DESCRIPTION OXYGEN CONCENTRATOR Technical Field The
present invention relates to a pressure swing adsorption-type oxygen
concentrator using an adsorbent, which preferentially adsorbs nitrogen
relative to oxygen and in particular a medical oxygen concentrator used in
an oxygen inhalation method for patients with chronic respiratory
diseases and the like. Backg%ﬁgmm%‘&ent years, the number of

patients suffering from di i \ ns such as asthma,
pulmonary emphysem%éﬁ:@%ﬁ%%%%ﬁﬁ%ﬁike has tended to
increase and oxygen inhalation therapy has been available as one of most
effective therapies for them. Such oxygen inhalation therapy is a treatment
Teclmetliddefdr patients to inhale oxygen-enriched air. As the supply source of

the oxygen and the air, an oxygen concentrator, a liquefied oxygen
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concentrated in a high concentration to supply to a user. Such

metlapharapusesitinelube laonénmbsanettypel moagen aohdentiltor using a
polymer membrane, which selectively permeates oxygen, a pressure
Backgipipd f¥drption-type oxygen concentrator using an adsorbent, which
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used in a market because oxygen concentrated to 90% or more can be
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for patients to inhale oxygen-enriched air.  As the supply source of the oxygen and
the air, an oxygen concentrator, a liquefied oxygen cylinder, an oxygen gas cylinder
and the like are known but an oxygen concentrator has become dominant for home
oxygen therapy because of convenience and casiness in maintenance and control.

An oxygen concentrator is an apparatus in which about 21% oxygen present
in air is concentrated in a high concentration to supply to a user. Such apparatuses
include a membrane type oxygen concentrator using a polymer membrane, which
selectively permeates oxygen, a pressure swing adsorption-type oxygen concentrator
using an adsorbent, which selectively adsorbs nitrogen relative to oxygen, an
apparatus electrochemically separating oxygen contained in air to supply and the like.
The pressure swing adsorption-type oxygen concentrator is mainly used in a market
because oxygen concentrated to 90% or more can be obtained in good yield.

The pressure swing adsorption-type oxygen concentrator is an apparatus

using an adsorption bed filled with molecular sieve zeolites such as 5A type zeolite,



13X type zeolite, Li-X type zeolite, MD-X type zeolite and the like as the
adsorbent, which can selectively adsorb nitrogen relative to oxygen,
supplying compressed air from a compressor to the adsorption bed to
adsorb nitrogen under a pressurized condition and isolating unadsorbed
oxygen as a concentrated-oxygen gas. Such an apparatus is generally
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ygen concentration method in a medical oxygen concentrator. Such an
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predetermined concentration of an oxygen-concentrated gas at a. .
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as low power consumption, quietness, miniaturization and the like are
(vadogneasiagiaking into eonsipenatiométierdonvenidide ehainser torthewre of an

apparatus. Among constitutional parts of the oxygen concentrator, a
adsqipiipiesEbRAEH S LIFBLCRIDER OF SRSAIHIR JeVR)r UHBE iA gREFsReT in order to

. apparatus and at the same {j ogcupies a certain, spa ithin the
mcre%) t%e receneration rate Ofngﬁé a sm%ent an &Dortlh E)HCQEDVHS are used as an
enclosure as well as genéerates a major source of noise.” A compressor
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performance of the apparatus. However, miniaturization of the compressor
is Such an oxygen concentrator is often used not only at hospital, but also at

home as oxygen inhalation therapy for patients with chronic respiratory diseases.
Accordingly, not only stabie and consistent supply of a predetermined concentration
of an oxygen-concentrated gas at a constant feed rate is required for the oxygen
concentrator as main performance, but also requirement for the secondary
performance such as low power consumption, quietness, miniaturization and the like
are increasing taking into consideration the convenience of a user to the apparatus.
Among constitutional parts of the oxygen concentrator, a COmMpressor
consumes most of electric power used in the whole apparatus and at the same time,
occupies a certain space within the enclosure as well as generates a major source of
noise. A compressor used has to be miniaturized in order to realize such secondary

performance of the apparatus. However, miniaturization of the compressor is



2 accompanied by the reduction of a flow rate and compression
performance in the compressor, resulting in disadvantage with reduced
allowance to maintain adsorption-desorption performance of the oxygen
concentrator. As a means to achieve lowering power consumption of an
oxygen concentrator and realize a high yield of oxygen, Japanese Patent
accPPAERIIOBy Lidid-Qpenidie.ofl h1ROY 13t destribas ek 4pRasaras:HiAMBIGH the
the number of rotation of a compressor is controlled in response to a
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material air and a switching timing between an adsorption step and a
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the adsorption efficiency in an early stage, Japanese Patent Application
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buffering function responding to a change of a_

oxygen-concentrated gas produced and a predetermined flow rate of oxygen, and the

power consumption is suppressed at a low flow rate.

As an apparatus to shorten a pressure rising time of an adsorption cylinder in
the adsorption step and to improve the adsorption efficiency in an early stage,
Japanese Patent Application Laid-Open No. H6-31129 discloses a gas separation
apparatus, in which the number of rotation of the motor driving the compressor is
increased for a predetermined period at the adsorption step, while otherwise the
number of rotation is controlled in a normal value.

Disclosure of Invention

An oxygen concentrator is equipped with a product tank to temporarily store
concentrated oxygen produced in a downstream of an adsorption bed in order to
respond to variation of a supply flow rate at the time of switching to a predetermined

flow rate of oxygen. This provides a buffering function responding to a change of a

supply flow rate and performs feedback control of increasing the number of rotation



supply flow rate and performs feedback control of increasing the number
of rotation 3 of the compressor to increase an amount of oxygen
produced when the pressure becomes lower than a predetermined
pressure by detecting pressure variation within the product tank with a
pressure sensor. Suppressing an amount of oxygen produced to a
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a constant timing an adsorptlon step, In which air Is
to satisfy secondary performance such as miniaturization, low power consumption

and quietness by performing feedback control of the amount produced with a flow
rate sensor alone, focusing on variation of a product flow rate caused by suppressing
the amount of oxygen produced.

The present invention provides an oxygen concentrator in which a pulsation
detection device for detecting pulsation of oxygen supplied and a control device to
control an amount of air supplied from a compressor based on the detection results in
a pressure swing adsorption oxygen type concentrator, which is equipped with an
adsorption bed filled with an adsorbent capable of selectively adsorbing nitrogen
relative to oxygen, a compressor for supplying air to the adsorption bed, a channel
switching valve to repeat in a constant timing an adsorption step, in which air 1s
supplied from the compressor to the adsorption bed to isolate concentrated oxygen

and a desorption step, in which the adsorption bed is evacuated to regenerate the



supplied from the compressor to the adsorption bed to isolate

concentrated oxygen and a desorption step, in which the adsorption bed

is evacuated to regenerate the 4 adsorbent, and a flow rate measuring

device for determining a supply flow rate of concentrated oxygen

produced. The present invention also provides the oxygen concentrator in
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oxygen concentration method, in which the adsorption step of supplying the
pressurized air to an adsorption bed filled with an adsorbent capable of sclectively
adsorbing nitrogen relative oxygen to isolate an oxygen-concentrated gas and the
desorption step of evacuating the adsorption bed to regenerate the adsorbent are
repeated in a constant timing, producing an oxygen-concentrated gas.

The present invention also provides the oxygen concentration method in
which step 2 of detecting such pulsation of an oxygen-concentrated gas is a step of
determining a peak flow rate and/or bottom flow rate of an oxygen-concentrated gas
supplied and detecting whether or not the peak flow rate value or the bottom flow
rate value per predetermined time is within a predetermined range of a threshold
value and then controls an increase or decrease of an amount of the pressurized air
when exceeding the range of threshold values, and the step judges as pulsation being

occurred when the peak flow rate value or the bottom flow rate value exceeds a



value and then controls an increase or decrease of an amount of the
pressurized air when exceeding the range of threshold values, and the
step judges as pulsation being occurred when the peak flow rate value or
the bottom flow rate value exceeds a 5 range of 5% relative to the
predetermined flow rate value and compares the detection resultin a
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vacuum pressure swing adsorption type oxyg concentrator |

whed examleof iHustrativg embpdiment RfcaRoRkygaheoncetpdarioh thef the
present invention. Figure 2 also shows a schematic diagram of a

oxyprassurecsirigchdsorptiorh(P8A)stysd dxygen cohcehtrdiominanothére of the
example of illustrative embodiment of an oxygen concentrator of the
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present invention is described using the drawings below. Figure 1 is a
schiiatte | diagvan of lamappalAlis consitutionitsteating avwwo-edkimtion
vacuum pressure swing adsorption (VPSA) type oxygen concentrator as
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oxygen concentrator of the present invention. Figure 2 also shows a schematic
diagram ol a pressure swing adsorption (PSA) type oxygen concentrator in another
example of illustrative embodiment of an oxygen concentrator of the present
invention.
Best Mode for Carrying out the Present Invention

An example of illustrative embodiment of the oxygen concentrator of the
present invention is described using the drawings below. Figure 1 is a schematic
diagram of an apparatus constitution illustrating a two-column vacuum pressure
swing adsorption (VPSA) type oxygen concentrator as an embodiment of the present
invention.

In Figure 1, 1 represents an oxygen concentrator and 3 indicates an oxygen
concentrator and a user (patient) inhaling a humidified oxygen-concentrated gas.
The pressure swing adsorption-type oxygen concentrator 1 is equipped with an

external air intake filter 101, compressor 103 with a function of compression and



In Figure 1, 1 represents an oxygen concentrator and 3 indicates an

oxygen concentrator and a user (patient) inhaling a humidified

oxygen-concentrated gas. The pressure swing adsorption-type oxygen

concentrator 1 is equipped with an external air intake filter 101,

compressor 103 with a function of compression and 6 evacuation,
evathreevairelzetrombetivagaives 104aahddbodl d9dbchmnrndhsndichinhing

valve, adsorption cylinders 105a and 105b, check valves 106a and 106b,
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flown from an air inlet equipped with an external air intake filter 101 to

to celintinatdcforal gnhiticlss sugras cdgstantthealike into inside of the
enclosure of the apparatus, At this time, ordinary air contains about 21%
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adsorbing nitrogen molecules relative to oxygen molecules is used as an
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filled with the zeolite type adsorbent, while sequentially switching
between tadatatgetad hdsarpiioncoyaers dd5aandad Oddswitie e capable  of
switching valves 104a and 104b, in which about 77% nitrogen gas
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13X-type zeolite, Li-X type zeolite, MD-X type zeolite and the like can be used as
the nitrogen adsorbent. Raw material air is pressurized by the compressor 103 to
supply to the adsorption cylinders 105a or 105b filled with the zeolite type adsorbent,
while sequentially switching between the targeted adsorption cylinders 105a and
105b with the switching valves 104a and 104b, in which about 77% nitrogen gas
contained in raw material air is selectively adsorbed and removed under a
pressurized condition in the adsorption cylinder.

The above adsorption cylinders 105a and 105b are formed by a cylindrical
vessel filled with the above adsorbent and, though a single column type, two-column
type or multi-column type oxygen concentrator using three or more adsorption
cylimmders are generally available depending on the number of the adsorption cylinder

used, a two-column type adsorption system described in Figure 1 or multi-column

adsorption system is preferably used in order to continuously and effectively



vessel filled with the above adsorbent and, though a single column type,
two-column type or multi-column type oxygen concentrator using three or
more adsorption cylinders are generally available depending on the
number of the adsorption cylinder used, a two-column type adsorption
system described in Figure 1 or multi-column adsorption system is
proqueferablynsed imosdentedopnitifroously andteffectirely 7 produce an
oxygen-concentrated gas from raw material air. A rotating-type air .
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whidh WEsaSOREGHEYIINAET;db Nas 10:60@5AP iR AR rERICBIOEEM cylinder 105
molecules once adsorbed from the adsorbent in order to adsorb the
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an evacuate depressurlze condition to € nitrogen gas

and adaRraedteoegeneata theadsordantbda isterosptiemnesiep opast 86 thésorb
oxygen-concentrated gas may be further flown back as a purge gas

the thtmm a%rég_gmé”feqy &ieziny M@m@ff@m m@t@ri@bl@'gt OMt@fdd?@mhéia it
o SHRRRER e e darplon s o e gceamion LI o
with a vacuum line of the compressor 103 to switch from a pressurized condition
achieved by the compressor 103 to an evacuated and depressurized condition to
desorb the nitrogen gas adsorbed to regenerate the adsorbeni. In this desorption
step, part of the oxygen-concentrated gas may be further flown back as a purge gas
through a pressure equalizing valve 102 from the product outlet side of the
adsorption cylinder in the adsorption step to the adsorption cylinder in the desorption
step in order to increase desorption efficiency.

An oxygen-concentrated gas is thus produced from raw material air and
stored in the product tank 107. The oxygen-concentrated gas stored in the product
tank 107 contains, for example, a concentrated oxygen gas highly concentrated to a
level of 95%, and the pressure and supply flow rate thereof are controlled by a
pressure regulating valve 108, the flow rate setting device 109 and the like to supply

to a humidifier 201, from which a humidified oxygen-concentrated gas is supplied to



An oxygen-concentrated gas is thus produced from raw material air and

stored in the product tank 107. The oxygen-concentrated gas stored in the

product tank 107 contains, for example, a concentrated oxygen gas

highly concentrated to a level of 95%, and the pressure and supply flow

rate thereof are controlled by a pressure regulating valve 108, the flow
the pateesetting device 109 and the like to supply to a humidifier 201, from

which a humidified oxygen-concentrated gas is sl%gﬁglied,to 8 the patient.
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evaporation type humidifier can be used as such a humidifier 201. In the
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antiphase, respective continuously ‘produce oxygen. rate
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that an amount of oxygen produced from the adsorption cylinder can be
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pro@PRALY taking into consideration convenience of a user with the
apparafus such as reduction of power consumption, quietness and

minjatilsization oftthe:akyden tonetibtiates isugelermingenbyt a ypslefflow rate,
compressor used and operation control method.
provided that an amount of oxygen produced from the adsorption cylinder can be
maintained such that a pressure of the product tank 107 s sufficiently higher than a
pressure required to maintain the pressure constant at an outlet of the pressure
regulating valve 108,

Secondary performance of the apparatus taking into consideration
convenience of a user with the apparatus such as reduction of power consumption,
quietness and miniaturization of the oxygen concentrator 1s determined by a type of
compressor used and operation control method.

One of such methods is a method of controlling a flow rate of a compressor
such that an amount of oxygen produced in the adsorption bed is kept at minimum
requisite, thereby enabling to suppress power consumption. This also
simultaneously leads to quietness of the apparatus and miniaturization of the
compressor used, It further becomes more effective, when the amount of oxygen

produced is controlled by a control device 401 based on a setting flow rate of the

oxygen-concentrated gas determined by the flow rate setting device 109.



One of such methods is a method of controlling a flow rate of a

compressor such that an amount of oxygen produced in the adsorption

bed is kept at minimum requisite, thereby enabling to suppress power

consumption. This also simultaneously leads to quietness of the

apparatus and miniaturization of the compressor used. It further becomes

mote efféstite, radier thesamdignt of axygert pfoduged ipcahirelled byrerolled

control device 401 based on a setting flow rate of the
suchy Kfer R Misted §ad HeraPriied Bpthdsioie bt iy thavites mogssure
re u%rler%lotrdera}%trg %li S thirsds\é\{lt}%nc%gs arHP lént 12 Ooxlytgecnﬁ duc?g issr regulatin

dontrolied” SUeh that &n inner pressure of the procfuc ank 1S sﬁglhﬁy g g

valvigbarHanhe: Riasskte, Fedyier MJINBIRIR DR RFERSHI8.cOREIAR! Aldieick

outlet of the pressure regulating valve controlling an amount of oxygen
conjprdddickd amevery flowyate paldesddedback bedivtlobafthedrhoynt ohire in the

oxygen produced cannot be followed and the pressure in the product tank
proqyqbipatels IRMESIAIPRS BRI PSR ARTHOWSE BR)0eh Yasstsaisyrplicd
whewqe&ﬁnc %a\%%% Vg'%%t%gogt%% %l%'% ﬁ.ca%vﬂ%vtver?etrent%%?ﬁ raé%YlS%%“ﬁi%?GaSil} g an

increasing an amount of oxygen withdrawn. In"order to prevent this

amoSifialip g feathopiRfrconstantly meniteripeg:thadiassuiesit e pradegiod of
tank 107 may be considered for controlling the amount of oxygen

congirodlycath it this egpiresmewingtallatonof tanrd§Sureasehsaotesidered for
sure a pressure in the produ% tank. The oxygen concentrator of the

mea '
COllBPéE&ﬁﬂMﬂﬁBﬂ%%Bﬁggswcr Bt WAL PEfRAfSHGRteRbHation of &
pres@ﬁ}/é%%ilﬁg&dt%t%gmgugsg{@g\u% ?g)égggr%ﬁ%lﬁg&nd a control device for

controlling an amount of air supplied from a compressor depending on the
pres@naesxos absencenafpidsation. pkbepuisatiaridetectipndevige imauflowyith
rate sensor 302 provided with a function to measure a peak flow rate and

a pidsabaB mefiesiionte viceohe elerBaorylfeH eupplivd sand e dehtrpfl a control

oo e e B R R AR SR B

prefQttony flgussate iatug Rarig pPredefermined Sme8xcestevice is a flow rate
sensor 302 provided with a function to measure a peak flow rate and a bottom flow
rate of concentrated oxygen supplied, and the control device 401 is used to control
an increase or decrease of the amount of air supplied from the compressor 103 when
the peak flow rate value or bottom flow rate value per a predetermined time exceeds
a predetermined range of a threshold value. For example, it is judged as pulsation
being occurred when the peak flow rate value or the bottom flow rate value exceeds
a range of 5% relative to a predetermined value of the flow rate value, followed
by controlling to increase the number of rotation with an electric motor in order to
increase the amount of air supplied from the compressor.

The flow rate sensor 302 include various flow rate sensors such as an
electromagnetic type, mechanical type, ultrasonic type or thermal type sensor and

the like. The ultrasonic type flow rate sensor can simultaneously measure an
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a predetermined range of a threshold value. For example, it is judged as
pulsation being occurred when the peak flow rate value or the bottom flow
rate value exceeds a range of 5% relative to a predetermined value of the
flow rate value, followed by controlling to increase the number of rotation
with an electric motor in order to increase the amount of air supplied from
oxyite: compnaisspenT heMlpwisate sehsor 802tk wddousifigwrdtealculating a
sensors such as an electromagnetic type, mechanical type, ultrasonic

peaky Hagrateraliagpekend s Mo arerarhe itralbRiclypeisly ssaence of

adsd er%?oo{-ﬁgnos”ﬁé%ta}”% gsl 'ersnse?g uSreig 3 a:hOOox %nrggt%%%ntgationa Ar ssure of
plgﬁsahng oW is detected by &letecﬁfnggan calculating a p’ea’l?(fFowI?a?e

oxyyalie (knhpd aibotiametovarate ale (LRLin-asingle semrpasfiesorption.
adsorption-desorption in the pressure swing adsorption method, since a

Coppessure witlodygencgrocucest ds tharidd it buerységuanoegfd by a rate of a
adsorptior_]-desorﬁ;ion. Comparison with the predetermined threshold

flowHlitfe c4nipemAnaBed bYa’ rate St mbvidare varriidle f{Lp el iy /addition to
Conggglqggrw%e%é/g[%%@ {loy rate) in addition to comparison with the
bso u

solute value. sation can be detected, in addition to the flow rate
senpals303nbyasletecting-prassure yafiatian whem:theRressidra&eRsor02, by
301 is provided in the downstream of a pressure regulating valve. An
detentistingsepesr isathusarsetltondéhectppedsatiorsefoxygén gas suppliedd in the
and contrgl the amount of oxygen produced based on the detection

dowRsiram IPeBEPSﬁ“Fﬁrﬁ‘?ﬁmﬁt&]ﬁoW%e supplied by a compressor required
for praQucty %feﬂé‘éﬁg%‘?h%@q&@@“ﬁ%! NOVATPLE ARG I EHRCS 1 SRS and

compliance of a patient for requesting an oxygen concentrator with
conminiatiriaatiamofod compeaspasdirductiandofpower donsuioptioRuiih eiereby
_apparatus, silencing and the like. Miniaturization of a compressor reduces
MiNdMAEEEahiBarTéAtairing Fsey afctrepeoirpraseBiradtiosanpiassivhot oxygen

erformance and vacuu erformance, resulting in ; )
andPFea izing various secoxqglgry K 1S‘[nygcomphance of a patient for

requesting an oxygen concentrator with miniaturization of a compressor, reduction
of power consumption with an apparatus, silencing and the like.

Miniaturization of a compressor reduces a mechanical remaining power of
the compressor with compression performance and vacuum performance, resulting in
being susceptible to a use temperature of environment. At the start-up of an oxygen
concentrator, load to a driving motor of the compressor is increased by applying
pressure load, friction resistance and the like to a compression part of the compressor
as compared with the steady operation. The magnitude of static resistive load
widely varies with a use environment of the oxygen concentrator and the compressor
might not start up in particular under a low temperature environment in winter. Its
cause can be attributed to an increase of a torque required for the start-up and an
increase of a starting current for the driving motor, yielding a condition of torque

shortage and occasionally no start-up of the apparatus.
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being susceptible to a use temperature of environment. At the start-up of

an oxygen concentrator, load to a driving motor of the compressor is
increased by applying pressure load, friction resistance and the like to a
compression part of the compressor as compared with the steady

operation. The magnitude of static resistive load widely varies with a use
envirannieed o6 thepprggyesucbnecenmagiorsand el cantpeessot-upiglitanobx ygen
start up in particular under a low temperature environment in winter. Its

CONGERER QUL s Bl Betritidiéerto AR ilGe83u%5Pa SO FalIrdY DRR StaPrefsuTe

equaquqaaﬁnchrécree S\%iﬁ{ éa[%%[gsllq Ceur{%rllltzggr tgagél\{bn igf%%% %I%%Igs%r% between
condftion of torque  sHortage and occastonally no start-up of the

adsopRaraiiginkEA MethodiBuRREESLSUGR agmriassonierd ahthee start-up
start-up of an oxygen concentrator can be realized by the oxygen

conteohdenmirator istavhich thpressymesequalizing akawhetanitie ppressurequalizing
equalizing valve to equalize a pressure between adsorption cylinders in

valvhdSaBb iRt e dSonSeAT EYTRIR BYRPHIS SR tH CORtrPHetitih 1s
proVREFTHAR RELMRIEAAIIN 3 SIRIAMSHRIIC DIESICLQUAANINANE, of

iS open In a pressure swing adsorption-type oxygen concentrator, w IS
sele Pi@¥ided aviibpluraliadseiptiomenlindersoiilegdwith an agsedhantisapalyiglying
of selectively adsorbing nitrogen relative to oxygen, a compressor for
presguppidngirptessbeizatbaip ty the ddsdeptionlcyindenand spoberingl device for
switching device for sequent'a&% switching a channel between the

SN SSH SR Eadh UG B RAL arfd RRIREH P BB 5A o dsorption
ey liRRAIRATIRRAIAQ B 2YROLPHN e R IEN AIESRUIBEBIEGS e, in

supplied to each adsorption cylinder to isolate concentrated oxygen and

whidhepdesarpiienasiep siipphidchteach lnddespiicocylnddeisievaclaatachbirentrated
regenerate the adsorbent. In further more detail, it is realized by an

OxXygygan dbacknaErbPRGTSBridgviHehfeatlred srintae s liBHEN aesaeptbH to
?%él'g{je{ﬁg a%lso %%%?rptlon cylinders, the channel switching device is an

TeEeg erctr%magne ic’valve to switch among each

In further more detail, it is realized by an oxygen concentrator comprising the
features, in which such an adsorption cvlinder is two adsorption cylinders, the
channel switching device is an electromagnetic valve to switch among each
adsorption cylinder, compressor and exhaust pipe, the start-up control device is a
device to control opening and closing of the pressure equalizing valve and the
electromagnetic valve such that the compressor is communicated through the
electromagnetic valve with the adsorption cylinder at the adsorption step side for a
predetermined time at the start-up of the compressor as well as the pressure
equalizing valve is opened to communicate the adsorption cylinder at the desorption
step side through the electromagnetic valve with the exhaust pipe, and in particular,
the channel switching device is a three-way electromagnetic valve, and an oxygen

concentrator comprising the features, in which such a start-up confrol device is a

control device to the start up the compressor at the number of rotation in the start-up
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adsorption cylinder, compressor and exhaust pipe, the start-up control
device is a device to control opening and closing of the pressure
equalizing valve and the electromagnetic valve such that the compressor
is communicated through the electromagnetic valve with the adsorption
cylinder at the adsorption step side for a predetermined time at the
lowgtdhanpile? thenbompressdioasivelbagitherpressere equalizing valve is
opened to communicate the adsorption ¢ylinder at the des,ggi)tion step

sidd tRREigh tHe B ERREGNEREER Wit PR ERhARAHPE Uhd fHstrating
twopamﬁulﬁrgr@;%u%@a@m WIERGARVIG IS A Eggﬁ]eé%%&le%s&%%&f The

valve, and an oxygen concentrator comprisin ures, Inw such

apparstastiie epntiohderdies:isudiosoptiaiericete iheEtarh timthe L ORPIesSSATtion
at the number of rotation in the start-up 12 lower than the number of

steprotatiomine stariothary staendiguren2tis atsehwrhetic diagrank DShapparatkisgen
constitution jllustrating a two-column pressure swing adsorption, (PjA)
me of the

COng R CBREE A AXBT Fe Bt SRR AR A SRS B
confSS AN EAE AT EDRRLIT (e, deSOIRNIaN SEPIRCANACISANT 2 1he

channel open to atmosphere in thé PSA type oxygen concentrator in

adsdiigtiod 2;3\iheceds i gagsitpieugh asbcoudiwyvaduatiercine afthaiated by the
compressor 103 in the VPSA type oxygen concentrator shown in Figure 1.
threprga yddespoomEPHHE eYal D8 UHEFPressirizé 8 onatid A4 therafarianospheric

evacuated by the three-way electromagnetic valves (switch yalve) 104a
Pre GBI R B ROREEICe BTE T CHAR - BEREHD MG g In
thisASQTRRG 10 FREEMRE AR JheadsbeRin JAis HRSORRIAREEPIen back as a
oxygen-concentrated gas may be further flown back as a purge gas
purgiergaig thtbe giresspressquatigingivalgevib2 ftoth ftvenpiadpoidnrd sidesafe of the
the adsorption cylinder in the adsorption step in order to increase its _
adseradiprisHRHeE ey SiREEAH I98s SR NtLHESH the Breisasfe Enidgsorption

efﬁ?ﬁ%%%rpption method depends on the pressure and a gas is purified from

e product end side of the adsorption

Since the adsorbent used in the pressure swing adsorption method depends on
the pressure and a gas is purified from the product end side of the adsorption
cylinder in the beginning of starting the oxygen concentrator before the pressure in
the adsorption cylinder is not sufficiently raised, the oxygen concentration of the gas
produced in the beginning of the start-up becomes a lower value as compared with
an oxygen-concentrated gas at high concentration of 90 to 95% in a stationary state
and thereby requiring a longer time for the oxygen concentration to reach a
stationary state after completing gas exchange in the product tank 107. At the
start-up of the apparatus of the present invention, the control device 401 is used to
control opening of the pressure equalizing valve 102 in the downstream of the
adsorption cylinder 105 (product end side) together with the start-up of the

compressor 103 and for example, pressurized air is fed to the adsorption cylinder

105a in the adsorption step to recover the gas produced in the beginning through the
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cylinder in the beginning of starting the oxygen concentrator before the
pressure in the adsorption cylinder is not sufficiently raised, the oxygen
concentration of the gas produced in the beginning of the start-up
becomes a lower value as compared with an oxygen-concentrated gas at
high concentration of 90 to 95% in a stationary state and thereby

presayeiaageditorpertind for farokygerodontamdatidn ¢d teachisorofagiprratynder
tate after completing gas exchange in the product tank 1Q7. At the .

1058t PP BB Stle oINS BrESSE TN e oA CRTOR GSvBEAOHR is

gen&%‘?@t?aﬁgﬁtrﬁl %p?ékkﬂ%QJO%‘&SPF&%SL&%&%@"E&QEYQWE %QR;H“ 1'@9 1s closed

downstream of the adsorption cylinder 105 (product end side) together
theradtiethe start-up ofctbedisarpdssoridd3 rpdkioriexampten presswizedmt, for

is fed to the adsorption cylinder 105a in the adsorption step to recover the
exagaiepSiodeeireththp egieking Hirdigh théhe pipdeddidlequalizing valve

10 Eirogn tqe roductfnéi sidgof the adsotrp ion cylinder 105b in the 4 witt

desorptich Sf’e%p?ssﬁ?é "HHehrSstrE RN dQSTRBRE ihdrcpoBRe s with a
stacRRARVAINCAREH I AJENRCCRRTic U3 RIGSSHE S AINUNALEAA2 dSndition

closed thereafter to start up the ordinary adsorption step storing
in vooneentrated ey gepotidoexadaple, 986 dhsdulyh thenphackvalivied@bsed to
in the product tank. Higher load is applied at the start-up of the
SCNEHIEPESIP B! BompRIralI WHH B VatitibHisr ¢ OPSEATIHH caRBtiohaTAhavhen the

powsetra@é“&%%?e%e%%'O‘Afﬁ%”%&‘?f{ﬁ%“?% canditen. !&EV'QE%E%%%% ke Sompressor is
particular, a drive torque of'the cgmpressor IS Increasea to genera

£enO6EASIARAI aneentiian: inrmbiel RacompEassomeaRnpelstart up when
the power is turned on. The torque required for the start-up of the

conpressidreispgensrally High tocitoteased starsiag cwyant oicihe davihgon as
motor. Since the apparatus of the present invention starts up in such a

the camRo iR asbption dfindbioTBBaInSRR AtSORR Sitisds throueh the
SRS e LRI NE O o
stepc@mMpiessalc litedpressuigdoashigappliedinitheressure load is applied to the
compression part of the compressor, resulting in the start-up under the condition
with substantially no pressure load, and enabling to start up without causing a raise
of a rush current beyond necessity as above.

At the start-up of the apparatus, the control device 401 controlling the
start-up can therefore start up the compressor at the number of rotation at the start-up
lower than the number of rotation in a stationary state.

The control device 401 of the oxygen concentrator controls various
operations in the stationary state. [t detects a predetermined value of the flow rate
setting device 109, a flow rate value of the product gas by the flow rate sensor 302
and the oxygen concentration of the produced oxygen-concentrated gas by the

oxygen concentration sensor 301, and controls the number of revolution in an

electric motor for compressor 103 by control device 401 to control a rate of anrflow
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compression part of the compressor, resulting in the start-up under the
condition with substantially no pressure load, and enabling to start up
without causing a raise of a rush current beyond necessity as above. At
the start-up of the apparatus, the control device 401 controlling the
start-up can therefore start up the compressor at the number of rotation at

to hpsugrahedgoisdrsr i tidindmibesof SRaibA Meletatiphmy Seatetathis set at

2 1059 5%! d&\éic% 401 of% e oxf%%en C nceTtEatorScontrgjse\S/% io%s SLPn%ra{.ig}rgs en
in the"stationary $take! 1t detects 8 predetetifinddR&RTE of thd How'rate* Y&

censeliing dexieg 109 adlawifate yalugof ihe reduct gas mpimilow falgngs of

sensor 302 and the oxygen concentration of the produced oxygen,
swicdriagntratedigasvhivthel (Bkygeh idbhicendrdiioprsensercdi liaing cantrols)? are

the number of revolution in an electric motor for compressor 103 by
congsiipel HevidanEsL teecsimfolia riecspifow c1TBYiPR SEpptReFte realizing to

adsorption ¢ Iind§r195..When a predetermined flow rate is set at a low
optynize the éy\%en ormat

X aljon, .
OW ra e,?o ring IR RUMmber of revolution suppresses the amount of

OXYSER; A8ReESH oleading ip rediiction 9t SIRLINE RAWMBHEORSHIBER ated by
Timings of switching the switch valves 104a and 104b and the pressure

an ez ngvaive (Lo 20arevidohtrolke distatiedngatbe dime itsadarpisorifective in
desorption sequences, realizing to optimize the oxygen formation.

a SRHARATHSRGEH BRhRIE JASBFRABF idS csitaioderh rauticHigr Hols e b AkipRée the

appg%/?tfaigl OXYQeR CONGENTAIIN. Q0 Which 'ﬁﬁs Installpd, M ovReH: U3 R08E R for
efrective In a stationary operation, but large noise Is ge rated when

red SEQEING NG RORRINGIRS . ARPArBIUSIAIONS MRASHEEHAIE takemalkd from a
medical oxygen concentrator for reduction of noise and prevention of

recipitsregiorg Romaxansple fa ehsaigd-tara aorepigrocating kdmpldspor torapressor
scroll-type compressor or h Iical-tygie compressor with IQw noise, a

YRR Hreth BB DB At u%@%&%firﬁe 6t SRRy ©f
insFRPAANGE MRS L PPASIIPAEE SRR AR HRKEPIRERODHR and an

exhaust pipe, or gluing an acoustic material to an enclosure, are used. As described
above, various methods from improving the compressor itself to modifying the
enclosure and installing the silencer have been used as the measures to reduce noise
in the stationary operation. However, any measures in the start-up and stoppage of
the apparatus have not been taken at all. When starting the apparatus, a patient
with respiratory disease as a user of the oxygen concentrator generally gets up, but
when stopping the apparatus, the patient is in sleep and a care-giver possibly stops
the operation so that noise or vibration in stoppage may possibly causes waking up
the patient and people in sleep. There is therefore a need for a technology to
prevent the pressure swing adsorption-type oxygen concentrator from generating
noise and vibration in stopping the apparatus.

Such problems can be solved by the oxygen concentrator in which a

stop-contro! device that controls switching of the channel switching device for
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exhaust pipe, or gluing an acoustic material to an enclosure, are used. As
described above, various methods from improving the compressor itself
to modifying the enclosure and installing the silencer have been used as
the measures to reduce noise in the stationary operation. However, any

. measures in the start-up and stoppage of the apparatus have not been
o5t AP SUIRERGIARG LIS EAFAIES, 2 DGR P RLGHaRGRire when
stopPiREATE AP FalRGS Aie YIRS AINGRDUARLICRRIRIY @Pﬁsé&nﬁ%tss}?l’pgp the

stopping the apparatus, the patient is in sleep and a care-giver possibly

timeStops: tite operatieassorthal Aeisel asrpilisationlindio ppageamaypassily than a
causes waking up the patient and people in sleep. There is therefore a
predecesentspd peerBRaeD rprelveng the pressnfesssrinydsonmiog-typepparatus

e T
phurhieBa2, SIBPSeRMRLdeics thah CaNRIS SUAChIBIME ey adsorbing

switching device for 15 adjusting an inner pressure of the adsorption

nitrQyindetiow@ nerneahpressureomanssio ppinostig Biparatussandecontiiols the
stopping of the driving of a compressor at the time when the inner
adsqipdidy fy bndse A arphiomneyindehiaeqeales & rsweetalmswitch a channel

v@red%tlermined ressur aft?rr ceiving a command.signal of sto ieqthe.
between con*H){ $30T and each adsorpiio (ty inder and repeat in a predetermined
apparatus | € pressure swing adsorption-type oXygen concentrator,

timMigR isayded with, E&Mﬁli@ﬁ%ﬁ@%@ﬁﬂé@dir@?@ féﬁ@g%lﬁht@rbé&i?%&%%tion
capable of selectively adsorbing nitrogen relative to oxygen, a

cylicdenpressolafior supplyingtpiessygzechail thitheecaogoiptiostaylindew hind azach
channel switching device to sequentially switch a channel between the

ads%ﬁﬁ?}?éjé’émdgﬁdse‘afﬂ?‘éfﬂgéfﬁtﬁ@%’yﬂfﬁ&eﬁ’&@d?@&%tin a predetermined
timipg, ‘?ﬁ% SB%D%’W@&EB%"% V&E%@eﬂ“ﬁﬁ%ﬂ%&d It {%s%ﬂpglée%éﬁﬁﬁgzchannel

adsorption cylinder to isolate concentrated oxygen and the desorpti
equiiegl inithichaashradgorptabCyARdetdscevashiaiedtoRgpARTALE ¥Ad of the

adsorbent. They may be solved by a device, in which a pressure

adsagtighzndietheihaerhe pressurized side with that of the adsorbent cylinder at the
evacuation-desorption side is further provided and the stop control device is a device
to open the pressure equalizing valve based on a command signal of stopping the
apparatus and control stoppage of driving the compressor in the condition keeping
which the equalizing valve is open or a device to control switching of the channel
switching device such that the adsorption cylinder at the pressurized side and the
adsorption cylinder at the evacuation-desorption side are communicated with the
vacuum line of the compressor and the pressurized line of the compressor,
respectively, to control stoppage of driving of the compressor at the same time or
immediately after implementing the switching control

Specifically the stop control device is a device that controls stoppage of

driving of the compressor at the time when an inner pressure of the adsorption

cylinder is equal to or less than 50% of the maximum pressure value thereof and in
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equipped with a pressure equalizing valve to communicate the product
end of the adsorption cylinder at the pressurized side with that of the
adsorbent cylinder at the evacuation-desorption side is further provided
and the stop control device is a device to open the pressure equalizing

valve based,on,a command signal of stoppin tge apparatus and contr .
PR or o N SR SCLH T R0 Do ELCAE WA s

two ﬁg&{ﬁ?iﬂﬁ VAIKRIS ORGP QI AHEWse i@a%ﬂﬁ%e%‘é’&cgjghl%pge@%ﬁﬂ%ﬁ@%netion

switching device such that the adsorption cylinder at ressurized side
to sgndthe cadsarpdiatircydinbendsdihe evacyiatider deserition sidears to vacuum
communicated with the vacuum line of the compressor and the
and A el e BetHeeemis e deddipueardly seeontdl soppale shannel
betw%@ﬂ@ﬁeog tg’le 2 rre§§f?e%§11'1tgl 3 ament iEn i Ilm iy dliaateeziy 2 ft&? redetermined
|mplemen(i|n8 the switc ing contron, g)pe Icaﬂﬁ/ the s’io% Sontroltdevice'is
timi@f%%ﬁ&%ﬁ@ﬂtﬁ@éﬁ,sﬁﬁp@ﬁ%. re@ﬁ'&‘%@fatﬂei@@ﬁ'ﬂ)?@@@q{)aéé&? AW8€rption
when an inner pressure of the adsorption cylinder is equal to or less than

cylubli% of thelmaximuranprassure yatue thérelof aiddnpti@nparticular, wshich each
applied to an oxygen concentrator in which the adsorption cylinder is two

adsogp be?wh“éﬁﬁdaéﬁé%%%m;i@é%? i@é%ﬁﬁ@é%&? é&ﬁﬂf 8 with the
fungtion 1o é&@%ﬁé%?%g %%Qr%é&ouéﬁ‘&g;%%%ggggn%ﬂggﬁt‘?‘ el 88ived in

evacuate to vacuum and a channel switthing Ice Is provided in order

Figdf Sequeniially Switgheanghasneb Reivessrthercanpessalpndeaghnder 105a
adsorption cylinder and repeat in a predetermined timing the adsorption

is umiep fhe witishpredsutizedtainisteppiiifedtbe cadivapisorptidmdsylihdiEh te under
isolate concentrated oxygen and the desorption step, in which each

the SYRGRIEON CTTvRAIOR SeRo ANSHSRI VAR S EgRNE R fRsa dioadqeption
stepSHED @R b 'mm&@?o&asgr%mﬁ%{%&g&xgﬁa@mﬁ%@wmconﬁnuoug}y

described in Figure 1. 1n a VPSA type oxygen concentrator, when one
proddsaspiigencylinder 105a is under the pressurized adsorption step, the

other adsorption cylinder 105b is under the evacuation-desorption step,

thudVdeguEnnaiResthrcHing betvébh ¢hatilsdeptioh401 that controls switching

of the channel switching valves 104a and 104b controls stoppage of driving of the
compressor 103 at the time when an inner pressure of the adsorption cylinder is
equal to or lower than a predetermined pressure after receiving a command signal of
stopping the apparatus in order to adjust the inner pressure of the adsorption
cylinders 105a and 105b to a normal pressure.  That is, the compressor is controlled
to stop not at the time when a pressure difference is large immediately after
completion of the adsorption-desorption step, but at the time when a pressure
difference between adsorption cylinders is small after a predetermined time, thus
realizing silencing and suppression of vibration when stopped.

Specifically, using a pressure equalizing channel equipped with the pressure
equalizing valve 102 to communicate the product end of the adsorption cylinder

105a at the pressurized side with that of the adsorption cylinder 105b at the
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step and the desorption step in a form of antiphase, respectively, to
continuously produce oxygen. When stopping the apparatus, the control
device 401 that controls switching of the channel switching valves 104a
and 104b controls stoppage of driving of the compressor 103 at the time
when an inner. ressgire of the adsorption gyl' deris gual to or lqwer

[

SV aHAHOL SISO Rin &t Preliurd QRe PP indE N €6 M AN RigHaI B Pressure
equitRRRING:IRE 20PAALLT IO oAt E@gAQPSF@E@ﬁﬁ&ﬁ;ﬂié%pﬁ%ms and

adsorption cylinders 105a and 105b to a n6rmal pressure. That is,
stopsotnjiegsof ihcontrplieskdo stepenatalithe tisfewharR R pkesgustizing purging
difference is large immediately after completion of the
stepa ds Spiidrpad SO Ptiopr ety 5as at tsedin@ wiserthe pesssntionditrbirsiaed 05b at

etween adsorption cylindgrs is small after a predetermined time, thus ]
the T R Ch LTt HFAGH G S gptor (e pressure
in BPeglicaioHSINgiARICTBLE leﬂﬁgzﬂ}gsgﬂf"igggl SRIPREA Wit IN8e 55 o the

pressure equalizing valve 102 to communicate the product end of the
maxagsanptionseytindetd 10ba abihepressucizedugidetwpipethaiofithe condition to

adsorption cylinder 105b at the 17 evacuation-desorption side, the stop
At e disehanae shans thghprassifealarfisanyivg Valiging i haider yrsthp the

appg%@l@and signal of stopping the apparatus and stops driving of the

compressor in the condition of the pressure equalizing purging step, in

whighpaf:pidhadrnedunt 02s isrereddanirge JraRASERN CYiRdele valves
105b at the desorption side. Opening the pressure equalizing valve 102

104o9veld tHb pressure the tenadsodptignadylinsteppOSa tht theppressusirddthat the
side to 50% or less of the maximum pressure and the compressor can be

adsQRIPR AR donaiflbrito PATITOHAGL AN cdrth PG e 4GB kP B idsa Qb at
R L
compRciie comnandisignad ol stepping dhehappanpiesssyChetpattRely and controls
stoppage of driving of the compressor at the same time or immediately after
controlling for switching between the adsorption step and the desorption step, thus
enabimg to stop the compressor around an atmospheric pressure and realize
silencing and damping when stopping the apparatus.

Points to remember are further appended when stopping the oxygen
concentrator. When stopping a VPSA type oxygen concentrator, there is generally
a need to remember many points such as deterioration of the adsorbent during
stoppage, stabilization of the operation at an early stage after restart and the like.
Especially, considerations on discharping moisture in an adsorption bed, a
compressor, a pipe and the like have not been taken in a conventional apparatus
when stopping operation of the apparatus, causing problems such as deterioration of

the adsorbent by moisture absorption due to moisture remained in the adsorption bed

after stopping the operation, dew condensation, rusting in the compressor, a
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adsorption cylinder 105a at the pressurized side and the adsorption
cylinder 105b at the evacuation, desorption side are communicated with
the vacuum line of the compressor 103 and the pressurized line of the
compressor, respectively and controls stoppage of driving of the

.cpmpressor at the same time or immediately, after controlling for switchin
st B A e BHsOIp AN stel ARG RS BA<BMOHBFE 8T BOL S dBiIRG tooPhoee
afteSIORHDR AP BRS QL AU AR AMASANELICRISSIA AP BRIZE se, moisture

silencing and damping when stopping the apparatus. Points to remember

in oate fudinerapiendedhvhed ssoppindstie:axygar ceneentiaidonnwhien column.
st%%oin a VPSA type oxygen concentrator, there is generally a need to
A chg P iakiliseineisgen sBedatsrmtnontstttaddberbepdtiiritagk cannot

{ , Stapilizati f th ti ly st ft tart and
res g e A 1) SV AUBALE SASEHAPO P FRGISLPS e o ttall

newAQSQERIOMbPELIA COMPressQl. &BiReIANd the ik have not Beanr fakerhRiure
a conventional apparatus when stopping operation of the apparatus,

absccatsing pialkiemsslischas daterierationrpfidhdatisadbenrt hyirobisiuralve after
absorption due to moisture remained in the adsorption bed after stopping
stopiE S By dRBA e EBAIEASEISHI30ting in the compressor, a 18
switchipg valve and the like.,A method of discharging moisture durin .
PP SR S O AL T A Ao s ey b oicar, st i

proViHtISLas6s MAUSIHIe1d0ieNg 1WA LR RS Hig6RargedsRUL MRISrew¥ing
be accumulated in other column. A check valve installed between the

devigddorptiin g andithe preduotetahkicantsotrrespontindgurge toemprbpltesture
gas from the product tank, generating a need to install a new

Whe@le?ﬁ@ﬁ%ﬁ%n fc GBRAEAAEC a?n@y,%EéW%giB%ré@W%ﬂ@ oxygen
c011<,ae9§9@(ﬂatr¥?”u&ﬁ%d?§"’ qondensaien i0iis 12489y 'é?é‘lab%?lﬁﬂf%@et‘%%'&:m@& an
ter stop (_:P ch pro

valve a pind the apparatus becomes important. Su ems
adscadahie:sphved dysar axygen eoneent atdrinen ikt there isxpremidedoanpressor

stop-control device that controls switching of the channel switching
with a function to supply pressurized air to the adsorption cylinder as well as
evacuate to vacuum, and a channel switching device for sequentially switching a
channel between the compressor and each adsorption cylinder thereby repeating the
adsorption step in a predetermined timing, in which pressurized air is supplied to
each adsorption cylinder to isolate concentrated oxygen and the desorption step, in
which each adsorption cylinder is evacuated to regenerate the adsorbent.

Further, an oxygen concentrator can be mentioned as an embodiment in
which the stop control device is a device that controls switching of the channel
switching device based on the stop signal of the compressor such that the adsorption
cylinder at the pressurized side and the adsorption cylinder at the
evacuation-desorption side are communicated with the vacuum line of the

compressor and the pressurized line of the compressor, respectively, and in particular,

the stop control device controls switching of the channel switching control device
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device for adjusting an inner pressure of the adsorption cylinder to a
normal pressure when stopping the apparatus that is a pressure swing
adsorption-type oxygen concentrator, which is provided with plural
adsorption cylinders filled with an adsorbent capable of selectively

base%dsorﬁlngspltrogf@i fel?t[lve 19 Og¥ eSI?)’I"aSgC m a%s Ith’g l%j}i?%tl ! 01‘ at the
Supply préssurized air to orption ¢ylinder as we evacuate

pres\éﬁﬁﬁﬁmsﬁi%da%&hﬁé"b@@\“ﬂ%%}'ﬁgﬂﬁl\d@? foraequantialy SWHEHPAR side are
channel between the compressor and each adsorption cylinder thereby

comrepeatieritivetiadsorption stdmn af pedetermired:timinghin whistirized line of
pressurized air is su rgplled to each adsorption cylinder to isolate

the (HHEBRFAREC SSSRFSHIGHY thie Breshtibn stept lwalcweé&ﬁt%séleﬁuéhmei
SWl‘igyllfH eh 5%[1%\{%%[\@% %}c flga% §rat theté}dﬁ Or m h%gﬁ‘a?%s%)é tz%% side and

con ntrator can be mentl as an men |n W

the §QIrplidavicB AT S q@ﬂh@%ﬂh@hﬁ%&ﬁ%@%@fﬂ%@ the channeli SWHEHING the

device based on the stop signal of the compressor such that the
presadssedtiomecylindée attineppesssurizad side anditive adsorptionteylindepatssor,

the. evacuation-desorption side are communicated with the vacuum line of
respfdidinpressor and the pressurized line of the compressor, respectlvely,

andifgagicilar. , éhSnStQPa Efolzf'ev' FePONRIS, EﬁPAE [he, SEA0NE! ap

switching control device 19 base e stop S|gna of the compressor

oxygtiehdhaddheadsamtionicllinderaisine pressuizedgigenandeti8pped with a
adsorption cylinder at the evacuation-desorption side are communicated

PresyiMis tiIgHengnYaive b ﬂmmm@%ﬁwaﬁ@wtm@égfﬁhemmwmheylinder

tively, f trolli tch the channel
st SEREARe BUAS aS0ice Uk thafthe Shadlption SAGRal BUCeT o e
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side are communicated with the pressurized line of the compressor and
stopihie yadudiny finedd e campeassorin raespﬁdtt\r@iyw%rthefnmpressasalquahzmg

example of a preferred embodiment is considered an
valve is open, the adsorption cylinder is two adsorption cylinders and the channel
switching device is composed by a three-way valve that switches the adsorption
cylinder with the pressurized line or vacuum line of the compressor and connect the
adsorption cylinder with the vacuum line of the compressor when turning off the
power source,

In such an oxygen concentrator, operation of both adsorption beds at the
pressurized-adsorption step side and the evacuation-desorption step side in the VPSA
type oxygen concentrator are stopped in the atmospheric pressure condition,
enabling to prevent gas in the apparatus from migration when stopping the apparatus,
in particular prevent highly humid external air from flowing into the adsorption bed
at the evacuation side. Evacuation of pressurized air to atmospheric pressure can

also prevent in advance the occurrence dew condensation of pressurized air

associated with temperature decrease of the apparatus after stopping the apparatus.
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oxygen concentrator in which a pressure equalizing channel equipped
with a pressure equalizing valve to communicate the product end of the
adsorption cylinder at the pressurized side with that of the adsorption
cylinder at the evacuation-desorption side, in which the stop control

devjce is a device that controls stoppi f drivi f th ]
contHBh IIRaPsHid Brecuife Bk it VARS8 S5 AR SSREBHON Deds
presSUNDARLIS VR AS9RPIPRLEVINABESANA the &@ét?gé@ﬁ' P WIERG ARWICE dfem  in

composed by a three-way valve'that switches adsorption cylinder with

whithe pselssudzegiiog arwaclsum dine ob the eoinpeissoitAncheonaechtheline of
adsorption cylinder with the vacuum line of the compressor when turning
compeeT Yolgdr o ues Ol Sifcharcspyseecontantt #ioe wpherhgen withowsidual

adsorption beds at the , pressurized-adsorption step side and, the
Pres Sy B e dBrioA B e RN P A SR R b g ve
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gas in the apparatus from migration when stopping the apparatus, in
apppariculang@remépirdighiy humid external air from flowing into the

adsorption bed at the evacuation side. Evacuation of pressurized air to

atmosgharic pdigrent 4h dafsa brévent mthavande e pestiient dersiibed in

. _condensatign qf urized air associated with temperature decrease of
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1058hal andighgabRIWARN NG GRINMBGISeIRIonR8Stion cylinder 105b is under
preSSUr|Zat|0n/evacuat|0n of the compressor are adopte In a connecting

evagystem diesoniicn botp adsorpfienaclginpgers:aseepoam uhicatesh witho thetep are
vacuum line of compressor when turning off the power source, a small

sequiRHallY gt Gritirasiatz afraadnhe veniameatinalie RASeRbHYA by Bipfluce
oxygsn‘?"SC*}G{Q?&%%&QS%'&E?%V%‘? s t‘{éﬁu!é”h%;agfi%’%no%@e stopped at

ompressor with aloose seal to maintain the insiage o e apparatus
atmbgsMalPrassuice SUeh-am aiphedinaniisgesesneshpsina theoxyg§ewhen the

concentrator described in

pressure of the adsorption beds 105a and 105b become zero (atmospheric pressure),
respectively, but control of both columns for stopping at atmospheric condition is
difficult since the compressor 103 is practically continued to drive for some time by
mmertia even after receiving a stop signal. The signal for stopping the apparatus
itself 1s preferably controlled to stop the compressor not at the time when a pressure
difference is high immediately after completion of the adsorption-desorption step,
but at the time when the pressure difference between columns is small after a
predetermined time from a viewpoint of the efficiency to return both columns to the
atmospheric pressure. This is also preferred from a viewpoint of silencing and
prevention of vibration when stopping the compressor.

There 1s a method to release a pressure of the adsorption bed to the

atmosphere after stopping the apparatus, but in case of the VPSA apparatus, the

evacuation line is connected with the vacuum line of the compressor 103 so that
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Figure 1. In the VPSA type oxygen concentrator, when one adsorption

cylinder 105a is under pressurized-adsorption step, other adsorption

cylinder 105b is under evacuation-desorption step, thus the adsorption

step and the desorption step are sequentially switched in a form of

antiphase, respectively, ta continuously produce oxygen. An inner
BT s BB

e"a‘ﬁ,‘ﬁ(%?g&réséﬁﬁ eaaasosr! &y lina&t ERA*5¥ Stopped at atmospheric

presaui: i HgGomRIeessonL, 143 625 Pa,siopred ﬁhmﬁéir@%m@gt%lves 104a

pressure of the adsorption beds 105a and 105b become zero

and(didbsphenitiptessurejsogspecivelydbuti osatral ofdpiksakiradsside and the
stopping at atmospheric condition is_ difficult since the compressor 103 is
adsoyp ﬂanlE&%nl&ﬂﬂtétdﬁve@w@#@tm@é%?nmemdeeaéen aftercesediwitg the
_.a stop signal. The signal for stopping the, apparatus itself is preferabl
piesggﬁ%rgffeglflgspo?p %ﬁ%g oM Fggss%? r?gff at tife tifv& Whe “:fp?égé?e Compressor,

respfbtigrenea e bigh immedialelyafie comIRHENQftB8ing valves 105a and 105b,

adsorption-desorption step, but at the time when the pressure difference
to dostweencetdurinn s dsemadatteliadpredeterpineditinee fsot andevpaittabtion
the efficiency to return both columns to the atmospheric pressure. This is

cYHRdey BletbfréyarBRiAASHYGHE Bradentitly Bifavprevantios of vitstasnpressor

ing, the compressor. There is a methpd to release g pressur
d :
e R SRR 8 A erbo the
conipreassy of dheiy RSdepnpakalus: e auacuptiorliRe s cRANGAIBANYIT thermal
vacuum line of the compressor 103 so that 21 evacuation is stopped as
pressuespingahestumpresder.apptiretappaiidtis ofittre pridsent mpasstion rthe by the

._channel switching valves 104a and 104b, in which the adsorption cylinder
inerf el SRR AUHTRG SHUTAE" 2SR BB Ly TReM SosBPiReIrize the

ads GYARIRUOMAIRSOLPRD é&qgu%?oﬁog}aSPtegquishoiB@-aﬁs%s%95@%%@&% 9T N8 sure

compressor and the vacuum line of the compressor, respect
equebnirdiiedvbytswitebingatheebanaebswitehingsyalvps 10Fa:asd 1kba tsidual

communicate the adsorption cylinder at the pressurized side and the
pre%g%,;ﬁi@f remain so that the channel switching valve is further switched again
such that the adsorption cylinder at the pressurized side and the adsorption cylinder
at the evacuation-desorption side are communicated with the pressurized line of the
compressor and the vacuum line of the compressor, respectively, to evacuate gas
with residual pressure.

The pressure equalizing valve 102 to communicate the product end of the
adsorption cylinder at the pressurized side with that of the adsorption cylinder at the
evacuation-desorption side is provided to generally perform the pressure
equalization step and product purging step in the adsorption-desorption step. In the
present invention, the stop-control device 401 simultaneously controls to stop the
driving of the compressor in the condition where the pressure equalization valve is
open and equalizes not only the pressure at raw material end, but also the pressure at

both product ends of the adsorption cylinder.
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cylinder at the evacuation-desorption side with the vacuum line of the
compressor and the pressurized line of the compressor, respectively,
based on a stop signal of the compressor 103 in order to adjust the inner
pressure of the columns to normal pressure when stopping the

apparatus. This utilizes the compressor run by the inertia to evacuate the

e RGeS le HrEta T ot g Rt e LAt bcRnne

is cOWINARH ARKRYATANRLL SIS, VHED AREralARIRCAARRISNSE PEESHHBer with
equalization with a normal pressure of the adsorption cylinder, but'a

the resistuat pressurehmight vemdin s fhidicthe cipaosel switdiinghwahed iswvitching
further switched again_such that the adsorption cylinder atthe

devispslisrisenardennecisehbssrptgniciindeic adsrandinicaatisAcadssipairrted

. ig{e are com unicaﬁ%j with the pressurized line of the compressor and
wit s

[ Vacumq. 171e ({ com%re SOr winen 'urqm% off the gf) cr 8 urche. The
e vacuum line of the compressor, respectively,to evacuate gas wit

chaﬁ%sudyﬁé]prf@%uf@mfmeppé@mr%&y@Hﬁ&@gﬁvamﬂ@g&%ogem%eigak%ﬁﬁ%cted
product end of the adsorption cylinder at the pressurized side with that of

withhéhadsdsptignocy linderdat the deviacuetinnuae dorptiof shde és provided tohereby
generally perform the pressure equalization step and ‘)roduct purging
chia

IR i tREAaRR s S tiHHBA! StepsIaHBrpralen invelitish, ahehe vacuum
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compressor N e condition where the pressure equa 1Zzation valve IS
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pressure at both product ends of the adsorption cylinder. 22 As shown in
conftijare 1, when two adsorption cylinders are used and a channel is

compased by using the three-way valve that switches the adsorption
Eff%‘i’lﬁ%%re FeH& bressure line or the vacuum line of the compressor as

the ghannelswitshing, fevicss the ﬁﬁ@@&ﬂﬂ%&{ﬁ&%{%@%@g SHERINAL NG ygen

adsorption cylinder is connected with the vacuum line of the compressor
gas wingsl it ving aff thaspoaresauree cdhgothanigb openitoxd farmalduced based

pressure when turning off the power source is connected
on detection results, thereby ecnabling to minimize a flow rate supplied by a
compressor required for production of oxygen and realizing various secondary
effects to satisfy compliance of a patient required for an oxygen concentrator such as
miniaturization of a compressor, reduction of power consumption and silencing with
the apparatus,

When load torque of the compressor is increased at the time of the start-up
due to reduction of power consumption, the adsorption cylinder at the pressurized
side is communicated with the adsorption cylinder at the desorption side through a
pressure equalizing valve so that pressurized air is not used for pressurizing an inner
pressure of the adsorption cylinder, but is controlled to flow as is in the evacuation
side, thus enabling to the start-up the compressor in the condition substantially free

from a pressure load.  Increase of the starting current therefore does not occur at the

time of the start-up, thereby contributing to reduction of the rush current at the time
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with the adsorption cylinder and the vacuum line of the compressor,
thereby enabling to evacuate gas with residual pressure through a plate
valve at the vacuum line side of the compressor with loose seal and
maintain a normal pressure within the apparatus even if operation of the

of tfESPIRYAN bed 15.3topned %%HE}F “ﬂeosféﬁ%%egoﬁé’é"1%%%}1%“5?%f?ﬁﬁh‘%mpumies
nvention Thé oxygén concentrator o present invention detect

pro®ulsatianoh . iaergas StRPHESHYIH AN OXISUAG SEMSOp 186l 8l in an
amount of oxygen produced based on detection results, thereby enabling
eat lto shiginiztha flow-ratesu bplieddye s dcompressbe regeied fopuptodugtiohve to
of oxygen and realizing various secondary effects to satisfy compliance of .
the adsatidit eauindsTar dhcolseRtighskusiet SHARE MR Al Ee Y ith
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cyliffidethatitivecddsoeptio ide steppgte a [plessugeoé galizimgeabes sottisatime
pressurized air is not used for pressurizing an inner pressure of the
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free from a pressure load. Increase of the starting current thereforé does
nois0hQCCUb At ihe oirie: afdhe siadrupintherebyeantdbuting tkegugiiae, ofriving
the rush current at the time 23 of the start-up. Further, a gas with low
of thaygarpessses stratisnstamnathinginspintides prstuesditral pisduciendased on

the adsorption cylinder, at ng ressurized side in an early stage of the
o R LRHALS FACERBIGH T DA e rS B Ve hed poree
steRARRRLIAN YNGR ALHIS A8 RIGRSIER pide. Rl QWiE o Rrayenb e 8aR or
with low oxygen concentration from flowing to the product tank side and
imrtedapply-dtgasontrolling of switching the channel switching device such that the
adsorption cylinder at the pressurized side and the adsorption cylinder at the

evacuation-desorption side are communicated with the vacuum line of the

compressor and the pressurized line of the compressor, respectively.
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with high oxygen concentration of 90% to a user in an early stage.
Furthermore, by controlling stoppage of driving of the compressor at the
time when the inner pressure of the adsorption cylinder is at a
predetermined pressure, in particular at 50% or less of the maximum
pressure of the adsorption cylindg t %oise and vibration of the
compressor can be prevented. F Lt | rpose, driving of the
compressor can be stopped by opening the pressure equalizing valve
based on a command signal of stopping the apparatus in the condition of
1. thepesssirigethpuide ptamwhese ihe pressivenaqualizingpyaivg isnopBBrption
or stopped at the same time or immediately after controlling of switching
bagditsanmshswiterrngeavicanaidp eiatalsetiagbomstionipinosiogethaclative to
ressurized side and the ad?oré)tion cglinder dat the, ev%(i: atio -desgrpti_or’h.
O G arh O RASNCalf AR YR8, AU i i 5P HREC Bonsifr s S Hivd thdtching
vaUESEHIZRANING Of INECOIMRIRRROT . FERRGRINGY: S CLAIMSCHE £ is supplicd
pressure swing adsorption-type oxygen concentrator comprising an
franlsdrptiombedsfitew with adsadsarhanidcapabldané selectivelyadsashing and a
nitrogen relative to oxygen, a compressor for supplying air to the
desagfiptionttdd % aﬁlawpgeﬁhwwﬁﬁﬁ@twvéqé répentiiatednitaneginfgic the
n_adsorption step, in.which air.is supplied fram the.compressor, to.the
o D o R b T L SR o of

cdﬂb&%@rﬁh@iw&{i%&ﬁ@éﬁﬁ%@&%@g %[Wr@éﬁemﬁ)n‘s‘gé@i&emr Aetbcting

a flow rate measuring device for determining a supply flow rate of
pudertcentrdtedy@eygenppionliced, svkentinladpuisatiof geteckiomidedied foupplied
detecting pulsation of gxygen supplied and a control device of an amount

P GRS RO RAISE C8rH SSier skt bishEs daasdtlet results are

provided. 2. The oxygen concentrator according to Claim 1, wherein a flow
rate setting device for setting a supply flow rate of the concentrated

2. oxygesxgracdueeddsnpravidecs aaghwhereimine conietdayice i & daviCgetting
to control an amount of air

device for setting a supply flow rate of the concentrated oxygen produced is

provided, and wherein the control device is a device to control an amount of air

supplied from the compressor based on a predetermined value of the flow rate

setting device.

3. The oxygen concentrator according to Claim [ or 2, wherein the pulsation
detection device is the flow rate measuring device with a function of determining a
peak flow rate and/or bottom flow rate of the concentrated oxygen supplied and the
control device is a device to control an increase or decrease of an amount of air
supplied from the compressor, when the peak flow rate value or the bottom flow

rate value per predetermined time exceeds a predetermined range of a threshold

value.
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supplied from the compressor based on a predetermined value of the flow
rate setting device. 3. The oxygen concentrator according to Claim | or 2,
wherein the pulsation detection device is the flow rate measuring device
with a function of determining a peak flow rate and/or bottom flow rate of
the concentrated oxygen supplied and the cagntral device is a device to

4. rOF YR ERENEE b AR 1B 4R Sifdihe o B LB g fRaRrihdstection

‘ essor, h k flo I I tt I ) e
e e e B O I S8 R e
flovalkge 28 14 TheRxygen onsantator Ageonding: td Glaime Jiyweringsuring

pulsation detection device is a device that judges as a pulsating flow

deising oraadr d ik dhe-p ek 1l vattovalnecdettiebso fioffowetatsalue and
value detected by the flow rate measuring device exceeds a range of 5%

g
CORUH/E 1S PRECIEE THREAT oW Y5RE VAR BNt SR BB IRcPEedie! thiderease
anAWMAE! of 59}@1%??1@@%%3@%%%%ggog_rder to increase an amount of

air supplied from the compressor. 5. The oxygen concentrator according
to Claim 3 or 4, wherein the pulsation detection device is a device to
detect and calculate the peak flow rate value (Lp) and the bottom flow .
5. rabe vereqnbyineEingls seqoahiee obadsaiption dedorptichcin fthe pulsation
ressure swing adsorption method to make comparison with a
TRt BSHSIE UAAEY. THG RS P AR BR PP Sebfai o (L0)
anE I3 WRLIRIR thePylsaton deircliom deessR J8Yisa:Initkedesorption
comparison with the predetermined threshold value based on a rate of a
in flonwprate varation reprepenie dbyhthe tequakiorahfjaeak ilovithrateredkiermined
(Lp) - bottom flow rate value (Lb)) / predetermined flow rate value. 7. The

thigzlgkhvédientrator according to Claim 1 or 2, wherein the pulsation
detection device is a pressure sensor for determining a pressure of an

6. The oxygen concentrator according to Claim 3, wherein the pulsation detection
device is a device to make comparison with the predetermined threshold value
based on a rate of a flow rate variation represented by the equation of (peak flow

rate value (Lp) — bottom flow rate value (Lb)) / predetermined flow rate value.

7. The oxygen concentrator according to Claim 1 or 2, wherein the pulsation
detection device is a pressure sensor for determining a pressure of an

oxygen-concentrated gas supplied.

8. A pressure swing adsorption type oxygen concentration method for producing an
oxygen-concentrated gas by repeating in a constant timing an adsorption step to
supply pressurized air to an adsorption bed filled with an adsorbent capable of
selectively adsorbing nitrogen relative to oxygen to isolate an oxygen-concentrated

gas and a desorption step to evacuate the adsorption bed to regenerate the adsorbent,
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oxygen-concentrated gas supplied. 8. A pressure swing adsorption type
oxygen concentration method for producing an oxygen-concentrated gas
by repeating in a constant timing an adsorption step to supply pressurized
air to an adsorption bed filled with an adsorbent capable of selectively
adsorbing nitrogen relative to oxygen to isolate an oxygen-concentrated

WS R debRstsi LiBp 5 svaeuate HEassRIsTHad to Rjdebated on a

the adsorbent,, 26 wherein,step 1 of controlling an amount of th
P ey R SR R RS e pratpece.

stépterobangan-conranatest gag PERAYeRtho ateR 2 ASISCtN step 3 of
pulsation of the oxygen-concentrated gas and step 3 of controlling the

coanmollntoft leeapresstride thaipbesedionldete diicad esultdeaidtien palsdtionf the
9. The oxygen concentration method according to Claim 8, wherein step 2
PWfati8ikcting pulsation of the oxygen-concentrated gas is a step to
determine the peak flow rate and/or bottom flow rate of the
oxygen-concentrated gas supplied and detect whether or not the peak

9. floveratgyalie ondbaheianflancateckaldens Within gpredetesrBinedep 2 of
range of a threshold value, and to control an increase or decrease of an

degestivat wfltatipregsivizedygirrsuppliectwhehghe iratesexceeds thiine the peak
threshold v(ﬁ!')lée 10. The oxygen concentration method according to Claim
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exceeds a range of f5% relative to a predetermined value of the flow rate
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11. The oxygen concentration method according to Claim 9 or 10, wherein
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cal§uﬁtes the peak flow rate value (Lp) and the bottom flow rate value
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10.  The oxygen concentration method according to Claim 9, wherein the pulsation
detection device judges as pulsation being occurred when the peak flow rate value
or the bottom flow rate value exceeds a range of +5% relative to a predetermined
value of the flow rate value and controls to increase an amount of the pressurized

air supplied.

11.  The oxygen concentration method according to Claim 9 or 10, wherein step 2
of detecting pulsation of the oxygen-concentrated gas detects and calculates the
peak flow rate value (Lp) and the bottom flow rate value (Lb) in a single sequence
of the adsorption-desorption in the pressure swing adsorption method to make

comparison with a predetermined threshold value.

12. The oxygen concentration method according to Claim 9 or 10, wherein step 2
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of the adsorption-desorption in the pressure swing adsorption method to
make comparison with a predetermined threshold value. 12. The oxygen
concentration method according to Claim 9 or 10, wherein step 2 27 of
detecting pulsation of the oxygen-concentrated gas makes comparison

of dgtlet g(r) > Seg 1rm|n throexshold va}llJC% based on a rate of flow rate h th
variationreprasanted by tha aitation of (Feak A8t PAREYSERTfen with the
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oxygen concentration method according to Claim 8, wherein step

theletqating pulsatiariofflber oxtgenatancénifatecbgasiis fdstepicdeidrmineb)) /
the peak pressure and/or bottom pressure of the oxygen-concentrated

PrEde SuppIRddioTy BEts@Ufhether or not the peak pressure value or the
bottom pressure value per a predetermined time is within the
predetermined range of the threshold value. 28

13. The oxygen concentration method according to Claim 8, wherein step 2 of
detecting pulsation of the oxygen-concentrated gas is a step to determine the peak
pressure and/or bottom pressure of the oxygen-concentrated gas supplied and detect
whether or not the peak pressure value or the bottom pressure value per a

predetermined time is within the predetermined range of the threshold value.
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