DESCRIPTION Oxygen Concentrator Technical Field The present
invention relates to an oxygen concentrator to separate oxygen-enriched
air or oxygen-concentrated gas from air for use. Background Art In recent
years, the number of patients suffering from chronic respiratory diseases
such as pulmonary emphysema, pulmonary tuberculosis sequelae,
chronic bronchitis and the like has tended to increase because of
progress in aging and deterioradipRdr fivingsonditions. Oxygen inhalation
therapy to inhale highly concentrated oxygen has been used as an
effective treatment method féP Y& fadeapsraOkygen inhalation therapy is

Ta reatmg.n} ethod for patients with diseases described above to inhale
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pressure oxygen cylinder, a liquefied oxygen der, an oxygen

oxpreeatrathedand dhextikenbeditbentase gisifigptheiokyigese concentrator has
been increased because of durability in continuous use for a long period
BagkgraisbAihess in use and the like. The oxygen concentrator is an
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an apparatus to separate and concentrate oxygen, arr adsorption-type
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filled with adsorbents capable of selectively adsorbing nitrogen in air is
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apparatus to generate highly concentrated oxygen continuously by
Orepeatigabtiaceitaincysle, mmadaarpitdhostep:tpakiain withdisthed dnctribed

concentrated. oxygen by supplying compressed air from a compressor to
alfrvgleo GRipH e an AdSEEPLERT or oxygen-concentrated gas. A supply source of oxygen

gas or oxygen-concentrated gas used in tfreatment includes a high pressure oxygen
cylinder, a liquefied oxygen cylinder, an oxygen concentrator and the like, but the case
using the oxygen concentrator has been increased because of durability in continuous
use for a long period of time, easiness in use and the like.

The oxygen concentrator is an apparatus capable of separating oxygen from air
to concentrate. As such an apparatus to separate and concentrate oxygen, an
adsorption-type oxygen concenirator, equipped with a single or plural adsorption beds
filled with adsorbents capable of selectively adsorbing nitrogen in air is widely known
and used in hospitals and at homes from a standpoint of generating highly concentrated
oxygen of 90% or higher. Among them, a pressure swing adsorption-type oxygen
concentrator using a compressor as a pressure swing apparatus is widely used. Such
an apparatus is an apparatus to generate highly concentrated oxygen continuously by
repeating, at a certain cycle, an adsorption step to obfain unadsorbed and concentrated

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



1 beds filled with adsorbents capable of selectively adsorbing nitrogen and
adsorbing nitrogen. on the adsorbents under the conditions in which
inside of the adsorption beds is pressurized, and a desorption step to
desorb nitrogen from the adsorbents by reducing the inner pressure of
the adsorption beds to an atmospheric pressure or to a vacuum level for
regeneration. Measures to fine-tune a setting range of a volume of air to
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variation in used temperature or barometric pressure in‘the oxygen
leGeNGRRbAINEAigndecrease of the oxygen concentration in an

oxygen-concentrated gas generated, which is caused by deterioration of
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concentration is known, wherein a change of the oxygen concentration
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oxygen concentration of an oxygen-concentrated gas Is maintained at a
adzonistant ivaludrlyi d die oingdhedxygen coneentdiioni o lkepond to a decrease of

oxygen-concentrated gas by using an oxygen sensor and performing
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adsorption-desorption and.the like (Japan .Patent Application Laid-Open .
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prescribed, which is a flow rate of oxygen to supply from an oxygen
oxugentratorttataluser gsrdetenimb i byssersnty nf petiantstiorusé e equipment
with time.

Such an apparatus to maintain a product oxygen concentration is known,
wherein a change of the oxygen concentration with time is corrected or a decrease of the
oXxygen concentration caused by deterioration of the equipment with time 1s
compensated and the oxygen concentration of an oxygen-concentrated gas is maintained
at a constant value by detecting the oxygen concentration of the oxygen-concentrated
gas by using an oxygen sensor and performing feedback controls on an atrflow volume
of a compressor, a cycle timing of adsorption-desorption and the like (Japan Patent

Application Laid-Open No. 2000-516854 and Japanese Patent Laid-open publication
No. Laid-Open H(9-183601).

Disclosure of Invention
An amount of oxygen prescribed, which is a flow rate of oxygen to supply

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



2 Accordingly, an optimum apparatus to patients is chosen and supplied
for use from various equipments including a low flow rate-type apparatus
with a maximum possible supply flow rate of 2 L/min, 3 L/min and the like
and a high flow rate-type apparatus with a maximum possible supply flow
rate of 5 L/min, 7 L/min and 10 L/min and the like. While the maximum
supply flow rate of the apparatus is the value described above, an actual
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flow rate of 0.25 L/min, 0.5 L/min and the like. In this case, where oxygen
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driving motor for a compressor to reduce a volume of raw material air to
lilbe supplied from the compressor to an adsorption bed.. When an attempt
is made to secure a volume of raw material air required to supp
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adsorbents to concentrate unadsorbed argon in the gas generated, as a
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generated is reduced. A method of reducing a volume of raw mat%;ial air
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revolution of the compressor Is limited, and that its operation becomes

ofuastabliwhenda@ rfunge iddipecstinher efitevolutiohisedisdaodewerAn air to be
object of the present invention is to solve the problems described above

sutndicsbipravibie amexsisentesucelrmBeAsthg both functions, of which

electriwggl\/lefgn attempt is made to secure a volume of raw material air required to
supply concentrated oxygen in a high flow rate setting zone in a high flow rate-type
apparatus, a volume of raw material air becomes excessive in a low flow rate setting
zone 1o result in excess supply of the raw material. This leads to adsorption of part of
oxygen in raw material air on the adsorbents to concentrate unadsorbed argon in the gas
generated, as a result, an oxygen concentration in the oxygen concentrated gas
generated is reduced.
A method of reducing a volume of raw material air supplied by lowering the
number of revolution of a compressor is applied, but there exist such problems that as a
control range in the number of revolution of the compressor is limited, and that its
operation becomes unstable when a range in the number of revolution used is too low.
An object of the present invention is to solve the problems described above and
to provide an oxygen concentrator having both functions, of which electric power

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



consumption of the apparatus is reduced and an oxygen concentration in

a low flow rate 3 setting zone of an oxygen flow rate supplied from the

oxygen concentrator is kept constant. That is, the present invention

provides an oxygen concentrator that is a pressure swing adsorption-type

oxygen concentrator equipped with at least one adsorption bed filled with

an adsorbent capable of selectively adsorbing nitrogen relative to oxygen,
sedtfngizsupply device donstipplyreenppesisddiashiottheadgenptioncbetiar is kept

flow channel switching device to repeat at a predetermined timing an
CoAdSBiption step to supply air from the air supply device to the adsorption

bed toﬁg{age ; %onc%grtlgaut%cén X en agg a desorption stegttot d%l%a ssurizgss
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comprising an exhaust pipe channel equipped with a leak valve in a flow

channel bettveen thsairtsupphyddiilice wittl the adsoiptiornchedio oflealsetively

a part of compressed air that is to be supplied to the adsorption bed into
adsgriiapRareeshis G §iveRfion also provides the oxygen concentrator

comprising. &, CONEL ARVIGS,13. 5001101 A0 Al SRRy olme frgm e air
supply évice Based on a pré)g termined flow rate in the How rate Setting

device; thewircsdpRly wiitenromdhe air stipply gdevicaralacerntain \aligy an

when the predetermined flow rate is equal to or below a given flow rate,
adsarpticedaséosiume of dompllessadepptiirderghetive feakdsatpeioaded to isolate

determir%gd based onéhe predetermined flow rate. The present invention
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re&%@ﬂgl@ﬁéﬁ_ﬁg&g&i%&%%@ connecting the air supply device and the

channel switching device and equipped with a flow rate control valve as
the leakflow rate setting device to set a volume of concentrated oxygen supplied to a

user,

comprising an exhaust pipe channe! equipped with a leak valve in a flow channel
between the air supply device and the adsorption bed to release a part of compressed air
that is to be supplied to the adsorption bed into atmosphere.

The present invention also provides the oxygen concentrator comprising a
control device to control an air supply volume from the air supply device based on a
predetermined flow rate in the flow rate setting device, the air supply volume from the
air supply device at a certain value when the predetermined flow rate is equal o or
below a given flow rate, and a release volume of compressed air through the leak valve
as determined based on the predetermined flow rate.

The present invention also provides the oxygen concentrator, wherein the
exhaust pipe channel is branched from a pipe channel connecting the air supply device
and the channel] switching device and equipped with a flow rate control valve as the leak
valve, and wherein

the air supply device is a compressor with an inverter and
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valve, and wherein the air supply device is a compressor with an inverter

and z the control device is to control the number of revolution of a

compressor based on a predetermined value in the flow rate setting

device, the number of revolution of the compressor at a certain value

when a predetermined flow rate is equal to or below a given flow rate,

and an open/shut operation of the leak valve to release from the exhaust
thpipenthéankela dertaincetobsec violether detesminebhaged @maressor based on a

predetermined value in the flow rate setting device. The present invention
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to the adsorption bed, a flow channel switching device to repeat at a

pipeedteterchined timming care adsorptiztestapadd sagoplymir frodetthemieduplply in the
device to the adsorption bed to isolate concentrated oxygen and a
flodaipititels Y tepressurize the adsorption bed to regenerate the

adsorhgnt é%%&i if’i\r”e%"i‘oﬂoé‘l’sé%?o%‘?&gé‘%ﬁ8&%%5%%%%&%%%%% is a pressure

concentrated oxygen supplled a user, comprising an alr release

sdanctiontpieiease a-panafeomprassedapphintisio be supplied to the
adsorption bed immediately before the completion of the adsorption step.
The pré{stisinventishiaioprositiédltde wihgen edmubrtiatopaiisendinalsetively

hing device is equipped with a two-way

%O N .channel swit
& %\%ﬁj&ﬁlété%%ﬂg\?gz}% (28 fAdtiikd on. a compressed air supply pipe
connegting, e, A aUPRY Hevice PRchibr adgorRiombedsorption bed,

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

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

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

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

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

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



a branch pipe channel in the adsorption bed and an exhaust side installed
in a downstream side of the two-way electromagnetic valve (a) and a
two-way electromagnetic valve (h) installed on the branch pipe channel in
the release 5 side. The present invention also provides the oxygen
concentrator, wherein the adsorption bed is composed of two adsorption
beds and the flow channel switching device is equipped with a branch
sidqaipe channel connecting the air supply device and each adsorption bed to
supply compressed air, two-way electromagnetic valves (al and a2)
installébeoi SaehiBYSREANIFS RIRFiIseths BrABER pRpecEHatierbemsa

adsor_téoa(l bed t?orf}dbael %xctg)aust Si efi?stall din t?Ond]g)(\a/\énstrgam side of the
two-way eﬁiggfpomagn fie Vaes(alan Oaaé%?\lfvpo-way e?e%%romagnetic

valvesybhand-R2)iestalied.on aask Lranshpieg wahannel in the exhaust

side and a branch pipe channel connecting an exhaust outlet and the
two-wayreledtidmagretic! vatvestid thadib2yppbmiprisiagual cantreflstepicen bed
to control a switching timing of the flow channel switching device that

1o gepBhiFRBY S 1IE4a% volume of compressed air immediately before

completion of an adsarption. step, hased on determined value ina . ..
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chaghgmatic diagram of a pressure swing adsorption-type oxygen
concentrator in an example of illustrative embodiment in the present

inventiobraRigupen? ibandidgraiireteddernorsiratt aadadatiomafs side installed in a
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two-way electromagnetic valves (bl and b2) installed on each branch pipe

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

device,

Brief Description of Drawings

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

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

volume suppliable with a compressor.



rate in a conventional oxygen concentrator. A-A' represents a range of an

airflow volume suppliable with a compressor and A' represents a lower

limit of an airflow volume suppliable with a compressor. 6 Figurer 3 is a

diagram to demonstrate a relation of a concentration of oxygen generated

with a supply volume of raw material air required for a predetermined flow

rate in an oxygen concentrator in the present invention. Figure 4 is a

schematordiatyiam dfagpressulerswiig@dsoeiitnmtype oxygetration of oxygen

concentrator in another example of illustrative embodiment of the present
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present invention. Best Mode for Carrying Out the Present Invention An
caxampienhilnstietiveenmbodimbntizian oxpgdmoon of Hicaporsoht evention.

present invention is described using drawings below. Fi'%ure lisa

schemafit" tonstifutfdiattiiaghasiasr ah Apparstiila s dfitgrarreof @ swiching
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resent invention. and represent an oxygen

concemtater and a uspripatiedihatiag hmidified wveRmentiched®iiption

respectively. Pressure swing adsorption-type oxygen concentrator | is
cxigpadmvieky extespaderirheaks fepresnt dovepressor 103, switching

valve 104, adsorption cylinder 105, check valve 106, product tank 107,

pressure regulating valve 108, flow rate setting device 109 and filter 110.

RWithithis roPernrenished pi.can he gengrated by concentrating an

oxygen gas from raw material air brought in from outside. Raw material

air broaghtiaaplexyfehcondentratdrolionatnmospherey igfirsbriekearuior of the

from an air intake port equipped with external air intake filter 101 to _
Pishiffihafgention is described usimg drawings below. Figure 1 18 a schematic
constitutional diagram of an apparatus illustrating one embodiment of a pressure swing
adsorption-type oxygen concentrator of the present invention. In Figure 1, 1 and 3
represent an oxygen concentrator and a user (patient) inhaling humidified
oxygen-enriched air, respectively. Pressure swing adsorption-type oxygen
concentrator 1 is equipped with external air intake filter 101, compressor 103, switching
valve 104, adsorption cylinder 105, check valve 106, product tank 107, pressure
regulating valve 108, flow rate setting device 109 and filter 110. With this,
oxygen-enriched air can be generated by concentrating an oxygen gas from raw material
air bfought in from outside.

Raw material air brought in an oxygen concentrator from atmosphere s first

taken in from an air intake port equipped with external air intake filter 101 to eliminate
foreign particles such as dust and the like into the apparatus as clean air not éontaining,

from which coarse particulates, dusts and the like are eliminated. At this time,

ordinary atmospheric air contains about 21% oxygen gas, about 77% nitrogen gas, 0.8%



foreign particles such as dust and the like into the apparatus as clean air

not containing, from which coarse particulates, dusts and the like are

eliminated. At this time, ordinary atmospheric air contains about 21%

oxygen gas, about 77% nitrogen gas, 0.8% 7 argon gas and 1.2% gases

such as steam and the others. Such an oxygen concentrator selectively

concentrates and isolates oxygen gas required for a breathing gas. For
arigolatingstidRbxygen gad; aspressumadiing tdsorplochmettogis usedesitrator

which raw material air is pressurized by compressor 103 to supply the air
selgcHys b BHBrFEAIRt AR DS HIRSPRIEF A d2o IBERES C S AR g 28I#8% and

the like, which selectively adsorb nitrogen gas molecules, relative, to, . ;
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contained in raw material air inside adsorption cylinder 105 is selectively
cydidserbbdh dritkeélimihatdsb tbettkec onnimagiserises oy e das fromcbraslectively

end of adsorption cylinder 105 into product tank 107. Molecular, sieve
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molectlesTelative to oxygen gas molecules. Adsorption cylinder

nidegetiked ahovedd composedof:a gylinddealdwssibiilendith the is selectively
adsorbents described above and is generally available as a one

adspihert ragisbimipsaedtissavhieh usedemedaxdgsiosre Jivep @d of adsorption

esorptian. step to, intermittently generate oxygen by successively
Cygﬁ/%%ﬁn@néﬁ%g?gﬁ)%fﬁls gg?a two cylinder-type apparatus using two
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generate oxygen, by switching an adsorption step and a desorption step
zdnlgachnd viay that, avhilestide onemdsbption cydindeydtyunderbmg nitrogen gas

adsorption step, the other adsorption cylinder is under a desorption step,
mglaciperR RIS &R IR EBaratus having three cylinders or
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filled with the adsorbents described above and is generally available as a one
cylinder-type apparatus, which uses one adsorption cylinder to a desorption step to
intermittently generate oxygen by successively switching an adsorption step, a two
cylinder-type apparatus using two adsorption cylinders, which uses two adsorption
cylinders to continuously generate oxygen, by switching an adsorption step and a
desorption step in such a way that, while the one adsorption cylinder is under an
adsorption step, the other adsorption cylinder is under a desorption step, or further a
multiple cylinder-type apparatus having three cylinders or more.  Multiple
cylinder-type with two cylinders or more of adsorption cylinders 105 is preferably used
in order to continuously and effectively produce oxygen-enriched air from raw material
air.

A rotating-type air compressor such as screw-type, rotary-type, scroll-type air

compressors and the like may be used in some cases as compressor 103 described above



in order to continuously and effectively produce oxygen-enriched air from

raw material air. A rotating-type air compressor such as screw-type,

rotary-type, scroll-type air compressors and the like may be used in some

cases as compressor 103 described above 8 in addition to a

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

this compressor 103 may be alternate current or direct current. An
inoxdgEnconeerratedt Yo ¢cpmtainingamozygen ghs asweemainice of a motor to

component, which is not adsorbed in adsorgtion_cylinder 105 described
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nitrogen ga ont sorbents filled in“adsorption cyli
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adsorbents to adsorb the nitrogen gas again from freshly introduced raw
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pressurized condition achieved by compressor 103 to a depressurized
SRR TRk ihble, atmospheric pressure state or negative pressure

state) to desorh the njftogen gas adsathad fossgensAla e ALSOIRERLs 105 is

In this desorption step, an oxygen-concentrated gas may be flown back as

néwpuigegdsofienitierpeddéichodilehsidebehthemdatmptioncaytinder-dusingnts to
the adsorption step or from product tank 107 in order to increase a

adesbrPtiorEmetaneys Aevnyaen cBaddiitiateacgaedstprodueetdroti-rafor this
material air and stored in .prodyct tank 107. The oxygen-concentrated, gas
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setting device 109 and the like subsequently controi the oxygen “flow rate
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humidified oxygen-concentrated gas is supplied to patient 3. Such a
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from the product outlet side of the adsorption cylinder during the adsorption step or
from product tank 107 in order to increase a desorption efficiency.

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

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

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



using water, in which an oxygen-concentrated gas in dry state is
humidified by the moisture brought from external air using a moisture
permeation membrane module having moisture permeation membranes;
a bubbling-type humidifier using water for humidification; or a surface
evaporation type humidifier. A predetermined value on flow rate setting
device 109 is detected to control the 9 number of revolution in an electric
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volu ied to adsorptign cylinder 105. For ex le, w
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of raw" material air to be supplied and the amount of oxygen to
regehgiateth leaditgtitc rmdtmtlmroﬁﬁle:ﬁiﬂmmmr conseswptice szhrme of raw
exists a limit to control the number of revolution in a compressor so that
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compresses 483 hasiimitearaatier havhar predetammines {lovwna@ e so that
oxygen in an oxygen concentrator is set at a low flow rate, resulting in

lospeiagidcatanbonsfantsitied of mmmp@atimwmnrmmmesmmsuk in
when the flow rate is equal to a given value or less. As shown in Figure 2

w%f%%@@z?ﬁf@&rﬁew%mﬁ?&g%fsﬁ%ase%%ﬁﬂ%ﬁﬁW%Wpreégéafﬁw%yaﬁﬂmml
toAfétJé‘é‘gﬁ L ANG DG %@?&F&ﬁ% %'So?%%@?%%m‘&“ﬁﬁéné REShAT NG how 2

limit A"when a range of a predetermin ow rate is equa to 1 L/min or

plesacAdBRtion aitindeolbinianoxygeicontentitator is gasigadditoflow rate,
maintain an oxygen concentration at 90% or higher even at a maximum

f%k\é@%&éﬁhﬁﬁé@ﬁl@%ﬁh’%@@ﬁ%@ sipsisdrafus lorreisongRdine Uslinfe srpapgssor 103

g]at%lalﬂo'va |rsa%x1%e?%%|a\ﬁel Rplae\ga}o a %ertaln level at a lower limit of

CSMpressor Bhelation inaew flow Tate 26he of a predetermined oxygen
flow ratesemeniih anvetume of %@49@%'%9'@'@@){1%'&%@%&“%3 can stably supply

compressed air is an A-A’ range and the compressor is operated at 2 constant speed of
fower limit A’ when a range of a predetermined flow rate is equal to 1 L/min or less.
Adsorption cylinder 105 in an oxygen concentrator is designed to maintain an
oxygen concentration at 90% or higher even at a maximum predetermined flow rate of
the apparatus. Thus, when a volume of raw material air is excessively supplied to a
certain level at a lower limit of compressor operation in a low flow rate zone of a
predetermined oxygen flow rate even if a volume of oxygen isolated is low, not only
nitrogen molecules but also oxygen molecules are adsorbed on adsorbents in adsorption
cylinder 105, causing an excess adsorption phenomenon.  As shown in a Jong dashed
short dashed line of Figure 2, the excess adsorption phenomenon can be prevented even
at a predetermined flow rate of 1 L/min or less if a volume of airflow to be supplied by
the compressor can be lowered, but the compressor cannot be stably driven at or below

its rated conditions. As a result, the amount of oxygen generated in an
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nitrogen molecules but also oxygen. molecules are adsorbed on

adsorbents in adsorption cylinder 105, causing an excess adsorption

phenomenon. As shown in a long dashed short dashed line of Figure 2,

the excess adsorption phenomenon can be prevented even at a

predetermined flow rate of 1 L/min or less if a volume of airflow to be

supplied by the compressor can be lowered, but the compressor cannot
obesiakiydnrerdtas helowatiid rateddoopditadstiAs@iesutitztihe afoumisorbed

of oxygen generated in an 10 oxygen-concentrated gas generated is .
UEOBUE SBCEFEhe SORERH Irat R BRIRAYSOb 8 e JBR EYdsResrisgniration in the

oxgeulling 1 8 phanomenon in yich thepxyden concentyat rﬁ‘r‘l”otq? s
J)%/gen-concen rated gasiSreduced Iin. a Iowtﬁow rate zone (at 1 lsm)l"n or
less). I OkdgEL0 BreyRRESHCE BXCRRS AUSAHRIPHHRNE NHARRRhRN XY J8Ry gen
concentrator of the present invention is provided with a branch pipe

caguippeer witthteptesvalvevi0 2o aftow ditantidl bbtwesrpounigréssst ¥03 leak
and switching valve 104 to release excess raw materi]gl air, When a

vipredEtertiindd VAIUEBR GG RO Falte SRR SHeVite gl HEarthiR 104 to

reYéa@J&e e‘?{cl%ﬁ%%? Qntﬂgrﬁlf @per WH&Y 9' %99&'{& G EPUIRLE Stﬁo{hésfm@ txrﬁges%tting
at a lower limit to enter into steady operation, leak valve 102 is opened to

deeieabe-gueessrayvmatenial airleetadivette asupplivvelumeeguirgd ompressor

~raw material air. For using such leak valve 102, there may be used a
isrpethodi9a aksidhvent Exvéss erifsunto ofabdy rappisizaeritialo Weveuphlisdoened to

At Sy AR VLS 7 RBIRo AN QbR il o

FAMRHIY inde'raredRequling. 10 ARpening Une-alan fIeRHAMAIREIS amount

valve. "By using such a control method, excess adsorption of oxygen can
oberprexeniedeaint rawe reaiphiad iy exaessivelyisupisddcay hemretéised valve
as shown in a shaded area of Figure 3. As a result, the concentration of

opsigBR R Aerleld alis BerinsistarRde arinsSrdtan e irdapiBedve Bihich  an
redetermined flow rate. Figure 4 is a schemati iagram. of

e)gcess RS eéea CRdRg (O SnoGReHI 1r%%n<§1mu“oeﬂeactr%mg netic valve.
A ApParatts NTeHang' s pressure VarBBie Sde0rpiion-type oxygen

BGARERIUARnIRRARRINBEambedimantAbiB8on of oxygen can be prevented and raw
material air excessively supplied can be released as shown in a shaded area of Figure 3.

As a resuit, the concentration of oxygen generated can be maintained at a constant rate

irrespective of a predetermined flow rate.

Figure 4 is a schematic constitutional diagram of an apparatus illusirating a
pressure variable adsorption-type oxygen concentrator in another embodiment of the
present invention. |

As similar to the apparatus in Figure 1, raw material air brought in from outside
is entered in an air intake port equipped with external air intake filter 501 to eliminate
foreign particles such as dust and the like. At this time, ordinary atmospheric air
contains about 21% oxygen gas, about 77% nitrogen gas, 0.8% argon gas and 1.2%

gases such as steam and the like. In such an apparatus only the oxygen gas required

11



present invention. As similar to the apparatus in Figure I. raw material air
brought in from outside is entered in an air intake port equipped with
external air intake filter 501 to eliminate foreign particles such as dust and
the like. At this time, ordinary atmospheric air contains about 21% oxygen
gas, about 77% nitrogen gas, 0.8% argon gas and 1.2% gases such as
steam and the like. In such an apparatus only the oxygen gas required 11
fofor r bréatiges gasdsceoheadtratéta@n@dsolated. For isolating such an
oxygen gas, raw material air is pressurized and supplied by compressor

503 inf T 248 BETh &y RviTe 65 AR SSBLfIE M iR s apdssupptied
8%9%9&)%% Ht%ﬁoaﬂ% tacﬁ(l% Ton ¢ rr%ﬁ nﬁg I?%I SeAyagg%%r% f‘i[%%e\g az?dsorbents

es re atlve to oxygen-gas ecu €s, y successively SWItC

cdnaaied adsemtiandcyindars byswitching: Malde S04rmndahout ézg/omolecules

nitrogen gas contained in raw material air is selectively adsorbed and
rebffiviindtecbwittn thes adsoeption. chlindecse Oy nseridbhgd tirectastanismgption

n gas as a main_component, which is not adsorbed in the
Cﬁﬂ@?ﬁfﬁ?ﬁwwms il 4 foWHURES ot Serame Sty imaterial

Pheskaae SORIBIRISM O RISIEN 118 gPnU M IRNNG higkinto the

adsorption cylinders. A nitrogen gas adsorbed on e adsorbents filled in

the adenrpinctyliderds dequirasktanbexdgsorpedifrarmine agspshemntsamich is
order to reuse the adsorbents to adsorb a nitrogen gas again from freshly

nghaduubed 1mmqﬁéﬁ@m<a}rcwmrwﬁﬁ@mh@m§es@ﬂ@meﬁe@f@@iﬁc‘atank 507

@Lrel rlz Cngltlon chleved b ﬁmpres]gror 503 to a
Vig cil 1Sta e revent the OWIIL agigmphon
Condition (for examp mo pheric pre sure state or ga Ve pre S

ctate}do desorb a nltrogen gas adsorbed to regenerate the adsorbents. In

this desorption step, an oxygen-concentrated gas may be flown back as a

purge gas frogatheepadeutee noh Sideadbahemd Sdipdion tyindanfeica cylinder is
reg;ﬁ’g o n@eisrc])r%g(? ?r%%gt g 2 SE)% elrrxlts? gg e{)rlr;[i%; T((): rr%%qsee tge ggg&rb%t}[ggl to adsorb a
nitrogen gas again from freshly infroduced raw material air. Thus, switching valve 504
switches from a pressurized condition achieved by compressor 503 to a depressurized
condition (for example, atmospheric pressure state or negative pressure state) fo desorb
a nitrogen gas adsorbed to regenerate the adsorbents. In this desorption step, an
oxygen-concentrated gas may be flown back as a purge gas from the product end side of
the adsorption cylinder (or a product tank) in an adsorption step in order to increase a
desorption efficiency.

An oxygen-concentrated gas is produced from raw material air to be stored in
product tank 507. The oxygen-concentrated gas stored in product tank 507 contains,
for example, an oxygen gas highly concentrated to a level of 95% and is supplied to
humidifier 512 by controlling the flow rate and pressure with a pressure regulating
valve, flow rate setting device 509 (CV: control valve) or the like to supply a humidified

oxygen-concentrated gas to patients.

A predetermined value on flow rate setting device 509 is detected to conirol the
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An oxygen-concentrated gas is produced from raw material air to be

stored in product tank 507. The oxygen-concentrated gas stored in

product tank 507 contains, for example, an oxygen gas highly

concentrated to a level of 95% and is supplied to humidifier 512 by

controlling the flow rate and pressure with a pressure regulating valve,

flow rate setting device 509 (CV: control valve) or the like to supply a
niygpaidifiect vokyigen ‘contentdtsd yastolpatemsrasoretitiebminenivhldevice to

on flow rate setting device 509 is detected to control the 12 number of
R BOHINER elecBRIABP fé%ﬁcémaﬁg&oﬁosééwmr&waa & to When a

prEQQERhAYOIHME pfAirlow 19 he suPRgd. 0. Ad5QMRHAN tﬁ)é'iﬂgx%%r\éé{f‘ ‘?é}fé‘lution

predetermined flow rate Is set at a low flow rate, lowering the number o

suighrelyiionhsuppresses they amognicpiiody denigeneasatedsdaading tectric power
reduction of electric power consumption. When a volume of raw material

copfRBiiessiVasapsisaeo s est taipfcleladiatia (aRsPITRI SPRIBprestertain
operation, not only nitrogen molecules but als molecules are

ly ni ) 0 e
e B B AT 2 5 eI A0, GRSIE E R B A L BRI 5 e gt also
oﬂ%&%ﬁﬁﬁ_@c@%%@i%mgﬁl%W@&%éﬁt@ﬁ;@&é@ﬁﬂi@ﬁ%’ﬁﬁ_@z@S@§ M&.d 5058 to
present Inventlon, N order to prevent SUCh excess adsorptlon

cqohenoneeness, sivitghing valkerbBtors switched:dyingethe adsooptiohtbtepresent
_ to control a volume of raw material air to be supplied to the adsorption
IngEHHAR &1 BXESUE Yol THeleTHAr S P PER SR RO EP A& e valve 504

is SYHALS e TROT, AR 6&%&&'ﬁ{/‘égg‘tt?swk‘%i’%!v\%?u%eaofsﬁ%{%tH{%é% 4 to be

combination of four two-way va two-way electromagnetlc valves,

supdliblianehb 2} asshayeyindaiedeizatdaptedntach eleciemagaetic
valve may be connected by tubing or branch tubing, or the four
electrdmagnetidivdivesmayhecraseernbidontosalonaniforitfigiic 57alve 504 a

demonstrates an open/shut timing of each two-way valye. When .
SHESHH LA %%}Hﬁb"é@rp’é’f}?f %%JB’&]@J&XNY?&@S reey elfpﬁgﬁagnetzc valves, al,

aLOMPIES$9Y N i AASOIRHON SteRs AgRGHE1Y e RtBRILAISHIRIAR QUINdETy be
BO5E is in a desorption step and '

connected by tubing or branch tubing, or the four electromagnetic valves may be

assembled into a manifold.

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

adsorption cylinders 505A and 505B.

On the contrary, an apparatus of the present invention opens two-way valve bl



the adsorption cylinder under the pressurized condition is depressurized

to release adsorbed nitrogen to atmosphere. At this time, two-way valve

al is opened but two-way valves a2 and bl are closed, thereby

compressed air is supplied to adsorption cylinder 505A. At the same time,

two-way valve b2 is opened to release a nitrogen-enriched gas in

adsorption cylinder 505B. By switching this operation after a given time,
atthelatdsongtion! step abdifmdesgrpionistepiane sylitched (Sgettedease part of

between_adsorption cylinders 505A and 505B. On the contrary, an

CUPpAFflsT TR Frdseh ERRTRNH oPerINX0aYVaNi B 118 At ghae exhaust
L9 RH 10500100 AERN SIR0RIRD AT AIRA 05 BRESATRe a1
compressed air supplied by compressor 503 ffom 0-way vaive bl

tothipughian exhaust sl Thisrsamiedygribenampust etéaw materiahadbrption.
supplied from two-way valve al to adsorption cylinder 505A, preventing a

Siphénbimbrioppehimecdss-oxygenladsoiption. 1Sienitny, by dpeaibgipiowaligp in
valve b2 at a late stage of the adsorption_step.in adsorption cylinder

BRIy BRLD) s@ﬁ%ﬁﬁ§?818§§é%dfﬂ5&lﬁﬁ8§99§?/£§% gyotﬁmgﬁive b2

th&lg’%%%ﬁl%%%gggt ﬁ.}l%ntrol of switch valve 504 is determined according to a
ete ed value

pre rmined value of an oxygen supply flow rate and a switching timing

is cont(alieehnecarding @b pedaieinst &onaleifipnd ate:satingiined value
device 509. For example, in an apparatus capable of supplying a flow

of e oRigFtoIRIMInlwhetiia prddeteviiihéniyaiuéis sqoetielled Araiding to a
more, the numbey of revolution of a mqtor for compressor 503 is, ]
PRSSRUF BHARF  RHRDGE Ha g Hhe SUIRERISG B to EORTOPPRIG f5pfy? apparatus
cé@&@@@u@@%/iﬂéaéeﬂ@ﬂétm;@% whan2 Rigdetesmined yalug 5.eAualequal

to 1 L/min. orless, the timing to open two-way valves bl/b2 constituting

tesWitthirg valvedf4 tt adatehstage ef theti adsefptianateptis contialechr 503 is
ahead of time, thus controlling the volume of raw material air to be

cafpirt et hereistidic syifdensosnngnty 59880 W R0 olume of raw
m3 (lair@gee{frt,yxgﬁe?e)z(z}/sgvevﬂe%og %%n é%%l%% %%ﬁleleogssgcﬁpalﬂgq 3 2ARP (l% less, the timing
to open two-way valves bl/b2 constifuting switching valve 504 at a late stage of the
adsorption step is controlied ahead of time, thus controlling the volume of raw material
air to be supplied to each adsorption cylinder S05A and 5058.

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

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

valve bl in switching valve 504 on the release side is opened five seconds earlier in the
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flow rate described above up to 3 L/min in Figure 4 is used under a
. repetitive sequence of an adsorption step and a desorption step every 15
seconds and at a predetermined oxygen flow rate of 3 L/min, an
oxygen-concentrated gas containing 93% oxygen concentration is
obtained, whereas when a predetermined oxygen flow rate used is 0.25
L/min, an oxygen concentration in the oxygen-concentrated gas generated
adsalpitreasedofratnod3i6rte8Bitebétadsmot excesy aalsorplion dfeongjgen side is
molecules on adsorbents and concentration of %Figon gas. As shown in

Ottt 5 iRERTAp ATt Ao thadsERERR iMiFBrRIoM I RS RS vkl part of

o ewitehing valus 504 o th p e oo
ra{ﬁ'}ﬁé’i’éﬁl‘% hitsloy ?on‘%g?é‘sérog éﬁgeﬁf%es!‘s%ﬁé%lé%?gggﬁe6'\%%(%%?%?1 SRR in the

adsorption step of adsorption cy o-way valve
ad¥d@idhe diefeasersideds. oprner:five-seconds gaskpdn ihenddsiptian oxygen
step of adsorption cylinder 505B, part of raw material air from compressor
cEE3thdtosEpPlidd cyahevadsdhstieppaiineés inptetcdodormisAottepiged oxygen
ﬂreleased n r%h's way, it is possible to maintain an oxygen concentration at
8o R e THE' apparatus is operated at a predetermined oxygen

flow rate gf0,25:L/MiRAUMIRG IR PRRN &RRISTIPIRY LS SYN RIS BY adjusting a

proportionally adjusting a volume of raw material aif to match a
viphedetefmine chiftosyishteiotcanitoled iir@alcmuttisiabdlmayrabs shawmiolled in a

Figure 6, a phenomenon is observed, in which part of a release gas is
MARHRERGYAR adsorption cylinder immediately before the completion of a

desorption, ste t has no effect on a concentration of pxygen
p}—\s dshgwp inbﬁi u?e fp k] Leno Oenon 1S doc%erve 11} W%L art of a release gas
generated and can nvel’seR/ achieve reduction of electric power

isCORSUMRHQN hasapsRmaemthanhecassaly LAt 0hRNEBSIUSE ANithBrption
adsorption cylinder can be avoided. Effect of Invention In an oxygen

stepnbehthatonofaffechresentimgentiotion aRxedve geletitomanmhane aliyestsely

antrol valve (CV) and the like) is inserted between a ,
achieve requction of electric power CGHSHH‘LPUOH ecause more than necessary mcereasc

of a pressure in the adsorption cylinder can be avoided.

Eftect of Invention

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

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

consumption can be suppressed and operation of a compressor can be stabilized.
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compressor outlet and an inlet of an adsorption cylinder to release
unnecessary raw material air, thus a concentration of oxygen generated
is increased and a compressor can be stably driven without receiving any
effects of surrounding conditions. Further, when a predetermined value in
a flow rate of oxygen supplied is in a low flow rate zone, by releasing
unnecessary raw material air at a late stage of the adsorption step, it is
Cpassible to prevent excess adsorption of oxygen molecules caused by
excess supply of raw material air and a decrease of oxygen concentration
generated caused by concentration of argon. Further, even in a low flow
rate zone, electric power consumption can be suE%rg&séed and operation

Lok RTEOTISTENLST 50 A QBG83 487 GBI U¥e swing
adsorpliofIype, AxYgeN, SaNcel afaf.INGIHAING AL A ARG AASOLPIPRIEG vely

filled with an adsorbent capable of selectively adsorbing nitrogen relative

adeogygetiirapeairssapplytalerieeitp supply compressed air to the adsorption
bed, a flow channel switching device to repeat at a predetermined timing
an ad%r@iﬁ@hpﬁ’iéﬁi?@i%ﬁpﬁ}lﬁﬂlfrﬁﬁmﬂﬁ@&qﬁlﬂbﬁwﬁﬂéﬂé@%@ﬁé’ed:

adsorption bed. to isalate . concenfrated oxygen and a desorption. step,to .
eprecb R (Ao BRIV Foodh e i et dacin hige o0

ad N IRIESaLingAevice IR aelia valume of sancentraled axygemsurpliedolate

to a user, comprising an exhaust pipe channel equipped with a leak valve
cim@floxedharpsinbetvweenitheraiicsupply devibmanshtive adlsordtiorpbed teed to

release a part of compressed air that is to be supplied to the adsorption
ragsaaTs Hemslsprisid herehe 88 gen concentrator according to claim 1,

compr B8 SRSV Fon g, vepl RS IRl
uglgvice,
comprising an exhaust pipe channel equipped with a leak valve in a flow channel
between the air supply device and the adsorption bed to release a part of compressed air
that is to be supplied to the adsorption bed into atmosphere.
2. The oxygen concentrator according to claim 1, comprising a control device to control

an air supply volume from the air supply device based on a predetermined flow
rate in the flow rate setting device,

the air supply volume from the air supply device at a certain value when the
predetermined flow rate is equal to or below a given flow rate, and

a release volume of compressed air through the leak valve as determined based
on the predetermined flow rate.
3. The oxygen concentrator according to claim 2, wherein the exhaust pipe channe] is
branched from a pipe channel connecting the air supply device and the channel
switching device and equipped with a flow rate control valve as the leak valve.

4. The oxygen concentrator according to claim 2, wherein

the air supply device is a compressor with an inverter and
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the air supply volume from the air supply device at a certain value when
the predetermined flow rate is equal to or below a given flow rate, and a
release volume of compressed air through the leak valve as determined
based on the predetermined flow rate. 3. The oxygen concentrator
according to claim 2, wherein the exhaust pipe channel is branched from
a pipe channel connecting the air supply device and the channel
switchithg desfice davdcequippedtmith a flow rate control valve as the leak
valve. 4. The oxygen concentrator according to claim 2, wherein the air

supply BEVIHE RS UoTRISHESSHr ith SRR BRSEC 18 th IRt dRR ke Iue in
thié f%‘%oiggcog ett%%éw(ﬁ@pc%r of revolution of a compressor based on a
pre [ ’

etermined value In” the flow rate setting device, the number of

revolutips efuthiBegonIPressRriab adfeiainamiyecdien-a predeteimined when a
flow rate is equal to or below a given flow rate, and an open/shut

prsgetemoinot fliavieaik valyealdareicbderornitsa Extatise.gipé channel a
certain release yolume determined based on a predetermined value in the .
flow rdth SERTHY HeRECEOM Brebbu I bty SdBoTBROT e bRpEIaus! pipe
e Bt@%m}é%%ﬁﬁ%@%e@é}ﬁﬁ{éﬁ%gwo%dﬁﬂ&&éﬁ‘ﬁ'ﬁ‘n@ﬁ! adserhent fow
capable of selectively adsorbing nitrogen relative to oxygen, an air supply
raleyiceig &pply compressed air to the adsorption bed, a flow channel
switching device to repeat at a predetermined timing an adsorption step
5 6 SUPPN AT HBEPSEIRHSUPY Usides teneRNBASH ISR to isolate

conceny 31%%%':;0%‘9{ % s%g%i%nd%%%r%li%%%elﬁqm9%%@% utjze e AISeTRHOn; very
bed to regenerate e aisoibent therein, and'a flow rate se%ﬁng device to
2881BiINRIMME.eh GeRERRYAIRG @pygen supplied to a

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

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

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

6. The oxygen concentrator according to claim 5, wherein the flow channel switching
device comprises

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

a branch pipe channel between the adsorption bed and an exhaust side installed

in a downstream side of the two-way electromagnetic valve (a) and
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user, comprising an air release function to release a part of compressed

air that is to be supplied to the adsorption bed immediately before the

completion of the adsorption step. 6. The oxygen concentrator according

to claim 5, wherein the flow channel switching device comprises a

two-way electromagnetic valve (a) installed on a compressed air supply

pipe connecting the air supply device and the adsorption bed, a branch

pipe chdrifelbatoledrmisgnedsorption hadstaltbdnresiitavrensiveinesthdiatt! in the

in a downstream side of the two-way electromagnetic valve (a) and 17 a
Tel{%ﬁ)gf?/\?é electromagnetic valve (b) installed on the branch pipe channel in

7 b6 Toleas sife. . The 0xyaRNONSERIRIQARgANding to claim 5

wherein the adsorption bed is composed of two adsorption beds and the

flow chaangt@yitchibgldevicemesisitesadiantpipe channel
connectin%éhe air supply device and each adsorption bed to supply
compréss g yishawercivay Eldes e mameaariaives (al and a2) installed on

each branchpioe..channal, & branch pioe;channel i he adsorplion Bed:on bed
and an'exnaust S1d6 Inetalled in & downstreRiP ofth woO-way P

toelg sapeticaplyes (al and a2), two-way electromagnetic valves (bl
an ) installed on each branch pipe channel in the exhaust side and a

branchpipezhaihetcongrectingdncexhaust O Uit mnthild twoewaly branch pipe
electromagnetic valves (bl and b2). 8. The oxygen concentrator according
chgn@ghm 7, wherein the flow channel switching

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

two-way electromagnetic valves (bl and b2) installed on each branch pipe
channel in the exhaust side and

a branch pipe channel connecting an exhaust outlet and the two-way
electromagnetic valves (b1 and b2).
8. The oxygen concentrator according to claim 7, wherein the flow channel switching
device comprises each manifold of

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

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

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

two-way electromagnetic valves (bl and b2) installed on each branch pipe
channel in the exhaust side and

a branch pipe channel connecting an exhaust outlet and the two-way

electromagnetic valves (b1 and b2).
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device comprises each manifold of a branch pipe channel connecting the

air supply device and each adsorption bed to supply compressed air,
two-way electromagnetic valves (al and a2) installed on each branch pipe
channel, a branch pipe channel in the adsorption bed and an exhaust side
installed in a downstream side of the two-way electromagnetic valves (al

and a2), two-way electromagnetic valves (bl and b2) installed on each

5. Brenety pipecsharinebnatiterdidyavst sice” andra branch pipedhianivelto control a

connecting an exhaust outlet and the two-way electromagnetic valves (b |

SVAilBE Y Hang of haedlg g R EBRt Bt tTaRaiHif toleieF 7otd ﬁ?&??ﬁmj%ume

orSgpstEeNsa o conola, siching iming ofhe T ShameLawtaing oo
evice t at termlnesarelease VO € Of compressed air imm dlate

prbefeiasampieipnOtRNRASAIRIOR SIeR.bRsed on a predetermined value
in the flow rate setting device. 19
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