DESCRI PTI ON Oxygen Concentrator Technical Field The present
invention relates to an oxygen concentrator to separate oxygen-enriched
air or oxygen-concentrated gas fromair for use. Background Art In
recent years, the nunber of patients suffering fromchronic respiratory

di seases such as pul nonary enphysenma, pul nonary tubercul osis sequel ae,
chronic bronchitis and the like has tended to increase because of progress
in aging and deterioration in living conditions. Oxygen inhal ation therapy
to inhale highly concentrated oxyJhtCRiEd1B¥en used as an effective
treatnment nethod for such patients. Oxygen inhalation therapy is a
treatment nethod for patients VtigedCoaesddtodescri bed above to inhale an
oxygen gas or oxygen-concentrated gas. A supply source of oxygen gas or
oxygen-cgﬁéﬁﬁﬁiﬁﬁgb gas used in treatnment includes a high pressure -oxygen
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cylinder, a liquefied oxygen cylinder, an oxygen concentrator and the like, but the case

using the oxygen concentrator has been increased because of durability in continuous

use for a long period of time, easiness in use and the like.

The oxygen concentrator is an apparatus capable of separating oxygen from air

to concentrate. As such an apparatus to separate and concentrate oxygen, an

adsorption-type oxygen concentrator, equipped with a single or plural adsorption beds

filled with adsorbents capable of selectively adsorbing nitrogen in air is widely known

and used in hospitals and at homes from a standpoint of generating highly concentrated

oxygen of 90% or higher. Among them, a pressure swing adsorption-type oxygen

copcentrator USing a compressor as a pressure swing apparatus is widely used.  Such

an apparatus is an apparatus to generate highly concentrated oxygen continuously by

repeating, at a certain cycle, an adsorption step to obtain unadsorbed and concentrated

oxygen by supplying compressed air from a compressor to single or plural adsorption



Measures to fine-tune a setting range of a volune of air to be supplied
froma conpressor to the adsorption beds or correct an

adsor pti on-desorption sequence to tolerate a change of surroundi ng
conditions, particularly tenperature dependency of the adsorbents to

mai ntai n the oxygen concentration are adopted to respond to a decrease of
an oxygen concentration in an oxygen-concentrated gas generated, which is
caused by a change of environnental conditions such as variation in used
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Disclosure of Invention
An amount of oxygen prescribed, which is a flow rate of oxygen to supply

from an oxygen concentrator to a user is determined by severity of patients to use if.



An object of the present invention is to solve the problens described
above and to provide an oxygen concentrator having both functions, of
whi ch el ectric power consunption of the apparatus is reduced and an oxygen
concentration in a low flow rate setting zone of an oxygen flow rate

supplied fromthe oxygen concentrator is kept constant. That is,
the present invention provides an oxygen concentrator that Is a pressure
Swi ng adsorption-type oxygen concentrator equi pped w : | east
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While the maximum supply flow rate of the apparatus is the value described
above, an actual supply flow rate of oxygen clinically used can be generally set at a low
flow rate of 0.25 L/min, 0.5 L/min and the like. In this case, where oxygen is
generated at the maximum predetermined flow rate even if a prescribed flow rate is low,
oxygen is wastefully generated and consuming more electric power. This leads to an
effort to reduce electric power consumption in many apparatuses by an inverter control
of a driving motor for a compressor to reduce a volume of raw material air to be
supplied from the compressor to an adsorption bed.

When an attempt is made to secure a volume of raw material air required to
supply concentrated oxygen in a high flow rate setting zone in a high flow rate-type
apparatus, a volume of raw material air becomes excessive in a low flow rate setting
zone to result in excess supply of the raw material.  This leads to adsorption of part of
oxygen in raw material air on the adsorbents to concentrate unadsorbed argon in the gas
generated, as a result, an oxygen concentration in the oxygen concentrated gas
generated is reduced.

A method of reducing a volume of raw material air supplied by lowering the
number of revolution of a compressor is applied, but there exist such problems that as a
control range in the number of revolution of the compressor is limited, and that its
operation becomes unstable when a range in the number of revolution used is too low.

An object of the present invention is to solve the problems described above and

to provide an oxygen concentrator having both functions, of which electric power

consumption of the apparatus is reduced and an oxygen concentration in a low flow rate



conprising an exhaust pipe channel equipped with a leak valve in a flow
channel between the air supply device and the adsorption bed to rel ease a
part of conpressed air that is to be supplied to the adsorption bed into
at nosphere. The present invention also provides the oxygen
concentrator conprising a control device to control an air supply vol une
fromthe air supply device based on a predetermned flowrate in the flow
rate setting device, the air supply volunme fromthe air supply device at a
certain sefling zoirenf Bh@XyeeniSost rtm supTlicdnromt ej axyaeiu SPRBUHPT Bekew a
given flowrate, and a rel ease volune of conpressed air through the |eak
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regenerate the adsorbent therein, and
a flow rate setting device to set a volume of concentrated oxygen supplied to a
user,
comprising an exhaust pipe channel equipped with a leak valve in a flow channel
between the air supply device and the adsorption bed to release a part of compressed air
that is to be supplied to the adsorption bed into atmosphere.
The present invention also provides the oxygen concentrator comprising a
control device to control an air supply volume from the air supply device based on a
predetermined flow rate in the flow rate setting device, the air supply volume from the
air supply device at a certain value when the predetermined flow rate is equal to or
below a given flow rate, and a release volume of compressed air through the leak valve
as determined based on the predetermined flow rate.
The present inveniion also provides the oxygen concentrator, wherein the
exhaust pipe channel is branched from a pipe channel connecting the air supply device
and the channel switching device and equipped with a flow rate control valve as the leak

valve, and wherein

the air supply device is a compressor with an inverter and



a flow channel switching device to repeat at a predetermned timng an
adsorption step to supply air fromthe air supply device to the adsorption
bed to isolate concentrated oxygen and a desorption step to depressurize
the adsorption bed to regenerate the adsorbent therein; and a flowrate
setting device to set a volune of concentrated oxygen supplied to a user
conprising an air release function to release a part of conpressed air

that is to be supplied to the adsorption bed imedi ately bef th
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The present invention also provides an oxygen concentrator that is a pressure
swing adsorption-type oxygen concenirator equipped with

at least one adsorption bed filled with an adsorbent capable of selectively
adsorbing nitrogen relative to oxygen;

an atr supply device to supply comprcssed air to the adsorption bed,

a flow channel switching device to repeat at a predetermined timing an
adsorption step to supply air from the air supply device to the adsorption bed to isolate
concentrated oxygen and a desorption step to depressurize the adsorption bed to
regenerate the adsorbent therein, and

a flow rate setting device to set a volume of concentrated oxygen supplied to a
uset,
comprising an air release function to release a part of compressed air that is to be
supplied to the adsorption bed immediately before the completion of the adsorption
step.

The present invention also provides the oxygen concentirator, wherein the flow
channel switching device is equipped with

a two-way electromagnetic valve (a) installed on a compressed air supply pipe
connecting the air supply device and the adsorption bed,

a branch pipe channel in the adsorption bed and an exhaust side installed in a
downstream side of the two-way electromagnetic valve (a) and

a two-way electromagnetic valve (b) installed on the branch pipe channel in the release



side. The present invention also provides the oxygen concentrator, wherein
the adsorption bed is conposed of two adsorption beds and the fl ow channel
switching device is equipped with a branch pi pe channel connecti ng
the air supply device and each adsorption bed to supply conpressed air,
two-way el ectromagnetic valves (al and a2) installed on each branch pipe

channel , a branch pipe channel in the adsorption bed and an exhaust
side installed in a downstream side of the two-way el ectromagnetic val ves
(al and 9y, two-way el ectromagnetic valves (bl and b2) installed

on each branch_pi pe channe] in the exhaust side and a branch pipe channel
connecting an ‘GRIPEESEL IBIRTUOR A59dreHdes (e OREge08e B HEgHBTTEY val ves (bl

and b2);
) the adsorption bed is composed of two adsorption beds and

the flow channel switching device is equipped with

a branch pipe channel connecting the air supply device and each adsorption bed
to supply compressed air,

two-way electromagnetic valves (al and a2) installed on each branch pipe
channel,

a branch pipe channel in the adsorption bed and an exhaust side installed in a
downstream side of the two-way electromagnetic valves (al and a2),

two-way electromagnetic valves (bl and b2) installed on each branch pipe
channel in the exhaust side and |
a branch pipe channel connecting an exhaust outlet and the two-way electromagnetic
valves (bl and b2);
comprising a control device to control a switching timing of the flow channel switching
device that determines a release volume of compressed air immediately before
completion of an adsorption step, based on a predetermined value in a flow rate setting

device.

Brief Description of Drawings

Figure 1 is a schematic diagram of a pressure swing adsorption-type oxygen
concentrator in an example of illustrative embodiment in the present invention.

Figure 2 is a diagram to demonstrate a relation of a concentration of oxygen
generated with a supply volume of raw material air required for a predetermined flow
rate in a conventional oxygen concentrator. A-A’ represents a range of an atrflow
volume suppliable with a compressor and A’ represents a lower limit of an airflow

volume suppliable with a compressor.



conprising a control device to control a switching tinting of the flow
channel switching device that determ nes a rel ease vol une of conpressed
air inmredi ately before conpletion of an adsorption step, based on a
predeterm ned value in a flow rate setting device. Brief Description of
Dr awi ngs Figure 1 is a schematic diagramof a pressure sw ng
adsor ption-type oxygen concentrator in an exanple of illustrative
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i nvention. Figure 4 is a schematic diagramof a pressure sw ng
adsor ption-tygge@x)08n shaeant daleeim i @nehbeste exadiffer:not off lal avatahaty ve
enbodi nent of the present invention. Figure 5 is a schematic
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valve in the present invention with that in conventional art. a
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cylinder in an oxygen concentrator of the present invention.
cylinder in an ‘oxygen concentrator of the present mvention.

Best Mode for Carrying Out the Present Invention

An example of illustrative embodiment in an oxygen concentrator of the
present invention is described using drawings below. Figure 1 is a schematic
constitutional diagram of an apparatus illustrating one embodiment of a pressure swing
adsorption-type oxygen concentrator of the present invention. In Figure 1, 1 and 3
represent an oxygen conceptrator 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, switching
valve 104, adsorption cylinder 105, check valve 106, product tank 107, pressure
regulating valve 108, flow rate setting device 109 and filter 110. With this,
oxygen-enriched air can be generated by concentrating an oxygen gas from raw material
air bfought in from outside.

Raw material air brought in an oxygen concentrator from atmosphere 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 into the apparatus as clean air not ;:ontaining,
from which coarse particuiates; dusts and the like are eliminated. At this time,

ordinary atmospheric air contains about 21% oxygen gas, about 77% nitrogen gas, 0.8%
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Best Mbde for Carrying Qut the Present Invention An exanpl e of
illustrative enbodi nent in an oxygen concentrator of the present invention
is described using drawings below. Figure 1 is a schematic constitutional
di agram of an apparatus illustrating one enbodi nent of a pressure sw ng
adsorption-type oxygen concentrator of the present invention. In Figure 1,
1 and 3 represent an oxygen concentrator and a user (patient) inhaling
hum di fi ed oxygen-enriched air, respectively. Pressure sw ng
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oxygen concentrator selectively concentrates and isol ates oxygen gas
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pressure swi ng adsorption nethod is used, in which raw nmaterial air is
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cylinder-type with two cylinders or more of adsorption cylinders 105 is preferably used
in order to continuously and effectively produce oxygen-enriched air from raw material
alr.
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 deseribed above



in addftion to a reciprocating-type air conpressor. The power source of a
notor to drive this conpressor 103 may be alternate current or direct
current. An oxygen-concentrated gas contai hing an oxygen gas as a
mai n conponent, which is not adsorbed in adsorption cylinder 105 descri bed
above, is flown into product tank 107 via check valve 106 that is
installed to prevent the gas fromflow ng back into adsorption cylinder
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oxygen- concentA attegegass siwried dmihpradderbents dilled I8 2dsopiai eindéni0eisanpl e,
an oxygen gas highly concentrated to a |level of 95% Pressure regulating
val ve 108w fdquived 4¢ de sksoibeg fhew itreads0gbentrdin huler itk esuse fregdserienis ©ont r ol
the oxygen flow rate and pressure to supply to a user and feed to_.
humi di f iasor20the Rifregenwigias reainh nind fEplll BRPGEFRACTAYE SHIFTRE S g 49T Eis
supplied to patient 3. . Such a _humdifier useg may...i ncl.ude %
non- wat NTRFSPTVAGRINS YALYS EP4 iRivsetbiQr WIS AP ThEPETSSULAF MP%HO%P@JGW@ y

Fr o oxt QRTATSH; [ PP U SPaiper PR hefBr A HOEUT SR Wy o
i st g ti X bubbl i ng- i.difie I f

i {1 R e T (oo B B A% OBl A AOnBLE T [0

val ue O%fthﬁvﬁegﬁﬁsﬁoﬁ g‘{eélc ?r?iogﬁ%éggc%n%a'te?o L,86s 8d ffo‘%mq%gf( Qs ﬁu@?& gﬁau mber

of revolution in an e tor ressor 103 contro evi ce

401 to conrit ARl biQWiNOLERR JRoRRICRURMINGIE dh@nAE8RIRE/pEDL GYdp Hder

105. For exanple, when a predetermned flowrate is set at 'a |ow fl ow

rate, | om@hipR@iubhenRUIDer offer folMOktel Odbsbiptian eligaidyi ¢ notor for the
conpressor suppresses the volune of raw material air to be supplied and

the amount of Axygesent@nbentgaatpat Bdyrolerd fagmtraw mdisvdl gnaod seiregtin i c

power consunpti on. _
product tank 107. The oxygen-concentrated gas stored in product tank 107 contains,
for example, an oxvgen gas highly concentrated to a level of 95%. Pressure regulating
valve 108, flow rate setting device 109 and the like subsequently control the oxygen
flow rate and pressure to supply to a user and feed to humidifier 201, from which a
humidified oxygen-concentrated gas is supplied to patient 3.

Such a humidifier used may include a non-water supply humidifier without
using water, in which an oxygen-concentrated gas in dry state is humidified by the
moisture brought from external air using a moisture permeation membrane module
having moisture permeation membranes; a bubbling-type humidifier using water for

humidification; or a surface evaporation type humidifier.

A predetermined value on flow rate setting device 109 is detected to control the



There exists a limt to control the nunber of revolution in a conpressor
so that |owering the nunber of revolution in the conpressor nore than
necessary may result in unstable operation of the conpressor, sonetines in
its shutdown. Accordingly, control to reduce the nunber of revol ution of
conpressor 103 has a limt no matter how a predeterm ned flow rate of
oxygen in an oxygen concentrator is set at a low flow rate, resulting in

ahan t GRS Of SR ERdR AR S gy YD o |pogy hbol dnERTRITEUNT, 107
s an w el AARARY YIRS SRAPRABRRS] of SeepBiat b alal: TURE, Yot OORURG ST 1"

over |y & prthSlnhdgs ol & Bledel GhTAGH hbowiake e Aauek dro 1

L/ mn or ion cylinder 1 in an oxyden concentrator is

desi gnedel, g ) had) RBEHGER FONGEN AR SipRAleommdivghaic ofaaval a

maxi mum pr e rmne w rate of the apparatus. Thus, when a vol une of
raw nmat gpi@biaehi thShEXGRHTSH iRl ths URRbiR doft Oxyefient & Betcenel], Radiagl ower
limt of conpressor operation in a low flow rate zone of a predeterm ned
oxygen file@uoatod cRVEI goveR codutittionf oxygen isolated is low, not only
nitrogen nol ecul es but al so oxygen nol ecul es are adsorbed on adsorbents in
adsor pti on cylThegeexidtds, lingiatiséantrod theexmerss of dyotysiondn ashewswesion. thils shown
in a long dashed short dashed |ine of Figure 2, the excess adsorp{tj on
phenoneniowenag threnypniey of teogiwiperin dhe eompreshet B106¢ HEE NEFSTHIY MY B / i n
or less if a volune of airflowto be supplied b%/ the co resior can be

| ower ed, uttstabla orerg R SeseMEraAb SOBELEEA B} S WHPER- at* SPIREHFOPEY 1 at ed
Oy gen: oSN BEcRTRES feier BEER Of SO Aha™ A Eb CoRERst: PO of
oxygen CORCRTRERS DAV erteo g Eh it Shveem PaPali A d AW Bue b F Bl P
excess odSOPBE i Reudb Do tisuesf S5 ot oser bfer@lctElimt Oin oA oS HE"

| venti ol SN BRA LN (B BEAACAIRIac@aul pped wth | eak val ve 102 on 2

fl ow channe etween conpressor 103 and sw tching valve 104 to rel ease
excess raw mat gk ighwaiih Fihen, & predahevhichedmpedsse 063 tée sfabywsuppie
setting device 1s equal to a certain value or |less and the nunber of

revol ut i giinprasdelQircioNprees eingesandaht compedsatis aptrotwdrat kiovnstagiospeed ef i nt o
st eady operation, |leak valve 102 is opened to rel ease excess raw nateri al
ai r rel atoiwee Lt &' wheppd pngobimpredetquinmed fowrratedocan & | &/mHi ¢rlesor usi ng
such | eak val ve 102, there nay be used a nethod in which an excess anount
of the raw natédsaptierocimdeup ireen PEYEHOWOEEITHIEI S Josignsddedpaipipin an

control 110 8 el ve openlng .ol (Bacontrol vl ve SoaL Tl s RSt emped
an openifg Lo ol el SCLOTRANGtLE Aol Lt LS 00 SUEh dotni ol
croess! veLy SUBRL Lo Gan. be, 1 ShoderLas Shown, 11, 8 shaded readloFlave
oo LS SRS BSpey BESUBUEE Pt LLORIGRr o, s o0V 4

pressur e@ﬁ%@%&ﬁ}&ﬁ%%&)&k& Qe YR BRKARE aROREEEL B QsdrPerAf Bt AWbrption

enbodi nmen € present | nvention. As simlar to the apparatus
i n Fi gur gudyqef 305 NBLEHE 3h &béssHa0eNbn ipReAdiféRoaut sisdBows ignatiengdashedan air
i nt ake p§¥l'gndg(%ui ppe WF'[ h extsgr ng(:ﬁgai r pi ntake filter 501 to elimnate

forei gn gant ishes s ePrasrdtShe andkst Aesdrpta phdhotbic danrte, provaitetagven
at nospheric air contains about 21% oxygen gas, about 77% nitrogen gas,
]

0. 8% ar gana gascRndinkd 2¥ngasest 5Uahinas: ssedm ahdn¢ btaitfidve o ba sepdied
apparatus only the oxygen gas required , )
the compressor can be lowered, but the compressor cannot be stably driven at or below

its rated conditions. As a result, the amount of oxygen generated in an
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for a breathing gas is concentrated and isol at ed. For isol ating
such an oxygen gas, raw material air is pressurized and supplied by
conpressor 503 into two adsorption cylinders 505A and 505B filled with
adsorbents containing zeolites and the |ike, which selectively adsorb
nitrogen gas nolecules relative to oxygen gas nol ecul es, by successively
swtching targeted adsorption cylinders by switching valve 504, and about
77% nitrogen gas contained in raw material air is selectively adsorbed and
el i mi nat exvasitchneenithied mds creperatad iy Tadyerst and the conceprgin o AadsoRrda; ¢
cont ai ni ng an oxygen gas .as. a i n conmpaonent, ¥pich i s not adsorbed in the
adsor pt | BROR A NAGAKA. Gadtng Beg PABRFRSHO 16 gl § ACSYBFodRET S 4GR 86 vi a

check val ve 506 installed to, prevent the s from,f 10w k into the
adsor pt | SVEEHTPAafrated gas is redu%eﬁ i ?E@%ﬂo}jg‘%%a%%ﬂ%e}& /}g{ﬁgg%%gsgds orbents
filled in the adsorption cylinder is requi : ed,f r.omd-he
adsorbents in d%%gtg)ﬂgﬁ %ﬁtﬁgd%d%%?%%%@%%?g&gd 6?%ﬁ%9%?t%ggg% as again

from {1 eglobndbl GUHEGASLRYWEREER itbroRided viHIS brafth biRIGipYaL ¥ENTOk

switches Troma press condition achi eved by conpressor 503 to a

depr essugijzed o8 afdh tH RN chhibiel %ﬁﬂé@n%orﬁ%@%@ heni smdpswBene vatvat B4ofo
negative pressure state) to desorb a nitrogen gas adsorbed to regenerate

the adsofpent Sxcdsfirdwhinsicdi@b airpt Waknd Sizde@fin®xy gelte adnhe fibwataedseiarz may be
fl owmn back as a purge gas fromthe product end side of the adsorption

cyl i nder déw@te B et g tertaamkdluk Pr &vs ads dreptundrer sf spyoluticondére wonprgdPease a

desorption efficiency. An oxygen-concentrated gas i s produced from

raw nat eisi@itrailed sta lowestimitad dntﬁrrjnmcﬂjl@@YtO&mﬁ&ﬁw,ﬂ?amgV@ig}%@rﬂl@@ﬁ%%t r at ed
gas stored in product tank 507 contains, for_ exanple, an oxygen,gas highly
concent r eleade exoess tasvhtentl Bnnglativg b ¢ SopiyolEne TIHERY M ARSIl i
controlling the flow rate and pressure wth avgr SSU%% regul atin _vglve,

f1 ow r at Boseting sighdeald ebvesil. teve magnts wed gdap Bt VOKE A Rees ly a
low 1 at 6 4 el do bsouopidhs: ecubmeglgRerst EhevShlBer v "
Control | SBouR ke B Fifo MRt G s ke as RO% RCarey rERRIITARY B8 Lo, 4
P;\e/ gIeLte Ir g%crég% 6%'9%’5%3&?%3%3 a%(%rd?f;[goﬁ %1)2 \éfaéﬂiﬁ%/ti%t & arh QWRLLAGoddRe yaurber of

€ anoun en generated, |eadihg to reduction
of electgyl it 51?:}%{!% e Qs BLokTBr Gy LA WalBE BFdvhtediahd kv
excessivgprg%bp ?gg 0 a.%gg%agﬁﬁﬁévé ét a I&ﬁ%r Iini? of conpressor

oper at i Ofyutd}0lf aRkks@idty 9GS2 Wél rBRealidl asahs@m X ¥ R sdREECH Fgurarse
adsor bed on adsorbents in adsorption cylinders 505A and 505B to cause an
excess a@dsaf Ri0hdPORBOfRIen. oflokyatn Q¥gasd canbe niairdbined af 2 torestynt egent
invention, in order to prevent such excess adsorption phenonenon,

SW t chi ngrasabates04 preglcewhinelidlbvwdtaté.ng t he adsorption step to control a
volune of raw material air to be supplied to the adsorption cylinders and
excess raw material air is rel eased. In two cylinder-type oxygen
concentrator, as for relevant switch valve 504 a structure in a .

conbi nati on of Fienee 4 tisve-swhymeis wesstitvenahshe st < r Bnaigifsive 118:5ﬁ9@§ 2al ,
a2, bl and b2) as shown in Figure 4 is adopted.. Each ele t%pnqﬁqﬁg'c val ve
may be cBFFTSEE @B REMTAEORSEYDS, %chﬁnt‘f%’icﬁgfat%r iy RS P ECERT F ofrag et i ¢

val ves nay be .assenbl ed i nto a nani f ol d.
present mveniton.

As similar o the apparatus in Figure 1, raw material air brought in from outside
is entered in an air intake port equipped with external air intake filter 501 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, 0.8% argon gas and 1.2%

gases such as steam and the like. In such an apparatus only the oxygen gas required
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Figure 5 denonstrates an open/shut timng of each two-way val ve. Wen
adsorption cylinder 505A is supplied with conpressed air froma conpressor
in an adsorption step, generally the other adsorption cylinder 505B is in
a desorption step and the adsorption cylinder under the pressurized
condition is depressurized to rel ease adsorbed nitrogen to atnosphere. At
this time, tw-way valve al is opened but two-way val ves a2 and bl are

cl osed, thereby .conpressed air is suppljed to adsorption cylinder 505A At
the sanelf ¢ §Eea 245y copiepatgd apd isg d to rel ease a nitrogen-enriched

as i n adsorption li nder 505B. By switching.thi.s operati,on.after .a given
Cime. the adsdiuidiing o AMPVRY e SPBIPUL Al PSSR FUPRisdat odl y

bet ween adsor ption li.nders,505A and. 505 t r.al; ar at us
of ¢ e phieCahReisRD af 1R N GO R Ry ton e e B GRLY pARBR7 R
adsor pti . i.n:adsqrptid o yl.knde ; I Qﬂ%ressed
air suppf}g%&gg %%H%ge%g%pk%gggfb@ggt&%gagéhbgﬂégtgﬁﬁgﬁﬁggg%q%ﬂgex aust
line. Thigcan,rg Lhe ARUILS, Oly TABABLER! hirdlihe SURRIIC oA WO- Ay
val ve al to adsorption-cylinder 50 A, preventing a phenonenon of" excess
oxygen a€giaffk b9 RwitShitk haReYs04 D¥hdORe Dt MBii@oha kaY 8bMBinb2 irpdavemh®@fifl St age
of the adsorption step in adsorption cylinder 505B, past of conpressed air
i's rel eageld sbleotvd Wadsaeded\ual \eardatédwwitihiht hésoepthmustinti¢me. Cont r ol
of switch valve 504 is determ ned according to a predeterm ned val ue of an
oxygen supply Gtypenseatichaindr eorguininghinngxtgenigag as 8 neim tomporett, agiucr ¢ ng to
a predeterm ned signal.of flowrate setting device 509. For exanple, in an
appar at ustedpabidinche sdropptyinmngyliadérs dasariied abbvans flogvBiiopiedusitienk A7
predeterm ned value is equal to | Drain or nore, the nunber of revol ution
of a notBf chegk wve ek isailsd o preverribe giap dennilo b back4nigi the 2830604 t chi ng
timng to cqontrol the supply volune of raw material air, whereas when a

pr edet eri8€eSval ue is equal to 1 L/nin or less, the tining to open

t wo-way val ves, b1/ b2 constitutjng swtchin | ve 504 at | at.e st age of
the adeor pt 1 or StEen S gt Bt 86 st Fikd % mESSismob P! e

vol ume_of, . fay m%g%lbg&prm& BieBBsHARL 1S GrdeP (PRGN Iﬁg§8§o%érf?§1tocédsj)ﬂ?:gﬁer 505A

and 505B. WO cylinder-type oxygen concentrator capabl e of
suppl i nguBo SRRl A% FRkRy HaRchLReHhARAUS MRt OrifisLéikdhiddAtiOsue 4 is
used under a repefitive sequence of an adsorption step and a desorption
step eveswitches HRGOH PesantredtcondPio dehRived M omprgen S0 0W & dbge@lurided / m n,
an oxygen-concentrated gas containi ng 93% oxygen concentration is

obt ai nedsondhiomgéds axhsipla aphegaths picpade cuygenmdarove patere siatt) isdSoflb

L/m n, an oxygen concentration in the oxygen-concentrated gas generated is
decr eased niiragen 98% tdro88% tye cspaswaisf thex edwsbaads olptihndesbrmopgsiep.n®l ecul es
on adsorbents and concentration of argon gas. As shown in Figure 5,
in an appaeai-geneshiraied gy e e fowadck A 2 TRgnzasWesTmElp nraduss opg sifg o

swi tching val ve 504 on the release side is opened five seconds earlier in
the ads®fpdreptict syinser frsbPindreiianl) ngbrdsolRS5P BRFIRY VEIEFY D2 on
the release side_is opened five seconds earlier in the adsorption step of
adsor pt i “0%$P?ﬁ§%¥@%555, part of raw material air from conpressor 503 to

b lied to,the ad ti | i.nder .in.t d tion. st ' 2| d.
'n this way, 128 PSEOSEEruTE fa RPIPHEH B9 G0 SEOUELA BT OIS o306

cven Whelohll ARPIHA Upnd S MREIBhETAted?p R SEIRE 35 Bt BRKGRN dohhsl ate of

for examplé, an oxygen gas highly concentrated to a level of 95% and is supplied to
humidifier 512 by controlling the flow rate and pressure with a pressure regulating
valve, flow rate setting device 509 (CV: control valve) or the like to supply a humidified
oxygen-concentrated gas to patients.

A predetermined value on flow rate setting device 509 is detected to control the
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Atimng to open earlier may be controlled by proportionally adjusting a
volunme of raw material air to match a predetermned flow rate or
controlled in a nmultistage way. As shown in Figure 6, a phenonenon
i s observed, in which part of a release gas is flown into an adsorption
cylinder imrediately before the conpletion of a desorption step, but has
no effect on a concentration of oxygen generated and can conversely

achi eve reducti f .electri

ti b h
necessar ErOépg’g?é&BTfm% RS o(\:/vieng]otgﬁ Osrg Ir(é?ﬁ%%%?;q%ie ﬁ‘r&%ﬁc eﬁ%l%eto
i ded. Effect I ti | N;. C t
o esent chvene s\l e pe Bl B aR i G VBT S e (o
and the ﬂr&cﬁ%‘?érpljﬁe e§§§>rﬁaf'edisbs%¥ WeEHo? HFRTREES BRberM tth@.tnufd%@r 8 rddihgionof an

adsorpti‘on cylin 0 release unnecessary raw nmaterial air, thus a

concent r@hh Qi Qf 1 OX%YARM: IENRL 8L dehSatblCHARE hotRduAiSOTPERESR! podt be
stably driven without receiving any effects of surrounding conditions.

Furt her ,conf@Rp@Dr axiphes RoRgeh ¥advembrial Ak ovetigvay seppligeno supphined i s
inalowflowrate zone, by releasing unnecessary raw material air at a

| at e st dgeclaft o leveadismit Pt icompsdseq, opcratica, pos shlyl wtrbgerp neNentes et ebs

adsor ption of oxygen nol ecul es caused by excess supply of raw material air
and a demygasmotdculex yrpemisoed entadsirbons gesdspmtieod cybudedSHA esht®i toat i on
of argon. Further, even in a low flow rate zone, electric power
consunptdavse emcxbess adppptes elicramensper M japrexoReh coninpiaws ¥ thampresent
stabilized. A Cains 1. A pressure sw ng adsorption-type oxygen

concent rBY@ionntY qiderig praYenf SKbeXese AHHEBHM PREHOBIOR, SEHINg) alven Pl

adsorbork capetl 5,90, S5 SAYELSi0rbng Ditfogen 6] slug Lo piyoen. o0
supplied to the adsorption cylinders and excess raw material air is released.

In two cylinder-type oxygen concentrator, as for relevant switch valve 504 a
structure in a combination of four two-way valves (two-way electromagnetic valves, al,
a2, b1 and b2) as shown in Figure 4 is adopted. Each electromagnetic valve may be
connected by tubing or branch tubing, or the four electromagnetic valves may be
assembiled into a manifold.

Figure 5 demonstrates an open/shut timing of each two-way valve. When
adsorption cylinder 505A is supplied with compressed air from a comptessor in an
adsorption step, generally the other adsorption cylinder 505B is in a desorption step and
the adsorption cylinder under the pressurized condition is depressurized to release.
adsorbed nitrogen to atmosphere. At this time, two-way valve al is opened but
two-way valves a2 and bl are closed, thereby compressed air is supplied to adsorption
cylinder 505A. At the same time, two-way valve b2 is opened to release a
nitrogen-enriched gas in adsorption cylinder 505B. By switching this operation after a
given time, the adsorption step and the desorption step are switched repeatedly between
adsorption cylinders 505A and 505B.

On the contrary, an apparatus of the present invention opens two-way valve bl
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a flow channel switching device set up between the air supply device and
the adsorption bed, to repeat at a predetermned timng an adsorption step
to supply air fromthe air supply device to the adsorption bed to isolate
concentrat ed oxygen and a desorption step to depressurize the adsorption
bed to regenerate the adsorbent therein, a control device to control the
fl ow channel sw tching device, and a flowrate setting device to
set a volune of concentrated.oxygen supplied t

char act efj & eale iSee 1 tthe RSB 8P dB\ASRIPEGR £ 1ﬁ§ergfp§r,%g) EIeRSE d1ToRE ¢ he
o chancel e o oo L0, AS0Re B0, S COMCSggRt st |
wher o e £BRPEHSARG CERRCTR HoacoREEaL HR s B TR LISk Bl b
connect i By FREPAREDERS, PRt BRAY ol RaGE BPERREE fldn RUBRAYRPL PO,

bi pe_chagagl.Retesiialienadsaypdion vher andanafxBaunl aBksipibisial ked in a

downst r eam Si wo-way el ectromagnetic val ve, an

second t é{&éb&ﬁ%nedyﬁﬁaéros@%}ti & MAhptBsdeA Sials! Rbag £b@ tWaked vaiveeschannel

in the rel ease si'de. 3. The oxygen concentrator according to claiml1,
wher ei n {hhcuchdBOfHaugNinRed i s conposed of two adsorption beds, and the

fl ow channel” sw tching device conprises:

Control of switch valve 504 is determined according to a predetermined value
of an oxygen supply flow rate and a switching timing s ¢ontrolled according to a
predetemiined signal of flow rate setting device 509. For example, in an apparatus
capable of supplying a flow rate of up to 3L/min, when a predeiermined value is equal
to 1 L/min or more, the number of revolution of a motor for compressor 503 is
controlled without changing the switching timing to control the supply volume of raw
material air, whereas when a predetermined value is equal to 1 L/min or less, the timing
to open two-wayr valves b1/b2 constituting switching valve 504 at a late stage of the
adsorption step is controlled ahead of time, thus controlling the volume of raw material
air to be supplied to each adsorption cylinder 505A and 505B.

When a two cylinder-type oxygen concentrator capable of supplying a supply
flow rate described above up to 3 L/min in Figure 4 is used under a repetitive sequence
of an adsorption step and a desorption step every 15 seconds and at a predetermined
oxygen flow rate of 3 L/min, an oxygen-concentrated gas containing 93% oxygen
concentration is obtained, whereas when a predetermined oxygen flow rate used 1s 0.25
L/min, an oxygen concentration in the oxygen-concentrated gas generated is decreased
from 93% to 88% because of excess adsorption of oxygen molecules on adsorbents and
concentration of argon gas.

As shown in Figure 5, in an apparatus of the present invenfion, when two-way

valve bl in switching vailve 504 on the release side is opened five seconds eariier in the



a branch pi pe channel connecting the air supply device and each adsorption
bed to supply conpressed air, a first and a second two-way
el ectromagnetic val ves respectively installed on each branch pipe channel,
a branch pipe channel in the adsorption bed and an exhaust side installed
in a downstream side of the first and second two-way el ectromagnetic
val ves, ~athird and a fourth two-way el ectromagnetic val ves
respectively installed on each branch pipe channel in the exhaust side,
and adsopptivnatephy pilpepddracrsidec dire and frp-way sxXa s ondhe rdeasa fide ihe
third and fourth two-way el ectromagnetic valves. 4. The oxg n
concent r epaed fve seelindy cedict Imthe aiSOmREER stoR AlrdseploR eRaMiser gﬁn PEhPhg
devi ce conprises_each manifold o t he, branc i pe channel.
connect i Fy mEetigl air i I“‘9m§€3'\5‘?‘8e‘J g %WPE%HP ﬁ‘tei %ﬁg@ﬁant"é’ﬁ%%ﬁﬁF)}he
conpressed air, . he first .and secgnd two-way electr. I.¢ val ves
respect i ?fgglo?qoﬁs B8P 1 80" ei"ilseéciic hﬁ]b TN 8elsc ﬁgﬁ‘?hbgg,to AR RO Wb

concentration at 93% even when the apparatus is operated at a predetermined oxygen

flow rate of 0.25 L/min.

A timing to open earlier may be controlled by proportionally adjusting a
volume of raw material air to match a predetermined flow rate or controlled in a
multistage way.
As shown in Figure 6, a phenomenon is observed, in which part of a release gas
is flown into an adsorption cylinder immediately before the completion of a desorption
step, but has no effect on a concentration of oxygen generated and can conversely

achieve reduction of electric power consumption because more than necessary increase

of a pressure in the adsorption cylinder can be avoided.

Effect of Invention

In an oxygen concenirator of the present invention, a leak valve
(electromagnetic valve, control valve (CV) and the like) is inserted between a
compressor outlet and an inlet of an adsorption cylinder to release unnecessary raw
material air, thus a concentration of oxygen generated is increased and a compressor can
be stably driven without receiving any effects of surrounding conditions.

Further, when a predetermined value in a flow rate of oxygen supplied is in a
low flow rate zone, by releasing unnecessary raw material air at a late stage of the
adsorption step, it is possible to prevent excess adsorption of oxygen molecules caused
by excess supply of raw material air and a decrease of oxygen concentration generated
caused by concentration of argon.  Further, even in a low flow rate zone, electric power

consumption can be suppressed and operation of a compressor can be stabilized.

oy
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t he branch pi pe channel in the adsorption bed and the exhaust side
installed in the downstream side of the first and second two-way

el ectromagneti ¢ val ves, the third and fourth two-way
el ectromagneti c val ves respectively installed on each branch pipe channel
I n the exhaust side, and t he branch pi pe channel connecting the

exhaust Glaimet and the third and fourth two-way el ectromagnetic val ves.
5. The oxygen concentrator according to claim3, conprising a control
device to control a switching timng of the flow channel sw tching device

E: gat det er m, P?éss@ré WP 8dYSHUBR-tRe 6 rﬁ@cﬁﬁfén&bforiiﬁal_adingt ely before

npl eti on of an adsorption step, based on a predeterm ned value in the

fl ow rate set tatrgasfeoneecadsorption bed filled with an adsorbent capable of
selectively adsorbing nitrogen relative to oxygen,

an air supply device to supply compressed air to the adsorption bed,

a flow channel switching device set up between the air supply
device and the adsorption bed, to repeat at a predetermined timing an
adsorption step to supply air from the air supply device to the adsorption
bed to isolate concentrated oxygen and a desorption step to depressurize
the adsorption bed to regenerate the adsorbent therein,

a control device to control the flow channel switching device, and

a flow rate setiing device to set a volume of concentrated oxygen
supplied to a user,

characterised in that the control device does the change control of
the flow channel switching device to release a part of compressed air that
is to be supplied to the adsorption bed immediately before the completion

of the adsorption step.

2. The oxygen concentrator according to claim 1, wherein the flow channel
switching device comprises:

a first two-way electromagnetic valve installed on a compressed air
supply pipe connecting the air supply device and the adsorption bed,

a branch pipe channel between the adsorption bed and an exhaust
side installed in a downstream side of the first two-way electromagnetic
valve, and

a second two-way electro magnetic valve installed on the branch

pipe channel in the release side.

3. The oxygen concentrator according to claim 1, wherein the adsorption
bed is composed of two adsorption beds, and the flow channel switching
device comprises:

a branch pipe channel connecting the air supply device and each

adsorption bed to supply compressed air,
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a first and a second two-way electromagnetic valves respectively
installed on each branch pipe channel,

a branch pipe channel in the adsorption bed and an exhaust side
installed in a downstream side of the first and second two-way
electromagnetic vaives,

a third and a fourth two-way electromagnetic valves respectively
instalied on each branch pipe channel in the exhaust side, and

a branch pipe channel connecting an exhaust outlet and the third

and fourth two-way eiectromagnetic valves.

4. The oxygen concentrator according to claim 3, wherein the flow channel
switching device comprises each manifold of 7

the branch pipe channel connecting the air supply device and each
adsorption bed to supply compressed air,

the first and second two-way electromagnetic valves respectively
installed on each branch pipe channel,

the branch pipe channel in the adsorption bed and the exhaust side
installed in the downstream side of the first and second two-way
electromagnetic valves,

the third and fourth two-way electromagnetic valves respectively
installed on each branch pipe channel in the exhaust side, and

the branch pipe channel connecting the exhaust outlet and the third

and fourth two-way electromagnetic vaives.

5. The oxygen concentrator according to claim 3, comprising a control
device to control a switching timing of the flow channe!l switching device
that determines a release volume of compressed air immediately before
compietion of an adsorption step, based on a predetermined value in the

flow rate setiing device.
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