the supply airflow volume of the compressed air supply device

such as a compeassiandde like dsieasouned SpesilisatyiothisaRNaapandse2gieR Axat a
temperature lower than a lower temperature limit in Figure 2. Region A is the shaded area in Figure 2.

In addition, whemakempeidtaresdnsor detects a temperature lower than a predetermined lower
temperature limit on start-up of the apparatus, it is effective to increase a supply airflow volume in
advance to promote Softenimgdsbaidistdpsringiosispedhd pistedsrirgofdcompresdarinlanoxygen
concentrator using a compressor as the compressed air supply device is hardened. Accordingly, when
the temperatwigBerisordgerdnd ia teatissemtira Rapaicthierses prdofstemmretitowtheterhpesatire limit on
start-up of the apparatus, control which increases the supply airflow volume of the compressed air
supply device'$tiehedsitcssipriadsrihndrgieafice o SUpphratsa Righaowstuafeahdssamsssiply airflow
volume for a detected concentration value isﬁx‘)lig%ormed. Although this higher supply airflow volume

differs dependiNg B RS FELHERiDE rabatefrnrieriiBaderEtidina Stentnswiate Y atersf example,

1,05to 1,2-fo%g“inc%rease of asu% volume at a te%iﬁeratl%re of a lower temperature li&]it or higher
and it can be S6t i advance ASHHE CSit P whieH e%’&eg%gérgg%s%sgl% B‘ﬂ? oW VBlume of the

volume 15 delayed.

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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-compressed air supply device based on a value detected by the oxygen concentration sensor
according to the present invention, a proportional (P) control in which an input value is manipulated in
proportion to a deviation between a detected value and a target value of oxygen concentration, an
integral (I) control in which an input value is manipulated in proportion to an integration value of
deviations, a Pl control combining these, and the like can be suitably used. In addition, for the
oxygen concentrator, it is desirable to set a stabilization time to the operation of the compressed.air
supply device, that is, the response time of oxygen concentration to be 5 to 10 minutes. According to

the present iIauemi\om@ﬁﬁa&@[@@%@&@r@mﬁbﬁu&myr&%ﬂ%ﬂé@l&%&;&fiﬁ@%ﬁqmﬁﬁﬂoﬂir supply
device is determined based on a detected oxygen concentration value with an interval of 5 to

10-minute stabilizationiing: amouSines tn adiscsption/debaspieon spgechaf the adserpestdecreases
and a volume of nitrogen desorbed in the desorption step decreases at low temperatures, the volume
of adsorbed mitrogem graduathe e dases: Accordingkoreesspinsdwaf o decreasdhiroad/den
concentration by control of increasing/decreasing a supply airflow volume of the compressed air
supply devicaébespeeniin) santrobst teeidasingeansupply Hisflovy swolgmedstdelay edsupply léia response
time of oxygen concentration takes long, control may be overshot. Further, in an oxygen concentrator
using an adsSPYERE, BropEriY 6F raiasepetit Hiffer HepesmipyBrathavesnperateires Hmd it is
confirmed that a response time of oxygen concentration to supply airflow volume takes long when

environmentaP féhio8RM Ak 1 oidhA SR EE iy AP U ShsniaTe et adcirriedfaispdtature at

which a respanse time of oxygen concentration to suppl
p%ecreasggl basec}( ){3% a detected oxygen conge%%/ration value may be 5°C or higher.

According to the present invention, the lower temperature limit for contro! to decrease a
supply airflow volume of the compressed air supply device is 5°C.

When a temperature lower than 5°C is detected during running and a supply
airflow volume is lower than a predetermined airflow volume, control which decreases
a supply airflow volume of the compressed air supply device based on a detected
oxygen concentration value is stopped even when the oxygen concentration 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 18 maintained when an oXygen concentration is lower than a
predetermined value. When a valie lower than 5°C is maintained, this controf is
performed, and when a value detected by the temperature sensor exceeds 3°C, the
control is switched to ordinary control 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 mvention, that is,
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airflow volume takes long to overshoot the control differs depending on the absorption processes and
the amounts of the adsorbents. It has been confirmed that in the present invention, a remarkable
decrease in oxygen concentration due to the overshoot of the above control is not observed, that is,
response of the oxygen concentration to supply air volume is sufficient in environment at 5C.
Consequently, a lower temperature limit for a control at which a supply airflow volume of the
compressed air supply device is decreased based on a detected oxygen concentration value may be
5C or higher. According to the present invention, the lower temperature limit for control to decrease a
supply airflonevalsmacafiheeormpies seusair, suppls derice St  empeiienserempeakatyre lower than
5C is detected during running and a supply airflow volume is lower than a predetermined airflow
volume, contrehpbisiddoreasesa SUhpymirovhisl ume bithe: compressed aifestpRly device based
on a detected oxygen concentration value is stopped even when the oxygen concentration is higher
than a predetsupnitiedvailenOnstherdttreedhandreontral vibicthaincieases:atsupplyairflowheolume of the
comprcssed air supply device based on a detected oxygen concentration value is maintained when an
oxygen conceneistiepiiaziofibe faand Predetermined value. When a value lower than 5C is maintained,
this control is performed, and when a value detected by the temperature sensor exceeds 5C, the
control is switched to'BrAIRERPCHHED LT I BnpER SNy BlerreBFthe Eompiesteeft&apply device
based on a detected oxygen concentragion value. . When the environmental temperature sensor
detects a terr%ggﬁfuﬁé“%\/\?éfﬁﬁﬁ*ﬁ% 8h Sart AR th e B Re e et M Lupisty sithow volume of
the air supply device j%contrqlled to s§cure_ a %gdeterminedé)roduct concentration at the lower
temperature [P fOrPY IR ANEEE D& ol 0T tRR D ASYdST MvERTIERECHRsthe SURINABHE temperature
of 5C, and as‘)gﬂ%]g% &hr% temperature sensor detectts a temperature o) eerrﬂghan 5C cont;lol which

. .. SpoONCs to oXyegen concentration 1s e decrédsing the .
supplies air in a volume a?aer than the gﬁpply airvofume 1S Performed t6 prevent a decrease in

concentratione@égi%mgepgﬁgmgﬁmOqftgllg%ﬁ%%l{%‘above. In addition, when the temperature

sensor then detects a temperature of 5C or higher,since overshooting of the control is not concerned,

control which allows thg-sLPRINeAiTHOVXpliME Ol e Al spRdeyics. pdscrease HatiLthg supply

airflow volume corresponds to the oxygen concentration is performed, thereby decreasing the electric

power consurptioi Glthen@Ppakaipisature bWdhetayvhen 1he lempskaiue sensRdele s s
temperature of 5C or higher on start-up and then a temperature lower than 5C and a supply airflow

volume is lowdnthapradpredeteiainteairfimmyalunne] edntiokdadich ckRsynge atipplihae-Supply airflow
volume from the airflow volume supplied when the temperature sensor detects the temperature lower
than 5C to devrésse isopetfermmedow volume supplied when the temperature sensor detects the
temperature Jower 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 volame of the
compressed air supply device based on a value detecied by an oxygen concentration
sensor which detects oxygen gas concentration fo maintain the oxygen concentration at
a predetermined concentration and which is equipped with a flow rate sensor which
measures oxygen gas supply flow rate and performs control which does not allow the
supply airflow volume of the corapressed air supply device to increase/decrease when a
detected flow 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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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
rate 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
flow rate is outside the flow rate range determined in accordance with the set flow rate. Since the

temperature spRsfEdSAROE @saabliabinthistasenkiguiec.d shewsamemnaedimantaxeuding a
temperature sensor from Figure 1. In the present specification, a control device performing control

based on theatketectes taviisatesualispenliarefersiala-flew rate dependent control device. As the
control whichincreases/decreases the supply airflow volume of the compressed air supply device
based on the value diteidteddnyrthexisiy e copcgitcationssénrseupplprapbrtionahtR) odntrol in which
an input value is manipulated in proportion to a deviation between a detected value and a target value
of oxygen cofeBRtpatshaiaAprbByfar(a koatronithwhideeatriaped balthe iswznipatatettatiqeroportion to
integration value of deviations, a PI control combining the proportional (P) control and the integral (1)
control, and tFféfie HPESPBESTHABY Geda! in WhighsidippwoviecpfeseppiHodtisromieratticient to
determine the control of the compressed air supply device at an interval of 5 to 10-minute stabilization
time. Espec:iaﬂ‘?)/a\/gﬁ@‘ﬁ{é‘t)ﬁl TR A FatRi ST ABE S S GE M AIE Y ARTE B T6RIFR9REBNIng and the
like during sle%'n%ﬁéﬂd the like to in%rease an oxygen conce@ttr%tion, leading to a decrease in the

B PSSR & AR B DR e B SRR o R B ity at 5 to

supply capacﬁy &t
B e B A P S R enege o Supb
t rma oXy

10-1 inute int% X ¢
device. Accordingly, It the oxygen flow rate returneto o , an &ndontentration diirm may be

activated evea)tp{gm’% ﬂ%%@%@ﬁ@ﬁﬁ%@ﬁ?u}{eﬁpt in trouble by the time when the capacity of the

compressed air supply device returns to that réquired for normal oxygen flow rate. According to

the present inventiondy.fiek-enly deigeting anoxyaen curseniation uhalsadelerminipg,whether or
not the supply airflow volume of the compressed air supply device is increased/decreased based on
the detected exygenr@as:Howusple \Rkie-akvainteR@boLP to dD-minktestapilizatiendimge activation of

Especially when an oxygen fiow rate is decreased over a long time due to tube

flattening and ti_ne like during sleeping and the like to increase an oxygen concentration,

leading to a decrease in the supply capacity of the compressed air supply device,

however, a decrease in supply capacity at 5 fo 10-minute intervals may lead to an

unduly decrease in supply capacity of the compressed air supply device. Accordingly,

if the oxygen flow rate retwns 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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unnecessary oxygen concentration alarm during normal operation of the apparatus is thus eliminated
even when an oxygen concentration is increased or decreased due to the decrease or increase in
oxygen flow rate and unnecessary increase in electric power consumption for increasing the capacity
of the compressed air supply device may be suppressed. Further, when the flow rate sensor
accuracy required for the oxygen concentrator is taken into consideration, a flow rate outside 10% of a
set flow rate is highly possible to be an abnormal as the oxygen flow rate. The present invention
enables to achieve the desired oxygen concentration and oxygen flow rate quickly when the apparatus
returns to themnesreabepnditien. concdrtiier skaeordlingdmanaibepaspestdf thepipsant irvention, an
oxygen concentrator is provided, which performs control that increases/decreases a supply airflow
volume of thehosripressed aicrswhplyadeviceoxygembasead iomeraahdeod dtectedstdyhanokggen
concentration sensor which detects a gas concentration to maintain an oxygen concentration at a
predeterminettGomsentraormsis iprovided @it aateraperatueeesensondlratmisagaresaptemperature of
the apparatus and switches a control device depending on the value measured by the temperature
sensor, and &REYEpHevided witrrafiD T rPeehsof thatmaamsred aih sxdenlgascsupplydiow rate and
perform control that does not allow the supply volume of the compressed air supply device to
increase/dectEBRE&bending on the detected flow rate value. As the oxygen concentrator, the
apparatus having an oxygen concentratjon sensor, a flow rate sensor, and a temperature sensor as

shown in Figure | is ABPREADIETEE  they STy (85t SeHie P EARIEI SETAISE S8hdOF deYEetdd value
detects a value lower than alpredetermin d lower temperature limit, e@/d eferagl a supply airflow
volume of the QAPFESE Lt BB B HUIEE 160 o0t th b SBretibde inesd SRS Ao volume,
or when an o n gas.supply flow rate is outside the flow rate range determined based on the set
flow rate, conf%%%?%égto (Sj%ge% r%)){bgll%r\}/v%%(}gﬂ%%?ﬁ %ﬁ?k?v’\‘?’ volu rﬁoewof%% com| p?ées_séeg?j ‘élﬁeé“ﬁ%&y device to

decrease is pepformer; WHSH A0 QXYGAN, KA SURRLLARYIAIE isQyisida the flow Fals range determined

based on the set flow rate, control that doés not allow the supply airflow volume of the compressed air

supply deviceHoncrease-ispay tonmedsand fuuthesywhen 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 themupply abdlewnolimacorespending tddhgraeigciscoxygencorgeniration value
is performed.
concentrator is provided, which performs control that mcreases/decreases a supply
airflow volume of the compressed air supply device oxygen based én a value detected
by an oxygen concentration sensor which detects a gas concentration to 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 mnot allow the supply volume of the compreséed alr 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
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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 is set at 5C; 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 oxyiger edncentiapieRssénaosupply dAdeordingdddierphasentisdentidned deslsed oxygen
concentration is stably provided. CLAIMS I.A pressure swing adsorption-type oxygen concentrator
provided withiafioadsoiptianchedéiled willzangzasdsapbbntlseleativielyrddotbinavtregerzmedative to
oxygen and a compressed air supply device supplying compressed air to the adsorption bed,
adsorbing anérelimiratibgreitrogts it davmaterietairtchplodisenohaliissredsexygerirdag supplying an
oxygen gas at a predetermined flow rate by a flow rate setting device, comprising: an oxygen
concentratioY SRR [CEARFGUREERSH deteemrly derssceripatrascod a6 63 YhasroauLedh by the
oxygen concentrator . _ )

gas supply flow rate is outside the flow rate range determined 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 detecied on start-up of the apparatus, contro! that makes a supply

airflow volume to be higher than the supply airflow volime 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 is 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

regardiess 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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a temperature sensor configured for measuring an environmental temperature, 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, and a temperature dependent control device configured for controlling 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 predeten ined threshold;

wherein the temperature dependent control degfim control device configured for 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 during running of the oxygen concentrator. 2.The oxygen concentrator according to claim

L wherein fhe temperaue, dependen coniol ds¥ics |5 a.couRl ks Sonlssieciphpgtfoliing a

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

a temperature sensor configured for measuring an environmental temperature,

- performing a control increasing/decreasing é 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, and

a temperaturé depen(ient control device configured for controlling 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;

wherein the temperature dependent control device is a control device
configured for 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 during running of
the oxygen concentrator.

2. The oxygen concentrator according to claim 1, wherein the temperature
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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 predetei mined airflow volume during running
of the oxygen concentrator. 3. The oxygen concentrator according to claims 1 or 2, wherein the
temperature dependent control device is a device configured for 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 aéue detected b tg)e oxygen.concentration sensor,
regardless %ﬁgt‘ﬁ’gi?}éﬁ S%X&Qe%e%‘?&fw &%08%‘?\& ReBhed %%)é & HJ%%%\};W&@ hETAFRLETEROPE sensor
detects a vqh%e Iow%gethan g r$gfg‘%”pg,'fed lo etﬂtem%leratur%hmlt of the hreshold(fn start-up of the

fcen > JCentrator ate Pdrﬁwsﬁet %llﬁys%?i) ‘ot GlafindL 8% AWherein the

11}
oxygen concentrator. 431]?8 oxygen concentrator acc

lower temperature limit is 5C. 5. The oxygen_concenjratar according to any one of t receding
A i o o o B R R B Bt or an

. _ crperafure se{]sc{r .
clalms, wherein the oxyg%n concentration sensor Is a zirconia-

ultrasonic-type oxygen,conceptration sensaor. Abstract The,present invention proyides an
apparatus tgvéﬁqlgﬁr%){agly} I&bvféfleégﬁi%%ﬁscgﬁrgcéiﬁ ra%éed Souffglgnaﬁr)% z§ Vﬁaﬁglr%}l Feésargl‘gsrs tgﬁ!agna
enwronmentahg?rprglera({ur.e nd/%rI I%I{’lel u|1¥ concentrat%%lgx(}/]%eré gas flowrg?gg The present invention

. Teacio CQ airTiOwW Vi TUnning o ONCcen . .
IS an oxygéjn concen?ra or characterize mnl%a‘tl%n éxygen co enfrarhon sensor detecting a

concentration o the gxyge.4as prodused by e, oxyoen congentiatar, a temperae sensor
measuring an environme emperature and/or a low rate sensor’are provi ed, a control

ncreasing/dacensing A supplyalriow yolume sfdhe.comprasse.all bl device based.on a
a |

detected oxygen concentration detected value to faintain an oxygerrconcentra on'ata predetermined
Conce””a“sq%g ;ﬁﬁ%'@%ﬁf d 2GR0k ?é’%‘égd'%&‘@ﬁl?g%ﬂﬁ%?c%%%@ﬁé%ﬁé? SRSUSSLRY the
temperature sor and/or flow rate sensor of the apparatus.

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.

4. The oxygen concentrator according to any one of claims 1 to 3, wherein the

lower temperature limit is 5°C.

5. The oxygen concentrator according to any one of the preceding claims, wherein

the oxygen concentration sensor is a zirconia-type oxygen concentration sensor or an

ultrasonic-type oxygen concentration sensor.
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