DESCRI PTI ON OXYGEN CONCENTRATOR Technical Field

The present invention relates to a pressure sw ng
adsor ption-type oxygen concentrator using an
adsorbent, which preferentially adsorbs nitrogen
relative to oxygen and in particular a nmedical oxygen
concentrator used in an oxygen inhal ation nethod for

patients with chroni ' y di seases and the
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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.

Background Art

In recent years, the number of patients suffering from diseases of respiratory
organs such as asthma, pulmonary emphysema, chronic bronchitis and the like 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 method
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 preséure 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 SA type zeolite,
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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 compressor
consumes most of electric power used in the whole apparatﬁs 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
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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 Inyention

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

oxygen concentrator 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
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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. -

According to a first aspect of the present invention, there is provided a
pressure swing adsorption-type oxygen concentrator comprising 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 is 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 adsorbent, a flow

rate setting device for setting a supply flow rate of the concentrated oxygen
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of the conpressor to increase an anount of oxygen
produced when the pressure becones |ower than a
predet erm ned pressure by detecting pressure
variation within the product tank with a pressure
sensor. Suppressi ng an anount of oxygen
produced to a requisite mninmm enables to reduce a
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An enbodi nent of the present invention seeks to
solve, or at |least aneliorate, one or nore of the
above problens and to realize an apparatus to satisfy
secondary performance such as mniaturization, |ow
power consunption and qui et ness by perform ng
f eedback control of the anmount produced with a flow
rate sensor al one, focusing on variation of a product
flow rate caused by suppressing the anount of oxygen
pr oduced. According to a first aspect of the
present invention, there is provided a pressure sw ng
adsor ption-type oxygen concentrator conprising an
adsorption bed filled with an adsorbent capabl e of
sel ectively adsorbing nitrogen relative to oxygen, a
conpressor for supplying air to the adsorption bed, a
channel switching valve to repeat in a constant
timng an adsorption step, in which air is supplied
fromthe conpressor to the adsorption bed to isolate
concentrated oxygen and a desorption step, in which
the adsorption bed is evacuated to regenerate the
adsorbent, a flow rate setting device for setting a
supply flow rate of the concentrated oxygen
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produced, and a flow rate neasuring device for

determning a supply flow rate of concentrated oxygen
produced, wherein a pul sation detection device for
detecting pul sati on of oxygen supplied, detecting a
variation of a flow rate nmeasured by the flow rate
nmeasuring device to a flowrate provided by the flow
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According to a third aspect of the present invention, there is provided 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



According to a third aspect of the present invention,
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range of 5%relative to the predetentined flow rate
val ue and conpares the detection result in a peak
flowrate value (Lp) and a bottom flow rate val ue
(Lb) in a single sequence of adsorption-desorption in
the pressure sw ng adsorption nmethod with the
predeterm ned threshold value, in particular, with
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_ the peak pressure and/or bottom pressufe 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, and
step 3 of controlling the amount of the pressurized air based on detection results of
the pulsation.

Brief Description of Drawings

Figure 1 shows a schematic diagram of a vacuum pressure swing adsorption

(VPSA) type oxygen concentrator in an example of illustrative embodiment of an



oxygen concentrator of the present invention. Figure
2 al so shows a schematic diagramof a pressure sw ng
adsorption (PSA) type oxygen concentrator in another

exanple of illustrative enbodi nent of an oxygen
concentrator of the present invention. Best Mode for
Carrying out the Present Invention An exanpl e
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inveintivent i on. In Figure 1, 1 represents an oxygen
concentrator and 3 indicates an oxygen concentrator
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with an _external _air intake filter 101 conp ref
presgpiginyepion 15 daseritsd Wn%g}ﬁ,iﬂ@é@pg% glo dV Figure 1T 1s 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, compressof 103 with a function of compression and

ba



evacuation, three-way el ectromagnetic val ves 104a and
104b as a channel sw tching val ve, adsorption
cylinders 105a and 105b, check val ves 106a and 106b,
a product tank 107, a pressure regul ating valve 108,
a flowrate setting device 109 and a filter 110. This
allows to separate oxygen fromraw material air
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ni trogen adsorbent. Raw materjal air is pressurized

gases) puEh et GHRPESEWr o1l £€85%uppPYch FPPRB YU dbr 3t jpRaratus for
cylinders 105a or 105b filled wth the zeol.ite type
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adsorpPiBdi 60N JpRciRRaNFIaRNALIANs YL I BFBIes such as  JR&ype zeolite,
above adsorption cylinders 105a and 105b are formned

13X—b%)eaze@lﬁkd, ndrx eppe ¥@siae! MDD eghensdoltitd Bed 8ROMEe can be used as
adsor bent and, though a single colum type,
the nitv@ecRoddsotbehy peRow mudckial atl i mredsypeed by gha compressor 103 to
concentrator using three or nore adsorption cylinders
supplarte theadsoaption axlandeabl @Sdepbhieh filedwithitbe memiise typf adsorbent,
_the adsorption cylinder used, a two-colum type
whilegdemieptiny ssiishang debrgcnbde faigetpdwdeorptipp cylinders 105a and

mul ti-colum, adsorption systemis preferably_ used in
105b gy b the swatsRingnvaduiey 90% ands kb iy @(kych 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
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 preferably used in order to continuously and effectively



produce an oxygen-concentrated gas fromraw materi a

air. A rotating-type air conpressor such as

screwtype, rotary-type, scroll-type air conpressors

and the |like may be used in sone cases as conpressor

103 descri bed above in addition to a two-headed

reci procating-type air conpressor as a conpressor

wi th both conpression apd evacuation functions. The
Prodys Aty OXyEERECENEANE SR ERY IR 1@ P Watef b2 Eonpr essor 103
n3§ be .alternate current oh direct current.
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zeol i te adsorbent ed 1n the adsorption

driveQyt ic@ﬁ?fessért 1032l Be GRS Bt IRNRNEdFRZEN
nmol ecul es once adSorbed fromthe adsorbent in order

t OARESPEd-EdIR eRirhic@ QB cORRIALRLE alhaAMchbi@shdat the oxygen gas,
i ntroduced raw material air. For this purpose, it iIs

whiclt g et adsdiyed be atdeoties idypriedre di thaalgnet ddsorpalovieslinder 105
(switch val ves) 104a and 104b with a vacuum | i ne of

is flowheintotherpeedurt a3 100 tiswupk hhd closvkavapvessidoniandd 06b installed
condi ti on achi eved by the conpressor 103 to an

to prevgatbankéld watvdthd agsapsionicybadeolitdi. t i on to desorb the
nitrogen gas adsorbed to regenerate the adsorbent. In
t Hiremgids greptitopdsorlgnt flgd ingthetadsomtiogesylivdete dinbasaioedesorb

‘ as may be further flown back, as a_ purge.gas. t hr.ough

and rgf"ﬁ?f%gﬁmg@néaeﬂgwlfﬁ R8°% alsrabach o B%qd%%fbg%wéﬂ tb adsorb

utl et side t he sorption, cylinder.in the . . .
the nifbeshsef oo disyhid i BRCPHRURRL bk G ahal,  Ffr igpurpose,
is corg}%fss?eglﬁ;é}n@lg tREcEPwhY e REAShabReid' 64 588 BvAlRE VR dsP 042 and 104b
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 adsorbent. 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 fromraw
material air and stored in the product tank 107. The
oxygen-concentrated gas stored in the product tank
107 contains, for exanple, a concentrated oxygen gas
hi ghly concentrated to a | evel of 95% and the
pressure and supply flow rate thereof are controlled
by a pressure regulating valve 108, the flow rate

the pafganti ng devi ce 109 and the like to supply to a

hum di fi 201, f i.ch hum di.f.i.ed . . :
ong@%yég%cﬁﬂﬂpﬁté%gbﬁgh$¥ gﬁﬁgﬁ#@ﬁdﬁgﬂﬁﬁﬂeﬁBg?iénPF”“““
pecyh 5B P Bl e i LSl e
o) L BRSO A b SRS RISt i 0 B,
a buUb‘i‘e-%@é R fdr in% wWBD L8t ¥R e slihiiss t#’lﬁi’ R&midifier can
wat €r, or a surface evaporation type hum ditier can

be usBE a4 8% ABudKGhHeo UM di fier 201. In the VPSA
type oxygen concentrator, when one adsorption

C)hithe &P SHOGRe iok ypexd esndcdherapiresbien baeddaasasptylimler 105a is
step, the other adsorption cylinder 105b is under the
underetha puadsidrediaor fidmsiestthp otien ndsaproe oy liraler 05b is under the

swi tching between the adsorption step and the _
evacuiéisordesoprios tségp, ithusisdquentiolly awitalming dletisecn the adsorption step
respectively, to continuously produce oxygen. .
and the desorption Step in a form of an antiphase, respectively, to continuously
produce oxygen.

A flow rate setting device 109 allows to supply oxygen at a stable flow rate,
provided that an amount of oxygen produced from the adsorption cylinder can be
maintained such that a pressure of the product tank 107 is 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 is 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, thercby enabling to suppress power consumption. This also
simultaneously leads to quietness of the apparatus and miniaturization of the
compressor used. It farther 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.



A flow rate setting device 109 allows to supply
oxygen at a stable flow rate, provided that an anount
of oxygen produced fromthe adsorption cylinder can
be mai ntai ned such that a pressure of the product
tank 107 is sufficiently higher than a pressure
required to naintain the pressure constant at an

outl et of the pressure regulating valve 108
Seldotrdsr (o peFsr hitn Jehesr 24 ﬁ@aq;l,ﬁtb Rf rygen RKaduged i gontrolled

con3|derat|on conveni enc use
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al so si nul t aneou l'eads to quietnéss of th

when?® BRARleUK it 0setfifd @hMEI Aot FeW Aite tdiep RS mw in¢s@ding an
It further becones nore effective, when the anpunt of

amo1@X Yfefx yfedduahdrdven. cont beddreth Pyevant ot r Guatiow aeméthibd of
based on a setting flowrate of the

constaxtly emionmenthe gireskugasn dist produve dartky 1@ henafyl lmavcomtidered for
setting device 109. In order to realize this,

controfimg e ammunttofofxygry gendyredd bokthis seqyares resm instadlasin of a
that an inner pressure of the product tank is

pressgle {REPTionefsare 2 REssuRdn preREduet 1akuired to

maj ntain the pressure constant at the outlet
prieSsUYECR SGRTSRTANY ey #rexAt inyientiay cSbHst B Titores with

o ol A RSP B S T8 41 bR como
dev1c|eqlor Qéﬂggqlﬁnn%or am >1}??g Hi&'% 1&{@(8 Seg cH‘ﬁ re foqvl%eggnding on the
preseﬂ&%/ %?rhtg%esﬁp%hlsggowe‘?h@ ﬂ;ﬁ?ﬁ% éﬂétEJho%_ g6itd N9 a flow rate

ue o rate tenpora Yy causes | ncreasi ng an

sensﬁ%%m@ﬁe@’%’i@l@ﬁ héts BMheaddle AF Stk APy RaEVE@RALa bdtkdsm flow
situation, a nethod of constantly nonitoring the

rate ¢ @SiitRated okhgeP b@sPIRId, badkhd QdntidlyddyeeeCs istededdto control
for controlling the anmount of oxygen produced, but
an intidehs: oredpdreas ofeke amstial 6 Hiir enpulicdafrpmebs nompsmps0l03 when
to neasure a pressure in the product tank
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 semsors such as an

electromagnetic type, mechanical type, ultrasonic type or thermal type sensor and

the like. The ulirasonic type flow rate sensor can simultaneously measure an
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The oxygen concentrator of the present invention
conprises the features with a pul sation detection
device for detecting pul sation of oxygen supplied and
a control device for controlling an anount of air
supplied froma conpressor dependi ng on the presence
or absence of pulsation. The pul sation detection
device is a flow rate sensar 302 provided wth
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low rate value or the botto low rate

flow YatkUearBXBREWEp a- 18)IepRlicteRNinte! PHlhe/ @ f 1R v@ rate) in addition to

predeterm ned value of the flow rate value, followed
Compgﬁs&paﬁﬂhqhg kb @ vafgy ease the nunber of rotation

with an electric notor in order to increase the

amalgitionl c@l hesdpiebicdd ihr additibve twother dlesorrate sensor T, by

flow rate sensor 302 include various flow rate
detecting Sprressis el cYarmsioan whkeac theo pegretei sertsppe30Inve aniided in the

type, ultrasonic type or thermal type sensor and the
downkirgam ofae@redsurearsgnlagingyadvel | ow rate sensor can

si mul t aneousl y neasure an oxygen concentration. A,

pUML EXistiRE FINSAr issthie pasd @qlosset alsatiop f§ oxkepn gas supplied and

cal culatin eak flowr val ue (Lp) ,and a botto
contrpl 4 AEio¥y ol (EEER) PO it P Ogeé‘lﬁeﬁ%}éctb@ resuls,” hercby
mining%ifﬁr, gt ogxﬂf etssﬁ%@}eldgl?%ég:ot rf)?espsE)rG & lﬁrireefisf\éda @%ed#ction of oxygen

pressur 0]

and %éggl{rl%egatji&as\éggéo&%?% te@%girf?gruy .S%ﬁgﬂzeESﬁup?iEréce of a patient for

t1on- arison'wt

reque?%i?%%%fe&?ggﬁ LohBERBNG dithdhHBadRatién EEE;%@?ﬁﬁpﬂaysoﬂ reduction

ow rate variation ((Lp -

of poRELISARIIP: PR B laH @pPhratdsOW1ERlig) ahditirdgiel i on to
conmparison with the absol ute val ue. Pul sation

calimiguiedent ed,a tdmpadidr @dute & heedhloival adrmainerRspewer of

302, by detecting pressure variation when the o
the cqan@sssorevisieosopre3fibnipsriprogicethd yacunm ploferstanegmresfliting in

a pressure regul ating val ve.
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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An existing sensor is thus used to detect pul sation
of oxygen gas supplied and control the anount of
oxygen produced based on the detection results,
thereby minimzing a flow rate supplied by a
conpressor required for production of oxygen and
realizing various secondary effects to satisfy
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cylindsgcand dwahgry repsaling it -4 preseterming sipiag (e adsorption gep, in

. .method .t ress. ch C ressor..l pad at the
Whicl prespuiAsd T S SURRYISaro CarE BRTOTRNOR CEURSh do dsnfpicKogegprated

t he ox n concentrator .i.n whi.ch.a pressu.e. .
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concentrator, which is provided with plura

chanmedisorpthiag dydicerder anf életedmughdticavabds o6 bewmitcic apadrge each
of selectively adsorbing nitrogen relative to oxygen,

adsorpticomytiedso rcofmpressop pingti axhapstasiper theedadiup canttdledevice is a

~adsorption cylinder and a channel sw tching device

devict oo senfudnopaling angdi ¢lokinggoh thh amersirehequadiening tvelve and the
conpressor and each adsorption cylinder and further

clectipgigatingvalve ssushethaf i AREPIGSHTE tREBHE6Rise| Brough the
step, i ich rized aif. i.s suppli,ed t.o each
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the cNAHNLE shRcBMt & idmNg tﬁé%m%défgc%hﬁgn&yé WRAET and an oxygen

conpr essor §nd exhaust pipe,” the start-up control

conceR@MUt GreciiipBsifAE Uhe Gedt@r&OM MallicPRASH ROstARhC LORIN W Rhce is a
the pressure equalizing valve and the el ectromagnetic

contryledetBeesticthe tshat up ke ONPFRSHQIt thE nCOPBUGT HdtReh in the start-up
t hrough the el ectromagnetic valve wth the adsorption
cylinder at the adsorption step side for a
predetermned tine at the start-up of the conpressor
as well as the pressure equalizing valve is opened to
communi cate the adsorptionligylinder at the desorption
step side through the el ectromagnetic valve with the
exhaust pipe, and in particular, the channe
switching device is a three-way el ectromagnetic



| ower than the nunber of rotation in a stationary
state. Figure 2 is a schematic di agram of
apparatus constitution illustrating a two-colum
pressure sw ng adsorption (PSA) type oxygen
concentrator. The apparatus has the sane constitution
except an evacuation channel in the desorption step
is connected with a channel open to atnosphere in the
lowerpsthanitie, gugl AH IR SPPATR S8 ure 2, whereas it
goes théough a va%¥un1evacuat'on | ine
S

of t.he. . .
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adsorbent. In this step,
concERMHISNICPREEND! HRe 888 oBBY tHhSufi b thehiuhl OwBuRaiKI1iAS of the
a purge gas through the pressure equalizing valve 102
comphése0t 1108 ipradUePSaNgpsidig el cohecmasar pidvam i Higmder. The
in the adsorption step in order to increase its
adsorpesargylinger €65 ndidenpyessurized cdididen iheheaefoor bemtuatsiedy the
in the pressure swi ng adsorption nethod depends on _
threetwrey pleegsmagnetind valvgagswitcipualive) 4844 nodn 1t0He toradeiemospheric
end side of the adsorptiondgélinder i n the beginning
pressupfe gtgitiomtp derorbjtgegenceasculserbatde rpednsrate tthe adsorbent.  In
. pressure in the adsorption cylinder is not
this %spmt@meﬂ@waythﬁacpmwwer&w%ﬂ% et EEPgwn gk as o
gas produced in the beginning of.the start- becones
P“fgeagf}sé@é‘}“gy)‘éﬁﬁ BI%“?o?ﬂd‘&ﬁél&gvﬁ LQ? ESZ?g‘ PE%‘#‘%& ﬁflﬁ? éggd’fthe
s at_high concentration of 90 to.95%i. . :
aasoBfifp Pl Fall PIERB5p  Byafising aBr s i desorption

fricikQLy, t he oxygen concentration to reach a stationary
© “nsggie after conpl eting gas exchange in the product

t af)fcel Bhé-adbbrbeREusid@hihé Brfurlk NG iAP R AP tSH Bletiid¥depends on

present invention, the control device 401 is used to

the pe@RLFOhn@REBLOTs Gluriftl Bio@s Ihe Qro@ual dndl Bdevet ViRe 203brption
in the downstream of the adsorption cylinder 105

cylind 2t inckhe thegitahisd O€ stdrtige theoxygehhcanbhentsdtar befope dic pieesure in
conpressor 103 and for exanple, pressurized air is
the adsedptian tylended sonpt swificieptly maiecd, 106 axygent dvacantsatiqn ¢ ohe gas
step to recover the gas produced in the beginning i
produded dughe bhginning of the start-up becomes a lower value as compared with
an oxygen-concentrated gas at high concentration of 90 to 95% i 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 cylnder

105a in the adsorption step to recover the gas produced in the beginning through the

13



pressure equalizing valve 102 fromthe product end
side of the adsorption cylinder 105b in the
desorption step. Since the pressure in the adsorption
cylinder 105a is generally raised in a few seconds,

t he pressure equalizing valve 102 is cl osed
thereafter to start up the ordinary adsorption step
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CORhes fRl ik apPabe akhe/ staitalp bptﬂen&fr%ﬂégsoa aStodiipanéel with a
current of the driving notor. i nce the

statioapPAbLpérdton fcohdigiopr eFanthe isrenpiumdes hdo tvstetpernusucdndition
a condition as the adsorption cylinder 105a in the

in wiatks arrpthé dikesinggariisulagradrive adrege tdfrtbe ghmphesspr esigreased to
equal i zi ng valve 102 with the adsorption cylinder

generh@bbcdapionhldy dewodisidnomn sthigh e qomepredsae cyinod stagt wg when the
the compressor, little pressure |load is applied to .

powerHe ey 8Bsi dHe paFrqueofequirsd cBpthe s¥ait-upr oE the jcagpressor is
the start-up under the condition with substantially

generghy duglt tq ngrqage 8 stagHas EREBRY fi‘fg‘ﬁ? GriEmg PO wi t hout
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on I'n a stationary state. e control

step HEYAL BinftOd1 Qivile tRX XBE1pr&R0E Skleabetsue®NbAP S applied to the
varil ous operatl ons in the stati onary state. It

compi&sRat fard dIr ededahpicied, Yaulithgolin the sfattowp uatier the condition
setting device 109, a flow rate value of the product

with gatstdyiallyend pressuratlead emgdanaBliRg amdtarthep srithgencausing a raise
concentration of the produced oxygen-concentrated gas
of a royh cheerdbegend neerseity manbove. sensor 301, and control s

the nunber of revolution in an electric notor for .
c ohipitless start-up 3o jhe gppr@usd dhe ceontyl deyieeodp | oporrolling the

rate of ajrflow .
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. It 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 airflow

14



to be supplied to adsorption cylinder195. Wen a
predetermned flowrate is set at a low flow rate,

| owering the nunber of revol ution suppresses the
anount of oxygen generated, |eading to reduction of

el ectric power consunption.. Timngs of switching the
swtch valves 104a and 104b and the pressure

equal.i zi ng,val ve 10 r o] ol |l ed chan the .
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t@ optimze the ox n_formation.
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oxygen concCentrator for reduction of noise and

optinRz8 ViendtyaRnGhridhids@t i on. For exanple, a change from a
reci procating conpressor to a scroll-type conpressor
orMbghtuciahtidry petieospnmessor e ffbctivevinnedisedng aoise generated by
shi el ding nethod with use of a box and a duct, and a

an oxygthednatiatgt ahlwhigh & isesoalbete Hywevay itexffactsis@ifective in
type silencer on an intake pi pe and an exhaust pipe,

a staidenagy wipatption, hublares aoisst isrdeakraies] wheetdroagraad sepping the
used. As descri bed above, various nethods from

appanafisy ovYHEPUShBICABHEE c¥8 ofaken si8) f medicabiionypely qomgentrator for
enclogure and installing. the silencer have bee useoJEr

reduchion; i NAiSE sHIde BTEENHER Te VIREIEW: | ¥ hIKAIE4 Bridiapee from a

._oper.ation. Hovvevter an g&%surrgsr [ n threhs ant u%) CandmssOr
recipEiAHRR FOTHFOTRE QphaFt iy HratET RS Belhn "PLIAUHVEY CHF
with W]v?%of’slea%ts'h%gd&gem@ﬁl%ar\ﬁhﬂ§1’se %f%af%(h(egﬁd \QA&J&Z, and a method of
I'S ygen

respiratory ase as a user o € OX

instaBRBCE M ALALe FRNELR!dxPa@EEs t&‘[ﬁ’ei, st cePNRN a8 RRRENGPE R an

apparatus, thepatient 1s 1n"sleep and a care-giver
exhamgﬁieb by gRli@Pan hBSueRahALHAN0SH dt@sufQiapCudd. As described
vi brafion in stoppage may possibly causes waki ng up
abové,heariaisi 8RthcIRAfrpaD Phprdving ltBe pomphreyser iiselfher efcali®yime the
need for a technology to prevent the pressure sw ng
encloadiecimglt instatlingpéheosiipgeer loordeat nacdes fheomegemey @t iedgee noise
noi se and vi bration in stopping the apparatus. Such
in thepstetibeary oparatiom. s dlareevasyanyhaeasoyefen the start-up and stoppage of
concentrat orwhi ch a_stop-control device that controls
the appgredlsi kayeotott brencirkenalt Al t When§tagdng dbe mpparatus, a patient

with respiratory disease as a user of the oxygen concentrator generally gets up, but

b

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-control device that controls switching of the channel switching device for
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adjusting an inner pressure of the adsorption
cylinder to a normal pressure when stopping the
apparatus and controls stopping of the driving of a
conpressor at the tinme when the inner pressure of the
adsorption cylinder is equal to or |Iower than a
predeterm ned pressure after receiving a command

G ke PR WS Rl A R g e
stoppg{lgoﬁll S%a?)gié%%{]? ar% %Eﬁ{roﬁdﬁg}gpﬁfég QF tﬁ%’ dki@%?gg 'clolrrﬁgeé’é!'of Bt the

capabl'e of”'s tively a I ng

time Whbh Y thlef lpAldsiR (SP%}%%Sfbtio% GAURRELESQJual 86 or lower than a

supplyi ng pressurized air to the adsorption cylinder

predefthifeCHRVARL Ftk k&N g deNdBRah® sHRAUBNEIoRbIny B8l dppbratus
a channel between the conpressor and each adsorption

in thPhdsQigeswansl a0 SRpabnitih oyt @cohigdr,twhichds Phevided with
adsorption step, in ich pressurized air is supplied

plural sdseastivracidtndetd filled wiihngte addoobdit @hpitde obneleatively edsorbing
oxygen and the desorption step, in which each

nitrogeas calpiveo o cydvigaden cempreaswrafed supplyingepressitrizethair to the
adsor bent . They may be sol ved by a device, in

adsorphibe hylndrend i ehasgehswitehine desisadp sequaAnsialy swiiich agchannel
pressure equalizing valve to communicate the product .

betweenthe compeessers s eachrdsgmtingesy lipdet ped prnsak iy ¢ pegletermined

e with that of the adsorbent l.i nder.. at

. . Si C) t he .
timing 4 aAFaTBHOB SLh (8 MUHCIR PREREZ, A e VBRI (o tficlpisorption
. the stop control device is a vice to.open the .
extindstCtel Pl S P s o B RS RuRR AR dRgigich each
. | n he r t oppage of
scsorfip RIS LU AR SR Pl oPPZ0 OF
t %eg%%'%' BAvYR N Ca | & vRRE TN Qlhilh A8 B&Surk Cedp@Nbn@! channel
switching of the channel swi tching device such that

equip?@& vAHS AribiQRe SYhAINGRE valvel RechhRmfithte B dﬁxiodﬁctaéﬁﬂ of the
he adsorption cylinder at the evacuati on-desorption

adsorpli6he cNifd G AT beb@ilzed difle Whith that ufithel ddserteht tiiender at the
conpressor and the pressurized |ine of the

evacuaoinpidessption rsadepie dtithed provided aodtthobtoptcoprabdeaée is a device
driving of the conpressor at the sane tine or )

to opemthapatselny efuabizingnpd leerdaséd gnteheoswmiand igng! edritoruing the
Specifically the stop control device is a_ device that |

apparg@istand| eonstad sieppage fof dhrgns gho PORRESSsYnisr b8 Sopdiion keeping

_time when an inner pressure of the adsorption
which: the S ing BRfUaILs BB 0T |%L% It h © 981 oP Qg 8 thiy fhanne]
switc {n%S el{rrige \s/géhut att qgé %ggor%agnlc@linder 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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particular, is applied to an oxygen concentrator in

whi ch the adsorption cylinder is two adsorption

cylinders, the conpressor is a conpressor equi pped

with the function to supply pressurized air to the

adsorption cylinder as well as evacuate to vacuum and

a channel switching device is provided in order to

- u I &k SW e -
varti IS ORI s SR FHRERR oA MR HCo RIS Slinder is

R8st {H AASPERNbRBs B Rippled W 81 functi

twoa%%%%@%?fggﬁﬁgﬁ?ﬁgg%gﬁ%gﬁPe to e%cﬁsa gogg%ion Heton

to su llyi ﬁi@@iurfz@diaﬁo{@ﬂ{% SRBFR M x?}tlﬁﬁliep)éyg\%_rﬂ aodvidiBte to vacuum
eSorption step, in which each adsorption cylinder is

and a®HAGHEl @Qitdlﬁndg/ asHbend provaanaralie tbheqgasdanentitch a channel
Such an enbodi nent is described using the oxygen

- betwé@nhe ohdiredsotl 864 eadtestdsofptidngenlndbr ahd répdPHAa pyqiRtermined
oxygen concentrator, when one adsorption cylinder

timing @ba aidsomphidarstdrhdn prigish presecdzat aoriptsupplist ép eatthadsorption
ot her adsorption cylinder 105b is under the

cylindsratouasdlaie- deseniseiednoxstgep, anchitke despuplion aitén in which cach
swi tching between the adsorption step and the

adsorgtien pﬁtmgm i§ eEgs Uaipdalof e MNIB o Apgansade the adsepat. vel y,
to conti nuously produce oxygen. When st oppi ng )
t %Cﬁﬁwﬂa@q@mp 8 @e?ﬁﬂ? 88 e RN RAETHEHPT Gfsgribed in

. i t chi f th h I i tchi I 104 d
Figurg dap, 1Bt PONSYES GRPAGE BICBIFOr Ao e Brfieader 1052
is uncil'a%gﬂél? %{%Sgﬁﬁ%wdﬁ\é% Pcmlngsqel &agrottlgerrgar géj%\?\%{#fctyﬁgﬁeram% is under

r r . .

e oBESUEDRUPIBALRIAT RS SLAELHAE S LA HOTERON orpin
step 4dE tA A6 rPH&S EpCIn0h HAR AUSRIIHabO NebpichiRER! So kBRBnuOUS]Y
and 105b to a normal pressure. That is, the
produe@RiEES0r is controlled to stop not at the time when

a pressure difference is large imedi ately after

c OWhtekioppigf thehmpacsay, phé oontdelsdavidd 40l ghiaepontrals swtitching

the tinme when a pressure difference between
of thadbomed iswitcbing valees 104 smhllD4lfcortrola spomeee erfdrivanlg of the

time, thus realizing silencing and suppression of .
compygsperatl D3 ratviheriirse opiradan inner presype joff | tha| qdgorniignngylmder is

pressure equalizing channel equipped with the .
equalip S3dover Hpnda MERrE I PrewITe EdiSRRIINgR eopend signal of

sorr RS aShac ) S RSET Bl QPSSR0 8 i
cylm&eggkfo?% a}uli] F05b 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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evacuati on-desorption side, the stop control device
401 opens the pressure equalizing valve 102 based on
t he conmand si gnal of stopping the apparatus and
stops driving of the conpressor in the condition of
t he pressure equalizing purging step, in which part
of the product gas is used to purge the adsorption

inder 105b at the desorpti ' nj t
e"ac“g r ié) g é(gersgrpild)ﬁals? v nghev asl?({})e (‘;pf’dlﬁr %F o%e‘gge t %ﬂgle pélgeg’ Su lr&ge iFyossure

equall'i%ﬁ% 8%?\%: P(f)i %Qséé:?’ bh e %om%dagigﬁﬁeofpgtggé%ﬂ'git [ﬁlg dapﬁiu%‘?us and

ess t he maxi num pressure

stopsccﬁm?%%? Qhe E@ﬁﬁgﬁ%s PR L ohRitln $f ﬁﬁfﬁ}bééugé‘ g{]@alizing purging

automatically discharge a gas with a residu

step, B RB&W Rt 6%E'p}bd\.§l:tg@s 8 lsedtd YuskQRe L& rpRSREPMRr 105D at
The control device 401 controls switching of the

the d€saapued sigwi t C):p'bﬂﬁg\/cﬁb yeSsi@4qualting O4b-ebERedwaRs tHaressure
command si gnal of stopping the apparatus such that

in tht helsagg@nptybhndayl0fder thgacaurizbd yudessuid%edr désdeof the
and the adsorption cylinder 105b at the

maxi@vec gatssors desioth | mmmesker acan domstoppedt ad thist koadiion to
vacuum | ine of the conpressor 103 and the pressurized

autonpgtisellpfdischergeongresaidy 2 resedynd presyetey repipied frt pidgndly stop the
st oppage of driving of the conpressor at the sane

apparffu¥e or inmedi ately after controlling for switching

R S S e .
1042 G ARG Bl SL F S P o R SoBainE AL By such pac e
adsorgﬁ% < Bhad' Bsh U he br%ﬁ%%ﬁeﬁdé’\@lﬁp tRf %&g@%r} inder 105b at

cohcentratof . WWen stopping a typ€ oxygen
the YRARRRM AOfptichNelde At 9SARIAINed WL ANE OvARIRMIBE of the

many poi nts such as deterioration of the adsorbent
compflskdMPOBARPRRYR esshib2Bd lihg JF tm&ﬁp&_ﬁlﬁ)r})ﬁ@g@tiv@l’y @ld @htrols
early stage after restart and the |ike. Especially,
stoppe@nsifdariginicons tha cimsdeadogi atg tiDissthdr BmienoArimmediately after
adsorption bed, a conpressor, a pipe and the |ike
contrhlime footswitebingt bdteren nha adwopti@n siepraldd thepdosatpi®nwitiem thus
stoppi ng operation of the apparatus, causing problenms
enablingc 1to astopether icompreéssar airovike ad sombsnherigy prassweuped realize
. absorption due to noisture renmained in the adsorption
silencigy a%f? fempizoRheth gopRwedpe ABRATBWS- dew condensati on,

BT e SRR Rl Soge L SPRTE S e
conceg AR SRR HorBRE TR be s EeREPE Tt Bgf < Boheraty
a nee%o{()ur}y g%gap Fﬁ‘leg{ Sﬁ'&ﬁft@%ﬁch t?alét %é{g'lﬁglt Wo§ ¥h33 Gd orP nt during

accunmul ated I n (}i er col umm. checkK Vval ve |nsfa ?ed

stopp?%%%li&ﬁ%rﬁﬁ? %@Bh&gﬁgﬁ% 3Rk Hrestagggﬁg rés@%lﬁ eand the like.

not respond to purge the product rom

Espedd18dUehndiat4iioBENEN allisPEhr@inde o kiré NBf 8l #AlsBBWon bed, a
el ectromagneti c val ve. Accordingly, a technology to

compRIsSMENE pipel Sk BRE ARt i R Hef R GORAdenBRhtiORk]l dpparatus
t he adsorption bed and the switching valve after

when Stapinf gpéfation pPahabpisarhee ormSingfrobleaid 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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Such probl ens can be sol ved by an oxygen concentrat or
in which there is provided a stop-control device that
controls switching of the channel sw tching device
for adjusting an inner pressure of the adsorption
cylinder to a normal pressure when stopping the
apparatus that is a pressure sw ng adsorption-type

: rat.or , [ : :

swit B P SRR IRar £ PNy oF, A R UGB sfopease

after @bmpRlt RHL dMBE ¥vAIBALRIRG b} HEYBAsiIGLAL bhiM &n Ris R4YE GAbisture
a conpressor with a function to supply pressurize

in ondichlurgn ENEbAdKehAbO IR Yhd iBERE NS BeBIckuAE laeMBEUGhEr Edlumn.
vacuum and a channel sw tching device for

A chedguahifel alkiayle8 Wdtwbémgha addmaptieh teatamedethet fr@duct tank cannot
conpressor and each adsorption cylinder thereby

respoind pe purgegthe lpeodids gap frioamthstperpdiat tankp pesketiengrh medd to install a
timng, in which pressurized air is supplied to each

new gdewrqnigneticyvilvder Aocdrdoigdy.e ac devbenlogit éal preygein moisture
and the desorption step, in which each adsorption

absorp{ipn age dewscandarpiioadnitbe pdyendymbed {*I!fbﬂ?&cﬁé’ﬁf%‘ilﬁ valve after
Further, an oxygen concentrator can be nentioned as

StoppiE BISHRaRTAEHT DECAMAR iPROTAR: st op control device is a

device that controls,switching of the channel . .
BB i bE OB oR PROTREP SReHTELds I fbich there is
.compressor _suech, t hat ..t he adsor pt i.on. cyl jnder the . ..
provii BB SRR os T vt it e RO BbiGRinEy ot R en@indinitching
: - r [ |
doviel YBE WS ST RO bl e JHnEhinc T BHERE T bkl fRenmure
whenl bﬁ)?)pﬁfg] khe aguggﬁrt@ssﬁﬁﬁt’ id @S I’@?é‘stshﬁéekﬁﬁngaﬁgsdrﬁtion-type oxygen
particul ar e stop control device controls
concéitdat & wBicRf ist PR vidANAeih pMrhE hide@paentdyinddayifigRd with an
based on the stop signal of the conpressor such that
adsorbber @agablepifi seleceytliyndisortdig tilteo gehashtive 1@ dx pgedhe aandipressor
the adsorption cylinder at the evacuati on-desorption
with @i fmctioe ®orwpnly qatedirized it e thacadsorptione cpfinddreas well as
conpressor and the pressurized line of the o
evacuabame eeswim, ped pechdnpe] ywittbingodpsded jorcenaueniialin gwitshng a
switch the channel sw tching control device such that
changed behpesay (hei omrEgIsPhasd eash ahsorpiien syhindee dberchy reprating the

t he adsorption, cylinder. at the evacuati on-desorption..
adsorplig Sigh, 1 & RFEHFTEEPBET TS HB FHES S HaEe] AR rpplicd to

h d i f ;
each %%S??rsﬁ@??? r&iﬁ@&@ tgqsofape?ﬁ%?ﬁ%ﬁff%#'e&e}’ggn &?}9 39%%%?021%31?3?6@ m
whiclpéfghegc{sggit%%baqhaﬁp¥s d3cga0gid %eg%qea(g %A bent.
concentrator 1°n I ch”a pressure equal 1 zing channe

e G RE oM ot){}%@n g et Q0P U b I AhtAEY Gist @n embodiment in

comruni'cat e e product end of the adsorption
whiclf Xhd RESY cahiréNEeRES IS W HaABe ThatecoMtidds thaehify bhehe channel
adsorption cylinder at the evacuati on-desorption
switchindedeviide Wike ldintthe seipofigeanifrtat codRpiessor such thgvthe @dsorption
that controls stopping of driving of the conpressor
cylindet aatcorith t posssivierde thle pasbsuhe edsa@btianngewaldee ias the
open, the adsorption cylinder is tw adsorption
evacuayibnnieoptiand sidve arbanoeimwusdtedi withddéhd ceadqusm line of the
conposed by a three-way val ve that switches the )
compzassor wid e negdsiirided ling o theneoppressniy icspadtivielye apd in particular,
vacuum | i ne of the conpressor_and connect the _
the stagsemptol sleviop! qondols wvitshingeo & teuehsopelngv ig¢hipgeontrol device

conpressor when turning off the power source.
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In such an oxygen concentrator, operation of both
adsorption beds at the pressurized-adsorption step
side and the evacuati on-desorption step side in the
VPSA type oxygen concentrator are stopped in the

at nospheric pressure condition, enabling to prevent
gas in the apparatus from m gration when stopping the

base@BHQﬁétsrb%ésl;iF 1R¥ b Colnire ROEEEN 113k gg%){d ish cge/lindgtr at the

ext er na romflowng into the adsorption bed

pressuliSe\RRUAI] B2 8dBeptida BNAdroft Mk RESER IS FRBrRIch §ife are
at nospheric pressure can al so prevent in advance the

comiBGSidAtEe NEgh davwsandensatd fofe Qonipi&sst hhd 8k pidssurized line of
associated with tenperature decrease of the apparatus

the adh@ressiropRbpgtivhle, afoblam@tdusy controllinghem $wiech the channel
t hree-way val ve that sw tches between two col um

switchdtpoeqttiod deied sugt thas trd abbipmhenydindet atathe pfessimgzed side and
conpressor are adopted in a connecting system in

the adrirptiot oy linded 9o tpt ¢ aruatyd i-dekonpticn side anmreempandtas vith the
t he vacuum |ine of conpressor when turning off the

presspgoged  liwurodethea commressanound: the payu diner e§j thgapompressor,
pressure remained in the adsorption bed can be

respegti¥elifar ged t hrough a plate valve at the vacuum |ine

R ROTRS3s R BBk, LDt an
oxve g RBEEPEHET heRbloih a P ficg Eut Pl A Fa EBpsg avich o
pressg%%%ﬁ%g‘iﬂl:%cveamer & (%mmﬂ'ﬂﬁzggeglglg 3)?93’19:& Rhi QR iRy 4d Egﬁffm cylinder

urder pressurize ption step, ot

at  (RESYrBLLAReEY kidddeyithOSthat S MNABE  adsorption cylinder at  the
evacuati on-desorption step, thus the adsorption step

evactiiie ntfib%oxfdﬁ@ﬁrs@dé, QR wiHiEPtIRY Rop eanteslt dedideyis M dvideettlal €bntrols
a formof antiphase, respectively, to continuously
stoppiigodiideivingyglethe dvinprosset ipreesaidigowivhehetledsesqire equalizing
cylinder can be stopped at atnospheric pressure if
valvet seomopphce sdsorpti@8 cghmddyeis stvoppdsdrptiont hgindene andh¢le channel
~the pressure of the adsorption beds 105a and 105b _
switchgofevige s coampesepber @ dhincexayrelve that sadichoelthe adigrption
. control of both colums for siopping at atnospheric
cylindegpiththhpresswized; lng o1 wageg Hipe of Hippraarigssor gadicgnnect the
ractically continued to drive.for some ti by .
adsorpHaR (ARAGEN 10 ther VA-BBEY YR alhe (SOEPFas  Whopy ming off the
ignal for stopping the apparatus itself is
P ]gFany controlled to stop the conpressor not at
t ' i ff Cee ' .
: I%Sre |cg$%%§gg%e?5§%én%{ae?€ é)lli)eg%t%tqﬁh(gf 'bﬁt]pb@gbrpnon beds at the

pressBASQL-RAdPBHAIESOp RldeURdShE @Va&iéiioﬁldets(ilf@tﬁs)ha @Felpm@@int 8 VPSA

pressure difference between col ums after a

type RIX§E6H eEdhicBRGatbl MBrefl & dVIHEWRE! fitnoBphdrite Rédsufd @Re&Nition,
to'return both colums to the atnospheric pressure.

enablidl & preveltSQs ih ehesigRdatus GO nvepal ikeroftogpih@ Mlid &haratus,
and prevention of vibration when stopping the

in pagomrgssaent highly hulidreatéraabaindidnodlotang edteade adsorption bed
pressure of the adsorption bed to the atnosphere

at theabvmmasvowppieng Bvheuappariposssubzrd &in toagmosfhericepry8e can
apparatus, the evacuation line is connected with the _

also paexenm in pdvafcet Mee cwapriessprdeproFondensasipn of pressurized air

poweg

associated with temperature decrease of the apparatus after stopping the apparatus.
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evacuation i s stopped as stopping the conpressor.
In the apparatus of the present invention, the
channel sw tching val ves 104a and 104b, in which the
adsorption cylinder 105a at the pressurized side and
the adsorption cylinder 105b at the
evacuati on-desorption side are connected with the
PReASHHeAREEL W RE vRfvc RS GAITAESBERFecAR ol RRNR I btion beds
line of the conpressor, respectively, is controlled
pressBzzWnt GREAGIdNNET BlRadVIBhre S0 e laBgptédliy @Scobdd@iN&ystem, in
105b, to communicate the adsorption cylinder at the
whiclpriesh Uidsagsticsl deliadekst be adsanpiitaed cyithnder vatudheline of
evacuati on-desorption side with the vacuum i ne of
comptdieorcwhp agaorg affdht hewpr sssoe, Z edall ianeuat of gas with residual
conpressor, respectively, based on a stop signal of
pressticareppmEdemsthe atid@pitiondrederantle dupberged Bleoiginerplate valve at
pressure of the colums to normal pressure when
the vasugpplingside ef Hpeomaprgssor Philsa lpgseispago mpn@shiedsside of the
run by the inertia to evacuate the adsorption
apparglys jah BRHNAPIEETGr essuri zed side and pressurize the

o Sur hBh RbaCB B 1 KRN ds A BectiDiaep S80r st psgpibed in

rae 9T LT RYABE A 35 PRI L0e YL SR ey conder
105a ?\A{é}nﬁ;%;%r ssl(@fzg&-a%i??l{qg{)ﬁ Il‘te P, foﬁflércgﬁggﬁ%@ %&ﬁ%ﬂfgﬁgébgﬁgs under

p I on cy _ er a € pressur I z !
K y e 3
e, UL i LIRS hobenCtcg i O Gesapit 3o

sequehNS11F QUREBSS A a Bt dTCan(RBHENrEETRRLIOy! REcHRMOESIS Produce
respectively, to evacuate gas with residual pressure.

oxygebhe pressbée maskakd zdMghy addsorgith t@ylimdeimuiinC dke stopped at
product end of the adsorption cylinder at the
atmogphess presserk §i the varhpresdvat 1 (15f cih deadsgpeplt atothectyhi ndieen the
_at the evacuation-desorption side is provided to
pressyrerdrtht agsqrptibn bails heSpard U7 beenm¢ zorat (atmospheric anepsure),
product purging step in the adsorption-desorption = .
respeeiivedy, Y ¢ Obpéémﬁﬁ colpi fBnstopmag At giime ierig| condition is
... device 401 sinmultapeously controls to. st t he .
difficgf Syich gho FORRE el b EIBRCa IDTRPTEBHER £9 IhveollSr ot time by
. ___.pressure equalizatian val ve i.s_open d ual i zes not
inertig) SV ER (fler SPRRIXECa sfoh §Bhk: b S8R OTpU DBPg gt gparatus
itself gs; fli%geg‘éﬁlyacton?r%tllgd RS %%%Ctthe %Bgﬁ)rggso} Iﬂgt Qtdtﬁg il Rfen 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 is 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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As shown in Figure 1, when two adsorption cylinders
are used and a channel is conposed by using the
three-way val ve that switches the adsorption cylinder
with the pressure line or the vacuumline of the
conpressor as the channel sw tching device, the
channel is preferably set such that the adsorption
evac@ationnid8foppsd 69 BIPSIRkheichhptdigovacuum | i ne of the
conpressor when turning ofF t he power source. The
c Hanmhe lapppratust & thenaesmk ipvedsivns thevdbanndlwwitdbin®hilves 104a
the power source is connected with the adsorption
and tOAb, ndewhi@hdht helsuggionncylimier dfdShhe thonpesssiaed side and the
thereby enabling to evacuate gas with residua
adsonpties sudiade i Oyt shkwacmatiah-desaptivmsideasguenmnesied with the
side of the conpressor with | oose seal and maintain a
pressppPefhl lingy @d'sthee opmprgssor hindahar wcusmelian pf the compressor,

Feratlon of the adsorptlon bed is stopped und
respegiigelyyisicoBHO Heth By tsidich lr%ﬁ*hé&ha%neltsﬁ’éwhme‘fﬂlmnl 05a and 105b,

The ax ncentrat of t resent in en
to coa%wef%tgﬁﬂ? §§f‘?%’ﬁ‘°8f°y 9‘@%ﬁt ﬂj& Er%‘ﬂzf"%c?l L adsorption
ntro unt

extingdfe B 0B BRI a BB Pin Pl TR Yerlin ?e%%efﬁnsspf%em
and tﬁé) Ir&gﬂrgﬂ ﬁqm% offlt 8{)@%?@3’3 s?géjuma\ﬁ %a ééi;?ﬁ g%tsog) signal of the

U|re

comp‘l‘@sblo Ys3 Sﬁc&%@ c})ﬁf figctin IIQIGIS Hrbsshe 6PTRY 'c%ﬂﬁ‘lg%so@o Ghormal

patlent require an oxygen concentrator su

pressiiteN ivdbHl dt@pih® r’ch@fap%a%@ﬁ@r epsorutillRHust | @pRbsBOWRH by the
consunption and silencing with the apparat us.

inertie Rvhaat: theragyermiont hgindenpr grseessusizéd eideasddhradsurize the
the time of the start-up due to reduction of power

adsorptios wyphdamt thheevadsaiqt side. c$heindperativn tabeomplishes pressure
pressurized side is communi cated with the adsorption

equaligptiondeithar ndveradeprospre orf dhededstptoyeydindersiuir e residual
equal i zing valve so that pressurized air is not used

PreSSW@rm%ﬂhéé%?mzﬁonﬁlahﬁhq plrenchseiehipg V@Wetlﬁéuﬁh%rowm}@ﬁ again
such ffs o %F?g)tg%tl’d‘é?h‘f%g gﬁéﬁﬁ%ﬁ%ﬁl%oﬁﬁggﬁ 'i%e'ta%ﬁrntwe cylinder
o Bl 2 PSR B 5Ld B B e
comnh S5 LRI ERTRIT AT 2SR Bkst D2 e o
with &Eidhgppltekéﬂ?e.

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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of the start-up. Further, a gas with | ow oxygen
concentration containing inpurities produced in a
product end of the adsorption cylinder at the
pressurized side in an early stage of the start-up
can be recovered through the pressure equali zing
valve to the adsorption cylinder at the desorption
st &P shdwhe in Bldueeil NG/LER tROMBHIptbRR ytiagerdatdudedvind a channel
oxygen concentration fromflow ng to the product tank
is cosipdecdaliyl using shpHrye-avagasaive that Bivgbhaxiigeadsorption cylinder with
concentration of 90%to a user in an early stage.
the pFessuieetinoroe, thoyvacoutor bh¢ iofghs tovppageonfas dhé whagnedfswitching
the conpressor at the tine when the inner pressure of
devigehgheadonpk isapreéyhblydst sigh thatghprdsepiemicylentler is connected
pressure, in particular at 50% or |ess _of the nmaxi mum
with gheyaquan gne (Hethg cosmsesson em waring ofh ghenpewer sgigce. The
vi bration of the conpressor can b revented. For
change; %PGBGP ﬁo%‘é‘maé rﬂr?ﬁsﬁﬂi BRCR ﬁ‘émélb%rﬁgetg@ d%owc%ﬁo'&)‘@e is connected

with S ERERrPUenc BHIRG ERGHRF BIOSTbgiend) (He SOSiRFSas tereby
gvcond t

cnabffel et ‘fﬁegas?ﬁd%}? r%ﬁ&@%?%ﬁfef GGl B FafR @ﬁhﬁ% Facuum

e ISP TRAL Ey SO lg yn

appax%ﬂ!?soﬁw%ﬂ ?ﬂqogéfﬂahﬂﬁe&f %e ta@% FiB& Shid 7€ EQ@ AL tp'?@ssurlzed
asorptlon y i nder at the evacuation-d Orptlon sid

cond@ipg. communi cated with the vacuumline of the
conpressor and the pressurized |ine of the

Effect offficdasexition espectively. CLAIMS 1. A pressure sSw ng
adsor ption-type oxygen concentrator conprising an
addwrptyigon checknftiakd reaf the tpihesent adsotidne deteciamaltﬂaeionfof oxygen
sel ectively adsorbing nitrogen relative to oxygen,

gas sepinppdesh pn fegisting pehsarrg cengrol @ntahr@uatj@%@)mgeomrmedé)ased
channel switching valve to repeat .in a _constant

on dgtegtiony rgFpl &ds@?fﬁ%yoﬁn@t% to MifHmEEe & Flows Tafgppnndigd by a

fromthe co ress to th adsorpt|o ed to isolate
Compé%‘;ﬁ%ﬁ?‘i‘&’fe@d %rxyg%#cgﬁa of pa8FHtATdnr@liZpe VATIQH Sfeondary

bed d
eftect i SR COmaTRng Rt b Tl eHRNER LG, BIHFRF EuichHgrog such as

f f :
mmla%Mgﬂt%Pldf%V\éJrﬁger%sé% fé&‘ﬁc&&? B?EB’Q%# g(?nsgg%gxﬁﬁiaﬁ:a%gggagg with

NEas Ut dev
the appaPRLY flow rate of concentrated oxygen produced

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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wherein a pul sation detection device for detecting
pul sati on of oxygen supplied, detecting a variation
of a flowrate nmeasured by the flow rate neasuring
device to a flow rate provided by the flow rate
setting device, and a control device of an anmount of
air supplied fromthe conpressor based on the
of th® Wtas@inh ONFEehe@ CA LN WiSIUIM Gxy@ied doheshtedn cBntaliieg impurities
oxygen concentrator according to Claim1, wherein the
prodyddsiat 4 prodiet ead iodnhdedi@ptia dyftiadél awheairessweiasd sidegin an
device with a function of determ ning a peak fl ow
earlyrsidge @i atarbop tcambt lrege vieat e thobugh theqonssant equadiding valve to
oxygen supplied and the control device is a device to
the ademption cahindaroxt ¢bs desrpidet sieasudoufallaw isgriuptevent Bergas with
supplied fromthe conpressor, when the peak flowrate
low qraiggs corcaniatipatiamifovene tathe pridist ek silectnst torpREHR gas
., tine exceeds a predeternmned range of a threshold
with figh exygen congratighioy od St em R TB A £RHE Sy to A aim

I S, bR D kOBt S 58 e
vt 50 SRS MR DL T s, i

pamﬁi%veﬁﬁgﬁ §oRae o?ft]ae' %‘Y&gﬁhg{ bY8sdi@ ¢t Mk edqg(;]@hgia Lxg,gipder, the

ate value and controls*to I ncrease t

noise%nd Qﬁo%tio%n?f)fhe%n?ﬂr@go'ficﬁn R Hevife®’ IRSr D pRPbEARIving
an anmount of air supplied fromthe conpressor

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 the pressurized purge

step where the pressure equalizing valve is open or stopped at the same time or

immediately after controlling 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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4. The oxygen concentrator according to Caim2 or 3,
wherein the pul sation detection device is a device to
detect and cal cul ate the peak flow rate val ue (Lp)
and the bottomflow rate value (Lb) in a single
sequence of adsorption-desorption in the pressure
sSwWi ng adsorption nethod tQLAHKES conparison with a
predeterm ned threshold value. 5. The oxygen
concentrator according to any previous d ai s,
wherein the pul sati on detection device is a devi ce to
1. make peesspar | SOnwiat porphiengypdepsy gimeawnchnisation| domprising an
val ue based on a rate of a flow rate variation, .
aﬁ%‘—ﬁ@@@énbé@ Bled heitdgaat aéwrbﬁnf( p?@ﬁkblﬁl afv FAeAIKedy u@dsorbmg
~ (Lp) - hottomflow rate val ue th redetern1ﬂ
nftl'f‘iﬁﬁnr Eplatiye tQ@Xyegn, A °;9Ff§§"§§ﬁ0é SH@P §8r%’f F‘bﬁ £ ?ﬂéorpuon

R AL SRR 38 TS P o
d b |

R8s T By R el ol PR S o SRERERRERon bed 10

i \é\ﬁtg %Ia{rlﬁgnt\fﬂ h %xty%eﬁ\%ﬁﬁaahd rﬁtl&q g&%)g:i]]itl évstfdﬂ Pirlgge ?Esorption bed

sorption St IS sSu

iCHRLERAY Qeﬁé}gt@ﬂl%oid%f%t be e o&Prdts Qbﬁfrﬁg device for setting a

concent rat edoxygen and a desorption step, in which

sﬁ}gﬂyaﬂ%w Rhiconrbeg: | nevacaatiedxy ged %}SHQE& eaﬁdﬂea flow rate
adsorbent, a product tank to reserve a concent r at ed

MRANG SR d@vﬁfeeﬁﬁtd&efrﬁﬁﬁh@tal aipplal fiewfate LEQMnAtRr&ked oxygen
supply pressure of concentrated oxygen, a flow rate

pselutedyy device for setting a supply flow rate of the
concentrat ed oxygen produced, and a pressure sensor
t o whesdh @ pplsesionr detottiomeleyore ot dateetingxygeation of oxygen
provi ded in the downstream of the pressure regul ation -
suppilied, deiestiion aa vpulasiani oh aldlewt jagh edqused flor the flow rate

- detecting pul sation of
measuring dev1ce t0 a flow rate provided by the flow rate setting device, and a

control dev1ce of an amount of air supplied from the compressor based on the

pulsation detection results are provided.

2. The oxygen concentrator according to Claim 1, 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 pr‘edetermined time exceeds a

predetermined range of a threshold value.
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oxygen supplied, detecting a pressure variation of
the supplied oxygen neasured by the pressure sensor,
and a control device of an amount of air supplied
fromthe conpressor based on the pul sation detection

results are provided. 7. A.presSsufre .sSwsng pi.0 .
oy bh oipBeh BoREuhE Art Bl as P RmproauBiRgh B Bulsation
dePYRaNSRRCRN datied (RaSulYed £P8PhIsAENE F1dw GRISE 88¢urred when

timng an adsorption step to supply pressurized air

the pealn fladsortptvahre dethef bdttad fvw hatarvadds delvetdd taplabllew rate

of selectively adsorbing nitrogen relative to oxygcﬂl]
meaguriag|dgy eAxceRhd Aergmekrt Y aretlyadogharedetermined flow rate
_ esorptio tep.to _evaguat e t] e : .

B RELRO R & T E HSmif FRPURAL B aftcbflic motor in

or&Nbliféleh 8O aR AR BF aff supPEcRIRSS Uhe é@ﬁﬁ)ﬁé%(}ﬁ uppl i ed
based on a predeterm ned value of a supply flowrate

of an oxygen-concentrated gas produced, step 2 of
ecting pul sation of the ox

det. - d. \ )
4. d?{‘% OXYBEN FOPSTR EAIPDACERTIRng S\ AR & b g&%téfgewsﬂls%gulsatlon
oo B0 L T D0 RSB BAASIPRY AF e 1)

an& Ol BbitbRg fIdve AM®UHIu®f (Iid)eiPressute zadiuahte besadsorption-
on detection results of the pul sation. : -
desorption in the pressure swing adsorption method to make comparison with a

predetermined threshold value.

5. The oxygen concentrator according to any previous Claims, wherein the
pulsation detection device 1s 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.

6. A preSs’ure swing adsorption-type oxygen concentrator compriéing 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 repeét in a constant timing an adsorption step,
in which air is 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 adsorbent, a product tank to reserve a concentrated
oxygen, a pressure regulation valve for regulate a supply pressure of
concentrated oxygen, a flow rate setting device for setting a supply flow rate of
the concentrated oxygen produced, and a pressure sensor to detect a pressure of
the concenfrated oxygen provided in the downstream of the pressure regulation

valve,

wherein a pulsation detection device for detecting pulsation of
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8. The oxygen concentration nmethod according to Caim
7, wherein step 2 of detecting pul sation of the
oxygen-concentrated gas is a step to deterni ne the
peak flow rate and/or bottomflow rate of the

oxygen-canceni rat ed gas supplied..and detegt whet her, ,
OX %% ngo?lpf’ﬁg&péiﬁé?tl%gar a]?ré’ss'grleué/a&ﬁ%eo%o 'eorﬁuppg\?\fi oxygen
me%ﬂ,ﬁrggx%} gﬁe' eV DT Rpao Pr gt el SARRddEARE S Ohn Bamount of air

value, and to control an increase or
supigizde finen Ohe atoaprissbr dasédeorpriks spuliaach aletecditpplresdts are
when the rate exceeds the threshold value. 9. The
prooxdegen concentration nethod according to C aim 8,
wherein the pulsation detection device judges as
pul sation being occurred when the peak flow rate

. vahug Qb thehabt aEdrhan! & V e¥6REdSrAidnaNEethod for

7 of 5§/c1>‘re ative %o a pljlpedgt Z%ﬁrrei'ne(}}é?gl ue of the flow

prodatingv ah uexyapd-corenthtedt gas rbyr egmatiap @mauadnsdéntt heung an
pressurized air supplied.  10. The oxygen )

adsoepicehtstet toRuRRbhBEEsSaRE6ed Ay 1¢ GRCrdsoRRigoR beg, filled with an

erein_step f .detecting.pul sati . .
adsfid e She e Sea R PR SRR sl Bogcgeg to fsotate
an B??geﬁ-lcgﬂéérﬁ‘f;ﬁed aladear{d-B) d@deptibie syt toRvht@Ne riat eadsorption
valte (Lb) in a single sequence of the

bedadsepphérate thesatspthbarn, i n t he pressure sw ng
adsorption nmethod to make conparison with a
predeterm ned threshol d val ue. 11. The oxygen
concentration nethod according to Claim8 or 9,
wherein step 2 :
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of detecting pulsation of the oxygen-concentrated gas
makes conparison with the predeterm ned threshold

val ue based on a rate of flow rate variation
represented by the equation of (peak flow rate val ue

L - t fl t . I . t '
B AL ST RS 4P 6L BT B on s

preA¥¥aa thedONEENSf A5 ;g:ﬂy MRhR% bPhn Bk PEHACidteditated gas produced,
oxygen-concentrat ed gas by repeating in a const.ant

step iZmd théetastiradsalspliéronf steeprtpenswppéntrysed gssirdetedingi # variation
to an adsorption bed filled with an adsorbent,  capabl e

of piflogeraie tmepsuipd s Biephl gy rafePEBRnBSeX{Ge/ 0 ¢ HlodkipgeRrovided

o Lsolate an o en-cgncentrated gas and a
by35%%?%5?%HE§F@H§¥%“%€§§uate the adsorption bed to
step IR AL fd e AFSAUMN IR Ehe pressurife@ragt Passem det@tion results of
controlling an anount of the pressurized air supplied

thehmsadioon a predeterm ned value of a supply flowrate-
of - an oxygen-concentrated gas produced, step 2
of detecting pulsation of the oxygen-concentrated gas

[ t to d m . d .
8. Ibf)ltlc? 8?%/%% cInSth r%?l'gbﬂrgle{hlaﬁ &%@Fdlﬁ%etﬁséfagmaﬂg%'érem step 2 of

ressure 0 OXygen- content rat ed gas

detSHRRY p@datddifo sty denaioneéntRited @hs 1€ spgalo PiteSsiue @he peak
val ue or the bottom pressure val ue per a

flopr etenedfui edton fiow satd ohite thpsp-edweatriadedas spydied and

of the threshold val ue, and .
- detect whether or not the peak flow rate value or the bottom flow rate value is

within a predetermined range of a threshold value, and to control an increase or

* decrease of an amount of the pressurized air supplied when the rate exceeds the

thres_hold value.

9. The oxygen concentration method according to Claim 8, 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 suﬁplied._

10. The oxygen concentration method according to Claim 8 or 9, wherein step 2 of
detecting pulsation of the oxygén-concentraied 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.

11.  The oxygen concentration method according to Claim 8 or 9, wherein step 2

27



step 3 of controlling the amobunt of the pressurized
air based on detection results of the pul sation.

of detecting pulsation of the oxygen-concentrated gas makes comparison with
the predetermined threshold value based on a rate of flow rate variation
represented by the equation of (peak flow rate value (Lp) — bottom flow rate

value (Lb)) / predetermined flow rate value.

12. A pressure swiﬁg adsorption type oxygen concentration method for
producing an oxygen-concenitrated gas by repeating in a constant timing an
adsorptién step to supply pressurized air to an adsorption bed filled With'an
adsorbenf capable of selectively adsorbing nitrogen relative to oxygen to
isolate an oxygen-concentratcd gas and a desorption step to evacuate the
ads'orp'tion bed to regenerate the adsorbent,

wherein step 1 of controlling an amount of the pressurized air supplied
based on a predetermined value of a supply flow rate of an oxygen-
c‘oﬁcentrated gas produced, |

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 tl;le threshold value, and

step 3 of controlling the amount of the pressurized air based on detection

results of the pulsation.

28



